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The Analysis of Noise contribution about Drum Washer under dehydrating condition
using Multi-Dimensional Spectral Analysis
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ABSTRACT
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Recently, customers’ interest about noise of household electric appliance is growing. so, designer of product must study to reduce
noise of product. Specially, in case of household electric appliance such as washing machine, there was consumers' complaint about
noise that is radiated under dehydrating condition. But, in the case of washing machine, identification of noise source is not easy
when washing machine is under dehydrating condition. Because various noise source influence each other, it is difficult to find out
pure contribution degree about output noise. Multi-Dimensional Spectral Analysis(MDSA) is method that can remove correlation
between inputs each other and express pure contribution degree about output of single input. So in this study, we analyzed

contribution of each noise source on transfer pass of noise that is
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radiated at dehydration of washing machine using MDSA.
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Fig. 1 4-inputs/1-output model for arbitrary system
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Fig. 2 4-input/1-output model for conditioned inputs
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Fig. 3 Diagram showing how ordered conditioned auto-spectra
are obtained from original auto-spectra
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Fig.4 The experiment setup to measure the noise characteristic
for the washing machine
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Fig.5 The experiment setup to get signal of component of
washing machine
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Table 2 Values of partial coherence function at target frequency.

OUTPUT{E00rpm}

100 T H H 5 Function 2 2 2

_ . : : . (600rpm) .71)7 }/Zy.l }/3y.2!
§~ : 1 240.9 0.1201 0.7455 0.6937
s ! : 2 | 2524 | 02013 | 0.5457 | 0.5441
. ; : { ; ; g 3 363.7 0.0737 0.9876 0.9614
0 W W Frqu?ncy(HzE)m 00 120 4 737.5 0.0644 0.6541 0.5132
GUTPUT(1Z00MPM) 5 155.1 0.2065 0.5724 0.6362
100 - : ; 6 120.2 0.1542 0.5684 0.9824
_ Function 2 2 2

5. (1200rpm) 71_v 72)1.1 }/3y.2!
& 1 4622 0.1482 0.6274 0.0993
i i i 5 i i 2 249.9 0.1002 0.0893 0.4960
% 200 a0 80 @0 f00 120 3 921.8 0.2353 0.2404 0.4270
Frequency(Hz) 4 2312 0.3607 0.8604 0.4199
Fig.6 A-weighted Sound pressure level of ouput under 600rpm 5 403.1 0.1934 0.8411 0.7260
and 1200rpm 6 518.8 0.1824 0.3820 0.4442
7 115.6 0.1331 0.9609 0.3527
oaty AHEHHM] ol&F A QoA 8 96 0.3675 0.8426 0.6228
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Table 1 Values of total mean ordinary coherence function

Function 7/]22 7/132 7232
Mean value 600 0.55 0.50 0.69
1200 0.61 0.54 0.61

Function 12 yz 7’2y2 V3 yz
Mean value 600 0.19 0.56 0.62
1200 0.25 0.67 0.74
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Table 3 Values of multiple coherence function at target

frequency.
2
7/y:x
600rpm 1200rpm
1 240.9 0.8774 | 462.2 0.6807
2 2524 0.6375 2 | 2499 0.5413
3 363.7 0.9897 3 921.8 0.6185
4 737.5 0.7190 4 1 2312 0.9321
5 155.1 0.7428 S 1 403.1 0.9605
6 120.2 0.9882 6 | 5188 0.6572
Mean value 0.5817 7 115.6 0.9756
8 96 0.9447
Mean value 0.5972
MCF ¢ @& ¥ o Z2e gsuceqe @

Aol A 9] gho]l 600rpm oM E 252.4Hz ¢}
1200rpm o4 = 249.9Hz, 921.8Hz & A3 B
Aol 08 35S WEE L& g AT

4



AT E Add Y
Zeo] Blgdsls AErl ¥ Ao7 B
t}. aAw 252.4Hz, 249.9Hz, 921.8Hz A9
MCF %3} overall level ¢&f MCF 3k2 0.6 & AE
3 S VM e ALE Hol A Al*%‘oﬂ
A EoE gyl A 288 54, 4 ¢
g 1 £8o7 thag AHNEY HAHE veh
Borth 49]8(#1: 58, #2: 8B, #3:EF, #4:7)
) el digk 7t g Aol OCF #t7t d&9
7] OCF k2 Tabled & 3t),

Table 4 Values of total mean ordinary coherence function

Function ' U EEOVR I O IO
Mean 600 | 0.55 | 0.50 | 0.32 | 0.69 | 0.25
value 1200 | 0.61 | 0.54 | 0.37 | 0.61 | 0.29

. 2 2 2 2 2

Function V34 Yiy Yy Y3y Yay
Mean 600 | 0.75 | 0.19 | 0.85 | 0.62 | 0.58
value 1200 | 0.72 1 025 | 075 | 0.74 | 0.78
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Table 5 Values of partial coherence function at target frequency.

Function 2 2 2 2
(600rpm) }/ly y2y.l }/3y.2! 7/4y.3!
1 2409 0.1201 | 0.7455 | 0.6937 | 0.2704
2 252.4 0.2013 | 0.5457 | 0.5441 | 0.5398
3 363.7 0.0737 { 0.9876 | 0.9614 | 0.5387
4 737.5 0.0644 | 0.6541 | 0.5132 | 0.4956
5 155.1 0.2065 | 0.5724 | 0.6362 | 0.2326
6 120.2 0.1542 | 0.5684 | 0.9824 | 0.2704
Function 2 2 2 2
(1200rpm) "y Vayr | Py | Vays
1 462.2 0.1482 | 0.6274 | 0.0993 | 0.2676
2 249.9 0.1002 | 0.0893 | 0.4960 | 0.4507
3 921.8 0.2353 | 0.2404 | 0.4270 | 0.3949
4 231.2 0.3607 | 0.8604 | 0.4199 | 0.3887
5 403.1 0.1934 | 0.8411 | 0.7260 | 0.3296
6 518.8 0.1824 | 0.3820 | 0.4442 | 0.2695
7 115.6 0.1331 | 0.9609 | 0.3527 | 0.4481
8 96 0.3675 | 0.8426 | 0.6228 | 0.3971
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Table 6 Values of multiple coherence function .

2
}/’V:X
600rpm 1200rpm

1| 2409 0.8649 1 462.2 0.7960
2| 2524 0.7460 2 249.9 0.7284
31 363.7 0.9848 3 921.8 0.7682
41 737.5 0.6945 4 231.2 0.9400
5 155.1 0.7986 5 403.1 0.9660
6| 1202 0.9903 6 518.8 0.7472
Mean value 0.7475 7 115.6 0.9801
8 96 0.9656
Mean value 0.7542
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Table 7 Overall level contributions estimated by coherence

function
600rpm
Overall level Output (dB)
Measured.level 56.8
Cohere-nce J’},y2:x S, df 55.4
function _
IJGZy S, df 32.1
J.yZZy.ISyy.l df 48.0
1732_y.12 Syy.l2 af 45.5
2
I74y.|235w.123 df 41.7
1200rpm
Overall level Qutput (dB)
Measured level 62.7
Cohergnce j‘y)Z):X S, df 60.7
function
s, @
73,1 Sadf 52.1
I}/Sz_v.l?.Syy.IZ df 48.2
J.Vzi?ylz:s Syy.lZ} af 45.3
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