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Abstract

According to different grinding wheel grinding performance internal circle cut into the grinding
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quality has an important influence, in order to realize on-line monitoring of the grinding perfor-
mance of different grinding wheels when they are grinding under the condition of the same expe-
rimental parameters in the process of internal circular cutting grinding, a method based on Par-
ticle swarm optimization BP neural network for monitoring the grinding performance of different
grinding wheels is proposed. Firstly, the feature parameters of acoustic emission signal, power
signal, vibration signal, displacement signal and current signal are extracted. Then, according to
the eigenvalue data samples of each sensor and the global optimization function of BP neural
network by particle swarm optimization algorithm, the initial weights and thresholds of BP neural
network were optimized by particle swarm optimization algorithm, and the POS-BP online moni-
toring model was established to accurately monitor the grinding performance of different grind-
ing wheels. Finally, combined with the experimental data, BP neural network model and POS-BP
model were analyzed and compared, indicating that the monitoring accuracy of POS-BP model is
higher than that of BP neural network model, and it can effectively monitor the grinding perfor-
mance of different grinding wheels.
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Figure 1. Internal plunge grinding system; (a) elastic deformation of internal grinding system; (b) internal plunge grinding

model
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Figure 2. System model of grinding process
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Figure 3. Flow chart of different grinding wheel grinding performance evaluation methods
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Figure 4. Network structure of condition monitoring of grinding performance of different grinding wheels
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Figure 5. POS optimization BP flow chart
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Figure 7. Signal diagram of different grinding wheels
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Figure 8. Time constant of power signal for different grinding wheel models

8. FEIBHES EE SR

it

DOI: 10.12677/m0s.2023.124352 3857 e RSE TR


https://doi.org/10.12677/mos.2023.124352

Tb%E 715 3MQS 1004 [H] 6 4L

18p 100 Tib e 712 3MQS 100KER 7] 3 %%
T 2 —
R T MR 2%
1l R A PTG
350
12 30k
B 7=0.9519 5 25
R 4l |
20 7 =0.5833
6 15k
4r 10F
2 - - L L : ! 5 . . . . L .
8 8.5 9 9.5 10 10.5 1" 7 75 8 85 9 95 10
I Tiks) i is)
60r b6 5 SH/SK 100K [i1) & % 13 R[] B B DRI R B R0
T 14
55( B AL T A £
50
451
—~ 40r ]
2 _ &
5 st 7 =1.0032 -
= =
30t =
250
20
15f
10 3 ‘ ‘ . ‘ ,
7 75 8 8.5 9 95 10 3MQS100J 3MQS100K SHISK100K
i} a)(s) WS

Figure 9. Time constant of acoustic emission signal for different grinding wheel models

9. TEMRESELHFESHEEHK

Table 2. Grinding wheel model is 3MQS100J various signal characteristic parameters

52 2. MRS 3MQS100] B{ES4STIEH

&5 AE (I 8] % 40) LIy (B 18] DR (hatE) HLILCT3) #RZH(RMS)
1 0.9278 0.8613 1.0342 2.1243 1.1376
2 0.8603 0.8687 1.0095 2.1461 1.1380
3 0.7241 0.9646 1.0504 2.1478 1.1373
4 0.9857 0.8757 1.0341 2.1394 1.1370
5 0.8046 0.9815 1.0374 2.1316 1.1374
6 0.7267 0.9689 1.0528 2.1340 1.1373
7 0.7198 0.8943 1.0305 2.1808 1.1377
8 0.7814 0.8361 1.0527 2.1606 1.1373
9 0.9397 0.9531 1.0375 2.1200 1.1376
10 0.7560 0.8875 1.0561 2.1334 1.1373
11 0.7952 0.8825 1.0491 2.1785 1.1375
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Continued
12 0.9804 0.9631 1.0494 2.1522 1.1372
13 0.8939 0.7941 1.0589 2.1372 1.1374
14 0.7009 0.8138 1.0664 2.1496 1.1375
15 0.9519 0.9455 1.0507 2.1165 1.1372

Table 3. Grinding wheel model is 3MQS100K various signal characteristic parameters

3. MRS R 3MQS100K BIESHFHESH

55 AE (TR % %) DI () DL (bt HUR (T ) #REHRMS)

1 0.5104 1.1644 1.0038 2.2629 1.1373
2 0.5974 1.1988 1.0194 2.2257 1.1374
3 0.5740 1.2767 1.0165 2.2139 1.1374
4 0.5212 1.4658 1.0021 2.1882 1.1369
5 0.6434 1.2338 1.0069 2.2179 1.1375
6 0.6604 1.3399 1.0024 2.2053 1.1370
7 0.5567 1.3945 1.0047 2.2209 1.1375
8 0.5781 1.3074 1.0269 2.1713 1.1373
9 0.5740 1.4364 1.0270 22173 1.1374
10 0.5430 1.4874 1.0060 2.2479 1.1373
11 0.6452 1.5235 1.0253 2.1794 1.1376
12 0.6450 1.4977 1.0195 2.2004 1.1373
13 0.6056 1.5713 1.0055 2.2170 1.1375
14 0.6127 1.3134 1.0282 2.1343 1.1376
15 0.5833 1.4253 1.0302 2.2004 1.1377

Table 4. Grinding wheel model is SH/SK100K signal characteristic parameters

4. WHAIS R SH/SKI00K S5 SHHESH

il AE ()5 %) DI (S T)) DR (bt HURCT ) #RBIRMS)
1 0.7844 1.9298 0.9014 2.3540 1.1393
2 0.9043 2.7495 0.8982 2.4501 1.1376
3 1.1257 3.2960 0.9264 2.4410 1.1372
4 1.1270 3.3784 0.9223 2.5536 1.1369
5 1.2668 3.2776 0.9201 2.4787 1.1370
6 1.2472 4.2717 0.9431 2.6129 1.1389
7 1.2821 3.4990 0.9920 2.4682 1.1372
8 1.5828 4.0650 0.9348 2.5232 1.1419
9 1.1283 3.6101 0.9441 2.5524 1.1404
10 1.0779 3.1746 0.9585 2.5637 1.1396
11 1.1471 3.5088 0.9618 2.5367 1.1385
12 1.1721 3.0488 0.9634 2.5083 1.1388
13 1.2740 3.2415 0.9638 2.4183 1.1377
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Figure 10. Eigenvalues of different grinding wheel signals
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Figure 11. Model prediction results
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