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Abstract  The research status of grinding process acoustic emission monitoring technology is systematically

described from four aspects: grinding process acoustic emission monitoring principle, feature extraction and
selection, monitoring model and monitoring system development. Firstly, a review of the sources and characteristics
of acoustic emission signals in grinding is presented, focusing on the principles of acoustic emission monitoring in
different grinding conditions. Then the common feature extraction and selection methods and monitoring models for
acoustic emission monitoring of grinding processes are compared, and the advantages and disadvantages of each
method are compared. The development of existing monitoring systems is summarized. Finally, the problems in the

current research on acoustic emission monitoring of grinding processes are summarized and the future development

direction is prospected.
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Fig. 1 AE sources in grinding process
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Fig.2 Comparison of temperature rise curves of workpiece in laser—induced and grinding processes
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Tab.1 Meaning and use of common AE

characteristic parameters

2 P8 ik
1 SE PR R s 2 e R A
iy OITTERERGOY WARE

P8, AT 23 BT RO B CR
FRLEI 0] IR ok
PRIEME , LA dB R
et ERERls A0k 2 AN TR
{555 — YRR 1M A R 2 A1
FELLAT ] T TR R BT 22 0 s ]
Pl s R
S M ) S AR
Aseaaingli] AR 2 [ 7 28 173 1) Bk i)
P s 7R
KL [R] N AE 5 R EE 1Y

Wi 32

AR R

WU AR TLSE R R
PL&= OIS

eV INEEE Sl
RIS R FIE FR
fh 4531
AT IS 3]

AT HESRAEE 51

AR DLV A
R RE 5 8 P
I RT3 3y sk
RAF P fr 5 PR, T Ao
AT *ﬁﬁﬁﬁlméifMﬁﬁ RIS 5
: A, LFFH““E

7 7K A

2.1.2 ERE

WL X AR AT 5 WIE SE A7 B Sk A 3 A0 B A
BT TR I BB , AR I 5 s AR R 4 A
Tzﬁ‘ 5% Hb S B AR JRAE B, 20 B AE U E’J%IEHL

ARG L A8 MR A S

b{‘ﬁirjzﬁﬁu@iuﬁ“ﬁ(m) R A 5 A A
BRI, AR AR VR (55 FRAE AT 38 0 o A
HEAT X3 R E HIE G A RS 5, oIk Rk il AR
- ERE S .

ik A5 B X s S R S5 X A A G 1 R A1E BB

G FRRAE S, & BT AE S S RHESREUY &
%iﬁ/zto DL R JURRH RO Al 2, L3 2.

%2 STFT.WT X EMD Lt
Tab.2 Comparison of STFT, WT and EMD
EA FEeAEL et iyl
38 1 7 PR RO S AT
STFT iz s HL, SR T FRT AR H A5 5
YA IR BE T 5
BAUNER TR T STET 203K o — 1 YT

WT  (Morlet Harr, Jaj B4, BEXIE & 45 28 I i
Dubechies %) %4047 ; W AN AL

e PRI PR, RS AR I
EMD " B MHAE 5 B B e ) R
FEFRHESEAT [ 3 B 43

IR
BRSO 5

FIERRIRS
AN A6 ]

(1) % B (e B A8 8 (STET ) 7 Bsf 38R0 A 3k, |- #45
LA B R e B B 3 R F S5 e ik s L
(953 A ROAFEMI AL, TORRES 252406 STFT [ J1 T4
A S A 4B S B v, 25 SR SR B STFT BEAR 47 b
o7 B AR AR BR LS 9 AE {5 %5 . LOPES %>/
P T —Fh LT Kaiser T 11 STFT S 800 2 55k, DA
o 0 AR BE I 7 B

(2)7INiple 728 4 (W'T ) 38 2o /NI 35 R0 R ek B0
S B AT 2 2 WA 4y, v A N o S A
B %) SRR AR A, 398 % 0RO R 43 A A W T A AR )
A GAO ST N A8 SU/IN A A/ N A A
/TT%B%E'FAETE% 5EEEIE 0 AE A5 5[] A T 5%
FRo ARMKAES R BN AL S R J5 1 AE R it 4 0

B TR o A a3 — 2, 45 D ] T8
I DX B 1) M
(3) R AR 2543 fit (EMD ) 42 FRAZ 5 A% B (1 B} 1]
ROBE AT 5308 , ikt P AR E RS pR £ (IMF) 43t A
BT G5 AR A A B ) ROEE B B Jmy B AR A, 3
FoMrdE IR PR S . YANG 5™ 3 —Fh L
TP RE IR 43 LU A IMF S BAm i , 07 18 HY B4 TMF 43
2t 1300 o 141 1 340 75 AR RIS Co (BT I8 11 5 473
SN R
BT S0, WOV L e TR B2 5 A AE {5
FHAE T2 htip://www.yhclgy.com  20234F %5 3 1



5 R AE TRRHIE o (Rl IR B PR CRRAE B,
BLEE M5 A PR ELRE A, L 1 U
PR T R SR A A R ) S, b
TN AE RRAEECHE TR R S 02 A P ] Y
S
2.2 FHEEEE

JEH N T AE A5 5 38 1 B4R 430 87 75 75 T LA H
R E MG IR E S T R IE S8, A
ANINEX. 53 3 A8 B A AR i A B W ASE R o R
BRI AE FE | 7 R R R R A U AR M S B B
AR EEN . R AR WK B T R Gis
SRR, AT SE A RRIE SR BB G RN A T 0 1, £R
5 P RS o A DG R , SR B AR IE 4220

H A, [ b 2F X R AR e PR A T T R A
9% LAJMERT %55V FH 32 B0 43 B vk X B I AE 15
SRR PEAT M Gl AL B A PR S AR FRAE D T 40%
PANDIY AN %52 e LA A RD A7 5 1] v i gt 4 vk
(GA) 5t 4853 (KNN) #H45 &, % IR R E 25 ] 1Y
hamming #5 2 , K5 FRAE M 162 S FEAKE] 26 1. GUO
PR T —Fh B B A RRAEBE R DT vk . A&l 3
7N, H SR ReliefF 1 Y8 25 0 VL RRAF | o JE 2 AR S5
TR X W1 e 43 %) T B A T HE P, A i e AR A A
Y B IE T 4B |, 15 5R JH SSAE 28 3517 560 1E A R0k
25 B R WL T ReliefF-SSAE 45 7 1| 25 v i 2 35 3]
100% , MIAMER 55 97. 5%,

| T

{8 FIWPDAIEEMD
B

HE= (izloen)
UEF S

P G3E LR R
PEPURRE

l

i FH Reliefl 1155
FHERCT S5 7

| i r, |
K3 3T ReliefF-SSAE U AF e
Fig. 3 Feature selection based on ReliefF~SSAE"™*
FROE L $EH R A 2L AR AE W0 R Ge i i
WA, S m BRIz AR T o ELTEDAHES ) AR 1 v
0 v e B AN S/ INRE A B R A T R B R R
P50 A Rrift— B RIS
3 MEaRE
TS HI R A B AR AR AR AR, B
X LA S — > PR A 07 5 2 L SRR SRR
5 TR AS R B B SR OC 2R o H E T ML 2 A
FHME T2 hip://www.yhclgy.com  20234F 4531

Hi— W B

B B BB 20 G 24 o i B SOk
i A R AT UL R ST AR R B 2 2
AT N T &M 4 (ANN) , SCHRE EHL(SVM) ,
B Eh /R ] RABAL(HMM) , & BRI 22 46 (CNN) %5
3.1 ANIH#HZWLE

ANN AR 28 T0A5 B AL B ML TG 2 i —Fh 2L
SEAGEAY  JE 3 A N DR R I 26 A AU e 25 DT 3K
e MEs H iR 2Z R . T ANNGE T AARSE
S0 TG B R AS TR A 4, BRI A S )
AE W rR A5 303z i

BP 25 [ £ J2 H iS5 FH A ANN JHE— Jig
A2 B E Mk 24, iR 4 fR . BPARELR
FHR 25 S 1) AL 4% 2 2 5005, B8 = kG B b 4 5 55
KW AK 25306 RMS AR A FRT W {EAF Ry AR 45AE , 45
B AT RAE R BP AR A GBS I R Y
B I 58 400 B 52 R AT R L B B 1) o A R A
95%. T BPELRILEAE 4 )R8 R e 155 M SIGE
A ), a2 B0 AT 1 R o iR A
S ok B 1) 3 T HLRE FE BP TIUIAR B A7 A KGR 22
R[] 8, feff FH B o 2t v FN 1 3 I 2 > 3 a3 Xt
HEFEATFAR AL, Ak I 455 750 fg e S50 A0 000 A A
N BT YINSED R GA ByAE Lk S he
AR HBP W 28 YA 5 B, B o A Y i) Tt
JEAS S B B P2 T, Qi S FR .

HAZ )2 2
K4 BPHZ R4 ILALEFY

Fig. 4  BP neural network basic structure

9.06 ——BP
—o—GA-BH

84

£ 6

0.46 0.08
0 5 10 15 20 25 30

sample

FS GADRILATIR B HTAR 2 o
Fig. 5 Comparison of relative errors

before and after GA optimization"”

5 BP #2245 A1 L, 4% 1) R 22 ) 4% (RBF) 14
WA S50 BB Y7 AL RE ) AE T M RE T 5 . NAKAI



SESITE G WA AP 1 B A W ol R TR] £ e
W25 HEATINR, , & 0 BP 944 i1 RBF I £6% 1) 500 v i
SRAAL, H RBF [ 25 ()2 o) 3o i B ple

AR ANN 78 W5 I h 2B R 2: 2 RE 0
SRS AR T U 2R AR o S 0
YIZRREAEAE /Y R BRI, 25 5 Bomi 45 5/
SRS 0 D 22 B0, 5 ANN AR )31 25 s 1) AF )
T Ath WA At B
3.2 ZHEFEEN

SVM & 3£ T 48 124 HE (0 — F A7 W 2 2T B
BB SR T — M ANN AR 2 ) R R
TS BB L 2 ) R, TS A o /N RASERE AR EA T 43 25 . H
T A RD 46 75 2 28 8 T 5 55 I R, SRR i 1 o]
e S REATFEAR Z I SVM AR 38 ™

YANG ST T 3T SVM A HI) B 475 il A5
RY, 45 3 B A A 7 6] — S I S 80T IE 0l RN
96.88%, A~ [A] 5 Ml 2 0 T IE #f % K 91.67%.
ZHANG %5106 SVM B 5 5050 A 285 A 4 T 46 1 -
PR 7 — SR ] AR A R o il T AT SR ) [
VRS TR S 1] K S R BRSO TR %
JG2E IO B AL AR A e LR W . 5 77 SR GA
AL SVM A FETH PH 7 il S50, F 22 Y GA-SVM 45
RUXERDHE B 43 2 A >Rk 51 100% .

AHEE T ANN, SVM BT3B e 3z Ak fig
U o {0 SVM XL 43 230 A 1 AR 25 5 Hh B
) AE L2 Ay SN L A A — R Y SR PR
3.3 BT /RAIKMEER

HMM & — B 56 F-sF 5] )7 51 (4 A R A AR, i g 2t
AR ) FH LI 1 5] ofe 4% HH Bt S 7 810 ) 2o A AR
P I LR 7R X A R SR AT AN LAk, 3228 v
ER R EHEI . 5— A MBI RN, HMM
AT BRI RS  EEUIRAS A T R 28, TR
H SR IS LATE R FOIRAS 1R 50, H AR UL & 6.

H S L1 255 5 1% 4 HMM T M b Sz et b
FE MR S 00 e B ok AR TRUIIDORG BE T 3K 959% DA I

ey A
A

+IHCIG RIEL ik

ey A
A

+HET PR

|ﬁﬁ‘ﬁ/\ﬁ:; 6|..| HRAE AR H K-Means#.3%: I

------- s e
Lmgnt | | wesire |

_______________________________________________________

B T e L

Pl

P,
9N = }~P——{ AR A
El6  HMM W abse B e+

Fig. 6 HMM monitors the grinding wheel wear process*
LIAO ZE O T —Fp I F HMM 1) £ 748 12 17 51 B 4
RET L, G5 R RV RN S WEE MR B R0
oo B e . AR RAEVR T R R T )2
Dirichlet isf ## - a2 5y /R AT RAR A i b 48 B AR 84
5 Z AR RE G T HMMUIR 25 55 85 it A) 45 400
EELF U HBUNS PR VA £y (25 W KR 7 N [ '
HIRD RS BETLIR S T Ab R JLA B e RS iy )

5 ANN FISVM A H , HMM (1) [ 2% > filiz AL B
T . (H HMM A9 ZEBOME B 5K, Y 2R i 22 K b
AR PR B AL S NG FE . 3 4 HMM /4 i 19 Fl
Z B A B AR R AN G H T 2 TR R X 2R
A T TN
3.4 HRAMENLE

& GEHL A 2 >0 1 S B [P) FELAE T AR i B B, K17
AN THEPURRE TR 2R 5w 2 gk, HA
REPRIEPE A RRAE BT Y . URBE 2 T4 1T X HREAE
PEMLA AT, AT LA F 38 N oo AR 5 b 2% 20 8 R R
FES AR TR 24 2] LU CNN AR 3R w1
TEEEHI AR Wi vh

CNN REW I\ 52 2= 19 AE 08 v 3 2 M 42 B 2 4
FEZS [ RRAIE , [ B AT AR s i Ao o, E 2 A
N S A N L ) NG U il T =
HENRIQUE 4854 ) T —Fh 5 F AE {55 1) CNN 5%
TR0 W 5 B 407, A ] 7 i s, CNIN DA A 1 B 45 €]
Bt A Sh g BURAE , AR I E A 28 3k 99. 4%

4]

ik LA
. . _ _ TR
1 1 o
] 1 ket (0)
1 14x (= _%‘r}h Befty (1)
5 rC-dol_ o
L§ J
Y h
IEUR R IR G

7 CNN AR R TR i 2

Fig. 7 Application process of HMM in grinding wheel wear monitoring"’

FHA BT 2 http : //'www.yhclgy.com 2023 EOEE3H



BI 250 AR {5 5 (1 J5 06 B 380 % JE 1 R CNN B i
A ST b A B PR A AR A 4 25 R R Ao
90% . QI 2520 it (1% 15 24 347 b 07 85 55 CNIN A 25
A ST T AL B T4 S 500 2 RS AT R 45 R
(M) 22 )23 AR 45 R WX 2 )2 BIAL LE L) CNN
TR RS B T 1y

FAR CNN TEJE HIl AE W50 451 8 U — 23]
Ak (B 0 Sl S AR B I R R R A
A YN ZR 1] 0 6 T A% 40 WA AR | X B 24 rry A
KA . BRI 2E I HE T IREE T (9 38 b b A A 1
.
4 BNRFEFE

AW AR W5 2R 48 3 i AR fZ R R B OK
i M55 RN R G M ST R G, an &l 8
JI7R o HE AR TR T A e U 12 4 B 4 R R T 7 A
TR 1Y 2 10 2 FS |, B AE AL IR A 35 e e o LA
TG AR  FNE SR, DT S B TE £
W

S E N b2 FISR S I AE W 2 480 TR
TR BT TR =0 AR {55 AL B )
WSS, AT 2 AE CHEB R TE I R 48 1 XELIAS 3]
VA3 R BT o =B G o R L LS N2
Ji BRI AR Wil 2R e & TR A SR B i S T

oy

5K i ST

Il e 8 —s]

BRI & il 2 0%
I
l AEFLR

S
8 AR MM RGLA
Fig. 8 AE monitoring system components

T AN 3 FPGA G5 F A 78t 110 SR 4B 45 e B
fRT B SR RN, W B IR AE 5 B k47 S2 AR
. M3 Pin, iR AR RGEKRIFH/N T 25
(PR AR T i, O 3 RIS T AR . A R
VS R HE |, 1 AR A R T SQL A S TS IR &5 B
BAs PR 308 B PR X AR S ECHE E AT P | O
TN W R G v B3 A R S B R
5, HUANG 5B R AL R A9 AR B0l A% 2 2o, (8

S
l

]

?&

I 4 T 12 PC 35 55 75 3555 X1 45 1) i 7 47 3
Wik
o B BLELAT AN L (R B

FOMATEE . 4 AE W R 5 248 805 B Rl G 4
AREEE TN AE U5 BT E B A, L B AT
HIWEI R ) E BRI . ERM T AE,
T TR BAL IRES A T — & AL A il
FHME T2 hip://www.yhclgy.com  20234F 4531

®3 BARBERFABIIES

Tab.3 Comparison of the advantages of embedded

monitoring systems'*"!

T H Fittkg  WAITIG PABUL
G IR R 50 10.9 30 30
AR RS 0.125 2 1

B IEPEE MR R 58, R JH PCA-ANN {5 Bl & kA
WEBR T ARG B RITA, B TSI HERETT
BRI . ER R AETE  D [n) BiE R 4E OPC IS5
v s AR T B RIS AT RSB Ko T2 804 2R
B IFS & AR SFANE AL IR SE i T B PR A A A i AR
REAR IR RE ML, RGO AN TR 9 PR

Zi L RTIR B AR W R GEHAE T REEF- 5 5
BAFHA, Tﬁﬁ%ﬁﬁﬂﬁuiﬁﬁéﬁ%ﬁ%iﬁ HH
— AE LR PIUR BRI A R , BE25 5 HAt 12 2%
%"%gﬂﬁ&%&fﬂf”%éﬁéﬁmiﬁﬁu , K st i i T
KRR 0 205 SR G A7 0 B SRS I A R
EIEARIER

R AL SEan frbifMJC PXERIET-£7

()

i iy

p i O'

_ '
;é

Tlfﬁﬁ?fﬁljﬁ
- o = {)UJ/'F,‘r (rﬁz ‘Aj(
= === /H)' s gt

HDRS SR R RS SRR I R S
O S PR B W S Ay

Fig. 9  Overall architecture for intelligent monitoring of

..1.,,.
Ltz

-v—-~

| 0‘

oPC Hﬁ%h

mﬁI"

|
Iy
i

grinding machines™®

5 45iE
T AT Sf [ N AR TR I T AR WA 5T
AR T — RGBT 3280 B H A0 on T
TA AR PR S S PR R S B N T AE W+
ARAE LB Tl g FH AP A7 7E — 2 1 Jm BR M, 5 2k
— A Bk g DN RS B T SR SR N AE LR L T
HIRA5E
(1) BHET, 2R AE 55 58 T HEAE 6 )
RS BEAT VMY, o 15 B ML R 2 2 4 T 2 37 45 Fh
KHAEARL N AEAF S MU &, 455
I T AL, #E 7 A BEE 5 T AL, A 1 3 A
BT AE{S S S EEHIPIRAR B 5C R o 0oy 34 g
THOULIZ T Y AR {55 5 22 00 )2 10+ 88 HIDIR 285 22 ) 11
_ g



KIRKC R A TR R IR

(2) Rl —BEHPRAS T AESRAEBE B R R AR 4
RO I EE R B AR e, A YRR SRR
Z MmN R e , B = G5 — P AR .
I, 38 Ao AR A1 2 3 B T X AR AR A DT A0 R O
P& 1 S I 0 T AE e W D T R R S A R A
R,

(3) B THLAR 2 > AL A B ) AR WA 7 2
ST N AR M Y O I . IR BB T REAR
Ui b v A% S AR W D ASE AR T REAE 5 B L 34T A
Y 2RI [P, BE TR 2 o B ) AE A 2 4
JE WG — Ay ]

S Z 3k

CL] R, X, XBwAE, &5 SRR Il 5 ST
PERELT]. FRM R T2, 2018,48(04): 1-8.

LIUW, LIURT, DENG Z H, et al. Research progress no
single abrasive grain grinding simulation [J].
Materials & Technology, 2018,48(04): 1-8.

(2] XSRS, PLWA, Egail. 7 & St AR e B ) n T
WE A R LT ] HLAE T AR, 2001(12) : 4-6.

LIU G J, GONG Y D, WANG W S. Applications of

Aerospace

acoustic emission technology in monitoring of grinding process
[J]. Mechanical Engineer, 2001 (12): 4-6.

[3] KISHAWY H A, HEGAB H, UMER U, et al
Application of acoustic emissions in machining processes:
analysis and critical review [J]. The International Journal of
Advanced Manufacturing Technology, 2018, 98 (5) : 1391-
1407.

[4] LAURO C H, BRANDAO L C, BALDO D, et al.
Monitoring and processing signal applied in machining processes
— A review[J]. Measurement, 2014,58: 73-86.

[5] LIU C, LI Y. Evaluation of grinding wheel loading
phenomena by using acoustic emission signals [J]. The
International Journal of Advanced Manufacturing Technology,
2018,99(5/8): 1109-1117.

(6] BEHEAE, Bahil, #ART7, 55, BTHAESHARKA
LN T R[] 1R R SRS, 2010, 29
(04): 99-101.

SHENG W J,ZHAO Q B, HAN D F, et al. Self~learning
monitoring and control system for grinding based on AE
technology [J]. Transducer and Microsystem Technologies,
2010, 29(04): 99-101.

7] #854E, XA, KT, 5. 2T VMD-PNN (90
Fetlifer 2RI LT ). AEAEOR, 2021,40(02) : 260-268.

GONG Z W, LIU X Q, ZHANG Z N, et al. Acoustic
emission detection of blunting states of grinding wheel based on
VMD-PNN[J]. Technical Acoustics, 2021, 40(2) :260-268.

[8] BRvk, T4, XEH, % . BULEERS % 188 KL
PR G L AR ()] E AL TR, 2017, 28 (18)

2242-2249.

CHEN B, WANG G,LIU J M, etal. Precision truing of arc—
shaped diamond wheel and on-line monitoring of truing
processes by AE signals [J]. China Mechanical Engineering,
2017,28(18): 2242-2249.

[9] GAO Z, WANG X, LIN J, et al. Online evaluation of
metal burn degrees based on acoustic emission and variational
mode decomposition[ﬂ. Measurement, 2017,103: 302-310.

[10] DIAS E A, PEREIRA F B, RIBEIRO FILHO S L M,
et al. Monitoring of through—feed centreless grinding processes
with acoustic emission signals [J]. Measurement, 2016, 94:
71-79.

[1n] XU PR GHE S A BOCHEB R FELD ], AT
WK%, 2008.

LIU G H. The research on the key technologies in acoustic
emission’s signal process [D]. Hangzhou: Zhejiang University,
2008.

[12] HUNDT W, LEUENBERGER D, REHSTEINER F,
et al. An approach to monitoring of the grinding process using
acoustic emission (AE) technique [J]. CIRP Annals -
Manufacturing Technology, 1994,43(1): 295-298.

[13] KIMHY, KIMS R, AHN J H. Process monitoring of
centerless grinding using acoustic emission [J]. Journal of
Materials Processing Technology, 2001,111(1/3): 273-278.

[14] sk2727  AR20E, Wpihfe, 5. SR GERUANE 1 9F
S AR A A 5 S BN ()], AULBCE R 24, 2022, 58
(15): 121-133.

ZHANG X X, REN Y H, YANG W C, et al. Study on
acoustic emission signal perception of unsteady characteristic in
micro—grinding of monocrystalline silicon [J]. Journal of
mechanical engineering, 2022, 58(15): 121-133.

[15] LIU Q, CHEN X, GINDY N. Investigation of
acoustic emission signals under a simulative environment of
grinding burn [J]. International Journal of Machine Tools and
Manufacture,, 2006,46(3-4): 284-292.

[16] ZHUO R, DENG Z, CHEN B, et al. Overview on
development of acoustic emission monitoring technology in
sawing. The International Journal of Advanced Manufacturing
Technology, 2021, 116, 1411 - 1427.

(7] e, TEXURL, XU, 45 T S ok U HI A ik
Fm TR 5 L], SR TR, 2021, 29 (11) : 2632-
2639.

WANG L, WANG L Y, LIU G, et al. Silicon wafer
breakage damage based on single abrasive cutting[J]. Optics and
Precision Engineering, 2021, 29(11): 2632-2639.

[18] CHEN X, OPOZ T T. Effect of different parameters
on grinding efficiency and its monitoring by acoustic emission
[J]. Production & Manufacturing Research, 2016, 4 (1) :
190-208.

[19] Ez8v, EW4E, XIEER, & S ENTEL SR

FHIMEIT.Z  hitp://www.yhelgy.com 20234 4534



o L B R R L) ], AR A, 2022,43(04)
1-17.

WANG Y S, WANG M H, LIU D B, et al. Research
progress on the application of acoustic emission to composite
tanks [J].
(04):1-17.

[20] XBngy . TREFEEE IS ZHHE S0 D). KU
R, 2018.

DENG Y. Analysis of acoustic emission in grinding of

Chinese Journal of Scientific Instrument, 2022, 43

engineering ceramics[ D ]. Changsha: Hunan University,2018.

[21] Fh S “HOL—YIEI " 5 & TARZS P R S R AR
RHEBARBEFE[D ], W ILRBETR%, 2019,

SUN Y. Research on key technologies of acoustic emission
feature recognition in laser assisted machining state [D]. Zibo:
Shandong University of Technology,2019.

(22 SRRTF . 11 i Z0OKS 88 FES W) 160 7 A S AL o S A
LM ARG MPFFE[D]. KEE: KRR, 2010.

WU T Y. Analysis on mechanism and on-line monitoring
system of acoustic emission oriented to precision and high
efficiency grinding[ D]. Tianjin: Tianjin University, 2010.

(23] SBidh, BRAMEE , JIMELE . LT STFT A% R £l
A MM A )] dRsh . MK 52, 2015,35(06) :
1090-1096.

GUO Y J, WEI'Y D, ZHOU X J. Signal denoising method
based on STFT time—frequency spectrum coefficiens shrinkage
[J]. Journal of Vibration, Measurement & Diagnosis, 2015, 35
(06) : 1090-1096.

[24] TORRES F, GRIFFIN J. Control with micro precision
in abrasive machining through the use of acoustic emission signals
[J]. International Journal of Precision Engineering and
Manufacturing, 2015,16(3) : 441-449.

[25] LOPES W N, JUNIOR P O C, AGUIAR P R, et al.
An efficient short—time fourier transform algorithm for grinding
wheel condition monitoring through acoustic emission [J]. The
International Journal of Advanced Manufacturing Technology,
2021, 113(1/2): 585-603.

[26] 5kF. LS &G S b B A RpFE (D] b
AR, 2002.

ZHANG P. Studies on integrated platform for acoustic
emission signal processing [D]. Beijing: Tsinghua University,
2002.

[27] GAO Z, LIN J, WANG X, et al. Grinding burn
detection based on cross wavelet and wavelet coherence analysis
by acoustic emission signal [J]. Chinese Journal of Mechanical
Engineering, 2019,32(1): 68.

(28] R, IREAE, HEE, 5. Wit il K mbe it
HG AL MEW Jy kg (1], ok, 2021, 50 (09)
379-389.

ZHU H H, CHI Y L, WEN Z, et al. Research on burn

mechanism of intermittent grinding surface and online monitoring

FHIMEIT.Z  hitp://www.yhelgy.com 20234 4534

method[J]. Surface Technology, 2021 ,50(09): 379-389.

[29] YANG Z, YU Z, XIE C, et al. Application of
Hilbert—-Huang Transform to acoustic emission signal for burn
feature extraction in surface grinding process [J]. Measurement,
2014,47(1): 14-21.

(300 XU, B . B O Bl i S0 4 i s A ek g Tl
WEFELiR 0], MU T RE2A4, 2022: 1-20.

LIU Y, WEI S Z. Review on data—driven method for
property prediction of iron and steel wear—resistant materials[J].
Journal of mechanical engineering, 2022: 1-20.

[31] LAJMERT P, SIKORA M, KRUSZYNSKI B, et al.
Advances in manufacturing. lecture notes in mechanical
engineering[ C]. Berlin: Springer, 2018: 707-716.

[32] PANDIYAN V,CAESARENDRA W,TJAHJOWIDODO
T, et al. In—process tool condition monitoring in compliant
abrasive belt grinding process using support vector machine and
genetic algorithm[]]. Journal of manufacturing processes, 2018,
31(Jan. ): 199-213.

[33] GUO W, LI B,SHEN S, et al. An intelligent grinding
burn detection system based on two—stage feature selection and
stacked sparse autoencoder [J]. The International Journal of
Advanced Manufacturing Technology, 2019, 103 (5/8) : 2837—
2847.

(34 ] TRoKAT . JE T 75 R S 18 ) T 0 7 2 s ) Ty v 4F
FE[D]. At EIHURAE, 2011

XU S Z. Study on on-line condition monitoring for grinding
wheel based on acoustic emission [D]. Nanjing: Nanjing
University, 2011.

[35] KWAK J S, HA M K. Neural network approach for
diagnosis of grinding operation by acoustic emission and power
signals [J]. Journal of Materials Processing Technology, 2003,
147(1).

(36 WA, Beak 4, B, 4. A R SHE 5 Rk
HE R BP 28 [0 265 F3 00 J25 1 2 ThTRELRE 2 [0 ). e PO TR 2
F4ft, 2009,23(06) : 76-79.

HU Z X, TENG J X, QIAN Y C, et al. Prediction of
grinding surface roughness with acoustic emission signal and
modified BP neural network [ J]. Journal of Academy of Arnored
Force Engineering, 2009,23(06): 76-79.

[37] YIN G, WANG J, GUAN Y, et al. The prediction
model and experimental research of grinding surface roughness
based on AE signal [J]. The International Journal of Advanced
Manufacturing Technology,2022,120(9) : 6693-6705.

[38] NAKAI M E, AGUIAR P R, GUILLARDI H, et al.
Evaluation of neural models applied to the estimation of tool wear
in the grinding of advanced ceramics [J]. Expert Systems with
Application, 2015,42(20): 7026-7035.

[39] YANG Z, YU Z. Grinding wheel wear monitoring
based on wavelet analysis and support vector machine [J]. The

International Journal of Advanced Manufacturing Technology,



2012,62(1/4) : 107-121.

[40] YANG Z, YU Z. Experimental study of burn
classification and prediction using indirect method in surface
grinding of AISI 1045 steel [J]. The International Journal of
Advanced Manufacturing Technology, 2013, 68 (9/12) : 2439—
2449.

[41] ZHANG D, BI G, SUN Z, et al. Online monitoring of
precision optics grinding using acoustic emission based on
support vector machine [J]. The International Journal of
Advanced Manufacturing Technology, 2015,80(5/8): 761-774.

(42] 77, 20, AW . HET/NEI T GA-SVM 1
WA bR B v G P R S AT () ). LA TR, 2019, 36
(12): 1255-1260.

GUO L, LI B, GUO Q T. Diamond wheel wear monitoring
with acoustic emission based on wavelet analysis and GA-SVM
[J]. Journal of Mechanical & Electrical Engineering, 2019, 36
(12): 1255-1260.

[43] YU J, LIANG S, TANG D, etal. A weighted hidden
Markov model approach for continuous—state tool wear
monitoring and tool life prediction [J]. The International Journal
of Advanced Manufacturing Technology, 2017, 91 (1/4) :
201-211.

[44] SACHIN KRISHNAN P, RAMESHKUMAR K.
Grinding wheel condition prediction with discrete hidden markov
model using acoustic emission signature [J]. Materials Today :
Proceedings, 2021,46: 9168-9175.

[45] FR<PLL, SR, g, 4F . BETELkR SRk
BRI b S B W P REARALIE AR [T ], BT TR 4l (A SRR
fi), 2021,60(06) : 1064-1070.

ZHENG S H, BI G, SU S B, et al. Evaluation of grinding
wheel degradation performance based on continuous hidden
Markov model [J]. J Xiamen Univ Nat Sci, 2021, 60 (06) :
1064-1070.

[46] TIAO T W, HUA G, QU J, et al. Grinding wheel
condition monitoring with hidden markov model-based clustering
methods|[J ]. Machining Science and Technology, 2006, 10(4):
511-538.

(47] BhAI RS, ZE00tE, Mat, 4. HDP-HSMM HY % il
K At e PR AU [T B %4, 2019, 38 (02) -
151-158.

ZHONG L M, LI L J, YANG J, et al. The blunt state
identification of acoustic emission for grinding wheel based on
HDP-HSMM[J]. Journal of Applied Acoustics, 2019,38(02) :
151-158.

(48] X 2xik, skin, 2600, 55 . R ] ik CNN-
BiLSTM AR 9 7] LIRS WEMI LT ], P BT R, 2021
1-10.

LIU HY, ZHANG S, LI J F, et al. Tool wear detection
based on improved CNN-BiLSTM model [J]. China Mechanical
Engineering, 2021: 1-10.

[49] N, BUBLE . TREE ) SOHA e sl ez W
(BT ERELT ], R HEAR, 2018(05) : 25-30.

WANG Y C, DUAN X S. Research progress of deep
learning in equipment fault diagnosis [J]. Tactical Missile
Technology, 2018(05): 25-30.

[50] HENRIQUE B H, MARCUS A V D, ROSEMAR B D
S. Automatic grinding burn recognition based on time—frequency
analysis and convolutional neural networks[J]. The International
Journal of Advanced Manufacturing Technology, 2020,110(7).

[51] BIG, LIUS, SUS, et al. Diamond Grinding Wheel
Condition Monitoring Based on Acoustic Emission Signals [Jl.
Sensors, 2021,21(4).

[52] QI J, CHEN B, ZHANG D. Multi-information
fusion—based belt condition monitoring in grinding process using
the improved—mahalanobis distance and convolutional neural
networks [J]. Journal of Manufacturing Processes, 2020, 59:
302-315.

(53] ARARAE . K& T 75 0 14 B o 17 2k M ) 2% 49 5
HORBIFED]. FBIM FBIM K2, 2015.

SONG X Z. The key technology of the grinding online
monitoring system based on AE [D]. Zhengzhou: Zhengzhou
University, 2015.

[54] Jpsltl, B, 2R, 45 SET LabVIEW YRS
W R A RG] MU s HoAR , 2020,63(11)
88-93.

SU S B, B G, PENG Y F, Et al. Ultra—precision grinder
embedded monitoring system based on LabVIEW [J].
Aeronautical Manufacturing Technology, 2020,63(11) : 88-93.

(551 Mk, wnig, DY, 5. @R EEKZES
WM RGNt 5L AEPURS A m THA,
2019(02): 72-75.

TANG Q L, PENG Y F, TONG Y F, et al. Design and
implementation of multi signal monitoring system for ultra
precision grinding machine [J]. Modular Machine Tool &
Automatic Manufacturing Technique, 2019(02) : 72-75.

[56] HUANG C, KUO C, YU Z, et al. Development of an
intelligent grinding system for fabricating aspheric glass lenses
[J]. The International Journal of Advanced Manufacturing
Technology, 2020,111(5): 1351-1359.

[57] FALA. KT 245 AR Al 1 5005 M 10 58 S 1
PERETEL AT R G RATFE (D] 3FRT - 1WA K, 2017.

WANG Q S. Online detection system of grinding
performance of microcrystalline corundum grinding wheel based
on multi—sensor fusion[ D]. Jinan: Shandong University, 2017.

(58] B2, wiisk, E£IRE, . WEERIPUARE fe
AR GEIT K 5 R[] ot 2 i3 £ R, 2019, 62 (06) -
32-40.

BI G, TANG Q L, WANG Z Z, et al. Intelligent monitoring
system of precision grinding machine [J]. Aeronautical

Manufacturing Technology, 2019,62(06) : 32-40.

FHIMEIT.Z  hitp://www.yhelgy.com 20234 4534



