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INTERRUPTION
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2 Claims. (CL 260—148)

This invention relates in general to compressed air
actuated electrical switching apparatus wherein the con-
tacts which define the switching points are blasted with
compressed air, and in particular to switches of the gen-
eral type described which include a plurality of power
interrupting switching points and a voltage disconnecting
or isolating switching point, all of which are comnected
electrically in series, and one of the power switching points
being paralleled with a low-ohmic resistance. Another
of the power interrupting switching points can also, if
desired, be paralleled by a high-ohmic resistance for volt-
age confrol. The function of the power interrupting
switching points is to satisfactorily disconnect the load
current through the switching apparatus up to the high-
est circuit-breaking rating for which the apparatus is
designed. The function of the voltage disconnecting
switching point is to ensure voltage isolation between the
input and output terminals of the switching apparatus
during the emtire period that the latter is in its discon-
nected state.

It is known to design air blast switches with a plurality
of power interrupting switching points wherein such
points are associated together in various numbers de-
pending upon the magnitude of the operating voltage of
the system to which the switching apparatus is applied,
and also the magnitude of the load current which must be
interrupted, each of these elements being designed in the
5ame manner,

In newer developments of air blast switching appara-
tus, it has become necessary to further increass their cir-
cuit-breaking capacity. To this end, it has been known to
provide two power interrupting switching points in series
and to connect a low-ohmic resistance in parallel with one
of the power interrupting switching points. A voltage
disconnecting switching point is also connected in series
with the two power interrupting switching points. In
operation, the power interrupting switching point which
is paralleled by the low-ohmic resistance is opened first
thereby to divert the current flow through the resistance,
and then the other power interrupting switching point
opens in order to interrupt the current flowing through
the resistance. The voltage disconnecting switching point
is then opened and maintained in an open state so long as
the open circuit condition is desired. The two power in-
terrupting switching points can be allowed to re-close as
soon as the voltage disconnecting switching point has been
opened so that the circuit can be re-closed. through the
switching apparatus simply by re-closing the contacts at
the voltage disconnecting switching point.

The compressed air required for actuating the power
interrupting and voltage  disconnecting switching points
and for blasting the same with the compressed air in
order to facilitate arc extinction across the switch con-
tacts, is usually obtained from a common supply tank in
which the air is maintained under the desired pressure.
Where the switching apparatus is composed of a plurality
of similar circuit breaking groups, it has already been pro-
posed to sub-divide the pressure tank corresponding to the
number circuit breaking groups, i.e. to associate each
tank with one, or more, groups of power interrupting
switching points of both types, and with one voltage dis-
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connecting switching point. The whole switch assembly
thus becomes quite complicated, since each group requires
separate air control valves for the switching. The supply
of compressed air and the arrangement of the air control
valves becomes even more complicated if the switching
motion is different in the various switching points and if
the high-ohmic resistances when used, also have separate
auxiliary switching points to control their parallel con-
nection with their associated power interrupting switch-
ing points, i.e. when the power interrupting switching
points for example, close immediately after extinction of
the arc, while the voltage disconnecting switching point
remaing open, and the auxiliary switching point for the
high-ohmic resistances first closes at the instant the entire
switching apparatus beging an opening function and then
re-opens.

The object of the present invention is to provide an
improved structural arrangement for switching apparatus
of the general type described which is more simple and
economical to manufacture and which permits one to
more easily assemble and adapt the various components
to different power and voltage requirements. In accord-
ance with the invention, the improved structural assem-
bly is characterized by two series connected power inter-
rupting switching points of the air blast type, one of which
is paralleled by a low-chmic resistance, a voltage discon-
necting switching point alsc of the air blast type in series
with the power interrupting switching points, an auxiliary
compressed air tank having built-in main valves for con-
trolling admission of compressed air to the power inter-
rupting switching points, at least one such switching point
being electrically isolated from the auxiliary compressed
air tank by a tubular insulator Iocated on the tank.

The invention will become more apparent from the
following detailed description of several practical embodi-
ments and from the accompanying drawings wherein:

FIG. 1 is a fragmentary view of one embodiment of
the invention, the switching structure essential to an under-
standing of the invention being shown partly in vertical
central section and partly in elevation;

FIG. 2 is a view similar to FIG. 1 illustrating a modi-
fied embediment of the invention;

FIG. 3 is a schematic circuit diagram showing only
the arrangement of the power interrupting switching
points and the voltage disconnecting or isolating switching
points in an organization which comprises two similar
switching units connected in series, each such unit being
constituted by a series connected arrangement of two
power switching points and a voltage disconnecting switch-
ing point, and a low ohmic resistance connected in
parallel with a series arrangement of one power interrupt-
ing switching point of one switch unit and one power
interrupting switching point of the other switch unif;

FIG. 4 is a view similar to FIG. 1 but showing a some-
what different embodiment; and

FIG. 5 is a view similar to FIG. 4 but showing a modi-
fication of the latter.

With reference now to the embodiment illustrated in
FIG. 1 it will be szen that the switch structure com-
prises an avxiliary compressed air tank 1, a laterally ex-
tending hollow insulator 2’ supported by tank 1 and
containing a pair of normally closed, power interrupting,
switch contacts 2a, 25, and a vertically upward extend-
ing hollow insulator 3’ also supported by tank 1 and con-
taining a pair of normally closed, power interrupting,
switch contacts 3, 35. A pair of normally closed, volt-
age disconnecting, switching contacts 8¢, 3b is contained
within an inclined hollow insulator 5’ which is connected
at its upper end with the upper end of insulator 3°. The
two power interrupting switching points 24, 2b and 3a, 3b
and the veltage disconnecting point 54, 5b are conmected
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electrically in series. A low-ohmic resistance ¢ is con-
nected in parallel with the power interrupting switching
point 3a, 3b and a high-ohmic resistance 4 can, if de-
sired, be connected in parallel with the power interrupt-
ing switching point 2a, 2b.

Within the auxiliary compressed air tank 1 is arranged
the main control valve structure for the two power in-
terrupting switching points. This comprises a casing
9 containing two compressed air operated piston-cylin-
der type valve units 7 and § disposed at right angles to
each other. Unit 7 functions to control admission of
compressed air from tank 1 into the hollow insulator 2 so
as to effect separation of the contacts 24, 2b. Unit &
functions in a similar manner to control admission of
compressed air from tank 1 into the hollow insulator 3’
so as to effect separation of the contacts 3a, 3b.

The auxiliary compressed air tank 1 is supported atop
a vertical hollow insulator column 15 through which
compressed air from a suitable primary source of supply

such as a tank (not shown) is introduced into the auxiliary ¢

tank 1, and a valve 10 serves to control admission of com-
pressed air into casing 9 so as to effect operation of the
piston-cylinder units 7, 8 which, in turn, contrel admis-
sion of compressed air to the switch contacts 2a, 2b and
3a, 3b.

The inclined insulator 5’ which contains the voltage
disconnecting contacts 5a, 5b is supported by a vertical
hollow insulator column 14 through which compressed
air is fed to the hollow insulator 5’ from the same source
which supplies compressed air to the column 15.

The switching apparatus of FIG. 1 operates in the
following manner. When it is desired to open the cir-
cuit, valve 10 is opened to admit compressed air from
tank 1 to the interior of casing 9. Piston-cylinder valve
unit 8 functions first to admit compressed air from casing
9 into insulator 3’ at inlet 12 and effect disconnection of
contacts 3a, 3b. This forces the current which had been
passing through these contacts when closed to take a paral-
lel path through the low-ohmic resistance 6. Piston-cylin-
der valve unit 7 then functions to admit compressed air
from casing 9 into insulator 2’ at inlet 11 and effect discon-
nection of contacts 2a, 2b which serves to interrupt the cur-
rent flowing through resistance 6. After contacts 2a, 2b
have been opened, compressed air is admitted through in-
sulator column 14 into insulator 5’ to effect separation of
the voltage disconnecting contacts 5q¢, 3b. These latter
contacts are maintained in their open state by maintaining
the air pressure within the column 14 and insulator 5’
for so long as it is desired to hold the circuit open at
the switching apparatus. However, as soon as the con-
tacts 5a, 5b have been separated, the power interrupting
switching points at contact sets 2a, 25 and 3a, 3D are
reclosed. This is effected by means of the leakage of
compressed air through small ports in the piston elements
of the piston-cylinder type valve units 7 and 8 so as
to ultimately equalize the air pressures on opposite faces
of these piston elements whereupon the restoring forces
in springs 16 which are located in the cylinders serve to
gradually reclose the entrances 11 and 12 to the insula-
tors 2’ and 3’ and shut off the supply of compressed air
thereto. A spring loaded blow-off valve structure 13 is
located at the outer end of insulator 2’ and a similar
valve structure is associated with the upper end of in-
sulator 3’. These valves which are structurally united
with the movable contacts 2b, 3b are loaded by their
springs in such manner as to close off the ends of their
respectively associated insulators 2, 3’ and also move
the contacts 25, 3b into engagement with their respective
stationary contacts 2a, 3a. When the valves 7, 8 open
to admit compressed air into insulators 2’, 3’, the contacts
2b, 3b are separated from their respective contacts 2a, 3a
and the valves 13 open against the counter action of their
loading springs to discharge the compressed air from the
insulators, When valves 7, 8 re-close, the blow-off valves
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4
13 also re-close to close off the ends of the insulators
and re-close the contact sets 2a, 26 and 3a, 3b.

The necessary electrical series connection between the
stationary contacts 2a and 34 can be made through the
wall of the auxiliary tank 1 which can be made from
electrically conductive material. The connection from
contact 36 to contact 5 is made by suitable means, not
shown in detail.

The embodiment which has been described can con-
stitute one structural switch unit of the entire switch as-
sembly. Ancther such structural switch unit containing
two power interrupting switching points and a voltage dis-
connecting point can be arranged to the left of the one
shown in FIG. 1, i.e. as a mirror image of the first one,
in which event the voltage disconnecting point could be
branched off from the same supporting insulator column
14. Alternately a second such structural switch unit
could be arranged in the same direction as the one de-
picted in FIG. 1.

FIG. 2 illustrates a somewhat different embodiment
wherein the power interrupting switching point (con-
tact set Za’ and 24’ within its hollow insulator structure)
is located atop the low-ohmic resistance unit which, in
this embodiment takes the form of a tubular member 6
supported vertically upon the auxiliary tank 1’ and which
may be surrounded by an auxiliary hollow insulator. The
other power interrupting switching point (contact set
34" and 3b’ within its hollow insulator structure) is
meunted vertically and directly upon the auxiliary tank
1’ parallel with tubular member 6. The volitage dis-
connecting switching point (contact set 54’ and 55’ within
its hollow insulator structure is likewise mounted di-
rectly upon tank 1’ and is disposed in a horizontal at-
titude laterally of the tank.

In this embodiment, the casing 9’ located within tank
1’ houses the main control valves 7’ and 8. These are
similar in structure to the valves 7, 8 of the FIG. 1 em-
bodiment but are actuated, not by compressed air ad-
mitted from tank 1’ as in FIG. 1, but rather by com-
pressed air supplied to the casing 9" from a vertical, hol-
low supporting insulator 14’ which serves as one support
for the tank 1’. Air from casing 9’ is also fed through
the horizontal insulator of the voltage disconnecting
switching point (contact set 54, 5b') to separate these
contacts after the power interrupting switching points
(contact sets 2a’, 25" and 3a’) have been opened.

A second hollow supporting insulator 15’ is disposed
parallel with insulator 14’ and serves as the other support
for tank 1’. Compressed air which feeds upwardly through
insulator 15’ is admitted to the interior of tank 1’ and the
latter serves as the supply source of compressed air which
feeds through inlets 11’ and 12’ when the control valves 7'
and 8’ are opened to thus effect disengagement between the
power interrupting switching points 2a’, 26’ and 3«’, 35",
It will be noted that the compressed air which is used to
open the contacts 2a’, 26’ must first pass upwardly through
the tubular low-ohmic resistance unit 6’ to thus cool the
same. Moreover, the longer air path established by this
resistance unit 6’ provides the necessary delay in switching
sequence so that the contacts 2a’, 26" open subsequently
to the opening of contacts 3a’, 35’, As with the FIG. 1
embodiment, a high-ohmic resistance unit 4’ can be con-
nected in parallel with the contacts 2a’, 25’ for potential
control,

The manner in which the embodiment of FIG. 2 oper-
ates is the same as that of FIG, 1. The advantages of
the FIGS. 1 and 2 embodiments are that the two power
interrupting switching points can be supplied with com-
pressed air together from a common auxiliary tank, and
that the assembly can be effected in a space-saving manner.
Moreover, it is possible to combine any desired number
of switch units, depending upon the voltage to which the
switching apparatus is applied and the circuit breaking
capacity desired. Several switch units can be omitted if
the circuit breaking capacity is to be lower. It is even
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possible to climinate one power interrupting switching
point completely without changing the construction of the
individual elements.

The switching for multiple break switches in accordance
with the invention can be effected in any desired order
and direction. For example, as shown in the circuit dia-
gram of FIG. 3, the number of necessary resistances can
be reduced and power interrupting switching points of dif-
ferent switch units can be connected together in such man-
ner as to be paralleled by a common low-chmic resistance
unit. Thus the complete switching assembly is comprised
of two series connected switching units, each such unit
comprising a series arrangement of two power interrupting
switching points 2", 3" and a voltage disconnecting switch-
ing point 5. However, only one low-ohmic resistance
unit 6” is used and this is connected in parallel with the
two series connected switching points 37,

FIGS. 4 and § illustrate embodiments wherein the main
control valves 17 are arranged on the exhaust side of the
power inferrupting switching points and separation of the
contacts at the power interrupting switching points is ef-
tected not by introducing compressed air from an auxiliary
tank to the inferior of the insulators containing these
switching points but rather by permitting compressed air
which has been stored in these insulators and auxiliary
tank to be discharged therefrom.

With reference now to FIG. 4 it will be seen that the
auxiliary tank 1" is carried on the top of two, parallel
spaced hollow insulator columns 14’ and 15", Upstand-
ing upon the tank 1" is a tubular insulator 21 which con-
fains a set of power interrupting switching contacts 3a”,
3b”, and mounted at the top of insulator 21 is a housing
19 provided with an exhaust outlet 194 which is controlled
by a valve 17. The lower end of insulator 21 communi-
cates with the interior of tank 1’ and the upper end of
insulator 21 communicates with the interior of housing
19. The movable contacts 35" is loaded by a spring 23
into engagement with the stationary contacts 3a”, and the
low-ohmic resistance 6 is connected in parallel with the
contacts 3a'", 3b".

Upstanding upon the housing 19 is another tubular in-
sulator 21’ which contains the other set of power inter-
rupting switching contacts 24", 25", and mounted upon the
top of insulator 21’ is a second housing 19’ provided with
an exhaust outlet 19¢° which is controlled by valve 17,
The lower end of insulator 21’ is placed in communication
with the upper end of insulator 21 by means of a duct
24, and the upper end of insulator 21’ communicates with
housing 19’. ‘The movable contacts 25" is loaded by a
spring 25 into engagement with the stationary contact 24",

Also upstanding upon the tank 1 and spaced parallel
with the insulators 24, 21’ is another tubular insulator 26
which serves as a support for the piston elements 22, 22’
of the control valves 17, 17’ and their cylinders and also
as a duct for the passage of compressed air from the upper
end of support insulator 14" to actuate those piston ele-
ments. It will also be noted that compressed air from
insulator 14" passes into the tubular insulator element
which contains the contacts 5a”, 5b" of the voltage dis-
connecting switching point. ‘As with the other arrange-
ments, the two power interrupting switching points repre-
sented by contact sets 24", 20 and 3a”’, 3b”’, and the con-
tact set 8a", 50" are all connected electrically in series.

The arrangement shown in FIG. 4 operates in the fol-
lowing manner.

When all of the switch contacts are closed, compressed
air fills the insulators 21, 21’ and the housings 19, 19".
To effect an opening of the switch, compressed air is
admitted through insulator 14" into the tubular insulator
26. When this air reaches the first piston 22 it shifts the
latter to the right thus opening the outlet 194 and per-
mitting the compressed air stored in housing 18 to flow out-
ward to atmosphere which results in an upward move-
ment of contact 3b” so as to disengage it from contact
3a”. The current which had then been flowing through
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these contacts is thus shunted over to flow through the
low-ohmic resistance 6”. By this time, the compressed air
flowing upward through insulator 26 past the branch off
point to piston 22 will reach the other piston 22’ to thus
shift it to the right and thus open outlet 184’ which per-
mits the compressed air stored in housing 18’ to flow out-
ward to atmosphere and effect an upward movement of
contact 2b” so as to disengage it from contact 22”. As
these latter two contacts separate, the current which had
been flowing through resistance ¢’ is interrupted. The flow
of compressed air into the insulator containing the voltage
disconnecting switching point (contacts 54", 5b"") then
causes these latter contacts to separate, and they remain
separated so as to effect the desired voltage isolation so
long as the switch is in its disconnected state. However,
the pistons 22, 22’ are provided with small orifices which
ultimately serve to equalize the fluid pressure on opposite
faces of the pistons so that the latter are moved back o
the left by the action of their respective biasing springs
27, 27" and re-close the housing outlets 194 and 124’ there-
by resulting in a re-closing of the switch contacts 2a”, 20"
and 3a", 3b”, and reestablishing the air pressure within the
housings 19, 19" and insulators 21,21, When it is desired
to reclose the switch, air is vented from insulator 14" to
atmosphere which results in a re-closing action of the con-
tacts 5a”, 5b"" and a venting of air from the tubular insu-
lator 26. ’

The series electrical connections between the power in-
terrupting switching points and the voltage disconnecling
switching point can be effected by making the housing 19,
19" and auxiliary tank 17 from an electrically conductive
material. Thus the circuit through the switch can be
traced from housing 19’ to contact 2b”’ to contact 2a” to
housing 19 to contact 35" to contact 3¢ to tank 1" to
contact 5b6” to contact 54”7,

The arrangement illustrated in FIG. 5 is similar to that
of FIG. 4 in that operation of the switch is effected by
exhausting compressed air frem the chamber containing
the power interrupting switching contacis and hence sim-
ilar parts have been given the same reference numerals.
However, instead of separate valves for controlling the
exhaust from the respective power interrupting switching
points, only one control valve structure is used. With
reference now to FIG. 5 it will be seen that a tubular
insulator 28 upstands upon the auxiliary compressed air
tank 17 which is supported by the two, parallel spaced
tubular insulators 24" and 15”. The insulator 28 is lined
with a sleeve 29 of conductive material which terminates
in the stationary contact 34’ located within one end por-
tion of housing 19" which is supported by the insulator
28. The opposite end of the vertically disposed housing
19" supports an insulator 3§ through which extends the
stationary contact structure 2o’ that is co-axial with the
contact 3a’",

The movable contacts 25'" and 35" are carried by
pistons 31, 32 respectively which operate vertically in a
common cylinder 33 located within housing 19", these
pistons being biased in opposite vertical directions by a
loading spring 34 disposed between the pistons so as to
normally cause the sets of contacts controlled respectively
thereby to be engaged.

Also upstanding upon tank 1’/ parallel with insulator
28 is another tubular insulator 35 through which air is
conducted from insulator 14" up to the piston 22" of
control valve 17" which controls the opening and closing
of the compressed air exhaust outlet 182" from housing
19”. Operation of the switch of this embodiment is essen-
tially the same as in the embodiment of FIG. 4. Com-
pressed air introduced through insulator 35 causes piston
22" to move to the right thus opening the outlet 194"
and venting the compressed air stored in housing 19" to
atmosphere. This also effects a venting of compressed
air from the intericr of cylinder 33 which establishes a
temporary pressure differential on pistons 31, 32 causing
them to move towards each other in succession so as to
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disengage contacts 30" and 20" from their respective
stationary contacts in that order. The voltage discon-
necting switching contacts 5a’" and 5b"" then open. Valve
piston 22" then shifts to the left to re-close the outlet
194" whereupon the contact sets 2a’, 2b”"" and 3a’",
3" re-close as the pressure of the air rebuilds within
housing 19" and interior of cylinder 33.

The series connection of the various switching elements
in FIG. 5 can be traced from contact 24’ to contact
2b"" to piston 31 and cylinder 33 which are made of
electrically conductive material to conductive piston 32
to contact 35" to contact 34’ to electrically conductive
sleeve 29, to electrically conductive tank 1" to contact
5b" to contact 5a”’.

Iclaim:

1. A compressed air actuated switch unit comprising
a main tank containing compressed air, first and second
hollow insulator columns upstanding upen said main tank,
an auxiliary compressed air tank supported atop said
first hollow insulator for receiving compressed air from
said main tank, a first hollow insulator extending laterally
from said auxiliary compressed air tank and containing
a pair of compressed air actuated power interrupting
switching contacts, a second hollow insulator extending
upwardly from said auxiliary compressed air tank and
containing a second pair of compressed air actuated power
interrupting switching contacts, valve means within said
auxiliary compressed air tank for controlling flow of com-
pressed air to said first and second hollow insulators for
actuating said first and second pairs of switching contacts,
a third hollow insulator mounted on said second insulator
column and containing a pair of compressed air actuated
voltage disconnecting switching contacts, one of said
voltage disconnecting contacts being connected to one of
the power interrupting contacts of said second pair of
such contacts, said first and second pairs of power inter-
rupting switching contacts being connected in series, a low
ohmic resistance connected in parallel with said second
pair of power interrupting switching contacts, and a high
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ohmic resistance connected in parallel with said first pair
of power interrupting switching contacts.

2. A compressed air actuated switch unit comprising
a main tank containing compressed air, a pair of hollow
insulator columns upstanding on said main tfank, an
auxiliary compressed air tank supported at the top of said
insulator columns, the interior of said auxiliary tank
being in communication with said main tank through one
of said insulator columns, a low ohmic resistance em-
bodied in a first hollow insulator upstanding upon said
auxiliary tank, a second hollow insulator upstanding upon
said first hollow insulator and containing a first pair of
compressed air actuated power interrupting switching
contacts paralleled by a high ohmic resistance, a third
hollow insulator upstanding upon said auxiliary tank and
containing a second pair of compressed air actuated power
interrupting switching contacts and which are connected
in parallel with said low ohmic resistance, a fourth hollow
insulator extending laterally from said auxiliary tank and
containing a pair of compressed air actuated voltage
disconnecting contacts, all of said pairs of contacts being
connected together in series, and compressed air actuated
valve means included within said auxiliary tank con-
trolling flow of compressed air into said first, second and
third hollow insulators, compressed air to said control
valves and to said fourth hollow insulator being delivered
thereto from said main tank through the other of said
insulator columns.
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