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Abstract. Winding vibration electric power transformer is under circulation in the leakage
magnetic field generated by currents in the windings due, calculated winding paper analyzes
the distribution of electric power to analyze the vibration characteristics of the windings. Using
finite element analysis software ANSYS finite element solid modeling transformers, electric
power distribution and obtain model vibration response at electric power stimulation, with high
efficiency and accuracy. The results shows that the calculated results are in good agreement
with the experimental results illustrate the correctness of the calculation results.
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1 Introduction
Transformer is one of the more expensive and important equipment in power system. Its stability and
reliability are related to the security of the whole power network. If a large power transformer in the
operation of the system has an accident, it may cause a large area power outages, and its maintenance
period is generally six months or more, not only a huge, but also a very wide impact [1]. In the
transformer operation accident, the winding related failures accounted for nearly half of the total
number of faults, from home and abroad, the statistics show that the vibration of the winding is one of
the reasons for the failure of the transformer [2-4]. The current carrying conductor of the winding coil
of the transformer is in the magnetic field, and the electric power is on the conductor. Electric power
in the transformer coil material to produce mechanical stress, and so that the winding vibration, part
of the transfer to other components of the transformer. Under the rated current, the electric power is
not great, but in the case of short circuit, the electric power increases sharply, when the power of the
winding is destroyed, the power of the transformer will collapse.
Transformer winding vibration is caused by the electric power generated by the flow of the
leakage magnetic field. Therefore, it is very important to analyze the electric power distribution. In
this paper, the electromagnetic field and vibration of the transformer windings are analyzed, and the
advantages of the finite element analysis software ANSYS in solid modeling are used to establish the
three-dimensional solid model of the transformer. After dividing the model, the electromagnetic
excitation force is applied, and the magnetic field of the winding leakage, the electric power
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distribution and the axial electric power distribution of the transformer windings are obtained. And the
results are compared with the experimental results, the results are in good agreement, which shows the
correctness of the results.

2 Basic principle
First set up electromagnetic analysis problem solving area V as shown in Figure 1, V is vortex area
1
and iscontaining conductive medium but no source current; V is not vortex area and is notcontaining
2

conductive medium; S is the internal interface between V and V .The outer boundary S is divided
12
1
2
into two parts: S and S .
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Figure 1. Layout of the electromagnetic field solver

Within the entire solution region V , field equations and boundary conditions are as follows:
In V1 :

 ∇ × H =σ E

∂B

=0
∇ × E +
∂t

 ∇ ⋅ B = 0

(1)

∇ ⋅ B =0 ∇ × H = J s

(2)

0
On S B : B ⋅ n =

(3)

0
On S H : H × n =

(4)

 n ⋅ B = n12 ⋅ B2
On S12 :  12 1
 H1 × n12 = H 2 × n12

(5)

In V2 :

The general synthesis of electromagnetic field equations is as follows:

∂

[ K ]{ Aϕ } + [ M ] { Aϕ } =
[ C ]{ I }
∂t
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If the winding consists of n lines, in order to calculate the electric power that the winding can be
subjected to each line of the winding, the winding can be divided into an n area.The resultant force of
each region is the electric power of the corresponding line. In the finite element model, the winding
area has been dispersed. The electromagnetic field can be obtained from Eq.(6).Under the premise of
solving the magnetic field distribution, according to the principle of Lorenz, for the discrete
element e :
e
F=
J e × B eV e

(7)

According to the magnetic field distribution, the electric power distribution of the windings can be
calculated, as follows:

i
F =
J ×B V =
V J xe
Bxe
e

e

e

e

e

j
J ye
Bye

k
J ze
Bze

(8)

Omit the z direction, calculation formula of two-dimensional distribution of electromagnetic force
is obtained.
Axial vibration equation of winding under electromagnetic force as follows:

[ M 0Y ]

d 2 {Y }
dt

2

+ [C0Y ]

d {Y }
dt

+ [ K 0Y ]{Y } =
{FY } + {m0 } g

(9)

And then, the axial displacement of each solution can be obtained by changing the axial
displacement of the two time derivative, and the acceleration of the axial vibration of the coil can be
obtained.

3 Finite element modeling
Using the finite element analysis software ANSYS, the process of 3D solid modeling and solving of
the transformer windings is as follows:
a) According to the geometrical size of the high voltage winding of transformer, the 3D solid
model is used to establish the model of winding geometry.
b) Set winding and insulation cushion block of material properties, including winding and the
cushion block unit density, Poisson's ratio and elastic modulus value.
c) The geometry model is reasonable, and the freedom degree constraint is set.
d) Finite element modal analysis is carried out to obtain the natural frequency and the
corresponding mode of the winding.
e) The calculation results are compared with the experimental results, and the model is modified
according to the experimental results.
Using the finite element software ANSYS, the 3D solid modeling of the transformer windings is
carried out. The large transformer winding is a pie type laminated structure, and the solid model of the
high voltage winding of the transformer is carried out according to the experiment, as shown in Fig.2.
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Figure 2. Three-dimensional finite element model of the transformer windings

4 Result analysis
The electromagnetic transient analysis is used in the calculation, and the excitation source is 50Hz
current density. The calculation step is 0.001s, and the 100 steps are calculated. The electromagnetic
field distribution of 0.008s in the electromagnetic field is shown in Figure 3. The reason for this is that
when the 8ms is in the transformer core, the magnetic flux is the largest, which can reflect the
distribution of the magnetic field.

Figure 3. Leakage Field

Figure 4. Electric power distribution

Power distribution is shown in Figure 4. The axial electromagnetic force of the transformer
winding is not uniform, and the electromagnetic force on the same line is different from that in the
same line.
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Figure 5. Axial electric power distribution transformer windings

The power distribution of the transformer windings is shown in Figure 5. The power of the
transformer windings is presented in the middle of the winding, which is distributed in the center of
the winding.

(a)

(b)

(c)
Figure 6. Vibration characteristics of the transformer (a) winding vibration characteristics (b)vibration wave and
(c) Frequency spectrum of vibration wave

Calculation of vibration characteristics of transformer windings looks as follows:Figure 6. The
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vibration amplitude of the transformer windings is 100Hz component, and the vibration amplitude of
the line is different. Similar to the electric power distribution, the vibration amplitude in the middle of
the line is the smallest. In addition, the displacement and acceleration of each line of the cake show
the vibration and fluctuation, and the maximum and minimum values are reached in the order of the
serial numbers, and the maximum and minimum values are not the same. In order to verify the
correctness of the calculation results, the calculated results are compared with the measured results.
The results are compared with the measured results, and the results of the measurement results are
obtained directly by the fiber optic vibration sensor. Obviously, the calculation results are in good
agreement with the measured results, which shows the correctness of the results.

5 Conclusions
The electromagnetic field and vibration of the transformer windings are calculated, and the simulation
results are compared with the experimental results by using ANSYS finite element modeling:
a) The simulation results are in agreement with the measured results, which show the accuracy of
the calculation of the vibration characteristics of the transformer windings;
b) The vibration response of transformer windings is 100Hz, and the amplitude of each line is
different;
c) The vibration amplitude is the smallest in the middle of the electric power distribution, and the
displacement and acceleration of each line are shown in the vibration and wave.
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