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[3] A. Darabi, S. Akbarpour, M. Baghayipour, “A Comprehensive Experimental
Method for Definite Identification of Dominant Noise Sources in a Wound-Rotor
Synchronous Motor,” IEEE Trans. on Industrial Electronic. Submitted at 21-Dec-
2015
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—Measurement Information — Sound power — Achieved Precision Grades ——
Start Time : Sound power level aver all bands (with/without Q) :
| 8/2/2015 5:31 PM Class 1 YES
. 709 /. -- . dB (v
' Class 2 YES
| 8/2/2015 7:09 PM ‘ 70.4 / ‘ -- ‘dB(A)
Class 3 YES
Sound power level over selected bands (with/without Q) : ass
701 1 - . dB s
702 1 -- dB(A) | -- dB
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— Discrete Points Method

| Class: | 1 |2 |3
Fl<=0.6 v
F2<Ld v |V
F3-F2 <=3dB v
N > C(F4)2 v | v v
dB Sound Power Level : 70.9 dB sumM
500 Overall Sound Power Level : 70,9 dB
70.0
60.0 1
50.0
21
50.0
60.0
70.0
80.0 7 7 7 7
400 300 1.6k 3.15k Hz
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——Non-Weighted RMS Sound Pressure with time constant 125 ms (FAST)
— Non-Weighted RMS Sound Pressure with time constant 1 s (SLOW)
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A.1 General

Evaluate field indicators according to
equations (A.1) to (A.9) for each
measurement surface and array used, in
each frequency band used for the
determination of sound power level.

A.2 definition of field indicators

A.2.1 temporal variability indicator of
the sound field

Evaluate a typical value of the temporal
variability indicator, F; of the sound field
at an appropriate position selected on the
measurement surface and calculated from
equation (A.1):

1 1 X -
F=> > (1)
1 In\/M—lkl(nk n)

Where

(A1)

1. is the mean value of 1, for M short-

time average samples I calculated from
equation (A.2):

_ 1 M
In _Mkz:l:lnk

NOTE M will normally take a value of
10. Are commended short averaging time
is between 8 sand 12 s, or any integer
number of cycles for periodic signals.

(A2)

A.2.2 surface pressure-intensity
indicator

Calculate the surface pressure-intensity
indicator, F, from equation (A.3):

F=L, - q,n‘ (A.3)

af

Where Ep is the surface sound pressure

level, in decibels, calculated from equation
(A.4):

_ N
L, =10log [%2100%] dB
i=1

And

(A4)

L'n is the surface normal intensity level,
in decibel, calculated from equation (A.5):

_ 1q
L, =10 Iog(ﬁg“niv "’j dB8  (Ab)

Where |I”‘| is the unsigned normal sound
intensity at measurement position i.

A.2.3 Negative power indicator

Calculate the negative partial power
indicator F3, from equation (A.6):
F3 = E - |_I

p

(A.6)

n

Where

I:p is the surface sound pressure level, in
decibel calculated from equation (A.4):

E|" is the surface normal signed intensity

level, in decibels, calculated from equation
(A.7):

N

L, =10 log %Zlmllo dB (A7)

i=1

And

I is the signed magnitude of the normal

ni
sound intensity component measured at
position | on the measurement surface.

|, is the reference sound intensity (= 10™
W/m? )
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If the normal sound intensity component
level L, at position i expressed as XX dB,

calculate the value of I,; from the equation

Ini — IO ><loXX/lO
If the normal sound intensity component
level L, at position i expressed as (-) XX

dB, calculate the value of |,; from the
equation

. XX /10
I, =-1,%x10

N
If Z I, /1, is negative in any frequency
i=1
band, the test condition do not satisfy the
requirements of this part of ISO 9614 in
that frequency band.

A.2.4 field non-uniformity indicator

Calculate the field non —uniformity
indicator, F4, from equation (A.8)

11 &
F4:K m;(lni_ln) (A8)

Where 1 is the surface normal sound
intensity calculated from equation (A.9):

N
I, =
1

| (A.9)

ni

L
N
A.3 Pressure-residual intensity index oy,

The difference between the L, and the
indicated L, when the intensity prob is
placed and oriented in a sound field such

10

that the sound intensity is zero. it is
expressed in decibels.

Details for determining oy are given in
IEC 1043. In this case only, the subscript
“n” indicates the direction of the probe
axis.

Spi = (Lp — Lun) (A.10)
A.4 dynamic capability index, Lqg
It is expressed in decibels.

(A.11)

The value of K is selected according to the
grade of accuracy required (see tablel).

Table 1 — Bias error factor, K

Bias error factor
Grade of accuracy

dB
Orecision (grade 1) 10
Engineering(grade 2) 10
Survey (grade 3) 7

Table 2- values for factor C

Octave band O”e'ﬂy;gaoctave Grade
1 2 3
63-25 50-60 19 11
250-500 200-63 % 10
1000-4000 800-5000 57 29
6300 19 14
A-weighte .
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Abstract

In many of the previous researches about the acoustic noise radiated from electrical
machines, the effects of structural parameters are discussed. Nevertheless, there is a
great debate about the effect of operational parameters on acoustic noise characteristics
radiated from the electrical machines. This research aims to study the effect of
operational parameters and brief comparison between the acoustic noise radiated from
induction and synchronous motors. For this purpose, a wound-rotor induction motor has
been chosen as a test motor. Consequently, with the aim of investigating the effect of
operational parameters, the analytical formulae are represented and then evaluated with
experimental results. Moreover, this research studies the noise source identification
methods. Firstly, the dominant noise source of the test motor has been located by
scanning the sound pressure values over the surrounding area around the test motor.
This method has been used in many researches. Furthermore, a novel method has been
presented to identify the dominant noise sources. In the proposed method, the
experiments have been accomplished in three different modes. In each mode, one of the
operational parameters including speed, terminal voltage, and field current has been
considered as independent variable whose value varies linearly with time in a
predetermined range. Simultaneously, the sound pressure radiated from the test motor
has been measured and saved. The post-processing analysis then accurately determined

the dominant noise sources of the test motor.

Keywords: Electrical machines, synchronous motor, acoustic noise measurement,
natural frequency, acoustic noise sources identification, machine noise response

analysis
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