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A study on the noise reduction method of transformer using
harmonic response analysis
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ABSTRACT: This study proposes a method to predict noise reduction based on noise-reduction measures, using
harmonic response analysis, for transformer design. The dynamic elastic coefficients of the components
comprising the actual transformer were determined by manufacturing the materials of the transformer components
into simple-shaped specimens, followed by a comparison of the modes between the experiments and the analyses.
A finite element model of the transformer was implemented, and harmonic response analysis was performed by
deriving the exciting force of the transformer. Subsequently, the theoretical sound power level of the transformer
was derived from the results of the harmonic response analysis. Finally, noise reduction measures were
established, and the noise reduction amounts were compared between the experiments and the analyses, before and
after applying the measures. Through the comparison and analyses of the noise reduction measures, it was
confirmed that the trends in the experiments and analyses matched.
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Table 1. Size of transformer part specimens.

. Size [mm]
Material - -
Height Width Depth
Steel 375 120 32
Pressboard 170 90 2
Bakelite 170 90
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Fig. 1. Single—input/single—output system with ex—
traneous noise at input and output stages.
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Fig. 2. Experimental setup of modal test.



Table 2. Comparison of natural frequency modes of
experimental and analysis results for steel specimen.

Mode Natural frequency [Hz] | Difference Error [%]
Experiment | Analysis [Hz]
Ist 115.5 1153 0.2 0.2
2nd 212.7 219.2 6.5 3.1
3rd 320.6 319.2 1.4 04

Table 3. Comparison of natural frequency modes of
experimental and analysis results for pressboard

specimen,
Mode Natural frequency [Hz] | Difference Error [%]
Experiment | Analysis [Hz]
Ist 271.7 272.1 0.4 0.2
2nd 3329 303.3 29.6 89
3rd 692.3 677.8 14.5 2.1

Table 4, Comparison of natural frequency modes of

experimental and analysis results for bakelite
specimen,
Natural frequency [Hz i
Mode : quency [ .] Difference Error [%]
Experiment | Analysis [Hz]
Ist 235.1 233.0 2.1 0.9
2nd 242.0 2543 123 5.1
3rd 543.2 568.9 25.7 4.7

Table 5. Material properties of transformer part

specimens,
. Density | Young’s modulus | Poisson’s
Material | 1y o] [MPal ratio
Steel 7,750 175,000 0.3
Pressboard 1,135 7,250 0.4
Bakelite 1,997 21,000 0.4
Udba o 2 At ok=o] gho] 0.95 o)<l A%
o 24 Z4 S EA4E A1 5 9L, 09 0]
sel Aol Al w7} Wol e,

a4 o) = g ARS LR 37, Table 59 T =3 4] o
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279

(a) 1st mode (experiment) (b) 1st mode (analysis)

(c) 2nd mode (experiment) (d) 2nd mode (analysis)

(e) 3rd mode (experiment) (f) 3rd mode (analysis)

Fig. 3. (Color available online) Comparison of mode
shapes from experiment and analysis results for
steel specimen,

(a) 1st mode(experiment) (b) 1st mode(analysis)

(d) 2nd mode (analysis)

(c) 2nd mode (experiment)

>

(e) 3rd mode (experiment) (f) 3rd mode (analysis)

s

Fig. 4. (Color available online) Comparison of mode
shapes from experiment and analysis results for
pressboard specimen,

(a) 1st mode(experiment) (b) 1st mode(analysis)

\

(c) 2nd mode (experiment) (d) 2nd mode (analysis)

P =

(e) 3rd mode (experiment) (f) 3rd mode (analysis)

$

Fig. 5. (Color available online) Comparison of mode
shapes from experiment and analysis results for
bakelite specimen,
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Fig. 6. Finite element model of overall transformer.

Table 6. Material properties of transformer parts
used to analysis.
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(a) Lpad conditions of (b) Measurement point of
core response

Fig. 8. Load conditions and measurement point of
response,

Table 7. Excitation force obtained from harmonic
response analysis,

Material ][?(eg/lrsrlg Young[;l’vslpn;?dulus Poi::ic;n’s
Steel 7,750 175,000 0.3
Pressboard 1,135 7,250 0.4
Bakelite 1,997 21,000 0.4
Wood 1,174 10,000 0.34
Cooper 4,700 110,000 0.35
Cork rubber 850 94.8 0.49

Cover and bushing

| DETC and cover

Tank, cork and cover Bolt and Cover

Mo separation(Remote point) - Bonded

Core and core Belt and yoke beam
- No separation(Remote point) - Bonded

Yoke beam and tie
- No separation(Remote point) - Bonded
Coil and insulater Tie and insulator
- Bonded - Bonded

Yoke beam and insulator - : Core and tie
- Bonded

Core and yoke beam

Tank and base Leg of test transformer contact

~ Fixed support

Base and yoke beam
- No separation(Remote point)

Fig. 7. (Color available online) Boundary condition of
transformer,

RS M43 M3 (2024)

Direction X Y Z
60 Hz 0.40 1.25 0.50
120 Hz 0.20 0.75 0.25
180 Hz 0.13 0.50 0.10
Force [N] | 240 Hz 0.12 0.37 0.10
300 Hz 0.10 0.25 0.10
360 Hz 0.06 0.20 0.05
420 Hz 0.06 0.13 0.05
o
<
| i i i . - - -Analysis
0 60 120 180 240 300 360 420
Frequency [Hz]
(a) X—direction
- = -Analysis
o
0 60 12‘0 180 240 300 360 420
Frequency [Hz]
(b) Y—direction
o)
g

0 6‘0 1;0 18‘0 24;0 3(;0 3(;0 42‘0
Frequency [Hz]
(c) Z—direction

Fig. 9. (Color available online) Comparison of core
vibration level,
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Table 8. Surface areas of the transtormer.

Surface areas [m’]
Parts
Sl Sz S} S4
Tank 0.923 0.456 0.923 0.456
Core 1.291 0.203 1.291 0.203

Table 9. Cases of harmonic response analysis to
reduce noise and vibrations,

No. Case
Ref Existing condition
1 Vibration isolation of bottom
2 Vibration isolation of top and bottom
3 CLD
4 Vibration isolation of top and bottom + CLD

The Journal of the Acoustical Society of Korea Vol.43, No.3 (2024)
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Fig. 11. Sketch of case 1, 2, and 3 to reduce noise
and vibrations,
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Table 10. Calculated sound power level of cases.

Sound power level [dB]

Case no.
Structure borne noise Air borne noise
Ref 479 39.2
1 40.8 39.0
2 294 38.6
3 46.7 374
4 29.3 37.6

Table 11. Noise level reduction of each case.

Noise level reduction [dB]

Case no.
Structure borne noise Air borne noise
1 7.1 0.2
2 18.5 0.6
3 1.2 1.8
4 18.6 1.6

Table 12, Comparison of noise level reduction from
analysis results,

Case no. Noise level reduction [dB]
1 24
2 3.6
3 1.5
4 4.6

o,
Y,
35 em . ey /8,,
e,
“ e,
Point 1
Point2 /2

Fig. 12. Sound level meter positions.
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Table 13. Experimentally measured sound pressure
level at each case.

Case Sound pressure level [dB]

Nno. | Point1 | Point2 | Point3 | Point4 | Average
Ref 66.5 60.3 60.7 66.6 64.5

1 62.9 58.5 59.6 64.0 61.8
2 64.8 574 56.3 60.8 61.1
3 62.8 61.1 59.9 65.2 62.7
4 61.3 61.8 57.6 573 60.0

Table 14, Comparison of noise level reduction from
analysis and experiment results.

Noise level reduction [dB] Difference
Case no.
Analysis Experiment [dB]
1 24 2.7 0.3
2 3.6 34 0.2
3 1.5 1.8 0.3
4 4.6 45 0.1
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