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ABSTRACT  

Among the type tests listed in the IEC 62271-202 

standard, the temperature-rise test is no doubt one of  

the major tests used to validate the performance of 

prefabricated MV/LV substation architectures.  

Thermal design of substations has often involved the use 

of one of two approaches:  

 practical, i.e. by iteration: trials, 

 measurement, corrections  

calculations based on analytical formulas for 

buildings in which many heat-transfer coefficients 

are fixed arbitrarily and are liable to produce 

significant variations in the results 

The thermal numerical calculation approach takes into 

account all the thermal phenomena in a substation, as well 

as its architecture and the fact that the architecture 

includes several systems such as the LV switchboard, the 

MV switchboard and the transformer. Thermal modeling of 

all of these systems can make it possible to optimize the 

substation and, with the model, meet the requirements of a 

large number of configurations by varying the different 

parameters of the model.  

Customers often ask for existing substation offers to be 

adapted to meet their local requirements.  

For type tests, the manufacturer is required to test the 

most severe configuration or even demonstrate the level of 

severity to the certification authority. It can then be claimed 

that the test covers an entire range.  

INTRODUCTION  

Type tests, dependability, methodology, modeling, typical 

configurations.  

KEYWORDS  

The aim is to design products that are optimized and, 

above all, more dependable for all of our customers 

around the world. With numerical modeling, a generic 

model can be used to study technical adaptations 

requested by customers and validate their levels of 

performance.  

Such power, architecture or design changes often have an 

impact on the thermal performance of the substation. The 

new configuration is seldom requalified by testing. In 

general, the thermal performance of the new design is 

simply extrapolated from the basic configuration already 

tested, using empirical formulas.  

Figure 1: Cross-sectional view of a thermal model 

of a substation 

THERMAL CALCULATION METHODOLOGY  

Calculation tools are sometimes presented as being the 

solution to all problems. Eye-catching colored images are 

shown, without our actually knowing what calculation 

assumptions are behind them. Never forget, though, that a 

model is just a simplified mathematical representation of 

reality. As the power of our computers increases, our 

models become more realistic and more reliable.  

TESTS AND CALCULATIONS: A WIN / WIN 

PAIR. 

There can be no good thermal calculations without 

testing. And test results can only be truly useful if the 

testing is done with the prospect of being modeled.  

The entry point is therefore consists of defining the test 

and the related instrumentation. The aim is to measure 

and understand all the thermal points on a piece of 

equipment. To achieve this aim, several tens of 

measurement points are installed on the standardized 

points and also, and above all, on the other points that will 

be used to check the thermal model. 

 



 
 

Sensors are therefore found in the air and on the copper 

circuits, in all the compartments of the substation: LV, MV 

and transformer. A correctly instrumented test can include 

a hundred or so measurement points.  
 

 

For each architecture, the numerical model allows us to 

answer all types of questions relating to:  

 design: modification of substation dimensions, 

layout, surface areas and types of ventilation, etc. 

 use of the substation: outside temperature, wind 

speed, sunlight, altitude, etc.  

 new operating constraints: required enclosure 

class, maximum temperature rise, transport, etc.  

 

 

RANGE OF VALIDITY OF CALCULATIONS  

Substation ranges vary in terms of both power and 

architecture. To cover all the ranges of transformer 

substations, a typical configuration per type of substation 

architecture (with corridor, for outdoor use, semi-buried, 

and buried) must be created and all the required results for 

the other "ratings" extrapolated around that configuration.  

• Convection: transfer of heat in matter with 

macroscopic motion of the matter. This type of transfer 

only occurs in gases or liquids. Two types of 

convection are distinguished: natural and forced.  

 

• Conduction: transfer of heat between two points of a 

solid or an immobile, opaque liquid (or gas). The 

energy created by vibration or agitation is transferred 

from atom to atom (molecule to molecule). This is a 

slow transfer.  

 

• Radiation: transfer of heat between two walls 

separated by a transparent or semi-transparent 

medium. Materials have the property of being able to 

absorb or emit photons or a quantity of energy. The 

transfer over a distance is virtually instantaneous and 

requires no material support.  

 

Figure 2: Example of temperature sensor set-up  

SUMMARY OF HEAT TRANSFERS:  

3 TYPES OF TRANSFER  

 

 



THERMAL MANAGEMENT: MASTERY AND 

APPLICATION  

For several years, Schneider Electric has been using 

numerical calculations to understand and create a 

hierarchy of the dominant parameters involved in the 

thermal behavior of our assemblies. 
 

For LV or MV systems, the foremost parameter is 

conduction even though catalogue-listed performance 

levels may show a difference between switchboards with 

natural ventilation (defined by a low IP) and others referred 

to as "sealed" (defined by a high IP).  

The true "highway for heat" is the copper circuit and "heat 

jams" can have a very strong impact on temperature rise.  

To symbolize how this works, a parallel can be made 

between the switchboard and the human body: the circuit 

breaker is heart, the connections are the main arteries and 

the busbars the secondary arteries. Like with the human 

body, a minor incident on the main arteries has major 

consequences on the functioning of the heart. 

 

Radiation, another case and another field of mastery, is 

used to improve heat transfer in assemblies. Using this 

phenomenon, an invisible transfer of energy, the 

temperature-rise in busbars can be made to "skip over" to 

the external enclosure. 

Radiation is linked to the emissivity of the body, noted , 

which conveys its capacity to absorb and emit energy. A 

flat-painted surface has high emissivity and a low reflection 

factor whereas a polished or glossy surface demonstrates 

the opposite behavior.   

Convection is no doubt the most well-known phenomenon 

and the one that is most comprehensible since it is visible. 

In substations, it is easy to understand that air inlet and 

outlet surfaces will influence temperature rise in the 

enclosure.  

 

With respect to the thermal problem in prefabricated 

substations, most of the dissipated power comes from the 

transformer. It is certain that convection plays a major role 

in this case and work is done on the input and output 

gratings to do everything possible to limit pressure drops 

and obstacles that would impede the circulation of air in 

the substation.  
 

Figure 3: Modeling of velocity vectors around a 

transformer  

 



SYSTEM COMPONENTS 

Thermal mastery of our systems calls for an understanding 

of all of these phenomena. A substation is an assembly 

that comprises two systems and a product:  

 a LV system: LV switchboard including an 

enclosure, current distribution components 

(busbars, connections, etc.), and switchgear.  

The objective is to obtain the most optimized 

performances with this system, as close as 

possible to those of the components tested 

individually in the open air. 

 a MV system: MV switchboard which includes 

one or more enclosures, current distribution 

components (busbars, connections, etc.) and 

switchgear. The objective is the same as for the 

LV system.  

 a MV system: MV switchboard which includes 

one or more enclosures, current distribution 

components (busbars, connections, etc.) and 

switchgear. The objective is the same as for the 

LV system.  

The objective is to create an assembly in which the 

performance requirements for the LV and MV systems are 

met and in which the product's performance is as close as 

possible to its initial performance when tested individually 

in the open air. This brings us close to the definition of 

substation classes in the standards.  

SUBSTATION ENCLOSURE CLASSES 

The temperature-rise test of the IEC 62271-202, §6.3 is 

intended to verify that prefabricated substation enclosure 

design does not impair the predicted service life of the 

electrical equipment.  

Equipment life expectancy is not affected as long as the 

acceptable material damage limits are not exceeded 

because of thermal effects.  

Equipment downgrading may be necessary according to 

the results of the temperature-rise test. In particular, the 

test must prove that temperature rises in the transformer 

inside the enclosure do not exceed those measured on the 

same transformer outside the enclosure. This is what 

determines the enclosure class, e.g. 5 K, 10 K, 15 K, 20 K, 

25 K, or 30 K.  

 

Figure 4: Temperature-rise tests to determine 

enclosure class according to IEC 62271-202 

MANY VERY EMPIRICAL ANALYTIC 

FORMULAS:  

Each manufacturer can create its own formula. In France, 

the "basic" formula used is given by EDF. It calculates the 

ventilation surface area according to various parameters:  

 

With:  

Sinput = ventilation input surface area  

Soutput = ventilation output surface area  

P = total dissipated power  

K = dissipation factor of walls 

Si = total surface area of substation walls  

C = substation enclosure class 

L = grating efficiency factor; 0.38 for rafters  

H = distance between upper and lower ventilation  

Other formulas are in current use, adapted from the EDF 

formula with varying degrees of approximation. For a given 

example, the surface area calculated can vary in ratio of 1 

to 4!  

The limits of this approach lie in the fact that it overlooks 

certain factors:  

 differentiation among the losses dissipated by the 

transformer, the LV switchboard and the MV 

switchboard. 

 pressure drops due to obstacles along the air's 

path: backflow from the roof, inside wall, length of 

the path, temperature of elements encountered 



 

 

 geometrical features of the cross-

section which influence the results 

for a given section.  

 

 real pressure drops for the substation 

configuration: same result if the gratings 

are judiciously installed, face to face, 

intersecting, etc.  

 

 geographical position of the elements in 

relation to each other: altitude of the 

transformer, distance between 

transformer and wall, etc.  

 

MORE CALCULATIONS AND LESS TESTING: 

As mentioned earlier, it is essential to understand and 

master all MV/LV substation architectures.  

The LV, MV and transformer systems can be modeled 

separately but the final model must include all of the 

"heating" elements.  

Once the numerical model has been compared to the real 

test, the validity range of the model is created and the 

results can be extrapolated to the various issues raised by 

"customer" requests.  

 

 

Figure 6: Modeling of an MV / LV substation  

The most common customer requests concern the following:  

Adaptation of an existing substation:  

Impact of the use of a higher powered transformer.  

impact on resizing of the enclosure  

impact of solar radiation 

impact of the resizing of ventilation surface areas  

Assistance in designing a new substation 

CONCLUSION:  

Move toward a numerical testing approach 

The evolution of calculation tools and methods is such 

that, today, we can imagine building a library of typical 

substation architectures.  

For four architectures, there will be four thermal models 

within whose calculation validity range we will be able to 

"browse", varying the parameters that interest us and 

doing so with increasingly shorter and more accurate 

calculations on the condition that a testing / calculation 

approach is used.  

Faster, more dependable, less costly… for our customers.  

 

Figure 7: The four architectures of the 
BIOSCO range  

Figure 5: Separate modeling of the two systems and 

the product 


