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Abstract— The increasing the need of accurate and high 

precision machining to produce miniature product 

researchers have developed different modern techniques for 

machining of hard, brittle and nonconductive materials.  The 

major advantage of these techniques lies in the fact of  its 

ability to remove material at the atomic level by mechanical, 

chemical, thermal etc. methods and to give completely 

mirrored, crystallographically and physically undisturbed 

finished surface. Elastic Emission Machining (EEM) is one 

of the modern machining processes which can be effectively 

used for finishing of miniature parts.  However, material 

removal rate in Elastic Emission Machining (EEM) is very 

less because of the limited machining region is contact 

during machining. To increase the machining rate, a 

cylindrical polyurethane wheel is used as a tool with assisted 

abrasive particles. Keeping in view an EEM set-up has been 

developed and utilized for surface finishing of Al/Al2O3-

MMC work piece. This research reports the influence of the 

major process parameters such as rotation speed of the 

wheel, gap distance, concentration and load on the material 

removal rate and surface finish. The material removal rate is 

considered as an important response parameter for the 

evaluation of surface finish. Experimentally acquired results 

are utilized and constructed the analysis of variance 

(ANOVA) table to identify the significant process 

parameters. From ANOVA, it is formed that the parameters 

gap distance and rotational speed significantly affect the 

material removal rate (MRR,mg/min). 

Key words: Micropolishing, Metal Matrix Composite, 

Fabricated Elastic Emission Machining Setup 

I. INTRODUCTION 

Elastic Emission Machining (EEM) is a new "atomic-size 

machining method", uses a soft (hence easily deformable 

under pressure) spherical polyurethane ball as a polishing 

tool ("the lap"). The polishing load is applied from the 

normal direction and designed to stay constant. EEM uses 

sub-micron size abrasive powder particles ("the granules") 

mixed in water, and polishes a work piece by forcing the 

abrasive particles underneath the rotating polyurethane 

spherical ball in a thin gap ( larger than the abrasive particle 

size) between the sphere and the work piece. The abrasive 

particles are accelerated by the flow of fluid in the gap, but 

gradually leave the fluid flow lines to intercept the work 

piece surface. It has been found that the material removal 

process is a surface energy phenomenon in  which each 

abrasive particle removes a number of atoms after coming in 

contact with the workpiece surface. It has been established 

theoretically and experimentally that atomic scale fracture 

can be induced elastically producing ultrafine surface finish 

without plastic deformation at atomic scale. Ability to 

remove material at the atomic level by mechanical means 

and to give completely mirrored, crystallographically and 

physically undisturbed finished surface is achieved by EEM. 

The ultra-fine abrasive particles strike the individual 

atoms/group of atoms and separate them out from the parent 

surface. The type of abrasive and  size  of  abrasive  grains  

used  (in  the  nano-range)  have  been  found  to  be  critical  

to  the  material  removal efficiency. 

II. LITERATURE REVIEW 

Hou and Komanduri et al. [1998] developed a thermal 

model to calculate minimum flash temperatures and flash 

durations in magnetic float polishing of ceramic balls. This 

enabled the determination of whether adequate temperatures 

are generated for a reasonable period of time for chemo-

mechanical polishing to occur. The heat source at the area of 

contact between the balls and the abrasives, where the 

material removal took place, was approximated to a disc. 

Authors also considered parabolic distribution of heat 

generation. 

Kang et al. [2000] developed an eccentric lapping 

machine for finishing advanced ceramic balls. The top plate 

had a flat surface and is held stationary, whereas the bottom 

plate is rotational having an eccentric V-groove. Authors 

made sure that the load was applied to the top plate by a 

spring loaded unit. Authors identified that ceramic balls 

were lapped in between the two lapping plates while a 

mixture of diamond paste and lubricating fluid was supplied. 

Jeong-Du Kim [2001] identified the small removal 

rate of Elastic emission machining(EEM). The author used a 

polyurethane wheel in order to accelerate the flow of 

abrasive particles in between the work piece and the lap. It 

was possible not only to increase the machining efficiency 

but also to obtain high quality and damage free surfaces of 

semiconductors and optical parts. The author also analyzed 

the behavior of machining fluid including powder particles 

in order to understand machining mechanism of EEM using 

cylindrical polyurethane wheel. 

Abolfazl Aref Arjmand et al. [2014] investigated 

the elimination of recast layer, surface layer engendered by 

wire electrical discharge machining (WEDM) process which 

diminished the properties of components. A new setup 

involved of ultrasonic waves, etching acid and abrasive 

particles was developed by the author. Author used three-

level full factorial technique to study the effective 

parameters on recast layer removal. 

III. DESIGN AND FABRICATION OF ELASTIC EMISSION 

MACHINING SETUP 

The elastic emission machining setup has numbers of 

precision machined components, manual controlled 

horizontal directional up and down movement of work 

piece, machining chamber, job fixing vice, and electric 

motor. An A.C. Motor of capacity 1HP, 1450 rpm, 240 volt 
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supply is used to give the rotational motion to the 

aluminium core polyurethane wheel. 

The main components of the developed fabricated 

setup are (i) work feed assembly, (ii) aluminium core 

polyurethane wheel (iii) slurry flowing system, and (iv) high 

speed motor. Each experiment ware repeated three times, 

and the mean values of the response measurements are used 

for analysis purposes. Process parameters such as rotation 

speed, concentration, gap distance and applied load are 

successfully controlled during each experimental run. The 

experiments are conducted at random order so as to negate 

the effect of any setup conditions or environmental factors, 

which were not included in the experiments but might affect 

the responses.  

 
Fig. 1: Schematic of Elastic Emission Machining (EEM) 

setup 

Fabrication of Elastic Emission Machining Setup 

The x-y table assembly consists of a base plate, middle 

plate, table plate, 8 supports, 8 roller bearings, 4 supporting 

shafts, 2 screwed shafts, 2 bars and 2 hand driven wheels 

which are connected at the end of the base plate and the 

middle plate respectively. The acrylic machining chamber is 

attached to the table plate. An aluminium core polyurethane 

wheel is mounted on the motor spindle; work piece is 

clamped on the work piece holder.  

 
Fig. 2 Fabricated Elastic Emission Setup 

 
Fig. 3: various parts of X-Y movement table 

The fabrication starts from the base plate on which 

the supports are welded at a defined location. The roller 

bearings are then mounted on the supporting shafts which 

are connected to the welded supports by nut and bolts. The 

driving wheel is then connected through a screwed shaft 

which is then connected to the supporting shaft by a metal 

bar. The middle plate is now placed and welded on the roller 

bearings on the base plate. Similar procedure is now applied 

on the middle plate using supports, supporting shafts, roller 

bearings, screwed shaft, hand driven wheel and nut and 

bolts. Then the table plate is placed and welded on the roller 

bearings on the middle plate. . The x axis movement is given 

by the hand driven wheel connected to the base plate and the 

y axis movement is given by the hand driven wheel 

connected to the middle plate. 

The acrylic machining chamber is then placed on 

the table plate and fixed using nuts and bolts. The motor is 

placed above acrylic chamber on which the polyurethane 

wheel is mounted on the motor spindle. Motor is supported 

by metal bars which are welded to the base frame. 

IV. METAL MATRIX COMPOSITE 

Research in the field of aluminium-based metal matrix 

composites has brought out the immense potential in terms 

of their applications and development of different 

fabrication methods. Superior mechanical properties and 

high strength-to-weight ratio of such materials have led to 

an increased interest in the automobile and aerospace 

industries in which saving the weight of the component is a 

critical issue. Several fabrication techniques have been 

developed in recent years to manufacture the composites 

with specific properties in mind. The aluminum matrix can 

be reinforced with a variety of ceramic particles of different 

shapes and sizes to achieve the desired properties. 

Metal matrix composites (MMCs), metallic 

matrices reinforced with a ceramic phase, are attracting 

considerable attention in the aerospace and automotive 

industries. The prime reason for this is that a better 

combination of physical and mechanical properties of metals 

viz., high ductility, toughness and thermal conductivity and 

that of ceramics viz., high modulus and high strength can be 

obtained. A sufficiently high volume fraction of the 

reinforcing phase can ensure a high composite hardness in 

most of the cases. Consequently, MMCs show excellent 

performance with high specific strength, stiffness, and good 

wear resistance. 
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Property Units of Measure SI/Metric 

Density gm/cc 3.89 

Flexural Strength MPa 379 

Elastic Modulus GPa 375 

Shear modulus GPa 152 

Bulk modulus GPa 228 

Poisson’s Ratio ---- 0.22 

Compressive Strength MPa 2600 

Hardness Kg/mm
2 

1440 

Fracture Toughness Mpa.m
1/2 

4 

Maximum use 

temperature 
o
C 1750 

Thermal Conductivity W/m
o
K 35 

Specific Heat J/kg.K 880 

Table1 Properties of Aluminium oxide/alumina (Al2O3) 

V. EXPERIMENTAL PLANNING AND DESIGN OF EXPERIMENTS 

A. Planning for Experimentation 

An elastic emission machining (EEM) setup has been 

developed and fabricated, and utilized for experimental 

investigation. Different micro polishing tests are performed 

on Aluminium alumina metal matrix composite using 

developed EEM Setup. Table 2 represents different 

parameters and their levels considered for the experimental 

investigation. The Taguchi method based robust design L9 

(3
4
) orthogonal array was used for experimental 

investigation.  

Sr. No Parameters 1 2 3 Units 

1 
A) Wheel 

Rotational speed 
1000 1200 1400 Rpm 

2 
B) Concentration 

of SiC 
10 15 20 

% by 

weight 

3 
C) Gap between 

w/p and wheel 
50 75 100 mm 

4 D) Applied force 8 14 20 N 

Table 2 Developed EEM Setup parameters and their levels 

VI. METHODOLOGY 

A. Larger- The- Better Principle 

In micro drilling, material removal is considered as the 

quality characteristics based on the summary statistics of the 

larger- the- better principle. The summary statistic, η (dB) of 

the larger the better performance characteristic is expressed 

as follows: 
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…………….....Eqn1 

i=1,2……….n;  

where, η is the S/N ratio in dB 

n is the number of replication of i
th

 experiments, 

yiis the response value or quality characteristics at 

i
th

 experiments 

The material removal is calculated utilizing the 

above mathematical relation Eqn.1 

Smaller-the-better principle 

In micro polishing, surface roughness is considered 

as the quality characteristics based on the summary statistics 

of the smaller-the-better principle. The summary statistic,η 

(dB) of smaller–the-better performance characteristic is 

expressed as follows: 
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………………..Eqn.2 

i=1,2……….n; 

where, η is the S/N ratio in dB 

n is the number of replication of i
th

 experiments, 

yiis the response value or quality characteristics at 

i
th

 experiments 

The surface roughness is calculated utilizing the 

above mathematical relation Eqn.2 Table Experimental 

results and surface finish height, Ra(μm) 

VII. RESULTS AND DISCUSSIONS  

Table 3 represents the experimental results and Signal-to-

noise (S/N) ratio (η, dB) for surface roughness height, Ra 

(μm) during micro polishing of aluminium alumina metal 

matrix composite material on developed EEM setup. 

R

u

n 

A-

Rotati

on 

speed 

(rpm) 

B-

concentr

ation of 

SiCp  

(% by 

weight) 

C-

loa

d 

(N) 

D-

Gap 

distan

ce 

(μm) 

Surfa

ce 

finish 

heigh

t, 

Ra(μ

m) 

MR

R 

(mg

/mi

n) 

1 1000 10 8 50 0.85 1.21 

2 1000 15 14 75 0.81 1.34 

3 1000 20 20 100 0.89 1.43 

4 1200 10 14 100 0.68 1.51 

5 1200 15 20 50 0.64 1.58 

6 1200 20 8 75 0.66 1.63 

7 1400 10 20 75 0.59 1.71 

8 1400 15 8 100 0.56 1.81 

9 1400 20 14 50 0.58 1.83 

Table 3 Experimental results and surface finish height, 

Ra(μm) 

Exp.

No 

Test Result of  Material 

removal rate, MRR 

(mg/min) 

MRR 

(mg/

min) 

S/N 

Ratio 

(dB) 
Y1 Y2 Y3 

1 1.80 1.85 1.90 1.21 3.881 

2 1.98 1.92 1.95 1.34 3.708 

3 2.33 2.32 2.35 1.43 3.588 

4 2.30 2.10 2.15 1.51 3.729 

5 1.49 1.54 1.89 1.58 4.029 

6 1.66 1.74 1.64 1.63 3.486 

7 2.10 1.88 1.96 1.71 3.576 

8 2.40 2.34 2.40 1.81 3.139 

9 1.62 1.47 1.53 1.83 3.494 

Table 4 Experimental results and S/N ratio for MRR 

Exp.No 

Test Result of  surface 

finish height, Ra (μm) 

Surface 

finish 

height, Ra 

(μm) 

(average) 

S/N 

Ratio 

(dB) Y1 Y2 Y3 

1 0.80 0.85 0.90 0.85 -3.88137 

2 0.98 0.92 0.95 0.81 -3.70877 

3 0.58 0.62 0.75 0.89 -3.58855 
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4 0.39 0.60 0.55 0.68 -3.72973 

5 0.49 0.54 0.89 0.64 -4.02995 

6 0.66 0.74 0.64 0.66 -3.48649 

7 0.90 0.88 0.96 0.59 -3.57649 

8 0.65 0.84 0.80 0.56 -3.13952 

9 0.62 0.47 0.53 0.58 -3.49415 

Table 5 Experimental results and S/N ratio for surface finish 

height, Ra (μm) 

 
Fig. 4: S/N Ratio (dB) Graph for surface roughness, Ra(μm) 

Figure 4 shows the S/N ratio (dB) graph for surface 

roughness height, Ra(μm). From Figure 4, it is clear that the 

optimal parametric combination for lower arithmetic mean 

value of surface roughness height, Ra (μm) is at 1400 

rotation speed (rpm), 20% concentration of SiCp (% by 

weight), 8 N load and 75 μm gap distance   between the 

wheel and work piece. 

 
Fig. 5: S/N Ratio (dB) Graph for MRR(mg/min) 

Figure 5 shows the S/N ratio (dB) graph for MRR 

(mg/min). From Figure 5, it is clear that the optimal 

parametric combination for higher arithmetic mean value of 

MRR (mg/min) is at 1400 wheel rotational speed (rpm), 

10% concentration of SiCp (% by weight), 20 N applied 

force and 75 μm gap between wheel and work piece. 

VIII. MATHEMATICAL MODEL FOR SURFACE FINISH HEIGHT, 

RA(ΜM) 

YSR = 0.91-0.072 A + 0.007874 B + 0.020 C – 0.007751 D – 

0.014 A.B + 0.023 A.C – 0.014 A.D – 0.006798 B.C + 

0.00031 B.D + 0.00273 C.D + 0.0074 A
2 

– 0.00724 B
2
 + 

0.00202 C
2 
– 0.007864D

2  

                                              …………………Eqn1 

IX. INTERACTION EFFECTS OF PARAMETERS ON SURFACE 

FINISH HEIGHT, RA (ΜM) 

A. Effect of Wheel Rotational Speed  

Figure 6 shows the relationship between wheel rotational 

speed and surface roughness height, Ra(μm). Any increase 

in wheel rotational speed results in corresponding increase 

in the material removal rate across the gap distance between 

aluminium core polyurethane wheel and work piece. This 

leads to deceases in the surface finish height, Ra.  

 
Fig. 6: Effect of wheel rotational speed and surface finish 

height,Ra(μm) 

B. Effect of concentration of SiCp 

Figure 7 represents the relationship between the surface 

roughness height,Ra(μm) and concentration of SiCp. On 

increasing the concentration of SiCp results in decrease in 

the surface roughness height, Ra(μm). Whereas high surface 

roughness height, Ra(μm)  results when the concentration of 

SiCp is in excess of  20%. The reasons for the substantial 

increase in surface roughness height,Ra(μm) at or above 

20% can be attributed to the increase in particles density in 

the gap between wheel and work piece. Surface roughness 

height is minimum at 15% concentration of SiCp. This 15% 

concentration is used as the design point of the system.  

 
Fig. 7: Effect of concentration of SiCp and surface 

roughness height,Ra(μm 

C. Effect of Applied Force (N) 

Figure 8 represents the relationship between surface 

roughness height, Ra(μm) and applied force(N). It can be 

noted that the increase in applied force increases the surface 

roughness height, Ra(μm). Applied force decreases the 

vibration between the aluminium core polyurethane wheel 

and work piece. This leads that the surface roughness height, 

Ra(μm) is moderate at the value of 7 to 15 N applied force 

and above the 15 N applied force the value of surface 

roughness height Ra(μm) increases. 
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Fig. 8 Effect of applied force and surface roughness 

height,Ra(μm) 

D. Effect of Gap  

Figure 9 represents the relationship between the surface 

roughness height,Ra(μm) and gap. On increasing the gap the 

surface roughness heght,Ra(μm) initially decreases because 

the particle density is greater which helps in removing 

material uniformly. On further increasing the gap distance 

the surface roughness height,Ra(μm) increases because the 

particle density decreases which causes erratic material 

removal from the surface. This leads that the surface 

roughness height,Ra(μm) is moderate at the value of 50 to 

80 μm gap and when gap is above the value of 100 μm, the 

surface roughness height,Ra(μm) increases. 

 
Fig. 9 Effect of gap and surface roughness height, Ra(μm) 

X. MATHEMATICAL MODEL FOR MATERIAL REMOVAL RATE 

(MRR, MG/MIN) 

YMRR = 0.88 - 0.52 A + 0.004874 B + 0.030 C – 0.0043471 

D – 0.4 A.B + 0.053 A.C – 0.044 A.D – 0.04798 B.C + 

0.0041 B.D + 0.00373 C.D + 0.054 A
2 

– 0.0454 B
2
 + 0.0502 

C
2 
– 0.000423 D

2 

…………………..Eqn.2 

XI. INTERACTION EFFECTS OF PARAMETERS ON MATERIAL 

REMOVAL RATE (MRR) 

A. Effect of Wheel Rotational Speed 

Figure 10 shows the relationship between wheel rotational 

speed and material removal rate at different levels of 

concentration. Any increase in wheel rotational speed results 

in corresponding increase in the material removal 

rate(mg/min) across the same concentration. The reason for 

the substantial increase in MRR at or above 1400 rpm is the 

particles speed is increased which helps to increase the 

MRR.  

 
Fig. 10 Effect of wheel rotational speed and material 

removal rate (mg/min) 

B. Effect of Concentration 

The relationship between the material removal rate and 

concentration at different levels of load is shown in Figure 

11. In the lower concentration range(4-15)  increase in 

concentration results in increasing of MRR whereas 

concentration in the higher range(>15%) results in 

decreasing of the MRR.         

 
Fig. 11: Effect of concentration of SiCp and material 

removal rate (mg/min) 

C. Effect of gap 

Figure 12 shows the relationship between material removal 

rate and gap. It can be noted that the increase in gap 

decreases the material removal rate and decrease in gap 

increases the material removal rate. 

 
Fig. 12 Effect of gap and material removal rate (mg/min) 
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D. Effect of Applied Force 

For studying the applied force on the productivity of the 

EEM process (i.e. MRR), applied force has been taken as 

the independent process parameter. Figure 13 shows the 

effect of load on MRR at different levels of gap.  

 
Fig. 13 Effect of applied force(N) and material removal rate 

(mg/min). 

E. ANOVA for surface finish height, Ra (μm) 

Table 6 represents the ANOVA and F-test value is 121.8 

which imply that it is a significant parameter for surface 

roughness height, Ra.  Model F-value is 73.27 which imply 

the model is significant. In this case A, B, C, D are 

significant model terms.  

Source 
S

S 

D

O

F 

V 

F 

val

ue 

P 

valu

e 

Contrib

ution 
 

A) Wheel 

Rotationa

l Speed 

1.

77 
3 

0.5

9 

12

1.8 

<0.0

001 
47.29% 

Highl

y 

Signif

icant 

B) Gap 

between 

wheel 

and w/p 

0.

75 
3 

0.2

5 

94.

41 

<0.0

001 

32.82% 

 

Highl

y 

Signif

icant 

C)Conce

ntration 

of  SiCp 

0.

09 
3 

0.0

3 

9.4

1 

0.01

31 
5.34% 

Signif

icant 

D) 

Applied 

force 

0.

17 
3 

0.0

5 

27.

35 

0.00

72 
9.04% 

Signif

icant 

Error 
0.

11 
32 

0.0

03 
  

3.76% 

 
 

Total 
2.

94 
47    

 

 
 

Table 6 ANOVA for surface roughness height, Ra(μm) 

Table 7 represents the ANOVA and F test value is 

264.14 which imply parameter wheel rotational speed is a 

most significant parameter.  Model F-value of 73.27 implies 

the model is significant. In this case A, B, C, D are 

significant model terms. 

Source 
S

S 

D

O

F 

V 

F 

val

ue 

P 

valu

e 

Contri

bution 
 

A)Wheel 

Rotationa

l Speed 

0.

61 
3 020 

26

4 

<0.0

001 

51.45

% 

Highl

y 

signifi

cant 

B)Gap 

between 

wheel 

and w/p 

0.

02 
3 

0.0

08 

11.

9 

0.00

42 

2.045

% 

 

signifi

cant 

C)Conce

ntration 

of SiC 

 

0.

05 
3 

0.0

18 

17

6 

0.00

03 

45.83

% 

Highl

y 

Signif

icant 

D)Applie

d force 

 

0.

01 
3 

0.0

03 

5.9

9 

0.05

9 

0.987

% 

 

signifi

cant 

Error 
0.

02 
32 

0.0

007 
  

2.015

% 

 

 

Total 
1.

20 
47    

 

 
 

Table 7 ANOVA for material removal rate 

XII. CONCLUSIONS 

The developed EEM setup parameters, wheel rotational 

speed and gap between wheel and w/p, are identified as 

most significant and significant parameters on surface 

roughness height, Ra(μm) with 47.82% and 32.45% 

contribution respectively. Whereas the concentration and 

applied force having contribution 5.583% and 9.048% 

respectively which are not much significant on material 

removal rate. Whereas the ‘F’ values (ANOVA Table 6) of 

concentration and applied force are 9.45 and 27.89 

respectively, hence these two parameters cannot be ignored 

completely as significant parameters on surface roughness 

height, Ra(μm).The developed EEM setup parameters, 

wheel rotational speed and gap are identified as most 

significant and significant parameters on material removal 

rate with 51.82% and 45.45% contribution respectively. 

Whereas the concentration and applied force having 

contribution 2.583% and 0.948%respectively which is not 

much significant on material removal rate. Whereas the ‘F’ 

values (ANOVA Table 7) of concentration and applied force 

are 11.45 and 5.99  respectively, hence these two parameters 

cannot ignored rather consider as significant parameters on 

material removal rate (MRR, mg/min). For obtaining the 

maximum material removal rate, optimal parametric 

combination for higher arithmetic mean value of material 

removal rate (MRR) is at 1400 wheel rotational speed (rpm), 

10% concentration of SiCp (% by weight), 20 N applied 

force and 75 μm gap between the wheel and work piece. For 

obtaining the minimum surface roughness height, Ra (μm) 

the optimal parametric combination is at 1400 wheel 

rotational speed (rpm), 20% concentration of SiCp (% by 

weight), 8 N applied force and 75 μm gap between the 

wheel and work piece.The mathematical models for material 

removal rate and surface roughness height, Ra(μm) are 

successfully proposed for evolution of parametric value in 

advance for effective elastic emission machining of 

aluminium alumina metal matrix composite (AL/Al2O3-

MMC) material on  developed EEM setup. 
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