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Adaptive Polishing Process Parameter Matching
Based on SPSO-BP Neural Networ k

PAN Jie', CHEN Fan?, YANG Wei%, JIN Wen-da®

(1. HUST-Wuxi Research Institute, Jiangsu Wuxi 214174, China; 2. School of Mechanical Science &
Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
3. Jiangsu Jitri-Hust Intelligent Equipment Technology Co., Ltd., Jiangsu Wuxi 214174, China)

ABSTRACT: With the development of science and technology, the requirements for the surface roughness value and precision
polishing efficiency of key parts in the fields of aviation, aerospace, national defense, and medical treatment were getting
stricter. The wet physical polishing method can reduce the deformation of the material during the polishing process and obtain a
lower surface roughness value. When testing the polishing process parameters, it was necessary to manually select the polishing
process parameters, observe the polishing results, and repeatedly adjust the process parameters based on experience to achieve
the desired polishing effect. The test process required a lot of time and energy, relying on people's subjective experience to
adjust the parameters, the accumulated knowledge and experience were difficult to transfer among different operators. The
surface roughness and material removal rate are usually measured after the parts are polished, when the test does not meet the
requirements, it often leads to scrapped parts. This paper aims to achieve the self-adaptive matching of polishing parameters
according to the requirements of different workpiece surface polishing quality and efficiency, and endeavors to achieve the ideal
polishing effect. Based on the principle of material removal on the surface of the workpiece, this paper established a
mathematical model of the relationship between process parameters, material removal rate and surface roughness value, and the
process parameters that affected the polishing effect was clarified. Aimed at the complex and interactive relationship between
process parameters and polishing quality and efficiency, as well as the difference between the theoretically calculated polishing
effect and the actual result, the SPSO-BP prediction model was proposed. 20 sets of different polishing process parameters and
corresponding polishing results were taken as training samples. The SPSO-BP model was trained with the samples and
compared with the traditional PSO-BP model. Based on the trained prediction model, the polishing process parameters are
adaptively matched through the model according to different basic conditions, polishing quality and polishing efficiency
requirements. For SUS304 plates, the surface roughness value targets Ra;-Ras and the material removal rate targets Ry1-Rps
were set. Moreover, the process parameters in the SPSO-BP and PSO-BP models were predicted, then polishing test was
performed. The actual roughness values Ra, -Ra,s and the material removal rate R,,;-R,,,s were achieved, compared and verified
with the target values. Compared with the PSO-BP prediction model, the SPSO-BP prediction model had higher convergence
accuracy. The convergence accuracy of the SPSO-BP and PSO-BP were 1.26x10°% and 0.180 respectively, and the SPSO-BP
model has good tracking ability and generalization ability for samples. The real roughness value Ra, and the real material
removal rate R,,, obtained by the SPSO-BP prediction model were closer to the target value than the PSO-BP prediction model.
The maximum error ratios of the real roughness value Ra, and the target value Ra obtained by the SPSO-BP and PSO-BP
prediction models were 8.00% and 20.00%, the average error ratios were 5.77% and 14.07%, and the minimum error ratios were
2.50% and 10.00%; the maximum error ratios of the true material removal rate R, and the target value R, are 3.00% and
8.57%, the average error ratios were 2.14% and 7.46%, and the minimum error ratios were: 1.11% and 4.38%. According to
different basic conditions, polishing quality and polishing efficiency requirements, the SPSO-BP prediction model can be used to
adaptively match the polishing process parameters. In comparison with the traditional PSO-BP prediction model, it had higher
convergence accuracy, which can achieve a more closer real polishing result to the target requirement.

KEY WORDS: polish; material removal rate; surface roughness; SPSO; neural networks; predictive model; process parameters;
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Fig.1 Contact and deformation between polishing particles
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Tab.2 Process parameters and test results

Material Ffflp/ (r~rr61L;ifl) No ﬁrnfl/ Iii;/ Iif;ﬁ/ (umeﬁn;i/n*l)
100 100 60 10 0.118 0.036 2.8
150 300 110 13 0.118 0.029 3.7
200 500 160 16 0.117 0.017 4.9
250 700 210 19 0.121 0.026 6.1
300 900 260 22 0.118 0.040 6.7
300 100 60 22 0.116 0.048 5.0
250 300 110 19 0.117 0.029 5.5
150 700 210 13 0.118 0.027 5.4
100 900 260 10 0.114 0.029 4.6
100 100 60 22 0.117 0.051 3.7

S;gf 150 300 110 19 0.117 0.035 4.2

250 700 210 13 0.118 0.029 5.4
300 900 260 10 0.116 0.022 4.7
300 100 260 10 0.118 0.036 3.9
250 300 210 13 0.114 0.030 4.1
150 700 110 19 0.118 0.031 4.8
100 900 60 22 0.120 0.041 4.4
100 100 260 22 0.121 0.043 7.4
150 300 210 19 0.116 0.038 5.8
250 700 110 13 0.119 0.035 4.9
300 900 60 10 0.115 0.039 4.1

1E Matlab "> 5 ¥y & SPSO-BP i il 451 1 Fi1
PSO-BP T A, 3 1A AY 1) F 2% > Fl H 4 25 T RE
IIMTAAT R ML bR L bR S T 2 S5k



+ 396 -

* wm #H R 2022 4E 8

. 2 FPIRIAEAE Matlab Ho A cSss SR L 9B+l

M 9 AL, SPSO-BP il iy iyl 6545
Bl 19, WSS 1.26x10°°, PSO-BP il Il #5575
HICSICE R 32, ISR FE R 0.180., SPSO-BP il

Training sample tracking results

Testing sample tracking results

1400
1200
1000
800
600
400
200

1400
1200
1000
800
600
400
200

4\ Neural Network Training (nntraintool) - X

Neural Network

Algorithms

Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainim
Performance: Mean Squared Error (mse)

Calculations:  MEX

Progress
Epoch 0 1000
Time: 0:00:00

Performance: 1.62e+05 0.00
Gradent: 2520105 | SH | 10007

Mu: 0.00100 1.00e-06 1.00e+10
Validation Checks: 0 [ 6
Plots

Training State plottrainstate)

Error Histogram

Regression

Fit plotfit)
Plot Interval: B Tepochs

o validation stop.

@ Stop Training @ Cancel

R () 3 AR B L, WSSO BE 55

X} F SPSO-BP Tl 5 , >R H postrey #4504
HRHREA By IR i i Sy 3637

WA 10 iz, SPSO-BP K %Il 2 RE A 4 B B

4\ Neural Network Training (nntraintool) - X

Neural Network

Hidden Output

Algorithms
Data Division: Random (dividerand)
Training:  Levenberg-Marquardt (trainim
Performance: Mean Squared Error (mse
Calculations:  MEX

Progress
Epoch: o[l 32 iterations 1000
Time: 0:0000

Performance: 3.83¢+05 [[NNNNNNONEONNNNN | 0.00

Gradient: 5.24e+05 [[NNNNNNNTSONNNNNNN | 1.00e-07
Mu: 000100 1.00 1.00e+10
Validation Checks: o e e

Plots
Performance
Training State
Error Histogram
Regression

fit plotit

Plot Interval: ' 1 epochs.

o Opening Regression Plot
@ stop Training @ Cancel

a SPSO-BP

b PSO-BP

E 9 2 FTNARAIAE Matlab H A9 845 5=

Fig.9 Prediction results of two prediction models in Matlab

Training: R=1

©  Data
Fit
.......... Consistent

200 400 600 800 1000 1200 1400
Target
a YIZRREABRERRE S
Test: R=0.991 36

© Data
— Pt
vvvvvvvvvv Consistent

200 400 600 800 1000 1200 1400
Target

¢ WUEREABRERRES

Validation: R=0.989 98

1400

w
3 o Data
21200 = Fit
gy | e Consistent
2 1000
% 800 [
=
5 600 [
= L
‘g 400 o
b 200
G e
> p 1 1 1 1 1 1
200 400 600 800 1000 1200 1400
Target
b HHARAIRERE S
All: R=0.997 53 N
. 1400 © Data
= L s Fit
% 12000 Consistent
éo 1000
$  800f
g o
[ L
g 600
% 400 o
e 2001

200 400 600 800 1000 1200 1400
Target

d SFEABLERRES]

10  SPSO-BP Tl AL A Y B ER E
Fig.10 SPSO-BP prediction model sample tracking ability: a) tracking ability of training example; b) tracking ability
of validation example; c) tracking ability of tesing example; d) tracking ability of total example



EORIE I

WA, %F. T SPSO-BP M2 MZ5 (1) H i b il T. 25 S L i - 397 -

e R=1, XTHIAFEA R ERESRE S R=0.989 98, X}
HEREA B BR B BE ) R=0.991 36, [A]i, AN AL
FERERBE J1 R=0.997 53, Ui HH A AUXTREAS (1) BR L7 B
TR H A R 12 AL e T

42 HRMEEZW

e 3 s, £FXF SUS304 #kt, &E T 5 FR
[F] 1) ¢ THDHLES B2 {8 H AR Ray—Ras FATRN 3% H bR
Rui—Rns, ¥ HAE N SPSO-BP F1 PSO-BP il il #5
BIRYHI A o 7E Matlab H 43 FE i 2 FhFimmisse # i 4 7
U5 B, ARAS T R AL B . IR S L SR
B EAR . AR BRI S T S8, BT
SESREUE, IR . W 11 s, HLESA

L TRVRE (0 I3 RS sl B 7 25 32 a0 g 45 A AR s 4 32

B, A BIRHEEA TR R E S TIOE, R RS T
PRRMEERE 6 A XIS T T 44400 U 2 i kEURE B2 A )
E, HBCEYIE Rag—Racs YEH SPSO-BP i 55
R A 2 —, FERRAS T AR HL 6 4~ DX 3 & i 4
TR, HBCFIME doa—des. TENDEIELSS

Ja o, FEREAS T AR B ET e 88 6 A~ X380 & T8
SR WORLRE B, JFHCE 34 LSO B Ra,—
Ra,so 55 I 0 J5E B2 0 R ) o7 i 0 e ' 5 T4 1)
JERE, FFHCFME dyi—dys, 4 TAGHTS [F—107
B R 22 5Ot ] B AR S S R B R
Rungi—Rungs» T SEB0ARAT 0 B SHE S5 HARE ST L,
X g RN 3 FiR .

a ARSI

B 11

b JEEEIE

A Y iSRRG J3E R T A V52 P P i
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Tab.3 Comparison of prediction results

w/(r'min”") Fonp/N Dy/pm No Ra,/um . Ry/(um-s™h) 2
Material gpso-  PSO- SPSO- PSO- SPSO- PSO- SPSO- PSO- SPSO- PSO- pm SPSO- PSO- (um'.ns-l)
BP BP BP BP BP BP BP BP BP BP BP BP
221.88 209.21 31522 28569 9.83 821 227.51 204.61 0.041 0.044 0.040 0.097 0.089 0.100
294.27 267.44 275.81 24419 1821 16.77 187.21 144.79 0.032 0.034 0.030 0.117 0.110 0.120
igj 35548 310.48 283.22 242.81 12.44 11.21 202.51 176.51 0.019 0.023 0.020 0.144 0.128 0.140
396.10 361.12 352.14 334.82 1547 13.22 157.88 149.21 0.016 0.018 0.015 0.162 0.153 0.160
420.27 44524 308.26 333.75 20.21 23.17 12421 117.89 0.023 0.022 0.025 0.182 0.189 0.180
Maximum error/% 8.00  20.00 3.00 8.57
Average error/% 5.77  14.07 2.14 746
Minimum error/% 2.50 10.00 .11 4.38
K H PSO-BP T A RIS, 5 I AEAS () Fi 5 SEIMME I

SR A 1R 22 R 0 K o SR ] SPSO-BP Fiili#%2 # fisf
TR FE % PSO-BP Fill Al A — @ # v, Horp 5
MBS E(E Ra W RKIRZE LN 8.00%, SEHiRZELH A

i

5.77%, F/MRZEWH 2.50%; MR (MMR)
i RIRZE A 3.00%, FHREHH 2.14%, H/h
RZLHN 1.11%, K SPSO-BP Fili#E %1, 5 40K F
AR 0 TN 5 22 2R 4 /0N 2 T AR AR 000 23 2R 5

X T ES SR MRz R E 42 H
LHEWEE, $2H SPSO-BP Fill# A1, Tz
UOREAS, AR AS [R]0 JE AL 2508 RS B I T B A
RORBER, HIE RN VSR AL e T 528, i
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