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1 Introduction 

The use of our Blue circuit-breaker portfolio offers all our 

customers an environmentally friendly switchgear solu-

tion. 

This portfolio is based on reliable and proven vacuum 

switchgear technology for switching electrical currents. 

Vacuum interrupters connected to high voltage can be 

emitters of X-rays, due to the physical processes in-

volved. They are devices which produce stray radiation. 

Siemens-Energy’s vacuum interrupters are designed and 

type-tested (according to International Electrotechnical 

Commission / American National Standards Institute, 

Inc.) in such a way that, under operating conditions, X-

ray radiation occurs only far below the permissible limits 

and background radiation. 

In the exceptional case of an application of test voltages 

to the open vacuum circuit-breakers, separate measures 

must be taken for personal protection. 

 

 

2 Physical background 

2.1 Natural background radiation 

We are all exposed to natural radiation in our daily lives. 

Depending on where we live and our habits, our expo-

sure ranges from 1 mSv to 10 mSv per year (e.g., cosmic 

and ground radiation, the ingestion and inhalation of 

natural radioactive substances like Radon) [1]. Assuming 

an average value of 3.5 mSv per year, the received dose 

rate of background radiation is 0.4 µSv/h. However, 

aside from natural sources, there are also man-made ra-

diation sources which contribute to the overall exposure. 

In this context, for example, medical devices and treat-

ments, and airplane flights must be mentioned. 

Exposure to sources of stray radiation, such as cathode-

ray tube televisions or vacuum interrupters, also falls 

into this category. 

2.2 Emission of Bremsstrahlung 

X-rays are emitted when electrons of high kinetic energy 

impact surfaces in a vacuum. Also, in the case of vac-

uum interrupters with an applied high AC voltage, elec-

trons will escape from the metallic surface of the con-

tacts (tunnel effect) and will be accelerated in the elec-

tric field between cathode and anode. When these elec-

trons hit the surface of the opposite contact (anode), 
Bremsstrahlung (X-rays) will be emitted (see Figure 1). 

Dohnal [2] was one of the first to investigate the emis-

sion of X-rays from electrode configurations in a vacuum 

with applied high voltage. 

Further information can be found in references [3], [4] 

and [5]. 

 

 

Figure 1: X-ray emission at a high-voltage vacuum interrupter in 

open position and with an applied high AC voltage. 

Regarding the effect of X-rays above a specific exposure 

level and its risk for human beings please refer to [6]. 

3 Relevance of X-rays for 
vacuum interrupters 

3.1 Conditions for emission 

The emission of X-rays from vacuum interrupters de-

pends on several factors. The following list reflects the 

key aspects: 

 

- Under normal operating conditions, the emission 

of X-rays is far below the exposure limits. Corre-

sponding verification tests according to IEC / ANSI 

and for local German legislation are available. 

- Figure 2 shows a comparison of X-ray emission from a 

vacuum circuit breaker to natural background radia-

tion and exposure during flights. Under normal oper-

ating conditions, the X-ray emission from vacuum in-

terrupters is lower than the natural background radia-

tion.  

- X-ray emission higher than the exposure limit only be-

comes relevant when high AC voltage is applied to the 

open contact gap of the vacuum interrupter (i.e., U > 

Ur, when U is significantly higher than the rated volt-

age Ur of the vacuum circuit breaker). 

- At a specific voltage level (higher than Ur), the X-ray 

emission will exceed the level of the natural back-

ground radiation. And as the voltage increases further, 

the emission will also increase, [3]. 

- In the closed position of the vacuum switchgear, X-ray 

emission from the vacuum interrupter is irrelevant. 

- The X-ray emission related to transient recovery volt-

age stress after current interruption was measured 

and is negligible. 

- The de-energized vacuum circuit-breaker is not a 

source of X-rays! 
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Figure 2: X -ray emission from a high-voltage vacuum circuit 

breaker under operating conditions in comparison to background 

radiation and X-ray exposure during international flights. 

The above-mentioned points highlight the situations in 

which the emission of X-rays must be considered, and 

where appropriate protective measures must be taken. 

Figure 3 gives an overview of the relevant situations. 
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Figure 3: Overview of circuit-breaker (CB) conditions and related X-

ray emission levels (operating conditions vs. test conditions). 

 

 

All conditions directly related to the operation of cir-

cuit-breakers (U ≤ Ur) show received doses of X-rays 

of less than 1 µSv/h. This is a value that is generally 

viewed as uncritical and does not require protective 

measures. 

Testing the vacuum circuit-breaker with high AC voltages 

well above the rated voltage (U>Ur), is a different situa-

tion, because emission levels higher than 1 µSv/h can 

occur. This is the case, for example, for type testing and 

routine testing of the vacuum circuit-breaker at Siemens 

Energy facilities. 

Siemens Energy, as a manufacturer, is well aware of this 

and has taken appropriate protective measures for the 

personnel working under these test conditions. 

Another situation that can possibly result as a test condi-

tion is the on-site test of the vacuum circuit-breakers. 

For air-insulated systems, the function test is covered by 

the factory routine test and does not require any further 

verification at the substation. 

For gas-insulated substations, the complexity of the con-

figuration is higher and on-site tests with up to 85 % of 

the rated short-duration power frequency withstand 

voltage are performed. In general, this is done in the 

closed position of the circuit-breaker, i.e., there is no sig-

nificant X-ray exposure near the vacuum interrupter. 

However, in the open position, this can be different de-

pending on the test conditions (e.g., test voltage). 

 

In the case that a test in open position of the vacuum 

circuit-breaker shall be done with U > Ur, suitable 

protective measures might be necessary. The type 

and scope of the measures depend on the individual 

conditions of the test (e.g., the level of the applied 

voltage). 

3.2 Available type test documentation 

Siemens Energy's vacuum circuit-breaker products are 

type-tested according to the relevant international 

standards, such as IEC and ANSI [7], [8]. This also 

concerns the possible emission of X-rays. Corresponding 

verifications are performed in accordance with these 

standards, thus ensuring that the devices can be oper-

ated safely. 

In these tests for the emission of X-rays, a distinction is 

made between the operational case and the test situa-

tion. For the operating case, a clearly defined limit-value 

must be complied with. 

For Siemens Energy products we apply even lower X-ray 

limits (than those required in the standards), in accord-

ance with the German Type Approval. Up to the rated 

voltage U = Ur, the products must meet the limit value of 

1 µSv/h at 0,1 m from the accessible surface. 

If, in addition to the existing documentation, further 

documents or approvals are required (e.g., due to local 

safety standards), Siemens Energy will support the nec-

essary activities. 

3.3 Product documentation with regard to 

X-ray emission 

The possible emission of X-rays is also addressed in the 

product documentation, i.e., in the operating instruc-

tions, in the routine test documentation, and in the la-

beling of the vacuum circuit-breaker itself. 

The operating instructions for the vacuum switchgear 

contain general warnings about X-rays. In addition, we 

point out possible risks when carrying out high-voltage 

alternating current tests with U > Ur in the open switch-

ing position. 

The routine test documentation contains vacuum inter-

rupter-specific quality documents that document the 

high-quality standard of the vacuum interrupters used. 
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4 Conclusion and 
recommendations 

With respect to the potential emission of X-rays, Siemens 

Energy’s vacuum circuit-breaker products are well below 

the limits defined in international standards and the Ger-

man type approval under all operation conditions! 

Under test conditions, with test voltages much higher 

than the rated voltage (up to the rated short-duration 

power-frequency withstand voltage) and with open con-

tacts of the vacuum circuit-breaker, X-rays can be pro-

duced which exceed the background radiation. During 

the short period of the test phase with vacuum circuit 

breakers under these conditions, appropriate protection 

measures must be taken. The implementation of a suffi-

cient safety distance can be an appropriate measure. 

In addition, for these test situations, local legal require-

ments may apply. 

An appropriate measure to ensure personal X-ray protec-

tion during commissioning tests for GIS equipment is a 

voltage test with the vacuum circuit-breaker in the 

closed position. 
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