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Experiments of synergistic effect of electro-magnetically
coupled field in EMR finishing
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Abstract. Orthogonal tests in two rotational modes (the rotational tool mode and the rotational work-
table mode) are conducted to confirm the synergistic effect mechanism of an electro-magnetically cou-
pled field in the Electro-Magneto-Rheological (EMR) effect-based tiny-grinding wheel finishing. Un-
der the electro-magnetically coupled field, the EMR polarized particles of the rotational tiny-grinding
wheel generate the Lorentz force and the spin couple, then the in situ vibration of the EMR particles
due to the spin couple can impact regularly on the workpiece surface and promote material removal, so
the material removal depth in the rotational tool mode is larger than that in the rotational worktable
mode. However, if the interaction force of the particle chains is weak, the in situ vibration will break
the particle chains and reduce the material removal. The couple mode of electric and magnetic field has
a significant influence on the machining efficiency of the EMR finishing. It shows a good synergistic
effect of the EMR finishing in the voltage of electric field of 1 kV and the excitation voltage of magnet-

ic field of 5 V in the rotational tool mode.
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Fig. 1 Mechanism of electromagnetic synergistic

coupling
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Tab. 2 Results of orthogonal test in two rotational modes

ik A DS T HBEFH R e b TAEQIEERHTEM T8 F5
: - e zs .- 2% MTHAZ MTEHEE WTHE nmTEE
=2 3| LIl (mm) (m) (mm) (m)
1 1 1 1 1 1 1 0. 00 0. 000 0. 00 0. 000
2 1 2 2 2 2 2 1.00 12. 359 1.15 8.128
3 1 3 3 3 3 3 0.61 3. 067 1.07 6. 942
4 1 4 4 4 44 0.99 13.109 1.21 9.152
5 1 5 5 5 5 5 1.15 12. 983 1.45 13.784
6 2 1 2 3 4 5 0.50 2.811 0.38 0. 820
7 2 2 3 4 5 1 1.12 15. 964 1.03 6. 854
8 2 3 4 5 1 2 1.15 12.148 0.55 1.648
9 2 4 5 1 2 3 0.76 4. 880 1.08 4. 436
10 2 5 1 2 34 1.10 15.016 1.29 7. 200
11 3 1 3 5 2 4 0.68 1.719 0. 40 0. 900
12 3 2 4 1 3 5 1.17 15. 520 0.43 1.011
13 3 3 5 2 401 1.07 9. 669 1.02 7.476
14 3 4 1 3 5 2 1.03 9.102 1.36 13. 167
15 3 5 2 4 1 3 1.16 16. 041 1. 30 13.986
16 4 1 4 2 5 3 1.00 9. 801 1.00 5.328
17 4 2 5 3 1 4 1.05 12.837 1.21 14.719
18 4 3 1 4 2 5 0.45 1. 500 1.13 10. 365
19 4 4 2 5 301 1.11 10. 982 1.36 14. 287
20 4 5 3 1 402 1.09 13. 090 1. 30 11.792
21 5 1 5 4 3002 0.43 1. 230 0. 80 3. 269
22 5 2 1 5 4 3 0. 86 9. 668 1.11 7.101
23 5 3 2 1 5 4 0.48 1. 620 0.42 0. 950
24 5 4 3 2 1 5 0.62 4. 636 1.10 8. 809
25 5 5 4 3 2 1 1.00 14.177 1.23 7.224
Ka 3.74/4.88 2.60/2.58 3.50/3.23

Ka 4.64/4.33 5.20/4.93 4.80/5.57

Ka 5.10/4.51 3.76/4.19 4.18/5.25

Ka 4.69/6.00 4.50/6.12 4.14/5.45

Kus 3.39/4.67 5.50/6.57 4.95/4. 87

Ry 1.71/1.68 2.90/3.98 1.45/2. 34

K, 41.518/38.005 15.561/10.317 35.109/18. 189

K2 50.819/20.957 66.347/37.813 51.481/36. 941

Ki; 52.051/36.540 28.004/27. 381 41.993/42. 871

Ky 48.210/56.491 42.709/49. 850 47.844/43. 625

Ki,s 31.331/27.352 71.307/53.985 47.500/37. 720

R, 20.720/35.533 55.746/43. 669 16.372/25. 437
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