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Characteristics of acoustic emission signal due to diamond grit
scratching on oxygen free copper and its time series modeling

WU Hai-yong', HUANG Hui’

(1. Department of Mechanical Engineering and Automation, Zhangzhou Institute of Technology, Zhangzhou 363000, Fujian, China;
2. Institute of Manufacturing Engineering, Huaqgiao University, Xiamen 361021, Fujian, China)

Abstract: The acoustic emission characteristics of a single diamond grit scratching on oxygen free copper with different
scratch depths are studied by experiments. The AE signals are pre-processed to become stabilized and to determine
appropriate time series model order and model identification. The Auto Regressive (AR) model for the AE time series
signals generated by a single diamond grit scratching on oxygen free copper is established. The results show that the AE
characteristic parameters and maximum amplitude increase with the increase of scratching depth. There is a good linear
relationship between the characteristic vector of the AR model and the scratching depth. The AE signal characteristics
of different scratching depths can be well represented by the rational time series AR model. The scratching depth of the
single diamond grit can also be real-time analyzed by the AR model.
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Fig.1 Schematic diagram of experimental setup
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Table 1 Mechanical and physical performances of workpiece

materials
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Table 2 AE characteristic parameters of different scratching depths
/pfn s /(107°V+s) s /dB A%
10 331 361 860 4949 80  0.028
20 625 331 1210 5505 83 0.032
30 725 413 1950 6361 87 0.058
40 1016 297 2650 6719 88  0.066
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Fig.2 AE time-domain signals of different scratching depths

3 I TE] A

R I B R R A A R AR AR
PRRBENLERE, TR BRI B AR T 2 B R
W BHEAAUIAL, DIRIA S B08 R AHE 5%
5t UNR AR S PR AR SR LA B AR AR
BRAR . JF HREEDRRRII N, FHAE SR
(K, RDSME rEAE R, AW EAZ A
B = ORI BRI, AT USRI (8] P FIE AN ]
DIARRIG RS TP i P AME 5 AT B AL . X8
AT PR B )5, FEANAVIR T, SR

BRI TG S A 1R 7R RS 50 2 H 1B AR(p)
LAY .

X, =@X  — @ X, ,— =@, X, =a, t=0,x1,+2,.-- (1)
A x v xos x,,e x, AFARREE RO,
o~ 0, 0, NS a AW, p NN
3.1 BHEFFIRFRRL

M RIS 5 R v, R B R R
U R R SHE T AR BT 8] P 21 AR, HoRE RS
&5 4Bt I R AR A2 4k, IF HARTERENLI
o IR A THEE A FYIR T I KRG
IR R AR . SR 22 30 2t/ SR AU S iR T 1%
A TEAT R, AR R HE 5 AR A
FEA AT 18 1) 2 B 28 B, f k22 i 28
I, BT R BN LRRAE 1~ A 18] 3 27 2R 4T 22
1,

3.2 BREHIS ST

ANRIYIR T Jo U 75 R SAE 5 I [8) e 21 A 2
(AR 2 B SR AR AR AL 4 p {8, A RE AN R
BRI R AN R TIR T 175 R SRR AR
SR EZE RSN F W o o, SESEIIH
5E, A DLR R dRe /I IR vE A e @ AR N B B
AR BAY . XF—ANEA N AEEE A p B AR
A, 4

Y=[x,, x,, "'xN]T » #=lo ¢2"'§0,,]T ,

W:[ap+l ap+2 '”aN]T ’

X, X, X

IIES

Y=X¢+W )

ST M ¢, BRI RN,
apd(’g—;W):oo B, SRIGSHL G MR/ — Tefbit

$=(X"X)"' XY 3)
3.3 1EBIEM

KT AR B, B R ST FIHT R A2 a0, 22 H
MR, K] L s A B0 ) B R R 22 a, AR TSN MR
7 DLIA TR HO3E i o oF AR AR [ 5 (1 8 o 7 S
RIS T AT B 8, MBI REUE
Tf S R AR S AR 0 75 5 S AR Bl st Sl
K, BRI TR, BENENTEERE,



102 =R

EAN S

2017 4

BN MR AN ek, RIE X — A HEN R
B, PR AEN R B 25 A 2 e B — R AU A B
X TR R B (1) F2 A0 B AR R A By B A E ST
ANECPRTT T TR 2R, 2 B v ) R 5 %) AP e o e Bt
6] P FIRE AL AR 25 . AT IE VA 3R o B 5 iE A
e /M5 B HEN (Akaike Information Criterion, AIC)
1 B/ PRR Z #EN (Final Predietion Error,
FPE ) %1 U1 - #r #E U] 7% (Bayesian  Information
Criterion, BIC)%. AICKH FPE #ENVEAG LA ]
YIR N R SHE 5 BIRFERT 18] 7 5], 0T N AN R
SHE 55 2 p B AR #555L, FPE #E B 3A
» N+

FPE(p)=0, 35 @
A ol ARETTZ: p ABREIR: N AFFIR
KA. FPEQp) BBk p KK, 4
(N+p)(N-p)BEZE p (FIIGRIMHG R, TR AR ZT7 7
BEE p XGRS, SR E p EEad i [a) 727
B RN IR p, B, BRZE T 2% o BB/
Ktk HX FPE(p)f/ M BB IR p AR ALY
BAER IR, B

FPE(p,)=min FPE(p) 5)

X, n AR B S, BUE R
NI3~NI2. &l 3 B A S WA B R e o 4
PR SHE SHE (0,40 pm)ff] FPE v NE H PE G
3. BRI, FPE BHZRTE AR IR IR 4 B,
HAMKXRLOAR TE/ME 7.01x10°, ZJ5 FPE
EA B BT IR, 78 AR MR 10 BB 25
/ME 6.9x107, T m S EUSE R R R
K. TR ik, ASCER AR BEA N 4.
x10°

85

8.0f

N

& 70f
65t
6.0t

55

0 2 4 6 g 10
p
K3 AR A FFIEE FPE M kiE A A6
Fig.3 Applicability test for the FPE order of AR time series model
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Table 3 Eigenvectors of AR model for AE signals of different
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Table 4 Parameter table of linear fitting relations
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