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An arrangement in an SF6 insulated, high voltage on-load switch.

@ An arrangement in an SF6 gas insulated elec-
trical high voltage on-load switch, wherein the
number of rotatable switch knives (13, 14; 15,
16; 17, 18) in the switch are arranged at evenly
spaced intervals, projecting from a common
revolving shaft (22), there being provided on
each side of each of said knives a fan blade (1,
2,3,4,5,6,7, 8 9, 10, 11, 12) which is freely
rotatable, with the actual switch housing serv-
ing as the rotation chamber, and that said fan
blades project from and are secured to said
revolving shaft at an angle relative to the ro-
tational axis (CL) of the revolving shaft. On
rotation of the revolving shaft, turbulent gas
flows are created around the switch contaces
(20, 21) cooperating with the knife sets in a
switch housing (19) in order to extinguish the
electrice arcs around these switch contacts.
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The present invention relates to an arrangement
in an SF6 gas insulated electrical high voltage on-load
switch, wherein the number of rotatable switch knives
in the switch are arranged at evenly spaced intervals,
projecting from a common revolving shaft.

In recent years there have been developed en-
capsulated, SF6 gas Insulated on-load switches for
voltages from 12 kV and upwards. The purpose of us-
ing SF6 gas in such switches is to achieve a compact
structural form combined with high breaking capacity
on the basis of the high electrical insulation strength
of the SF6 gas.

For on-load switches of this type, the SF6 gas is
also used as an extinguisher or arc-control means for
the electric arc caused by switching.

Various method are described in the literature for
electric arc extinguishing in SF6 gas. We can refer to,
among others, an article entitled "Forskning pa SF6-
effektbrytere", published in ABB (Asea Brown Boweri)
Tidning no. 2/89. The most common form of arc extin-
guishing in circuit breakers with SF6 gas is to com-
press the gas in cylindrical switch chambers and to
conduct a relatively powerful gas flow along the arc
caused by switching.

In German Offenlegungsschrift DE 3514853-A1
is described an extinguishing principle embodied in a
compression chamber in which the SF6 gas is com-
pressed and conducted to discharge through a form
of nozzle surrounding the one fixed switch contact per
phase. The gas thus flows along the side of the switch
contacts and continues approximately along the
switch arc.

In Norwegian patent application no. 891214 is de-
scribed a similar blowing device for extinguishing the
electric arc at a switch, but having the difference that
the gas flow is directed across the arc and toward the
points of intersection of the arc foot. These solutions
have in common that the SF6 gas is compressed in a
cylinder or in a fan chamber at exactly or approximate-
ly the same time as the switch contacts are opened
and moved apart. In the solution according to Norwe-
gian patent application no. 891214, the compressed
gas is blown out through nozzle openings (apertures)
placed on the side of the fan housing, thereby direct-
ing the gas flow against the switch arc. The fan blades
or vanes which rotate in the fan housing are arranged
such that, together with a rotating disc having open-
ings that cooperate with said nozzle openings in the
fixed fan housing, an opening for the gas discharge is
periodically established during the rotational move-
ment of the switch knives and blowing fans. One ob-
tains thereby an intermittent or pulsating flow of gas
directed toward the arc. This work is usually done by
a manually operated spring mechanism. To achieve
sufficient breaking speed the mechanism must have
very powerful springs, which implies the disadvan-
tage that the switch will be exceedingly heavy to op-
erate manually.
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It has been found through various laboratory ex-
periments that it is sufficient to create a turbulence in
the gas, which is a part of the electric arc zone, to ex-
tinguish the arc at the switch. In the present invention
this idea is exploited, and an on-load switch is pro-
duced which requires considerably less mechanical
switching energy than switches based on the known
compression principles mentioned above.

According to the invention, the arrangement is
characterized in that on each side of each of the afore-
mentioned knives there is provided a fan blade which
is freely rotatable, with the actual switch housing serv-
ing as the rotation chamber, and that said fan blades
project from and are secured to said revolving shaft at
an angle relative to the rotational axis of the revolving
shaft, to create thereby, on rotation of the revolving
shaft, turbulent gas flows around the switch contacts
cooperating with the knife sets to extinguish the elec-
tric arcs thereabout.

According to a further embodiment of the ar-
rangement in accordance with the invention, each fan
blade is displaced at a first angle after a respective
switch knife in the switch knife set. The angle is pre-
ferably between 20° and 45°.

According to a further embodiment of the ar-
rangement in accordance with the invention, at least
two sets of fan blades each form a substantially V-
shaped cross-section, wherein each branch of said V
forms a second angle with the axis of rotation of the
revolving shaft.

Preferably, a pair of fan blades being adjacent to
a switch knife In a switch knife set will be arranged
such that the fan blades mutually form a third angle.
This third angle may be in the range of 90° - 150°. The
apex of the third angle will point in the direction of ro-
tation for the revolving shaft.

The extinguishing principle according to the pres-
ent invention is thus totally different from that of the
devices according to the prior art. The fan blades ac-
cording to the invention have a form more like a pro-
peller, which brings the gas into more turbulent flows
toward or in the arc zone. This requires, in contrast to
the known solutions, exceedingly little switching ener-
gy, and has proven in laboratory experiments to-have
surprisingly good properties.

The invention will now be described in more detail
with reference to the enclosed drawings.

Fig. 1 illustrates the arrangement according to the
invention, with a known per se rotating switch knife
set, and with fan blades disposed adjacent to the
switch knives.

Fig. 2 illustrates the mounting of the fan blades
relative to the switch knives.

Fig. 3 illustrates the bevel angle of the switch kni-
ves in relation to the rotational axis of the device
shown in Fig. 1.

Fig. 1 shows an SF6 insulated on-load switch
based on an extinguishing system consisting of pro-
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peller-like mounted fan blades 1, 2, 3,4, 5, 6,7, 8, 9,
10, 11, 12. These fan blades are placed on each side
of known per se rotating switch knives 13, 14, 15, 16,
17, 18, said knives 13, 14 forming one knife set, said
knives 15, 16 forming a second knife set and said kni-
ves 17, 18 forming a third knife set. The first knife set
13, 14 cooperates with fan blades 1, 2, 3, 4; the sec-
ond knife set 15, 16 cooperates with fan blades 5, 6,
7, 8, and the third knife set 17, 18 cooperates with fan
blades 9, 10, 11, 12.

The shape and placement of the fan blades rela-
tive to the switch knives is of considerable importance
in creating the turbulent gas flows necessary for ex-
tinguishing the switch arcs.

Fig. 2 illustrates how the fan blades are displaced
an angle A after the switch knives in the direction of
rotation. Reference numeral 19 in Fig. 2 indicates the
housing of the on-load switch, and reference numer-
als 20 and 21 indicate the switch contacts that will en-
gage with a knife set, this being in the selected exam-
ple knife set 17, 18 in Fig. 1. The fan blades, as seen
for example in Fig. 2 with fan blades 9, 10, are formed
as a unitary element, and are mounted on a revolving
shaft 22. It is thus understood that fan blades 9, 10
(like the other fan blades) will rotate simultaneously
with the knife sets 17, 18 (and the other knife sets).
The fan blades may be joined together via a mid-sec-
tion 23, as is apparent from Fig. 1 and 2, for example,
with fan blades 9, 10.

Fig. 3 shows how a typical fan blade may be de-
signed, the configuration also being consistent with
what is shown in Fig. 2. Although the fan blade set
could be shaped as shown, for example, with refer-
ence numerals 11, 12 and 24 in Fig. 1, the example
in Fig. 3 is more closely related to the configuration of
fan blade sets 3, 4 and 5, 6, see Fig. 1. The fan blade
set here is provided with a mid-section 25 adapted to
engage with the revolving shaft 22, as is shown in con-
nection with Fig. 2. At the right in Fig. 3 is shown how
two fan blades 4, 6 form an approximate V-shape,
where fan blades 4, 6 form a respective angle B with
the center line axis CL through revolving shaft 22 in
Fig. 1 and 2. Between said branches 4, 6 of said V is
a mutual angle C. The angle A in Fig. 2 is preferably
in the range of 20°-45°, the angle B in Fig. 3 is in the
range of 15°-45°, while angle C is in the range of 90°-
150°.

It will be immediately understood that the angle
between, for example, fan blades 9 and 11 will also be
equal to angle C.

It has proven very important to optimize said an-
gles with respect to the creation of vortexes (turbulent
gas flows) which contribute toward removing or dis-
placing the ionized gases formed in the arc. Further,
it is also of considerable importance that fresh, cool
gas is brought into the arc zone as long as the arc is
burning, in order to cool down and deionizing the arc
gasses. In the present invention it has proven possi-
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ble to achieve arc extinction within 1-2 half cycles of
the electric current time at 50 Hz, i.e., from less than
10 milliseconds to a maximum of up to 20 millisec-
onds, which is a fully acceptable arc time for this type
of on-load switch.

This very simple system for arc control in an SF6
insulated high voltage on-load switch requires little
movement energy from the operating mechanism,
which is a considerable improvement in relation to all
other known switch principles which make use of gas
blowing based on compression of the gas in a cylinder
or in a fan chamber.

Claims

1. An arrangement in an SF6 gas insulted electrical
high voltage on-load switch, wherein the number
of rotatable switch knives in the switch are ar-
ranged at evenly spaced intervals, projecting
from a common revolving shaft,
characterised in that on each side of each of
said knives there is provided a fan blade which is
freely rotatable, with the actual switch housing
serving as the rotation chamber, and that said fan
blades project from and are secured to said re-
volving shaft at an angle relative to the rotational
axis of the revolving shaft, to create thereby, on
rotation of the revolving shaft, turbulent gas flows
around the switch contacts cooperating with the
knife sets to extinguish the electric arcs there-
about.

2. An arrangement as disclosed in claim 1,
characterised in that each of said fan blades is
displaced an angle (A) after a respective switch
knife in the switch knife set, seen in the direction
of rotation of the revolving shaft.

3. An arrangement as disclosed in claim 1,
characterised in that each angle is between 20°
and 45°.

4. An arrangement as disclosed in claim 1 or 2,
characterised in that at least two sets of fan
blades each form a substantially V-shaped cross-
section, wherein each branch of said V forms an
angle (B) with an axis through said revolving
shaft.

5. An arrangement as disclosed in claim 1,
characterized in that a pair of fan blades adja-
cent a switch knife in a switch knife set is mounted
such that the fan blades mutually form a third an-

gle (C).

6. An arrangement as disclosed in claim 5,
characterised in that said third angle is in the
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range of 90°-150°.

An arrangement as disclosed in claim 5 or 6,

characterised in that the apex of the third angle

points in the direction of rotation of the revolving 5

shaft.
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