
 23rd International Conference on Electricity Distribution Lyon, 15-18 June 2015 
 

Paper  0371 

 
 

CIRED 2015  1/4 

NEW COMPUTATIONAL FRAMEWORK FOR ANALYZING OF SHORT-TIME 

WITHSTAND CURRENT EFFECTS IN A SWITCHGEAR DESIGN 
 

 

 Shailendra SINGH Reino HAUCK  Pavel NOVAK 

 Schneider Electric-Germany Schneider Electric-Germany Schneider Electric-Germany

shailendra-a.singh@schneider-electric.com reino.rauck@schneider-electric.com pavel.novak@schneider-electric.com 

 

  Jhon J MONCALEANO TORRES   Jaroslav SNAJDR 

  Schneider Electric-Australia  Schneider Electric-Germany 

 jhon.moncaleano@schneider-electric.com jaroslav.snajdr@schneider-electric.com 

 

ABSTRACT 

The switchgear is designed to deal with normal operating 

conditions, as well as with abnormal fault conditions in 

the network applications. The IEC related standards state 

the normal operating and fault conditions against which 

the switchgear has to be certified, also known as type 

tests. In the previous CIRED sessions we presented the 

design method for some of these type tests for e.g. 

Temperature rise for Air insulated and Gas insulated 

switchgears [1],[2], Internal arc – Structural calculation 

[3]. In the present paper a coupled fully transient-

multiphysics method is presented for mechanical 

withstand of switchgear components to the 

electromagnetic forces and moments generated by short-

time withstand current (STC). 

The proposed method is simple in implementation and 

takes the complexity out from the mapping of results 

across dissimilar meshes of electromagnetic and 

mechanical domain. A coupling is performed, in which 

the forces are mapped from Emag to Mechanical domain, 

without the back-recalculation of the Emag forces due to 

the large deformation of conductors. 

The coupled STC-Mechanical method is used in the 

design of new switchgears. The weak points of the 

components (like bushings, insulators) are identified by 

this method. The redesigned components are analyzed 

again and approved for type test, which are then passed 

in first attempt. 

INTRODUCTION 

The European Union has outlined the structure and 

operation of the future electricity market. The philosophy 

of network operation and energy mix is changing.  

An investment demand of several billions of € is 

expected over the next periods for the actual distribution 

grids. The main portion of these costs is related to grid 

extensions and for refurbishments of the existing 

networks structure for the future usage scenario. The 

focus is mainly on efficiency and smart design. It is 

therefore logical, that the requirements of utilities and 

end-users for medium voltage switchgears tend to smaller 

physical dimensions within the same ratings. This helps 

in reducing the environmental footprint by controlling the  

 

GWP and associated energy cost. Additionally, the 

installation costs are reduced. 

On the other hand, new challenges arise for the 

manufacturers. The switchgear design (AIS/GIS) have 

been optimized over the past decades. Whereas various 

functional arrangements are taken into account following 

the IEC basic dimensioning guidelines, such as 

dielectrical, thermal, mechanical and electromagnetical 

aspects. Specifically the latter one is related to the 

switchgear design, to handle any short-circuit event in the 

network. This naturally corresponds with the requirement 

to withstand the electromagnetic forces on the conductive 

parts. Eventually, with the design philosophy moving 

towards compact switchgears, the unintended result is 

higher electromagnetic forces. In fact, these are 

proportional to the square of the phase distance in the 

switchgear. 

Guaranteeing a generic qualification of the products 

covering all ratings, a high number of cost expensive 

development tests would have to be performed. With the 

help of current simulation instruments, the test loops can 

be minimized. As a result the time to market with the 

defined project budget can be met. This paper presents 

the usage of the simulation methodology in the 

switchgear development process. 

STANDARDS AND MANDATORY TEST 

REQUIREMENTS 

Medium voltage switchgears (MVS) and circuit-breakers 

are designed and type tested according to related 

international standards. These standards describe the 

mandatory test requirements and arrangements to 

demonstrate the short-circuit peak withstand capability of 

the apparatus in the closed position. In case of circuit-

breaker this rating corresponds also to the short-circuit 

making current during the closing operation. 

The highest peak current is associated with the first 

asymmetrical current loop and is obtained at 8,3 ms for 

60 Hz and at 10 ms for 50 Hz. Usually, it is expressed by 

a peak factor, which relates to the r.m.s. value of the a.c.  

component of the short-circuit current. 

IEC 62271-1 [4] defines the peak factors, based on the 

d.c. time constant of the short-circuit current: 
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-  for  = 45 ms, peak factor = 2,5 for 50 Hz and 2,6 for 

60 Hz 

-  for  = 60 ms and 120 ms, peak factor = 2,7 for both 

frequencies 

Special application of generator circuit-breaker is covered 

in IEC 62271-37-013 [5].  The standard d.c. time constant 

amounts 133 ms and the peak factor is 2,74, applicable 

for both frequencies. 

The design is approved, if there is no deformation or 

mechanical damage of the current carrying path and of 

the apparatus itself after the test. Additionally, the 

continuity must be maintained, in case of earthing circuit. 

BASIC THEORY OF ELECTROMAGNETIC 

CALCULATION 

Electromagnetic forces can be considered as negligible 

during normal operating conditions of switchgear. 

However they have to be taken into account when dealing 

with short-circuits while nominal current values are 

greatly magnified. The behaviour of affected current 

carrying components can be well described by the 

application of Lorentz force equation: 

           (1) 

where F is electromagnetic force, I is current, l is 

conductor’s length, B is magnetic induction in the 

conductor and α is the angle between the conductor and 

magnetic field vector. 

While determination of current requires generally less 

effort, induced magnetic field by several conductors 

together can be solved by Biot-Savart law (2). Its 

application is useful when conductors can be reduced to 

single points, especially in cases when their dimensions 

are negligible in comparison with distance between them: 

   
  

  
 

     

     
 (2) 

where μ0 is permittivity of vacuum, r is the full 

displacement vector between conductor element and the 

computed point. 

Calculation by standards 

Forces between rigid conductors can be calculated using 

various standardized formulas which are derived from 

Lorentz force and Biot-Savart law. Their application 

differs by the type of electrical fault and mutual distance 

of conductors. For example (3) describes one of the fault 

arrangements – three-phase short-circuit with the main 

conductors arranged with the same centre-line distances 

on the same plane. There the maximum force acts on the 

central main conductor during the fault. 

   
  

  

  

 
  
  

  
 (3) 

where ip is the peak value of the short-circuit current in 

the case of a balanced three-phase short-circuit, l is the 

maximum centre-line distance between adjacent supports, 

am is the effective distance between main conductors. 

In the field of medium voltage switchgear several 

scenarios could appear which should be taken care of, 

during the design process. When dealing with dynamic 

forces between conductors it is also vital to consider all 

the other requirements including thermal, mechanical, 

dielectric and other major design limitations. Due to this 

fact an analytical approach became ineffective and was 

replaced by multiphysics simulations with higher 

precision and lower time demands. 

Finite Element Method 

The purpose of using FEM lies in discretization of 

continuum into finite count of elements and nodes. The 

physical fields are solved in the nodes and interpolated 

across the elements to simulate real field distribution. In 

this case partial differential equations are used for solving 

electromagnetic field and cubicle deformation. This 

approach is vital for precise results because of the design 

of modeled conductors. In MVS the distance between 

them is comparable with their dimensions. Thus the Biot-

Savart analytical solution is replaced by solving the 

following equation based on vector magnetic potential: 

           
  

  
     (4) 

where A is vector magnetic potential, σ is electrical 

conductivity, μ is magnetic permeability, V is electric 

potential and Je is an externally generated current 

density. 

The boundary regions should be placed far enough from 

conductors not to affect the required precision and to 

simulate zero field in the infinity. The magnetic potential 

then represents the boundary condition with a reference 

value, usually zero, as follows: 

          (5) 

Coupling of physics 

Coupling between electromagnetic and structural analysis 

can be done in multiple ways, depending on the required 

precision and type of simulation. In the case of short-

circuit peak withstand capability of the apparatus, only 

the worst conditions are considered for the simulation. 

Thus the maximum Lorentz force derived from the 

distribution of magnetic potential is then weakly coupled 

to the deformation analysis. 

This is added to structural matrix as body force. The 

nodal interpolation from electromagnetic calculation to 

structural mesh takes place on dissimilar meshes and is 

controlled by the geometric model similarity. A cross 

check is performed in the end for each part to verify that 

the electromagnetic force is equal to structural body 

forces. Hence dissimilar meshes can be used. 
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CASE STUDY 

A model used for electromagnetic calculations can be 

greatly simplified. Only the current path parts with main 

geometrical features remains in relation to an analysis 

type. In Figure 1 the actual model for force calculation 

and mechanical simulation is shown.  

 
Figure 1. Bushing assembly with standard forces 

The electromagnetic forces are acting in addition of 

installation forces on the bushing. The model is 

simplified for the study. An asymmetric short circuit 

current was applied with the peak current of 40 kA at 

60 Hz as shown in Figure 2. 

 
Figure 2. Currents for a 3-phase short circuit 

The Electromagnetic simulation yields body force density 

as shown in Figure 3. The volume forces are integrated 

for each element to give nodal forces.  

The structural deformation due to these forces are 

simulated and presented in Figure 4 considering 

functional forces. The corresponding stresses are shown 

in Figure 5 and Figure 6. The important criterion for 

design is that the pole supports are strong enough to 

withstand the transient load due to STC. The transient 

nature of force could amplify the peak nature of force as 

seen by the structure. The mass distribution during design 

is done in such a way that no eigenmodes are amplified 

by the STC frequency. The first concept design was 

checked and weak points were identified. The remedial 

actions involved redesign of identified parts such that 

there is minimal influence in the functional and economic 

aspect of the product. 

 
Figure 3. Body Forces on the conductor 

The subsequent design was verified by simulation for the 

STC. It can be seen that the final structure is strong 

enough so there is very little deformation on the bushing 

support. 

 
Figure 4. Deformation of the structure under the 

electromagnetic forces 

 
Figure 5. Stresses corresponding to the forces seen on 

insulator during STC tests 

The stresses on both metal and plastic parts are lower 

than the yield limit of both types of materials. This means 

that the electromagnetic forces are easily withstood by 
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the structure and there is no plastic deformation and 

hence any damage to the structure. 

 
Figure 6. Stresses corresponding to the forces seen on 

conductors during STC tests. 

A prototype was built in according to the simulated 

design and tested as per IEC standards. The STC test was 

passed with the predicted performance level. This 

ensured that there were no more development test loops 

just on the basis of failure analysis of the tests. 

CONCLUSION 

The motivation for optimization of new distribution 

components like switchgears are due to new regulation 

policies in different markets. This has lead to usage of 

new materials, technology and design process for the 

respective components. A case study from design point of 

view for bushing assembly is presented in detail. This 

involved a combined numeric method of coupling 

electromagnetic simulation with the structural simulation. 

This has reduced the over designing of the components 

based on simplified empirical relation. The bushing is 

strong and robust enough to withstand transient forces 

during a STC event. This also led to understanding of the 

functional design at more basic level, which was used 

during design review before the test. The simplification 

of the design and testing process during the development 

of a product by using modern tools reduces the lead time 

to the market. 
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