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Study on the Mechanism and Arts of Magnetorheological
Finishing (MRF) by Nane sized Diamond Abrasives

SHI Feng, DAI Y+ fan, PENG Xiae- giang, KANG Nian- hui, LIU Zht jun
( College of Me dhatronics Engineering and Automation, National Univ. of Defense Techmobgy, Changsha 410073, China)

Abstract: Material removal mechanism in MRF process by nane-sized diamond abrasives is proved to be a plagic shear removal.
Process experiments showed the relationship between polishing parameters (rotation speed, gap between polishing wheel and work piece,
and intensity of magnetic field) and peak removal rate or suface roughness. Polishing spot is proved to be stable and repeatable. Within
2.5h, the change of peak removal rate & below £0.3% and the change of volume removal rate is below £0. 5% . One HIP SiC flat
(202mm in diameter) is polished with KDMRE-1000F polishing machine and KDMRW-3 water based MR fluids. After ough polish
(30h) and finishing polish (9h), is surface form accuracy peaete-valley (PV) is 0. 13un, root-mear square (RMS) is 0. 012um and
roughness RMS is 2. 439nm.
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SEM of Carbonyl Iron ( Cl) and water based MR polishing fluid Fig.2  Sketch map of MR fluid in work zone
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Fig.3 Suirface of material after nane-sized diamond abrasives
2
[12- B, 15 (1)
, (2 ( )
pH (3) ( )
7 [17]
- oyl 2 e o
= - 2., 7 (I)l-l £ H . .
r K[(hmo+ Rt 3™ p ) R u (D
’ l’]'0 ’ H s r]() ’ U ’ hmO
) l']f ” pii ” ¢
, R
: P( Peak) , R HHZH 7 1
Hm/min,
; V(Volume) , Um Y min, T
, , L ( ] % w
mm)  W( mm) , l
; 4 (1 (2, | L
PRR RMS
100mm  CVD SiC, 4
1001/ h 0.6Pa* s 3A Fig.4 Sketch map of removal function s size
1.8mm, 407 min 60 min 90y min 120min 1507/ min; 1201/ h, 0. 6Pa* s,
3A, 60r/min, 1. 4mm 1.6mm 1. 8mm 2.0mm 2. 2mm;
1201/ h, 0. 6Pa*s, 601/ min, 1. 8mm 2A
3A 4A 5A 6A P 5( a)

RMS

5(b)



2009

28
0.75 . —
-
© WL TR
~ 0.7 Hode B HH :l
£ o )
= E oest /
g 4 ... e
= Z o6} e Y g
= £ A y
® 2 055t e
3 by el T
pu E  osw .
= ® o,
ol 0.45 o~
0.4
1 1.5 2 25 3 3.5 4 4.5
RRFS RRFS
(a) Ml 2 PRBEK (b) FETHSE
5 P RMS
Fig.5 Process parameters curve of different Peak Value P and Surface Roughness RMS
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Fig. 6 Shorttime stability of removal function
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Fig. 7 Long time stability of removal function
7(a) , P *4. 5% , Vv 5%
R 7(b) R L 12 5% , w *4. 5%
4
KDMRF - 1000F
Le 202mm( 95%) HIP SiC 9 8 ,
(PV) 0. 728m, (RMS) 0. 108Hm, ( RMS) 4. 088nm
: 1501/ h, 0.7 Pacs, 5A,
40. 6V, 1007/ min, 500mnm 9 R (30h) ,
PV 0.43Um, RMS  0.056Hm, RMS 3. 6lnm
: 1501 h, 0.5Pas, 3A, 29.5V,
601/ min, 200nm 10 , (9h), PV 0.13Hm,
RMS 0. 012Hm, RMS 2. 439m
500 e
< 350 .
.!;.. 300 :
> 250 ;
150 ; :
100 1 -
50
0 100 200 300 400 500
X /pixel
8
Fig. 8 Initial surface residual eror and surface roughness before MRF
5

KDMRF - 1000F ,



30 2009 4

8§00 =2 3sis se sz anus o
450 ; :
400 ‘- -~
350 - -
300 r-- -
250 - -
200 :---

15(] | .
100 - 3
0 100 200 300 400 500

X/pixel

¥ /pixel

Fig. 9 Surface residua error and surface wughness after rough MRF
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Fig. 10 Suface residual emor and surface roughness after precision MRF
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