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The attempts of researchers in industries to obtain accurate and high quality surfaces led to the invention 
of new methods of finishing. Magnetic abrasive finishing (MAF) is a relatively new type of finishing in 
which the magnetic field is used to control the abrasive tools.  Applications such as the surface of molds 
are parts which require very high surface smoothness. Usually this type of part has freeform. In this 
study, the effect of magnetic abrasive process parameters on freeform surfaces of parts made of 
aluminum is examined. This method is obtained through combination of magnetic abrasive process and 
Control Numerical Computer (CNC). The use of simple hemisphere for installation on the flat area of 
the magnets as well as magnets’ spark in curve form is a measure done during testing of the 
experiments. The design of experiments is based on response surface methodology. The gap, the 
rotational speed of the spindle and the feed rate are found influential and regression equations governing 
the process are also determined. The impact of intensity of the magnetic field is obtained using the finite 
element software of Maxwell. Results show that in concave areas of the surface, generally speaking, the 
surface roughness decreases to 0.2 µm from its original 1.3 µm roughness. However, in some points the 
lowest surface roughness of 0.08 µm was measured. 
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Fig. 1- schematic of MAF process  

1    

1- Recast layer 
2- Stainless steel 
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3- Tesla meter 
4- Slip ring 
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Fig. 2 Hemispheres made of 99.8% pure iron  
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Fig. 3 spark machined magnet with its fixture 
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1- Ball nose 
2- Relative permeability 
3- Electro discharge machining(EDM) 
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Fig. 4 2D and 3D simulation models: 1)work piece, 2) magnet, 

3) spherical magnet, 4)magnet fixture, 5) iron hemisphere, 
6 )air 
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Fig. 5 magnetic flux density distribution at 2 mm distance from 
the surface in linear direction based on simulation results 
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Fig. 6 magnetic flux density distribution at 2 mm distance from 
the surface in circular direction based on simulation results 
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Fig. 7 measuring magnetic flux density at 2 mm from the 
surface of iron hemisphere 
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Fig. 8 measuring  magnetic  flux  density  at  2  mm  from  the  
surface of hemisphere in circular direction 
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Table 1 average measured and simulated magnetic flux density 
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Fig.  9 positioning of the magnetic abrasive powder on 
hemispherical magnet 
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1- freeform 
2- solidworks 
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Fig. 10 model of work piece with magnet with hemispherical 
head 
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Fig. 11 measuring magnetic flux density between magnet and 
work piece surface 
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2- G code 
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Fig. 12 path of finishing process 
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Fig. 13 distance between hemispherical head tool and work 
piece surface 
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5- acetone 
6- Surtronic +3 
7-  cut off 
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Fig. 14 work piece surface after machining 
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Fig. 15 measuring procedure with rotating work piece 
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Table 2 constants in experiments 

 
 
 
 
 
 
 
 
 
 
 

 

  
Fig. 16 process without applying lubricant 
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1- Response surface method(RSM) 
2- Factorial  
3- Center point 
4- Central composite design(CCD) 
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Fig. 17 Performing MAF process 
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Table 3 coded values of experiment input factors  
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Table 4 performed experiments and their values  

 
)  )  )mm/min(  

(rpm)  
Ra(%)  

1  -1  -1 -1  -1 35.61  
2  1  -1 -1 -1 40.59  
3  -1  1  -1 -1 35.39 
4 1  1  -1 -1 37.32 
5  -1  -1 1 -1 42.11 
6  1  -1 1  -1 32.96  
7  -1  1  1  -1 37.30  
8  1  1  1  -1 30.87 
9 -1  -1 -1 1  52.76  

10  1  -1 -1 1 57.02  
11  -1  1  -1 1  42.19  
12  1  1  -1 1  45.58  
13  -1  -1 1  1  43.62  
14  1  -1 1  1  40.50  
15 -1  1  1  1  32.84 
16 1  1  1  1  30.34  
17  -2  0  0 0  39.46  
18  2  0  0  0  40.58  
19  0  -2  0  0  45.87  
20  0  2  0  0  31.99  
21  0  0  -2 0  47.62  
22  0 0  2  0  37.30  
23  0  0  0  -2  35.11  
24  0  0  0 2  45.55  
25  0  0  0  0  40.56  
26 0  0  0  0  46.06  
27  0  0  0  0  43.48  
28  0  0  0  0  41.03  
29  0  0  0  0  40.27  
30  0  0  0  0  41.57  
31  0  0  0  0  38.07 
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Table 5 regression model coefficients and lack of fit in 
primary and modified models 

                                  

  
 

P 
    

  

P 
   

41.06 0.00 41.57 0.000    
-0.18 0.709 -0.18 0.722  
-3.37 0.00 -3.37 0.00  
-3.19 0.00 -3.19 0.00  
2.35 0.00 2.35 0.00  

- - -0.31 0.512 × 
- - -0.58 0.229 ×  

- - 0.29 0.53  
×

 

-1.25 0.04 -1.30 0.013 
×

 
- - -0.03 0.95 × 

-2.23 0.001 -2.23 0.003 × 
- - 0.66 0.30 × 
- - -0.14 0.81 × 

-2.03 0.002 -2.03 0.005 ×  

-2.78 0.00 -2.78 0.00 
×
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Fig. 18 diagrams for Residual distribution 
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Fig. 25 remained powder on the work piece surface 
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Table 6 optimum results 

  
) 

)  
)mm/min(  (rpm) )%(  

   1.75 0.5  10 2100  81.75  

  1.75  0.5  10  2100  68.1  

  
Fig. 26 work piece surface a)before MAF and b) after MAF 

26  (  (  

    
  .  

 
  

%15 %26   .  
  .

2   0.36    

 .   
  

 .
  . 

  .
  .

 
 .

  .mm 0.5 
mm/min 102100rpm 1.75gr   .



    

    

  

258  1395164  

 %80   .   
%68  .

%12         
mµ 1.3mµ 0.2 

 .mµ0.08    

6 -  
[1] V. Jain, Magnetic field assisted abrasive based micro-/nano-

finishing, Journal of Materials Processing Technology, Vol. 209, 
No. 20, pp. 6022-6038, 2009. 

[2] S. M. Ji, Y. M. Xu, G. D. Chen, M. S. Jin, Comparative study of 
magnetic abrasive finishing in free-form surface based on different 
polishing head, Materials Science Forum, Vol. 675, No. 1, pp. 593-
596, 2011. 

[3] S. Jha, V. Jain, Nanofinishing techniques, Micromanufacturing and 
nanotechnology, pp. 171-195, Berlin: Springer, 2006. 

[4] D.  K.  Singh,  V.  Jain,  V.  Raghuram,  Parametric  study  of  magnetic  
abrasive finishing process, Journal of materials processing 
technology, Vol. 149, No. 1, pp. 22-29, 2004. 

]5[  B. Girma, S. S. Joshi, M. Raghuram, R. Balasubramaniam, An 
experimental analysis of magnetic abrasives finishing of plane 
surfaces, Machining science and Technology, Vol.  10,  No.  3,  pp.  
323-340, 2006. 

[6] B.  H.  Yan,  G.W.  Chang,  J.  H.  Chang,  R.-T.  Hsu,  Improving  
electrical discharge machined surfaces using magnetic abrasive 
finishing, Machining science and technology, Vol.  8,  No.  1,  pp.  
103-118, 2004. 

[7] H. Chen, Y. Zhang, W. Yan, The technology of finishing process 
of die space based upon magnetic abrasive finishing, Key 
engineering materials, Vol.259, No. 1, pp. 657-66, 2004. 

[8] R. S. Mulik, P. M. Pandey, Magnetic abrasive finishing of 

hardened AISI 52100 steel, The International Journal of Advanced 
Manufacturing Technology, Vol. 55, No. 5-8, pp. 501-515, 2011. 

[9] C.  T.  Lin,  L.  D.  Yang,  H.-M.  Chow,  Study  of  magnetic  abrasive  
finishing in free-form surface operations using the Taguchi 
method, The International Journal of Advanced Manufacturing 
Technology, Vol. 34, No. 1, pp. 122-130, 2007. 

[10] S. Yin, T. Shinmura, A comparative study: polishing 
characteristics and its mechanisms of three vibration modes in 
vibration-assisted magnetic abrasive polishing, International 
Journal of Machine Tools and Manufacture, Vol. 44, No. 4, pp. 
383-390, 2004. 

[11]I. h. Noh, Magnetic polishing of three dimensional die and mold 
surfaces, The International Journal of Advanced Manufacturing 
Technology, Vol. 33, No. 1-2, pp. 18-23, 2007. 

[12] M. D. Zhang, M. Lv, H. Chen, Theoretical research on polishing 
free-form surface with magnetic abrasive finishing, Key 
engineering materials , Vol. 392, No. 1, pp. 404-408, 2009. 

[13]Y. H. Ding, X .G.  Yao,  X.  X.  Wang,  S.  C.  Yang,  Study  on  the  
performances of the ferromagnetic poles based on the curved 
surface magnetic abrasive finishing, Key engineering materials, 
Vol. 359, No. 1, pp. 365-368, 2009. 

[14] M. Anzai, T. Yoshida, T. Nakagawa, Magnetic abrasive automatic 
polishing of curved surface, Riken  Review, Vol. 1, No. 1, pp. 15-
16, 1996. 

[15] L.  D.  Yang,  C.  T.  Lin,  H.  M.  Chow,  Optimization  in  MAF  
operations using taguchi parameter design for AISI304 stainless 
steel, The International Journal of Advanced Manufacturing 
Technology, Vol. 42, No. 5-6, pp. 595-605, 2009. 

[16] Y. M. Hamad, Improvement of surface roughness quality for 
stainless steel 420 plate using magnetic abrasive finishing method, 
Al-Khwarizmi Engineering Journal, Vol. 6, No. 4 , pp. 19-56, 
2010. 

[17] D. C. Montgomery, Design and analysis of experiments, PP. 200-
320, New York: John Wiley, 2008. 


