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Optimization of surface roughness and material removal rate for
double belt grinding of multihead screw rotors
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Abstract: In order to ensure the grinding quality of the multi-head screw rotor belt grinding quality and improve the grinding efficiency at
the same time. The multi-head screw rotor was ground by using a double abrasive belt grinding device, an orthogonal test was designed,
and the WOA-RBF prediction model was established by using the orthogonal test database to judge the accuracy of the prediction model
by the coefficient of determination R*, root mean square error (RMSE) and mean absolute error (MAE) | and the results were better
than the comparison models. The output surface roughness and material removal rate values of the WOA-RBF prediction model were used
as the objective functions of the dual-objective optimization model, and a dual-objective optimization model based on the Multi-objective
exponential distribution optimizer (MOEDO) was established. The model is solved to obtain the Pareto optimal solution set, and the
optimized process parameter values, surface roughness and material removal rate values are obtained through the evaluation function. The
surface roughness and material removal rate of the grinding screw rotor after grinding were 0. 462 wm and 7. 78 mm’/s, respectively, and
the errors between the test results and the dual-objective optimization results were within a reasonable error, which verified the accuracy
of the model. The results of the dual-objective optimization were compared with the results of the best set of orthogonal tests, and the
surface roughness increased by 37.5%, but still met the technical requirements of the workpiece, while the material removal rate
increased by 84.23%. The results show that the proposed dual-objective optimization model can improve the grinding efficiency while

ensuring the surface quality, and can also provide a reference for the decision-making optimization of surface quality and material removal
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rate in other processing processes.

Keywords : double abrasive belt grinding; surface roughness; material removal rate; multi-objective exponential distribution optimizer;

dual-target optimization
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(a) Free-form belt grinding unit
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(b) General layout of double belt grinding
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Fig. 1 Double abrasive belt grinding device
Table 1 Experimental parameter
F,./MPa F /MPa VvV, /(m-s™") P, F,,/MPa F,/MPa V,/(m-s™") P, V,/( mm-min~")
0.4 0.2 4.4 80 0.4 0.2 4.4 80 100
0. 425 0.225 6 100 0. 425 0.225 6 100 150
0.45 0.25 7.6 120 0.45 0.25 7.6 120 200
0. 475 0.275 9.2 180 0. 475 0.275 9.2 180 250
0.5 0.3 10. 8 240 0.5 0.3 10. 8 240 300
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Table 2 Orthogonal horizontal experimental results
A% F,,/MPa  F /MPa V. /(m-s') P,  F,/MPa Fo/MPa  V,/(m-+s™") P, V,/(mm'min™') R,/pm  MRR/(mm’-s™)
1 0.4 0.2 4.4 80 0.4 0.2 4.4 80 100 1.375 2.822
2 0.4 0. 225 6 100 0. 425 0. 225 6 100 150 1. 109 4. 055
3 0.4 0.25 7.6 120 0.45 0.25 7.6 120 200 0. 856 5.179
4 0.4 0.275 9.2 180 0. 475 0.275 9.2 180 250 0.679 4.818
5 0.4 0.3 10. 8 240 0.5 0.3 10. 8 240 300 0.411 4.242
6 0. 425 0.2 6 120 0. 475 0.3 4.4 100 200 1.284 4.771
7 0. 425 0.225 7.6 180 0.5 0.2 6 120 250 1.388 6. 693
8 0. 425 0.25 9.2 240 0.4 0.225 7.6 180 300 0.731 4.628
45 0.5 0.2 4.4 80 0.5 0.2 4.4 80 200 1.692 8. 147
46 0. 475 0.25 4.4 180 0. 425 0.3 7.6 80 250 0.822 5.185
47 0.5 0.3 9.2 120 0. 425 0.2 10. 8 180 200 0.573 8. 664
48 0.45 0.25 10. 8 100 0. 475 0.2 7.6 240 150 0. 648 8.415
49 0.5 0.2 4.4 120 0.5 0.2 4.4 120 300 1.534 9. 164
50 0.5 0.2 4.4 120 0.5 0.2 4.4 120 100 1.114 5.288
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(a) Surface roughness measurement (b) Grinding depth measurement
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Fig.2 Measurement plot of the experimental results
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Table 3 Performance evaluation of the three models

o 452 7Y EEL7D R? RMSE MAE
R, 0.97 0.04 0.04
WOA-RBF

MRR 0.96 0.36 0.34
R, 0.91 0. 10 0. 09

RBF
MRR 0.87 0.85 0.38
R, 0.84 0.13 0.12

CNN
MRR 0.76 1.09 0.85
R, 0.87 0.11 0.12

SVM
MRR 0.79 0.99 0. 81
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Table 4 The optimized values of WOA-RBF-MOEDO

were compared with the experimental results

2¥ %43 i WOA-RBF-MOEDO 14k et =74
B gk wmE  ReE RE%e %
F_,/MPa 0.5 0.48 0.48 0 0
F.,/MPa 0.3 0.26 0.26 0 0
V,/(m-s™") 10. 8 9.8 9.8 0 0
P /# 240 85.4 80 0 0
F.,/MPa 0.5 0.45 0.45 0 0
F_,/MPa 0.3 0.27 0.27 0 0
Vyo/(mes™) 10.8 10.2 10.2 0 0
P,/# 240 183.2 180 0 0
V,/mm-min”" 200 158 158 0 0

R,/um 0.352  0.462  0.484 4.56 37.5

MRR/(mm’-s™')  4.539  7.785  8.362 6.9 84.23

4 & B

-l

ALV Z S MR e 1~ S sk e T, LA T MR J32 A
PR BRI AUAL B AR, AU 1 1) 2 R AT 1E 52
JEHNAS:, h TANFR BN T2 S8 %, R WOA-
RBF B0 A5 AU 5000 53 A, I WOA-RBF 50 45 7 gy
M IRES S 2 FARL AL A8 315 2 7 XU H bR AR A Y, 5
XAREAE AN A5 SR A 3 B AR LA B 75 21 A SR 4T I
PeRAR Pl PPN R R B R S HA & . AR AL
IS B A SR & 04T B H) a6 38 2o A A S i g v AL
IR S BB AT He oA, IR 45 RER WA S
Jir & i () WOA-RBF- MOEDO Jt AL AU /E — & B3 1 e
AR R I 5 A ) 42 3 in T 280% AR W - 1 P 2
[ AOC AR . DL AL 5 I 2 ThT LR 8 AR Bt 25 R 32 3 03l o
0.462 pm H17.78 mm’/s, HIIEAZ K B AL 2 50H
A L THDRLRE BE T T 37.5% , MORE R BRRER R T
84.23% , T e ) 2 IR 2 AR IR 75 5 I Bl PAY A [] B K
FARTE TINTRCR AT Ay S b~ 487 35 T o
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