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1. DEFECTS FOR ELECTRIC POWER 
TRANSFORMERS  

Defects that occur in the operation of transformers 

may be due to internal or external causes [1], fig.1.  

Causes of internal faults of transformers are multi-

phase short circuits in the windings and terminals short 

circuits between same phase turns and accidental 

connections to the ground of the windings or terminals. 

At the transformers have the neutral connected directly 

to ground, achieve a phase to table represents a short 

circuit monophased. Depending on where short-circuit 

(the primary or secondary winding) how short-circuit 

and the transformer connection group, the transformer 

short-circuits currents may cause damage localized in 

various parts of the transformer [2], fig.2 : 

1. Magnetic circuit failures arise when the eddy 

currents reach an excessive intensity and therefore the 

temperature in the magnetic cores exceeds, at least 

locally, the admissible limit. There may be cases of 

defects caused by parasitic currents such as those 

presented in [3], fig.3 and fig 4.  

2. Winding failures. Longitudinal insulation failures 

begin by piercing the insulation turns of the layers or 

the buckets, finally leading to shorting-circuit of the 

winding turns and more turns its. Due electromotive 

force induced by main flow, circuit thus formed it is 

carrying high currents. This results in a significant 

increase of the temperature in circuit and its immediate 

area. Main (cross) insulation failure leads to a short 

circuit between windings and ground or to a short 

circuit between the two coils. 

3. On load tap changers failures appear frequently 

constituting about 20% of all cases the transformers 

should be removed from service. In general, the on load 

tap changers should be considered weaknesses of the 

transformers 
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                              a)                                       b) 

Fig. 1. a) Example healthy winding; b) Example deformed winding 

due to outer short-circuit [1] 

 
 

Fig. 2. Elements of the active part of a three-phase 

transformer with power over 1000 kVA: 1-column; 2-yoke; 

3, 4-beam clamp; 5-rings insulation distance; 6-winding coil 

low voltage; 7-high voltage winding coil; 8-ring (metal) 

press; 9-insulating ring; 10-tie; 11-bolt clamping yokes [2] 

 

 
Fig. 3. Current circuit formed bolts with defective insulation [3] 

 
Fig. 4. Circuit caused by the lack of insulation between the bolts and 

clamping rings [3] 

4. Crossing insulators failures arise from errors in 

construction some form of technology or operating 

errors.  

5. Tank and scaffolding failures typically occur during 

transport so that the oil starts flowing, such a measure 

that is necessary immediate repair. In case of sudden 

releases, in explosive form, of gas inside the tank, 

caused by arc, to the failure of a winding or an 

insulator, can appear inside tank a pressure so important 

that cause cracking tank in operation. 

In general, the idea that the transformers, with no 

moving parts, have a more robust construction, and thus 

a safer operation than generators. Therefore their 

protection should be the general simpler. Previous 

statement is a viewpoint that is not only partially 

confirmed by the reality of exploitation. We must not 

forget that the transformers operating at voltages higher 

than synchronous generators (20 kV; 35 kV; 65 kV; 110 

kV; 220kV; 400kV; 750kV) and cellulose-based 

insulation is more intensely requested. 
 

2. USING THE SOFTWARE PACKAGE FLUX 
2D IN THE STUDY OF ELECTRICAL 
MACHINES 

Flux 2D is a commercial packet software based on 

finite element method. Results can be expressed as local 

and global sizes, for sections flat or three-dimensional 

structures [4]. 

Corresponding specificity of this work were used 

modules for electrical problems.Given that these 

modules are general-purpose will be presented below, 

how programs were tailored to specific analysis of 

electric machines studied, that electric power 

transformers, and significance of elements that occur in 

using this set of programs [5]. To achieve a complete 

simulation is necessary to wade through three distinct 

phases: 

I. Preprocessing stage is the stage of defining the 

problem to be studied It refers to:    

-geometric structure modeling; 

-mesh to achieve the study; 

-definition and allocation of material properties; 

-electrical circuit model realization; 

-defining the boundary (field conditions at the border 

area) field conditions at the border area. 
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Fig. 5. Spatial geometry of three-phase windings to a power 

transformer [7] 

 

Geometric structure of the model must be made 

(drawn) according to data obtained from a preliminary 

design by classical methods or existing physical model. 
Input data (lengths, arcs, rays) may be entered 

numerically, in which case it follows a fixed pattern, 
either parametric form; in this case modify a file input 

leading to rapid and convenient to obtain slightly 

different versions of the primary geometric model. This 

latter solution, although initially more time-consuming, 

statements is preferable to a certain structure 

optimization. At this stage are defined regions that it is 

to be assigned different material properties. In fig.5 is 

presented geometrical structure of space-phase 

windings to a power transformer. 

Set up the finite element, commonly called mesh, 

consists in dividing the field of study in geometry 
characterized by the existence of specific points, called 

nodes. The most elements geometric used are the 

triangle; nodes are placed in three corners of its fig. 6. 

 

 
 

Fig. 6. Dividing the domain of finite element study [8] 

 

Result a structure, which is known as „triangular 

element order I”, fig.7 a. The program uses „triangular 

elements order II” characterized by 6 nodes, three in the 

peaks and three sides of the triangle means, fig.7 b.  As 

so the number of nodes is greater, so the accuracy of 

results is much better, but increases the computing time.  

 This is why software developers based on the finite 

element method not exaggerated by the choice of 

elements with large numbers of nodes whereas the 

accuracy obtained, for example, with triangular 

elements order II, is very good. A mesh network is even 

better as the arrangement of the elements is more 

symmetrical. It also requires a triangular finite element 

they do not have angle small of 15˚. 

Usually the meshing operation is automatic, 

with network generator included in the program. 
 

        
                       a)                                        b)   

Fig. 7. Sections of a mesh network: 

 a) with triangular elements of order I;  

b) with triangular elements order II [8] 

 

Assigning material properties is done using a bank 

of materials created by user, fig.8.  

To study make in this work was necessary to specify 

the electrical properties (resistivity) for copper and 

aluminum used in the windings, and the magnetization 

characteristics of ferromagnetic materials used in 

magnetic circuits (steel, cold rolled crystal oriented). 

Assigning boundary conditions relate to defining 

features demarcation of the border lines between two 

different environments in terms of magnetic behavior. 

Flux 2D has two types of conditions. 

Homogeneous Neumann conditions which 

derivative of magnetic vector perpendicular on frontier 

this null. In other words, we deal with a border line 

„transparent” in terms of magnetic. The program 

considers this condition as existing before and therefore 

should not be imposed explicitly. 
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Fig. 8 Magnetization curve of the material introduced in the bank 

[8] 

 

Conditions imposed Dirichlet boundary lines as lines 

along their, vector magnetic potential is constant value. 

Basically you can assign constant values on the 

boundary area of study or interior regions, including 

zero.  

Before entering the actual stage of solving, the 

desired type of analysis should be noted. In this paper 

we used two types of analysis: magneto-static and 

transient-magnetic [6]. 

Type analysis magneto static captures the effects of 

the inductor field to analyzed structure, otherwise is 

surprised a certain moment of the variation of the 

winding currents, time chosen by the user.  

In case of the analysis type magneto static, variable 

used to program is the magnetic vector potential. In this 

case, the magnetic field strength (H) and magnetic 

induction (B) comply with the following relationships: 

JxH =∇                               (1.8)                                                            

0=⋅∇ B                                (1.9)                                                                 

provided that the following relationship to exist 

between B and H for each material: 

B= µ H                                 (1.10)                                                                    

In reality, if a material is nonlinear (e.g., iron 

saturated or type magnets AlNiCo) permeability µ is 

expressed in terms of magnetic flux density B, as: 

( )BH

B
=µ                              (1.11)                                                      

MEF calculated magnetic fields, which satisfy 

relations (1.8)-(1.10). It takes into account the magnetic 

vector potential. Thus, we can write a relationship for 

calculating the magnetic induction and to disrupt the 

magnetic vector potential, A:  

AB ×∇=                             (1.12)                                                     

Now, considering equation (1.12), we see that the 

magnetic induction B satisfying indeed equation (1.9). 

So, we can rewrite equation (1. 8) as follows: 

JA
B

x =







×∇∇

µ

1
                     (1.13)                                                       

For linear and isotropic material, equation (1. 13) is 

reduced to: 

JA =∇− 21

µ
                           (1.14)                                                     

In the calculations which make, MEF use expression 

(1.13), enabling solve as the magneto static problems, at 

which occurs the nonlinear relationship between B and 

H. 

In the case of three-dimensional, A is a vector with 

three components. In two-dimensional and ax 

symmetric cases, only two components remain, since 

component leaving the page has value zero. 

Advantage of the magnetic vector potential is that all 

conditions to be met are contained in a single equation. 

If by solving this equation can find A then, by 

derivation, you can find sizes B and H. In addition, 

equation (1.13), which is an elliptic equation with 

partial differentials, is used to describe many 

engineering phenomena. In this regard, over the years 

have developed several methods to solve this equation. 

The transient magnetic problems characteristic 

magnetic field sizes vary with time and the leading 

materials can induce eddy currents. 

There are several other Maxwell's equations, which 

show the electric field distribution and to be taken into 

account. Noting the electric field strength E and current 

density J, these two dimensions meet the following 

relationship: 

J = σ·E                               (1.15)                                        

When the electric field strength respects the relation: 

dt

dB
E =×∇                             (1.16)                                                

if you replace the expression (1.12) in (1.16), we obtain 
•

×−∇=×∇ AE                        (1.17)                                              

For a correct description of two-dimensional 

problems can integrate equation (1.17), resulting: 

VAE ∇−−= &                          (1.18)                                    

and thus equation (1.15) becomes: 

VAJ ∇⋅−⋅−= σσ &                  (.1.19)                                               

Substituting now in (1.14) show the following 

partial differential equation: 

VJAA src ∇⋅+−⋅−=∇ σσ
µ

&21
         (1.20)                                   

where srcJ  is current density source. The term V∇  is a 

voltage gradient, which is constant (in two-dimensional 

problems) in a conductive body. MEF use this voltage 

gradient in a few transient-magnetic problems issues to 

impose limitations on the current flowing through the 

conductive regions. 
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MEF consider equation (1.20) where the field is 

oscillating at a constant frequency. In this case, by a 

phase transformation to reach a steady state equation, 

which solves for the amplitude and phase of the vector 

A. This transformation is 

( )[ ] [ ]tjaetjtaA ωωω ResincosRe =+=      (1.21)                              

where a is a complex number. Substituting in equation 

(1.20) and decomposing complex exponential term 

resulting equation, which MEF makes, to resolve 

problems transient-magnetic: 

VJaja srs ∇⋅+−=∇ σωσ
µ

21
          (1.22)                                       

where is the result phase transformation of applied 

current density source. 

Typically, the permeability µ is constant in transient-

magnetic problems. In any case, allows the use of 

complex permeability, which depends on the frequency, 
which is useful in modeling materials with fine joints 

showing pronounced hysteresis [7]. 

II. Phase calculation. In the process of solving 

the magnetic vector potential values are calculated for 

each mesh node. Flux 2D examine each item; calculate 

integrals, builds on the basic sub-matrix which then 

assemble them into a general matrix equation system. If 

it is a system of linear equations to solve, is used the 

preconditioned conjugate gradient method by 

factorization, Choleschi incomplete (ICCG). For 

systems of nonlinear equations (this situation occurs, 

for example, the use of magnetic materials sold 

nonlinear magnetization curve) is used for solving the 

Newton-Raphson iterative process. 

III.Postprocessing stage Is the stage of 

processing and displaying of the results. These can be 

presented as follows: 

-specific maps, vector maps and equipotential curves; --

-space-curves along a contour defined by the user and 

their decomposition spectral-size; 

-calculation of magnetic sizes (flux, induction) or 

magnetic origin (force, torque, energy) in certain points 

or areas requested by the user; 

-diagram parameters calculation (only type analysis 

transient-magnetic) currents, voltages and their deferred 

phase, current densities, Joule losses, eddy current 

losses. 

 

 

3. ANALYSIS OF THE DEFECTS IN A 
POWER TRANSFORMER 10 MVA, 
110/20KV USING PROGRAM FLUX 
9.3.1 

Application made to the program Flux 9.3.1 in 2D 

[8], at the University „Ştefan cel Mare” Suceava, to a 

transformator of 10 MVA, 110/20 kV is presented as 

follows:  

-in fig. 9 modeling the geometric structure;  

-in fig. 10 magneto static analysis (spectrum magnetic 

field of a transformer 10 MVA, 110/20 kV, in normal 

operation); 

-in fig. 11 transient magnetic analysis (spectrum 

magnetic field of a transformer 10 MVA, 110/20 kV. 

under the emergency, that simulate a fault on phase A). 

We believe that this method of study and analysis 

[6], performed using the program Flux 9.3.1, is a 

measure to increase the safety of the electrical power 

transformers, because the spectrum image transient 

magnetic analysis get magnetic field of a transformer, if 

a short circuit (e.g. one of the phases, fig. 11). This 

image (it is noted that magnetic field lines are 

asymmetrical about a vertical axis, due to a fault on 

phase A) can compare with the image of a magnetic 

field spectrum obtained by magneto static analysis, if 

the normal operating, fig.10 (it is noted that magnetic 

field lines are symmetrical about a vertical axis).  

You can identify such areas around transformer, 

which will take additional protective measures that are 

required for each case of defective in part. 

 

 
 

Fig. 9. Modeling the geometric structure [6] 
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Fig. 10. Magnetic spectrum in normal operation of the transformer, 

represented in Flux 2 D  (it is noted that magnetic field lines are 

symmetrical about a vertical axis)  

 

 

 
 

Fig. 11. Magnetic spectrum of damage to the transformer 

underrepresented in Flux 2 D (it is noted that magnetic field lines 

are asymmetrical about a vertical axis, due to a fault on phase A)  

4. CONCLUSIONS  

1. At the automatic disconnection of a transformer, 
which is  in operation, through action of the protections 

may occur  two cases: 

- In the first case, the maintenance staff could see, 

before the disconnection or immediately after 

disconnection, phenomena, which certainly indicates a 

failure of the transformer. Among these phenomena are: 

faults crossing insulators, faults the drum, faults the 

safety valve membrane, flammable colored gas in relay 

gas, discharge of oil by the safety valve, heavy buzzing 

before the disconnection, fire, flames or smoke coming 

from the drum or devices (for example inside on load 

tap changer), which forms part of transformer. In this 

case, the transformer will be immediately removed 

from service and will be subject to verification, 

preferably in the repair workshop or in tower for 

opening tank. 

- In the second case, the lack of visible evidence of 

failure, the operation will proceed according to the 

„Guidelines for power transformers” [3]. 

2. Using of the program Flux 9.3.1 in 2D, for fault 

analysis by the information they provide on the 

magnetic field spectrum in the two possible situations 

(magneto-static analysis and transient-magnetic 

analysis), is a measure to increase the safety in 

operation of the electrical power transformers. 
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