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Abstract— Magnetic Abrasive Finishing (MAF) is the 

process in which material is removed in such a way that the 

fine surface finishing is performed with the applied 

magnetic field on the finishing zone. The aim of this work is 

to study the magnetic abrasive finishing as an efficient tool 

for internal finishing of tubes. Material such as stainless 

steel, heat resistance steel, carbides and many other high 

strength temperature resistance alloys are very important in 

the aerospace, nuclear engineering and research and 

development sectors. In many manufacturing process it is 

desirable and necessary to have some knowledge on the 

amount of heat generation and consequently rise in 

temperature.  For example, the temperature of the contact 

point of cutting tool and work piece will be determining the 

life of cutting tool. Similarly the subsurface damage and 

alteration in the metallurgical structure in the machined/ 

finished surface mostly depend on the interface temperature. 

In the present research work the process parameters of a 

MAF process are optimized using a very effective 

evolutionary algorithm termed as genetic algorithm (GA). 

Response Surface Methodology is applied for developing 

the models using the techniques of Design of Experiments 

and Regression Analysis by the using of MINITAB17 

(statistical software) was used to plan the ANOVA 

(Analysis of Variance) imitate the correlation between 

predicted and experimental data . The software used for 

design of experiments is Design Expert and that for 

implementing GA is MATLAB. The parameters are used in 

this process is normal magnetic force (Fmn), cutting force 

(Fc), and rise in temperature (ΔT) is response parameters, 

and factors are applied voltage (V), and machining gap.                         
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I. INTRODUCTION 

Magnetic abrasive finishing (MAF) can be classified as 

nontraditional super finishing method for finishing surfaces 

with different shapes and working materials like flat plates, 

shafts, bearings parts, screws, tubes and many other 

mechanical parts that need a good surface finishing 

properties. It is difficult to finish advanced engineering 

materials with high accuracy, and minimal surface defects 

such as microcracks, by conventional grinding and polishing 

techniques. To minimize the surface damage, gentle/flexible 

finishing conditions are required, namely, a low level of 

controlled force. 

MAF is an unconventional finishing process in 

which the cutting force is primarily controlled by the 

magnetic field. It reduces the possibility of microcracks on 

the surface of the workpiece, especially in hard brittle 

material, due to low forces acting on abrasive particles (Jain, 

2002). The subsurface damage and alteration in the 

metallurgical structure in the machined/finished surface 

mostly depend on the interface temperature. Several 

techniques have been developed for the measurement of 

temperatures in various manufacturing processes as 

mentioned by Komanduri and Hou. 

The interface temperature between workpiece 

material and abrasive is an important parameter in finishing 

processes. However, it is difficult to measure temperatures 

experimentally at the points of contact in finishing/polishing 

processes [2]. Hou and Komanduri [3-5] determined 

theoretically the flash temperatures and flash time at the 

point of contact between the abrasive and ceramic work 

material during finishing in magnetic field assisted finishing 

processes (specially magnetic float polishing and magnetic 

abrasive finishing) using moving disk heat source model 

based on Jaeger’s classical solution. Bulsar et al. [5] 

developed mathematical model to estimate the temperature 

rise of the work surface in polishing and lapping of steel, 

soda-lime glass, and ceramics. The calculated temperature 

rise was found to be substantially less than that in actual 

grinding operation.  

 
Fig. 1: Generation of MAF forces on work piece. 

II. WORKING PRINCIPLE 

A. Forces in Magnetic Abrasive Finishing Processes: 

In MAF, two types of forces generated by flexible magnetic 

abrasive brush (FMAB) are responsible for finishing: 

1) Normal magnetic force responsible for packing the 

magnetic abrasive particles and providing micro 

indentations into the workpiece. 

2) Tangential cutting force responsible for micro 

chipping due to rotation of the fmab. The FMAB 

pushes abrasive particles downward against the 

workpiece surface. The relative motion between the 

FMAB and the workpiece is provided by rotating 

the magnet. As a result, the abrasive particles 
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remove the surface material circumferentially 

resulting in the finished surface Maintaining the 

Integrity of the Specifications. 

B. Formation Of Magnetic Abrasive Brush 

Fig. 1.2 shows the configuration of magnetic abrasive 

brushes in which the magnetized abrasives spread in a row 

from the pole to the material. In considering only the 

magnetic field, a continuous function, it is estimated that the 

magnetized particles aggregate into bundles. However, the 

contact of the magnetized particles must be taken into 

account. Energy requirements in the production of magnetic 

abrasive brush using magnetic abrasives that are added little 

by little into the magnetic field are discussed as follows 

1) Magnetization Energy (Wm). It is required to 

magnetize the abrasives to form bundles. 

2) Repulsion Energy (Wf). Due to Faraday effect 

causes the bundles to repel from each other. 

3) Tension Energy (Wt). It needed to counter act the 

curved bundles due to repelling particles. 

Therefore, in order to form the magnetic abrasive 

brush sum of these energies, W, is necessary: 

W = Wm + Wf + Wt                  (1) 

 
Fig. 2: Configuration of magnetic abrasive brushes [2] 

1) Applications: 

The process can be applied in many other fields, 

- Polishing of fine components such as printed 

circuit boards (PCB). 

- The removal of oxide layers and protective 

coatings. 

- Chamfering and deburring of gears and cams. 

- Automatic polishing of complicated shapes. 

- Polishing of flat surfaces 

III. EXPERIMENTATION 

Experiments have been conducted on the MAF set-up as 

shown in Fig. 1. External surfaces of alloy steel workpieces 

have been finished using unbounded magnetic abrasive 

particle (300 mesh numbers of iron particles and 1000 mesh 

number of SiC abrasive particles mixed mechanically and 

homogeneously in the ratio of 25:75 by weight). The 

experimental arrangement for the measurement of 

temperature is shown in Fig. 1. The experiments have been 

planned according to the design of experiments-central 

composite rotatable design. Since current/voltage (or 

magnetic flux density) and machining gap have been found 

the most influential parameters affecting the surface quality, 

only voltage and machining gap have been selected as 

operating parameter to estimate the workpiece surface 

temperature keeping other parameters (viz RPM, finishing 

time, and % lubricant) constant. 

The corresponding responses are following:  

1) Rise in temperature  

2) Normal magnetic force, and  

3) Cutting force.  

The ranges and coded values of the selected 

parameters are given in Table 

 Level -1.4 -1 0 1 1.4 

X1 Voltage 5 6.03 8.5 11 12 

X2 
Machining 

Gap 
1.25 1.40 1.75 2.10 2.25 

Constant parameters: Rotational Speed = 200rpm , Finishing 

time = 20 min, % lubricants = 3 

Table 1:  Ranges of the Selected Process Parameters 

 
Fig. 3: Experimental arrangement of temperature 

measurement 

The on-line temperature at a distance of 14.0 mm 

from the center of the workpiece and 1.5 mm depth from the 

workpiece surface has been measured using K-type 

thermocouple (OD = 1.5 mm, sheath material = Inconel 600, 

spot temperature up to 8000C). All the temperature data 

have been acquired on-line using data acquisition card 

interfaced with PC and processed and analyzed using Lab 

view software. The experimental design and responses are 

given in Table 2. During the experimentation, the ambient 

temperature varied between 31.0 0C to 35.0 0C during 

morning and later in the day. 

A. Workpiece Composition: 

Alloy steel is taken as the work piece for the particular 

experiments. The details of composition of the workpiece 

material (alloy steel) are given in Table 

 

Table 2: Workpiece Composition of Alloy Steel 

B. Experimental Design: 

The various machining parameters are selected based on the 

previous studies. The considered machining parameters and 

their coded levels are represented in table 3.2 Experiments 

have been planned using statistical technique to get useful 

 Alloying elements Percentage 

C                              0.35 - 0.45 

Mn                         0.45 - 0.60

Si                                             1.31 - 1.81 

Cr                                        0.20  - 0.30 

Ni 0.10 - 0.30 

Iron rest           
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inferences by performing minimum number of experiments. 

Design Expert software was used for designing of 

experiments. 

As per the data given by various researchers, 

various parameters such as Type and size of abrasive 

particles, Percentage composition of iron particles and 

abrasive particles, Size of iron particles , RPM of magnet, 

Finishing time etc. effect the surface roughness produced, 

but all of the above cannot be taken for experimentation due 

to various practical difficulties. Therefore only two 

parameters were chosen for present studies are: 

C. Procedure 

The workpiece fixture was mounted on the table of the 

machine. The fixture was kept magnetically insulated from 

the machine to avoid any stray magnetic field. The 

workpiece was fixed in the slot of the fixture in such a way 

that the centre of the workpiece coincides with the center of 

the north pole of the magnet. The required machining gap 

was obtained using a set with the help of slip gauges. To get 

uniform finish over the workpiece surface, the table was 

reciprocated forward and backward with a table feed of 8.00 

mm/min. One complete cycle involved movement of the 

table from the starting point to a distance of 20.0mm 

forward and then 20.0mm backward. The rotational speed of 

the magnet was fixed at 200RPM. The homogenous mixture 

of unbounded magnetic abrasive particles was prepared just 

before the start of each experiment in the ratio of 75% iron 

particles (mesh no. 300), and 25% SiC (mesh no. 1000) 

particles by weight. Then, 3% lubricant (SAE-30) of the 

total weight is added to the UMAPs to get adhesiveness 

among iron particles and SiC particles. Since current/voltage 

(or magnetic flux density) and machining gap have been 

found the most influential parameters effecting parameters 

the surface quality, 

Therefore, only voltage and machining gap have 

been selected as operating parameter to estimate the 

workpiece surface. 

X1 and X2 are the input process parameters voltage 

and machining gap respectively. Rise in Temperature 

(ΔT)˚C. 

 

Input Parameters 
 

 

Responses 

 

(X1) 

 

(X2) 

 

Initial Temp(˚C) 

 

Final Temp (˚C) 

 

(ΔT)˚C 

 

Fmn 

(N) 

 

Fc(N) 

 

Std. 

Order 

6.03 1.40 34.2 78.5 44.3 40.32 23.64 1 

11.00 1.40 33.8 93.9 60.1 91.00 48.00 2 

6.03 2.10 33.8 62.2 28.4 23.90 13.90 3 

11.00 2.10 31.2 74.5 43.3 41.09 33.20 4 

5.00 1.75 35.5 58.9 23.4 28.91 13.24 5 

12.00 1.75 33.2 92.4 59.2 81.34 40.21 6 

8.50 1.25 31.5 91.9 60.4 59.52 33.55 7 

8.50 2.25 33.4 65.0 31.6 21.08 13.94 8 

8.50 1.75 32.4 92.7 60.3 49.90 25.94 9 

8.50 1.75 31.5 83.5 52.0 41.32 21.33 10 

8.50 1.75 33.6 79.1 45.5 52.33 30.21 11 

8.50 1.75 34.2 94.7 60.5 43.50 24.30 12 

8.50 1.75 33.1 82.5 49.4 44.23 26.34 13 

Table 3: Table For Design Of Experiments And Responses In Uncoaded Form 

1) Regression Model: 

ΔT˚C = 53.4 + 11.6(X1) – 8.20 (X2) – 5.55(X1)² – 

3.33(X2)² + 1.75(X1)*(X2)  

Fmn (N) = 46.5 + 17.8 (X1) – 15.1 (X2) + 4.70(X1)² – 

2.64(X2)² – 8.37(X1)*(X2)  

Fc (N) = 25.63 + 10.23 (X1) – 6.53(X2) + 1.69 (X1)² 

+ .20(X2)² - 1.27(X1)*(X2)  

IV. ANALYSIS OF VARIANCE 

A. Introduction:  

Analysis of variance (ANOVA) is a procedure for assigning 

sample variance to different sources and deciding whether 

the variation arises within or among different population 

groups. Samples are described in terms of variation around 

group means and variation of group means around an overall 

mean. If variations within groups are small relative to 

variations between groups, a difference in group means may 

be inferred. Hypothesis Tests are used to quantify decisions. 

ANOVA table for MR and Ra is shown in table and table 

respectively. 

Rise in Temperature 

Source 

Degre

e of 

Freed

om 

Sum of 

Square 

F- 

value 

P- 

value 

Percent

age 

Regressio

n 
7 1814.20 13.64 0.003 88.54% 

Residual 

error 
5 234.81    

Total 12 2049.01   100% 

Table 4: Analysis Of Variance (Anova) Of Regression For 

Δt 
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Fig. 4: Residual Plots For Rise In Temperature ΔT 

Normal Magnetic Force 

Source 

Degree 

of 

Freedo

m 

Sum 

of 

Squar

e 

F- 

valu

e 

P- 

valu

e 

Percentag

e 

Regressio

n 
7 

4855.1

2 

59.7

0 

0.00

0 
96.07% 

Residual 

error 
5 112.79    

Total 12 
4968.9

9 
  100% 

Table 5: Analysis Of Variance (Anova) Of Regression For 

Fmn 

 
Fig. 5: Residual Plots For Normal Magnetic Force Fmn 

 

 

 

Cutting Force 

Source 

Degree 

of 

Freedo

m 

Sum of 

Square 

F- 

value 

P- 

value 
% 

Regressio

n 
7 

1205.6

8 

19.39

7 

0.001

6 

93.56

% 

Residual 

error 
5 82.95    

Total 12 
1288.6

3 
  100% 

Table 6: Analysis Of Variance (Anova) Of Regression For 

Fc 

 
Fig. 5: Residual Plots For Cutting  Force Fc 

V. OPTIMIZATION WITH GENETIC ALGORITHM 

A. Overview of the Genetic Algorithms: 

Genetic Algorithms (GA) are direct, parallel, stochastic 

method for global search and Optimization, which imitates 

the evolution of the living beings, described by Charles 

Darwin. GA is part of the group of Evolutionary Algorithms 

(EA). The evolutionary algorithms use the three main 

principles of the natural evolution: Reproduction, natural 

selection and diversity of the species, maintained by the 

differences of each generation with the previous. The 

selection principle is applied by using a criterion, giving an 

evaluation for the individual with respect to the desired 

solution. The best-suited individuals create the next 

generation. The large variety of problems in the engineering 

sphere, as well as in other fields, requires the usage of 

algorithms from different type, with different characteristics 

and settings. 

By repeating this each time an individual needs to 

be chosen, the better individuals will be chosen more often 

than the poorer ones, thus fulfilling the requirements of 
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survival of the fittest. Let f1, f2,…,fn be fitness values of 

individual 1, 2,…, n. Then the selection probability, Pi for 

individual is define as, 

B. Fitness Function: 

The fitness function is any function, which you want to 

optimize. For standard optimization algorithms, it is known 

as the objective function. GAs follows the ‘survival of- the-

fittest’ principle of nature to make a search process. GAs are 

naturally suitable for solving maximization problems. All 

minimization problems are usually transformed into 

maximization problems by suitable transformations. In 

general, a fitness function F(x) is first derived from the 

objective function f(x) and used in successive genetic 

operations. Certain genetic operators require that the fitness 

function to be non-negative, although certain operators do 

not have this requirement. 

For maximization problems the fitness function is 

considered to be the same as the objective function or F(x) = 

f(x). For minimization problem, the fitness function is an 

equivalent maximization problem chosen such that optimum 

point remains unchanged. A number of such transformations 

are possible .The following function is often used for that 

purpose: 

F (x) =1/ (1+f (x)) 

This transformation does not alter the location of 

the maximum, but converts a minimization problem to an 

equivalent maximization problem. The fitness function 

value of a string is known as the string’s fitness. The 

toolbox software tries to find the minimum of the fitness 

function.[67] Write the fitness function as a file or 

anonymous function, and pass it as a function handle input 

argument to the main genetic algorithm function. In present 

work we have two fitness functions as given below 

S.No. Voltage 
Machining Gap 

(mm) 

Normal Magnetic 

Force Fmn 

1 5 1.25 79.24 

2 5.28 1.391 71.896 

3 6.11 1.25 55.288 

4 8.14 1.787 75.49 

5 9.28 2.232 85.5637 

6 6.88 1.25 54.28 

7 10.91 1.507 65.36 

8 11.55 2.055 43.50 

9 6.84 1.28 60.48 

10 7.28 2.22 57.76 

Table 7: 

 
Fig. 6: Fitness curve for normal force 

 
Fig. 6: Iteration vs Fmn 

S.No. Voltage 
Machining Gap 

(mm) 

Cutting Force 

Fc 

1 6.647 1.29 32.465 

2 8.784 1.962 42.322 

3 9.110 1.832 24.255 

4 7.228 1.908 35.001 

5 10.041 1.804 21.032 

6 8.882 2.083 23.344 

7 9.220 1.872 30.211 

8 6.547 1.647 26.244 

9 7.775 1.808 48.782 

10 10.112 2.209 33.958 

Table 8: Results From Genetic Algorithm For Fc 
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Fig. 7: Fitness curve for cutting force 

 
Fig. 8: Iteration vs Fc 

VI. RESULTS AND DISCUSSIONS 

A. Effect of Voltage: 

It is not always necessary that all the input process 

parameters have significant contribution in surface response. 

Some of the parameters may be very much significant than 

other parameters. In Central rotatable Composite Design, the 

combination of the input parameters in actual experiments is 

such that only one experiment is conducted at extreme value 

for each variable. Therefore it is not much worthy to do 

analysis at extreme values to see the effectiveness of input 

variables. Moreover in central run experiments, same 

experiments are repeated many times so they also cannot be 

taken to see the effect. In this figure shows the different 

machining gap with rise in temperature at different voltage 

the voltage is increases then rise in temperature nonlinearly. 

 
Fig. 9: Graph between rise in temperature and voltage at 

different machining gap 

 
Fig. 9: Main effect plot for Fc and data mean 

 
Fig. 10: Interval plot Fmn vs voltage 
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Fig. 10: Interval plot Fc vs voltage 

B. Machining GAP: 

It is clear that increases in machining gap decrease the effect 

of the forces forth specified current to the electromagnet. 

This is because any decrease in machining gap for the same 

value of current increases magnetic flux density in the 

machining gap as well as compresses the FMAB resulting in 

spread of the brush in the lateral direction. Figure show that 

an increase in the machining gap decreases ΔRa for the 

same abrasive grain size. This is due to the fact that 

increasing machining gap will decompress the magnetic 

brush and lowers down the magnetic flux density, and 

therefore strength of the brush becomes low. 

 
Fig. 11: Main effect plot for Fmn and data mean 

 
Fig. 9: Graph plot between Magnetic force and Voltage 

VII. CONCLUSION 

By completing the above work it can be said that response 

of magnetic abrasive finishing process can be controlled by 

controlling process parameter variables, which are voltages 

(magnetic flux density),machining gap, abrasive grain size 

(mesh no.).It was found that changing the operation 

parameters will affect the quality of workpiece surface. The 

most significant parameter is the working gap followed by 

the supplied voltage. 

Regression analysis gives an accepted 

rapprochement with the experimental data. The obtained 

data show that the values of rise in temperature with 

increasing the supplied voltage while it decreases with 

increasing the values of the working gap. Effect of 

temperature on magnetic abrasive finishing is very small 

then there no any other conclusion on various parameters. 

Magnetic abrasive finishing, usually involves a 

number of process parameters, also little contributions has 

been made toward the simulation of the magnetic abrasive 

finishing process. Nonlinear Regression analysis gives an 

accepted rapprochement with the experimental data. The 

optimum result obtained in this process. 
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