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Abstract: Magnetorheological finishing (MRF) is an important process for reducing surface damage and ef-
ficiently suppressing the surface error in conical mirrors. However, because of the serious distortion and
complex distortion law of the removal function for MRF of conical surfaces, existing methods have failed to
establish the removal function model directly and effectively, resulting in a low surface convergence efficien-
cy. In this study, the influence mechanism of the conical curvature effect on the distortion of the MRF re-
moval function was analyzed. In addition, the analytical rule of the normalized characteristic parameters of
the removal function for the mean curvature was studied. Furthermore, the removal function deduction
scheme from plane to cone was established. This method integrates the evolution laws of the length and
width of the conical MRF removal function, volume removal rate, and peak removal rate into the deduction

to more comprehensively reflect the distortion characteristics of the MRF removal function under the conical
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curvature effect. It avoids the measurement of physical and chemical characteristic parameters and the solv-
ing of complex equations and nonlinear problems, providing an effective, low-cost method for the removal
function deduction of conical MRF under actual conditions. The results of repetitive spot sampling experi-
ments show that the deduction errors of the characteristic parameters of the conical removal function are be-
tween 3. 20% and 12. 02% , demonstrating the strong applicability of the proposed deduction method.

Key words: conical mirror; magnetorheological finishing; removal function deduction scheme; character-

Istic parameters; mean curvature
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Tab. 2 Comparison of featured parameters of plane removal function for 3 s and 60 s
R B I [6] B L/mm BEFE W/mm W LBRFR PRR/(Aes ') M EER#H VRR/(mm®*min ')
3s 15. 33 8. 24 0.105 99 0.230 65
60 s 15. 60 8. 14 0.100 26 0.215 88
W2 (%) 1.73 1.22 5.72 6.84
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Fig.4 Spot sampling results of conical mirror at different positions along the conical generatrix
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Tab.3 Characteristic parameters of MRF spots sampled

ETRE B S/mm B L/mm BEYE W/mm  WEEBRFRPRR/(As ') KEKBE VRR/(mm’min ')
1 17 12.58 6.12 0.087 23 0.129 22
2 19 13.28 6. 30 0. 090 40 0.142 27
3 21 13. 36 6.61 0.094 26 0.16503
4 23 13.68 6.82 0.097 77 0.186 36
5 25 13.55 6.68 0.095 37 0.174 68
6 27 13.59 6.71 0.096 63 0.176 52
7 29 13.96 6. 87 0.098 62 0.189 54
8 31 14.03 6.95 0.099 59 0.194 97
9 33 14.06 7.12 0.102 04 0.196 11
- — 15.33 8.24 0.10599 0.230 65
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Fig. 5 Relationship between the distance S along the coni-

cal generatrix and the mean curvature «

B o 2 R 0 A 2 o R 1 W A A I b X i 2R 4 2R
F4 52 ) R R R 25 I 28 22 5 A A TR By
w=0.9, RI~F6H N TV HBERES B
ZERHE S B TR IE S8, B T~ 9 SN [l o

095}

0.9f

0.85

0.8

0.75

0.7
-6

x/mm! %1073



4516 4] Wi A5 A o HE T B T O 2 R R R A L 0 B 2391

1 — 1
Prrr(Kc) 09Ff Prrr(Kc)
095 1
0.8
09}
0.7
0.85
0.6+
' ; 0.5 £ ,
0‘8-6 -4 -2 0 -6 -4 -2 0
Kk/mm’! x107 Kk/mm’! x107

6 FEHEALRRIE 2 B0 T 39 il 25 e 1) 8728 AR f 2

Fig. 6 Evolution law curve of the normalized characteristic parameters with the mean curvature &
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Tab.4 Comparison of deducted and actual parameters of removal function of conical magnetorheological finishing for S= 18 mm

%5 B K L/mm BE5E W/mm g £ B PRR/(Qes ') B R VRR/(mm’smin ')
- T BiE 15.40 8.66 0.108 03 0.248 45
B 13.03 6.62 0.088 93 0.13572
S BRBE 13.58 7.12 0.097 52 0.154 27
W2 (%) 4.05 7.02 8.81 12.02

K5 S=2dmmdEEEATH A TR B EFEZSIRSHTLL

Tab.5 Comparison of deducted and actual parameters of removal function of conical magnetorheological finishing for S = 24 mm

25 B K L/mm BE%E W/mm W LBRFEPRR/(Aes ') ELERR VRR/(mm’min )
F- 1f B 15.40 8. 66 0.108 03 0.248 45
AT 13.62 7.04 0.101 03 0.180 63
S PR EE 14. 08 7.42 0.093 60 0.164 50
2 (%) 3.27 5.12 7.94 9.81

K6 S=30mmrEEEATHAEZBREBEEEZSIRSHTLL

Tab.6 Comparison of deductive and actual parameters of removal function of conical magnetorheological finishing for S = 30 mm

25 BEK L/mm BE % W/mm W LBRAFPRR/(Aes ') RLER#E VRR/(mm’min ')
- 1 B 15.40 8. 66 0.108 03 0.248 45
T BT 14.12 7.31 0.102 54 0.203 64
S bR EE 13.63 7.65 0.10593 0.189 54

W (%) 3.60 4.44 3. 20 7.43
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Fig.7 Contrast of the practical and deducted conical re-

moval functions for S = 18 mm
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Fig.8 Contrast of the practical and deducted conical re-

moval functions for S = 24 mm
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