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effectively guide the adjustment of machining parameters to ensure stable machining quality, applies a support vector machine
model based on differential evolution algorithm optimization (DE-SVM), so as to establish a prediction model of surface
roughness of compacted graphite cast iron and a selection method of machining parameters. DE-SVM was used to improve the
prediction accuracy of support vector machine regression model, and a prediction model of surface roughness (Ra) for specific
machining materials was established. On this basis, the relationship between surface roughness and machining parameters was
explored to obtain more suitable machining parameters. Combining the milling experiment data of compacted graphite cast iron,
the comparison was carried out between DE-SVM and the SVM model optimized by the commonly used optimization
algorithms (particle swarm optimization algorithm (PSO) and genetic algorithm (GA)). The values of MAPE (0.1221) and R’
(0.9559) obtained by DE-SVM model were superior to those of the support vector machine model optimized by particle swarm
optimization algorithm and genetic algorithm. Within the given machining parameters, the cutting speed and the feed rate had a
great influence on Ra, which was directly proportional to cutting speed and inversely proportional to feed rate; and the depth of
cut had no significant effect on Ra. The experimental results indicate that the surface roughness model of compacted graphite
cast iron based on DE-SVM model has higher prediction accuracy. The influence of machining parameters on surface roughness
obtained by DE-SVM can effectively guide the selection and adjustment of machining parameters. It has good guiding
significance for maintaining the excellent machining quality of compacted graphite cast iron.

KEY WORDS: differential evolution algorithm; regression of support vector machine; compacted graphite cast iron; cutting

surface roughness; machining parameter
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Tab.1 Input parameters and levels

v/(m-min”") ve/(mm-min~") a,/mm
Level 1 226 180 0.5
Level 2 425 360 0.8
Level 3 678 540 1
Level 4 900 720
Level 5 900
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Tab.4 Evaluation index values of each model

Models C & o Models MAPE R’ t/s
DE-SVM 10.4239 0.0476 0.4642 DE-SVM 0.1221 0.9559 14.6351
GA-SVM 2.0085 0.04598 0.7042 GA-SVM 0.1297 0.8910 18.1980
PSO-SVM 7.0956 0.0845 0.4444 PSO-SVM 0.1559 0.8777 13.3248
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Fig.2 Model prediction curve and actual curve
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Tab.5 Prediction result of each prediction model and corresponding relative error

. . Experi-mental Predicted Ra/pm Relative error
Vimin®) vl(mmemin ) a,/mm Ra/um DE-SVM  GA-SVM PSO-SVM DE-SVM GA-SVM PSO-SVM
1 226 360 0.8 1.923 2.2642 2.2916 2.2897 0.1774 0.1917 0.1907
2 226 180 0.5 1.251 1.3651 0.8751 0.8217 0.0912 0.3005 0.3432
3 452 540 1 1.5505 1.4030 1.6360 1.6783 0.0951 0.0552 0.0824
4 452 540 0.8 1.4193 1.3985 1.4737 1.4790 0.0147 0.0384 0.0421
5 452 720 0.5 2.1794 2.2392 2.5690 2.5607 0.0274 0.1788 0.1750
6 678 180 1 0.3318 0.3587 0.2650 0.2752 0.0811 0.2014 0.1706
7 678 540 0.8 0.4538 0.4824 0.4175 0.4070 0.0630 0.0800 0.1031
8 678 360 0.5 0.2658 0.4305 0.2377 0.2128 0.6196 0.1057 0.1994
9 900 720 1 0.7173 0.7055 0.6134 0.5828 0.0165 0.1448 0.1875
10 900 900 0.8 0.6834 0.6596 0.6830 0.6386 0.0348 0.0005 0.0656
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