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Wear Evaluation of Grinding Wheel Based on

Adaptive Fuzzy Neural Network

YANG Lei, LI Haolin, CHI Yulun

(School of Mechanical Engineering, University of Shanghai for Science and Technology,200093 Shanghai , China)

Abstract : In order to realize the real-time monitoring and evaluation of the wear status of the grinding wheel, an adaptive

fuzzy neural network model was proposed to monitor the status of the grinding wheel. By extracting the characteristic

values of vibration signals and acoustic emission signals during the grinding process, multiple characteristic signal

samples of grinding wheels with different degrees of wear were obtained. The adaptive fuzzy neural network was learned

and trained by using the multiple characteristic signal samples to establish the grinding wheel wear status identification

model. The accurate identification and online monitoring of the wear status of the grinding wheel were realized. The

experiments show that the actual wear degree of the test sample is consistent with the classification of the result identified

by the grinding wheel wear degree evaluation system based on adaptive fuzzy neural network. The adaptive fuzzy neural

network system can accurately evaluate the type of grinding wheel wear degree online.

Keywords : grinding wheel wear;adaptive fuzzy neural network ; multiple characteristic signal sample ;online evaluation
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Figure 1  Different wear stages of the grinding wheel
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Figure 2 Grinding wheel wear assessment process
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Figure 3 Adaptive fuzzy neural network structure
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Figure 4 Sensor location
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Figure 5 Four signal time domain images
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Table 1  Sample value of sound emission
signal characteristics
IR
s
Yl YZ Y’i Y4 YS
1 0.211 13 0.237 70 0.333 10 0.363 73 0.383 46
2 0.214 28 0.274 29 0.334 02 0.364 19  0.386 54
3 0.216 46 0.277 51 0.334 78 0.365 64 0.389 45
4 0.225 60 0.290 39 0.338 41 0.367 98  0.390 62
5 0.226 54 0.306 95 0.33973 0.369 24 0.391 86
6 0.226 89 0.307 03 0.341 32 0.371 32  0.393 08
7 0.227 03 0.280 59 0.343 17 0.372 34  0.396 21
8 0.227 56 0.302 04 0.346 70 0.37594  0.396 89
9 0.228 01 0.306 49 0.348 57 0.376 71  0.371 68
10 0.228 56 0.306 87 0.349 13 0.378 01  0.37 341
11 0.229 06 0.307 65 0.354 26 0.378 68  0.383 95
12 0.229 64 0.309 91 0.356 24 0.380 03 0.388 64
A2 x SRS AL
Table 2 x-axis vibration feature sample value
IR
A=)
Yl YZ Y’i Y4 KS
1 0.071 820 0.102390 0.158 740 0.193 480 0.264 180
2 0.082 137 0.122380 0.162390 0.201 360 0.267 340
3 0.084 138 0.125980 0.164 890 0.207 460 0.268 940
4 0.087 413 0.136 980 0.165890 0.212380 0.269 310
5 0.087 461 0.139730 0.173960 0.216 590 0.269 430
6 0.087 689 0.142390 0.174 654 0.228 460 0.271 470
7 0.088 624 0.145260 0.176 520 0.235943 0.274 120
8 0.089 742 0.147950 0.178 420 0.236 970 0.276 580
9 0.096 712 0.149 850 0.178 950  0.241 980 0.279 350
10 0.097 561  0.150 750 0.183 060 0.247 350 0.283 030
11 0.097 854 0.150 850 0.184 720 0.251 640 0.283 800
12 0.098 420 0.152220 0.186 120 0.254 180 0.284 620

&3y dhIRF AR A

Table 3  y-axis vibration characteristic sample value

R
i
Yl YZ Y3 Y4 YS
1 0.075 517 0.292 030 0.406 970 0.559 400 0.682 640
2 0.106 890  0.296 340 0.406 980 0.562 490 0.686 980
3 0.108 060 0.307 950 0.412 375 0.568 920 0.694 130
4 0.115880 0.308 460 0.419780 0.572 140 0.696 700
5 0.117 840  0.308 740  0.426 940 0.574 960 0.701 560
6 0.125680 0.316970 0.437290 0.591 930 0.712 390
7 0.127 180 0.319450 0.439870 0.598 630 0.714 890
8 0.128 630  0.326 350 0.445980 0.609 340 0.716 840
9 0.143 770  0.326 750 0.456 920 0.619 230 0.720 970
10 0.203 640 0.329 560 0.462 180 0.635490 0.721 940
11 0.219 560 0.329 850 0.469 720 0.648 970 0.729 580
12 0.227 570  0.339 750 0.470980 0.652 730 0.734 120
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Table 4  ANFIS identification results

IR 2% SEBREER JEE 5

AR TR RS & PR
1 1.001 2 1 ERZ EH 0.12
2 1.001 0 1 E RO E 0.10
3 0.998 7 1 EROZ EH# 0.13
4 2.040 2 2 AR I 2.01
5 1.968 5 2 BRI E# 1.58
6 1.614 8 2 BT A 19.26
7 2.998 2 3 BT E 0.06
8 2.990 2 3 EBUPETE R 0.33
9 3.105 6 3 B E 3.52
10 3.696 1 4 JE A5 H 30 EH 7.60
11 3.936 5 4 A P 48 E# 1.59
12 3.982 8 4 JE A5 H 10 E A 0.43
13 5.095 4 5 BEHUPEE IR 1.91
14 5.138 3 5 BRI IEW 2.77
15 5.029 5 5 R E R 0.59
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Figure 6 ANFIS network identification results

compared to actual wear level of grinding wheel

MBRIPUSE R (3 4) W] LUA ), BRE 55 6 414K
PEVRZERLIAN , T I AGAN) [0 265 A5 TR Xof 170 A S o A JBE
AP AR5 S PR 0 10 4 P AR S AT , SO R 22 1
TE10% Z N, AT LRSI RO 45 2R 5 S B b 48 1) P
R BERLOA AR o DR PG 19 3 I ASORY ot 22 I 2 A5 27
A D R 230 B N M R B RS i SRS
5 #HiE

BT B G DA A 2 R 25 (ANFIS ) (048 B R
SPUE— M RN EL I 7% . DR X
Tt e PN [ R BE D AR A P A 5 L =14k 3l
R SR HURFILAE , JFAE ANFIS [ 25 s R4 T REAS 1 27 2
TN, e 5r T RVA EASUIRZS A9 ANFIS PRASRCE . JF
BUE T 2245 S R AR AR B i 17 AR ol 2 o 2 ]
PASEBERS HILARD 5 AN R B R 25 1 9 0 DA DT 552
BRD R R BURAS ARSI . KB 45 SRR 2 A
A2 2] SN GR ANFIS [ 28 AT DL N T ik 7% o iy b

RO PV B A T R R SO A IEA o X0 AL
Tl R b i i 5 5 e B BORE X, A LA
T e 3 470 e ) S PR 2R 0 A D T i B B
B, I B R LR AN A%, BRI L AAS

S 3K

[1] YANG Zhensheng, YU Zhonghua. Grinding wheel wear monitoring
based on wavelet analysis and support vector machine [ J]. The
International Journal of Advanced Manufacturing Technology,2012,62
(1):107 -121.

(2] #4, 2%, FE & ET /DB GA-SVM ty & R & 2 4 45
AT E R [T]. Al T 42,2019,36(12) ;1255 - 1260.

(3] M, #E A, Wi, % T myRIO Wb i EHCR A R[] 4
FHE S EE1,2017(3) :1 -4.

(4] &%, wfkMh ETHREZEDWEHNRG S DR EHAAELY
MLI]. F EALMTAR,2001,12(10) ;71 =74

[5] BR MR G ETELREGNEEEHNDRESRSEL
WA A [J]. ALRGE £ ,2013,35(6) 1737 - 742.

[6] KADU R S, AWARI G K, SAKHALE C N, et al. Formulation of
mathematical model for the investigation of tool wears in boring
machining operation on cast iron using carbide and CBN tools [ J].
Procedia Materials Science,2014,6:1710 — 1724.

(7] ZFR, 2. AREHSOARIM]. J 7 AU T b i B4 ,2003 .2
-7,111 - 114.

(8] HZ, %Kik, Ko, % AFEARARA T EFHR(Z) A TH#
M2 W 4 0R 51 7 & ()], B T 22,2013 ,24(11) 1521 -
1524.

[9] KA. BENWEHEMEERHE(ANFIS) R AGFRI]. & T &%
it T#,2012,20(5) ;11 - 13.

[10] #k®, X8 M. 202, % ETHENWE—HYEERZREHY
fa Bk o REALE B & ()], & BEHLR T 42,2016,
27(19) :2607 -2614.

(11] >k, @3 TREFRASRAKBMAFR[D]. &A: K&
K ¥,2014:15 -28.

o o e e e e e e e e e e e e g S e e e e e g e e S e e s e caaa sy e s ea e s

(EE% 71 )

Sk

(1] W, 7. HEHeN s RSy £2(]]. 54T
42,2015 ,22( % 7] 1) 1141.

[2] 8%, TF, K3, % L5 ModBus il A A X AR E &
Gt AAHUR S B 3 e TH K ,2015(5) :42.

[3] FoUs, &MWL, gt , & — AT STM32 % i 69 AWLR & % 3t
[J]. 44 £ ,2016,35(7) :121.

[4] ZFwmjr, EME. AARGA AR R TRt E AL IHE
HLIT 2 5% F,2006,27(1) :49.

[5] ##A IR, 248,42 XTI vRERNSESBEEERA
By [I]. SHEALE A 5 %o ,2012,29(11) :305.

(6] 43k, M RFHAKRT LB Fo R BB EH 7 401]
PRBA G 1R ,2014(8) :70.

[7] k&%, v, k#, % 3T ARMIS3C2416 8 N & A B £ 31|
A%[I]. Tk # i EAL,2014,27(12) :25.

[8] &/ME, k4L, X R %, 5. 2T Modbus ¥ 3 #7 42 £ 4L HMI £
Gt [J]. W T F R H SR M) ,2019,32(4) «46.

[9] &3, 57, TER FANRAREHNRLEANF @ RILT]. B
34k 5 8% ,2019,34(9) . 15.

[10] HEEA,ZHK WEXBEFARRERE[T]. HERAST
#,2012,12(18) :4526.

(11] #H#EE,ZHR. LT R85 (4 iAo T M B8 44 £ Al
R [T]. AR 5 % ,2013,41(22) :140.



