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ABSTRACT

Noise reduction of vacuum cleaner is important, according as estimating quality of product. To reduce noise of vac-
uum cleaner, we need analysis of correct noise source and contribution grasping about Identified noise sources' output
noise. Because noise sources' correlation exists in vacuum cleaner that is small and complicated system, and analy-
sis is not easy. In this case, we need to apply Multi-dimensional spectral analysis (MDSA) method that can remove
correlation among noise sources and grasp pure contribution degree of noise sources. In this study, we analyze trans-
fer path analysis between output noise and input noise that measured in inside/outside of vacuum cleaner.

1. INTRODUCTIONS

Recently, as quality of life has improved, customer com-
plaints about the noise level of products have increased. The
level of noise has become one of the key factors that are con-
sidered, in addition to performance, when purchasing an ap-
pliance. In particular, this is the case for the household vac-
uum cleaner, in which consumers complain about the noise
that is generated while using the dust inhalation condition.
The designer of the product must determine the source of the
noise in order to eliminate the source. In order to efficiently
reduce the noise, systematic methods were used to determine
quantitatively the main influence of each of the components
including the inhalation nozzle, cyclone exist, dust inflow
pipe, and exhaust pipe. This was difficult because there are
many noise sources in a vacuum cleaner that correlate with
each other. A frequency response function method (FRF) was
used to analyze the Multi-Input Single Output (MISO) sys-
tem. However, the FRF method is usable only in the case that
input sources do not influence each other. Therefore, MDSA
(Multi-Dimension Spectral Analysis) was applied, which can
diminish the influence among the input sources and deter-
mine how each input factor contributes to output noise. The
MDSA consists of the Partial Coherence Function (PCF), the
Multiple Coherence Function (MCF), the Residual spectrum,
and the Partial Coherent output spectrum. In this study, ac-
cording to domestic regulation (KS 9101), which is the provi-
sion to measure the noise level of a vacuum cleaner, the noise
level of a vacuum cleaner was measured and the characteris-
tics of the noise that the vacuum cleaner generated during the
inhalation condition were analyzed. Two models were con-
structed that consisted of 3 inputs(outside noise)/1 output and
3 inputs(inside noise)/1 output, in order to apply the MDSA.
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2. MDSA(MULTI-DIMENSIONAL SPECTRAL
ANALYSIS)

Cause of interactions between transfer paths, when a num-
ber of inputs show as outputs, we apply that to a multi-
inputs/single-output model such as the Fig. 1.5 When bring-
ing a output spectrum kind of this system, it’s the following

S, (1) =S STHL (DM, (1S, (F)+ 5,0 () o
i-1 j-1 1

Also, if the (1) expression is supposed to have the relation-
ship between inputs, we can display the output spectrum like
the following

S, (1) = X H (N $,(F)+ S, (1) o

In a same group with the Fig. 1, it shows higher than a term
of the original spectrum. Because the term related to inputs is
overlapped when calculating with the FRF (Frequency Re-
sponse Function), it is hard to figure out a source input which
affects the output, with only the coherent output spectrum
between the income and output.

Therefore, it is considered as a multi-inputs/single -output
group, and modeled as a multi-inputs/single-output group
having same terms with the Fig. 2, that the related ingredient
between inputs are eliminated. To know a pure quantitative
coherency by eliminating the related ingredient between in-
puts in the actual machine system, we need to use the MDSA.
So the spectrum, that the related ingredients between inputs
are eliminated, is called the Residual spectrum, shows like
the following (3) term.
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Figure 1: Correlated multi-inputs/single-output model
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Figure 2: Conditioned multi-inputs/single-output model

At this, the L”'(f) is a conditioned transfer function of the
case, that the related ingredients among inputs and between
inputs and output. It shows like the following

S (f
Saean(f) (i=23--y i>])

Ly(f)=
' rr-(r—l)!(f) (4)

In the multi-inputs/single-output, when modeling the multi-
inputs/single-output group using the conditioned transfer
function as related ingredients among inputs, a coherence of

the ! th input to the output is the PCF(Partial Coherence
Function). It shows like the following

Siyrl(f)‘2
||r'(f)syyrl( )
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This function is regard as a ordinary coherence function
which can calculate after analytically eliminating the rela-
tionship among inputs. The MCF(Multiple Coherence Func-
tion) is a direct extension of the concept of ordinary coher-
ence, which provides a measure of the linear dependence

between a collection of q inputs and an output. It shows like
the following

Py =1-Q=ri)-raya) - A-rgan)

It is a function showing the used inputs are considered ap-
propriately. When the value is larger than 0.9, we can judge it
is appropriate

Actually, when detecting a vibration source, it needs to cal-
culate a pure coherence quantity about the output of input
source. So the Coherent output spectrum between a output
spectrum and a coherent function is used. Like the (7) term,
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the Partial Coherence Output Spectrum that shows pure co-
herence quantity of the specific input is used.

Sy:i»(n—l)!( f)= j/ii(n—l)!( f )Syy~(n—l)!( f) @

In the (7) term, to grasp a coherent relationship of the each
vibration source in all over the frequency domain, a inte-
grated level of the coherent output spectrum shows on the
next term.

B =0~ D)=} 750 (18,505 (1) o

Algebraic sum of the accumulated level from the (8) term
becomes an overall level

3. Experiment

I used vacuum cleaner that inhalation power is 500W and
consumption electric power is 1100W in this experiment. The
output noise set on the ground at top side 1m of vacuum
cleaner according to standard of KSC 9101. Also, noise
measurement of input part divides to indoor and outside of
vacuum cleaner. Experiment schematic diagram is displayed
to fig.3 and fig.4

FFT Analyzer

#1 Exhaust pipe (f)

N(f
X (f) H,(f) Yi(f)
)—-i%m—>( : }—»Y(f)

#3 Inhalatlon nozzle
X3(F——  Hy(

Fig.3 The experiment set up for transfer path analysis
(outside noise)
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Fig.4 The experiment set up for trasfer path analysis
(interior noise)

I measured vacuum cleaner interior and outside noise using
experiment equipment B&K 1/2” microphone, B&K surface
microphone and B&K Pulse FFT analyzer.

I chose input source by exhaust pipe, dust inflow pipe, inha-
lation nozzle of vacuum cleaner for external noise transfer
path analysis. And | chose input source by cyclone exit, mo-
tor entrance, and dust inflow pipe of vacuum cleaner for inte-
rior noise transfer path analysis.

4. Experiment result and consideration

4.1 Selection of target frequency and ordinary co-
herenc function

I displayed spectrum of vacuum cleaner upper direction 1m
noise by KS measurement standard.

Table.1 The ordinary coherence function among the 3 inputs
(outside noise)

2 2 2
Frequency Y 12 V13 Vo2

operating Freq. 0.7899 0.7263 0.7441

1st BPF 0.8534 0.7954 0.7705
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Table.2 The ordinary coherence function among the 3 inputs
(inside noise)

2 2 2
Frequency Y 12 7 13 V 23

operating Freq. 0.7987 0.742 0.6652

1st BPF 0.9355 0.8904 0.7631

SPL{dEA)

Frequency(Hz)
Fig.5 A-weighted sound pressure level of output noise
(Up 1m)

And, | analyze this spectrum, and then appeared correlation
among inputs of outside noise to Table.1 and correlation
among inputs of interior noise to Table.2.

Also, | appeared correlation among input and output of out-
side noise to Table.3 and correlation among input and output
of interior noise to Table.4.

Table.3 The ordinary coherence function among the inputs
and output signal (outside noise)

2 2 2
Frequency Y 1y Y V 3y

operating Freq. 0.6784 0.9379 0.8151

1st BPF 0.9616 0.3515 0.7127

Table.4 The ordinary coherence function among the inputs
and output signal (outside noise)

2 2 2
Frequency 7 1y V 2y 7 3y

operating Freq. 0.7796 0.6026 0.6474

1st BPF 0.8975 0.7919 0.8531

We need to analyze correlation among inputs and correla-
tion among input/output to predict inputs whether have inde-
pendence each other or whether correlation exists in theoreti-
cal assumption of multi dimensional spectral analysis
(MDSA). This can be confirmed through ordinary coherence
function.

I chose operating(driving motor) frequency and 1st
BPF(Blade Passing Frequency) through spectrum of output
noise by target frequency.

Correlation among inputs of outside noise/ interior noise is
expressed high contribution value more that 0.5 as shown
Table.1 and Table.2. Also, Correlation among inputs of out-
side noise/interior noise and output noise is expressed high
contribution value more that 0.5 as shown Table.3 and Ta-
ble.4.
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Like this, we can know that application of MDSA about
output noise and interior noise is possible because correlation
among inputs and correlation among input and output exist.

4.2 Contribution relation of each noise sources and
output noise

| appeared partial coherence function value about each input
source (noise source) to Table.5 and Table.6.

Table.5 The partial coherence function among input and
output signals (outside noise)

2 2 2
Frequency Y1y 2 V 2y 1 Va1

operating Freq. | 04677 | 06486 | 0.3006

1st BPF 0.3577 0.63 0.1616

Table.6 The partial coherence function among input and
output signals (inside noise)

2 2 2
Frequency 7y Y2y 1 Yy

operating Freq. | 0.4297 0.7201 0.4099

1st BPF 0.3268 0.3515 0.7127

In case of transfer path analysis about output noise, we can
grasp contribution order of each noise that influence at whole
output noise as shown Table.5. Contribution order was ap-
peared by dust inflow pipe > exhaust pipe > inhalation nozzle
at operating frequency and 1st BPF equally.

And, we must confirm multiple coherence function (MCF)
value to judge about validity of modeling through degree that
is expressed in output of considered input sources.

Table.7 The multiple coherence function at the target fre-
quencies (outside noise)

2
Frequency 7 yx

operating Freq. 0.8991

1st BPF 0.9373

Table.8 The multiple coherence function at the target fre-
quencies (inside noise)

2
Frequency Y yx

operating Freq. 0.9088

1st BPF 0.8251

In case of transfer path analysis about output noise, we can
know that modeling is valididy because it was expressed high
value more than 0.5 as shown Table.6.

In case of transfer path analysis about interior noise, contri-
bution order was appeared by motor inlet > cyclone exist >
dust inflow pipe at operating frequency and by dust inflow
pipe > motor inlet > cyclone exist at 1st BPF as shown Ta-
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ble.6. We can know that modeling is validity because MCF
value was expressed high value more than 0.5.

4.3 Determination of contribution order by coher-
ence output spectrum

The result that integrate coherent output spectrum that ex-
press the pure contribution amount about output of input
source over whole frequency band was appeared to Fig.6 and
Fig.7.

Integrated energy contribution to the coherent output power spectrum
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Fig.6 Coherent output spectrum (outside noise)
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Fig.7 Coherent output spectrum (inside noise)

Also, | appeared all level that calculated logarithmic sum-
mation about this result to Table.9 and Table.10.

Table.9 Overall level contributions estimated by coherence
functions (outside noise)

Overall level Output (dB)
Measured level T4.5
Coherence Total level 72.9
Function
.[ 7hr2s S}}'-l;f af

[FsS,,,d| 678

[;V 3128 i 63.4

In case of output noise, contribution order was appeared by
dust inflow pipe > exhaust > inhalation nozzle at whole fre-
quency band. In case of interior noise, contribution order was
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appeared by motor inlet > dust inflow pipe > cyclone exist at
whole frequency band.

Through this, we can know that need countermeasure estab-
lishment for motor inlet and dust inflow pipe.

Table.10 Overall level contributions estimated by coherence
functions (inside noise)

And, we can know that have existence possibility of other
input source besides input source that consider through dif-

Overall level Output (dB)
Measured level 74.5
Coherence Total level 72.2
Function J.:Vzly-zs S, 0ndf
I 72013 S, s df 69.4
—l' ¥z S, df 65.4

ference measured value and output spectrum that calculate by
MDSA.

Additionally, I investigate about ‘shield effect’. The results
can be shown at fig.8 and table.11.

Table.11 FRF comparison using shield effect (inside noise)
Overall | Output (dB)
level

Freguency | Total
Response | overall 6281
Function |[ A(H, =0)df 78.8

jB(HZ =0)df
jcH,=0df | 75.81

2 2 * *
A:‘Hz‘ Szz‘*"Hs‘ Sy +H,H; S +H,H, S,
*B,C analyze same method

Shield Effect

Total

— Shieldl
Shield2
Shield3

Ej:

|
j
|

o 1000 2000 3000 2000 5000 000 7000 000
Frequency(Hz)

SPL(dB)

Fig.8 FRF comparison using shield effect (inside noise)

I can know that elimination of H,(motor entrance) has good
results about reduction of noise. Also, total overall level is
larger than original output noise(73.2dB), because it consider
not correlation among inputs.
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5. CONCLUSIONS

In this research, | constituted vacuum cleaner by 3 inputs/1
output model and then defined correlation among outside
noise/input of interior noise and transmission characteristic.
Also, | got conclusion that analyze correlation among input
source and output using MDSA such as,

(1) 1 verified that MDSA is valid to define contribution
degree about output of input source, when correlation
among inputs exists at multiple input/single output sys-
tem.

(2) 1 knew that in case of output noise, contribution order
was appeared by dust inflow pipe > exhaust > inhala-
tion nozzle and in case of interior noise, contribution
order was appeared by motor inlet > dust inflow pipe >
cyclone exist about output noise that is happened in
operation state of vacuum cleaner that is used in this
experiment.

(3) I knew that considered input sources reflected enough
in output.

REFERENCES

[1] Bendat, J.S., and Piesol, A.,G., “Random Data”: Analy-
sis and Measurement Procedures, 2nd Edition, Wiley-

Interscience, New York, pp. 204~227, 1986.

[2] Bendat, J.S, and Piersol, A.,G, “Engineering Application
of Correlation and Spectral Analysis”, John Wiley &
Sons, Inc. 2nd Edition, 1993.

[3] J. E. Oh, S. H. Suh and M. S. Kang, “Application of
Multi-Dimensional Spectral Analysis for Noise Source
Identification on Gasoline Engine”, Trans. of the KSME.
10(4), 442~449(1986)

[4] H. J. Sim, H. J. Lee, Y. Y. Lee, J. Y. Lee and J. E. Oh,
“Source Identification of Non-Stationary Sound Vibra-
tion Signals using Multi-Dimensional Spectral Analysis
Method”, Trans. of the KSME(A). 30(9), 1154~1159
(2006).

[5] H. S. Kim, S. G. Park, K. H. Kang, J. Y. Lee and J. E. Oh,
“The Analysis of Noise Contribution about Drum
Washer under dehydrating Condition using Multi-
Dimensional Spectral Analysis”, Trans. of the KSNVE.
17(11), 1056~1063 (2007)

[6] M. E. Wang and M.J. Crocker, “On the Application of
Coherence Techniques for Source Identification in a
Multi Noise Source Environment”, J. Acoust. Soc. Am.
74(3), 861~872 (1983).



	1. introductions
	2. MDSA(MULTI-DIMENSIONAL SPECTRAL ANALYSIS)
	3. Experiment
	4. Experiment result and consideration
	4.1 Selection of target frequency and ordinary coherenc function
	4.2 Contribution relation of each noise sources and output noise
	4.3 Determination of contribution order by coherence output spectrum

	5. Conclusions
	REFERENCES

