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Inner Surface Roughness Prediction Model of 316L Stainless Steel Slender
Tube by Magnetic Abrasive Finishing Based on PSO-ELM

LI Changlong CHEN Song WU Xuanxuan ZHAO Yaoyao LI Yulong LI Xin
(College of Mechanical Engineering and Automation, University of Science and Technology Liaoning, Anshan
114051, China)

Abstract: In the magnetic abrasive finishing processing of a 316 L stainless steel slender tube, it is very important to accurately
estimate the surface roughness of the workpiece after finishing under the combination of different process parameters. Several
experiments and empirical methods are used to determine the improved surface quality and the processing efficiency of the workpiece
to solve for the best process parameter combination, but these ways are inefficient and inaccurate. Considering the rotation speed of
the workpiece, feeding speed of the magnetic pole, magnetic abrasive powder size, and processing time as the input values, the inner
surface roughness Ra can be obtained using a combination of different process parameters as the output value, and an orthogonal
experiment with four factors and levels is designed. The test results are recorded based on the retention method. The weight of the link
between the input and hidden layers and the threshold of the hidden layer in the extreme learning machine (ELM) are optimized by the
particle swarm optimization (PSO) algorithm to improve the prediction accuracy of the ELM model. Based on the orthogonal test data,
a PSO-ELM magnetic abrasive finishing 316 L stainless steel slender tube inner-surface roughness prediction model is established. To
verify the superiority of the PSO-ELM model, two types of surface roughness prediction models are established using the multivariate
nonlinear regression method and the support vector machine (SVM), which are compared with the PSO-ELM surface roughness
model. The predictive models are evaluated using machine-learning regression evaluation metrics. Then, the prediction model

constructed by PSO-ELM is used as the objective function of the particle swarm optimization algorithm, and again the particle swarm
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optimization algorithm with the ability of global optimization is used again to optimize the process parameters. Therefore, the best
combination of process parameters for the magnetic abrasive finishing of a 316 L stainless steel slender tube is obtained. The test is
performed using a combination of process parameters obtained after optimization, and the results obtained after the test are compared
with the predicted results. The model's accuracy is evaluated by the evaluation index of machine learning performance, and the
constructed PSO-ELM surface roughness prediction model has a high prediction accuracy and small error. The model's
goodness-of-fit R is 0.9848, mean absolute error (MAE) is 0.0134, and root mean square error (RMSE) is 0.0214. The optimal
combination of process parameters obtained using the particle swarm optimization algorithm is as follows: the speed of the workpiece
is 2389.011 r / min, the feed speed of the magnetic pole is 3.167 mm / s, the abrasive particle size is 216.185 um, and the processing
time is 35.856 min. The surface roughness predicted by the optimal combination of process parameters is 0.178 um. The optimal
combination of process parameters must be rounded-off and converted into a standard form. After the test, according to the fine-tuned
process parameters, the surface roughness Ra of the obtained workpiece is 0.182 um, which error with the predicted value is 2.24 %.
Based on the PSO-ELM method, a prediction model of the inner surface roughness of a 316 L stainless steel slender pipe is
constructed, which realizes the controllability of the accurate prediction of the inner surface roughness of the workpiece and uses the
particle swarm optimization ability to obtain the best process parameter combination, which improves the magnetic abrasive finishing
efficiency of the 316 L stainless steel slender tubes.

Keywords: magnetic abrasive finishing; slender tube; inner surface; particle swarm optimization (PSO); extreme learning machine

(ELM); surface roughness
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Fig. 1 316L slender tube principle of magnetic particle grinding processing
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Fig. 3 Magnetic particle grinding processing 316L

stainless steel slender tube physical drawing
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Table 1 Factor level table

Level Spindle spfeed Feed speed  Abrasive size Process.time
n/ (r/min) v/ (mm/s) d/pm t/ min
1 1 000 1 250 10
2 1500 2 200 20
3 2 000 3 150 30
4 2 500 4 125 40
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Table 2 Result of orthogonal experiments

Experimental number Spindle speedn / (r/min) Feed speedv/(mm/s) Abrasive sized /um Process timet / min  Surface roughnessRa / pm
1 1000 1 250 10 0.744
2 1000 2 190 20 0.654
3 1000 3 150 30 0.582
4 1000 4 125 40 0.536
5 1500 1 190 30 0.407
6 1500 2 250 40 0.322
7 1500 3 125 10 0.982
8 1500 4 150 20 0.712
9 2 000 1 150 40 0.346
10 2 000 2 125 30 0413
11 2 000 3 250 20 0.324
12 2 000 4 190 10 0.829
13 2 500 1 125 20 0.447
14 2 500 2 150 10 0.856
15 2 500 3 190 40 0.186
16 2 500 4 250 30 0.234
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Table 3 Validation set data

Experimental number  Spindle speed n/ (r/ min)

Feed speedv/ (mm/s)

Abrasive size d / um  Process time #/ min  Surface roughness R, / pm

1 1000 1
2 1500 2
3 1500 1
4 2000 3
5 2500 4

250 20 0.686
250 30 0.412
125 40 0.457
150 20 0.545
180 10 0.683
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Table 4 Comparison of model prediction accuracy

Model PSO-ELM SVM Multiple nonlinear regression

MAE 0.013 4 0.063 6 0.063 6
RMSE 0.021 4 0.713 8 0.713 8
R’ 0.984 8 0.904 1 0.890 8
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Table S Optimization range of process parameters

Spindle Feed d Abrasive Process
Object speed ced spee size time
) P v/ (mm/s)
v/ (r/min) d/pm t/ min
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Fig. 9 Particle swarm optimization fitness curve
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Fig. 10 Magnetic particle grinding 316L stainless steel slender tube front and back microscopic morphology
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