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Description

The present invention relates to a puffer type
gas blast circuit breaker, of the kind referred to in
the preamble portion of patent claim 1. Such a
puffer type gas blast circuit breaker is known from
US—A-—38 16 684.

Background of the Invention

An insulation nozzle for a puffer type gas blast
circuit breaker essentially consists of three sec-
tions, an upstream and inlet convergent section
surrounding a movable arcing contact being con-
nect- and disconnectable with a stationary arcing
contact, a downstream and outlet divergent sec-
tion and an intermediate throat section.

An insulation nozzle with a large downstream
divergent angle, in other words a large vortex
angle of the downstream divergent section, for
example 60°, is known to be suitable for the circuit
breaker of a large fault current interruption,
because hot gas generated by an arc between
arcing contacts is effectively exhausted through
the insulation nozzle, but the interrupting voltage
of the circuit breaker is limited, because a sudden
pressure drop of the compressed blast gas takes
place in the downstream divergent section of the
insulation nozzle due to a sudden change of the
sectional areas of the gas flow passage therein
which causes a sudden transient decrease of a
dielectric withstand voltage between the contacts,
even with a continuous increase of the distance
between the contacts during the interrupting
operation so that an electrical breakdown
between the contacts or reignition sometimes
occurs. Particularly the circuit breaker is put under
the most severe condition when the circuit
breaker has to interrupt a small capacitive current,
because a maximum recovery voltage, two or
more times larger than the rated phase-to-ground
voltage, is applied between the contacts at about
0.5 cycle after the initiation of the interrupting
operation where the distance between the con-
tacts is not necessarily enough to withstand the
recovery volitage.

An insulation nozzle with a small downstream
divergent angle, for example 20°, is also known to
be suitable for the circuit breaker of a higher
interrupting voltage, but the interrupting current
thereof is limited, because the hot gas generated
by an arc between the contacts is sometimes
ineffectively exhausted through the insulation
nozzle so that an electrical breakdown hetween
contacts takes place particularly during a large
fault current interrupting operation of the circuit
breaker.

US—A—3,816,684 corresponding to FR—A—21
48 031, is for improving a large fault current
interrupting property of a compressed gas axial
blast circuit breaker and discloses a nozzle
assembly having a convergent inlet section, a
divergent outlet section and an intermediate
throat section. The outlet divergent section has a
plurality of annular groves formed downstream of
the intermediate throat section, the diametral
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cross-section of the grooves being substantially
triangular shaped with a verix angle defined by
the meeting of two surfaces, downhill surface and
uphill surface, one of the surfaces being sub-
stantially perpendicular to the axis of the nozzle
itself, and having an open base faced towards the
outlet orifice of the nozzle, namely directed in way
to favor the escape of the decomposition gases,
which are generated from the wall of the diver-
gent outlet section owing to the strong heating
due to the electric arc, along a direction concomit-
ant with the flow direction of the quenching gas
stream. The dimensions of the substantially
triangular diametral cross-section of each annular
groove decrease little by little from the first
groove, immediately downstream the inter-
mediate throat section to the last groove closer to
the nozzle outlet, with the distance between adja-
cent grooves increasing among successive
grooves in the direction of the nozzle outlet.

EP—A—01 35 158, filed August 17, 1984 (docu-
ment according to Art. 54(3), which has only to be
taken under consideration under the aspect of
novelty), for “Gas insulated circuit breaker”
assigned to the assignee of the present invention
is for improving a small capacitive current
interrupting property as well as large fault current
interrupting property discloses an insulation
nozzle, the outlet divergent section thereof has an
annular triangular groove formed downstream of
the intermediate throat section. The vortex angle
and the height of the downstream ridge of the
annular triangular groove are so selected that a
part of the compressed gas flow are positively
directed by the annular triangular groove to the
vicinity of the front end portion of the stationary
arcing contact to prevent the transient decrease of
a gas pressure thereat due to the sudden changes
of the sectional area, which causes an electrical
breakdown between contacts, even with the con-
tinuous increase of the distance between the
contacts during the current interrupting oper-
ation.

An object of the present invention is to provide
a puffer type gas blast circuit breaker having an
insulation nozzle with a relatively large down-
stream divergent angle of which a transient
dielectric withstand voltage substantially con-
tinuously increases together with an increase of a
distance between arcing contacts of the circuit
breaker during the current interrupting operation
thereof so that a small capacitive current as well
as a large fault current interrupting properties of
the circuit breaker is improved.

Another object of the present invention is to
provide an insulation nozzle for a puffer type gas
blast circuit breaker wherein a sudden drop of a
blast gas pressure at the vicinity of the front end
of the stationary arcing contact in the down-
stream divergent section of the insulation nozzle
is prevented during current interrupting oper-
ation.

According to the present invention these
objects are achieved with the puffer type gas blast
circuit breaker as claimed.
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A puffer type gas blast circuit breaker of the
present invention comprises a stationary arcing
contact, a movable arcing contact connect and
disconnectable with the stationary arcing contact,
and an insulation nozzle moving together with the
movable contact and surrounding the movable
contact so as to guide a compressed gas between
the arcing contacts. The insulation nozzle is
formed of an upstream convergent section
surrounding the movable arcing contact, a down-
stream divergent section and an intermediate
throat section. The downstream diivergent sec-
tion includes a first annular triangular groove and
a second annular triangular groove. The first
annular triangular groove is disposed down-
stream to the intermediate throat section. The
second annular triangular groove is disposed
downstream to the first annular triangular groove
and so dimensioned that an angle of a line
between the downstream edge of the inter-
mediate throat section and the downstream ridge
of the second annular triangular groove to the
axis of the insulation nozle is smaller than that of
a line between the downstream edge of the
intermediate throat section and the downstream
ridge of the first annular triangular groove to the
axis of the insulation nozzle whereby a part of the
compressed blast gas is directed to the vicinity of
the front end portion, particularly 30°—70° posi-
tion from the top, of the stationary arcing contact,
where an electric field strength is also high, to
apply a dynamic pressure thereat during sub-
stantially whole contact opening stroke of the
circuit breaker, in other words until the insulation
nozzle leaves the stationary arcing contact, and to
thereby prevent the sudden drops of the blast gas
pressure thereat which may cause an electrical
breakdown between the contacts.

Brief Description of the Drawings

Fig. 1 is an essential part cross-sectional view
illustrating one embodiment of the puffer type
gas blast circuit breaker of the present invention
in one contact opening stroke.

Fig. 2 is the same essential part cross-sectional
view as Fig. 1, but in another contact opening
stroke.

Fig. 3 is an enlarged cross-sectional view of a
part of the insulation nozzle illustrated in Figs. 1
and 2.

Fig. 4 is a graph illustrating electric field
strengths, gas pressures and dielectric withstand
voltages at respective front points of the station-
ary arcing contact shown in Fig. 2.

Preferred Embodiment of the Invention

Referring now to Figs. 1 and 2, Fig. 1 shows one
stroke during circuit interrupting operation and
Fig. 2 shows another further proceeded stroke
during circuit interrupting operation in that a
separating distance between a stationary arcing
contact 12 and a movable arcing contact 14 is
further than that shown in Fig. 1. The movable
arcing contact 14 is supported by a shaft 22 of a
puffer cylinder 16 with which a stationary puffer
piston 20 forms a puffer chamber 18, and wherein
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a compressed gas is generated through the
movement of the puffer cylinder 16 by an oper-
ating device {not shown) mechanically coupled to
the cylinder shaft 22. An insulation nozzle 10
made of Tetrafluoroethylene fluorocarbon
polymer is fixed to an end of the puffer cylinder 16
by a holder 30. A flow guide 26 is provided around
the movable arcing contact 14. The compressed
gas generated in the puffer chamber 18 is intro-
duced through bores 28 in the puffer cylinder 16
into a passage formed between an upstream and
inlet convergent section of the insulation nozzle
10 and the flow guide 6 as shown by arrows.

When the operating device receives a circuit
interruption instruction, the device moves the
puffer cylinder 16 to the left in the drawing. As a
result, an arc extinguishing gas, preferably SFg
gas, in the puffer chamber 18 begins to be
compressed and the contact opening operation
starts, before the intermediate throat section of
the insulation nozzle 10 passes through the front
end of the stationary arcing contact 12, the
greater part of the compressed gas in the puffer
chamber 18 flows through a center bore of the
movable arcing contact 14 and a bore 24 formed
in the cylinder shaft 22 as shown by arrows.

When the circuit opening operation further
proceeds as shown in Fig. 1, in that, a first annular
triangular groove 34 formed on the wall of the
downstream outlet divergent section of the insu-
lation nozzle 10 comes to the front end of the
stationary arcing contact 12, the greater part of
the compressed gas flows through the inter-
mediate throat section 32 as shown by arrows
and a part of which is forced by the first annular
triangular groove 34 to flow to the front end of the
stationary arcing contact 12, particularly 30°—70°
position from the top thereof, wherein the sudden
gas pressure drop and the intense electric field
are taking place.

When the circuit opening operation further
more proceeds as shown in Fig. 2, in that, a
second annular triangular groove 36 formed
downstream the first annular triangular groove 34
of the insulation nozzle 10 comes to the front end
of the stationary arcing contact 12, a further gas
flow is caused by the second annular triangular
groove 36 which directs to the front end of the
stationary arcing contact 12 and applies a
dynamic pressure thereto to prevent the sudden
pressure drops.

The same is true with a third annular triangular
groove 38 disposed downstream the second
annular triangular groove 36. Since the three
annular triangular grooves 34, 36, and 38 are
disposed over the substantially whole longi-
tudinal length of the downstream divergent sec-
tion of the insulation nozzle 10, the sudden
pressure drops at the vicinity of the front end of
the stationary arcing contact 12 are prevented
until the insulation nozzie 10 has passed through
the stationary contact 12 when the distance
between the movable arcing contact 14 and the
stationary arcing contact 12 is large enough to
withstand a recovery voltage between the con-
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tacts and thus to pevent an electrical breakdown
therebetween.

Now the dimension of the first, second and
third annular triangular grooves 34, 36 and 38 in
the downstream divergent section of the insula-
tion nozzle 10 is explained with reference to Fig. 3.

An angle P, for example 15°, which is formed
by a line between a downstream edge 40 of the
intermediate throat section 32 and a downstream
ridge 42 of the first annular triangular groove 34
to a line parallel to the axis of the insulation nozzie
10 is selected to be larger than an angle P,, for
example 10°, which is formed by a line between
the downstream edge 40 and a downstream ridge
44 of the second annular triangular groove 36 to
the line parallel to the axis of the insulation nozzie
10, further the angle P, is seiected to be larger
than an angle P;, for example 7.5°, which is
formed by a line between the downstream edge
40 and a downstream ridge 46 of the third annuiar
triangular groove 38 to the line paraliel to the axis
of the insulation nozzle 10.

Angles 64, and 6, in Fig. 3 relates to a genera-
tion of whirls of the blast gas, which has to be
prevented, in a gas streams in the downstream
divergent section of the insulation nozzie 10.

The angle 8; is defined by lines between
respective upstream ridges 40, 42 and 44 to the
respective bottoms 48, 50 and 52 of the first,
second and third annular triangular grooves 34,
36 and 38 to the axis of the insulation nozzie 10, in
other words, by downhill surfaces of the first,
second and third annular triangular grooves 34,
36 and 38 to the axis of the insulation nozzle 10
and in the present embodiment is selected to be,
for exampie 43°.

The angle 6, is defined by lines between
respective bottoms 40, 42 and 44 to the respective
downstream ridges 42, 44 and 46 of the first,
second and third annuiar triangular grooves 34,
36 and 38 to the axis of the insulation nozzle 10, in
other words, by uphill surfaces of the first, second
and third annular triangular grooves 34, 36 and 38
to the axis of the insulation nozzie 10 and in the
present embodiment is selected to be, for
example 28°.

Fig. 4 shows effects of the insulation nozzle as
explained with reference to Figs. 1, 2 and 3.

Curve 60 shows dielectric withstand voltages of
the present invention at respective front points of
the stationary arcing contact wherein the insula-
tion nozzle as explained above is employed, in
that, P,> P,> P,. The location of the insulation
nozzle with respect to the stationary arcing con-
tact is as shown in Fig. 2, in that, the distance
between the stationary arcing contact and the
movable arcing contact is about 80 mm.

Curve 62 shows dielectric withstand voltages of
a comparative circuit breaker at respective front
points of the stationary contact wherein a com-
parative insulation nozzle with angles P,< P,< P,
is employed and the location of the insuiation
nozzle with respect to the stationary arcing con-
tact is as same as the case of curve 60.

Curve 64 shows gas pressure of the present
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invention at respective front points of the station-
ary arcing contact wherein the conditions are as
same as explained in connection with the curve
60.

Curve 66 shows gas pressures of the compara-
tive circuit breaker at respective front points of the
stationary arcing contact wherein the conditions
are as same as explained in connection with the
curve 62.

Curve 68 shows electric field strengths of the
present invention and the comparative circuit
breaker at respective front points of the stationary
arcing contacts.

The respective points at front end of the station-
ary arcing contact 12 are schematically illustrated
at the bottom of Fig. 4.

As will be seen from Fig. 4, the dielectric
withstand voltages, and the gas pressures of the
present invention at respective front points of the
stationary arcing contact, particularly at the
points of 30°—70° position from the top of the
stationary arcing contact are greatly improved,
accordingly, the small capacitive current
interrupting property as well as a large fault
current interrupting property are increased of the
puffer type gas blast circuit breaker of the present
invention.

Claims

1. A puffer type gas blast circuit breaker com-
prising:

a movable cylinder (16} with a hollow cylinder
shaft (22);

a stationary piston {20) coupled with said mov-
able cylinder (16) so as to generate a compressed
gas during circuit interrupting operation;

a stationary arcing contact (12});

a movable arcing contact (14) engageable and
disengageable with said stationary arcing contact
{12) and fixed to the hollow cylinder shaft (22} of
said movable cylinder (16); and

an insulation nozzle {(10) fixed to said movable
cylinder (16) and surrounding said movable arc-
ing contact {14) so as to guide the compressed
gas between said stationary and movable arcing
contacts (12, 14}, said insulation nozzle (10} being
formed of an upstream convergent section
surrounding said movable arcing contact (14), a
downstream divergent section and an inter-
mediate throat section (32),

characterized in that:

the downstream divergent section of said insu-
lation nozzle (10) includes a first annular triangu-
lar groove (34) disposed downstream to the inter-
mediate throat section (32) and a second annular
triangular groove (36) disposed downstream to
said first annular triangular groove (34) and so
dimensioned that an angle {P,) of a line between
the downstream edge (40) of the intermediate
throat section (32) and the downstream ridge (44)
of said second annular triangular groove (36} to
the axis of said insulation nozzle (10) is smaller
than that (P,) of a line between the downstream
edge {40) of the intermediate throat section (32)
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and the downstream ridge (42) of said first annu-
lar triangle groove (34) to the axis of said insula-
tion nozzle {10).

2. A puffer type gas blast circuit breaker accord-
ing to claim 1 further characterized in that the
divergent section of said insulation nozzle (10)
includes a third annular trianguiar groove (38)
disposed downstream to said second annular
triangular groove (36) and so dimensioned that an
angle (P;) of a line between the downstream edge
(40) of the intermediate throat section (32) and the
downstream ridge (46) of said third annular
triangular groove (38) to the axis of said insula-
tion nozzle (10) is smaller than that (P,} of the line
between the downstream edge (40) of the inter-
mediate throat section (32) and the downstream
ridge (44) of said second annular triangular
groove (36) to the axis of said insulation nozzle
{10).

3. A puffer type gas blast circuit breaker accord-
ing to claim 1 or 2 further characterized in that an
angle (8,) of the downhill surfaces and that (8,) of
the uphill surfaces of said first, second and third
annular triangular grooves {34, 36, 38) to the axis
of said insulation nozzle (10} are so selected as
not to cause whirls of the blast gas in the
divergent section during circuit interrupting oper-
ation.

4. A puffer type gas blast circuit breaker accord-
ing to claims 1 or 2 further characterized in that an
angle (8,) of the downhill surfaces and that (6,) of
the uphill surfaces of said first, second and third
annular triangular grooves (34, 36, 38) to the axis
of said insulation nozzle (10} are about 43° and 28°
respectively.

Patentanspriiche

1. Puffertyp-Gasblasleistungsschalter, der auf-
weist:

einen beweglichen Zylinder (16) mit einer Hohi-
zylinderwelle (22);

einen stationaren Kolben (20), der mit dem
beweglichen Zylinder (16) gekuppelt ist, um ein
komprimiertes Gas wahrend des Leistungsunter-
brechungsvorgangs zu erzeugen;

einen stationdren Lichtbogenkontakt (12);

einen beweglichen Lichtbogenkontakt (14), der
in und auRer Eingriff mit dem stationaren Lichtbo-
genkontakt (12} bringbar und an der Hohlzylinder-
welle (22) des beweglichen Zylinders {16) befe-
stigt ist; und

eine Isolationsdiise (10), die am beweglichen
Zylinder (16) befestigt ist und den beweglichen
Lichtbogenkontakt (14) umgibt, um das kompri-
mierte Gas zwischen die stationaren und bewegli-
chen Lichtbogenkontakte (12, 14) zu lenken,
welche Isolationsdiise (10) aus einem konvergie-
renden Stromaufabschnitt, der den beweglichen
Lichtbogenkontakt (14) umgibt, einen divergie-
renden Stromababschnitt und einen Disenhals-
Zwischenabschnitt (32) gebildet ist, dadurch
gekennzeichnet,

daR der divergierende Stromababschnitt der
isolationsdiise (10) eine erste ringformige dreie-
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ckige Nut (34), die stromab des Disenhals-
Zwischenabschnitts (32) angeordnet ist, und eine
zweite ringformige dreieckige Nut (36) aufweist,
die stromab der ersten ringférmigen dreieckigen
Nut (34) angeordnet und so dimensioniert ist, daf§
ein Winkel (P,) einer Linie zwischen der Stromab-
kante {40) des Diisenhals-Zwischenabschnitts (32)
und der Stromabkante (44) der zweiten ringférmi-
gen dreieckigen Nut (36) zur Achse der Isolations-
dise (10) kleiner als derjenige (P;) einer Linie
zwischen der Stromabkante (40) des Diisenhals-
Zwischenabschnitts (32) und der Stromabkante
(42) der ersten ringférmigen dreieckigen Nut (34)
zur Achse der Isolationsdise (10) ist.

2. Puffertyp-Gasblasleistungsschalter
Anspruch 1, weiter dadurch gekennzeichnet,
daR der divergierende Abschnitt der Isolations-
diise (10) eine dritte ringférmige dreieckige Nut
(38) aufweist, die stromab der zweiten ringformi-
gen dreieckigen Nut (36) angeordnet und so
dimensioniert ist, da® ein Winkel (P;) einer Linie
zwischen der Stromabkante (40) des Disenhals-
Zwischenabschnitts (32) und der Stromabkante
(46) der dritten ringformigen dreieckigen Nut (38)
zur Achse der Isolationsdiise {(10) kleiner als derje-
nige (P,) der Linie zwischen der Stromabkante
(40) des Diisenhals-Zwischenabschnitts (32) und
der Stromabkante (44) der zweiten ringférmigen
dreieckigen Nut (36) zur Achse der Isolationsdise
{10} ist.

3. Puffertyp-Gasblasleistungsschalter nach
Anspriichen 1 oder 2, weiter dadurch gekenn-
zeichnet, daf? ein Winkel (8,) der Bergaboberfla-
chen und derjenige (6,) der Bergaufoberflachen
der ersten, zweiten und dritten ringférmigen drei-
eckigen Nuten (34, 36, 38) zur Achse der Isola-
tionsdiise (10) so gewdhlt sind, um keine Wirbel
des geblasenen Gases im divergierenden
Abschnitt wahrend des Leistungsunterbre-
chungsvorgangs zu verursachen.

4, Puffertyp-Gasblasieistungsschalter nach
Anspriichen 1 oder 2, weiter dadurch gekenn-
zeichnet, daf? ein Winkel (8,) der Bergaboberfls-
chen und derjenige (0,) der Bergaufoberflachen
der ersten, zweiten und dritten ringférmigen drei-
eckigen Nuten (34, 36, 38) zur Achse der Isola-
tionsdiise {10) etwa 43° bzw. 28° sind.

nach

Revendications

1. Disjoncteur & gaz comprimé du type a souf-
flage d’arc comportant:

un cylindre déplagable (16) avec une tige de
cylindre creuse (22);

un piston stationnaire (20) reli¢ audit cylindre
déplagable (16) de maniére a générer un gaz
comprimé durant une opération d'interruption de
circuit;

un contact d’amorgage d’arc stationnaire {12);

un contact d’amorgage d‘arc déplagable (14)
pouvant étre mis en et hors contact dudit contact
d’amorgage d'arc stationnaire (12) et fixé a la tige
de cylindre creuse (22) dudit cylindre déplacable
(16); et

une tuyére d’isolement (10) fixée audit cylindre
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déplagable (16) et entourant ledit contact d’amor-
cage d'arc déplagable (14) de maniére a guider le
gaz comprimé entre les contacts d'amorgage
d’arc stationnaire et déplagable (12, 14), ladite
tuyére d'isolement (10) comportant une section
convergente amont entourant ledit contact
d'amorcage d'arc déplagable (14), une section
divergente aval et une section d’étranglement
intermédiaire (32), caractérisé en ce que:

la section divergente aval de ladite tuyére d'iso-
lement (10) comprend une premiére gorge trian-
gulaire annulaire (34) disposée en aval de la
section d'étranglement intermédiaire (32) et une
seconde gorge triangulaire annulaire (34) dispo-
sée en aval de ladite premiére gorge triangulaire
annulaire (34) et dimensionnée de sorte qu’un
angle (P,) d'une ligne entre le bord aval (40) de la
section d'étranglement intermédiaire (32) et
I'aréte aval (44) de ladite seconde gorge triangu-
laire annulaire (34) & I'axe de ladite tuyére d’isole-
ment {10) est inférieur a celui (P;) d'une ligne
entre le bord aval (40) de la section d'étrangle-
ment intermédiaire (32) et l'aréte aval (42) de
ladite premiére gorge triangulaire annulaire (34) a
I'axe de ladite tuyére d’isolement (10).

2. Disjoncteur & gaz comprimé du type a souf-
flage d'arc selon la revendication 1, caractérisé en
outre en ce que la section divergente de ladite
tuyére d'isolement {10) comprend une troisiéme
gorge triangulaire annulaire (38) disposée en aval
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de ladite seconde gorge triangulaire annulaire
(36) et dimensionnée de sorte qu'un angle (P,)
d’une ligne entre le bord aval (40) de la section
d’étranglement intermédiaire (32) et V'arét aval
(46) de ladite troisiéme gorge triangulaire annu-
laire (36) a I'axe de ladite tuyére d'isolement (10)
est inférieur a celui {P2) de la ligne entre le bord
aval (40) de la section d’'étranglement intermé-
diaire (32) et I'aréte aval (44) de ladite seconde
gorge triangulaire annulaire (36) a I'axe de ladite
tuyére d'isolement (10).

3. Disjoncteur & gaz comprimé du type a souf-
flage d‘arc selon les revendications 1 ou 2,
caractérisé en outre en ce qu‘un angle (6,) des
surfaces descendantes et celui {8,) des surfaces
ascendantes desdites premiére, seconde et troi-
siéme gorges triangulaires annulaires (34, 36, 38)
3 I'axe de ladite tuyére d‘isolement {10) sont
choisis de maniére & ne pas provoquer de tourbil-
lons du gaz de soufflage dans la section diver-
gente durant une opération d'interruption de
circuit.

4. Disjoncteur & gaz comprimé du type & souf-
flage d’arc selon les revendications 1 ou 2,
caractérisé en outre en ce qu’un angle (8,) des
surfaces descendantes et celui {0,) des surfaces
ascendantes desdites premiére, seconde et troi-
siéme gorges triangulaires annulaires (34, 36, 38)
3 l'axe de ladite tuyére.d’isolement {10} sont
d’environ 43° et 28°, respectivement.
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