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ABSTRACT 

The following paper describes a case of increasing the 

overload capability of a 70 MVA power transformer up to 

100 MVA. The realization of this project was done in 

close collaboration between the utility and the 

manufacturer. Primarily, EDF R&D performed thermo-

hydraulic calculations that confirm the feasibility of this 

project. Secondly, the manufacturer confirms the ability 

of the transformer to withstand the over-flux by means of 

electromagnetic calculations. Finally, ERDF decide to 

test the solution in factory and then on site.    

INTRODUCTION 

EDF-R&D gives support to ERDF during design reviews 

of their power transformers. This gives a better 

understanding of the technical capabilities of the 

transformer. EDF R&D usually performs a verification of 

the design using internal calculation tools. Thereby, the 

thermal behaviors as well as design margins are well 

known. The involvement in design reviews gives also the 

opportunity to collect data needed for the monitoring of 

the transformer during their operation. 

The present paper gives an example of a successful 
collaboration with manufacturer which results in 
obtaining a spare 100MVA power transformer from a 
70MVA. 
 
In fact, ERDF fleet has ten times more 70MVA 
transformers than 100MVA. The idea here is to 
demonstrate that a 70MVA could secure a 100MVA by 
over sizing the cooling system and upgrading the solid 
insulation.  

 

THERMO-HYDRAULIC CALCULATIONS 

Introduction 

In order to estimate the temperature rises in transformer 

windings (copper, oil and hot spots), EDF developed a 

series of tools to run its own calculations. Such studies 

aim at challenging the thermal calculations of 

manufacturer during the design review and determining 

locations of fiber optics. Calculations might also be used 

for re-calculating the thermal behaviour of a transformer 

for different operation conditions.  

The thermo-hydraulic calculations were at first performed 

for the 70 MVA and compared with the results of the 

temperature rise test set in Alstom Monchengladbach in 

May 2010. These results show clearly extra margin in the 

design. Similar calculations were run for the 70MVA 

boosted to 100MVA in order to check that the 

temperature rises remained below the recommended 

values. Finally, these calculations were compared to the 

temperature rise test set up last July 2014 in Alstom 

Monchengladbach. 

 

Modelling software 

Thermo-hydraulic calculations are based on finite 

element methods (FEM) and finite volume method 

(FVM). FEM and FVM are numerical techniques for 

solving partial differential equations. Both the solid 

domain (copper, insulation) and fluid domain (oil) are 

studied. Home softwares are used: Code_Saturne [2] for 

the mechanic and heat transfer of fluid and Syrthes [3] for 

the thermal analysis of solid. Grid generation of solid and 

insulating liquid are implemented in 2D by the CAO and 

meshing software Salome [4]. Salome generates the 

geometry and the mesh based on geometrical properties 

supplied by the manufacturer. Then an axisymmetric 

revolution of a small angle is applied to take into account 

the variations of section related to the radius. Each 

conductor and its insulation are represented. Scripts in 

python have been implemented for optimizing the 

meshing of transformer windings as patterns are 

repetitive (oil ducts, discs…). A winding is modelled by 

about a couple of thousands volumes for the liquid and 

between one and two millions for the solid. Then 

Code_Saturne and Syrthes use the following data; losses 

per conductor, oil flow and temperature rise of bottom oil 

to run thermal calculation.  

 

Thermo calculation results for the 70MVA and 

100MVA 

At first, calculations were run for the 70MVA 

transformer. Then, it was compared with the results of the 
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temperature rise test performed by Alstom 

Monchengladbach to qualify the 70MVA in May 2010. 

The results are summarized in the table 1. The focus of 

the results are the temperature rise for average winding, 

insulating liquid, hot spot winding, the locations of hot 

spots and the average winding gradient. The results from 

the column entitled “Alstom” comes from the 

exploitation of the temperature rise test measurements. 

The temperature of copper average is determined from 

the reconstruction of the cooling down curve after the 

shutdown. The hot spot is determined from the method of 

gradient. 

Table 1: results for the 70MVA transformer 

 

Thermo-hydraulic calculation is very close to the results 

of Alstom. It highlights the good margin for thermal 

behaviour of the Alstom 70MVA (see Figure 7).  

 

From the previous thermal analysis, boosting the 70MVA 

Alstom to 100MVA seems achievable. Copper insulation 

will be strengthened with thermo-stabilized paper and the 

cooling system will be boosted.  

Secondly, calculation was run for 100MVA to confirm 

the assumptions. Table 2 summarizes these results. An 

extract of the thermal model (oil and winding 

temperature) of the low voltage top winding represented 

on SALOME is shown on Figure 1. 

 
100MVA 

temperature rise [K] EDF-R&D calculation 

bottom insulating liquid 34 

top insulating liquid 42 

average insulating liquid 38 

ΔT top-bottom 8 

  HV  LV  

average winding 65 65 

hot spot winding  68 74 

average winding gradient 25 26 

Table 2: results for the 100MVA transformer 

 

 
Figure 1: results of thermal calculation for the top of the 

LV of the 100MVA  

Thermo-hydraulic calculation shows that from a thermal 

point of view, the 70MVA Alstom transformer can be 

boosted up to 100MVA. Such abilities were also 

demonstrated with a set of tests prepared with the 

manufacturer Alstom. These tests took place in Alstom 

Monchengladbach in July 2014. Besides the control of 

leakage flux, sizing of the magnetic shunt or the limits of 

the accessories were also studied to validate the solution 

of boosting the 70MVA Alstom to 100MVA.  

 

ELECTRICAL DESIGN 

Introduction 

Alstom Grid had been asked if there is the possibility to 

increase the power of a 70 MVA transformer to 100 

MVA. A first estimation showed that a boost to 100 

MVA is possible with an enhanced cooler due to the fact 

that there are margins in the thermal design of the 

transformer. 

 

Several design characteristics have to be checked when 

boosting a transformer: 

 

 are all accessories able to carry the increased 

current (bushings, tap changer etc.) 

 total losses of the transformer 

 oil velocities in the windings (to prevent static 

electrification) 

 behaviour of leakage flux 

 

 
70 MVA 

temperature rise [K] Alstom EDF-R&D 

bottom insulating 

liquid 28 28 

top insulating liquid 32 32 

average insulating 

liquid 30 30 

ΔT top-bottom 4 4 

  
HV 

Alstom 

HV 

EDF 

LV 

Alstom 

LV 

EDF 

average winding 45 41 42 43 

hot spot winding  52 43 48 46 

average winding  

gradient 15 12 12 13 

Oil  

temperature  

Winding 

temperature  
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Losses calculation 

To determine the capacity of the cooler the total losses of 

the transformer have to be calculated. The losses of a 

power transformer consist essentially of: 

 

 no load losses 

 load losses in the windings 

 eddy losses in metallic part caused by the 

leakage flux 

 

The no load losses coming from the magnetic core are 

more or less independent from the load of the 

transformer. 

The load losses of the windings consist of the ohmic 

losses and the eddy losses. These losses depend on the 

load. Where the ohmic losses can be calculated very 

easily (I²R) the eddy losses have to be determined by 

using a FEM program. The eddy losses were caused by 

the magnetic field and the geometry of the wires. The 

windings are modelled very fine to calculate the losses in 

every turn and wire (see Figure 2). In Figure 3 the 

magnetic field and the losses distribution in the windings 

are shown. In the bottom and the top of the windings, 

higher losses can be found because of the radial field 

going through the windings in these areas. There are also 

the locations of the winding hotspots. The calculated 

losses for the different loads (70MVA and 100MVA) are 

summarized in table 3.  

 

 70 MVA 100 MVA 
No load losses 32 kW 32 kW 
Ohmic losses 253,7 kW 517,5 
Eddy losses 12,3 kW 24,8 kW 
Stray losses 13 kW 25,2 kW 
Total losses 311 599,5 kW 

Table 3: summary of losses calculation 

 

  
Figure 2: model of the windings 

 

  
Figure 3: magnetic field and losses distribution in the 

windings 
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Influence of leakage flux (stray flux) 

As mentioned before the total losses of a power 

transformer consist not only of the no load losses of the 

magnetic core and the load losses of the windings but 

also of the stray losses. These losses occur in metallic 

parts like the clamping structure (yoke beams, flitch 

plates) and the transformer tank. To prevent the metallic 

parts from excessive heating the leakage flux needs to be 

controlled. This can be achieved by using copper shields 

or flux shunts. 

The 70 MVA transformer is fitted with flux shunts at the 

tank wall. When the 70 MVA transformer is loaded with 

100 MVA the leakage flux increases and therefore the 

flux density in the tank wall shunts increases (from 

approx. 0,55 T to 0,79 T). If the flux density is too high, 

the material of the shunts gets saturated and more flux 

would go into the tank wall. The calculation shows that 

the flux density in the shunt is below the design criteria 

and that the performance is not affected.   

 

 Figure 4: flux density in tank wall shunts at 70 MVA 

 

 

 
Figure 5: flux density in tank wall shunts at 100 MVA 

 

Thermal design 

During the thermal design of the transformer the cooler 

data for the enhanced cooler were determined. The cooler 

capacity increased from 2 x 186 kW to 2 x 300 kW. The 

total oil flow changed from 200 m³/h (2 x 100 m³/h) to 

300 m³/h (2 x 150 m³/h). In addition to the enhanced 

cooler the winding insulation was made with thermally 

upgraded paper to get some more thermal margin. 

TESTING 

The overload capability was tested during the heatrun test 

in the test lab. Because of logistical reasons the heat run 

test was not performed with the original coolers. ERDF 

and Alstom agreed to perform the test with 4 of the 

standard coolers of the 70 MVA transformer. The oil 

flow was adjusted to the new oil flow of 300 m³/h. The 

total losses for 100 MVA were injected. The idea behind 

this measurement is to measure the correct average 

winding gradient. With this gradient and the data of the 

new cooler the top oil temperatures and the hotspot can 

be calculated. The windings were fitted with fiber optic 

temperature sensors to have direct measurement of the 

hotspot. The thermography (Fig.6) shows no hot spots at 

the tank surface. 

Figure 6: Thermography during heatrun with 100 MVA 

  

The measurement results confirm the calculations. All 

temperatures were below the CEI limits. The transformer 

can run with 100MVA.  

 

CONCLUSION 
Calculation and tests validate the possibility to increase 

the overload capability of a 70MVA power transformer to 

100MVA. Temperature rises (see Figure 7) and leakage 

flux are below the IEC standards and ERDF 

specifications. Furthermore, it was checked that all 

accessories were able to carry the increased current. 

According to these results ERDF decides to test the 

transformer on site. This transformer is in service since 

last December 2014. 
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Figure 7: comparison of the 70MVA transformer thermal 

behavior with the IEC standards and ERDF specifications 
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