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,e problem of vibration and noise in the iron core of power transformers remains quite topical. Insofar as the state-of-the-art
iron core and binding production adopt the lamination method and weft-free adhesive tape, respectively, the transformer core
vibration is mainly attributed to the silicon steel sheet (SSS) magnetostriction. In this paper, based on the magnetostriction of
grain-oriented SSS, an in-depth analysis of the vibration generation mechanism in the transformer core was performed. ,e SSS
microstructure was observed, its magnetostrictive properties at different magnetic flux densities were tested, and a core-simulating
four-corner iron core model was constructed to analyze the vibration characteristics. Modal, vibration, and noise tests were
performed on an actual 110 kV transformer core under no-load conditions. ,e results show that the core vibration is related to
SSS’s deformation mechanism.,e vibration magnitude in different core parts varies due to the magnetostriction anisotropy. ,e
vibration in vertical to the core plane is the largest, and its magnitude in the core center is lower than those at the seams in the same
plane. ,e core vibration and noise exhibit a significant correlation, while modal characteristics strongly influence the core
vibration and noise intensity.

1. Introduction

Power transformers are critical integral parts of the power
grid system, and their safe operation is mandatory for the
entire system’s reliability. ,e vibration of transformers
affects the power equipment’s normal operation, service life,
and reliability, while the vibration and noise also have a
negative impact on human health and comfort [1–3]. ,e
transformer vibration has twomain constituents: (i) winding
vibration caused by the electromagnetic force generated by
the interaction of the current in a winding with leakage flux,
and (ii) iron core vibration caused by the magnetostriction
forces in the silicon steel sheet (SSS). Under no-load con-
ditions, there is no current in the winding, and the

transformer vibration is mainly generated by the core. ,e
vibration signal measured at this time is the core vibration
signal, which is induced by the SSS magnetostriction.

So far, most research on the core vibration of trans-
formers is mainly focused on magnetostrictive properties of
materials [4–6], core vibration, noise testing, vibration
transmission characteristics [7–17], and theoretical or nu-
merical modeling [18–26]. ,ere are also some studies fo-
cused on signal acquisition for vibration analysis and feature
recognition [27–32]. Cheng et al. [4] studied magnetic and
magnetostrictive properties of different grades of SSS and
proposed the selection of grain-oriented SSS in core ma-
terials. Wang et al. [6] studied the magnetostrictive dynamic
hysteresis characteristics of a grain-oriented electrical steel
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under different elliptical magnetization loci based on a
rotational magnetic properties tester. Moses et al. [7] carried
out experimental tests on the surface vibration and noise of
transformer cores using a laser vibrometer. Okabe et al. [8]
studied the vibration characteristics and mode shapes of the
three-phase transformer core under different excitations and
analyzed the reasons for the difference between the fre-
quency spectrum and noise spectrum of the magnetostric-
tive vibration under partial frequency excitation. Ma et al.
[15] carried out vibration and noise tests on the inside and
outside of a typical 10 kV distribution transformer tank and
acquired the acoustic-vibration characteristic and propa-
gation law of the 10 kV distribution transformer. Zhang et al.
[16] used the magnetostrictive orthogonal calculation
method to simulate the vibration of iron cores of the
transformer and shunt reactor models. ,e calculation and
test results showed that Maxwell stress was the main reason
of reactor core vibration, and magnetostriction was the main
reason of the transformer core. Liu et al. [18] proposed a
transformer vibration transmission model based on motion
transmission. ,rough experiments and theoretical calcu-
lations, the accuracy of the vibration transmission method
was verified, which could be used to analyze the vibration
relationship between the transformer core and the casing.
Javorski et al. [20] established a calculation method of
magnetostrictive force based on experiments and analyzed
the magnetostriction of laminated cores in different direc-
tions. Ghalamestani et al. [22] calculated the core defor-
mations of a three-phase transformer under a purely
sinusoidal magnetization with 50Hz frequency and a
magnetisation with a fifth harmonic component by an two-
dimensional (2D) finite element technique. Hu et al. [23]
calculated the sound pressure level of the radiated noise
around the transformer based on the established finite el-
ement model combining transient electromagnetic field
analysis, mechanical field analysis, and acoustic analysis.
Comparison of calculated results and measured data verified
that the combined noise-calculating model was applicable
for transformer noise prediction. Zhang et al. [24] studied a
fast and accurate calculationmethod for the core vibration of
a DFP-270000/500 type super high-voltage generator
transformer. Based on the vibration acoustic coupling cal-
culation, the damping coefficient of the core vibration of the
transformer was obtained, and the magnetic structural
coupling analysis was used for the vibration of the trans-
former core. Liu et al. [25] established a complete fully
coupling modeling chain of such a transformer, from three-
phase magnetic flux injection to the 2D deformation and
acoustic power estimation of the transformer core, taking
into account the phase current coupling, magnetic flux
excitation (voltage excitation), material anisotropy, mag-
netostrictive-induced stress, and multilayer homogeniza-
tion. However, most of the above works are single-stage
studies, ignoring the transfer between each stage. ,erefore,
the mechanism of core vibration generation has not been
comprehensively described yet.

In this paper, according to the evolution process from
the material to the product, the microstructure and
magnetostrictive properties of grain-oriented SSS are

tested, and a four-corner model of the core is built to
simulate the first-order vibration of the core. Next, the
modal, vibration, and noise tests of the 110 kV transformer
core product are performed. ,e in-depth analysis of the
mechanism of core vibration generation can provide design
ideas and data support for the preparation of low-noise
cores.

2. Mechanism of Iron Core Vibration

,e core vibration is mainly caused by the magnetostrictive
phenomenon of the SSS and the Maxwell electromagnetic
force. Due to the continuous improvement of the lamination
method used for the iron core manufacturing and the weft-
free adhesive tape application in its binding, the transformer
core vibration is mainly controlled by the SSS magneto-
striction. When the SSS is subjected to an external magnetic
field, its dimensions undergo contraction and/or elongation
and recover to the initial values after the external magnetic
field removal. ,is phenomenon is referred to as the
magnetostrictive effect.

,e magnetostriction ratio is commonly used to reflect
magnetostriction, which can be expressed as

ε �
ΔL
L

, (1)

where ε is the SSS axial magnetostriction ratio, ΔL is the SSS
maximum axial expansion or contraction, and L is the SSS
original axial dimension.

Assuming the supply voltage is U1 � Us sin ωt,
according to the principle of electromagnetic induction, the
magnetic induction intensity in the core is

B �
ϕ
S

�
Us

ωNS
cos ωt � B0 cos ωt, (2)

where φ is the core magnetic flux, S is the core cross-
sectional area, and B0 � (Us/ωNS) is the magnitude of the
magnetic induction intensity.

When the iron core works in an unsaturated state, the
magnetic flux density and the magnetic field strength have a
linear relationship. ,e magnetic field strength in the iron
core is

H �
B

μ
� B

Hc

Bs

� B0Hc

cos ωt

Bs

, (3)

where Bs is the saturationmagnetic induction of the core and
Hc is the coercive force.

Under the effect of an external magnetic field, a small-
scale deformation of the SSS caused by magnetostriction
satisfies the following relationship:

ΔL
L

1
dH

� |H|
2εs

H
2
c

, (4)

where εs is the saturation magnetostriction ratio of the SSS.
Based on the above relationship, one can derive the

maximum axial elongation of the core caused by the SSS
magnetostriction as follows:
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,erefore, when the transformer is unloaded, the core
vibration acceleration caused by the SSS magnetostriction is

a �
d2ΔL
dt

2 � −
2LεsU

2
s

NcoreSBs( 
2 cos 2 ωt. (6)

From equation (6), it can be deduced that the vibration
acceleration is proportional to the square of the voltage if the
core material and operating temperature remain unchanged:

ac∝ u
2
s . (7)

,e magnetostriction variation period is twice lower
than that of the alternating electromagnetic field, while the
fundamental frequency of the core vibration caused by the
magnetostriction is twice higher than the electromagnetic
field variation frequency ω.

However, in practice, the waveform of the core magnetic
flux density is not a standard sine wave. In addition, the
magnetic flux distributions and paths of the core outer and
inner frames are different, which causes the core vibration
signal to contain a large number of higher harmonic
components, besides the fundamental frequency
component.

3. Materials and Methods

(1) Materials: the grain-oriented silicon steel sheet (SSS)
material used in the test was the B30P105 cold-rolled
finished product produced by Baoshan Iron & Steel
Co., Ltd., China.

(2) Grain-oriented SSS microstructure measurement:
microstructure and texture analysis were the basic
methods to evaluate grain-oriented SSS. ,e grain-
oriented SSS was eroded by hot hydrochloric acid
solution and then photographed. ,e texture was
measured with electron backscattered diffractometer
(EBSD) attached to Zeiss Ultra 55 field emission
scanning electron microscope.

(3) Grain-oriented SSS magnetostriction measurement:
MST500 magnetostriction measurement system was
used to test the magnetostriction coefficient and
A-weighted velocity (AWV) noise of grain-oriented
SSS according to IEC/TR 62581–2010. ,e sample
dimensions are 100mm× 600mm. In the measuring
process, one end of the sample is fixed by the
clamping part of the device, and the other end of the
sample is in the free state. ,e resolution of the laser
is 10 nm/m. A photo of the magnetostriction coef-
ficient measuring instrument is shown in Figure 1.

(4) Four-corner core test model: a four-corner iron core
model was established to simulate the first-order
vibration of the transformer core. ,e four-corner
iron core model adopted a three-step stepwise
overlap method; two pieces were stacked on one

another and connected by a 45° diagonal joint. ,e
winding was evenly wound on the two arms and was
used in series. ,ere was a total of 220 turns, 800mm
in length, 100mm in width, and 30mm in stack
thickness. ,e acoustic vibration analysis system by
the B & K Company, Denmark, was used to collect
the vibration signals at the five measurement points
in the central area and the seam area of the parallel
and vertical core planes, as shown in Figure 2.

(5) Transformer core measurement: the actual product
used a three-phase dual-winding 50MVA 110 kV
transformer core to test its vibration and noise
characteristics and natural modes. ,e sound level
meter and acoustic vibration analysis system by the B
& K Company, Denmark, were used for sound vi-
bration measurement and analysis under the no-load
condition, and the modal test of the iron core was
performed via a force impact hammer and acceler-
ometer.,e noise and vibration measurement points
are shown in Figure 3.

4. Results and Discussion

4.1. Microstructure andMagnetostriction Properties of Grain-
Oriented SSS. Figures 4 and 5 show the microstructure and
texture of different regions of the SSS, respectively. It can be
seen that microstructures of the central and edge seam areas
of both regions of interest are highly grain-oriented silicon
steel that have been processed by cold rolling and annealing.
,e texture structure characteristics are consistent. Com-
plete secondary recrystallization occurred in both areas,
resulting in cm-sized grains with irregular morphology and
different sizes. ,e crystal orientation distribution of both
regions is uniform. According to 200{ } pole figure obser-
vation results, both areas are sharp Goss textures. ,e Goss
orientation deviation angle is small, and there are no grain-
oriented grains that deteriorate magnetic properties such as
110{ } 〈227〉 and 110{ } 〈112〉.

Figure 6 plots the magnetostriction butterfly curve of the
SSS in the rolling direction under a 50Hz sine period ex-
citation magnetic field. It can be seen that the butterfly curve
has left-right symmetry. Its “wing” opening faces down-
wards, and magnetostriction has both elongation and
contraction strains, the latter prevailing over the former
ones. ,is prevalence may be due to the dynamic motion of
the domain wall or the re-organization of the magnetic
domain structure. Magnetostrictive shrinkage is caused by a
90° unfavorable magnetic domain’s magnetic moment ro-
tation. With an increase in the magnetic flux density, the 90°
magnetic domain volume is continuously reduced. When
the maximum magnetic flux density reaches 1.7 T, the
magnetostriction will no longer increase monotonously and
start to drop. ,e butterfly curve wings narrowed, and the
magnetostriction tended to saturation.

,e magnetostrictive single-value curves under different
magnetic densities are shown in Figure 7. It can be seen that,
with an increase in the applied magnetic field intensity, the
magnetostrictive peak-to-peak value λp−p, which is defined
as the difference between λp+ and λp− values under
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alternating magnetization, gradually increases. When the
material magnetic properties tend to be saturated, the
magnetostriction also appears to be saturated. From a mi-
croscopic perspective, the magnetic domains constituting

the material are gradually arranged in parallel to the external
field direction under this field action, and the magnetization
process also changes with the magnetic domain size. When
all magnetic domains form a single domain sample, the
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Figure 1: Photo of the magnetostriction coefficient measuring instrument.
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Figure 2: Four-corner iron core model test platform. (a) Top view. (b) Side view. (c) Vibration sensor. (d) Acceleration measurement point.
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magnetization saturation is reached, and the strain of
magnetic domains also tends to be saturated. If the magnetic
field intensity is further increased, the magnetization will
increase slowly, and the variation behavior will no longer be
consistent with the sample before saturation.

Figure 8 shows a time-domain variation curve of the SSS
magnetostriction under different magnetic densities in one
period. At the magnetic density of 1.7 T, the curve is no
longer smooth and becomes distorted.,e Fourier spectrum
analysis results are depicted in Figure 9. When the magnetic
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Figure 3: Noise and vibration measurement points. (a) Vibration measurement points (Nos. 1–10 in the vertical core plane and Nos. 11–17
in the parallel core plane). (b) Noise measurement points.
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Figure 4: ,e microstructure of the central and edge seam regions in the core plane of SSS. (a) Central area. (b) Edge seam area.
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Figure 5: ,e texture of the center and edge seam areas in the core plane of SSS. (a) Central region. (b) Edge seam region.
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flux density is less than 1.7 T, the maximum magneto-
strictive lengths are mainly concentrated at 0 and 100Hz.
After 1.7 T, the magnetostrictive lengths at frequencies of
200 and 300Hz increased significantly.

Figure 10 depicts the butterfly curve of the grain-
oriented SSS in different directions at a magnetic density of
1.3 T under a 50Hz sinusoidal periodic excitation magnetic
field. It can be seen that the butterfly curves in different
directions have a left-right symmetry, and magnetostriction
directions are not the same, showing high magnetostrictive
anisotropy characteristics. Along the rolling direction, the
magnetostrictive value is the smallest. In the 45° direction,
the magnetostrictive value increases and shows shrinkage. In
the vertical direction, the magnetostrictive value is the

largest and shows elongation. ,e maximum value of
magnetostriction in the vertical direction exceeds that in the
rolling direction by 35 times. ,e butterfly curves vertical to
the rolling direction under different magnetic densities are
omitted for brevity. ,eir variation pattern and magneto-
strictive characteristics are the same as those along the
rolling direction: they both increase in magnetostriction as
the magnetic flux density increases until saturation. How-
ever, at the same magnetic flux density, the magnetostriction
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of the grain-oriented SSS in the vertical direction is sig-
nificantly larger than that in the parallel (rolling) direction.

Figure 11 shows the AWV noise curves of grain-
oriented SSS in different directions with different magnetic
flux densities under 50Hz sinusoidal periodic magnetic field
excitation. Limited by the equipment power, the maximum
field strength in the vertical and 45° directions is 1.6 T. It can
be seen that the AWVnoise level of grain-oriented SSS varies
in different directions. Under the same magnetic density, the
AWV noise is the smallest along the rolling direction,
slightly increases in the 45° direction, and is the largest in the
vertical direction. ,e latter AWV noise is nearly twice
higher than that in the rolling direction. ,e rate of increase
of the AWV noise value of grain-oriented SSS is not affected
by sample saturation. Before and after the sample is satu-
rated, the rise of the AWV noise value is consistent with an
increase in the magnetic flux density. Although the increase
rate of the magnetostrictive peak-to-peak value λp−p be-
comes smaller after saturation, it does not increase or even
decrease slightly after the sample becomes saturated.
However, with the emergence of the saturation phenome-
non, the harmonic content contained in the magnetostric-
tive waveform increases, and the contribution to the AWV
noise value is relatively large, so the AWV noise value
increases.

4.2. Vibration Characteristics of the Four-Corner Iron Core
Model. Figure 12 shows the vibration time domain and vi-
bration spectrum of the four-corner iron core model SSS at a
magnetic density of 1.3T. It can be seen that the time-domain
vibration signal is not a standard sinusoidal waveform, but a
distorted waveform superimposed by various frequency sig-
nals. However, it is still possible to determine the core vibration
signal as a periodic signal with a frequency of 100Hz.

,e main occurrence locations of vibration frequency
peaks at eachmeasurement point and the total effective value

of the vibration acceleration are shown in Table 1. ,e main
vibration peak frequencies in different directions are obvi-
ously different. In addition to the fundamental frequency,
there are also well-pronounced high-frequency components,
which are consistent with the theoretical analysis results. In
addition, 450 and 650Hz odd-order harmonics also
appeared in the seam area (points 3 and 4), which may be
caused by the combined effect of the cyclic excitation in the
common area and the electromagnetic force between gaps.
,e effective values of vibration acceleration vertical to the
core plane (a1 and a3) are higher than those parallel to the
core plane (a2, a4, and a5).

Figure 13 shows the vibration characteristics of mea-
surement points 2, 3, and 5 under different magnetic
densities. It can be seen that, with an increase in the
magnetic density, the peak intensity of the main vibration
frequency continues to increase, new frequency vibration
peaks appear, and the vibration waveform becomes more
complicated. ,e fundamental frequency vibration accel-
eration amplitude exhibits a linear relationship with the
squared magnetic density, as shown in Figure 14.,at is, the
fundamental frequency vibration acceleration has a linear
relationship with the squared voltage, which is consistent
with the foregoing observation that the core vibration is
proportional to the squared operating voltage.

Figure 15 shows the acceleration value of each mea-
surement point under different magnetic densities. As the
magnetic density increases, the acceleration value of each
measuring point increases accordingly. It shows that the
vibration vertical to the core plane is always higher than that
parallel to it. In the same direction, the vibration in the
central area of the SSS is significantly smaller than that in the
seam area of the edge (a1< a3 and a2< a4). In the plane
parallel to the iron core, the vibration phase in the rolling
direction (a5) is similar to that in the central area (a2) in the
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Table 1: Vibration results of different measurement points under the magnetic density of 1.3 T.

Measurement point Main vibration peak frequency (Hz) ,e effective value of vibration acceleration (m/s2)
1 100 and 200 0.072
2 100, 200, 400, and 700 0.042
3 100 0.166
4 100 and 200 0.041
5 100 0.038
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vertical (rolling) direction at a small-scale magnetic density.
But as the magnetic density increases, the vibration vertical
to the rolling direction is gradually greater than that grain-
oriented along this direction.

As mentioned earlier, the microstructure and texture of
various regions of SSS are not significantly different, in
contrast to the SSS magnetostriction in different directions.
,erefore, the main reason for the obvious difference be-
tween various regions is the SSS magnetostriction.

In the SSS central area, the magnetic field distribution is
continuous and uniform, and the magnetic field direction is
definite and consistent. In contrast, the magnetic field
distribution in the edge seam area is intermittent, and the
presence of rotating magnetic flux causes the scattering of
the magnetic field direction in this area in multiple direc-
tions. At the same time, during the deformation process in
themicrostructure of the seam area, grains are deformed and
rotate more freely because they are less hindered and

restrained by the surrounding grains. In addition, due to the
mutual compression between the SSS in the common area,
deformation behavior other than magnetostriction may
occur. ,ese factors cause the seam area to have completely
different magnetostrictive characteristics from the central
area, which will inevitably lead to low and high vibration
parameters of the core central and seam areas, respectively,
as well as differences in their vibration spectrum charac-
teristics. At the same time, microdeformation vertical to the
core plane is generated.

Under the magnetic field effect, the magnetostrictive
direction of the core SSS mainly coincides with the SSS
rolling direction and the magnetic field direction. However,
both ends of the SSS are constrained by six degrees of
freedom. ,erefore, the magnetic field causes the SSS
magnetostriction in its direction, but the material defor-
mation cannot be released from both ends. It causes
microbending and torsional deformation in the middle part
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of the SSS, and the component of this deformation in the
direction vertical to the SSS plane will cause periodic de-
formation between laminations. ,is periodic micro-
deformation behavior induces vibrations in a direction
vertical to the SSS plane. It can be seen that the core vibration
in the direction vertical to the core plane is the result of the
joint deformation of the edge seam area of the core SSS along
this direction and the microdeformation between lamina-
tions in the central region. ,e vibration parallel to the core
plane is the result of the SSS deformation in the magnetic
field direction.

4.3. Modal, Noise, and Vibration Characteristics of the Actual
Transformer Core. Figure 16 is a photo of a modal test of a
110 kV transformer core. Modal test results are shown in
Table 2. It can be seen that, in the vicinity of the natural
frequency of the transformer core, it is easy to cause the
equipment resonance and increase its overall vibration and
noise levels.

Figure 17 shows the first six natural frequency mode
characteristics of the transformer core. It can be seen that the
first-order mode of the transformer core is mainly char-
acterized by the vibration deformation of the overall
structure and the local torsion as the auxiliary. ,e second-
order mode is mainly characterized by the bending and
torsion deformation and twist deformation of the structure.
,e third-order mode is mainly characterized by the tor-
sional deformation of the structure. ,e fourth-order mode
is mainly characterized by the bending and torsion defor-
mation of the structure.,e vibration modes above the fifth-
order one show the combined effect characteristics of tor-
sional deformation and bending deformation. As the core
structural order rises, its modal characteristics gradually
change from bending deformation to multiorder bending
and torsional deformation, showing more complex defor-
mation characteristics.

,e experimental field diagrams of the vibration and
noise test of the 110kv transformer core components under
no-load conditions and the frequency spectrum character-
istics of some measurement points are shown in Figures 18
and 19 . ,e frequency of the vibration acceleration peak
vertical to the core planemainly appears at 100, 200, 300, and
500Hz.,ere are also certain peaks at 50, 150, 250, 350, 400,
600, 700, 800, and 900Hz. ,e frequency of the vibration
acceleration peak parallel to the core plane mainly appears
near 300 and 500Hz.,ere are also certain peaks at 100, 200,
400, 600, 700, 800, and 900Hz. ,e vibration spectrum
characteristics of different positions and directions vary. ,e
total effective value of the vibration acceleration at each
point is shown in Figure 20. ,e amplitude of vibration in
the direction parallel to the core plane is generally lower than
that in the vertical direction. In the same direction, there is a
gradually decreasing trend from both ends to the center. Due
to the differences in the manufacturing process, capacity,
and testing of the four-corner core model and the actual core
products, the main vibration spectrum in each area is slightly
different, but they are mainly based on the 100Hz funda-
mental frequency and higher harmonic frequencies.

However, the vibration behavior is completely in accordance
with the vibration behavior in different regions of the above
four-corner core model.

,e noise spectrum characteristics (vertical and parallel
to the core plane direction) are depicted in Figures 21(a) and
21(b), respectively. ,e peak frequencies with the highest
noise vertical to the core plane mainly appear near 100, 200,
and 500Hz. ,ere are also obvious noise peaks at such
frequencies, such as 50, 80, 300, 400, and 600Hz. For the
noise spectra parallel to the iron core plane, the highest noise
peak frequencies mainly appear near 300 and 500Hz. ,ere
are also obvious noise peaks near such frequencies as 50, 80,
100, 200, 400, and 600Hz.

It can be seen that the core vibration and noise spectra in
the same direction have significant acoustic vibration cor-
relation characteristics. In the direction vertical to the core
plane, the frequencies of the extreme amplitudes of vibration
and noise mainly appear near 100, 200, and 500Hz. ,ere
are also certain peaks near such frequencies as 50, 300, and
400Hz. In the direction parallel to the core plane, the fre-
quencies of extreme amplitudes of vibration and noise
mainly appear near 300 and 500Hz. Peaks also appeared
near such frequencies as 100, 200, and 400Hz. ,e noise at
the relevant frequency is mainly attributed to the core
vibration.

Figure 16: Modal test site of the transformer core.

Table 2: Modal test results of the transformer core.

Order Experimental value (Hz)
1 8.41
2 23.61
3 65.71
4 100.86
5 175.43
6 203.6
7 299.31
8 344.62
9 400.65
10 493.95
11 570.34
12 592.06
13 705.97
14 755.49
15 802.52
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Figure 22 shows the relationship between core modes, vi-
bration, and noise. ,e first-order vibration of the core in-
herently includes frequencies near 50, 100, and 200Hz, and its
mode characteristics are mainly bending and torsional defor-
mation in the direction vertical to the core plane.,e analysis of
the vibration spectrum in two directions shows that only the
former vibration direction has a maximum peak near fre-
quencies of 100 and 200Hz. ,e noise spectrum also has peaks

ofmaximumnoise near 100 and 200Hz, indicating that the core
modal characteristics strongly influence its vibration and noise
characteristics, which may cause structural resonance at these
frequencies. It can be seen that the core modal characteristics,
vibration, and noise also have a close correlation.

Based on the above analysis, three low-noise core design
points are given. One is to select a low magnetostrictive
silicon steel sheet that matches the core compression force to

(a) (b) (c)

(d) (e) (f )

Figure 17: Test modal vibration modes of the transformer core. (a) First-order vibration mode. (b) Second-order vibration mode. (c),ird-
order vibration mode. (d) Fourth-order vibration mode. (e) Fifth-order vibration mode. (f ) Sixth-order vibration mode.

Figure 18: Noise and vibration tests of the core under no-load conditions.
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reduce the vibration amplitude in all directions of the core.
,e second is to change the lapping mode or spacing of the
core seam area to reduce the vibration amplitude at the seam
areas. ,e third is to use noise-reducing damping materials
or improve the structure to change the modal characteristics
of the core to keep it away from the main operating

frequency band in the energized state. Avoid the occurrence
of equipment resonance under the power-on operation state,
and reduce the damage ability of the resonance to the
equipment, thereby ensuring the safe operation of the
equipment and improving the environmental protection
level of the equipment.
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Figure 19: Peak vibration spectrum characteristics of the iron core.
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5. Conclusions

In this paper, the magnetostrictive characteristics of grain-
oriented silicon steel sheets (SSS) were tested. A four-corner
core model platform was constructed to simulate the first-
level vibration of the core. Finally, noise, vibration, and
modal tests were performed on the actual 110 kV core
product. ,is work provided a detailed analysis of the core
vibration mechanism from the material to the product. ,e
main conclusions are as follows:

(1) ,e texture structure characteristics and crystal ori-
entation distribution of the oriented SSS’s central and
edge seam areas are consistent. As the magnetic flux
density of grain-oriented SSS increases, the magne-
tostriction in each direction grows until saturation,

and the AWV noise value continues to increase
without being affected by saturation. At the same
magnetic flux density, the magnetostriction vertical to
the rolling direction is significantly larger than that in
the rolling direction, showing significant anisotropy.

(2) ,ere are significant differences in the vibration of
various areas of the four-corner core model. Vibra-
tions vertical to the core plane exceed those parallel to
it. Vibration in the central area in the same plane is
significantly lower than that in the edge seam area.
,is difference is caused by the different microscopic
deformation contributed by various regions with
completely different magnetostrictive characteristics.

(3) ,e vibration behavior of the actual 110 kV iron core
product is shown to be the same as that of the four-
corner iron core model. In the same direction, there
is a gradually decreasing trend from both seams to
the center, and the vibration and noise spectra have
significant acoustic vibration correlation character-
istics. Its modal values also have a close correlation
with its vibration and noise characteristics.

In the future, the vibration amplitude of the core can be
reduced by choosing the low magnetostrictive silicon steel
sheet which matches the core compression force, changing
the lapping mode or spacing of the core seam area, in-
creasing the noise-reducing damping materials, or im-
proving the structure.
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Figure 21: Spectrum characteristics of core noise. (a) Vertical to the core plane. (b) Parallel to the core plane.
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