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the breaking process O
with a Fluarc SF6
puffer type circuit-breaker
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Jacques Hennebert \%

Summary
After a brief recall of the operation of an SF6 puffer type circuit-breaker, the author

analyses the physical phenomena which develop, after the separation of co
tacts, during the period of ‘‘waiting’’ for the current to pass through zero
at the current zero point. The possibilities of simulated operation are then m
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The purpose of circuit breakers is to
interrupt all load currents or fault cur-
rents. They are equipments with contacts
which separate, whatever breaking tech-
nique is used. It is thus inevitable that an
electric arc arises from the instant when
the contacts separate until the current
reaches its natural zero, where it remains
zero in spite of the restriking voltage if
interruption is successful. This arc plays
a fundamental role in current breaking.
In the following pages, we shall examine
the physical phenomena which appear
in chronological order, that is:

m the period of ‘‘waiting’’ for the current
to pass through zero, called the arcing
period, during which the heat developed
by the arc given up by the system must
be quickly dissipated.

m the current zero point, after which the
system voltage reappears between the
contacts. This is defined by the circuit
which basically comprises an electromo-
tive force in series with a small reactance
and a parallel RC circuit.

We shall leave aside the examination of

the restriking voltage form and concen-
trate on the performance of the circuit
breaker in the presence of the stresses
in the arcing period and at the current
zero point.

Of the different breaking techniques
available, we have chosen, to illustrate
this study, the puffer technique in sul-
phur hexafluoride SF6. There are other
methods of interruption in SF6, for exam-
ple displacing the arc by the effect of a
magnetic field created by the current
The two breaking processes are based
on the simple principle of relative move-
ment of the arc with reference to the SF6
gas.

SF6 has been chosen in preference to
other gases since, of the various harm-
less and easily obtainable gases, it is,an
excellent arc quenching medium.
well known as a high-performance
lectric permitting miniaturisatio
voltage switchgear. It is also:

m an effective thermal condu@ti
during the arcing period,
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chronological diagram of the bre\@

| a highly electronegative gas n iis
decomposed by the arc, on acc of
its fluorine atoms, which play a vital role
at the instant when the currezt passes
through zero.

Before examining t ifferent pheno-
mena in moredetail, be useful to
give a brief deSegi the operation
of puffer typeswi ear.

The puffer 1§ simple:
movement ving parts simulta-
neously S mpression of a small
volume of behind the puffer piston.

le the main contacts are
co h the arcing contacts).
us compressed remains cap-

gins to escape between the
contacts from the instant when
separate. This precompression time
kes it possible to obtain a pressure
ifference without delay, that is, a flow
of gas by forced convection.
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fig. 4

operétion of a puffer type SF6 circuit breaker.




Closed position
The main contacts and the
arcing contacts are closed.

fig. 3

operating diagram of a puffer type
(On this example the main contact
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Precompres:

e coficentric with the arcing contacts.)

Arcing perlod

The arcing contacts
separate. The compressed
gas thus released is
directed by the nozzle and
cools the arc by forced
convection.

Closing operation

A valve opens on the
piston to enable it to move
rapidly during closing.




the arcing period

During the arcing period the arc is coo-
led by convection in that a certain quan-
tity of hot gas is replaced by cold gas.
This is not a surface phenomenon; the
cold gas is brought in perpendicularly to
the direction of flow to promote the
mixing of hot gas and cold gas. Heat
exchange by radial conduction is very
low compared with this.

We could also expect heat exchange by
radiation, on account of the high tempe-
rature of the arc. In fact, the exchanges
are small because radiation is from the
peripheral layers only.

Finally the heat exchanges during arcing
take place chiefly by convection. The
energy supplied by the system in time dt
to a mass dm of gas is:

dw = Vidt = hdm, V being the arcing
voltage and h the enthalpy per unit of

mass. We again have VI dt = hp sdx,p
being the density, s the cross section of
the arc and dx the path taken by the
mass dm in the time dt.

Hence VI = h p su, u being the velocity
of the gases.

The power transmitted is directly depen-
dent on this velocity. The laws of gas flow
teach us that this velocity canot be inde-
finitely increased to increase the mass
flow of the hot gas. It is advantag
to stay in the vicinity of the spee
sound in the gas. This speed
be obtained by suitable struct
gements and sufficient switchj
The hollow tubular contacts fai te
rapid flow of hot gases and gausegyips-
tability of the arc root, pre ing wear
on the arcing contacts.
The puffer technique is g€m,

y effec-

O

tive, asitis sufficient to inject onlpa small
quantity of gas between the contaets.
With the Fluarcs FB and FG, the quan-
tity of compressed gas injected at the

throat of the nozzle is 5 gramni€s during
breaking; to limit t mperature of the
arc to 10 to 1500 ust be possi-
ble to evacuat duced by the
arc which is appr ely 30000 joules
when interr a eurrent of 25 kA.
The gas en rve shows that one
gramme ufficient to carry this
energ

Durin e space occupied by the
ar at of the nozzle depends

antaneous current value. The
cl section of the arc is proportional
3 thiSiand consequently is subject to the
g sinusoidal variation. At high cur-
values, the arc may occupy the
ole of the available space, blocking
he flow of gas.

Indeed, the mass flow in the arc is very
low compared with the flow of cold gas
around the arc, as the gas density is low
at the temperature of the arc. This is
what is known as the ‘‘clogging’’ effect.

A

fig. 5
contacts of the Fluarc FC 2500 A
breaking capacity 40 kA at 24 kV.
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fig. 6
enthalpy of SF6 as a function of temperature.
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fig. 7
clogging effect.




The total mass flow at the nozzle throat
is thus low when instantaneous current
values are high, but it rises very quickly
as soon as the current falls, and shortly
before current zero it is greater than that
which would occur on opening without
current.

The clogging effect is beneficial for two
reasons:

® when the circuit breaker opens on a
high current it keeps a larger amount of
gas in reserve than when it interrupts
lower currents. It does not act “‘blindly”’
whatever the current; it is better prepa-
red for the passage through current zero
in heavy currents, and it avoids brus-
quely interrupting low currents, as the
mass flow on non-load is modest.

| interruption of a heavy current causes
braking in the opening movement. This
braking limits the distance between con-
tacts, that is, the length of the arc and
thus the energy dissipated in the arc. It
is therefore important to stress that the
arc is relatively short, in the order of
15mmfora12kV, 24 kV, or 36 kV equip-
ment, that is, smaller than the contact
diameter.

The clogging effect is optimally adjusted
on the Fluarc FG2. If it is not very great,
the advantages mentioned above are
reduced. If it is too marked, braking is
excessive, the distance between the con-
tacts at current zero is too small and the
dielectric strength is insufficient. By
adding a weight to the moving piston,
that is, at precisely the point in the kine-
matic chain which is subject to the bra-
king, the braking effect can be limited;
at the highest current values, optimum
braking is obtained at a reasonable level
of control energy. Only 250 joules are
required for an opening operation. Thj
is in fact the same energy as that reqdi-
red to open circuit breakers of differ
breaking principle.
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contact travel.
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weak clogging effect ]

variation of the arc cross sections at 30 % and 100 % of the breaking capacity.
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current zero

In the vicinity of the current zero point,
the arc is cooled chiefly by radial con-
duction. This good conduction from the
centre of the arc towards the exterior is
explained in the curve of fig. 10. On this
curve a very pronounced thermal con-
ductivity peak around 2 100 °K may be
observed.

The arc is confined to a small diameter
where it is still conductive and it is sur-
rounded by a sheath of cooler gas which
does not conduct the electric current but
does conduct heat very well.

This heat exchange with cold gas takes
place rapidly. Another very interesting
property is the low time constant of elec-
trical conductivity. Calculations confir-
med by experiment have shown that this
time constant was in the order of one
microsecond, that is, one hundred times
smaller than that of most other gases, air
in particular.

The good performance of SF6 at the
moment of breaking can be explained by
examining what happens at the atomic
level. SF6 starts to dissociate at around
2000 °K. At 2400 °K it is half dissocia-
ted, whereas for nitrogen this tempera-
ture is 7000 °K. At the temperatures at
which SF6 is conductive, dissociation is
complete.

The arc consists of a number of molecu-
les and neutral or ionised atoms
some free electrons. Among these
ticles, fluorine plays a vital réle
account of its great affinity for
When the arc is extinguishe
sudden large reduction in the
free electrons.

To confirm this hypothesis,
tration of negative ions g
capture was measured
being equal, itis i
in air.

concen-

Shortly before the current passe§ythrough
zero, the whole volume of gas b en
the contacts, falling in temperature, pas-
ses 2000°K. This is the point at which
almost all the particles recorfBine into
molecules of SF6.

i t current zero,

i their travel to
ing compatible with

prolonging the puffer
e space between the

providing insulation bet-
acts is thus SF6 gas which

s the decomposition of SF6 at
mperature is reversible. Only wear
e arcing contacts needs to be con-
ered. This is very satisfactory for the
ser, who does not need to worry about
the state of the gas, and who can, if he
so wishes, check the degree of wear
on the circuit breaker contacts without
having to open the poles, nor make any
other inspections. The marks provided
on the linkage mechanically connected
to the contacts correspond to the butting
of new or worn contacts.
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cooling by radial
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To summarise, the different modes of
heat exchange in the SF6 puffer type cir-
cuit breaker are as follows:

radial convection radiation
conduction
arcing period slight major slight
exhange exchange exchange
current zero point major slight slight
exchange exchange exchange
after breaking slight major no
exchange exchange exchange

parts of Fluarc FG2.




simulated operation

to adjust certain coefficients a fteffa
little trial and error, the accuracy he
calculation was improved very satisfac-
torily.

To summarise, at present wt have a
means which ca used either to
design the eguip achieve opti-

Major progress has been made in fore-
casting and perfecting the operation of
puffer technique circuit breakers, on
account of the simplicity of the pheno-
mena involved, compared to those in
other types of circuit breaker, and on
account of the scientific advances in
knowledge of physical constants and
data processing.

Calculation does not give a formal indi-
cation of whether the switchgear can
interrupt a given current at a given vol-
tage, but it serves to determine most of
the mechanical and thermodynamic
parameters during opening of the
switchgear.

We know how to determine the move-
ment of the circuit breaker contacts on
no-load using classic rules starting from

mum operatin i rapidly (pre-

the motive forces given by the springs  determining t etry, motive forces,

and the resistive forces due to the increa- pressures), sts to interpret the
sing pressure behind the piston; the performanc@ quipment under dif-
masses are all brought to a suitable point  ferent cin s (asymmetrical ope-

for the requirements of the calculation. e limits of the equip-

Then the equation force = mass X acce- ment,
leration is written and integrated to obtain
the space/time function.

All this stage it is possible to select dif-
ferent geometrical parameters.
Experience has confirmed the valyes
obtained to within a few percent. On
operation can be obtained by applyi
the gas clogging theory, reduygifg t
nozzle throat cross section by ai
equal to the cross section
which itself is a function of i
The results of the calculati
pared with those obtained

A stroke of moving parts

arcing contacts
opening

13,2

fig. 16

the movement is made to rotate by a shaft round
which there is a sealing bush with flanged
gaskets: one or 30.000 switching cycles in
20years without maintenance.

time

fig. 15
travghof tR@ arCifig contacts as a function of time.
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