% 46 % 5 6 41 Ak X F R (8 AR HF KR Vol.46,No.6
2025% 6 A Journal of Northeastern University ( Natural Science ) Jun. 2025

doi: 10. 12068/j. issn. 1005 — 3026. 2025. 20240096

ETFTERFIMNICo-FGM Al AR FERITZ

F W, FEE, WLE, NELE
(RAL K== MU TR S A3k, 127 L 110819)

] = N B AL T RE B B B (nickel-cobalt-functional gradient materials, NiCo—-FGM ) 2 BRI & A —
P, SR AT LS I 7 4 RGN S FIAS [ BT o 434K INT 18 1) NiCo—-FGM #EAT1H 7 43 DX 5 HIl 5245, #R 58 T
LS BN RS SRR R AR THORLRE S (s s 4 SRR L ARG X IR RS 2% 2T R AT R AT 3 B 0 4 AT B2 )
Hagm A0 LBRUR R AR B . fR e LU 7 5728 07 BEHI 0 5 BRURBE UM 45 3L . S5 R vk 10 J7 x5 b k)
F BRI P 1 R DR B s e e L 2 L AR S T 1 T IR 22BN T 4. 07%, HACR T & . ME B HI R I
A I INT18 5 50%IN718 22 (4R I 4 5t K251 8. 955 pm, 100%IN718 55 0%IN718 2255 T 1 fr K22 {1
15. 619 pm, T8 15k 725 77 5 1 AT DA oy 22 BR R — 30

X 8 IR BAETTHREMEMBL ERE R ) R PRTRIE SO HLES AT B 5 17 NS ) ) P RS
RESES: TH 161 MERFERERD: A XEHS: 1005-3026(2025)06-0066—10

Transfer Learning-Based Robotic Belt Grinding Process for
NiCo—-FGM

XIN Bo, LI Hong-liang, SUN Wen-xin, LIU Ming-jun

(School of Mechanical Engineering & Automation, Northeastern University, Shenyang 110819, China.
Corresponding author: XIN Bo, E-mail: xinbo@me.neu.edu.cn)

Abstract: In order to improve the removal depth consistency of nickel-cobalt functional gradient
materials (NiCo—-FGM) , an adaptive grinding force control system was constructed to carry out
constant force zonal grinding experiments on five types of NiCo-FGM with different mass
fractions of IN718 to investigate the trend and extent of the influence of the process parameters on
the removal depth and surface roughness of the materials. The feasibility of transfer learning was
then analyzed and the accuracy of the removal depth modelling was compared with that of
empirical formulas. Finally, comparing the removal depth prediction results of constant force and
variable force grinding. The results showed that the normal force has the most significant effect
on the removal depth and surface roughness of the materials. The average error in the prediction
of transfer learning is reduced by 4. 07%, and the efficiency is higher. The maximum difference
in removal depth between the remaining content of IN718 and 50%IN718 under constant force
grinding is 8. 955 pum, and the maximum removal depth difference between 100%IN718 and
0%IN718 is 15. 619 um, whereas the removal depth consistency can be improved by variable
force grinding.

Key words: nickel-cobalt functional gradient material (NiCo—FGM) ; transfer learning; removal
depth consistency; robotic belt grinding; adaptive grinding force control system
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Fig. 1 Mechanical structure schematic diagram
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Fig.2 Mechanical structure physical drawing
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Fig. 3 Control algorithm logic diagram
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Table 1 Thermophysical parameters of IN718 and
Stellite 6 (20 C)

S IN718 Stellite 6
HPERL I /GPa 205 230
b{EL/NEA 0.3 0.34
LRI IK R B 106°C! 13.0 13.6
SHEB/[W-(m-K)"] 11.4 13.6
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Table 2 Experimental parameters

SRR i)
KBTS H0< 10%% <4
AR 10%% <100

HOtThE/W 1800
3 2R/ (mm - min™) 600
KR HR /(g min™) 15
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Table 3 Chemical composition of powder material (mass fraction) %
AR R C Si Mn Cr Mo Ti Fe Al Co Ni
IN718 0.05 0.71 0.16 18.17 2.32 0.93 20. 89 0. 63 — e
Stellite 6 1. 15 1.58 0.75 31.25 0. 89 — 3.54 — A 2.54
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Fig.4 Mass fractions of four main elements changing
with the content of IN718
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Fig. 7 Schematic diagram of the grinding program
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Table 4 Orthogonal experimental level table of IN718
with different mass fractions
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K . M .
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Table 6 Comparison of empirical formulas, neural networks and transfer learning errors in the removal depth

of 75%IN718

T 2R 22 /%
I v, /(mm-s™) F/N v/(m-s™) FBRRPE h/wm - =
P2 2 ELL /NG TR
1 5.312 5 3.4 15. 545 24. 451 19.735 15. 840
2 5.312 9 4.9 28. 655 43. 600 8.909 5.362
3 5.312 13 6. 4 35.296 68. 530 11.249 2.596
4 7. 669 5 4.9 22.247 94.781 10. 042 10. 366
5 7. 669 9 6. 4 28. 181 35. 695 7.294 2.882
6 7. 669 13 3.4 67. 068 0.298 6.957 1. 644
7 10. 025 5 6. 4 23. 442 53.298 10. 014 7.087
8 10. 025 9 3.4 59.917 6.311 5.153 0.769
9 10. 025 13 4.9 74. 106 15. 670 5.295 1.477
T — — — — 38.071 9.405 5.336
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Fig. 12 Mean value analysis results
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Table 7 Grinding normal forces with different IN718 contents at the same removal depth

1.309 pum. PRI, 6 FEfE 7 B I, B8 1 3d o A8 )

. P WIS 1 J1/N
H AR BRIREE A/um

100%IN718 75%IN718 50%IN718 25%IN718 0%IN718
20 3.929 5.012 5.370 5.784 7.074
22 4.397 5.459 5.877 6.277 7.591
24 4. 865 5.905 6.383 6.761 8. 095
26 5.333 6.348 6. 885 7.237 8. 587
28 5.801 6.789 7.386 7.707 9.071
30 6.270 7.227 7. 885 8. 174 9.549
32 6.739 7. 662 8.382 8. 640 10. 024
34 7.208 8. 095 8. 878 9.108 10. 498
36 7.678 8.527 9.372 9.580 10. 974

*8 MHEERIZEEATARIN7I8EENERRE

Table 8 Removal depths of different IN718 contents under the same grinding normal force

LBRRE /pm
JEHI % 1 1 F /N

100%IN718 75%IN718 50%IN718 25%IN718 0%IN718
5.370 26.419 21.309 20. 000 17. 882 15.593
5.877 28.760 23.728 22.000 19. 869 17.380
6. 383 31.075 26. 110 24. 000 21. 838 19. 114
6. 885 33.378 28.472 26. 000 23.803 20. 810
7.386 35.676 30. 835 28. 000 25.778 22.485
7. 885 37.979 33.217 30. 000 27.779 24.158
8.382 40. 292 35.635 32.000 29.817 25. 849
8. 878 42.617 38.099 34.000 31. 896 27.573

9.372 44. 955 40. 607 36. 000 34.013 29.336
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