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Abstract: Acoustic emission is the most direct and sensitive characterization of grinding interference.
Therefore, to ensure high-precision grinding, acoustic emission signals were used to evaluate the deg-
radation in grinding performance of a diamond wheel. A fused silica grinding experiment was conduc-
ted using a newly trimmed diamond grinding wheel to record the acoustic emission signal and surface
morphology of the grinding wheel during its life cycle. A wavelet packet analysis was used to deter-
mine the typical low-frequency band of the abrasive wear of the grinding wheel. The frequency energy
ratio was then extracted by using principal component analysis to characterize the degradation of
grinding wheel grinding performance. The results showed that the acoustic emission frequency energy
ratio was completely independent of the processing parameters. As the abrasive wear of the grinding

wheel intensified, both the proportion of large-scale rupture and the amplitude of the corresponding
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low-frequency characteristic increased. When the abrasive particles were worn to the limit, the abra-

sive grain was broken to produce a new cutting edge, improving the removal ability of the grinding

wheel, but the variance of the spectrum was significantly increased, inhibiting the wheel from main-

taining a stable quality in ultra-precision machining. The variation of the white pixel ratio of the grind-

ing wheel shape image verified the correctness of the acoustic emission signal analysis results.

Key words: acoustic emission; wavelet packet analysis; feature extraction; wear monitoring
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Fig. 1 Experimental instruments for wheel wear monitoring
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NG SCIRYSUE ~S2 Vgl & DK ER=a ok 11 ]
HLAN [) 25 B 00 10 B9 B0 MO 3 25 5 450/ 0 o 3 LA
Mo AT B R 5 B 40 AR AL R B

R 4

175 & A 5 A 1 A2 Ak L AR SR /N
A, A3 75 R S 5 S BRI R HHE T
REAE R 5 18053 53 B0 X R AT R AT R 2k R B A4
(14 A5 AT 22 T 0 36 S 1) R L it 46
3.1 NEESHR

N, 53 BT R AE /NI 3 A 1 B T R Rk R
P B A A 200 1) B0 B K 3 BB A s /)N 43 A B AT 4
G I T A 43 E — 20 43 ik OF BR S LG 43 BT 15 5
(AR AE [ 3 3 b 38 426 KL 18 A0 5 AT 482 o e A5
ArPERtY PR SCEE SR F N DA AR A S B IR
K SHE T R

X RGAES S AT ¢ 2N WAL A )
J2 53 flk 0 /0N AL BE R T R ELS O

E = {E.,} ={>]1fi,1"} (1

Hop=0.1..2"— 1. f, A i RH/NEA
E i

BB N /N AL U T B RERELE L

Ip = L (2)

>
REHELL Tp SOMEEENI N Tk fE b 5 L 5 5
TE A5 BB 1 /N i A0 BB o 1 R 4.
3.2 EmaaH
TG 4 R BB 98 FH AT A4k 18 =X e e i b
RS RY &S T RE G EOW AL B A B b
e BT 20 A SCR H 3 8053 43 B 1 6 R 3
TR (e FEUNE
Jir 4h AR Y R R R
X1
X = (X, . X, X,) = { :
X



5507 LS

LA NG AP EE I P AR 1L TEAL 1511

Hovon BoARBEARB AL, m FRARFFIER S
W H I 42 5] R A7 A oAb Ak 3L AR E AL S Y 5K
PR M X;
(DR RYRHIE DT 72
det(R—AE) = 0, (3)
Hor =0, = 2=0,20;
R RZBUERE R=(r;) 0,

2::1 (J‘k] _;])(.T}\,j _;])

/ZZ:#% — )’ Z:Zl(xkj — ;)"

2O B 22 £ WL A HL:
im1 /i

A o S RATTHR A Gl B 8500)

() FE o F WK -

F,=a: X, +tax X, ++a,X,, (5)

Hrp.i=1,2,- sa,) s N
A7 FRAE ] 12

rij

a s (4)

9m;az‘:(a1i’a2i9"'

4 FEERAZRRITH

4.1 FERHESHERE

A db1 /N R A B Y 75 K S5 15 5 24T 3
JZ/NB AL I 43 EI[0~500 TkHz Z [E] /9 8 4>
AT A/ BE R R R XA RN A AR
AR 3 3 /N P A AT B A /N B BB S R AU
{ELALBE . O 1 REAE T 28 LR Hh 4% 0 B N 45 Y
/N BE R T R B BB DL O 22 RN A%
AN B A A /NI B BE S AR RN U B A O L &6
mE 3 iR,

0.02

0.025 1 | | : : J
§ 0.015 ‘
8

|

& o0l

0.005

0
0.8~2.5 62.5~12.5125~187.5 187.5~250250~312.5 312.5~375 3 75~437.5 437.5~500
Frequency/kHz

K3 /NIRRT, R RO %

Fig.3 Variance of wavelet packet energy coefficient
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