White paper

High-voltage transmission - safe and without inter-
ruption with Trafag density monitors

InTrafag devices, the insulating gas density is monitored according to the principles of the reference
chamber or quartz vibrating fork. Both methods are characterized by highest reliability and accuracy. In
addition, the devices can be operated perfectly in temperature and pressure fluctuating pressure chambers.
The systems can be operated safely and without interruption even during maintenance and inspection
work. And Trafag is already gearing up to solve further challenges technically: the stricter environmental

regulations and the use of climate-neutral gases.

Compact, gas-insulated switchgear: Thanks to Trafag density monitors, the volumes of the individual pressure chambers can be minimized.

The leap in development of air-insulated high-voltage switchgear
(AIS) from the size of a football field to those requiring only ten per-
cent of the space previously occupied took place in ever larger steps
from the 1980s onwards. This was also made possible thanks to inno-
vative density monitors from Trafag AG: the basis for this is that the
high-voltage components were installed in pressure chambers in
which a highly compressed and efficient insulating gas prevents or
extinguishes arc faults and short circuits.

The gas sulfur hexafluoride (SF,) has the best insulation and extingu-
ishing effect at high and extra-high voltages (66 to >1000 kV).
However, SF, exceeds the greenhouse gas effect of CO, by a factor of
23,500.Therefore, no gas must be allowed to escape from the switch-
gear. Regulators in all countries place high demands on the monito-
ring of SF, gas. In cooperation with the well-known manufacturers of
switchgear, Trafag AG developed the reference chamber system for
monitoring the gas density in the 1980s, which offers higher accuracy
than conventional manometer principles and prevents avoidable
false alarms.

Today, the operators of high-voltage switchgear are facing new chal-
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lenges. On the one hand, the electricity utilities are striving to operate
their plants permanently without interruptions. To this end, the in-
dustry is increasingly relying on additional, continuous electronic
density measurement and predictive maintenance instead of exclu-
sively on warning and shutdown mechanisms as in the past. On the
otherhand, the sizes of the plants are to be further reduced, resulting
in smaller diameters and insulation areas. And finally, more clima-
te-friendly insulating gas substitute mixtures are visibly taking the
place of SF,. And once again, itis Trafag AG that is already offering the
right solutions today.

Pressure drop and thus gas density losses endanger the
plant safety

The operational reliability and operational safety of gas-insulated
high-voltage systems can only be guaranteed if the required insula-
ting gas density is maintained within the pressure compartments.
Leakage would endanger the functionality and safety of the switch-
gear and at the same time violate environmental regulations.
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Regulatory requirements therefore stipulate permanent monitoring
of the pressure compartment. The systems must remain tight at all
times, and the density monitors must function with specified preci-
sion.
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Accurate - and thus also safe - monitoring and measurement of insulating gas
density in high-voltage technology: environmental influences, operational safety or
efficient maintenance, regulations - these are just some of the challenges faced by
operators of high-voltage switchgear.

Because insulation gas density monitoring devices are exposed to harsh weather
conditions and must function without interruption even during temperature extremes
and fluctuations, temperature compensation is of great importance in insulation gas
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As long as there is no leakage in the gas-insulated pressure chamber,
the number of gas molecules in the closed space remains the same.
The number of molecules (density), pressure and temperature interact
physically, based on so-called isochores. The higher the temperature
in a closed, gas-filled space, the higher the pressure. Gas-insulated
systems are also installed outdoors, where temperatures can range
from -40°Cto +60°C. Itis therefore imperative that the entire system
is temperature-compensated, as otherwise the density display would
show higher values when exposed to sunlight and lower values
when exposed to frost - even though the same number of molecules
are in the system.

Temperature compensated pressure gauges are too
inaccurate

Pressure gauges used to be the standard for monitoring systems.
Due to their simple mechanical design with a Bourdon tube and
bimetallic temperature compensation, they are usually less expensive
but are less precise due to their design. Measurements with a Bour-
don tube must be temperature-compensated in each case so that the
actual density values can be verified. The bimetallic elements used
for temperature compensation must be specifically adapted to the
respective insulating gas. In the case of large temperature fluctuati-
ons, this mechanism leads to higher measurement inaccuracies. At
particularly high or low temperatures, the shift in accuracy with such
bimetal-compensated pressure gauges is disproportionately high.
The result is avoidable false alarms.

density measurement. Likewise, the monitoring devices must function properly and
reliably at different pressures, such as those prevailing at different locations or altitu-
des.
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Higher accuracy with the reference chamber principle

To counteract the inaccuracies of conventional density gauges, Trafag
developed the reference chamber principle based on pressure switch
technology.

Trafag's principle is simple - but ingenious: In the gas density moni-
tors, a reference gas is used in the reference chamber that has the
same properties as the insulation gas in the components of the
switchgear. Reference gas and insulation gas are thermally coupled
and at the same temperature, so that pressure fluctuations due to
temperature changes are eliminated. Consequently, the monitors
are fully temperature-compensated by design and thus achieve a
higher accuracy than temperature-compensated pressure gauges.
Today, the fourth generation of instruments is already on the market.

Reference chamber principle simplified. Built into Trafag's products, they enable the
operators of high-voltage switchgear to ensure uninterrupted and safe operation

Each instrument has a service life of more than 25 years. In addition,
these instruments itself are maintenance-free.

If the pressure chamber to be monitored effectively loses insulation
gas, i.e. pressure escapes, the reference chamber system mechani-
cally actuates switching points via microswitches. At the first alarm
level, insulation gas must be refilled. Only a rapid drop in pressure
causes the system to shut down, which is triggered by appropriate
and reliable switching of further microswitches.

Accurate density monitoring enables more compact
plants

Trafag has set the quality and accuracy requirements of the density
monitors in such a way that the alarm points are limited to a narrow
range. The higher the reliability and accuracy of the systems, the
smaller the tolerances in which the plant can be used. Insulation
distances can thus be smaller, the complete plant can be optimized
to meet the requirements and its size can be reduced: the site area
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Air-insulated switchgear (AIS) (pictured above) has given way to very compact
gas-insulated switchgear (GIS) in locations where space is limited (pictured below)

required for switchgear shrinks. Inaccurate density measurement
requires larger volumes, while precise density measurement ena-
bles tailor-made plant sizes and compact areas.

Climate-neutral alternative gases instead of SF,

The insulation gas SF,, which is predominantly used today, is
attributed a 0.5 percent share of global warming. Many operators
are therefore endeavoring to equip new plants with climate-neutral
alternative gases from the outset. Existing plants, of which hundreds
of thousands are in operation worldwide, are also being partially
retrofitted. With the alternative gases, only the type and number of
molecules used for electrical insulation change. Trafag AG can supply
the appropriate instruments for all alternative gases used today,
which comply with existing standards. The Trafag instruments are
adjusted at the factory for the specific gas and the specific filling pres-
sure. The instruments are then sealed and ready for use.

Continuous density measurement based on oscillating
quartzes

In recent years, there has been a growing demand in the power
distribution industry for continuous density measurement, which
provides real-time information on how much gas is actually being
lost and when critical values are reached, so that immediate action
can be taken. General problems in the plant can be detected earlier
and refilling or, for example, the replacement of O-rings can be initi-
ated in good time in the sense of predictive maintenance.
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The conventional method for density measurements consists of a
pressure measurement combined with integrated temperature sensor
in order to be able to correct the pressure as a function of temperature.
Trafag has revolutionised this principle by taking oscillating quartz
fork from watch technology and incorporating them into sensors. The
oscillation of a quartzin a gas is damped by the number of molecu-
les. The degree of damping is directly proportional to the density.
This form of continuous density measurement is significantly more
stable and accurate than temperature-compensated pressure mea-
surement.

Simplified principle of the quartz tuning fork comparison. The measuring principle
determines the damping of the quartz oscillation by the quantity of molecules
(density)

In the meantime, every fourth density monitor has included a main-
tenance-free sensor for continuous measuring of the gas density.
Either the measurement signal is transmitted via a current signal or
the sensor system has a digital Modbus output. The operator's cont-
rol system then calculates from the transmitted values how much gas
is currently in the system and analyses which actions, if any, are
necessary.
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Uninterrupted operation - thanks to refill and test valves
The regular inspection of gas-insulated switchgear is regulated by
various national regulations, in Europe, for example, by the F-Gas
Regulation. According to this, the density monitor must be checked
every six years for plants that were commissioned from 2017 on and
contain more than 22 kilograms of SF, gas. Many plant operators
have already switched on their own to carrying out the inspection
every two to four years. To do this, the affected part of the plant previ-
ously had to be switched off and the insulating gas to be captured.
The gas density monitor is dismounted and connected to a separate
test device.

Trafag is the first supplier to develop an integrated valve that enables
monitor testing during operation without having to shut down the
system. The gas density monitor is combined with a refill and test
valve and welded tightly, making the system leak-proof. With the
help of the valve, the unit can be checked for operational funtionallity
during operation and gas can be refilled if necessary without having
to shut down the system.

Normal operation Monitor test mode
closed open
<+ <+

In normal operation, the test connection is tightly sealed from the outside. If a test
instrument is connected, an direct connection is established between the test
instrument and the reference chamber of the density monitor.
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Product range from Trafag

Monitoring and measuring devices

Trafag's range of gas density meters is divided into three different
product groups: the mechanically operating gas density monitor, the
electronic gas density sensor and the hybrid gas density monitor,

Gas density monitors

Absolute SF, and alternative insulation gas density monitoring
based on reference gas comparison

The gas density monitor is based on the principle of reference gas com-
parison and therefore requires no extra temperature compensation
element. It operates electromechanically and is therefore indepen-
dent of the electrical power supply. Since no recalibration of the swit-
ching points is required, it operates continuously maintenance-free.
The operating temperature ranges from -60°C to +80°C.

 Type 87x6 mechanical, self-acting
* Type 87x8 for arctic environments

Gas density sensors

Electronic, absolute gas density measurement for SF, and
alternative insulating gases with patented quartz fork principle

The gas density sensor uses a quartz tuning fork to measure gas density
directly - a unique technology patented by Trafag. With the delivery of
continuous output signals (analogue or digital) from this electronically
operating sensor, Trafag opens new paths for the energy distribution
industry. Comprehensive density trend analysis of pressurized com-
partments is implemented easily.

e Type 8774 with current output or pulse width modulation output
e Type 8775 with digital RS485/Modbus output

Hybrid gas density monitors

Combined mechanical monitoring and electronic measurement
of SF, and alternative insulating gases

The hybrid gas density monitor combines the advantages of the
mechanical monitor and the electronic gas density sensor in one com-
pact multi-function device. With its continuous measurement output, it
is ideal for use in gas management and trending systems, but also fea-
tures a local display and robust switchpoint alarm contacts.

e Type 878x with current output
* Type 879x with digital RS485/Modbus output

which monitors both mechanically and electronically. All three types
have one thing in common: they are suitable for SF, and the complete
range of alternative insulating gases.

Note: The type designation "x" (e.g. 87x6) stands for the individual switchpoint configuration.

For example, monitor type 8736 contains x = three (3) microswitches.
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Trafag AG - the high-tech sensor company

Trafag, headquartered in Switzerland, was founded in 1942 and has
a broad sales and service network in over 40 countries worldwide.
Trafag develops, manufactures and distributes precise, robust and
maintenance-free measuring instruments for monitoring SF, and al-
ternative insulating gases in high and medium voltage switchgear.
Trafag guarantees extremely accurate, highly shock-resistant instru-
ments, with the widest temperature range available on the market.
In addition, Trafag has a broad product portfolio in pressure and tem-
perature monitoring. With the ability to develop and manufacture all
major components in-house, Trafag is able to produce both mass
production and short-run small series. Strict quality management
according to 1SO 9001, state-of-the-art production facilities under
clean room conditions and strictly monitored production processes
ensure that Trafag products meet the highest quality standards.

The right instruments for your needs

The gas density monitors and sensors from Trafag stand for durability
and reliability according to Swiss quality standards, and also forinno-
vations oriented to the current needs of power grid operators. Accor-
dingly, we provide you with consulting and engineering services and
support you in the selection of the most suitable instruments for
your needs.

Contact us directly for a consultation.

Trafag AG

Industriestrasse 11, 8608 Bubikon (Switzerland)
Phone +4144 922 32 32

trafag@trafag.com | www.trafag.com
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