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ABSTRACT: The recent developments in Al,O5; and Al,O; based ceramics focused not only on the improvements of strength and
toughness, but also on very difficult to machine complex shapes. The present paper reports that, in the study of contemporary
literature resources available to focus on different types of machining processes used to machine Al,0; and Al,O; based ceramics.
Furthermore an analysis of all literature review of different types of machining process, input parameters and output parameters used

by various researchers.
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1. INTRODUCTION

AlyOs and Al,O3 based ceramics are universally used
in airlines, electronic substrates, space shuttle,
bicycles, automobiles, golf clubs [1], cylinder liner,
bushing, bearing [2], cylinder block, liners,
automotive pistons, bicycle frames [3], electronics,
aerospace, material processing [4, 5], cutting tool
inserts, electrical and electronic elements, heat
exchangers, refractory linings, heavy duty electric
contacts, turbine blades, automotive brakes, next-

generation, computer memory products
piezoceramic  sensors [6], biomedical and
Engineering [7]. The Al,O; and Al,Os; based

ceramics have wide range of application, due to its
exceptional ~ Physical, = Mechanical, = Thermal,
chemical, electrical properties which resulted into
high hardness, high bending stiffness, high strength,
wear resistance, resistance to chemical degradation ,
high refractoriness and low density [2, 7, 8],

excellent dielectric strength, thermal stability,
conductivity corrosion resistance, chemical stability,
good damping , high strength to low mass ratio,
controlled thermal expansion, high oxidation [5, §,
9], high scratch resistance, low friction rate [10],
excellent biocompatibility [29]. Al,O; and Al,O3
based ceramics having characteristics such as very
hard, brittle, lack of ductility, low fracture toughness
due to this it is very difficult to use in conventional
machining techniques [5, 6, 8, 9, 10, 11]. Thus, for
such kind of alumina ceramics it is essential to use
special purpose machine as well as non traditional
machining processes.

2. CLASSIFICATION IN MACHINING
PROCESS OF AlL,O; AND ALLO; BASED
CERAMICS FLOW CHART

The figure 1 shows the classification flow chart of
machining process used to machine Al,O; and Al,O;
based ceramics.

Classification of Machining Process in Alumina &
Alumina Composites
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Figure 1 classification of machining process of Al,03 and Al,O5 based ceramic materials
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3. CATEGORIZATION OF VARIOUS
MACHINING PROCESS OF Al,O3; AND
ALO3; BASED CERAMICS

3.1 Abrasive Water-jet Machining (AWJ)

Guo et al. [12] has experimented with alumina
materials using an AWJ machining process. Drilling
produced in workpiece materials is calculated by
using moire interferometer. The authors have
developed a finite element model for analyzing
surface distribution and machining forces occurring
during the process. Xu et al. [13] has stated that
comparative study of AWIJ cutting of alumina
material (Mtl.) with large and small nozzle
oscillation angles. The comparative output responses
found out by the authors are surface roughness, the
depth of the cut, and kerf taper.

3.2 Electro Discharge Machining (EDM)

Ahn et al. [14] has been modeled an electrical
discharge machining process, as an unsteady state
mathematical model and to solve it Galerkin’s
implicit finite element method is used. The result of
this experiment shows that, the current and duty
factor would increase the material removal rate
(MRR) as well as it also increases the rough and
defective surfaces. Chiang [15] has elaborated a
mathematical model for the analysis of machining
parameters and discusses the output results which
shows that, for MRR discharge, current and the duty
factor were the most powerful factors. For tool wear
rate (TWR), duty factor and open discharge voltage
were most significant factors and for roughness
discharge current and open discharge voltage was
the most powerful factors. Patel et al. [16] has
experimented on alumina composite material using
EDM, to study the feasibility of EDM to advanced
alumina composite materials. The results were
showing that, the current, pulse on time, duty cycle
and gap voltage are the most important factors for
both MRR and surface roughness. Patil et al. [1]
found the effect of electrical and non electrical
machining parameters achievement in wire electro
discharge machining of metal matrix composite.
Finally observed surface finish and dimensional
precision, kerf width, cutting rate, material removal
rate and wire breakage. Muttamara et al. [17] has
used various types of EDM electrodes and machined
alumina materials. The comparative study of
numerous electrodes results gives out material
removal rate and surface roughness. The author
reported that the material removal rate of ceramics
can be improved by operating positive polarity of
electrodes. Fukuzawa et al. [19] has machined
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alumina composite material using wire EDM. The
author obtained three-dimensional complex shape on
alumina composite ceramic material using WEDM.
Ferraris et al. [20] has achieved micro scale
machined in alumina composite material utilizing
micro EDM. The author observed various output
parameters such as material removal rate, tool wear,
surface quality and identification of material
removal mechanism. Tak et al. [2] has checked
conductivity of alumina composite material during
machining conditions. The authors concluded that
dimensional accuracy and the circularity of micro
holes is different for separate alumina composite
materials. Singh [11] has used grey relational
analysis to find out optimal parameters of maximum
MRR and minimum tool wear rate and surface
roughness. Calignano et al. [9] has determined the
feasibility of copper electrodes during machining
over alumina composite material. The researcher
made a full factorial design with input was taken as
current, pulse on time, pulse off time, voltage, power
and output responses are material removal rate, tool
wear rate, surface roughness and overcut. Also
author observed surface morphology of drilling
holes.

3.3 Laser Assisted Machining (LAM)

Rebro et al. [21] has indicated that laser assisted
matching process was applied into an alumina
composite  material mullite had wused for
experimentation. The output results were struck out
sufficient depth of cut produced without any fracture
or crack free surfaces. Yang et al. [4] have made
novel myth of complex-shaped Al,O; ceramic
element by linking laser machining and gel casting
technique. The author analyzes complex-shaped
Al,O5 ceramic material and discovered the effects of
input and output parameters. Kibria et al. [22] has
made a combination of two processes of micro
turning and pulsed Nd: YAG laser to machining
advanced alumina ceramic materials. The author
studied experimentally to measure surface roughness
and deviation in turn depth. Using this author
determined desired surface quality and dimensional
accuracy.

3.4 Electrochemical Discharge Machining
(ECDM)

Liu et al. [18] has obtained the effect of voltage,
current, pulse duration and the concentration of the
electrolyte on the machining of Al,Os; composite
material in WECDM. The experimental results show
that, for elevated MRR most important factors were
current, pulse duration and electrolyte concentration.
Peng et al. [23] has conducted experiments to



observe the material removal rate and surface
roughness using Traveling wire electrochemical
discharge machining applied into alumina workpiece
materials. Manna et al. [24] has experimentally
proved that, the input parameters of electrolyte
concentration and DC voltage are the most important
factors for the material removal rate.

3.5 Grinding machining

Zhong [25] has used to ductile or partial ductile
mode grinding machining process on the alumina
ceramic material, it results in reduced time and cost
as well as it increases the surface quality. Emami et
al. [26] used and analyze four lubrications cutting
fluids during grinding operation such as mineral,
hydrocracked, synthetic, and vegetable oils to obtain
the performance of these oils during the machining
process. The results show that hydrocracked oil
shows satisfactory results with respect to surface
roughness and cutting force.

3.6 LASER Machining

Tsai et al. [27] has investigated recent fracture laser
machining techniques. The author found that, due to
this technique it requires less power and the material
removal rate is elevated as compared to conventional
laser machining process. The process is shown that
the formation of crack defects is negligible and also
surface quality and surface roughness 1is also
significant. The author employed to that
experimentation was CO, and Nd: YAG laser.
Samant et al. [28] has checked the feasibility of laser
machining to alumina ceramic material. The author
developed a hydrodynamic machining model to
predict different machining parameters employed in
laser process. The experimental results were proved
that the depth of cut to machine cavity is dependent
on thermo-physical properties of the ceramic
materials. Yan et al. [29] has made a crack-free
milling for producing deep cavities in alumina
materials using CO; laser underwater machining
process. The final results showed that the process
aspect in underwater machining is much superior as
compared to air. Vora et al. [5] has detected a
computational model for finding out laser machining
on the surface finish of alumina under different laser
energy densities. The results show low material
removal with an excellent surface finish.

3.7 Electro Chemical Grinding (ECG)

Goswami et al. [30] has experimentally discovered
the results such as the material removal rate (MRR),
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surface  finish, and cutting forces during
electrochemical grinding of Alumina composite. It
shows that for MRR most significant factors were
the electrolyte concentration and voltage used. For
SR electrolyte concentration, applied voltage and
depth of cut and for cutting force most significant
factor was the concentration, voltage, depth of the
cut, and flow rate of the electrolyte.

3.8 CNC Lathe Machining

Kok [3] has experimented on alumina composite
ceramic material using a CNC lathe machine. The
author studied the effects of cutting speed, size and
volume fraction of particles in the surface roughness
of the alumina composite material with respect to
different types CNC tool inserts. Roy et al. [7] has
successfully fabricated micro-dimple pattern on an
Al,Oj3 surface by using a CNC micro machine. The
author measured dimple pattern mechanical
properties as well as tribological performance of
materials after fabricating micro dimple pattern such
as hardness, toughness and residual strength. The
author also found that, there is no foreign wear
debris occurs.

3.9Ultrasonic Machining (USM)

Wu et al. [31] have conducted experiments on
Alumina using rotary ultrasonic machine. The
experimental results determine that the feed rate was
a dominant factor in the rotary ultrasonic machining
process. Spindle speed affects the cutting force and
ultrasonic vibration plays a major role in surface
profiles of holes. The author also observed the
surface roughness and surface integrity. Liu et al.
[10] has experimentally shown the reduction of
micro chipping or cracking at the exit of the hole of
alumina ceramic material utilizing USM. The author
used response surface methodology for analyzing
input parameters of depth directional feed rate,
ultrasonic power, and spindle speed with respect to
output responses of exit chipping and tool wear.
Bhosale et al. [8] has determined the effect of
amplitude, slurry concentration and slurry type
during the machining of alumina composite material.

3.10 Single Discharge Machining (SDM)

Ji et al. [6] have developed a novel technique of
machined Al,O3; ceramic using high spontaneous
pulse energy. The author determined the cause of
polarity, capacitance, voltage, and current on the
final output responses such as crater volume, crater
depth and tool wear ratio.



3.11 Abrasive Water-jet Turning (AWJT)

Yue et al. [32] have carried out an experiment
using response surface methodology for machine
alumina ceramic material. The final results show
that MRR is dependent on water pressure and
abrasive mass flow rate. It also resulted in surface
roughness with optimum parameters.

4. LITERATURE REVIEW

The table 1 shows, a review segregated on the basis
of authors, publication year, mechanism, workpiece

material, tool material specification, input and

output parameters.

Table 1. Literature Review

Sr. | Authors . Workpiece | Tool Mtl.
No. | (Year) Mechanism Ml Specification Input Parameters Output Parameters
Guo Z.et Abrasive Supply pressure, Standoff | Surface displacement
1. |al. (2001) Water-jet ALO; Sapphire orifice | distance, Abrasive flow distributions, Machining
[12] Machining rate Forces, Strains
AhnY.Cet | Electro o Current, Voltage, Pulse on
. . . > Gy MRR
2. | al. (2002) Discharge f,},z(? (36360})) Conductive Mtl. | Time, pulse off Time,
[14] Machining iC (33%) Duty Factor
1.5 kW Feed Rotational speed Material Removal
Rebro P.A. Laser Assisted 3AL0;- CO,Laser+ Denth of cut Lasgr o’wer Temperature, Tool wear
3. | etal.(2002) A 280, SPG-422 K313 | Bare! diamerer Do | at flank, Surface
Machining eam diameter h
[21] Uncoated roughness
Carbide Inserts
Traveling Wire
Peng W.Y. . Voltage, Frequency , Duty
4. |etal. (2003) aElleSit;g}cl;lregrreuc Al O3 stainless wire factor, Electrolyte MRR, Surface Roughness
[23] Machining
Zhong Z. Surface . Depth of cut, Grinding
L ’ Surface Rough
5. | W.(2003) Grinding ALO; Dl.am.o nd speed urlace Bougtmess
[25] Machine grinding wheels.
. Laser CO2 laser Power ,
Tsai C.H. et Machini Al,O3 Ccon 1 Nd:YAG laser Power, Surface roughness, Crack
6. |al. (2004) achining 2 1aser, Laser moving speed, defects
[27] g\%oé Zfl((}i) Nd:YAG laser | Crack depth
Abrasive mass flow rate,
. Abrasive -80 Standoff Distance, Water
XuS. et al. Abraswe 87% Mesh garnet pressure, Nozzle traverse ]S)%rf,?hc eotB Colﬁgllirelrefs Stz’l or
7. (2006) [13] xatir.j.et ALOs sand speed , Oscillation p ’ P
achining frequency
MRR feasibility check
Samant A. Laser Pulse energy, Pulse . .
o . > th t to different
8. 2.0?82;1.[28] 1(\1{1?1;212}% ALO; Nd:YAG laser duration, Repetitions rate Z‘granrl?ss,ef) e;())th 1Ofecr$1
. Electro 70%AL0s+ . Discharge current, Pulse  \/pp TwR Surface
9 Chiang K.T. Discharge 30%TiC Electrolytic on time ,Duty factor, open ROugh’ness >
" 1(2008) [15] Machinii . ° Copper discharge voltage
. _ Diamond .
Goswami R. | Electro ALO; impregnated NaCl concentration , MRR, Surface finish ,
10. | N. et al Chemical 68.9% + Al- metal bonded Supply voltage, Depth of Cutting force
- N : emica 31.1% s cut, Electrolyte flow rate g
(2009) [30] | Grinding /0 grinding wheel
Patel K. M. | Electro ALO;— Electrolvtic E;St??féggliurzerétl’epélse_ MRR , Surface
11. | etal. (2009) | Discharge SiCw-TiC y ltage y eyele, Lap Roughness
[16] Machining Copper voTage
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Table 1. Literature Review

Sr. | Authors . Workpiece | Tool Mtl.
No | (Year) Mechanism Ml Specification Input Parameters Output Parameters
Servo reference mean
Al/ALLO3p voltage, Pulse on-time, .
Patil N. G. et | Wire Electro | 10%, Conted brass | Pulse off-time, Ienition | Suttne speed , Kerf
12. | al. (2009) | Discharge AVALO3p : pulse current, Max. feed | p © o L
[] Machining 229 wire (CuZn50) speed, Wire speed, Wire g
tension
E%/pes (:1f ele(itrqde,
ectrode polarity,
Muttamara | Electro ALO Cloptperd d Dischargepcurren};, Feasibility of electrode,
13. | A. et al. Discharge 243 clectrodes an Discharge duration, Pulse | MRR, Surface finish
£ Powder EDM ; & ;
(2009) [17] Machining Electrodes 1nter(\1/a1 time, Rotating
spee
0, 0,
Liu] W. et Wire j\(; /(o)arj_dZO o Pulse duration, Current,
G Electrochemic 23 Molybdenum electrolyte concentration, | MRR
14. | al. (2009) . aluminum . Volt
[18] al Discharge alloy 6061 wire oltage
Machining
Fuk i i
ukuzawa W1re clectrical ZrO,- Zinc coated . Bending Strength, MRR,
5. | Y. etal discharge 20%A1,0 brass wire open circuit voltage Surface roughness
(2009) [19] | machining 02 g
: Al;O,—
Ferraris E. 132 )
16. et al. Micro EDM TiC0.7N0.3 | WC Voltage, curr.ent, MRR, TWR 4 times
grade frequency, width energy. | lower than that of steel
(2011) [20]
Laser power, optimal Optimal MRR, kerf
17 YanY.etal | CO, Laser Al,O4 CO» Laser water .layer thickness, width, kerf depth, surface
"1 (2011)[29] | Machining 2 scanning cycles roughness
Micro- Al,O Electrical conductivit
Tak H.S. et 23 . conc Y,
8 la o1 “ | electrical 99.9%0.1% | oo Xfﬁfg%g’gﬁ%ienser’ MRR, Dimensional
' a[é] ) discharge MgO & ' Accuracy
machining
TiN coated on
19 Kok M. CNC lathe ALO3/2024 | grade, triplayer | size, Volume fraction of | o' "Zn1 Checkg
"1 (2011)[3] | Machine Al alloy coaktf((li on PjO particle feasibility of Tools
carbide grade
cutting tool
indle speed, Feed rate
Rotary Spin peed, e ’ Surface roughness
Wu J. etal. . 92% Al,O; . . Ultrasonic vibration . ’
20. (2011) [31] &l;isilsl(r)lrllrll(; diamond drills power, Grit size cutting force
Laser
Yang J. et Machining
Complex shaped
21. | al. (2012) | (CO+ ALO; CO, Laser Laser power Machined
[4] gelcasting
technique
VoraH.D. | Laser . ) Pulse energy, Average
22. | etal. (2012) | Machining 1912%0? purity | N&:YAG Laser energy density Surface roughness
[5] (Nd:YAG)
Single Tool polarity, peak Crater volume, Crater
JiR.etal. . s depth, TWR and assistin
23. (2012) [6] ﬁlscﬁarge AL O3 Red copper voltage, capacitance electrode wear ratio g
achining
. Aspect ratio, Pulse current,
Sineh S Electro 6061A1/Al Electrolytic Pulse ON time , Duty MRR.TWR. Surf
24, | DIMER S Discharge 03p/20P copper cycle, Gap voltage, Tool L W, surtace
g 3p e h
(2012) [11] .y electrodes electrode lift time roughness
Machining (99.9%)
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Table 1. Literature Review

Sr. | Authors . Workpiece | Tool Mtl.
No | (Year) Mechanism Ml Specification Input Parameters Output Parameters
Calignano F. | Electro 72 wt% Copper Peak current, Pulse on MRR, TWR mean,
25. | et al. (2013) Discharge Al,05-28 Electrodes time, Pulse off time, Surface Roughness mean,
[9] Drilling wt% TiC. Drilling depth Overcut
Traveling Wire IS- DC supply voltage ,
2 Manna A. Electrochemica | Al,O; 3748/T35Cr5Mo | Electrolyte concentration, | MRR, spark gap width
" 1(2013) [24] |1 Spark 1V30/ Gap between tool & over micro slice
Machining anode, Wire speed
Average power, Pulse
Kibria G. Nd:YAG laser | AlL,O3 ) frequency, Rotational Surface roughness,
27. (2013) [22] | micro-turning Nd:YAG laser speed, Air pressure, feed | Depth Deviation
rate
Minimum Quantity
Emami M. Precision 96% purity Dlz.lm(.)nd Lubrlcatlon-Mlqeral oil, Gr1n§1ng fo.rce.,
. Grinding Hydrocracked oil, Specific Grinding
28. | et al. Grinding Al O; L
Machine Wheels Synthetic oil, Vegetable Energy, Surface
(2014) [26] oil, Depth of cut, Feed Roughness
rate, Grain size
Dimple distance/pitch
o >
29 Rlo yT. et CNC Micro 191?)% solid carbide Dimple depth, Dimple wear rate and load
- | al. (2014 Machine 73 drill area density , Dimple carrying capacity
[7] diameter , Load
LiuJ. W.et | Rotary 0 . Feed rate, Ultrasonic
30. | al. (2014) Ultrasonic 96%AL05 CVD Dla.m ond- power , tool amplitude, Tool wear, Exit crack
. coated drill .
[10] Machining Spindle speed
Abrasive Water pressure, Jet feed
Yue Z. et al. X 96%A1,0; | Mesh size #80 speed, Abrasive mass flow | MRR, Surface
31. Water-jet .
(2014) [32] Turnin cermet abrasive | rate , Surface speed, Roughness
£ Nozzle tilted Angle
Bhosale S.B. . +
3. | et (;sa( 2e 014 Ultrasonic ?:603 EN 8 alloy Slurry of Nature, Slurry MRR, TWR, Surface
' e[ 82]1 ’ ) Machining 2 Concentration, Amplitude | Roughness

S. STUDY OF VERIOUS PROCESSES USED
IN MACHINING OF ALO; AND AlLO;
BASED CERAMIC MATERIALS

The figure 2 shows, causes and effects diagram
(Fishbone) of various machining parameters to be
utilized in machining of AlLOs; and Al,O; based
ceramic materials. The figure 3 shows that number

| LASER | | UsM I

CNC
Machine

of research papers recently published on the
machining process of AlLOs; and ALO; based
ceramic materials. The figure 4 shows the
percentage distribution of different machining
process used to machine Al,O; and Al,O; based
ceramic materials.

Tool Material
Laser Power Slurry Nature
Spindle Speed
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Crack Depth

Types of Laser
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Cutting Feed
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Cutting speed

Surface Speed—»

Water Pressure
Jet Feed speed

Abrasive mass
Flow rate

Laser Movi Areaof N i
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Figure. 2 Cause and Effect Diagram for machining process of Al,Osand Al,O3 based ceramics (Fishbone)
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Figure. 4 Percentage of research conducted in different
machining process on Al,O;and Al,O; based ceramics

CONCLUSIONS

From the present investigation it can be
concluded that, the machining process of Al,O3
and AL,O; based ceramic, composite by different
machining process mechanism, that uses 31% of
Electro Discharge Machining process, 16% of
Laser Machining, 10% of Ultrasonic Machining
process, 10% of Electro Chemical Discharge
Machining Process, 6% of Abrasive Water jet
Machining process, 6% of Hybrid Laser
Machining, 6% Grinding process, 6% CNC
Machining, 3% of Abrasive Water-jet Turning,
3% of ECG and 3% of SDM.
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2. The most of authors found that, the responses
such as MRR, TWR, Ra, Cutting force,
Dimensional accuracy etc.

3. The researchers applied various machining
processes to obtain various advanced machines
of Al,O3 and Al,O3 based ceramic composite.

7. ACKNOWLEDGEMENTS

The author would like to express their sincere thanks to
Department of Manufacturing Engineering, National
Institute of Technology, Jamshedpur for their
encouragement, motivation, and continuous support for
performing this research work

8. REFERENCES

1. Patil, N. G., Brahmankar, P. K., Some studies
into wire electro-discharge machining of alumina
particulate-reinforced aluminum matrix
Composite, International Journal of Advanced
Manufacturing Technology Vol. 48, pp. 537-555,
(2010).

2. Tak, H.S., Ha, C. S., Lee, H. J., Lee, H. W.,
Jeong, Y. K., Kang, M. C., Characteristic
evaluation of Al,O3/CNTs hybrid materials for
micro-electrical discharge machining, 7rans.
Nonferrous Met. Soc. China , Vol. 21, pp. 28-32,
(2011).

3. Kok, M., Modelling the effect of surface
roughness factors in the machining of
2024A1/A1,03 particle composite based on
orthogonal arrays, [International Journal of
Advanced Manufacturing Technology, Vol. 55,
pp- 911-920, (2011).

4. Yang, J., Yu, J, Cui, Y., Huang, Y., New laser
machining technology of ALO; ceramic with
complex shape, Ceramics International, Vol. 38,
pp- 3643-3648, (2012).

5. Vora, H. D., Santhanakrishnan, S., Harimkar, S.
P., Boetcher, S.K.S., Dahotre, N. B., Evolution
of surface topography in one-dimensional laser
machining of structural alumina, Journal of the
European Ceramic Society, Vol. 32, pp. 4205-
4218, (2012).

6. Ji, R, Liu, Y., Zhang, Y., Wang, F., Cai, B., Fu,
X., Single Discharge Machining Insulating
AlLLO; Ceramic with High Instantaneous Pulse
Energy in  Kerosene,  Materials  and
Manufacturing Processes, Vol. 27, pp. 676-682,
(2012).

7. Roy, T., Choudhury, D., Mamat, A.B., Murphy,
B.P., Fabrication and characterization of micro-
dimple array on Al,Os; surfaces by using a



10.

11.

12.

13.

14.

15.

16.

17.

micro-tooling, Ceramics International, Vol. 40,
pp. 2381-2388, (2014).

Bhosale, S.B., Pawade, R.S., Brahmankar, P. K.,
Effect of Process Parameters on MRR, TWR and
Surface Topography in Ultrasonic Machining of
Alumina  Zirconia  Ceramic  Composite,
Ceramics International, pp. 1-11, (2014).
Calignano, F., Denti, L., Bassoli, E., Gatto, A.,
Iuliano, L., Studies on electrodischarge drilling
of an ALOs-TiC composite, International
Journal of Advanced Manufacturing Technology,
Vol. 66, pp. 1757-1768, (2013).

Liu, J. W, Baek, D. K., Ko, T. J., Chipping
minimization in drilling ceramic materials with
rotary ultrasonic machining, International
Journal of Advanced Manufacturing Technology,
Vol. 72, pp. 1527-1535, (2014).

Singh, S., Optimization of machining
characteristics in electric discharge machining of
6061A1/Al,O3p/20P composite by grey relational
analysis, International Journal of Advanced
Manufacturing Technology, Vol. 63, pp. 1191-
1202, (2012).

Guo, Z., Ramulu, M., Investigation of
displacement fields in an abrasive water-jet
drilling  process: Part 1. Experimental

measurements, Experimental Mechanics, Vol.41,
No.4, pp. 375-387, (2001).

Xu, S. Wang, J., A study of abrasive water-jet
cutting of alumina ceramics with controlled
nozzle oscillation, [International Journal of
Advanced Manufacturing Technology, Vol.27,
pp. 693-702, (2006).

Ahn, Y.C., Chung, Y.S., Numerical analysis of
the electro-discharge machining process for
alumina-titanium carbide composite II Unsteady
state approach, Korean J. Chem. Enggi. Vol.19,
No. 4, pp. 694-702, (2002).

Chiang, K.T., Modeling and analysis of the
effects of machining parameters on the
performance characteristics in the EDM process
of AlLOs;+TiC mixed ceramic, International
Journal of Advanced Manufacturing Technology,
Vol. 37, pp. 523-533, (2008).

Patel, K.M., Pandey, P.M., Rao, P.V,
Optimisation of process parameters for multi-
performance characteristics in EDM of Al,O;
ceramic composite, International Journal of
Advanced Manufacturing Technology, Vol. 47,
pp. 1137-1147, (2009).

Muttamara, A., Fukuzawa, Y., Mohri, N., Tani,
T., Effect of electrode material on electrical
discharge machining of alumina, Journal of
materials processing technology, Vol. 209, pp.
2545-2552, (2009 ).

23

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Liu, JW., Yue, TM. Guo, Z.N. Wire
Electrochemical Discharge Machining of Al,O3
Particle Reinforced Aluminum Alloy 6061,
Materials and Manufacturing Processes, Vol.
24, pp. 446-453, (2009).

Fukuzawa, Y., Mohri, N., Gotoh, H., Tani, T.,
Three-dimensional machining of insulating
ceramics materials with electrical discharge
machining, Trans. Nonferrous Met. Soc. China,
Vol. 19, pp. 150-156, (2009).

Ferraris, E., Reynaerts, D., Lauwers, B., Micro-
EDM process investigation and comparison
performance of Al;O; and ZrO, based ceramic
composite, CIRP Annals - Manufacturing
Technology, Vol. 60, pp. 235-238, (2011).
Rebro, P.A., Shin, Y.C., Incropera, F.P., Laser-
Assisted Machining of Reaction Sintered Mullite
Ceramics, Journal of Manufacturing Science and
Engineering, Vol. 124, pp. 875-885, (2002).
Kibria, G., Doloi, B., Bhattacharyya, B.,
Predictive model and process parameters
optimization of Nd:YAG laser micro-turning of
ceramics, International Journal of Advanced
Manufacturing Technology, Vol. 65, pp. 213-
229, (2013).

Peng, W.Y., Liao, Y.S., Study of
electrochemical discharge machining technology
for slicing non-conductive brittle materials,
Journal of Materials Processing Technology,
Vol. 149, pp. 363-369, (2003).

Manna, A., Kundal, A., An experimental
investigation on fabricated TW-ECSM setup
during micro slicing of nonconductive ceramic,
International Journal of Advanced
Manufacturing Technology, pp. 1-9, (2013).
Zhong, Z.W. “Ductile or Partial Ductile Mode
Machining of Brittle Materials, International
Journal of Advanced Manufacturing Technology,
Vol. 21, pp. 579-585, (2003).

Emami, M., Sadeghi, M.H., Sarhan, A. A. D., Hasani,
F., Investigating the Minimum Quantity
Lubrication in grinding of Al,Os; engineering
ceramic, Journal of Cleaner Production, Vol.
66, pp. 632-643, (2014).

Tsai, C.H., Chen, H.W., The laser shaping of
ceramic by a fracture machining technique,
International Journal of Advanced
Manufacturing Technology, Vol. 23, pp. 342-
349, (2004).

Samant, A. N., Dahotre, N. B., Differences in
physical phenomena governing laser machining
of structural ceramics, Ceramics International,
Vol. 35, pp. 2093-2097, (2008).

. Yan, Y., Li, L., Sezer, K., Wang, W., Whitehead,

D, Ji, L., Bao, Y. Jiang, Y. CO, laser



30.

31.

underwater machining of deep cavities in
alumina, Journal of the European Ceramic
Society, Vol. 31, pp. 2793-2807, (2011).
Goswami, R.N., Mitra, S., Sarkar, S.,
Experimental investigation on electrochemical
grinding  (ECG) of  alumina-aluminum
interpenetrating phase composite, International
Journal of Advanced Manufacturing Technology,
Vol. 40, pp. 729-741, (2009).

Wu, J., Cong, W., Williams, R.E., Pei, Z.J.,
Dynamic  Process Modeling for Rotary

24

32.

Ultrasonic Machining of Alumina, Journal of

Manufacturing Science and Engineering, Vol.
133, pp. 041012-1-041012-5, (2011).

Yue, Z., Huang, C., Zhu, H., Wang, J., Yao, P.,
Liu Z. W., Optimization of machining
parameters in the abrasive water-jet turning of
alumina ceramic based on the response surface
methodology, International Journal of Advanced
Manufacturing Technology, Vol. 71, pp. 2107-
2114, (2014).



