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ABSTRACT 

This paper presents an innovative and compact SF6 free 

switch combining vacuum interrupters (VI) with a 

disconnector in air.   

To replace SF6 as arc-quenching gas, some alternative 

fluorinated candidates were identified for medium voltage 

electrical equipment. While their GWP (Global Warming 

Potential) is low, these gases require authorization for 

handling in manufacturing plants and an end of life 

management. Indeed, the acute toxicities of these gases are 

high and carcinogentic, mutagenic and reprotoxic 

characteristics are not known.  A better solution using air 

has been designed for air insulated switchgear (AIS) in 

secondary distribution with no breaking in gas. 

This solution uses dry air at a relative pressure of 0.4 bar 

for 12 kV and 1.5 bar for 24 kV switchgear in an epoxy 

tank. The 3-positions switch is based on vacuum breaking, 

air gap disconnection and earthing inside the tank. The 

operating mode is the same as current SF6 3-positions 

switch: breaking/disconnecting in one operation and 

earthing in a second operation. The combination of 

different devices and their interactions enable to design a 

compact solution with same dimensions as SF6 ones. As a 

consequence, this epoxy tank is fully interchangeable with 

SF6 one in Secondary AIS cubicle.  

The advantages of this solution are: fully environmental 

friendly, safety of people, absence of end of life gas 

recovering, easiness to operate, high expecting life, same 

footprint and full interchangeability with current SF6 

switch. 

INTRODUCTION 

SF6 is widely used since the fifties in high and medium 

voltage electrical equipment as insulating and/or breaking 

medium without any issue regarding toxicity, 

flammability, ... Despite its interesting properties, this gas 

contributes to greenhouse effect with a global warming 

potential equal to 23 500.  For this reason, some alternative 

fluorinated candidates were identified for medium voltage 

electrical equipment [5], [6], [8]. These gases can have 

dielectric properties and breaking capacity.  

Among the main 3 candidates, fluoronitrile [9] is not 

acceptable in medium voltage application because of its 

high value of GWP (2 100 for pure gas) and its too high 

acute toxicities of the pure gas and of the gas after breaking 

(mixtures of different gases with their by-products). The 

LC50(4h) on mice of pure C4F7N fluronitrile is 1600 ppm 

(LC50 (4h): concentration of a chemical in air causes the 

death of 50% of a group of test animals within 4 hours). 

The carcinogenic, mutagenic, reprotoxic (CMR) 

characteristics of this gas are not known. 

Another candidate in medium voltage with a low GWP 

(GWP < 1) and an acceptable acute toxicity is C5F100 

fluoroketone [4], [7]. On the other hand, its CMR 

characteristics are not known too. Moreover, the breaking 

in C5F10O generates high toxic by-products like 

perfluoroisolbutene (PFIB with a LC50(4h) = 0.5 ppm). 

The third fluorinated candidate is HFO1234zeE 

hydrofluoroolefin. This gas, already used in air-cooling 

industry, has a very low acute toxicity (LC50(4h) > 

207 000 ppm on mice) and a GWP inferior to 1. Its absence 

of CMR risks is demonstrated. It has good dielectric 

properties close to SF6. On the other hand, its breaking 

capacity is low. Then, it can be used as dielectric medium 

in association with vacuum interrupter (VI) for switching. 

Anyway, like all fluorinated gases, it can’t be released in 

atmosphere and it must be recycled at its end of life.  

BREAKING IN GAS 

Breaking in gas could be a cost-effective solution for a 3 

positions switch. However, the breaking tests performed 

with these 3 fluorinated candidates showed the presence of 

very toxic by-products and in particular a high quantity of 

CO (carbon monoxide). For instance, making and breaking 

tests (100 CO 630 A /24 kV according to IEC 622271-103) 

were performed on 15 liters switches filled with C4F7N 

fluoronitrile (0.75 bar) + (air (0.55 bar) or CO2 (0.55 bar)). 

The by-products were analyzed and the determination of 

the LC50 (4h) on mice was performed by the Faculty of 

Pharmacy of the University of Montpellier. The LC50 (4h) 

value was inferior to 0.023% (230 ppm) for the C4F7N 

(0.75 bar) + air (0.55 bar) or CO2 (0,55 bar) gas mixture. 

A gas analysis by GC-MS, IR-TF and NMR-F showed a 

concentration of carbon monoxide around 20 % and a 

concentration of PFIB close to 0.2 %. (2 000ppm)  

Similarly, making and breaking tests (68 CO 315 A /12 kV 

according to IEC 622271-103) were performed on a 15 
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liters switch filled with C5F10O fluoroketone (0.16 bar) + 

air (1,14 bar). The LC50 (4h) after tests was inferior to 

0.3%. This acute toxicity is mainly given by the 

concentration of PFIB. 

For this reason, in medium voltage applications where 

switchgear is close to public, the risks on the safety of 

people are too high in case of an accidental gas leakage to 

envisage gas breaking with SF6 alternatives. 

Dry air has lower dielectric properties than fluorinated 

gases but has the strong advantage to be safe, easy to 

handle and that it can be released in atmosphere at end of 

life. Nitrogen N2 has lower dielectric properties than dry 

air but has the advantage to not be oxidizing. Carbon 

dioxide CO2 has lower dielectric properties than air and 

N2. It is safe like dry air and N2 and can be released in 

atmosphere. Nevertheless, dielectric properties of these 

gases increase by overpressure enabling to keep the 

dimensions of SF6 switchgear. On the other hand, dry air 

and N2 have a weak breaking capacity while CO2 is better 

but far from SF6. These natural gases, compared to 

fluorinated alternatives are free of supply. 

 

Then, the best solution is dry air as dielectric medium and 

a vacuum interrupter as breaking device. This solution 

enables to avoid alternative gases and their toxic by-

products after breaking and then avoids any risks on people 

safety in case of accidental gas release. 

 

BREAKING WITH VACUUM 

INTERRUPTERS IN SERIES WITH A 3-

POSITIONS DISCONNECTOR 

The traditional approach consists in setting a vacuum 

interrupter in series with a 3 positions disconnector (figure 

1). This solution is already used in SF6 RMU for vacuum 

circuit breakers applications. For load break switch 

applications, the VI should ensure the short-circuit making 

capacity, the dielectric withstands, the short time current 

withstand (with its peak value) and the continuous current 

withstand. The only difference between both VI is the 

breaking capacity. As a consequence, VI for load break 

switch has same dimension and similar cost than VI for 

VCB. 

This solution is well known and reliable. However, it 

presents 2 main drawbacks:  

- the manner to operate is different from a SF6 3-

positions switch. The operations are done by 2 

mechanisms: one for the CB and one for 3-

positions disconnector.  

Opening/disconnecting is made with 2 

operations. 

- the cost of the solution is high 

 

 

 
 

Figure 1: “traditional” solution with a vacuum interrupter 

in series with a 3 positions disconnector 

 

 

BREAKING BREAKING WITH SHUNT 

VACUUM INTERRUPTION TECHNOLOGY 

(SVI) 

The new approach consists (figure 2) in a combination of 

a VI and a disconnector in air enabling to reduce the 

number of components and then the cost, and to operate as 

a usual 3-positions switch. 

 

The vacuum interrupter is set in parallel of the 

disconnector. The blades of the disconnector drive the 

opening of the VI with a pivot lever. In this configuration, 

the VI is only working during breaking phase. It must 

withstand the TRV (transient recovery voltage) of the 

breaking but doesn’t need to have short circuit making 

capacity, short time current withstand and continuous 

current withstand. The short circuit making is ensured by 

the blades. The VI is not crossed by the current during the 

closing phase. Indeed, the VI is only crossed by the current 

during the several milliseconds of the opening phase. The 

cost and dimensions of this VI can then be reduced. 

 
 

 

Figure 2: an innovative solution with Shunt Vacuum 

Interruption (SVI) technology 
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Description of the opening and disconnecting 

phase 

Main contacts are closed (figure 3), the current crosses 

only the main contacts and not the VI which is in closed 

position. 

When the moving contact starts to move, there is a phase 

of current commutation (figure 4): the moving contact is 

linked to the conductive part of the pivot lever and still 

linked to the fix contact. The current is then shared 

between both circuits: the main contacts and the VI (still 

in closed position). During separation of moving and fix 

contacts, there is no arc of commutation because the 

contacts are at the same electrical potential. 

 

 

 

 

 

 

 

 

 

 

Figure 3: closed position figure 4: commutation phase: 

current is share in both circuits 

and passing only through VI 

 

When the commutation phase is finished, the current is 

shunted through the VI still maintained in closed position. 

Then, the moving contact pushes the pivot lever which 

rotates and actuates the opening of the VI. The current is 

interrupted by the VI when the first zero of current occurs 

(figure 5). 

After end of current breaking, the moving contact releases 

the pivot lever and continues its rotation up to the 

disconnected position (figure 6). A counter spring enables 

to bring back the pivot lever to its initial position which 

closes the VI. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: breaking phase Figure 6: disconnected position  

 

Description of the earthing phase (figure 7) 

The earthing phase is like SF6 3-positions switch. The 

parallel circuit with the VI in closed position does not play 

any role. 

 

 

 

 
Figure 7: earthed position 

 

Description of the closing phase (figure 8) 

As shown in figure 2, the moving contact enters in contact 

with the insulating face of the pivot lever and pushes it to 

rotate enabling this moving contact to close to fix contact. 

The closing/making of current is done by the main 

contacts. The VI is never crossed by the current during this 

phase. Once the main contact reaches its closed position 

the pivot lever is released and come back into its initial 

position to be ready to interrupt current again. 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: closing phase - no current passing through the VI 

 

Advantages of the solution 

The consequence of this design is a cost-effective and 

compact solution with same dimensions as SF6 ones. The 

system is capable to interrupt rated currents and transfer or 

take over currents. Then it is suitable for line switching or 

transformer protection using fuses. 

 

Set inside an epoxy tank filled with dry air at a relative 

pressure of 0.4 bar for 12 kV and 1.5 bar for 24 kV, the 

solution is fully interchangeable with SF6 one in secondary 

AIS SM6 cubicles. The height of busbar and cable 

connections remains the same enabling easy retrofit. 
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Figure 9: SF6 breaking and SF6 free with SVI technology 

in air within SM6 cubicle 

 

The operating mode is the same as current SF6 3 positions 

switch: breaking/disconnecting in one operation and 

earthing in a second operation. This interchangeability 

enables to mix the different technologies on the same 

switchboard and to replace a SF6 switch by a SF6 free 

switch in the same cubicle. This SF6 free AIS cubicle was 

successfully tested according to IEC standards. This 

solution is also well adapted for GIS RMU design. 

 

CONCLUSION 

In medium voltage, because switchgear is close to public, 

a solution with a gas whose non-toxicity is not 

demonstrated, is not acceptable. In the same way, it is not 

acceptable to have high toxic by-products after breaking. 

For these both cases, the safety and the health of people 

cannot be ensured in case of an accidental gas leakage.  

Because air has a low breaking capacity, the only solution 

is breaking with vacuum interrupter which is a proven and 

reliable technology. The current solution which consists in 

setting a VI in series with a disconnector is an expensive 

and not compact solution. Moreover, the operating mode 

is not the same as current SF6 switches . 

A new solution was invented in setting a VI in parallel of 

the main contacts. This 3-positions switch with Shunt 

Vacuum Interruption in air enables to make a compact and 

cost-effective solution. It is fully environmental friendly, 

safe for people, without end of life gas recovering, using 

same operating mode as existing switches, with high 

expecting life, same footprint and full interchangeable 

with current SF6 switch. It is well adapted for both AIS and 

GIS products and for line switching and transformer 

protection. 
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