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H) o)1) A} 8} 3] 7] o7&, olF%, BUH, H&d, $47

e H4s A4S £ AT SARY 98 Az daw A
017&% g% 2g ¢ AHIEE Ak EF77] dACMe A9
%709 AFAE 3t7] 98 FH3 28 oz AHUIAHEE o]&F¢ NA ﬂi‘%}
NA AEAIZEAAH-E 483 Ae gle A 2 (neural network classifier)® AH&3he] X
th ojz{3 o)fE B AFdie AE P4 A4 g & IR 3y

3} 474 H2He ogsld NEE BHE Zea A7l AE BF7] Ao 20X e A5F A}
e A Awste] AL AdEldlA ZEE ¢F7] f3to] gl HAR ABINZY E/HVE ASE T
o AAHA AFH ol AF HAFY AEES EFH AEE sl

st 2HE ¢E719 AL gl ) wy

olle}t otE 2 F W Fo] ofd AF A v Table 1. Feature parameters in time domain

b

mim r-{ .
M Hu Jlfﬂ 2
Noox oy

b
tlo
Mz
Fu

M

A 9ge #ang @

number feature parameter

[~

total power in total original time domain

2. 4% o Y Z=a39 7Y

1 total mean level in total original time domain
2 total variance in total original time domain
WEE AlE P < 224 AEFHE (data 3 | total skewness in total original time domain
acquisition), }2 ¥ & (data transformation), % & 4 total kurtosis in total original time domain
5 a number of peaks exceeding a present threshold -
feat traction), 5741 9(feat lection), & X
( eaMure & ra.c. o), 5 ) G ?i( cature Sffl ection) HTT 6 ratio of the powers above 0% and 10% threshold
7} A 7(classifier design), ¥ 7Hevaluation)Z 3 = 7| ratio of the powers above 50% and 10% threshold
o} Sdth 8 ratio of the powers above 90% and 50% threshold
A HEGAE AFE &S dolgE A% 9 pulse duration of largest pulse in original time
g AN Zaade A8y 98 Fee o= . domain f |
} . i rise time of largest pulse
= =] Ae golA] & A& A ;
Aol Fo AR EHAA 14 135 4 11 | decay time of largest pulse
9] E" O] E‘i = E] 7‘] Eé. }\]i 7(—] E] 7] %% }\}'%'3}-0% 0:‘ 12 peak duration
7 ddoz HMAXNFDOZN Azt HdA A& 13 | largest pulse area
g ARE Je F YgEE 34k 2 Fourer ¥ 14 | energy of largest pulse

-

15 first amplitude moment of largest pulse

T BOERA FAF TN A —,—u}—,—cﬂ] W 16 first energy moment of largest pulse
AHE de 7 Ax A7) 42 I7E S5 Az 17 second amplitude moment of largest pulse
Ao W2 FALE B 5 ey 1 94 Egy 18 | second energy moment of largest pulse
AYE AL £ UEE Yt EAEZZAM= AT 19 | rise slope of largest pulse
Zo 3% H¥el Y veie Ho AEF By 3? fne:;f OS;"lfrg‘fst'agﬁfsj pulse
o} A5 A, B AL AE AR A AR T1E 2 variance of largest pulse
71 9 EA uyid4e) dolge BAH EXE 23 skewness of largest pulse
UetllE F373 B4 59 miiwgs aga Fa4 24 | kurtosis of largest pulse
B E Fag WeEd quUXHF F& AFoR
Pe F o] EHIES 733 normalized) 3 T2 Table 2. Feature parameters in frequency domain
a23¥E FtAck Table 13 Table 22 A1xb3 9 number feature parameter
* 0-1‘—4013:@:1].{] :E?;; ;}E}L}]q =2 0°] s 25 | largest partial power in frequency 0.25 MHz band
= = T Ag A4S }\} 2 | 2nd partial power in frequency 0.25 MHz band
A7 Ao+ AEF sAch SALH NN = 27| 3rd partial power in frequency 025 Miz band
23 EQgo] NEZE EFstE B0 =5 %R 28 | ratio of the largest partial power and the largest
StA %3l A E & FEE £ e R e - partial power
Tto] Q3B 2 Fisher's weight criterion™ class- 29 | ratio of the 2nd partial power and the largest partial
mean scatter criterionS ©} &3l A5 g & EFT power
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«

ratio of the 3rd partial power and the largest partial
power

total power above user defined threshold level
total mean level

total variance

total skewness

total kurtosis )

a number of peaks exceeding a present threshold
ratio of the powers above 90% and 10% threshold
ratio of the powers above 50% and 10% threshold
ratio of the powers above 90% and 50% threshold
pulse width of largest pulse

rise width of largest pulse

decay width of largest pulse

number of valley above threshold level

width of valley above threshold level

pulse energy of largest pulse

first amplitude moment of largest pulse

first energy moment of largest pulse

second amplitude moment of largest pulse

second energy moment of largest pulse

rise slope of largest pulse

decay slope of largest pulse

mean of largest pulse

variance of largest pulse

skewness of largest pulse

kurtosis of largest pulse
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AgHoln vin APHLE MY ADE 2ees)
Hdol stE7E dojd A& e F AZYE
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Vol. 18, No. 1 (1998)
312 282 43E719 scoring 48

AHE U&F ZEF gEFV|o)H ABEY FFHE
Z3 Hlo® 9] scoring AlEHIH FH3 A|FHolt)

scoring Al -2 AAZe N A7) oA dFHe
2 A AgHoln 4 AFHY Rye 30T

crank shaft

upper bearing

T

S S
il

lower bearing /

compression space discharge way

vane

%
&z

suction space suction way

Fig. 1. Configuration of rotary compressor

Table 3. Specimens for classification of wear

specirnen Specimen number

W1

w2
wear on roller

and vane W3

W4

N1
N2
N3

no defect

N4
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Fig. 2. Schematic diagram of testing system
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®
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SAMPLE NUMBER

(B) no defect specimen

Fig. 3. Signals in time domain from specimens for
classification of wear
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Fig. 4. Feature plots of selected features in wear test

(c) feature number 31
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Table 4. Selected features and ranks in wear test Table 5. Results of wear classifier design
.o, | class mean scatter wear normal R.R.(%)

selected feature |Fisher's criterion criterion >

wear 0 0 100
f ber 1 7 5
cature. number normal 0 %0 . 100
feature number 4 14 8

Table 6. Evaluation of wear classifier

feature number 26 1 1 - —
feature number 28 2 2 u n

W1 20/20 (100%) N1 20/20 (100%)
feature number 30 3 3

W2 20/20 (100%) N2 20/20 (1009%)
feature number 31 4 10

W3 20/20 (100%) N3 20/20 (1009)
feature number 32 5 1 W4 | 2020 100%)| N4 20/20 (100%)

Table 7. Average feature values of no defect specimens for various pressures and wear specimens

feature no defect no defect no defect no defect no defect wear
number 20 atm 23 atm 26 atm 29 atm 32 atm 20 atm
feature{0] 0.169 0.171 0.169 0.175 0.175 0.205
feature[2] 0.022 0.026 0.022 0.028 0.028 0.062
featurel5) 15.402 16.330 17.870 18.060 19.800 17.760
featurel6] 960.379 1097.739 1198.520 1388.469 1526.579 145.170
feature(7] 966.482 1103.680 1204.410 1394.959 1533.630 150.750
feature[8] 963.919 1101.239 1201.839 1392.270 1530.500 148.380
feature{32] 36.072 62.757 63.797 65.703 64.509 65.850
feature[34] 2.967 2.879 2.793 2.448 2.303 2.280
feature[35] 11.574 11.181 10.791 9.298 8.583 8.524
feature[38] 18.341 19.519 18546 19.670 21.607 19.352
feature[39] 14.181 16.357 15578 16.462 18.015 17.046
feature[40] -1.958 -0.137 -1.922 0.000 1.021 3.758
feature(41] -11.125 -9.741 -9.649 -7.702 ~5.709 ~2.413
feature[42] 10.731 10.711 9.296 8.829 7.452 6.317
feature[43] . 2977 3.268 3.786 4.143 4277 4.669
feature[44] 1.989 1.916 2.243 2518 2.383 ' 2.825
feature[45] 4418 4.876 6.640 7.678 7.189 9.762
feature[46] 6.979 12.118 10.673 15.384 13.285 17.582
feature(47] 8.607 14.586 12.726 17.993 16.056 20.705
feature[48] -107.641 -281.597 -148.572 -482.732 -266.911 -620.387
feature[51] 2.126 2.147 1.899 2.477 2.501 2.706
feature[52] 0.985 1.074 1.580 1.719 1.620 2.053
feature[53] 5.497 5.523 5.861 6.826 6.974 7.454
feature[55) 1.033 1.264 0.948 1.522 1.372 1.512
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Table 8. Average feature values of no defect specimens
for two kinds of oil and refrigerant

feature number | mineral oil, R22 | POE oil, R407C
feature[0] 0.24559 0.26583
feature[1] -0.18042 ~0.17657
feature[2] 0.10168 0.14499
feature[3] 0.13017 0.21516
feature[4] 25.43723 26.19762
feature[5] 29.76181 66.63000
feature[10] 369521 3.80500
feature[12] 319513 397162
feature[13] 1.92077 2.35950
feature[14] 4776159 6.42900
feature[18] -762.66278 -742.05432
feature{19] 0.91227 1.08694
feature[20] 1.25676 1.678%6
feature[21] 1.73764 2.11725
feature[22] 2.38779 3.33072
feature[23] -0.48479 -0.45157
feature[26] 256.72925 29681067
feature[28] 256.72925 256.81067
feature[30] 256.72925 25681067
feature[32) 64.05432 70.15091
feature[33] 61.97386 63.88457
feature[34) 2.00592 2.19038
feature[35] 7.19907 8.12542
feature[36] 1.15789 1.42726
feature[37] - 1751645 17.56522
feature[38] 22.39698 23.23617
feature[39] 17.96884 19.39496
feature[40] -5.66011 -1.53804
feature[47) 40.48779 41.00918
feature[54] -0.28621 ~0.26060

42 2E{2} 2tE7)9] scoring &3 AE

Fig. 5% 2Hz 4%719 20714 A 9] FAFA
H 370 scoring Al 37NA B2 A5 F 47 144
€ d=E BoFEg o] T FAT AJH 2709} scoringAl
H2/M9 dNEz2 EFIIE AASED o9 BF/7I
Al 27 & Mz} vriA] AlHe] M2 BF
718 dEstdnh £57] A& 9 B A
FHol A 26719t FHRFAGNA 314E FE3H

5771 4AE 9% 537k % 2 Fisher's criterion

#} class mean scatter criterion®] &2 2.8 ¥ F3stn

Vol. 18, No. 1 (1998)

Qe EAF NS A3} Table 99 Y &
Azt F AN criteriond X £9E e
Table 100 A3 HE 3719 EAgoz AT £F
719l Q1A ERR)E YEMAARL Table 1191& £F
AAe AHEE A|HF B77) Aol 2e]7] ¢m
2 Aset ZF7] AN AMEER S AlH] 4l
2 ERVE A5 FHE JERIAT

Table 12914 FA% AlH 9| 74zhe] ¢t&of ul&
EAZko] HHEH scoring AlHE Sz HEE B
AErh ARG Fog AN T 4ol F
7Fatckal A EA gkl scoring e EAzte] Hio
Z FY3le 3ol olez 4¥HI scoringT A=
da84el gle A #rh

for oL N

VOLT(V)
°©
8
|

-2.00 T T T T T

[ 2000 4000 6000
SAMPLE NUMBER

{a) no defect specimen

VOLT(V)

-4.00 T T . | . i

2000 4000 8000
SAMPLE NUMBER

(b} scoring specimen

Fig. 5. Signals of specimens in scoring test in time
domain

Table 9. Selected features and ranks in scoring test

Fisher’s class mean
selected feature o o
criterion scatter criterion
feature number 1 1 1
feature number 12 3 3
feature number 14 2 2
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Table 10. Results of scoring classifier design

scoring normal RR. (%)
scoring 60 0 100
normal 0 60 100

Table 11. Evaluation of scoring classifier

specimen
number

RR

specimen
number

RR.

no defect #1

10/10 (100 %)

scoring #1

10/10 (100 %)

no defect #2

10710 (100 %)

scoring #2

10/10 (100 %)

no defect #3

10/10 (100 %)

scoring #3

10/10 (100 %)
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Table 12. Average feature values of no defect specimens for various pressures and scoring specimens

feature number no defect no defect no defect no defect scoring
20 atm 23 atm 26 atm 29 atm 20 atm

feature{0Q] 0.208 0.211 0.217 0.218 0.239
feature[2] 0.012 0.019 0.033 0.032 0.092
feature[3] 0.329 0.462 0.316 0.378 0.631
featuref4] 15.449 2.892 57.254 39.202 37411
feature[5] 43.894 42.826 46.646 53.920 103.896
feature[6] 3320.300 3453.536 3600.026 3839.306 3460.256
feature[7] 3325.506 3458543 3605.270 3845.283 3466.003
featurel[8] 3323.199 3456.370 3603.003 3842.576 3463.636
feature[9] 5.205 5.006 5.243 5976 5.746
feature[10] 2.898 2.833 2.976 3.270 3.380
feature[11] 2.307 2.173 2.266 2.706 2.366
feature[12] 1.346 1.708 1.982 1.757 3.404
feature[13] 0.832 1.028 1.234 1.085 2.116
feature[14] 0916 1518 2.215 1.878 4917
feature[15] 14.119 13.010 14.410 19.336 17.770
feature[16] 17.986 16.778 18.236 23.820 22.234
feature{19] 0.490 0.626 0.690 0.581 1.088
feature{20] 0.654 0.853 1.048 0.786 1.670
feature{21] 0.694 0.852 1.021 0.945 1.847
feature[22] 0.627 1.068 1.500 1.108 2.819
feature(35] 10.574 11.151 11.707 11.222 4567
feature[37] 173426 16.997 19.217 18.556 17.923
feature[38] 19.924 21.087 21.586 21.099 23.474
feature[53] 6.460 6.277 6.578 6.474 10.477
feature[55] 0.363 1.547 1.806 1.413 1.81
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Abstract The specimen with the wear between a roller and a vane and a normal specimen are
classified by AE signal pattern recognition method with a neural network classifier in airconditioning
operation test. Also the specimen with the scoring between a shaft and a bearing and a normal specimen
are classified by the same method. As the internal pressure increases, the wear between the roller and the

vane increases. The different pairs of oils and refrigerants give the effect on the wear.
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