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Abstract—This paper describes a new generation of circuit
breakers which take the old dead tank concept and by using
the latest vacuum interruption devices and sealing technology
brigs the concept uo tp date as a solution to the outdoor
circuit breaker needs for the 21* century. This includes an all
welded, sealed for life construction and highly reliable spring
mechanism.
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1. INTRODUCTION

oday dog-house designs for outdoor switchgear tend to

be favoured due to the combination of competitive
prices together with ease of design, manufacture, and
maintenance as compared to the older Oil based dead tank
designs. However doghouse designs also suffer from a
number of significant limitations which include large
dimensions coupled with a tendency to be maintenance
intensive, with the internal components exposed to ambient
conditions (moisture, pollution, etc) In particular,
doghouses are not arc-fault withstand tested.

The problem was how to overcome the limitations of the
doghouse concept while meeting the modern expectations
of the deregulated energy utilities which include reduced
operation costs, improved availability and life expectancy,
predictability of performance/life in service. In addition
utilities today insist on type testing being carried out to
latest international standards to reduce risk exposure
(protection of people, seismic withstand, etc), and most
importantly internal arc-fault containment to the latest
standards
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The result of this research is a new range of dead tank
circuit breakers based on our extensive experience in the
key technologies of vacuum interrupter design, actuator
design, sealed for life welded construction, and our deep
understanding of internal arc-fault withstand problems and
solutions. This has allowed the new VOX and VPR
(Vacuum Pole-mounted Recloser) ranges to combine the
latest technologies and technical requirements with a cost-
effective solution, creating the next generation of MV dead
tank circuit breakers and reclosers. The concepts of both
families are similar, but this paper will concentrate on the
VOX Circuit Breaker family.

II. THE CONCEPT

Fig. 1. VOX 38kV dead tank circuit-breaker in service in
Mexico with CFE.

Why a dead tank? On studying the problem we decided
that the raft of partially conflicting requirements was best
met by a gas insulated sealed tank design. We needed to



provide a fully controlled internal environment for the
circuit breaker in order to ensure complete insensitivity for
the internal components to pollution, water and other
problems associated with the external environment. In this
way we could eliminate many possible problems for the
circuit breaker.

However, although the internal components are protected,
the bushings providing the interface between the interior
and the outside environment by definition are not, and so
these had to be designed carefully to take into account
environmental pollution. Additionally the decision to use a
dielectric gas for insulation such as SF¢ also allows us to
take advantage from the normal additional benefits of a
smaller size, due to the reduction in internal clearance
distances as compared with air [1].

With any gas-filled tank the issue of leakage is always the
primary concern, and the approach taken was that we
needed to completely seal the tank for life. This in turn led
to the requiremnt that the internal components within the
gas tank must be made totally maintenance free. However
once sealed it is necessary to make the design very robust
to remove the threat of mechanical damage or corrosion
attack causing a leak in service.

Fortunately AREVA has over 40 years experience in SFg
technology, and when studied formally using an FMEA
(Fault Mode and Effects Analysis) process it was revealed
that gas leakage usually occurs at a joint or a gasket.

A second cause for leakage was porosity of the enclosure
to the pressurised gas. Although perhaps not an obvious
source of problem, SFg is particularly susceptible to this, as
indeed SF; is used industrially as a leak detecting gas due
to its proven ability to find very small leaks, and this works
against us in this application.

Another interesting finding of our study was that because
of the possibility of leaks, normal practice in the past was
to fit a pressure switch or density monitor to check the
system’s health. However our experience has been that the
pressure monitoring device itself introduces an additional
significant potential source of further leakage! The fitting
of a pressure gauge to find a leaking unit, is the equivalent
of trying to use inspection to improve quality. A better
solution is to directly remove the cause of the problem.

As a result of the study it was decided that gaskets could
not give the level of confidence required and this led us to
the inevitable conclusion that we had to use a fully welded
tank. This in turn reinforced the idea of no possibility of
maintenance within the tank. In fact it was felt that the
design of a unit which was not only maintenance free, but
in which it was not actually possible to maintain the
internal components would bring the additional benefit that
the unit would remain in exactly the same condition as set
in the factory throughout it’s life.

Of course by using the proven vacuum interrupter
technology there is no need, or indeed possibility, of
maintenance of the interrupting device. As all arcing is

carried out within the sealed for life vacuum interrupters
there is, of course, no degradation of the insulating gas
within the tank. However in order to completely remove
the need for maintenance the other components within the
tank would also have to be as reliable and as maintenance
free as the vacuum interrupters themselves.

We established that in order to ensure a maintenance-free
dead tank design we would need to develop the following
critical features:

- A highly reliable, proven actuator

- Bushings with excellent sealing and ageing
properties, with enhanced dielectric
capabilities to cope with environmental
pollution, and which could be welded to the
tank.

- A tank material compatible with welding,
while being mechanically stable and
corrosion resistant in all likely applications.

A. A fully welded gas-filled tank

The tank is constructed from 316L stainless steel, which
offers no porosity to gas, (vacuum interrupters use very
thin walled stainless steel bellows for their moving contact
which maintain a vacuum of better than 1x10™ mbar for

over twenty years without difficulty).

Fig. 2. View of the tank with bushings welded in position.
Transmission of the mechanical movement of the actuator
through the tank wall is achieved via stainless steel
bellows, welded to the tank. These bellows are an
application of the same technology used for the vacuum
interrupter bellows for over 40 years and avoid the use of
dynamic gaskets, which were considered not to be reliable
enough.



The bushings comprise a copper or aluminium conductor
core with EPDM moulded around the outside, with a 316L
stainless steel insert built in to allow the complete bushing
to be welded directly onto the tank. The bushings are
deliberately oversized electrically to allow for use in
polluted environments or high altitudes (Fig. 1).

Once the internal components such as the vacuum
interrupters etc, have been assembled within the unit, the
tank is welded up, and then evacuated and filled with gas
through a filling tube, which is then welded to seal it. The
unit is then sealed for life. As the tank is evacuated with a
rough vacuum before filling with gas the mechanical
design must cope with a negative pressure of c.1 bar as
well as the overpressure of the gas. This is an important
design issue and cannot be ignored.

Fig. 3. VOX 38kV dead tank circuit-breaker showing
welded construction of tank.

A TIG welding technique under neutral atmosphere was
selected and after welding the weld seams are then
passivated and cleaned. The welding of the front end cap
components (bursting disc, bellows and gas monitoring
device) is then checked by the mean of an helium test. This
test is an incredibly sensitive gas tightness test. Vacuum is
made on one side of the front end cap around the
components to be tested and helium gas is injected on the
other side of the front end cap, next to the welds to be
checked (that side is at atmospheric pressure). Due to the
small size of the helium gas molecule its migration time
through the weld is comparatively short. A helium
measuring device located on the vacuum side measures the
helium passing through. The value measured determines if
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welding is effective or not. This is the same technique used
on welded assemblies for use in vacuum interrupter
manufacture, with which we are completely familiar, and is
incredibly sensitive to leaks of all kinds.

At the end of the manufacturing process, the full unit is
then leakage tested, to comply with the latest IEC 60694
standard §5.15 for a leak rate less than 0.1 % per year. In
practise, the pass/fail criteria in the factory is much better
than this at 1 x 107 bar.cm’/s.

Although perhaps not recognised as such, fully welded,
sealed for life pressure vessels have been common in our
industry for many years, in the guise of vacuum

interrupters. Designs such as the GEC (now AREVA) V5
and V8 series which have been manufactured in very large
numbers for over thirty years, are fabricated using welded
stainless steel disks for the bellows, and welded flanges
moulded into the glass ceramic insulators. These welded
designs have proven incredibly reliable in service for a
design life in excess of twenty years [2].

Fig. 4. GEC (AREVA) V803 12kV:25kA:1250A vacuum
interrupter designed in the late 1970’°s showing welded
construction of bellows and insulator flanges.

In summary, the tank is a fully welded enclosure with no
gasket or sealing used for gas tightness purpose, and uses
our well proven welding technology.

B. Bushings

The bushings are designed with an electric conducting part
made of copper insulated with an EPDM polymer.

EPDM bushings allow a good resistance against
mechanical or electrical shock. Their high mechanical
strength reduces the risk of damage during handling and
installation or maintenance. The EPDM polymer also
offers the advantage over porcelain that small projectiles
and other minor shocks do not cause any chipping. This
flexibility also gives them a high resistance to vandalism or
accidental damage, and their generally inert properties
makes them recommended for severe climatic and
pollution conditions.



A full type testing programme has been carried out to
validate this innovative concept according to all relevant
standards: The tested bushings have also been tested over
5000 hours, and subjected to 24 hours cycles according to
Fig.5.
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Fig. 5. 24-hour test duty table.

This latter test is considered by some utilities to equate to
up to 15 years service in real conditions. Further to this
accelerated aging test, the bushings have successfully
passed additional qualification tests (partial discharge,
dielectric testing, tensile and traction strength).

C. Latest Generation Vacuum Interrupters

The interrupters used are from the AREVA VG range, a
new state of the art range of interrupters designed to meet
today’s diverse needs including a very long life, high
performance, small size and a design for the environment
approach [3].

Fig. 6. VG Range of Vacuum Interrupters

D. High endurance spring operating mechanism

The circuit breaker construction is based on 3 separate
vacuum interrupter assemblies mounted inside the tank.
The specially designed motor charged MS5S spring
mechanism drives the unit. Based on the approach of a
common technical platform, a concept which is widely
used in the car industry, this mechanism is also used for
other circuit breakers of the AREVA range;

- BLV / VISAX circuit-breaker
- HVX circuit-breaker
- EXand EAX dog-houses

The mechanism type MS5S benefits from more than 10
years of field experience, and is thus considered to be a
well proven design. In the interests of extreme reliability it
was decided to utilise this proven design rather than
introduce a newer unproven solution. In this design the
simple single drive shaft arrangement with a spiral spring
for closing & tripping provides exceptional reliability &
security.

The spiral spring stores the necessary energy to perform a
fast O-CO reclosing cycle. It accelerates the main shaft &
the cam, which pushes the moving contact of the vacuum
interrupter to closing position as shown in Fig. 5.

Compared to a magnetic actuator, the spring operated
mechanism enables us to achieve faster operation, and as a
result opening is completed within only 3 cycles.

At the end of each closing operation, the spiral spring may
be rewound so that the necessary energy to perform a
complete reclosing cycle is always available.

The standard operating mechanism is equipped with a
closing coil, trip coil & an auxiliary contact block for
remote indication of circuit breaker operations.

]\

Fig. 7. Simple Principle of the single-shaft M5S
mechanism

High Reliability:

The M5S spring mechanism represents a true technological
step, through the reduction of complexity and number of
moving parts, compared with a traditional spring-operating
mechanism, and does this without the limitations and
constraints of a magnetic actuator.

The M5S has been tested for more than 10,000 operations
without maintenance.

E. Internal arc-fault containment

Arc fault containment design enables us to suitably contain
and control the products of an internal fault within the
enclosure. The design ensures that this would be initially
contained, and that the overpressure caused by the hot
gases would then be vented safely in a direction where an
operator cannot be harmed under normal conditions of
operation.



In the case of VOX, a pressure relief membrane calibrated
to burst at 2.5 bars is welded to the tank, as shown in Fig.
6. The membrane is located in a duct, which is inside the
LV cabinet, in order to benefit from the heating of the
cabinet and its protection from external damage or
pollution.

Upon operation of the membrane, the overpressure is be
directed through a chimney, lifts up the roof of the control
cabinet and the overpressure is then vented towards the
sky, away from an operator or the public.

It is worth noting that the stainless steel bursting membrane
is fully protected from water accumulation and pollution
within its chimney, underneath the roof.

VOX has been subjected to internal arc fault containment
according to IEC60298, Appendix AA, for both 25kA and
31.5kA short circuit currents.

Fig. 8(a). Membrane before test

In order to cover the most stringent situation, an
accessibility class A has been selected, with the cotton
indicators located within 30 cm (9 inches) of the apparatus.

With the same objective to cover all possible operational
situations, tests have been repeated successfully with the
control cabinet door in both the open and closed positions.

With the public liability of Utilities becoming a growing
cost in insurance and legal fees, together with the
possibility of managers being personally responsible in
case of bodily injury, manufacturers are responding to this
issue with safer equipment using the techniques described,
and fully proven by type tests.

F. Short Line Fault Testing

As VOX is designed to be connected directly to an
overhead line, the short-line fault tests have been
performed according to ANSI C37-09 (Test duties 8 and
9). This single-phase test made at 58% of the maximum
rated voltage has demonstrated the short-line fault
capability of the circuit breaker.

Test duty 8:
Voltage : 22 kV, rms

Test duty 9:
Voltage 22kV, rms
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Phase current : 19 kA, rms  Phase current : 22.6 kA, rms
Operating duty : O— O -0  Operating duty : O—O0 -0

G. Seismic withstand testing

VOX has been subjected to full size testing on a 3D
shaking table in ISMES laboratories, Italy. Tests were
carried out according to :IEC 61166, 1993, IEC 60068-2-
6, 1995, IEC 60068-2-57, 1989, IEEE Std 693-1997

Parameters for the IEEE seismic test :

* peak accelerations 0.5 g(X,Y) 0.4 g (Z2)
* frequency content 1+37 Hz
* time history duration 40.955s
* strong part of time history duration =20 s
* sampling rate 200 Hz

Fig. 8(b). Membrane after test

It is worth mentioning that the all of the test sequences
according to both the IEEE and the IEC standards have
been performed on one single circuit breaker (Fig. 8).
After the test no noteworthy problems were detected.

H. Dielectric Testing
The dielectric withstand capability of VOX has been
demonstrated by subjecting it to the following tests:

Wet tests : 75 kV, rms -10s
Dry tests : 80 kV, rms - 1 min

Power frequency;

Lightning impulse(bil); Full wave : 200 kV, peak

Chopped wave : 258 kV, peak



Fig. 8. VOX circuit breaker under test.

III. CONCLUSIONS

The paper describes a new innovative design of Dead
Tank Medium Voltage circuit breaker which combines the
known advantages of the Dead Tank concept with modern
vacuum switching technology. This results in a concept
which has been proven to give the best of both worlds, and
which allows compliance with the latest standards and
demands of the customer. We believe that this approach
will give the Dead Tank concept in medium voltage a new
lease of life for the 21% century.
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