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Abstract
Power transformer rupture and fire resulting from an arcing fault inside the tank usually

leads to significant security risks and serious economic loss. In order to reveal the essence

of tank deformation or explosion, this paper presents a 3-D numerical computational tool to

simulate the structural dynamic behavior due to overpressure inside transformer tank. To

illustrate the effectiveness of the proposed method, a 17.3MJ and a 6.3MJ arcing fault were

simulated on a real full-scale 360MVA/220kV oil-immersed transformer model, respectively.

By employing the finite element method, the transformer internal overpressure distribution,

wave propagation and von-Mises stress were solved. The numerical results indicate that

the increase of pressure and mechanical stress distribution are non-uniform and the stress

tends to concentrate on connecting parts of the tank as the fault time evolves. Given this

feature, it becomes possible to reduce the risk of transformer tank rupture through limiting

the fault energy and enhancing the mechanical strength of the local stress concentrative

areas. The theoretical model and numerical simulation method proposed in this paper can

be used as a substitute for risky and costly field tests in fault overpressure analysis and tank

mitigation design of transformers.

Introduction
Power transformers play a very critical role in electric energy transmission. A minor fault on it
could seriously affect the reliability and stability of power system. However, oil-immersed
transformers which contain large quantity of insulating oil are susceptible to internal arcing
faults. Once the tank rupture or explosion occurs under overpressure due to the high-energy
arcing faults, its internal combustible substance would spray to nearby staffs and power equip-
ment and thus lead to disastrous consequences in personal, property and environmental safety.

According to the law of energy conservation, power energy of the faults converts into heat,
kinetic and other forms of energy during internal arc duration. In 2009, the task force of IEEE
power transformer subcommittee summarized the following [1]: the overpressure phenome-
non inside transformer occurs when an internal arcing fault causes generation of large volume
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of decomposed gas; once the combined effect of the static overpressure and dynamic pressure
wave propagation exceed the mechanical strength of the transformer tank, tank deformation or
explosion is inevitable.

Being aware of the great hazard of transformer internal pressure which rises sharply when
low-impedance faults occur, much theoretical and experimental effort on the tank overpres-
sure, rupture and mitigation has been devoted since 1970s. The first significant contribution
was presented by W. R. Mahieu in [2]. Mahieu assumed that the oil is incompressible, based on
which the amplitude of pressure induced by an arc in a gas blanket located at the top of the
tank was computed. In 1988, a more accurate method was invented by M. Foata, M. Iorda-
nescu, and C. Hardy, who built a 2D potential flow model and used finite element method to
study the dynamic response of transformer tanks under overpressure regardless of the fact that
the oil is compressible and viscous [3]. Later in 2003, J. B. Dastous, A. Hamel, and M. Foata ini-
tiated a method using semi-experiment to calculate the overpressures generated by diverse arcs
for different tank geometry parameters [4]. Recently in the CIGRE International conference
2010, they discussed and analyzed the major causes of tank rupture, tank containment capabil-
ity and the performances of the protection devices[5].

As the computation capability advances, a 3-D numerical tool was presented in the study of
complex physical phenomena after transformer internal faults [6]. The kernel of the numerical
tool is based on a simplified 5-equation model proposed in [7], which was to describe the
hydrodynamic behavior of the compressible 2-phase flows. In addition, physical effects such as
electromagnetic forces, viscous, thermal and gravity effects were taken into account. In [6], it
was assumed that the gas bubble is created instantaneously and the energy of the internal faults
is used to entirely decompose the oil rather than increase the pressure. In fact, arc energy
injects continually within the faults duration. The quantity and the internal pressure of gas
bubble increase accordingly. As a result, there are obvious variances between their calculated
and measured results in [6].

In 2010, a refined 3D numerical simulation method about mechanical effects of transformer
internal faults was presented in [8]. With the assumption that the gas generation process from
decomposition of the oil is adiabatic and the plates are modeled by shell elements without
thickness, the paper simulated the fairly complex rupture of transformer tank, especially for
the chimney, under overpressure caused by low-impedance arcing faults. Besides, A. Hackl and
P. Hamberger put forward a static finite element analysis of a transformer tank under static
overpressure with three material models [9]. Unfortunately, this work fails to solve the actual
mechanical behaviors of tank wall due to the fact that the dynamic process of overpressure
inside the tank was ignored. The previous investigations focus, including but not limited to the
transformer tank rupture and mitigation, provides encouraging and representative results
which are useful for tank structural design and fault overpressure analysis.

In order to study the transient characteristics of transformer tank under internal overpressure
due to high-energy arcing faults, the whole process was considered as a particular acoustic and
mechanical problem in this paper. Firstly, the basic models of transformer internal faults over-
pressure, tank mechanical deformation and acoustics-mechanical field coupling were proposed.
Secondly, according to the practical geometric and nameplate parameters, a 3-D simulation
model for the representative 360 MVA/220 kV power transformer was built as a study case.
Besides, the transformer tank was considered as elastic-plastic body, described by a trilinear iso-
tropic hardening model, for calculating accurately in our work. Thirdly, to illustrate the effective-
ness of the proposed method, a 17.3MJ and a 6.3MJ arcing fault were assumed and the
transformer internal overpressure distribution, wave propagation, von-Mises stresses distribu-
tion were solved by taking advantage of 3-D FEM. The simulation results show that there is a
positive correlation between the mechanical stress and the overpressure amplitude, which is
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determined by the arc energy. Rapid fault clearance is an effective way to reduce the faults energy
injection. Furthermore, both the pressure and mechanical stress distribution are far from being
uniform inside the tank and the stress is always concentrated at some particular joints.

Methods

Transformer Internal Fault Overpressure Model
Generally, low impedance faults, such as turn-to-turn faults, are in the form of arc inside
power transformer tanks once the oil or other insulating medium lose their dielectric proper-
ties. The energy generated by the arc is [10]:

Warc ¼
ðDt

0

uarciarcdt ð1Þ

whereWarc (kJ) is the total arc energy; uarc (V) is the voltage drop across the arc; iarc (kA) is the
arc current; Δt (s) is its duration.

In order to facilitate the integral of (1), it is assumed that the arc voltage uarc is always posi-
tive and the arc current iarc is changed into absolute value:

Warc ¼
ðDt

0

uarcjiarcjdt ð2Þ

Regardless of the voltage drop near the electrode and extinguish peak of the arc, it is consid-
ered that the strength of electric field per unit length of arc column is constant during each cur-
rent half wave [11]. In fact, the effective arc length is longer than the insulation distance in
many cases and it is related to the pressure as well. According to [5, 12], a more accurate
expression is recommended:

uarc ¼ 55larc

ffiffiffiffiffiffiffiffiffi
p=p0

q
ð3Þ

where larc (m) is its length which is relevant to the fault severity and p/p0 represents the absolute
pressure, the atmospheric pressure p0 equals to 101.3 kPa.

In order to discuss the method to estimate the arc current, a single-phase two-winding
transformer turn-to-turn arcing fault equivalent circuit was provided in Fig 1.

According to the Kirchhoff’s current law, the arc current iarc is equal to the sum of primary
side current i11 (kA) and inter-turn fault circulation i12 (kA). The transformer models presently
being used of winding faults, have some deficiencies [13–15]. The differences among these mod-
els are the degree of approximation of reactance and inductance parameters. In this paper, the
common method proposed in [13] is used to calculate the arc energy considering that its error is
acceptable. Hence, the transformer turn-to-turn arcing fault energy can be calculated by

Warc ¼ 55larc

ðDt

0

ffiffiffiffiffiffiffiffiffi
p=p0

q
i11þi12j jdt ð4Þ

Based on the law of energy conservation, the released arc energy must be converted into
energy loss, thermal transmission, chemical energy, mechanical energy and other forms [16].
Here, the energy to heat the gas bubble at constant volume can be denoted asWheat (kJ) and its
differential form is:

dWheat ¼ kheatdWarc ¼ kheatParcdt ð5Þ
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The heat transfer coefficient kheat determines the fraction of the arc energy which contrib-
utes to the gas internal pressure rise. The typical value for kheat is 22% from the value ranging
from 15~45% [12]. Parc (kW) is the arc power.

According to [12], the volume fraction of hydrogen, acetylene, methane and ethylene in
mixed gas are 70%, 15%, 10% and 5% respectively. Besides, with the accumulation ofWheat, the
gas internal temperature Tgas rises up constantly. This dynamic heating process at constant vol-
ume can be expressed as the following form:

dQgas ¼ dWheat ¼ CvmgasdTgas ð6Þ

where Qgas (kJ) is the quantity of heat; Cv is the specific heat at constant volume of gas mixture,
estimated to be 2.84kJ/kg�K;mgas (kg) is the gas mass.

The internal pressure of the gas is determined using the perfect gas equation. Its differential
form is:

Vgasdpgas ¼ mgasRdTgas ð7Þ

where pgas (kPa) is the gas internal pressure; Vgas (m
3) is the gas volume; the gas constant R is

equal to 1.002 kJ/kg�K for the molar mass of gas mixture of 8.3 g/mol.
Bringing (5), (6) into (7), it can be obtained the relationship between arc energy and corre-

sponding gas internal pressure at average volume �Vgas:

dpgas ¼
kheatðg� 1Þ

�Vgas

Parcdt ð8Þ

where γ is the specific heat capacity ratio of 1.364 for the gas mixture in this paper.
Correspondingly, the change in temperature during arc duration can also be calculated as

dT ¼ kheat
mgasCv

Parcdt ð9Þ

A logarithmic expression was proposed by SERGI [17,18], and two experimental test cam-
paigns of 62 tests had been carried out from 2002 to 2004 in France and Brazil. Their investiga-
tion demonstrated that with the accumulation of arc energy, the gas volume generated
increases more and more slowly, which can be approximately regarded as a process of the

Fig 1. Two-winding transformer turn-to-turn short circuit at primary side.

doi:10.1371/journal.pone.0133851.g001
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pressurization at constant volume. In our work, the logarithmic function relation is used in this
paper considering that its error is acceptable:

Vgas ¼ 0:44lnðWarc þ 5474:3Þ � 3:8 ð10Þ

As the aforementioned analysis, the surrounding liquid inertia prevents the expansion of
gas bubble, the pressure difference Δp (kPa) on the interface is given as

Dp ¼ pgas � p0 � poil � 2soil=rgas ð11Þ

where poil (kPa) is the oil pressure at fault location; σoil/rgas is the ratio between the surface ten-
sion coefficient of the decomposed gas and its radius of curvature and the surface tension coef-
ficient is evaluated at 27×10−3 N/m.

The propagation and superposition of the pressure waves, which is generated by internal
arcing fault, plays a significant role in tank rupture. Taking into account the attenuation of
pressure wave propagation in the insulating oil, the transient pressure acoustic governing equa-
tion is given as [19]

1

rc2
@2pt
@t2

�r rpt
r

� q� 1

rc2
4m
3

þ mB

� �
@rpt
@t

� �
¼ Q ð12Þ

where ρ (kg/m3) refers to the medium density; c (m/s) denotes the speed of pressure wave prop-
agation; ρc2 is called bulk modulus; t (s) is time; pt (kPa) is the pressure field; q is the dipole
source (N/m3); Q is monopole source (1/s2); the dynamic viscosity μand the bulk viscosity μB
are 5.3×10−3 Pa�s and 0.2 Pa�s respectively. The pressure field pt is the sum of the background
pressure field pb (kPa) and the pressure difference Δp (kPa).

TankWall Mechanical Model
The overpressure due to high-energy arcing faults usually leads to mechanical stress and defor-
mation to transformer tank. The mechanical field characteristics are governed by the three gov-
erning equations, which are the transient equilibrium equation, the constitution equation and
the compatibility equation, respectively [20]. The transient equilibrium equation (load-stress)
with the structural inertia introduced is expressed as

rt

@2u

@t2
�r � st ¼ Fv ð13Þ

where ρt (kg/m
3) is the material density; u (m) is the displacement of the infinitesimal; σt (N/

m2) is the stress tensor, Fv (N/m
3) is the total load. Its value equals to the ratio between the

overpressure ps (Pa) acting on tank wall and the thickness d (m) of tank wall.
According to the Duhamel-Hooke's law, the constitution equation (stress-strain) is

expressed as follow:

st � s0 ¼ C : ðεt � ε0 � εp � εthÞ ð14Þ

where σ0 and ε0 are initial stress and strain respectively; C is the 4th order elasticity tensor; ':'
stands for the double-dot tensor product (or double contraction); εp is the plastic strain tensor;
the impact of the thermal strain sensor εp is ignored.
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The total strain tensor ε is then written in terms of the displacement u gradient as the com-
patibility equation:

ε ¼ 1

2
½ðruÞ þ ðruÞT � ð15Þ

The displacement and deformation on the tank under internal overpressure can introduce a
structural acceleration based on the second derivatives of the displacements with respect to
time. From the acoustics field perspective, this outward-pointing acceleration acting on the
boundaries between the solid and the fluid plays a loss role in acoustics pressure boundary [21]:

�n � � 1

r
ðrpt � qÞ

� �
¼ �n � €u ð16Þ

where n is the unit normal vector and ü is the acceleration.

Acoustics-mechanical Field Coupling Calculation
As shown in Fig 2, there is a multi-field coupling relation between the internal overpressure
acoustics field and the tank mechanical field. On the one hand, the combined effects of the
static overpressure and dynamic pressure wave propagation result in the increase of mechani-
cal stresses that acts on the tank wall, up to rupture sometimes. On the other hand, the

Fig 2. Acoustics-mechanical field coupling relation.

doi:10.1371/journal.pone.0133851.g002
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displacement and deformation of the tank could create a pressure loss on the boundaries
between the tank and the insulating oil in reverse, and the more strain of the tank, the more
pressure loss of the acoustics field. Additionally, the geometric variation of the tank wall under
the impact from overpressure could influence the wave propagation and change the original
pressure field distribution.

Power Transformer 3-D Simulation Model
Transformer Geometric Model. According to the practical geometric and nameplate

parameters, a 3-D simulation model for the representative 360 MVA/220 kV power transformer
(14 m × 5.6 m × 7.6 m) was built as a study case. The simulation transformer 3D geometric
model is provided in Fig 3 below, where the numbers① ~③ refer to three measuring positions,
i.e., the broadside, frontal and top faces of the tank, respectively. The letters ‘A’, ‘B’ and ‘C’ refer
to the three phases inside the transformer. Since the mesh size and number of elements could
significantly influence the calculation time and the accuracy of the simulation results, the mesh
model are consisted of 135338 tetrahedral elements, 41730 triangular elements, 3694 edge ele-
ment and 338 vertex elements. Moreover, some relevant parameters are listed in Table 1 and the
acoustic properties of transformer elements involved are summarized in Table 2.

Mechanical Property of Tank wall. The transformer tank is made of S355J0 carbon struc-
tural steel and its elastic-plastic behavior is described by a trilinear isotropic hardening model
in our work. As shown in Fig 4, the first stage is the linear Young's modules of S355J0 steel up
to the yield stress Rp = 355 MPa where the gradient is 200 GPa [22]. In this stage, the material
presents elastic deformation without any unrecoverable behavior. When the tank material
deforms beyond the strain that elastic deformation persists, the permanent plastic deformation
occurs. The tank wall tensile strength is taken as 560 MPa. Once the mechanical stress reaches
the tensile strength, the material would be ripped. Additionally, the Poisson ratio of S355J0 car-
bon structural steel used is 0.3 and its density is 7850 kg/m3.

The acoustic and mechanical effects of the arcing faults inside the transformer are calculated
numerically using the FEM supported by the acoustic-solid interaction module in COMSOL
Multiphysics (version 4.3a) within the transient state [23]. In FEM calculation, the Multi-fron-
tal Massively Parallel sparse direct Solver has been applied for the transient calculation. The
time step has been set as 1μs in later three examples according to the Courant-Friedrichs-Lewy
criterion proposed in [24]. The simulations were performed on an Inter(R) Xeon(R) E5620,

Fig 3. Meshes of simulation transformer tank. (A) Geometric model. (B) Mesh model.

doi:10.1371/journal.pone.0133851.g003
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2.4GHz, eight-cores dual-processors workstation running 64-bit Window 7 and the total calcu-
lation time for each example was nearly 116 hours.

Results and Discussion
Power transformer winding turn-to-turn faults are one of the most common and serious fault
types. In the simulation tests, a 5% turn-to-turn fault in phase A high-voltage(HV) winding
side and a 1.25% turn-to-turn fault in phase C low-voltage(LV) winding side were applied. As
shown in Fig 5, the cumulated arc energy curves in the examples are approximately a linear
function of the simulation time. In the first example, the 5% inter-turn fault generates more
than 17MJ arc energy within 80ms. Similarly, nearly 6.3MJ arc energy was released by 1.25%
inter-turn fault in the second example.

Example One: 5% Turn-to-turn Fault
A 5% turn-to-turn fault was provoked outside the phase A high voltage winding side and the
fault location is at 1/3 of the total winding height. The fault occurs at 0 ms, and the arc duration
is 80 ms corresponding to the average response time of a traditional circuit breaker. Fig 6 illus-
trates the transformer tank internal overpressure distribution caused by 17.3MJ arcing fault at
20ms, 40ms, 60ms and 80ms, respectively.

Correspondingly, the transformer tank internal overpressure curves at three positions have
been plotted in Fig 7.

By analyzing the simulation results about the overpressure characteristics inside tank, some
conclusions have been drawn below.

1. As shown in Figs 6 and 7, the pressure level inside tank rises up drastically with the accumu-
lation of arc energy. The maximum transient rate is more than 30MPa/s. When the simula-
tion time evolves to 80ms, the average pressure level at the three locations is greater than

Table 1. Geometric and nameplate parameters of 360MVA/220kV power transformer.

Rated capacity 360MVA Rated frequency 50Hz

Rated voltage 220 kV/15.75 kV Rated current 945 A/13197 A

No-load current 0.15% No-load loss 161 kW

Impedance voltage 13% Load loss 731 kW

Tank length 13980 mm Tank width 5570 mm

Tank height 7590 mm Tank wall thickness 12 mm

HV chimney radius 940 mm LV chimney radius 710 mm

HV chimney height 3160 mm LV chimney height 2320 mm

Conservator radius 1470 mm Conservator length 7600 mm

Duct inner diameter 80 mm Duct length 11260 mm

doi:10.1371/journal.pone.0133851.t001

Table 2. The material acoustic properties of transformer elements.

Elements Material Density Speed of sound

Transformer oil Insulating oil 860 kg/m3 1260 m/s

Windings Copper 8900 kg/m3 3810 m/s

Iron core Soft iron 7660 kg/m3 5150 m/s

Air Air 1.29 kg/m3 340 m/s

doi:10.1371/journal.pone.0133851.t002
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0.9MPa and the maximum inside tank is approximately 1.3MPa, near six times higher than
the static withstand limit pressure.

2. It is also found that the pressure is not spatially uniform inside the tank, the positions close
to the arc actually has much larger pressure than other regions. This is because the mechani-
cal deformation of the transformer tank has absorbed a certain amount of arc energy during
the transfer of pressure wave. The further the position is away from the fault center, the
smaller the pressure measures.

Fig 4. S355J0 carbon structural steel trilinear isotropic hardeningmodel.

doi:10.1371/journal.pone.0133851.g004

Fig 5. The cumulated arcing fault energy rise curve of both examples.

doi:10.1371/journal.pone.0133851.g005
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3. Since the pressure of fault center varies with the change of arc energy and also considering
the impact of metal components and insulation fabrics on reflection of pressure waves, the
three internal pressure rise curves corresponding to the three points are different from each
other with respect to the frequency of variation on curves though they share some similari-
ties in the increase trend.

To understand the essence of tank deformation or explosion, the tank mechanical behavior
under overpressure has been simulated in the test, which is the key factor to determine whether
or not the transformer can withstand overpressure caused by high-energy arc without being
ruptured. The von-Mises stresses evolution in tank wall over time was plotted in Fig 8.

As shown in Fig 8, we solved the transient mechanical effects of arcing faults within the
transformer tank: as the internal pressure varies, the mechanical stress in the tank has a signifi-
cant increase accordingly. At 40ms after initiation of the fault, the von-Mises stresses have
exceeded 360MPa in the joint between frontal face and chimney (close to the fault location),
which are less than the tensile strength of steel, but more than the yield stress. It means that
these parts of tank have been unrecoverable deformed without being ripped. Furthermore,
when the arcing fault duration is longer than 60ms, the von-Mises stresses rise up to 560MPa
along the joints on the chimney bottom. This value reaches the tensile strength of steel. As a
result, the tank wall has already ruptured.

Example Two: 1.25% Turn-to-turn Fault
A 1.25% turn-to-turn fault was provoked outside the phase C low voltage winding, and the
fault location is at 2/3 of the total winding height in example two. With the same parameters
and conditions as applied in the above example, the transient mechanical stress distribution in
tank wall was given in Fig 9.

Fig 6. Tank internal overpressure distribution with 17.3MJ arcing fault. (A) t = 20ms. (B) t = 40ms. (C) t = 60ms. (D) t = 80ms.

doi:10.1371/journal.pone.0133851.g006
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Fig 7. Transformer tank internal overpressure curves at three positions during 80ms.

doi:10.1371/journal.pone.0133851.g007
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Fig 8. von-Mises stress in transformer tank with 17.3MJ arcing fault. (A) t = 20ms. (B) t = 40ms. (C)
t = 60ms. (D) t = 80ms.

doi:10.1371/journal.pone.0133851.g008
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In this example, the released arc energy is 6.3 MJ, nearly one-third of the previous example.
Since the fault arc is located in phase C between the low voltage winding side and the iron core,
the propagation of fault pressure waves is seriously damped by the surrounding metal con-
struction and insulating materials. As demonstrated in Fig 9A–9C, the mechanical stresses in
the tank are smaller than 355 MPa (the steel yield stress) during the first 60ms. Namely, when
the accumulated arc energy is less than 5 MJ, this type of transformer tank could resist the
impact from internal overpressure with the elastic deformation. Then, when the total energy
rises, a higher stress concentration, more than 355 MPa but less than 560 MPa, can be seen in
some joints at 80 ms. At this value, these local joints in the transformer tank experienced plastic
deformation rather than rupture.

Analysis and Discussion
Previously, both the acoustics and mechanical effects of the internal arcing faults within the
same transformer were simulated in the above examples. The fault severity and fault location
in these two examples are different from each other. By comparing their results, some conclu-
sions have been drawn below.

1. The simulation examples reveal that when an electrical arcing fault occurs inside trans-
former tank, a huge volume of explosive gas is created within tens of milliseconds. This
huge gas yielded by the fault stimulates pressure wave propagation and overpressure inside
tank. Once the superposition of static overpressure and dynamic pressure due to the wave
propagation exceed the mechanical strength of the transformer tank, tank deformation or
explosion is inevitable. Moreover, it appears from the above two examples that there is a
positive correlation between the severity of tank deformation and the arc energy.

2. The arc energy is determined by arc voltage, current and its duration. In general, the magni-
tude of the arcing fault, especially arc current associated X/R (ratio of reactance to resis-
tance) of the circuit, is uncontrollable. If the faults can be cleared in a timely manner, less
energy would be released. In the second example, the von-Mises stresses in tank wall do not
exceed the elastic limit in the first 60 ms, though the internal overpressure is more than 0.2
MPa (the maximum operating pressure) at that time. Obviously, if the short circuit fault in
this case can be cleared in less than 60 ms, the transformer tank would endure the internal
overpressure without any permanent plastic deformation. As mentioned above, the rapid
fault clearance is an effective way to control the released arc energy as well as to prevent
transformer tank permanent deformation, even explosion.

3. In the aforementioned simulations, there appear some conspicuous stress concentrative
points in connecting parts of tank wall, such as the joint at the chimney to the tank wall,
joint at the cover to tank wall and joint at the tank wall to the base plate. In order to prevent
the tank from unrecoverable deformation or explosion, the mechanical stresses in tank wall,
especially in these highest stress parts, must be kept lower than the steel yield stress. In other
words, one good way to improve the strength of transformer tank is increasing the mechani-
cal property of the local high stress areas.

4. The inner diameter of the duct connecting tank and conservator is only 80 mm, and its
length is more than 11000 mm, which has played a role in damping overpressure wave
propagation. As shown in Figs 6–9, the acoustics and mechanical effects of the arcing fault
within the conservator are negligible. In fact, the air space in conservator has considerable
pressure enduring capability due to its excellent compressibility. Hence an expansion of
cross-sectional area of the connection duct or extra pipes with a larger inner diameter which
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Fig 9. von-Mises stress in transformer tank with 6.3MJ arcing fault. (A) t = 20ms. (B) t = 40ms. (C)
t = 60ms. (D) t = 80ms.

doi:10.1371/journal.pone.0133851.g009
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provide the mitigation passageways are recommended to depressurize the magnitude of the
overpressure inside the main tank with no delays.

Conclusions
This paper investigates the mechanical response of tank wall under internal overpressure due to
the high energy arc fault in a 360 MVA/220 kV oil-immersed power transformer through a 3D
numerical model using finite element analysis. With the proposed model, the dynamic propaga-
tion and distribution of the overpressure wave are described. The tank transient deformation
and physical rupture, particularly resulting from internal arcing faults, are also explained. The
simulation results show that the pressure and mechanical stress increase significantly within a
few milliseconds after an internal fault occurs. During this very short time, an approximate pro-
portional relationship exists between the overpressure amplitude and the energy released by the
arc fault. The overpressure wave propagates along the tank wall and is prone to exert huge stress
on some connecting parts, such as the joint at the chimney to the tank wall, joint at the cover to
tank wall and joint at the tank wall to the base plate. The longer the fault lasts, the higher the
possibility of occurrence of tank deformation at these points is. Therefore, the quality and condi-
tion of these areas of highest stress are critical in determining the capability of transformer tank
to withstand the high energy arcing fault without being deformed or ruptured.

More importantly, the theoretical model and simulation method proposed in this paper pro-
vide a guidance for fault characteristics analysis and mitigation of oil-immersed transformers,
which could be an economic and safe alternative approach of costly and dangerous field tests.
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