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Energy innovations for more than 155 years
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World share – Switching technologies
Medium voltage applications
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Market Share evolution of MV Circuit Breakers quenching 
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Min. Oil
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From 20% in 1980
to more than

80%
of market share, 
Due to proven track 
records & successful
Implementation & MTTF
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Vacuum Interrupters
Basic environment for current interruption

1000 mbar Atmosphere

800 mbar “Vacuum” Cleaner

3x10-4 mbar Approx edge of the space

1x10-7 mbar Vacuum Interrupter

1x10-11 mbar Surface of the moon

1x10-15 mbar Interplanetary space

1x10-16 mbar Interstellar space
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Vacuum Interrupters
Core element of all AC current cases – Basic functions

Normal & peak current flow
• Uninterrupted flow of nominal current 
• Longterm low resistance - µOhm

Current switching and interruption
• Highest normal current levels
• All kinds of Short circuit currents 
• Major safety function 

Withstand against inner and outer 
voltages
• Power frequency withstand voltage
• Lightning impulse voltage

1

2

3

6.300 A

110 kA

95 kV/ 250 kV
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Vacuum Switching Technology 
Details of a vacuum interrupter

Fixed terminal /connection bolt

Insulator (ceramic)

Fixed contact

Moving contact

Shield

Metal bellow

Guide (bearing)

Moving connection bolt

Contact disc

• Low resistance by oxygen free 
copper

• Optimized contact design
• Adequate contact force
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Normal & Peak current flow
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6.300 A / 235 kA
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Siemens vacuum interrupters
Advantages of vacuum switching

T

0

∫= dtiuarcW * *

Vacuum Interrupters
• Low arc voltage
• Low arc length
• Low arc energy

SF6

Oil

Vacuum

Breaking current [kA]
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Arc energy for different 
environment2 Current switching 

& interruption
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Siemens vacuum interrupters
Principle of vacuum switching

Extinguishing the arc in the zero point passing 

Udiel = Dielectric voltage
Urec = Recovery voltage
Uar = Peak arc voltage

tarc = Arc duration of electric arcs
I = Current

I Urec 0.5kV/µs

10kV/µs

tarc

t in 
ms

U/I Contact gap
Udiel vacuum

0 5 10 15 20

Q

Uarc

Contacts open Break Contacts are open

arcs

Contacts
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Siemens vacuum interrupters 
Contact geometries for > 10 kA Isc

The contact geometry & magnetic field creation have a decisive influence on the switching capacity 
of a vacuum interrupter. Various contact geometries are used depending on the current intensity.

Axial magnetic field contact (AMF) Radial magnetic field contact (RMF)

Contact plate

Diffuse
Arcing

Switching 
element carriers

Contact disk

Rotation of a
focused Arc
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High-speed images with exposure time of 13 µs, cathode at 
the bottomContact system

Diffuse arc before current zero (i = 2 kA)

Constricted arc (i = 40 kA)

Vacuum interrupter
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Vacuum interrupter contact geometries 
Radial magnetic field contact (RMF)



High-speed images with exposure time of 13 µs, cathode at 
the bottomContact system

Diffuse arc before current zero (i =10 kA)

Diffuse high-current discharge i = 60 kA)

Vacuum interrupter
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Vacuum interrupter contact geometries 
Axial magnetic field contact (AMF)



Vacuum Switching Principals
Contact material - the key for our success

CuCr
Inhouse production assures

• Constant Quality – precise Powder mixture

• High purity – Vacuum recast metallurgy

• Fine grained rapid solidified structure 

• Small contact erosion
• Highest switching capability
• High dielectric strength
• Excellent electrical conductivity
• Low tendency to contact „welding“
• Small chopping current

Cu

Cr
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• Power frequency withstand 
voltage - 50/ 60 Hz

• Lightning impulse voltage

High Voltage 
Definition & Behavior

Dielectric strength in vacuum is ensured over 
the entire service life

SF6 5 bar
U [kV]

Lightning 
impulse
voltage

Contact gap s [mm]

0
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Air 1 bar

Oil

Vacuum

SF6 1 bar

Withstand against inner 
& outer voltages

3

95 kV

250 kV

Source: George Brown College, CA

Ur : 3,6 kV – 7,2 kV – 12 kV – 17,5 kV – 24 kV – 36 kV – 40,5 kV – 52 kV 

Breakdown voltage as a function of the contact stroke

Source: Research Gate

Unrestricted | © Siemens 2022 | Andreas Stelzer | SI EA S CP PL PCS | VAR Partner Day 2022 (Sep 13&14)Page 14



Vacuum Switching Technology
Core advantages over the whole live time 

Constant vacuum pressure & dielectric

• Independent of environmental influences by hermetically sealed vacuum interrupters
• Switching operations in vacuum do not produce decomposition products
• Outside insulation in Air/ SF6 / Solids/ Liquids

Constant contact resistance

• Contact surfaces remain pure metallic since oxidation does not occur in vacuum
• Contact resistance remains constant at lowest level throughout the entire lifetime

Applicable for all switching applications

• Low chopping currents
• No/ Low restrikes probability
• Switching of highest normal and short-circuit currents up to 110 kA
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Vacuum Switching Technology
Core advantages over the whole live time

Economic benefit

• Vacuum interrupters are maintenance-free up to the type tested limits
• Modern vacuum circuit-breakers are maintenance-free 

up to 10,000 – 30.000  operations

High reliability

• Less moving parts in the arcing chamber
• MTTF of the vacuum interrupters: 84,000 years
• MTBF of the circuit-breakers (3AE series): 18,000 years

Unrestricted | © Siemens 2022 | Andreas Stelzer | SI EA S CP PL PCS | VAR Partner Day 2022 (Sep 13&14)Page 16



Siemens vacuum switching technology
Competencies

• Basic research lab at Corporate Technology Departments
• Development departments in Energy Management R&D

• Own manufacturing processes
• Proprietary technologies
• Seamless quality monitoring

• + 7,000,000 delivered vacuum interrupters
• + 1,400,000 delivered vacuum switches

All research and 
development departments 
are in-house

Quality management from 
raw materials to the final 
product

Strong & professional 
local support in each region
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As international supplier we ensure the global availability of our products and 
systems

Standards for high availability and optimal personal protection

Page 18 Unrestricted | © Siemens 2022 | Andreas Stelzer | SI EA S CP PL PCS | VAR Partner Day 2022 (Sep 13&14)Page 18

http://www.google.de/imgres?imgurl=http://www.hera-online.de/typo3temp/pics/9618add867.gif&imgrefurl=http://www.hera-online.de/de/fachliches/pruefzeichen.html&usg=__leOeWqWN6sRSBPHYg1yBjx_pIcQ=&h=50&w=50&sz=1&hl=de&start=18&um=1&itbs=1&tbnid=h1ef-kGMBVldeM:&tbnh=50&tbnw=50&prev=/images?q=australisches+pr%C3%BCfzeichen&um=1&hl=de&sa=N&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.mijngelderland.nl/uploads/tx_ncbibverhalen/rte/RTEmagicC_33-KEMA_KEUR.jpg.jpg&imgrefurl=http://www.mijngelderland.nl/snuffelen-in/canons/verhaal/artikel/929/2100/categorie/155/&usg=__J6jEzGJ9DmbAbwMvRtI9bLxz5w0=&h=79&w=142&sz=5&hl=de&start=8&um=1&itbs=1&tbnid=2qkiu7hH8TqwbM:&tbnh=52&tbnw=94&prev=/images?q=kema+keur&um=1&hl=de&sa=N&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.electrosuisse.ch/certification/FR-Dateien/data_005.gif&imgrefurl=http://www.electrosuisse.ch/certification/France.htm&usg=__u1EjwOXLrscuzs74XqkP24FEbg8=&h=74&w=120&sz=3&hl=de&start=24&um=1&itbs=1&tbnid=Y6WsbDFKEfTudM:&tbnh=54&tbnw=88&prev=/images?q=nf-mark&start=18&um=1&hl=de&sa=N&ndsp=18&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.electrosuisse.ch/certification/ES-Dateien/data_004.gif&imgrefurl=http://www.electrosuisse.ch/certification/Spain.htm&usg=__ugd3VdZPCFEFJr7OYPU2K8NgCsY=&h=120&w=73&sz=5&hl=de&start=4&um=1&itbs=1&tbnid=SgS1v8l-gZS2UM:&tbnh=88&tbnw=54&prev=/images?q=aenor-mark&um=1&hl=de&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.thakarchemicals.com/images/isi_mark.gif&imgrefurl=http://www.thakarchemicals.com/certificatiions.php&usg=__T-KRZrd7s2BPFwFam4YTHK2khO8=&h=156&w=200&sz=5&hl=de&start=50&um=1&itbs=1&tbnid=w7WxnOn8MkWokM:&tbnh=81&tbnw=104&prev=/images?q=isi-mark&start=36&um=1&hl=de&sa=N&ndsp=18&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.hoshizaki.co.jp/intl_division/products/pic/ktlmark.gif&imgrefurl=http://www.hoshizaki.co.jp/intl_division/products/dispenser.htm&usg=__3KYq7wlxVthSEicQ77n6XnFZRuY=&h=35&w=50&sz=1&hl=de&start=2&um=1&itbs=1&tbnid=m6K0dAUH453ITM:&tbnh=35&tbnw=50&prev=/images?q=ktl-mark&um=1&hl=de&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.osram.com.tr/_global/img/Misc/Lighting_Design/E07_E08_E09_E10_E11_E14_Teaser_104x95/vde.jpg&imgrefurl=http://www.osram.com.tr/osram_tr/Aydnlatma_tasarm/Ik_hakknda/Standartlar_ve_Uygulamalar/Deneyemli_Guevenlik/index.html&usg=__2w5aCGpFXBvS3OUovY8UMP39SAo=&h=95&w=104&sz=4&hl=de&start=14&um=1&itbs=1&tbnid=MTUThGspOiNyuM:&tbnh=77&tbnw=84&prev=/images?q=vde-mark&um=1&hl=de&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.pojtest.ru/images/logo_pojtest.gif&imgrefurl=http://www.pojtest.ru/&usg=__Kg4rjmRT-5hw7zhEIoCqiZWXyQc=&h=354&w=354&sz=7&hl=de&start=1&um=1&itbs=1&tbnid=GycKDIDnGMuIBM:&tbnh=121&tbnw=121&prev=/images?q=pojtest&um=1&hl=de&sa=N&ndsp=21&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.lappusa.com/gif/International9.gif&imgrefurl=http://www.lappusa.com/InternationPlugs.htm&usg=__Gy6mAdR7Ko64hPQPkK6hV4NGRHc=&h=71&w=73&sz=2&hl=de&start=2&um=1&itbs=1&tbnid=g8Em77Xu-VnomM:&tbnh=68&tbnw=70&prev=/images?q=demko-mark&um=1&hl=de&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.kennuncorked.com/images_multiple_locations/c_bureau_veritas_logo.jpg&imgrefurl=http://www.kennuncorked.com/list_certifying_orgs.html&usg=__6TtKVJdNbVOtiagtbJSZVPxapUs=&h=203&w=164&sz=61&hl=de&start=21&um=1&itbs=1&tbnid=Z2C7dbZCq7_A6M:&tbnh=105&tbnw=85&prev=/images?q=bureau+veritas+mark&start=18&um=1&hl=de&sa=N&ndsp=18&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.ruskinuk.co.uk/certification/germanischer%20lloyd.jpg&imgrefurl=http://www.ruskinuk.co.uk/CertificationAndPolicies.html&usg=__jWiOBR-ldH15-aAk78sZZeGkSZQ=&h=116&w=118&sz=15&hl=de&start=37&um=1&itbs=1&tbnid=aEsOWYXH6_cJIM:&tbnh=87&tbnw=88&prev=/images?q=germanischer+lloyd+mark&start=36&um=1&hl=de&sa=N&ndsp=18&tbs=isch:1
http://www.google.de/imgres?imgurl=http://www.ctiautomation.net/Images/Articles/Specifications/Lloyds-Register-of-Shipping.jpg&imgrefurl=http://www.ctiautomation.net/International-Standards-Overview.htm&usg=__N1h6mvv1-YlAlJ68-52vFsKGSCg=&h=225&w=142&sz=12&hl=de&start=25&um=1&itbs=1&tbnid=KJEsWE6nO8dwqM:&tbnh=108&tbnw=68&prev=/images?q=lloyds+register+mark&start=18&um=1&hl=de&sa=N&ndsp=18&tbs=isch:1


Siemens vacuum interrupters
Portfolio overview 

Contactors Circuit breakers Load-break switches Reclosers

Rated voltage 1 - 24 kV 7.2 - 52 kV 7.2 - 15.5/ 27 kV 15.5  - 38 kV

Rated current 300 - 1400 A Up to 6,300 A / 
13.500 GVCB 800 A 800 A

Rated short circuit-breaking 
current 3 - 6 kA Up to 110 kA - 12.5 - 16 kA

Mechanical endurance 1 - 3 million 
C-O cycles

10,000 – 30,000 
C-O cycles

10,000 – 30,000 
C-O cycles

30,000 
C-O cycles

External insulation media Air Air, SF6, Solid Air, SF6, Solid Solid
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Typical Applications
Reliable and safe solutions for the vertical challenges

DSOs, municipalities

Microgrids

Rail

Renewables

TSOs

Construction, 
real estate

Automotive

Metals

Mining

Chemicals

Oil and Gas

Stadiums

Data centers

Large infrastructure

Power generation
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Disclaimer

© Siemens 2022

Subject to changes and errors. The information given in this document 
only contains general descriptions and/or performance features which 
may not always specifically reflect those described, or which may 
undergo modification in the course of further development of the 
products. The requested performance features are binding only when 
they are expressly agreed upon in the concluded contract.

All product designations may be trademarks or other rights of 
Siemens AG, its affiliated companies or other companies whose use by 
third parties for their own purposes could violate the rights of the 
respective owner.
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Contact
Published by Siemens AG

Andreas Stelzer
Head of Medium Voltage Primary Components Sales
Siemens AG / HQ / SI EA S CP PL PCS
Nonnendammallee 104
13629 Berlin
Gerrmany

Mobile +49 (173) 7074487
E-mail andreas.stelzer@siemens.com

www.siemens.at/var
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