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Abstract – Sound power level is a unique feature of large power transformers used to estimate noise effects on 

the environment. It is determined from the direct measurement of the sound pressure level or sound intensity level. 

In the paper, procedures for reproducibility estimation of sound power level and procedures for estimation of 

uncertainty of sound pressure level and sound intensity level are given for point-to-point and walk-around test 

procedures.  
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I. INTRODUCTION 

Sound power is a unique feature of large power transformers used to estimate their noise effects on the environment. 

The transformer manufacturer specifies and guarantees the limit value of the sound power level. The measurement result 

of the transformer noise level determines whether the noise level meets the guaranteed value or not. For correct and 

reliable decisions with a known risk of error, it is necessary to know uncertainty of the measurement result [1].   

Sound power level LW cannot be directly measured. It is determined based on the direct measurement of the sound 

pressure Lp, or sound intensity LI [2]: 

 𝐿Wp = {𝐿p + 10 ⋅ lg (
𝑆

𝑆0
)}  dB,          (1) 

𝐿WI = {𝐿I + 10 ⋅ lg (
𝑆

𝑆0
)}  dB         (2) 

where S is measurement surface area in m2 and S0 is the reference surface area (1 m2). 

The standard [2] describes in detail measurement procedures for the sound pressure level Lp, sound intensity level LI, 

and gives expressions (1) and (2) for determination of the sound power level based on the standards [3], [4] and [5], but 

gives no procedure for estimation of measurement uncertainty of these quantities. Referring to standard [3] for sound 

pressure method, and to [4] and [5] for sound intensity method, it is only stated in standard [2]: „ ...measurements made 

in conformity with this standard tend to result in standard deviations of reproducibility between determinations made in 

different laboratories which are less than or equal to 3 dB“. 

In fact, in standards [3], [4] and [5] is specified typical upper bound value of reproducibility taking into consideration 

the great variety of machines and equipment obtained by the round robin tests. This large standard deviation of 

reproducibility (3 dB) mentioned in standard [2] motivated us to estimate more realistic uncertainty and reproducibility 

of sound measurements of large power transformers in specific test environments and conditions that are pre-set in the 

standard [2].  

The round robin test in the field of measuring the noise level of large power transformers is expensive and difficult to 

carry out. It is more appropriate to use the approach of estimating the components of measurement uncertainty based on 

the mathematical model of measurement according to the generally accepted method described in GUM [6]. 

In the paper, procedures for reproducibility estimation of sound power level, and procedures for estimation of 

uncertainty of sound pressure level and sound intensity level are given for both test procedures described in [2]: point-to-

point and walk-around.  
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II. TOTAL STANDARD MEASUREMENT UNCERTAINTY VERSUS TOTAL STANDARD DEVIATION 

OF REPRODUCIBILITY 

Measurement uncertainty is defined in [6] as: “parameter, associated with the result of a measurement, that 

characterizes the dispersion of the values that could reasonably be attributed to the measurand “, and reproducibility  as 

„closeness of the agreement between the results of measurements of the same measurand carried out under changed 

conditions of measurement“. In large power transformer sound level measurements “changed conditions of measurement” 

include location, conditions of environment, measuring instrument, observer and time. In the context of [3] uncertainties 

of sound levels are expressed by the total standard deviation 𝜎tot: 

 

𝜎tot = √𝜎omc
2 + 𝜎𝑅0

2           (3) 

𝜎R0 is standard deviation of reproducibility of the method, and 𝜎omc is the standard deviation of repeatability (due to the 

instability of the operating and mounting conditions). However, total measurement uncertainty can only be estimated for 

metrologically traceable measurements. Metrological traceability is defined as “the property of a measurement result 

whereby the result can be related to a reference through a documented unbroken chain of calibrations, each contributing 

to the measurement uncertainty” [7]. Sound pressure and sound intensity measurement results are metrologically 

traceable, but sound power determination is not, because of no reference and because of approximations and assumptions 

incorporated in the measurement method and procedure [2] and [8]. Consequently, it is possible to estimate total 

measurement uncertainty for sound pressure and sound intensity levels, but for sound power level only total standard 

deviation of reproducibility (including standard deviation of repeatability, see (3)). Fortunately, this quantity can be used 

for correct and reliable decision making equally as measurement uncertainty and is according to [9] allowed as such. 

III. MEASUREMENT UNCERTAINTY OF SOUND PRESSURE LEVEL, POINT-TO-POINT PROCEDURE 

According to [3], the total standard measurement uncertainty of the sound pressure level is expressed by the standard 

deviation and consists of two components: 

 

𝑢tot = 𝜎tot = √𝜎omc
2 + 𝜎𝑅0

2           (4) 

 

1. 𝜎omc is standard deviation of repeatability, which describes the uncertainty associated with the instability of the 

operating and mounting conditions of particular source under test. 

     This component is determined experimentally from repeated measurements (at least six according to [3]) carried out 

on the same source at the same location by the same person, using the same measuring instruments and the same 

measurement positions. For each of these repeated measurements, the mounting of the test object and its operating 

conditions should be readjusted. It is recommended to repeat the measurement at the location where the highest sound 

pressure level of transformer is measured. 

𝜎omc = √
1

𝑛−1
∑ (𝐿p,𝑗

′ − �̅�p 
′ )

2𝑛
𝑗=1          (5) 

where 

𝐿p,𝑗
′  - is sound pressure level (uncorrected) measured at location j  

L̅p 
′   - is the average of the measured 𝐿p,𝑗

′  values. 

2.  𝜎R0 is the standard deviation of reproducibility of the measurement results obtained for the same transformer, but under 

different conditions (different persons carrying out measurements at different laboratories with different measuring 

instruments). This component includes the acoustic characteristics of the noise source (transformer) and various 

environmental conditions but excludes short-term instabilities covered by the standard deviation of repeatability 𝜎omc. 

Standard deviation of reproducibility is determined experimentally on the basis of comparative inter-laboratory 

measurements [10]. Since we don't have such measurements, measurement uncertainty will be evaluated on the basis of 

a mathematical model [6]. 

It should be emphasized that measurement methods according to the procedures described in standard [2] provide a 

standard uncertainty of sound pressure level equal to or less than 3 dB. For a more accurate estimation of measurement 

uncertainty, measurement uncertainty should be determined experimentally or on the basis of a mathematical 

measurement model. 

     Mathematical model of sound pressure level measurement is given by a (modified) expression from [3]: 

𝐿p = �̅�p 
′ − 𝐾1 − 𝐾2 + 𝛿method + 𝛿omc + 𝛿slm        (6) 

where 

�̅�p 
′          - is the averaged sound pressure level measured over prescribed contour, with standard uncertainty 𝑢(�̅�p 

′ )  

𝐾1         - is the background noise correction with standard uncertainty 𝜎𝐾1= 𝑢(𝐾1) 

𝐾2         -   is the environmental correction with standard uncertainty 𝜎𝐾2 = 𝑢(𝐾2) 
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𝛿method -   is an input quantity to allow for any uncertainty due to the measurement method; it is assumed that the value 

is equal to zero with a standard uncertainty 𝜎method [3] 

𝛿omc     -   is an input quantity to allow for any uncertainty due to operating and mounting conditions, it is assumed that 

the value is equal to zero with a standard uncertainty 𝜎omc  

𝛿slm      -    is an input quantity to allow for any error in the measuring instrumentation (according to [12] including:  

𝛿met- input quantity to allow for any error in the meteorological conditions,  

𝛿mic- input quantity to allow for any error in the finite number of microphone positions, 𝛿angle- an input quantity 

to allow for any difference of angle, 𝛿imp- an input quantity to allow for any error in the impedance of the 

surroundings into which the source is emitting sound energy, and 11 more different input quantities). 

All quantities 
i  are expressed in decibels (dB) and the expected values are zero with standard uncertainty 𝜎𝑖. 

Total measurement uncertainty is calculated on the basis of the mathematical model (6) according to expression for 

complex measurement uncertainty [6]: 

𝑢tot = √∑ (
𝜕𝐿p

𝜕𝑥𝑖
⋅ 𝑢𝑖)

2

𝑖           (7) 

where 

 
𝜕𝐿p

𝜕𝑥𝑖
      -  is the sensitivity coefficient, 

𝑢𝑖       - standard uncertainty. 

 
In Table 1 are given values of parameters, typical values of standard uncertainties, assumed distributions and sensitivity 

coefficients in accordance with our knowledge. 

 
TABLE 1. UNCERTAINTY BUDGET FOR DETERMINATION TOTAL MEASUREMENT UNCERTAINTY OF SOUND  

PRESSURE LEVEL 𝜎R0 

Quantity Estimate /dB 

Standard 

uncertainty, 

 𝑢𝑖/dB 

Probability 

distribution  

Sensitivity 

coefficient, 
𝜕𝐿p

𝜕𝑥𝑖
 

�̅�p 
′        averaged sound                         

            pressure level 
�̅�p 

′  𝑢(�̅�p 
′ ) Normal 1 +

1

100,1𝛥𝐿p − 1
 

𝐾1        background noise   

            correction 
𝐾1 𝑢(𝐾1) Normal 

1

100,1𝛥𝐿p − 1
 

𝐾2        environmental  

            correction 
𝐾2 

𝐾2

4
 Normal 1 

𝛿method method 0 0,6 Normal 1 

𝛿omc     repeatability 0 𝜎omc Normal 1 

𝛿slm      sound level meter 
0 

0,5 

(according to [11]) 
Normal 1 

Some of the components of measurement uncertainty are calculated for each measurement(𝑢(�̅�p 
′ ), 𝑢(𝐾1) and 𝜎omc), and 

some are estimated based on the current level of knowledge [3] and [11]. 

Measurement uncertainty of the average A-weighted sound pressure level is:  

𝑢(�̅�pA 
′ ) =

1

√𝑁
√

1

𝑁−1
∑ (𝐿pA,𝑖

′ − �̅�pA 
′ )

2𝑁
𝑖=1         (8) 

where  

N      - is the number of  measurement point on prescribed contour, 

𝐿pA,𝑖
′  - is measured (uncorrected) A-weighted value of sound pressure at i-th point, 

�̅�pA    
′ - is averaged A-weighted sound pressure level (uncorrected). 

The sensitivity coefficient depends on the difference between the measured sound pressure level of the transformer 

and the measured sound pressure level of background noise: 

𝛥𝐿pA = �̅�pA 
′ − �̅�bgA 

′             (9) 

where 

�̅�pA 
′    - is averaged A-weighted sound pressure level (uncorrected), 

�̅�bgA 
′  - is averaged A-weighted background sound pressure level: 

�̅�bgA 
′ = 10 ∙ lg (

1

𝑀
∑ 100,1∙𝐿bgA,𝑖

′
𝑀
𝑖=1 )         (10) 
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where M is a number of measuring points (M can be less than N, but not less than 10). 

Correction of 𝐾1 due to the sound pressure level of background noise is neglected according to [2] (equals to zero), but 

the standard uncertainty of correction 𝑢(𝐾1) is determined experimentally by repeating the measurement (at least six 

times according to [3]) of uncorrected background noise levels at the point on the prescribed contour where the 

background noise is highest: 

𝑢(𝐾1) =
1

√𝑛𝐾
√

1

𝑛𝐾−1
∑ (𝐿bgA,𝑖

′ − �̅�bgA 
′ )

2𝑛𝐾
𝑖=1         (11) 

where, 

nK        - is the number of repeated measurements (usually nK=10) 

𝐿bgA,𝑖
′ - is a measured A-weighted value of the background noise at i-th point,  

�̅�bgA 
′  - is averaged A-weighted sound pressure level of the background noise. 

The environmental correction 𝐾2 accounts for the influence of undesired sound reflections from room boundaries 

and/or reflecting objects within the test area. The magnitude of  𝐾2  depends principally on the ratio of the sound absorption 

area of the test room, 𝐴 , to the area of the measurement surface, 𝑆. 

Expresion for environmental correction is: 

𝐾2 = 10 ⋅ lg (1 +
4𝑆

𝐴
)dB          (12) 

 

Expression for measurement surface 𝑆  is given in [2], equation (8).  

The measurement uncertainty of the correction 𝑢(𝐾2) is according to experience [3] approximately equal: 

𝑢(𝐾2) ≈
𝐾2

4
           (13) 

 

The measurement uncertainty of reproducibility 𝜎omc is calculated by the expression (5). 

The measurement uncertainty caused by different sound pressure meters (class 1) and conditions of application has 

been estimated to 0,5 dB according to [11]. 

The total measurement uncertainty of A-weighted sound pressure level measurement is: 

 

𝑢tot(pA) = √
[𝑢(�̅�pA 

′ )]
2

(1 +
1

10
0,1𝛥𝐿pA−1

)
2

+ [𝑢(𝐾1)]2 (
1

10
0,1𝛥𝐿pA−1

)
2

+

+ (
𝐾2

4
)

2

+ 𝜎omc
2 + 0,61

    (14) 

  
IV. MEASUREMENT UNCERTAINTY OF SOUND PRESSURE LEVEL, WALK-AROUND PROCEDURE  

Walk around procedure is a modification of scanning procedure along prescribed contour [2]. The instrument 

automatically provides the spatially averaged measurement data. Measurement is faster in comparison to point-to-point 
measurement, and total standard measurement uncertainty is estimated using equation (14) with number of measurements 

(n, N, M and nK) equal to time in seconds of each scan. 

V. MEASUREMENT UNCERTAINTY OF SOUND INTENSITY LEVEL, POINT-TO-POINT PROCEDURE 

The sound power level can be determined by measuring the sound intensity level  𝐿I according to standard [2].  The 

sound intensity method is, within certain limits, insensitive to steady-state background noise and reflections. Therefore 

corrections need not be applied. 

Mathematical model for measuring the sound intensity level is: 

𝐿IA = �̅�IA + 𝛿method + 𝛿omc + 𝛿slm + 𝛿dir        (15) 

where: 

�̅�IA    - is the averaged A-weighted sound intensity level with standard uncertainty 𝑢(�̅�IA)   
𝛿dir    - is an input quantity to allow for any uncertainty due to microphone directivity (sound intensity is a vector quantity 

so it depends more on the microphone orientation); measurement uncertainty of this component is estimated 

based on several experiments where the microphone was directed to transformer tank at 0° and at 30°, 

udir=0,4  dB. 
Description of other quantities in mathematical model (15) are given in Chapter III. All components of the 

measurement uncertainty are same as in Table 1 except 𝑢(𝐾1) and 𝑢(𝐾2), which are equal to 0 dB. 

The total standard measurement uncertainty of sound intensity is: 

𝑢tot(IA) = √[𝑢(�̅�IA)]2 + 𝜎omc
2 + 0,77  dB        (16) 
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VI. MEASUREMENT UNCERTAINTY OF SOUND INTENSITY LEVEL, WALK-AROUND PROCEDURE 

With walk-around procedure the instrument automatically provides the spatially averaged measurement data. 

Measurement is faster in comparison to point-to-point measurement, and total measurement uncertainty is estimated using 

equation (16) with number of measurements (n, and N), equal to the time in seconds of each scan.  

VII. TOTAL STANDARD DEVIATION OF REPRODUCIBILITY OF SOUND POWER LEVEL 

The total A-weighted sound power level of the test object should be calculated from either the corrected total spatially 

averaged A-weighted sound pressure level, or the corrected total spatially averaged A-weighted normal sound intensity 

level, according to equation (1) or (2). 

The sound power level of the transformer can be determined from the measured sound pressure level or the measured 
sound intensity level [2] according to the equation (1) or (2). 

Total standard deviation of reproducibility of sound power level is equal to the total measurement uncertatinty of the 

sound pressure level (14) when is calculated by expression (1). Also,  total standard deviation of reproducibility of sound 

power level is equal to total measurement uncertainty of the sound intensity level (16) when is calculated by expression 

(2). In expressions (1) and (2) measurement uncertainty of  second component (10 ⋅ lg (
𝑆

𝑆0
)) is negligible for most 

measurements in power transformer test fields (about 0.1 dB). 

VIII. TOTAL STANDARD DEVIATION OF REPRODUCIBILITY OF SOUND POWER LEVEL IN  

SHORT- CIRCUIT CONDITION AT IT  IN 

The sound power level at a current different from the rated current (IT  70 % IN),  can be calculated by equation (17) 

according to [2]: 

𝐿WA, IN = 𝐿WA, IT + 40 ⋅ lg (
𝐼𝑁

𝐼𝑇
) dB         (17) 

 

In this case, the total standard deviation of reproducibility is increased: 

𝑢(𝐿WA, IN) = √[𝑢(𝐿WA, IT)]
2

+ [0,1737 ⋅ 𝑢(𝐼𝑇)%]2dB        (18) 

 

Generally, this increase is very small and can be neglected. 

IX. MEASUREMENT UNCERTAINTY OR REPRODUCIBILITY IN DECISION-MAKING AND  

CONFORMITY ASSESSMENT  

According to [3], decision of conformity of sound level of the transformer with a guaranteed limit is based on complete 

measurement result. Therefore, total measurement uncertainty (of sound pressure level and sound intensity level) or total 

expanded reproducibility of sound power level should be considered.  
According to [3], the coverage factor for a one-sided normal distribution should be applied. Coverage factor k=1,6, 

corresponds to 95% confidence level.  

In electrical engineering, according to [12], decision of conformity is based on the measured value. 

 

X. RESULTS AND DISCUSSION 

On the 400 MVA transformer with ONAN and ONAF cooling, the sound intensity and sound pressure levels were 

measured simultaneously with point-to-point and walk-around procedures at short circuit with rated current, according to 

[2]. 

All measurements were repeated three times. In Table 2 (ONAN cooling) and Table 3 (ONAF cooling) are given 
mean values of repeated measurements. Total standard measurement uncertainties were also estimated at the end of 

Tables 2 and 3. 

Comments on the results.  

In Končar Power Transformer test field, the differences between the sound pressure level and the sound intensity level 

(ΔL) of large power transformers are always less than 4 dB, consequently, no correction of the sound intensity level 

according to point 11.3 in [2] is necessary. 

With walk-around procedure, generally, sound pressure levels and sound intensity levels were measured slightly 

higher. The probable reason for this is the operator's influence, which is greater with the point-to-point procedure than 

with the walk-around procedure, where the operator's influence can be neglected. 

The repeatability 𝜎omc  varied greatly from measurement to measurement, but never exceeded 0.5 dB and can be 

classified as stable according to [3]. 
Maximal differences between three repeated measurements are given in Table 4 (ONAN cooling) and Table 5 (ONAF 

cooling). According to [2] maximum walking (constant) speed for the walk around procedure is specified at 1 m/s. 

Operators may favor slower speeds of about 0,5 m/s [8] because the results are more reliable as can be seen from our 

measurements.  
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The dominant uncertainty components are 𝜎𝑠lm = 0,5 dB and 𝜎method = 0,6 dB, while the uncertainty component 

𝑢(𝐾1) slightly affects total measurement uncertainty of the sound pressure level because 𝛥𝐿pA in Končar Power 

Transformer test field (and also other large power transformers manufacturers test fields) is regularly greater than 10 dB. 
Measurement uncertainties of sound intensity level and sound pressure level obtained by the walk around procedure 

could not be estimated because we were not able to get data about standard deviation 𝑢(�̅�IA 
′ ) and 𝑢(�̅�pA 

′ ) from the 

instrument (B&K 2270) – even after communication with the sound meter manufacturer. If measurement uncertainty of 

sound intensity estimation is demanded, it is necessary to measure with point-to-point procedure or walk-around 

procedure in several segments [5]. 

Complete measurement result of the sound pressure level of the transformer at ONAF cooling measured by point-to-

point procedure and expressed with an expanded uncertainty at the 95% confidence level is (60.9 1.9) dB. Since, 

60,9+1,60,93=62,4 dB, the transformer does not meet the guaranteed sound pressure level limit of 62,0 dB according to 

[3], but does meet guaranteed value according to [12].   

 
TABLE 2. MEASUREMENT RESULTS AND ESTIMATION OF MEASUREMENT UNCERTAINTY – ONAN COOLING 

Values ONAN; 1 m 

Point-to-point procedure 

ONAN; 1 m 

Walk around procedure 1 m/s 

ONAN; 1 m 

Walk around procedure 0,5 m/s 

�̅�pA/dB 59,0 59,3 59,0 

𝑢(�̅�pA)/dB 0,26 - - 

N 70 142 264 

�̅�bgA/dB 34,0 34,2 34,1 

𝑢(𝐾1)/dB 1,9  1,7 1,8 

𝛥𝐿pA/dB 25,0 25,1  24,9 

K2/dB 1,4 1,4 1,4 

𝜎omc/dB 0,39 0,37 0,41 

𝑢tot(pA)/dB 0,98 - - 

    

�̅�IA/dB 56,0 58,4 57,8 

𝑢(�̅�IA)/dB 0,37 - - 

N 70 142 264 

�̅�bgA/dB 21,6 21,9 22,2 

𝛥𝐿/dB 3,0 0,9 1,2 

𝜎omc/dB 0,20 0,16 0,19 

𝑢tot(IA)/dB 0,94  - - 

 

 
TABLE 3. MEASUREMENT RESULTS AND ESTIMATION OF MEASUREMENT UNCERTAINTY – ONAF COOLING 

Values ONAF; 2 m 

point-to-point procedure 

ONAF; 2 m 

walk-around procedure 1 m/s 

ONAF; 2 m 

walk-around procedure 0,5 m/s 

�̅�pA/dB 60,9 61,5 61,5 

𝑢(�̅�pA)/dB 0,26 - - 

N 84 180 306 

�̅�bgA/dB 33,9 34,2 34,4 

𝑢(𝐾1)/dB 2,0  1,8 1,5 

𝛥𝐿pA/dB 27,0 27,3  27,1 

K2/dB 1,4 1,4 1,4 

𝜎omc/dB 0,25 0,20 0,27 

𝑢tot(pA)/dB 0,93 - - 

    

�̅�IA/dB 58,0 59,1 59,2 

𝑢(�̅�IA)/dB 0,34 - - 

N 84 180 306 

�̅�bgA/dB 21,6 21,4 22,0 

𝛥𝐿/dB 2,9 2,4 2,3 

𝜎omc/dB 0,20 0,26 0,23 

𝑢tot(IA)/dB 0,96  - - 
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TABLE 4. MAXIMAL DIFFERENCES BETWEEN TREE REPEATABLE MEASUREMENTS – ONAN COOLING 

Values ONAN; 1 m 

point-to-point procedure 

ONAN; 1 m 

walk-around procedure 1 m/s 

ONAN; 1 m 

walk-around procedure 0,5 m/s 

�̅�pA/dB 0,5 1,0 0,1 

�̅�IA/dB 0,3 2,8 0,2 

 

 
TABLE 5. MAXIMAL DIFFERENCES BETWEEN THREE REPEATABLE MEASUREMENTS – ONAF COOLING 

Values ONAF; 2 m 

Point-to-point procedure 

ONAF; 2 m 

Walk around procedure 1 m/s 

ONAF; 2 m 

Walk around procedure 0,5 m/s 

�̅�pA/dB 0,1 0,4 0,3 

�̅�IA/dB 0,1 0,7 0,4 

 

According to measurements, there are true differences between sound power level determined by sound intensity 

measurement and sound power level determined by sound pressure measurement. Consequently, sound power level 

determined by (1) is not equal to the sound power level determined by (2). These are two different quantities!     

The purpose of a sound measurement is to enable the estimation of the sound power emitted by the power transformer. 

Per definition, sound power is sound intensity integrated over the measuring surface enclosing the transformer. Another 
method to determine sound power is to measure sound pressure (with more simple measuring instruments) which assumes 

the sound pressure and particle velocity being in phase (free field condition). When assumption is not fulfilled, that is in 

practical test environment, method requires corrections [2]. In sound near field acoustic zone sound field is complex and 

there are reflective components of sound pressure that do not propagate to the sound far field. The sound pressure 

measurements in the sound near field tend to overestimate the sound power emission levels of power transformers because 

it cannot distinguish between active and reactive sound fields. Experience revealed that sound power estimations based 

on sound intensity measurements represent the true value of sound power more accurately than sound power estimations 

based on corrected sound pressure measurements [8]. 

XI. CONCLUSION 

Methods for determining sound power levels by measuring sound pressure levels or sound intensity levels, described 

in standard [2], generally provide a standard deviation of reproducibility equal to or less than 3 dB. 

If one wants that the total standard deviation of sound power level measurement of power transformers be estimated 

more realistically, it must be determined experimentally, or on the basis of a mathematical measurement model - as 
described in this paper. The realistic estimate of the standard deviation of the reproducibility of the sound power level of 

large power transformers is approximately 1 dB. 

Sound meters on the market provide all the necessary data for estimation the uncertainty of sound pressure level 

measured by walk around procedure, but for the sound intensity level they give only the mean value without standard 

deviation. Standard deviation of the sound intensity level of a single scan should also be incorporated into sound meters. 

According to [3], the decision of conformity of sound level of transformer with the guaranteed limit is based on 

complete measurement result. Therefore, total measurement uncertainty (of sound pressure level and sound intensity 

level) or total expanded reproducibility of sound power level should be considered.  According to [3], coverage factor for 

a one-sided normal distribution should be applied. Coverage factor k=1,6, corresponds to 95% confidence level. However, 

in electrical engineering, according to [12], decision of conformity is based on the measured value.  

To avoid misunderstandings between manufacturer and purchaser, it is necessary to define the decision rule of 
conformity as well as the method of determining the sound power level, based on sound pressure or sound intensity 

measurement. If the conformity assessment rule and method of determining sound power level are not contracted, 

according to [2] the manufacturer has the right to choose. As a rule, the manufacturer will choose the determination of 

sound power by sound intensity method with walk-around procedure and decision based on measured value [12].  
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