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Tém tit
Bai bao xay dung déc tinh &m thanh tir t6 hop D-G 110 kW dét tai phong thi nghiém
cua Vién Nghién ctru Khoa hoc va Céng nghé Hang hai - Triwong DHHH Viét Nam. Tin
hiéu dé én do tai vong quay truc 1200 va 1500 vong/phut, khi cac xy lanh lam viéc binh
thuong (Normal) va khi xy lanh s6 6 khéng chay (Misfire) va lwu triv trong mién thoi
gian, duoc doc va xwr ly trong mién tan sé véi trong sé A, qua bo xir ly 1/1- va 1/3-
Octave. Céc gié tri &m thanh tuong duong, trong sé A (gid tri trung binh; céc bién do
cla phé tan céng suét tinh theo 1/1- hodc1/3-Octave) duoc xac dinh cho ting ché do
thtr nghiém. Céc déc tinh 4m thanh phé tan céng suét tinh theo tan sé trung binh 1/1-
hodc 1/3-octave dwoc xay dung trén co sé& di lidu thu duoc. Thiét bj do va phén tich
am thanh (phén cting va phdn mém) hién dai duoc téc gia xay dung trén co sé& cong
nghé cta hang National Instruments (NI, USA - Phdn mém LabView va phén cing cua
héng). Két qué ban déu chi ra khé ndng st dung céc déc tinh &m thanh cda t6 hop D-G
vao gidm sat va chén doén trang théi ky thuét cua diesel tau thay.

Tte khéa: Tin hiéu &m thanh, chdn doan déng co diesel bdng rung déng &m thanh.

Abstract

The article built some acoustic features of the working D-G set, placed in the Lab of the
Maritime Research Institute —VMU. The sound signals of the working D-G set were
measured in the regimes: 1200 and 1500 rpm, when all of the cylinders were working
normaly and the sixth cylinder was misfiring. The measured sound signal (in the real
time) was saved in the *.tdms files by coded in LabView Virtual Instrument.The saved
data of the each experiment regimes was read from the file and was processed in the
time and the frequency domains with the weight A, were processed via 1/1- anf 1/3 —
octave frequencies, that were bases to built acoustic features. The modern acoustic
measurement equipment was built on the base of the LabView. The received results in
this paper were basically shown that the acoustic features of the D-G set are able to use
for Monitoring and Diagnostics of the maritime diesel engines.

Keywords: Acoustic Signal, cibro-Acoustic diagnostiscs of diesel engine.
1. Dat van dé

Do, giam sat mrc Ao am thanh trén tau thiy da va dang la van d& quan tam tlr cac nha dong
tau, co quan Dang kiém, chu tau cling nhw ddi ngd thuyén vién trén tau vi lién quan tryc tiép dén
didu kién va moéi trwéng 1am viéc, sinh hoat ciia con nguoi trén do [1, 2]. Tiéu chudn murc do am
thanh tai cac khoang lam viéc, cac phong sinh hoat thuyen vién, khi tau hoat déng déu phai dat
duéi mirc d6 cho phép twong (rng. Theo tiéu chuan do, khi thtr nghiém dwdng dai tau déng madi
can tién hanh do mirc dd am thanh tai cac khong gian quy dinh. M&c d6 am thanh dwoc do va
kiém soat bang thiét bj do mirc d6 am thanh twong dwong, quy ddi theo trong sd A hodc C va cd
thé do, xt ly tin hiéu dwéi dang phd cong suét tai cac tn sé trung binh 1/1- ho&c 1/3 —Octave.

Pap (rng muc tiéu nghién ctru ché tao thiét bj do am thanh hién dai tai Viét Nam, dé tai
KHCN cép bo, B6 GTVT ndm 2016, cac tac giad [1] dd ché tao thanh cong thiét bi do va xi ly tin
hiéu am thanh, thda man yéu cau ctia QCVN 80:2014/BGTVT. Thiét bi da dwgc ché tao tai trudng
DHHH Viét Nam dung dé do am thanh (Sound Level Meter -01, SLM-01) v&i phién ban dau tién cé
day da chirc ndng do, lwu triv div liéu dwéi dang gia tri trung binh trong sé A va C, day phd tan
cong suat am thanh tai cac gia tri tAn sé trung binh 1/1- va 1/3-Octave. Vé&i két qua do va xa ly tin
hiéu, hién thi nhanh két qua do va x& ly, lwu trir div liéu cia SLM-01, ching ta c6 thé kiém soat
duwoc mirc d6 6n tai cac khéng gian do theo QCVN.

Giam sat va chan doan trang thai k§ thuat (Monitoring and Diagnostics, MD) la bai toan ky
thuat quan trong dwoc cac nha nghién ctru, cac co quan chuyén mon trong nwéc va qubc té (Pang
kiém: IACS va VR,...), c&c chi tau cling nhw s quan quan ly may tau bién quan tam, s dung dé
dam bao an toan, nang cao hiéu qua khai thac hé déng lwc tau bién. MD bing phwong phép rung
doéng da va dang 1a phwong phap hién dai, dwgc nghién ctvu ng dung vao khai thac thyc té trén
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nhiéu tau bién. Do rung déng cin cé cac sensors gan truc tiép trén cac chi tiét clia déi twong,
trong khi d6 do am thanh chi can sensor do am thanh (Microphone) dat cach xa may. Do vay néu
phat trién dwoc thiét bj do am thanh tir SLM-01 dé thwe hién cho MD thi d6 1a wu diém vuot troi
clia phwong phap va thiét bi DM béng am thanh (Monitoring and Diagnostics by Acoustic Methods,
AMD) trwéc phuong phap va thiét bi DM bang rung déng (Monitoring and Diagnostics by Vibration
Methods, VMD). Bé thuc hién nhiém vu AMD chung ta can nghién clru xay dwng cac dic tinh cla
am thanh do may cbng tac sinh ra. Trong bai bao nay, tac gia sé xay dwng cac dac tinh am thanh
ctia t6 hop D-G 110 kW tai phong thi nghiém (PTN) Vién Nghién ctru Khoa hoc va Céng nghé
Hang hai (Maritime Research Institute, MRI) thudéc Trwong Dai hoc Hang hai Viét Nam (VMU).

2. Thwe nghiém do va xtr ly tin hiéu am thanh trén D-G 110 kW

Dé xay dwng cac dac tinh am thanh cho giam sat va chan doan (Acoustic Features for ADM,
AF- ADM) D-G 110 kW chuing ta can trién khai do, hién thi nhanh két qua (dé kiém tra tin hiéu do),
lwu trir két qua do & mién thoi gian thwe trong file mém trén may tinh, doc di liéu do tiv file mém,
xt ly trong mién thei gian thwc va tn sé, xay dung dac tinh va lwu trir két qua thu duoc.

2.2.1 Hé théng do, xtr Iy 4m thanh

Do va lwu trip di¥ liéu. Do va lwu trlr dir liéu sao cho lwgng tin hiéu am thanh thu dwgc da Ién
dé xt ly chung sau nay. Khi do can kiém soat dwgc chat lwong do va lwu trir ching twong rng voi
diéu kién: D-G lam viéc c6 6n dinh, ché dé vong quay, trang thai lam viéc cla cac xy lanh trong
diesel, ché do tai cia may phat dién, sé lwong mau can trich do. Viéc kiém soat thong qua hién thj
nhanh trén man hinh céc théng tin twong ¢ng. Trén man hinh c¢é théng tin vé lwong mau can lwu
lai, dia chi va dinh dang di liéu Iwu lai. Phan mém con (SubVl) Iwu dir liéu duwoc tac gia lap trinh
trén LabView trén co s& phat trién phdn mém do va Iwu trir di liéu cla thiét bi do am thanh SLM-
01. Phan cirng dung dé do di liéu am thanh chinh la phan cirng cua thiét bi SLM-01, song chi
dung 01 kénh do am thanh bang Microphone hién dai, dd chinh xac cao G.R.A.S Type 40PP [2].
Thiét bi do am thanh dung cho xay dung AF- AMD dwoc chi ra trén hinh 1, gém Microphone, bo
chuyén dbi div lieu (DAQ) NI USB 9234 va CPU (may tinh xach tay) c6 cai d&t phan mém (do, hién
thi nhanh, lwu tri¥, doc, xt ly va xay dwng AF- AMD, lwu trir két qua xt ly). Tac gia xay dwng phan
mém nay trén co sé& LabView va géi phan mém rung dong am thanh (SVT, sound and Vibration
Toolkit) cta NI.

Déc diém co ban cia DAQ NI USB 9324 14 kha nang trich mau véi tn s trich mau cuc dai
Fs = 51.2 kS/s (51200 mau /giay/ 1 kénh do). Ap dung cho qua trinh do (l4p trinh thu thap di liéu)
ddi véi D- Go tbc d6 vong quay N=1500 rpm (vong/phut), dong co 4 ky cd 6 xy lanh, trong 1 chu ky
lam viéc can 2 vong quay, gid st 1024 mau/mot vong quay): 1 chu ky lam viéc cua dong co can do
mot thoi gian: Twe=2048/51200 = 39.336E-3 (s, gidy). Ngwoc lai s6 chu ky céng tac cia déng co
trong thi gian 1 gidy trich mau Kwe1 =51200/2024= 25.4 (chu ky). Nhw vay khi thiét 1ap cu hinh
do Fs (Hz), thoi gian trich mau Ts (s) can phai di Ién dé& co6 dwoc day tin hiéu mang dd lwong
thong tin cho bai toan giam sat va chan doan. Gia thiét chudi tin hiéu X4 cé d6 dai béng k 1an chudi
tin hiéu Xz twong ng véi mot chu ky 1am viéc, thi két qua phan tich FFT(X4) va FFT(Xz) 1a gidng
nhau. Tin hiéu X1 va Xz dwoc goi la tin hiéu chu ky. Trong vi du xét, ta c6 thé do va lwu trir mot day
tin hiéu am thanh cho VMD béang hodc I1&n hon 2048 mau (bang 39.336 ms). Tuy nhién trong thuc
t& vong quay khai thac tai thoi diém do am thanh co thé thay dbi, do vay chung ta c6 thé lwu triy
mot day dir liéu da Ién trong mét sb chu ky (k > 2) dé cho doc va xi ly tin hiéu sau nay, vi du ghi
chudi di¥ liéu véi d6 dai bang d6 dai trong 1 gidy do (bdng 51200 S).

T‘F p i 1’7 !
Microphane = | : Micraphon 3
Chispd NI LUSE 9234 t
RFM sensor
NI LabViEW NI LatviEw
Hinh1 So' dé nguyén Ij kénh do Am thanh Hinh 2 Sor dd nguyén Iy hé thoéng do va xi Iy 4m

thanh cho xay dwng AF -AMD

DPé co6 dwoc két qua tinh FFT chinh xac cho tin hiéu am thanh do dwoc trong mét hodc mét
s6 chu ky (1&p lai mot sd chu ky), ching ta can xac dinh chinh xac van tbc quay khai thac thuc té
clia dong co khi do, vi néu tin hiéu vao khac tin hiéu chu ky, dai hon hoac ngén hon tin hiéu cua
chu ky thi két qua tinh FFT dwa ra c6 sai s 16n. Khi nghién ctru sai sé trich mau &nh huéng téi
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két qua phan tich FFT, cac tac gia trong [3] da chi ra sw can thiét phai cé thong tin chinh xac vé
van téc quay clia ddng co khi do va phan tich dao déng xoén trén hé truc. Nhw vay, dé c6 dugc co
s& phan tich am thanh chinh xac, trén hé théng do am thanh D-G 110 kW can cé thém kénh do
vong quay trung binh ctia déng co. Nhw vay, so dd nguyén Iy cAu tao hé thdng do, giam sat va
chan doan bang am thanh cho D-G (AMMDS, Acoustic System for Monitoring and Diagnostics of
D-G ) gdbm 02 kénh do am thanh va vong quay trung binh. Hé thdng nay dwoc chi ra trén Hinh 2.

M6 dun phan mém luu tri d liéu dwoc xay dwng dé tw dong dat tén file va duwong dén toi
thw muc lwu triv. File d liéu lwu trlr v&i dinh dang *.tdms trong LabView. D& liéu lwu trlr dwoc diéu
khién theo dd I&n (dung lwong) cla file hodc theo thdi gian trich mau.

Doc di¥ liéu tur file Iwu trik va xv ly tin hiéu dm thanh cho xdy dung AF-AMD.

Doc di liéu ti file lwu tri va hién thi div liéu tir file doc dé kiém tra tin hiéu da lwu trie. Xe ly
tin hiéu am thanh cho muc dich xay dung AF-AMD duoc trién khai trong mién thdi gian va mién
tan sé (qua loc trong sd A) va bd x¥ ly Octave (1/1- hodc 1/3 —Octave). Khi thwe hién cac bai toan
trén, tac gia lap trinh phdn mém tinh trén LabView va st dung cac céng cu cé sén trong SVT.

2.2.2 Thwe nghiém do va Iwu triv cac tin hiéu do

Thi nghiém duwoc trién khai trén to hop D-G 110 kW dat tai PTN cda MRI —-VMU. So dé
nguyén ly t& hop véi hé thdng tai 1a ngudn 3 pha két ndi véi bé thir tai nwéc dwoc thé hién trén
Hinh 3. Tai dbi v&i may phat dién dwoc diéu chinh theo cudng dd dong dién | (A). Trong thér
nghiém, khi khéng tai I=0 A, con khi cé tai | dwoc diéu chinh tai hai gia tri I=50A va [=100 A.

Phan dong co diesel, diéu chinh vong quay trong th&r nghiém qua thanh rang nhién liéu dé
duy tri vong quay dn dinh & cac ché do tai khac nhau. Vong quay dwoc didu chinh & cac ché do
N=1200 rpm va 1500 rpm. Trong th(r nghiém, diéu khién trang thai hoat dong ctia dong co khi tat
cd cac xy lanh lam viéc binh thwerng (Normal) va khi xy lanh sb 6 khéng cap nhién liéu (Misfire).

Tin hiéu &am thanh va tin hiéu vong quay dwoc do va lwu trik trong file mém, dudi dang
*.tdms. Hai tin hiéu nay dwoc do va lwu trlr bang hé thong do, giam sat va chan doan AMMDS do
tac gia xay dwng, da dwoc gi¢i thiéu tai muc 2.2.1 va thé hién trén Hinh 2. Két qua do tai cac ché
dd th&r nghiém dworc chi ra tai thw muc va tén files twong rng.

2.2.3 X ly cdc tin hiéu do va Iwu triv két qua

Cac files di¥ liéu & tirng ché d do dwgc doc va tién hanh xd Iy cac tin hidu cho myc dich
AMD. Tin hiéu pha duoc xt ly dé& xac dinh toc d6 quay clla dwdng truc. Trén co s& gia tri toc do
quay cua truc do xac dinh doan trich mau can thiét dé chon cho x ly chinh xac tin hiéu am thanh
trong mién thoi gian cling nhw mién tan so.

_ Gia thiét van téc quay truc N(rpm) véi tan s6 trich mau cwc dai Fs= 51.200 S/s. Nhw vay s6
mau trong moét chu ky cong tac dong co 4 ky #Swc(k) (dung trong PTN cua MRI) dwoc xac dinh:
#Swc(k) = [120*Fs*k/ N], v&i [X] la phan nguyén cla X; k —s6 chu ky. S6 lwgng mau tinh cho 1 chu
ky cong tac cua diesel 4 ky twong (rng véi vong quay N dwoc thé hién trén Bang 1 duwdi day.

Bang 1. S6 Iwong méu trich cho chu ky céng téc cta diesel 4 ky

N(rpm) 1000 1100 1200 1300 1400 1500 1520 1550 k

Fs(Hz) 51.200 51.200 51.200 51.200 51.200 51.200 51.200 51.200

#S(k=1) 6.144 5.585 5.120 4.726 4.389 4.096 4.042 3.964 1

#S(k=20) | 122.880 | 111.709 102.400 94.523 87.771 81.920 80.842 79.277 20

#S(k=30) | 184.320 | 167.564 | 153.600 141.785 | 131.657 | 122.880 | 121.263 | 118.916 30

#S(k=50) | 307.200 | 279.273 256.000 236.308 | 219.429 | 204.800 | 202.105 | 198.194 50

#S(k=60) | 368.640 | 335.127 | 307.200 | 283.569 | 263.314 | 245.760 | 242.526 | 237.832 60

Tip hiéu am thanh dwgc trich mot doan c6 dé dai #Swc(k) mau va dwa vao x& ly tin hiéu
trong mien thoi gian va tan s0O theo cong thirc toan hoc sau day [1].
Laeqr = 10log=[* F;‘T dt (1)
o , <
Trong do: T: thdi gian do; pa(t): ap suat am thanh ttre thoi trong s A; po = 20 pPa
Mbt bd loc full Octave co tan so chl'nh giCPa la fc (Hz), tan sO dwoi va trén dugc xac dinh:
[fL, fu ] @1)0. =[0,707; 1,414] fc = [1N2 ,\2 ]fc (2)
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Mot dai 1/3 Octave c6 bé réng bang 1/3 dai Octave, cé tan sb trung tam fc, (Hz), tAn sb dwéi va

trén dwoc xac dinh:

[fL, f ] O. =[0,902; 1,138] fc

@)

Lap trinh trong Lab View c6 st dung SVT rat thuan tién va nhanh chéng. Két qua xt ly &m thanh
tai mot s6 ché do thir nghiém dwoc thé hién trong Bang 2, 3,va 4.

Béng 2. Két qua xu ly 4m thanh D-G 110 kW, quy déi trong s6 A, mirc trung binh

o N1500 N1500 N1500 N1500
Ché do N1200-1000-A

-150-A -150-C -1100-A -1100-C

La.eq (dB) 110,67 115,66 115,40 115,88 115,49

Trong cac bang két qua néu trén, ky hiéu N1.200 hay 1.500 Ia ché dod vong quay 1.200 hay
1500 rpm, con 1000, 1050, 1100 - cwong d6 dong dién 0, 50 hay 100A. Ky hiéu A hay C - thé hién
Normal hay Misfire (ngat nghién liéu vao xy lanh, khéng chay) & xy lanh s6 6, Diff - 6 khac biét

gitra két qua khi xét am thanh trong hai trang thai Normal va Misfire.

Béng 3. Két qua xtr ly 4m thanh D-G 110 kW, Trong sé6 A, 1/1-Octave

Freq. TB Power Band (dB) Differences

STT (H2) N1200- N1500- | N1500- | N1500- | N1500- | N1500- | N1500-
Oct. TB 1000-A 1050-A 1050-C 1100-A 1100-C | 1050-Diff | 1100-Diff

1 16 49,8 43,1 44 43,7 42,6 -2,05% 2,52%

2 31,5 59,3 62,4 61 60,7 59,8 2,30% 1,48%

3 63 77,7 82,5 81 80,2 80,2 1,85% 0,00%

4 125 91,8 94,7 94 94,2 93,9 0,74% 0,32%

5 250 99,4 103,5 101 101,0 100,7 2,48% 0,30%

6 500 102,4 104,3 105 105,8 107,9 -0,67% -1,98%

7 1000 106,0 108,3 110 111,2 111,6 -1,55% -0,36%

8 2000 105,5 110,4 111 111,2 111,1 -0,54% 0,09%

9 4000 99,9 108,5 106 106,5 106,9 2,36% -0,38%

10 8000 94,4 108,0 103 103,9 104,0 4,85% -0,10%

11 16000 84,9 97,6 93 93,2 93,3 4,95% -0,11%

Bang 4. Két qua xtv ly 4m thanh D-G 110 kW, Trong sé A, 1/3-Octave
Freq.TB Power Band (dB) Differences

STT (H2) N1200- N1500- N1500- N1500- | N1500- | N1500- | N1500-
Oct. T8 1000-A 1050-A 1050-C 1100-A 1100-C | 1050-Diff | 1100-Diff

1 20 50,0 40,1 41,0 40,9 36,9 -2,24% 9,78%

2 25 40,6 54,0 54,5 54,5 52,6 -0,93% 3,49%
3 31,5 52,8 50,0 50,8 50,6 45,3 -1,60% | 10,47%
4 40 58,1 60,6 59,0 58,5 52,5 2,64% 10,26%
5 50 58,0 69,6 64,7 64,9 65,5 7,04% -0,92%

6 63 69,1 72,2 69,7 69,8 68,9 3,46% 1,29%

7 80 76,7 81,9 80,4 79,7 79,6 1,83% 0,13%

8 100 80,9 77,5 76,4 76,7 75,9 1,42% 1,04%

9 125 88,7 86,9 86,6 86,8 86,2 0,35% 0,69%

10 160 87,6 94,1 93,6 93,3 92,4 0,53% 0,96%

11 200 88,3 92,1 91,5 91,9 91,5 0,65% 0,44%
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12 250 92,8 101,1 97,8 96,8 96,9 3,26% | -0,10%
13 315 97,4 98,8 98,1 97,9 96,2 0,71% 1,74%
14 400 98,1 97,0 95,6 95,4 96,2 1,44% | -0,84%
15 500 95,3 99,8 101,7 102,7 102,4 -1,90% | 0,29%
16 630 99,6 101,1 102,0 101,9 103,2 -0,89% | -1,28%
17 800 | 100,3 102,9 104,1 104,0 104,5 -1,17% | -0,48%
18 1000 | 100,4 102,6 103,9 104,3 105,1 -1,27% | -0,77%
19 1250 | 102,7 104,8 108,0 109,2 109,2 -3,05% | 0,00%
20 1600 | 101,2 104,3 106,6 106,9 106,6 -2,21% | 0,28%
21 2000 | 100,3 104,9 104,6 105,2 104,7 0,29% 0,48%
22 2500 | 100,7 107,3 106,5 106,7 106,4 0,75% 0,28%
23 3150 95,8 104,1 102,0 102,7 103,5 2,02% | -0,78%
24 4000 95,1 102,5 100,2 99,9 100,1 2,24% | -0,20%
25 5000 93,5 104,2 101,2 101,7 101,0 2,88% 0,69%
26 6300 91,6 103,2 101,1 101,6 101,8 2,03% | -0,20%
27 8000 89,2 104,2 98,4 98,6 98,4 5,57% 0,20%
28 10000 87,0 102,0 94,2 94,5 94,6 7,65% | -0,11%
29 12500 83,4 95,2 91,4 91,9 92,2 3,99% | -0,33%
30 16000 77,0 89,4 84,7 85,2 85,1 5,26% 0,12%
31 20000 66,1 78,8 74,0 74,5 74,6 6,09% | -0,13%

DP3&c tinh am thanh ctia t& hop D-G biéu thj bang dd thi mirc d6 am thanh (cong suét) theo
cac gia trj trung binh tin sb octave (trwéng hop 1/1- va 1/3-octave), trén Hinh 3(a va b). Do chénh
léch mtrc d6 am thanh cong suét tai cac tan sé trung binh 1/1-octvave va 1/3-octave gitra hai ché
dd Normal va Misfire biéu thi trén Hinh 3 (c va d).

3. Két qua va ban luan

-Tai Bang 2 ta thay tinh quy luat ctia mirc do6 &m thanh trung binh twong duwong, trong sé A,
Laeq(T) téng theo vong quay khai thac ctia hé déng lwc, cu thé 1a ting tr 110 dB dén 115 dB khi
vong quay téng tlr 1200 I&n 1500 vong/phut. Khi ngét xy lanh sb 6 (MISFIRE), mec d6 &m thanh
nho hon so voi khi ca 6 xy lanh hoat dong binh thwéng (NORMAL) & cung ché do, vi du xét cho
ché d6 N1500 I100A va N15001100C. Két qua phu hop véi quy luét vat ly trong tw nhién: méi mot
xy lanh khi lam viéc do qua trinh chay trong xy lanh 1a ngudn gay ra tiéng 6n I&n, bd sung vao
khong gian budng may.

- M&c d6 am thanh cong suét tai cac thanh phan octave (Power Band) c6 sw khac biét gitra
cac ché d6 NORMAL va MISFIRE. B¢ léch gitra bién d6 cong suat am thanh xét cing mot ché do
vong quay va khi déng co hoat ddng NORMAL/MISFIRE biéu di&n theo tan s 1/3-Octave Ién hon
khi biéu dién theo tan s6 1/1-Octave, (Hinh 3 va 4). Vi du xét trwng hop N1500 rpm, d6 1éch cong
suat am thanh trong bién dbi 1/3-octave gitva hai ché d& Normal va ché do Misfire la 10% tai cac
tan s6 dwdi 50 Hz hoéc trén 8 kHz, con trong 1/1- octave - dudi 4% tai cac tan sb trén 8 kHz.

4. Két luan

Pac tinh am thanh t& hop D-G 110 kW dwoc xay dwng trong diéu kien PTN déng co cla
Vién NCKH&CNHH béng thiét bi do va phan tich d& 6n SLM01 - VMU két hop véi thiét bi do pha
xac dinh sb lwong mau can s dung trong xt ly FFT cho tin hiéu thu dwgc. Dac tinh &m thanh biéu
thi méi quan hé gitka mirc d6 am thanh cong suét (dB) trong s A theo tan sb trung binh ctia bd loc
Octave trong dai tan (20-20000) Hz tai cac ché do thi nghiém da chi ra kha nang giam sat va chan
doan trang thai k§ thuat cia déng co diesel trong t& hop D-G theo cac du hiéu chan doan am
thanh & ving tan sé (20 -50) Hz ho&c trén 8 kHz.
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\IN]iOO-IiMﬁ 2247 |-0.93% |-L.60% | 2.64% | T.04% | 3.46% | 1.83% | L42% | 0.35% | 0.33% [ 0.63% |3.26% | 0.71% | L4d%s |-190% | -0.8%% |-1.17%4|-1.274 |-3.05% |-2.21%) 0.28% | 0.75% |2.02% | 2.24% | 2.88% | 2.08% | 5.57% [ 7.63% | 3.98% | 5.26% | 6.09%
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Hinh 3. D6 thi &m thanh (dB) té hop D-G 110 kW & cédc ché dé thir nghiém
a— Theo trong sb A, 1-1 Octave, N1500 rpm, I=100 A, ché dé Normal va Misfire
b — Theo trong s6 A, 1-3 Octave, N1500 rpm, I=100 A, ché dé Normal va Misfire
¢ — Theo trong sé A, 1-1 Octave, N1500 rom, I=100 A, so sénh gitka ché d6 Normal va Misfire
d— Theo trong sb A, 1-3 Octave, N1500 rpm, I=100 A, so sénh gitra ché do Normal va Misfire
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