SREENIVASA INSTITUTE OF TECHNOLOGY AND MANAGEMENT STUDIES.
(AUTONOMOUS)
DEPARTMENT OF MECHANICAL ENGINEERING

16MEC424A MODERN MACHINING PROCESSES

Course Educational Objectives:

CEOL1: To understand the working principles of mechanical energy based machining process.

CEQ2: To learn electric discharge machining and wire cut EDM process for machining

CEO3: To understand the working principles of thermal energy based machining process.

CEO4: To know the chemical based and electro chemical based machining process.

CEOS: To learn advanced surface finishing processes and recent developments in the non-
traditional machining processes.

UNIT - 1: MECHANICAL ADVANCED MACHINING PROCESS

Introduction: Need for non-traditional machining methods — Classification of modern machining
processes — Considerations in process selection materials and applications. Abrasive Jet, Water Jet
and Abrasive Water Jet Machining: Basic principles, equipments, process variables and mechanics
of metal removal, MRR, application and limitations. Ultrasonic machining: Elements, mechanics of
metal removal, process parameters, economic considerations, applications, limitations and recent
development.

UNIT - 2: THERMO ELECTRIC ADVANCED MACHINING PROCESS

Electric Discharge Machining: Principle of working — Power supply, dielectric system, electrodes and
servo system — Circuit analysis — Material removal rate — Process variables and characteristics —
Applications. Wire-Electric Discharge Machining: Principle of working, process variables and
characteristics and applications — Principle and working of Electric Discharge grinding, electric
discharge diamond grinding and micro electric discharge machining.

UNIT - 3: ELECTRON BEAM AND LASER BEAM MACHINING PROCESS

Electron Beam Machining: Generation and control of electron beam for machining, theory of electron
beam machining, comparison of thermal and non-thermal processes. Plasma Arc Machining: Principle
and working — Metal removal mechanism, process parameters, accuracy and surface finish and
Applications. Laser Beam Machining: General principle and application of laser beam machining —
Thermal features, cutting speed and accuracy of cut.

UNIT - 4: ELECTRO CHEMICAL AND CHEMICAL ADVANCED MACHINING PROCESS
Electro Chemical Machining: Principle, ECM system, advantages, limitations and applications.
Electro Chemical Grinding: Principle and working, process characteristics and applications.
Chemical Machining: Fundamentals of chemical machining — Principle — Maskants — Etchants —
Advantages and applications.

UNIT - 5: OTHER ADVANCED MACHINING PROCESS

Electro Stream Drilling: Principle and working — Process performance. Magnetic Abrasive
Finishing: Principle and working, material removal and surface finish and applications. Shaped Tube
Electrolytic Machining: Principle and working, applications. Rapid Prototyping: Classification —
Stereo lithography - Selective laser sintering and applications.
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Course Outcomes:

On successful completion of the course, Students will be able to POs related to COs
Understand the working principles of mechanical energy based machinin
cot & primeip & ®| PO1,P0O2,PO03,PO7
process
Cco2 Expla.in. electric discharge machining and wire cut EDM process for PO1,PO2,PO7
machining
CO3 | Understand the working principles of thermal energy based machining process |  PO1,P0O2,PO3,PO7
CO4 | Explain the chemical based and electro chemical based machining process. PO1,P0O2,PO3,PO7
CO5 Summarize the advanced surface finishing processes and recent developments POL
in the non-traditional machining processes.
Text Books:
1. Advanced Machining Processes, V. K. Jain, 2002, Allied Publishers Pvt. Ltd., New Delhi.

2. Modern Machining Processes, Pandey P.C. and Shan H.S., 1980,Tata McGraw Hill, New Delhi.

Reference Books:

1. Unconventional Machining Process, M Adithan, 2014, Atlantic Publications, New Delhi

2. Non-Traditional Manufacturing Processes, G.F., Marcel Dekker Inc., New York 1987.

3. Manufacturing Engineering and Technology, Serope Kalpakjian and Steven R. Schmid, 2013,
Prentice Hall.

4. Introduction to Micromachining, V. K. Jain, 2014, Narosa publishing House, New Delhi.

5. Advanced Machining, Brahem T. Smith, 1989, LF.S., U.K.

CO\PO | PO1 | PO2 | PO3 | PO4 | POS | PO6 | PO7 | POS | PO9 | PO10 | PO11 | PO12
CO.1 3 2 2 - - - 2 - - - - -
CO.2 3 2 - - - - 2 - - - - -
CO.3 3 2 2 - - - 2 - - - - -
CO4 3 2 2 - - - 2 - - - - -
CO.5 3 - - - - - - - - - - -
CO* 3 2 2 - - - 2 - - - - -
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eational Machining Process

Ultrasonic transducer
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mm”“\mﬂwn_o: Direcionior L\ sducer cone or horn i
tool motion Connecting body
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\\ Tool holder
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Cutting tool
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B e \\ \ﬁ%\l Fixture

.......... ]=— Table -

Fig. 2.12. Arrangement of ultrasonic machining process

® The transducer is made up of magnetostrictive material and it
consists of a stack of nickel laminations that are wound with a
coil.

® The function of the transducer is to convert the electrical energy
into mechanical energy.

® Generally tough and ductile tool material is used in this
process. Low carbon steels and stainless steels are commonly
used as tool materials.

© The tool is brazed, soldered or fastened mechanically to the
transducer through a tool holder. Generally tool holder is of
cylindrical or conical in shape.

Dol ot - AR TR =R e =

Mechanical Energy Based Processes 2w

® The materials used for tool holders are titanium allovs, So:m_
aluminium, stainless steel, erc.

® An abrasive slurry, usuvally a mixture of abrasive grains and
* water of definite proportion (20 — 30 percent), is made to flow
under pressure through the gap between tool and workpiece.
The gap between the tool and workpiece is of the order 0.02 to

0.1 mm.

® The most commonly used abrasives are boron carbide (B4C),
silicon carbide (SiC), aluminium oxide (Al,03), and diamond.
Boron carbide is most commonly used abrasive slurry, since it
has the fastest cutting abrasive property.

Working :

® Electric power is given to ultrasonic oscillator and this
oscillator converts the electrical energy at low frequency to
high frequency (20 kHz).

® High frequency power (20 kHz) from oscillator is supplied to
the transducer.

® The function of the transducer is to convert the electrizal energy
into mechanical vibrations. The transducer is made up of
magnetostrictive material, which is excited by flowing high
frequency electric current and this results in the generation of
mechanical vibrations. The vibrations are generated in the
transducer of the order of 20 kHz to 30 kHz and hence
ultrasonic waves are produced.

® These vibrations are then transmitted to the cutting tool through
transducer cone, connecting body and tool holder. This makes
the tool to vibrate in a longitudinal direction as shown in
Fig.2.12.

Al

Scanned by CamScanner



g

- 22 Unconventional Machining Process

Abrasive slurry is pumped from the reservoir and it is made to
flow under pressure through the gap between tool and
workpiece.

In an abrasive slurry, when the cutting tool vibrates at high

frequency, it leads in the removal of metal from the workpiece.

The impact force arises out from the vibration of tool end and
the flow of slurry through the workpiece — tool gap causes
thousands of microscopic grains to remove the workpiece
material by abrasion.

A refrigerated cooling system is used to cool the abrasive slurry
to a temperature of 5 to 6°C.

The ultrasonic machining process is a copying process in which

the shape of the cutting tool is same as that of the cavity
produced.

2.3.3. COMPARISON OF ULTRASONIC MACHINING WITH
TRADITIONAL ABRASIVE MACHINING
S.No. Traditiona! f?brasive Ultrasonic Machinin
Machining g
] Motion of the grinding grit | Motion of the grinding grit
is tangential to the work |is normal to the work
surface. surface.
2° Abrasive particle is used to | Abrasive slurry is used to
remove the metal from the | remove the metal from the
workpiece. workpiece.
3. Abrasive wheel is rotated | Tool s vibrated by
by electric power. magnetostriction effect
which produces ultrasonic
y il waves.
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2.34 Unconventional Machining Process

2.3.15. METAL REMOVAL RATE

4 The material removal rate per unit time is inversely
proportional to the cutting area of the tool. Boron carbide is the
hardest material and has the highest metal removal rate.

4 Wear ratio is defined as the ratio of volume of material
removed from the work to volume of material eroded from tool.

Voiume of material removed from the work
Volume of material eroded from the tool

Wear ratio =

4 Material removal in USM is a very complex process and it
depends on certain factors. They are :

1. Grain size of abrasive.
2. Abrasive materials.

3. Concentration of slurry.
4. Amplitude of vibration.

5. Frequency of ultrasonic waves.

1. Grain Size of Abrasive

Material removal rate and surface finish are greatly influenced by
grit or grain size of the abrasive. Maximum rate in machining is
attained when the grain size of the abrasive is comparable to the tool

amplitude.

For rough work operation, grit size of 200 — 400 are used and for
finishing operation, grit size of 800 — 1000 are used. Fig.2.22 shows
the effect of grain size for the material removal rate (MRR) in

ultrasonic machining process.

Mechanical Energy Based Processes  2.35

Theoretical

.
/
// ’
-/
p
’
/
/
/

Actual

MRR ——

Grain size

Fig. 2.22.
2. Abrasive Materials

For effective machining, the abrasive materials should be replaced

periodically since the dull abrasives stop the cutting action.

The proper selection of abrasive particles depends on the type of
material to be machined, hardness of the material, metal removal rate
desired and the surface finish required. The most commonly used
abrasives are boron carbide and silicon carbide which are used for
machining tungsten carbide, die steel, etc. Aluminium oxide is the

softest abrasive and it is used for machining glass and ceramics.

3. Concentration of Slurry

An abrasive slurry, usually a mixture of abrasive grains and water
of definite proportion (20 — 30 percent), is made to flow under
pressure through the gap between tool and workpiece. Fig.2.23 shows
how the material removal rate in ultrasonic machining process varies

with slurry concentration.
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2.36 Unconventional Machining Process

— -

Boron carbide (B4C)

Silicon carbide (SiC)

MRR ——

\j

Abrasive concentration ——

Fig. 2.23.
4. Amplitude of Vibration

Metal removal rate in ultrasonic machining process increases with

increasing amplitude of vibration which is shown in Fig.2.24.

Low frequency

MRR ——

Y

Amplitude —>

Fig. 2.24.

5. Frequency
Ultrasonic wave frequency is directly proportional to the metal

removal rate which is shown in Fig.2.25.

= i

S —

Mechanical Energy Based Processes 2.37

¥

MRR

Y

Frequency —>

Fig. 2.25.

2.3.16. PROCESS PARAMETERS
The various process parameters involved in USM methods are as
follows :
(i) Metal removal rate.
(if) Tool material.
(iii) Tool wear rate.
(iv) Abrasive materials and abrasive slurry.
(v) Surface finish.
(vi) Work material.
(i) Metal Removal Rate : Explained in Section 2.3.1 5

(ii) Tool material : Generally, tough and ductile tool material is
used in USM process. Low carbon steels and stainless steels are
commonly used as tool materials. Since very long tools cause
overstress, the tool should be short and rigid.

Hollow tool can be made with wall thickness greater than 0.5 to
0.8 mm. Side clearance to the tool is of the order of 0.06 mm to 0.36
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2.38 Unconventional Machining Process

mm depending on grain size of abrasive. The USM process is a
copying process in which the shape of the cutting tool is same as that
of the cavity produced.

(iii) Tool wear rate : Tool wear ratio is defined as “the ratio of
volume of material removed from the work to the volume of material
eroded from the tool”.

Volume of material removed from work
Volume of material eroded from tool

Wear ratio =

" The wear ratio is approximated to 1.5: 1 for tungsten carbide
(WC) workpiece, 100: 1 for glass, 50: 1 for quartz, 75: 1 for
ceramics and 1 : 1 for hardened tool steel.

(iv) Abrasive materials and Abrasive slurry : The most commonly
used abrasives are boron carbide, silicon carbide, aluminium oxide
and diamond. Boron is the most expensive abrasive material and is
best suited for the cutting of tungsten carbide, tool steels, etc.
Aluminium oxide is the softest abrasive and it is used for machining

glass and ceramics.

Material removal rate and surface finish are greatly influenced by
grit or grain size of the abrasive. For roughing work operation, grit
size of 200 — 400 are used and for finishing operation, grit size of
800 — 1000 are used.

An abrasive m_c_.,Q is a mixture of abrasive grains and water of
definite proportion (20 — 30 percent). Abrasive in a slurry form is
:.58 effective compared to abrasives in loose form, since the liquid
(water) would help removal of material due to cavitation effect during
return stock of the tool. Moreover, the liquid is used to distribute the

abrasive particles evenly into the working gap.

The cutting power of different abrasives are shown in the Table.

Mechanical Energy Based Processes 2.39
Table 2.].
SL. i i
Abrasive Hardness Rehgresntio
No. Power
1. | Boron carbide (B4C) 2800 0.50-0.60
2. | Silicon carbide (SiC) 2450 - 2500 0.25-0.45
3. | Aluminium oxide 2000 - 2100 0.14-0.16
(AL,03)
4. | Diamond 6500 — 7000 1
(v) Surface Finish : The maximum speed of penetration in soft

and brittle materials such as soft ceramics are of the order of

200 mm/ min. Penetration rate is lower for hard and tough materials.

Accuracy of this process is £ 0.006 mm and surface finish upto

0.02 to 0.8 micron value can be achieved.

(vi) Work materials : Hard and brittle metals, non-metals like

m_um? ceramics, efc., and semiconductors are used as work material in

USM process. Wear ratio, average penetration rate and maximum

machining area of the different workpiece materials are shown in the

following table.

Table 2.2.
Ratio “:. Maximum Average
SI. Miterial weta | Machining | Penetration
ot | e [
rate to too >
2 m/ min
wear rate (cm®) o= )
| 1. Boron carbide 2] 5.6 0.20
2. | Tungsten 1.5:1 7.6 0.25
carbide |
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2.3.17.

Ratio of Maxi
1 aximum Average
Sl ? meta Machining | Penetration
No Material removal n
. rea Rate
. rate to tool T /i
wear rate (cm®) (mm /min)
3% Tool steel [zl SO 0.13
4. Glass 100 : 1 25.2 3.8
5% Ceramics 751 19.2 15
6. Germanium 100: 1 225 2.15
ADVANTAGES OF USM

1. Extremely hard and brittle materials can be easily machined.

Cost of metal removal is low.

High accuracy and good surface finish can be easily obtained.

2
3. Noiseless operation.
4
5

There is no heat generation in this process. So, the physical

properties of the work material remain unchanged.

o>

7. Non-conducting materials of electricity su
and semi-precious stones can be easily machined.

8.

Equipment is safe to operate.

2.3.18. DISADVANTAGES OF USM

1. Metal removal rate is slow.

The machined workpieces are free of stresses.

2. Softer materials are difficult to machine.

4. The initial equipment cost is high.

3. Wear rate of the tool is high.

ch as glass, ceramics

Mechanical Energy Based Processes -2.41

For effective machining, the abrasive materials should be
replaced periodically since the dull abrasives stop cutting

action.
High power no:mc—:_u:o:‘.
Tool cost is high.

The size of the cavity that can be machined is limited.

2.3.19. LIMITATIONS

Under ideal conditions,

Penetration rate — 5 mm?/min

Power — 500 — 1000 watts

Metal removal rate on brittle materials — 0.018 mm? / joule

Hole tolerance — 25um

Surface finish — 0.2t0 0.7 pm

2.3.20. APPLICATIONS OF USM

1:
2.
3.

Holes as small as 0.1 mm can be drilled.
Precise and intricate shaped articles can be machined.

It has been efficiently applied to machine glass, ceramics,
tungsten, precision mineral stones, ezc.

It is used for making tungsten carbide and diamond wire
drawing dies and dies for forging and extrusion processes.
Several machining operations like drilling, grinding, turning,
threading, profiling, efc., on all materials both conducting and

non-conducting.
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__Unconventional Machining Process

The work piece is connected to the positive terminal of the
electric source, so that it becomes the anode. The tool is
connected (o the negative terminal of the electric source,

so that it becomes the cathode.

The tool and workpiece are submerged in a dielectric fluid
medium such as paraffin, white spirit or transformer oil

having poor electrical conductivity.

The function of the servo mechanism is to maintain a very
small gap, known as ‘spark gap’ ranges of 0.005 to 0.05
mm between the work piece and the tool.

‘S‘Grvo Gear Box
alor Tool Feed
Filter
Servo
Control |-
T Tool
D.C Supply L Dieloctrical

+

Work

i

B aly
—

Fixture
Base

Fig 3.1. Schematic layout of EDM

Electrical Energy Based {Processes 33

When the D.C supply is given 10 the circuit
produced across the gap between the 100
workpiece.

So, the dielectric breaks down and electrons are 2mined
from the cathode (tool) and the gap is ionized

This spark occurs in an interval of 10 1o 30 microseconds
and with a current density of 15-500A per mm®
approximately. So, thousands of spark-discharge occur per
second across the gap between the tool and the work.
which results in increasing temperature of about
10,000°C.

At this high pressure and temperature, workpiece metal is
melted, eroded and some of it is vaporised. In this way the
metal is removed from the workpiece.

The removed fine material particles are carried away by
dielectric fluid circulated around it.

The metal removal rate depends on the spark gap
maintained. If anode and cathode are made of same
material, it has been found that the greatest erosion takes
place at anode. Therefore, in order to remove maximum
metal and have minimum wear on the tool, the teol is made
as cathode the workpiece as anode.

When the voltage drops to about 12 volts, the spark
discharge extinguishes and the dielectric fluid once again
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3.4 Unconventional Machining Process

becomes deionized. The condensers start to recharge and
the process repeats itself,

3.4 DIELECTRIC FLUID

A dielectric fluid is a medium that does not conduct
electricity. In electrical discharge machining process, the
tool and work piece are submerged in a dielectric fluid
medium. The dielectric fluids generally used are petroleum
based hydrocarbon fluids, paraffin, white spirit,
transformer oil, kerosene, mineral oil or mixture of these.

Dielectric fluids must not be hazardous to operators or
corrosive to equipment.

The choice of any dielectric fluid depends on the workpiece
size, type of shape, tolerance, metal removal rate and
surface finish. White spirit is best suited for machining
tungsten carbide.

The dielectric fluid should not be changed frequently on a
machine, and it is chosen according to the most frequent
application to be carried out in the machine.

The dielectric fluid must circulate freely between the tool
and work piece.

The eroded particles should be flushed out at the earliest
since it reduces the further metal removal rate.

The various methods of flushing are pressure flushing,
suction flushing and side flushing which are shown in
Fig 3.2.

>

N . \.\&. ric : m.\.. rgy ? ..vr\ Processes 15

flusd

(€) —_— e

(2) pressure flushing (b} Suction Mushing, (<) Side flushiog

Drelecs
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3.6  Unconventional Machining Process

® The diclectric fluid should be filtered before reuse so that
chip contamination of the fluid will not affect machining

accuracy.
® Thedielectric fluid should be easily available at reasonable
price
3.5 FUNCTION OF DIELECTRIC FLUIDS
The dielectric fluid has the following functions

I. It acts as an insulating medium.

2. It cools the spark region and helps in keeping the
tool and workpiece cool.

3. It carries away the eroded metal particles along with it.
4. It maintains a constant resistance across the gap.

5. Itremains electrically non conducting until the required
breakdown voltage has been reached.

6. It breakdown electrically in the shortest possible time
once the breakdown voltage has been reached.

3.6. TOOL ( ELECTRODE ) MATERIALS AND TOOL
WEAR
® The tool materials generally used can be classified as
metallic materials(copper, brass, copper-tungsten etc ),
non-metallic materials (graphite) and combination of
metallic and non-metallic materials (copper — graphite).

® Copper, yellow brass, alloys of zinc, copper tungsten,
silver tungsten, tungsten carbide and graphite are used

for tool materials.

Electrical Energy Based Processes 3.7

® Forcommercial applications, copper is best suited for fine
machining, aluminum is used for die-sinking and cast iron

for rough machining.
The three most commonly used materials are given below.
i. Graphite

Graphite is a non-metallic which is generally used as a tool
material in Electrical Discharge Machining processes. A wide range
of grades are available in graphite and these are used for variety
of applications.

A big advantage of graphite is though it is abrasive, it can be
produced by several methods like machining, moulding, milling,
grinding etc. Graphite can generally achieve better metal removal
rates and fine surface finishes than metallic tool materials. One

disadvantage of graphite is; it is costlier than copper.

ii. Copper
Copper is a second choice for using as tool material in Electrical

Discharge Machining processes. It can be produced by casting or
machining. Copper tools with very complex features are formed

by chemical etching or electro forming.
iii. Copper — tungsten

Copper — tungsten tool material is difficult to machine and it
has;low metal removal rate. It is costlier than graphite and copper.

° \\_.:n selection of proper tool material is influenced by
i. Size of electrode and volume of material to be removed.
ii. Surface finish required.

iii. Tolerance required.

@
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W Nature of voolant applivation et

& 1he basio requitements of any ol material are

Lo It should have low erosion rate

i Itshould be electrically conductive.

e ftshould have good machinability,

v Melung point of the tool should be high,
v. It should have high electron emission.

Tool wear

®  As the 100l does not come into contact with the work, life

of tool is long and less wear and tear takes place.

The ool wear ratio is defined as the ratio of volume of
work material removed to the volume of electrode (tool)
consumed.
Volume of work material removed

Volume of electrode consumed
® The wear ratio for brass electrode is 1:1, for copper is 2:1
and for copper tungsten is 8:1 for non metallic (graphite)
wear ratio may vary from S:1 to 50:1.

Wear ratio =

3.7 METAL REMOVAL RATE (MRR) AND SURFACE
FINISH
The metal removal rate is generally described as the volume of
metal removed per unit time.
® Metal removal rate depends upon current density and it
increases with current. But high removal rates produce
poor finish. Therefore, the usual practice in EDM is, a

roughing cut with a heavy current followed by a finishing
cut with less current.

Flectrical | e ‘Ey Based Prica
®  Maetal removal rates wpto Bomn
surface finisheas of 0.7% um can be ohngions

Cutting rales

- Ihe material belng cut will affect the ¢
Ihe exparniments indicate that the metal raene rate (MED
varies inversely with melting poiot of ¢ metasl The

approximate value s

NA&
MIZI - 5

( Melting point °C ) "~

® Tolerances of the order of + 0 .03 w 0.1 3 mm see commond)
achieved by EDM in normal production and with exiss

care, tolerances of + 0.003 10 0017 mem are pussibie

3.8 FACTORS AFFECTING THE METAL REMOVAL
RATE (MRR)

1. Metal removal rate increases with forced circulation of
dielectric fluid.
2. It increases with capacitance.

3. It increases upto optimum value of work-tool gap. alter
that it drops suddenly.

4. Itincreases upto optimum value of spark discharge tme
after that it decreases.

5. Metal removal rate is maximum when the pressure i below
the atmospheric pressure.

3.9 BREAKDOWN MECHANISM

® The cathode electrode is assumed 1o be source of producing

electrons which are emitied either by field effect or by schottky
effect.

Scanned by CamScanner



3.10  Unconventional Machining Process

® The electrons liberated from the cathode are accelerated until

they gain sufficient energy to ionize the liquid molecules and

initiate an electron avalanche.

® The applied field E, at which an electron avalanche can be

initiated is given as

Where

eEA =chv

e — charge

E - Applied field

A — Mean free path of electron
¢ — velocity of light

hv — lonization quantum for the liquid molecule

This theory is used to magnify the breakdown strength of

hydrocarbons. But it does not take into account the ignition delay

observed between the applied voltage and breakdown voltage.

Breakdown in gas is introduced by collisional ionization
of the molecules. But in liquid, collisional ionization of
the molecules by electrons is not possible due to
insufficient kinetic energy of the electrons. In order to
avoid this, a pre-breakdown electron current flows
from the cathode to anode. This low current heats the
liquid to form a vapour bubble of sufficient pressure in

between the electrodes. Then a spark is produced in -

the vapour bubble according to the high pressure
gas-discharge mechanism.

&

Electrical Energy Based Processes 3.11

3.10. POWER GENERATING CIRCUITS OR SPARK
GENERATING CIRCUITS

® Power generator is one of the most important part

of an electrical discharge machining processes.

® [ts primary function is to convert an alternating current (AC)
into a pulsed direct current (DC) which is required to
produce the unidirectional spark discharges between the gap
of the tool and workpiece. A rectifier is used to convert the
AC into DC.

® The most commonly used spark generating circuits are given
below

1. Resistance - Capacitance circuit (RC circuit) or

Relaxation circuit.
2. R-C-L circuit.
3. Rotary pulse generator circuit.
4. Controlled pulse generator circuit.

i. Relaxation circuit

Fig 3.3 shows the operation of Resistance - Capacitance
(R-C) generator circuit. This type of generators are quite common
because of its simplicity and lower cost. In this system, Direct
Current (D.C) is flowing through a resistor (R) and it charges the
capacitor (C). The charged capacitor is connected to the machine.
When the voltage across the capacitor is sufficiently high (50 to
200V), dielectric medium breakdown occurs. So, the dielectric
medium between the tool and workpiece is ionized and spark takes
place. Millions of electrons are developed in each spark. During
sparking period, the voltage falls and it again starts rising (since the
Capacitor is charged again) as shown in fig. 3.3.
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312 Unconventional Machining Process

Lnergy released per spark = E = o CVA
Where
_ €] = Capacitor value
i
V, = Discharge voltage

Vo [ 1 —exp[-VR]]
\Y

o

D.C. Source voltage

For maximum power delivery, the discharge voltage (V) should
be 75% of the supply voltage (V)

Ve o J v ﬁn.w Tool (-Ve)

s jelectric
D.C Supply V_ S e e 111110
i fiare N \\ Work
_ v \\ 7 (+Ve)

Capacitor

Fig. 3.3 Basic R-C Relaxation circuit
Drawbacks of Relaxation circuit

I. Though the discharge current in a relaxation circuit reaches
a high value, it is of very short duration.

2. Since the time for charging the capacitor is high, the use
of high frequencies is limited.

11. R-C-L circuit

In the relaxation circuit, metal removal rate increases as R is
decreased. But R cannot be decreased below a critical value.

If R decreases below a critical value, arcing will take place instead
of sparking. Further, the capacitor charging time in R-C circuit is
much higher than discharging time. Therefore an inductance (L)
is included in the charging circuit. This R-C-L circuit is shown in
Fig.3.4.

R
7
L
-Ve
D.C Supply V, € I ool D ﬁ
7~
+<nH = - - - Dielectric
|
[ T
R-C-L Circunt
R- Resistance C- Capacitance L - Inductance

Fig. 3.4 Basic Principle R-C-L Circuit
iii. Rotary pulse generator

The introduction of pulse generator has overcome the
drawbacks of R-C and R-C-L circuits

R-C and R-L-C circuits yield low metai removal rale
Therefore, rotary pulse generator is used for spark generation. It
vields high metal removal rate, low tool wear and more precise
control of parameters. Fig. 3.5 shows the schematic diagram of
rotary impulse gencrator circuit. In this circuit, the capacitor (C) s
discharged through the diode during the first half cycle. During
the next half cycle, the sum of voltages generated by the generator
and the charged capacitor is applied 1o the work- wol gap s

Electrical Energy Based Processes 3 /3 @
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arrangement gives more metal removal rate, but surface finishing
is poor, S

v
A%

Tool
AC i
Motor DC generator 5
AC motor = asi U:."_nn:..n
uuuuu fluid
@ccolmw

Fig 3.5 Rotary Pulse generator
iv. Controlled pulse generator circuit

Fig 3.6 shows the arrangement of controlled pulse circuit. R-C,
R-C-L and rotary pulse generator circuits are not having automatic
prevention of the current flow incase a short circuit is developed.
To obtain such an automatic control, a vacuum tube or a transistor
is used as switching device as shown in Fig. 3.6.

_ Tool
-Ve
O - .
DC Supply T~ i i U_mnoﬁ“_._n
||||| ui
+Ve Valve Tube
or )
1 1
Transistor “ <1
1
Electronic
Control

Fig 3.6 Controlled Pulse Circuits

Scanned by CamScanner



10.

3.13.
1.

o w

ADVANTAUGS ©F EpM PRoCE S S

AANAS AN\ A LA - A /.’/f‘d

‘1& Camv e M );:J.Yr ?Y\C&C‘/wm V(-ngnos -mCA‘f' J
Suely o3 4—\* ‘HQW Carbyele ) (QA Cam (;fr({lu e
maotenic s omd Moo hawel: Vi v'xmb

It gives good surface finish.

Machining of very thin section is possible.

[t does not leave any chips or burrs on the workpiece.
It is well suited for complicated components.

Since there is no cutting forces act on the job, error due
to elastic deformation is eliminated.

High accuracy is obtained.

Fine holes can be easily drilled.

It is a quicker process. so, harder materials can also be
machined at much faster rate than conventional machining.

The process once setup does not need constant operators
attention.

DISADVANTAGES (LIMITATIONS)

It is only used for machining electrically conductive
materials. So non-metallics such as plastics, ceramics or
glass can not be machined by EDM.

It is suitable only for machining small work pieces.
Electrode wear and over cut are serious problems.
Perfectly square corners cannot be made by EDM process.
Metal removal rate is slow.

Power requirement is very high.

In many cases, the surface machined has been found to
have mmicro cracks.
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121/

3.14. APPLICATIONS e —— J
Dielectric \ﬂw
k Pump Work Piece  Wire Take-up

\
Fluid '\ ==,
| | Cv Mechanism

This is the most widely used machining process among the \ \_

non-traditional machining methods. Its applications are as follows T, aadied e -.g

1. Production of complicated and irregular shaped profiles.

(5]

Thread cutting in jobs.

Drilling of micro holes.

T e

Helical profile drilling.
D.C Power]

Supply

)

Machining Power

Supply {

Curved hole drilling.

Resharpening of cutting tools and broaches.

N o v

Remachining of die cavities without annealing.

3.15. Wire Cut Electro-Discharge Machining (WCEDM)
or Control |

| 4 \
Travelling Wire Electro—Discharge Machining Las Moving /@
(TWEDM) N Wire Feed

Construction

~

Fig. 3.9 Wire Cut EDM Process

Re—

® Fig 3.9 shows the schematic diagram of WCEDM

process. ® [t consist of
® A very thin wire (.02 to 0.3mm) made of brass or i. Workpiece movement control unit
molybdenum having circular cross section is used as a ii. Workpiece mounting table
electrode (tool). iii.  Wiredrive section for accurately moving the wire
® The wire is stretched and moved between two rollers. at constant tension
. wire is eroded by the spark. " . , :
| The part of wir y P iv. Dielectric fluid supplying unit

® The prominent feature of a moving wire is that a

. complicated cutout can easily machined without using an )
... ¢<o..r.=n“

n_nm:oaa.

v. Power supplying unit

®  Workpiece 10 be machined is mounted on the table which
is operated by contro! unit
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A very sinall hole is predrilled in the workpiece, through
which a very thin wire made of brass or molybdenum is
passed as shown in fig. 3.9 and this wire is operated by

wire feed mechanism.

Dielectric fluid (distilled water ) is passed over the
workpiece and the wire (tool) by using pump.

When the D.C supply is given to the circuit, spark is
produced across the gap between the wire and the
workpiece.

When the voltage across the gap becomes sufficiently
large, the high power spark is produced.

This spark occurs in an interval of 10 to 30
microseconds and with a current density of 15-500 A
per mm? approximately. So, thousands of spark
discharge occur per second across the very small gap
between the wire and the workpiece, which results in
increasing temperature of about 10,000°C.

At this high pressure and temperature, workpiece metal
is melted, eroded and some of it is vaporised. The metal
is thus removed in this way from the workpiece.

The removed fine material particles are carried away by

dielectric fluid circulated around it.

3.16. FEATURES OF WIRE CUT EDM PROCESS

(OR)

ADVANTAGES OF WIRE CUT EDM PROCESS

Manufacturing Electrode

In this process a very thin wire made of brass or

iv.

V.

molybdenum is used as the electrode (100l) to machine the
workpiece material. So, there is no need for manufacturing
electrodes (as in EDM) which are traditionally made by
cutting and grinding by using an expensive alloy of silver
and tungsten. This feature is used to reduce the man - hour

requirements and ensures greater economy.
Electrode wear

During machining process, the wire electrode (tool) is
constantly fed into the workpiece. So the wear of tool is

practically ignored.

. Surface finishing

A very thin wire electrode is constantly fed into the workpiece
at speed of about 10 to 30 mm/s by wire feed mechanism as
shown in fig. 3.9. So machining is continued without any
accumulation of chips and gases. It gives high surface finish
and reduces the manual finishing operating time.

Complicated shapes

By using programme, complicated and very minute shapes
can be efficiently machined. So there is no need of skilled
operators.

Time Utilization

Since all the machine motions of wire cut EDM processes
are controlled by NC, it can be operated throughout the duy
without any fire hazards.

Straight holes

The electrode wire is maintained at optimum tension by a
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324  Unconventional Machining Process

unique wire tension control mechanism. So, it prevents
taper holes, barrel-shaped holes, wire breakage and wire
vibration.

vii. Rejection

Rejection of material is minimized due to initial planning
and checking the programme.

viii. Economical
Since most of the programming can be easily done, it is
economical for small batch production, including prototypes.

xi. Cycle time
Cycle time for die manufacture is shorter, as the whole
work is done on one machine.

ix. Inspection time

Inspection time for wire cut EDM process is reduced due
to single piece construction of dies with high positioning

accuracy.
3.17. DISADVANTAGES
1. Capital cost is high.
2. Cutting rate is slow.
3. It is not suitable for large workpieces.

3.18. APPLICATIONS

The wirecut EDM process is best suited for the production of
gears, tools, dies, rotors,turbine blades and cams for small to
medium size batch production.

219, DIFFERENCE EBETWEEN

’
Fuechric

EDM PROCESS

Energy Based Processes 32

EDW AND WIRE CUT

submerged im dielectric
medium instead. the working
zone zlone is supphed with 2
co-axizl jet of dielectric medmum.

S.No Wire cut £DM IV
I.| Very thia wise made of brass or | Expensive alioy of er ang |
molybdenum is used as the gsien =z used 2
electrode (to0ol) elecirode (1pol) which arz
rradmonally made Dy cuthing
anc prindmg |
2| The whole workpiece is not | The whoie werkpizce

submerged m diclecanc)
!

W

It is easy to machine complex
rwo dimensional profiles.

It 1s difficuit 1o cat compicx Twe
dimensional profiles

3.20. RECENT DEVELOPMENTS IN EDM PROCESS

Electrical discharge machines change from using

relaxation circuits to faster and more =fiicient impulse

circuits.

® Instead of using copper as clectrode, harder tungsien-

copper is preferred.

3.21 CHARACTERISTICS OF EDM

Metal removal technique

Work material

By using powerfui
electric spark.
Electrically conductive
matenals and alloys.
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_3.26  Unconventional Machining Process

Tool material - Copper, Yellow brass,
Alloy of Zinc, Copper
tungsten etc.,

Metal removal rate : 15to 80 mm’ /s
Spark gap ; .005 to .05 mm
Spark frequency : 200 - 500 KHz
Volts : 30 -250V
Current : 5-60 A
Temperature : 10,000°C
Dielectric fluid ; Petroleum based

hydrocarbon fluids,
paraffin, white spirit etc.,
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5.2

Unconventional Machining Process

5.1.3.

TYPES OF EBM PROCESS

The following two methods are used in EBM process.

1. Machining inside the vacuum chamber.

2. Machining outside the vacuum chamber.

5.1.4. CONSTRUCTION AND WORKING OF EBM

(Machining Inside the Vacuum Chamber)

Construction

The schematic arrangement of Electron Beam Machining

(EBM) is shown in Fig.5.1.

It consists of electron gun, diaphragm, focusing lens, deflector

coil, work table, erc.

In order to avoid collision of accelerated electrons with air

molecules, vacuum is required. So, the entire EBM setup is

enclosed in a vacuum chamber, which carries vacuum of the

order 1073 to 10" mm of mercury. This chamber carries a door,

through which the workpiece is placed over the table. The door

is then closed and sealed.

The electron gun is responsible for the emission of electrons,

which consists of the following three main parts.

1. Tungsten Filament — which is connected to the negative
terminal of the DC power supply and acts as cathode.

2. Grid cup - which is negatively based with respect to the
filament.

3. Anode — which is connected to positive terminal of the DC
power supply.

The focusing lens is used to focus the electrons at a point and

reduces the electron beam uplo the cross sectional area of 0.01

10 0.02 mm diameter.

(2.)
Thermal Energy Based Processes S 3
® The electromagnetic deflector coil s used 10 deflect the
electron beam to different spot on the workpiece. It can also

used to control the path of the cut.

._ Vacuum chamber Electron gun
\ /

/ ~— Gnd cup
Tungsten P

filament | F.

\LUD |

sl N » X >
Anode ! — Sorarer
S0l

| S { SN

Diaphragm 1

Focusing lens ~
(electromagnetic) e

Deflector con

Electron stream
(Beam) —

Fig. 5.1. Arrangement of Eleciron Bean Mo Auming
Working

® When the high voltage DC source s given to the slection gun,
tungsten filament wire gets heated and the Cmperaiuie amses
upto 2500°C
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33 Unconvenconal Muchining Process

® Due two this high temperature, electrons are emitted from

tungsten filament These electrons are directed by grid cup to
ravei towards downwards and they are attracted by anode.

The electrons passing through the anode are accelerated to
achieve high velocity as half the velocity of light
(Le., 1.6 x 10¥ m/s) by applying 50 t0 200 kV at the anode.

The high velocity of these electrons are maintained till they
strike the workpiece. It becomes possibie because the electrons
travel through the vacuum.

This high velocity eclectron beam. after _8<.5m the anode,
passes through the tungsten diaphragm and then through the
eiectromagnetic focusing lens.

Focusing lens are used to focus the electron beam on the
desired spot of the workpiece.

When the electren beam impacts on the workpiece surface, the
kinetic energy of high velocity electrons is immediately
converted into the heat energy. This high intensity heat melts
and vaporises the work material at the spot of beam impact.

Since the power density is very high (about 6500 billion
W/mm?2), it takes a2 few micro seconds to melt and vaporise the

material on impact.

This process is carried out in repeated pulses of short duratien.
The pulse frequency may range from 1 to 16,000 Hz and
duration may range from 4 to 65,000 microseconds.

By alternately focusing and turning off the electron beam, the
cutting process can be continued as long as it is needed.

3
Thermal M\-Qw Based Processes 5.5 Q

® A suitable viewing device is always incorporated with the
machine. So, it becomes easy for the operator to observe the
progress of machining operation.

5.1.5. MACHINING OUTSIDE THE VACUUM CHAMBER

Since the fully vacuum system is more costly, the recent
development have made it possible to machine outside the vacuum
chamber. In this arrangement, the necessary vacuum is maintained
within the electron gun and the gases are removed as soon as they
enter into the system.

5.1.6. MECHANICS OF EBM

Electrons are the smallest stable elementary particles with a mass
0f 9.109 x 10-3! kg with a negative charge of 1.602 = 10°'® coulomb
If it is assumed that the initial velocity of emitting electrons to be
negligible then the electron velocity at the striking is given as,

V, = 600\[E, km/s (1)

where, E, = Volage of the electric field, volt
The power of the electron beam is given by,

P, = E, 1, wans >0
where, Iy = Beam current, amp

The clectron beam pressure is given by,

Fo = 034x1,\[E, .dyne/cm?® ™
where, lg = Cument density, A/cm?

The thermal velocity acquired by an electron is given by,
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5.6 Unconventional Machining Process

2K 0
N, = \/Mu m/s Lo (4)

where, K - Boltzmann's constant = 138 x 10-2} )/ K /atom
® -~ Temperature raised, K
M, - Mass of one atom of the workpiece, kg

5.1.7. PROCESS PARAMETERS

The parameters which have significant influence on the beam
intensity and metal removal rate are given below :

1. Control of current.
2. Control of spot diameter.

3. Control of focal distance of magnetic lens.
1. Control of Current
The heated tungsten filament cathode emits electrons depending
upon the thermionic emission capability of the filament. It is given by
Richardson-Dushman equation.

.Eﬂ)
3 = AT? ¢ N KT

am
where, J — Current density of the emitted current (;5),
W — Work function of the material of the filament
(volts),
— Absolute temperature of the filament (K),
— Electronic charge (coulomb),

Boltzmann constant (1.3 x 1023 J/K), and

> N e
|

— Constant [120 amp / cm? (degree)?].

T hermal Erwrgy Based Processes

The above mentioned equation is valid only when &

filament (cathode) is in free space. But 1o the presence of slecanc

around the filament, alters this current density very much

The grid bias voltage is used 1o control the beam «
negative grid with respect 1o the cathode, the resiniction of cleciron

emission will be more.

2, Control of Spot Diameter

The diameter of the spot depends upon beam current, accelerating
voltage, magnetic lens, distance between gun and workpiece, eic The
most important three factors which contribute 10 change m spot
diameter are given below.

(i) Effect of thermal velocities : We know that, different elecions

converging at different points along the longitudinal axis of the beam

So, the spot size will get spread out and the minimum spot diameter is

given by,
2re ’x‘r
el z, X EV
where, 8D, — Minimum spot diameter,

r. — Cathode (tungsten filament) spot radius,

r; — Radius of beam at magnetic lens,

S
1

Distance between gun and workpiece,

= Electronic charge,

- Anode voltage,

Boltzmann constant (1.3 x 10733 I/K), and

- A < m
1

= Absolute temperature of cathode.
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S8 Unconventional Machining ?..z.l..,,.u,.‘ J

(i) Spherical deviation of the focusing lens : The spherical
deviation results in the marginal rays causing the axis at a different

position from the rays. So, it leads an ideal point image to be confused

D
D, = u.ma.ﬁxﬁ A.Uvg

S ~ Lens pole piece separation of the magnetic lens,

in a disc whose diameter 1s given by,

ol

o

where,

Clwo_d&u.:ﬁn_.o:_da_szm:ozo_nsm.Ea
J/ = Focal length of the magnetic lens.

(iii) Space charge spreading of target : The minimum spot size is
limited when the electrons converging in a conical beam to a point as
the target is subjected to mutual repulsion and the equation is given as,

5D, = 11.8x 104 x xR [$1 y-158 73R

The combined effect of these three gives the reduced formula for

minimum spot diameter.
8D = ~/8D? +5D} +38D]

3. Control at Focal Distance of Magnetic Lens

The focal distance at magnetic lens is given by,

[ 25V
S+D (NT)?

Electron accelerating voltage, and

where, vV -

NT

Amphere turns in the lens winding,

5.1.8. CHARACTERISTIC OF EBM PROCESS

Accelerating voltage

50 to 200 kV

Beam current 100 to 1000 pA

Electron velocity 1.6 x10%m/s

Power density 6500 billion W/mm?

Medium ¢ Vacuum (103 to 10°% mm of Hg)

Workpiece material : All materials

Depth of cut Upto 6.5 mm

! .\_5\53:\ Energy Based Processes 5.9 A..u\v

Material removal rate Upto 40 mm? /s

Specific power consumption : 0.5 to 50 kW _

5.1.9. ADVANTAGES OF EBM PROCESS
Electron beam machining has the following advantages
I. Itis an excellent process for microfinishing (milligram / s).

2. Very small holes can be machined in any type of material to

high accuracy.
3. Holes of different sizes and shapes can be machined.

4. There is no mechanical contact between the tool and
workpiece.

5. It is a quicker process. Harder materials can also be
machined at a faster rate than conventional machining

6. Electrical conductor materials can be machined.
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5.10 Unconventional Machining Process

7. The physical and metallurgical damage to the workpiece are

very less.
8. This process can be easily automated.
9. Extremely close tolerances are obtained.

10. Brittle and fragile materials can be machined.

5.1.10. DISADVANTAGES (LIMITATIONS)
1. The metal removal rate is very slow.
2. Cost of equipment is very high.
3. Itis not suitable for large workpieces.
4. High skilled operators are required to operate this machine.
High specific energy consumption.
A little taper produced on holes.

u
m
q.<moc=3_.on=m_.nao=a=B=m§nm§oom.e<o_.xumnoa.
8. It is applicable only for thin materials.

9

At the spot where the electron beam strikes the material, a
small amount of recasting and metal splash can occur on the
surface. It has to be removed afterwards by abrasive

cleaning.

10. It is not suitable for producing perfectly cylindrical deep
holes.

Thermal Energy Based Processes 5.11 @

5.1.11. APPLICATIONS

1. EBM is mainly used for micro-machining operations on
thin materials. These operations include drilling,

perforating, slotting, and scribing, efc

2. Drilling of holes in pressure differential devices used in

nuclear reactors, air craft engines, efc
3. It is used for removing small broken taps from holes

4. Micro-drilling operations (upto 0.002 mm) for thin
orifices, dies for wire drawing, parts of electron

microscopes, injector nozzles for diesel engines, eic

S. A micromachining technique known as “Electron beam
lithography” is being used in the manufacture of field
emission cathodes, integrated circuits and computer

memories.
6. It is particularly useful for machining of materials of low
thermal conductivity and high melting pont.
5.1.12. m0r<mp_uw00rm§m
_ Example 1 _ lculate the thermal velocity acquired by an

electron of the work erial due to electron bombardment, if the

of one atom of workpiece is 9.

Given :  Vaporisation temperature, 8 = 3500°C + 273
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5.2. LASER BEAM MACHINING

5.21. INTRODUCTION

Recent researches in solid state physics have revealed a new device
known as ‘LASER" which means “Light Amplification by Stimulated
Emission of Radiation”. It produces a powerful, monochromatic,

collimated beam of light in which the waves are coherent.

Scanned by CamScanner



5.14 Unconventional Machining Process

Like the electron beam, the laser beam is also used for drilling
microholes upto 25 pm and for cutting very narrow slots, with
dimensional accuracy + 0.025 mm. It is very costly method and can be
employed only when it is not feasible to machine a workpiece through
other methods.

5.2.2. PRINCIPLE OF LASER BEAM PRODUCTION
Laser works on the principle of quantum theory of radiation.

Consider an atom in the ground state or lower energy state (E;)
when the light radiation falls on the atom, it absorbs a photon of
energy /v and goes to the excited state (E,).

E2
hv
SN
Photon

Eq @]

(i) Before absorption
Ep o Excited state
Eq @) Ground state

(ii) After absorption

Fig. 5.2.

Normally, the atoms in the excited state will not stay there for a
long time. It comes to the ground state by emitting a photon of energy
E = hv. Such an emission takes place by one of the following two

methods.

Thermal Energy Based Processes 515 bJ
(1) Spontaneous Emission
The atom in the excited state (E;) returns to the ground state (E )
by emitting their excess energy (Av) spontaneously This p

independent of external radiation. it 15 shown in Fig 53

| T

_ Photon

Fig. 5.3. Spontaneous emission

(2) Stimulated Emission

In stimulated emission, a photon having energy E. equal o the
difference in energy between the two levels E, and E,, stmulste an
atom in the higher state to make a transition to the lower state with the

creation of second photon as shown in Fig.5.4

m» Vo
hv
Av P
S ™
N
Photon
Av
R
Ey

Fig. 5.4. Stimulated emission

5.2.3. PRINCIPLE OF LASER BEAM MACHINING
In laser beam machining process, laser beam (A powerful
monochromatic, collimated beam of light) is focused on the workpiece

by means of lens 1o give extremely high energy density o meit and
vaporise the work material.
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5.16 Unconventional Machining Process

5.2.4. CONSTRUCTION AND WORKING OF LASER BEAM

MACHINING (LBM)

Construction

® The schematic arrangement of laser beam machining process is

shown in Fig.5.5.

There are several types of lasers used for different purposes.
e.g., solid state laser, gas laser, liquid laser and semi-conductor
laser. In general, only the solid state lasers can provide the
required power levels.

The most commonly used solid state laser is Ecw laser. It is the
first successful laser achieved by Maiman in 1960. It consists of
ruby rod surrounded by a flash tube.

Synthetic ruby consists of a crystal of aluminium oxide in
which a few of the aluminium atoms are replaced by chromium
atoms. Chromium atoms have the property of absorbing green
light.

The end surfaces of the ruby.rod is made reflective by mirrors.
One end of the ruby rod is highly reflective and the other end is
partially reflective.

The flash tube is called the pump and it surrounds the ruby rod
in the form of spiral as shown in Fig.5.5. This tube is filled with
xenon, argon or krypion gas.

Since the ruby rod becomes less efficient at high temperatures,
it is continuously cooled with water, air or liquid nitrogen.
Since the laser beam has no effect on aluminium, the workpiece
10 be machined is placed on the aluminium work table.

Thermal Energy Based Processes 5.17

Reflecling eno

Fiash lube |

)l
/|

| Ruby crystal

L Partly reflecting end
Laser Seam

TI777 22777722700 7000 7000

Fig. 5.5. Schematic diagram of LBM
Working

® The xenon or argon gas present in the flash tube is fired by
discharging a large capacitor through it. The elecric power of
250 to 1000 watts may be needed for this operation

This optical energy ie, light energy from the flash tube is
passed into the ruby rod.

The chromium atoms in the ruby rod are thus excited 10 nigh
encrgy levels. The excited atoms are highly unstable in the

higher energy levels and i emits energy (photons) when they
return to the original levels

@
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5.18 Unconventional Machining Process

® The emitted photons in the axis of ruby rod are allowed to pass
back and forth millions of times in the ruby with the help of

mirror at the two ends. The emitted photons other than the axis,
will escape out of rod.

The chain reaction is started and a powerful coherent beam of
red light is obtained.

This powerful beam of red light goes out of the partially
reflective mirror at one end of the ruby rod.

This highly amplified beam of light is focused through a lens,
which converges it to a chosen point on the workpiece.

This high intensity converged laser beam, when falls on the
workpiece, melts and vapourise the workpiece material.

The laser head is traversed over the work material by manually

adjusting the control panel and an operator can visually inspect
the machining process,

® 1he actual profile is obtained from a linked mechanism, made

1o copy the master drawing or actual profile placed on a near-by
bench.

52.5. ACCURACY

The laser is used for cutting and drilling. In order to achieve the
best possible results in drilling, the material should be placed within a
tolerance of + 0.2 mm focal point,

5.2.6. LASING MATERIALS

Many materials exhibit lasing action. But only a limited number is
used in metal working. Solids, gases and semi-conductors can be used
as lasing materials.

5.2.7. SOLID STATE LASER

4. L=l Thermal Energy Based Processes 5.19 au

Ruby laser, the Neodymium doped Yitrium-Aluminium-Garnet
(Nd-Y AG) laser, and the Neodymium-doped glass laser (Nd-glass) are

examples of solid state lasers. The most commonly used solid state
laser is ruby laser.

5.2.8. GAS LASER

The main advantage of gas laser is, it can be operated
continuously. The gas produce exceptionally a high
monochromaticity and high stability of frequency. The output of the
laser can be changed to a certain available wavelength. So, the gas
lasers are widely used in industries.

laser

Examples : Carbon dioxide (CO,) laser

Helium-Neon (He-Ne) laser

5.2.9. SEMICONDUCTOR LASER

Lasing action can also be produced in semi-conductors. The most
compact type of laser is semiconductor laser. It is also known as
injection laser. In its simplest form, the diode laser consists of a pn

junction doped in a single crystal of a suitable semi-conductor

Example : Gallium-arsenide.

5.2.10. PROCESSING WITH LASERS

Lasers give rise to certain advantages in metal cutting processes

due to their special characteristics. The following table lists these
advantages.

-

/

O

/
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520 Unconventional Machining Process

Special characteristics Cutting process
-m.Zo. of Inser beam characteristics
L; It can be focused to Metal removal rate is
maximum intensity or to maximum to minimum.
minimum intensity as
needed.
2: It can be moved rapidly on | Cutting of complex shapes.
the workpiece.
iy It is projected on the Remote cutting over long
workpiece at particular stand-off distances.
distance from the lens.
4. Dedicated to an online Re-routing is not necessary.
process.
ot Power is shared on a job. Two or more cuts
simultaneously.

5.2.11. MACHINING APPLICATIONS OF LASER
A laser has a wide range of machining applications.

Laser in Metal Cutting

A laser beam can be used for cutting metals, plastics, ceramics,
textile, cloth and even glass, when its surface is coated with radiation
— absorbing material such as carbon. Normally, laser cutting starts by
drilling a hole through the workpiece, then moving along a pre-
determined path of the shape to be cut. Steel, titanium, nickel and
plastics can be cut easily by using laser beam. But cutting of
aluminium metal and copper is very difficult, since these iﬁm_ tends
to absorb the applied heat. The cutting speed of the laser depend on
the material being cut, its thickness, physical characteristics and the

Thermal Energy Based Processes 5.21

output power of the laser beam. Laser has an additional advantage in
cutting complex shapes with sharp corners and slots.

Laser in Drilling

Laser drilling was one of the first practical applications of laser
technology in industry and the demand for laser drilling is increasing.

Hole drilling by laser is a process of melting and vaporising
unwanted materials by means of narrow pulsed laser operating at 3 to
95 pulses/s. Due to melting and vaporization process, high accuracy is
not possible in laser drilling. So, laser drilling is not suited for deep
hole drilling and for producing perfectly cylindrical holes.

Laser drilling is used in watch jewels, diamond dies and other
machine parts for various industries where a particularly high level of
precision is not demanded.

Laser drilling is used in aircraft-turbine industry to make holes for
air bleeds, air cooling or the passage of other fluids. It is also used for
making holes in hypodermic needles, automotive fuel plates, various
lubrication devices, holes in tungsten-carbide tool plate, holes in baby
bottle nipples, relief holes in pressure plugs, ere.

Laser in Welding

In this process, a laser beam is focused on spot where the two parts

are to be welded.

Laser beam welding requires more precise control of the input
laser power than in the case of drilling.

Laser welding is especially useful when it is essential to control the
size of the heat affected zone, to reduce the roughness of the welded

- surface and to eliminate mechanical effects. It is generally used for

welding multilayer materials.
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5.22 Unconventional Machining Process

There are two different types of laser welding. They are :
1. Conduction limited welding.
2. Deep penetration welding.

Conduction Limited Welding

In this method, the metal absorbs the laser beam at the work
surface, and the area below the surface is heated by conduction. It is
used for welding thin components.

Deep Penetration Welding

In this method, the metal absorbs the laser beam from top to
bottom of the work surface. Thermal conduction does not limit the

penetration. This type of welding require greater power and the CO2
laser is used for this purpose.
Basic Requirements for Laser Welding

1. The focus of the beam should be adjusted to the thickness of
the material.

2. The wavelength of the laser beam must be compatible with
the material being welded.

3. Pulse waves are normally better than continuous waves.

4. A pulse shape of the laser beam should be controlled precisely
from weld to weld.

Many metals and alloys can be laser welded. Some of the most
readily processed are: low carbon steel, stainless steel, titanium,
zirconium, silicon bronze and some nickel al loys.

One of the major factor for laser welding is the proper joint
preparation. The two surfaces being welded should remain in close
contact with each other. Since filler material is not used in laser
welding, there should not be any gap in the joint.

Thermal Energy Based Processes 5.23

The advantage of the laser weld is the elimination of grinding from
the entire process. In conventional welding process, electron beam
welding process and plasma welding process excess filler material is
removed by grinding.

Laser for Surface Treatment

Gears, saw teeth, valve wear pads, and cylinder liners can be
strengthened by using laser beam. The laser is used to deposit a thin
layer of cobalt zlloy on the turbine blade shroud-contact areas Argon
gas is used for shielding during deposition of the cobalt alloy and for
cooling purposes. By using laser, a thin ceramic coatings is applied on
metal surface for heat and wear resistance. Laser can also be used 1o
seal microcracks which are usually presemt in hard-chromium
electroplates.

Other Applications

Other applications include steel metal rimming, blanking and
resistor trimming. Since laser beam machining is not 2 mass material
removal process, it is used in mass micromachining production.
5.2.12. ADVANTAGES OF LBM

I. Machining of any material including non-metal is possible

2. Micro-sized holes can be machined.
3. Soft materials like rubber and plastics can be machined

4. Unlike conventional machining, there is no direct contact
between tool and workpiece.

5. There is no tool wear.

(D)
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324 Unconventional Machining Process

6.

§.2.13.

voswo

%

10.

Laser beam can be sent to long distance without diffraction. It
can also be focused at one point thereby generating large

amount of heat.

Process can be easily automated.

Hardness of the material does not affect the process.
Dissimilar materials can be easily welded.

Heat affected zone is small around the machined surface.

. Beam configuration and size of exposed area can be easily

controlled.

Deep holes of very short diameter can be drilled by using
unidirectional multiple pulses.

DISADVANTAGES (LIMITATIONS)
Initial investment is high.

012.!5@. cost is also quite high.
Highly skilled operators are needed.
Rate of production is low.

Possibility of machining only thin sections and where a very
small amount of metal removal is involved.

Safety procedures to be followed strictly.
Overall efficiency is extremely low (10 to 15%).

Some materials like fibre glass, reinforced material,
phenolics, efc., cannot be machined by laser as these materials
burn, char and bubble.

Life of flash lamp is short.
The machined hole is not round and straight.

Thermal Energy Based Processes  5.25( ﬂ..“J
T

5.2.14. CHARACTERISTICS OF LBM

Material removal technique : Heating, melting and vaporisation of
material by using high intensity of laser beam

Work material : All materials except those having high thermal
conductivity and high reflectivity

Tool : Laser beam in wavelength range of 0.3 to 0.6 um

Power density : Maximum 107 W/mm?.

Qutput energy of laser : 20 ]

Pulse duration : One millisecond.

Material removal rate : 6 mm*/min

Dimensional accuracy : + 0025 mm

Medium : Atmosphere

Specific power consumption : 1000 W/ mm " 'min

Efficiency : 10 to 15%
5.3. PLASMA ARC MACHINING [PAM] OR PLASMA JET

MACHINING [PJM]
5.3.1. INTRODUCTION

Solids, liquids and gases are the three familiar state of mamer In
general when solid is heated, it wms 10 liquids and the liguids
eventually become gases. When a gas is heated to sufficently hgh
lemperature, the atoms (molecules) are spint wio free cocmons and
ions. The dynamical properties of this gas of free electrons and ons
are sufficiently different from the normal unionized gas. So. 1 can be
considered a fourth state of mater, and s given & sew Bame,
‘PLASMA® In other words, when a following gas s deated 1o »
sufficiently high temperature of the order of 11.000°C 1o J8,000°C, &
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5.26 Unconventional Mochining Process

becomes partially ionized and it is known as ‘PLASMA". This is a
mixture of free electrons, positively charged ions and neutral atoms.
This plasma s used for metal removing process. Plasma arc
machining process is used for cutting alloy steels, stainless steel, cast
iron, copper, nickel, titanium and aluminium, eic.

5.3.2. WORKING PRINCIPLE
In plasma arc machining process, material is removed by directing
2 high velocity jet of high temperature (11,000°C to 28,000°C) ionized
gas on the workpiece. This high temperature plasma jet melts the
material of the workpiece.
5.3.3. CONSTRUCTION AND WORKING OF PAM
Construction
® The schematic arrangement of plasma arc machining is shown
in Fig.5.6.
® The plasma arc cutting torch carries a tungsten electrode fited
~in a2 small chamber.
. ® This electrode is connected to the negative terminal of a DC
power supply. So it acts as a cathode.
® The positive terminal of 2 D.C power supply is connected 1o the
nozzie formed near the bottom of the chamber. So, nozzle act
‘as an anode.

2t ® A small passage is provided on one side of the torch for

~ supplying gas into the chamber.
@® Since there is a water circulation around the torch, the electrode
and the nozzle remains water cooled.

|
|-

pSN—— R
~ oD So.IIw

Fig. 5.6. Schematic arrengement of PAM

Working

"

® When a D.C power is given to "he cwouwt, a swemg arc
produced between the eclectrode (cathode) and e nozz'e
(anode).

® A gas usually hydrogen (H,) or Nitrogan () & passed i the
chamber.

® This gas is heated 10 a sufficiently high lemperatare of the order
of 11,000°C 0 28,000°C by using an clectic &x produced
between the cliectrade and the nazzie.

® In this high lempemture. the gases are lomzed aod lwge amou:
of thermal energy is hberated.

® This high velocity and high lempenaiwe omaed gas |plasma) is
direcied on the workprece surfsce Wwoug? noszie

©® This piasma jet meits the metal of the workpiece and the high
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5.28 Unconventional Machining Process

® The heating of workpiece material is not due to any chemical
reaction, but due to the continuous attack of plasma on the
workpiece material. So, it can be safely used for machining of
any metal including those which can be subjected to chemical

reaction.

5.3.4. ACCURACY

® Plasma arc machining is a roughing operation to an accuracy of
around 1.4 mm with corresponding surface finish. Accuracy on
the width of slots and diameter of holes is ordinarily from + 4
mm on 100 to 150 mm thick plates.

5.3.5. GASES USED IN PAM

The selection of a particular gas for use in this process mainly
depends on the expected quality of surface finish on the work material
and economic consideration. The gases used in this process, should
not affect the electrode or the workpiece to be machined. The
commonly used gases and gas mixtures are given in the following
table.

Material to be

S.No. Gas or Gas Mixture .
machined

It Nitrogen — Hydrogen, Stainless steel and non-

Argon> Hydrogen ferrous metals.

2 Nitrogen — Hydrogen, Carbon and alloy steels,

compressed air cast iron.

33 Nitrogen, Aluminium, Magnesium

Nitrogen — Hydrogen,

Argon — Hydrogen
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5.3.6. TYPES OF PLASMA ARC TORCHES (PLASMATRON)
There are two types of plasma arc torches. They are,
1. Direct arc plasma torches (or) Transferred arc type.
2. Indirect arc plasma torches (or) Non-transferred arc type.
Direct Arc Plasma Torches

In direct arc plasma torches, electrode is connected to the negative
terminal (cathode) of a D.C power supply and workpiece is connected
to the positive terminal (anode) of a D.C power supply. So, more

electrical energy is transferred to the work, thus giving more heat 1o

the work.
o (Cathode) Electrode |
h Gas (N
-— 2 of Hp)
. ARKe
|
|
DC |
Power h
Supply h
>/

(Ancde) Nozzle

-—— q—-‘__(

/AN

Workpiece

AP8T 87 7P7T77777777 7

Fig. 5.7. Direct arc plasma torch
Since it is difficult to strike an arc between the electrode and

workpiece directly through the narrow torch passage, first an auxiliary
arc is commonly produced between the electrode and the nozzle.
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5.30 Unconventional Machining Process

When the arc flame reaches the workpiece, it automatically strikes the
main arc between the electrode and the workpiece and the auxiliary
arc is switched off.

Direct arc torches has higher efficiency and this type of arc is
preferred for cutting, welding, depositing, etc.
Indirect Arc Plasma Torches

In these type of torches, clectrode is connected to the negative

terminal (cathode) of a D.C power supply and nozzle is connected to
the positive terminal (anode) of a D.C power supply.

—

- (Cathode) Electrode
\

= M Gas (N3 or Hp)

N
e
Power ”
Supply ﬂ
N
; N

(Anode) Nozzle

Workpiece

P77l 777777777 77777

Fig. 5.8. Indirect arc plasma torch

When the working gas passing through the nozzle, a part of the
working gas becomes heated, ionized and emerges from the torch as
the plasma jet. This plasma feeds the heat to the workpiece. This type
of torches are used for non-conducting materials.

Thermal Energy Based Processes $.3

In many cases, plasma torches with a double or combined gas flow
are used for welding and cutting. Primary and secondary gases can
differ in the designation, composition and flow rate. In the cutting
process the primary gas (usually inert gas) protects the tungsten
electrode from the environment. The secondary gas (usually active
gas) is used for forming plasma.

5.3.7. FACTORS AFFECTING THE CUTTING PROCESS
OR
PROCESS PARAMETERS OF PAM
The metal removal rate mainly depends on thermo-physical and
metallurgical properties of the plasma-forming gases. The most

commonly used gases are argon, nitrogen, hydrogen and oxygen

Since hydrogen has high heat conductivity, it is possible to achieve
the best conditions for the transfer of plasma power to the metal. Due
to high cutting speed of hydrogen, smooth surface is obtained
Hydrogen containing mixtures are used for cutting thick, high alloy
steel plates and good heat conductors such as copper and aluminium.

Gas mixture containing hydrogen and argon (Maximum of 20%) is
also used for forming plasma. Argon gas is used to protect the
tungsten clectrode from the environment. But the protection is not
sufficiently reliable, since even the small deviation on the column
from the axis of the nozzle causes the damage of tungsten electrode
Besides, argon is a scare and expensive gas.

Carbon and alloy steels, cast iron, stainless steel, and aluminium
are machined by using nitrogen. The quality of plasma machining by
using nitrogen is poor and the cutting speed is considerably less
compared to hydrogen-containing gases.
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Air plasma is simplest and most economical method for
machining. Air contains nitrogen and oxygen. The heat conductivity
of air is higher than that of hydrogen. The speed of cutting steels with
the air plasma is 1.5 to 2 times greater than the use of nitrogen as the
cutting gas. Non-ferrous alloys can be machined by using air plasma.

But the quality of the surface finish is poor.

5.3.8. STAND OFF DISTANCE

Stand-off distance is the distance between the nozzle tip and
workpiece. When the stand-off distance increases, depth of penetration
is reduced. With an excessive reduction of the stand-off distance, the
plasma torch can be damaged by the metal spatter. The optimum
stand-off distance depends on the thickness of the metal being
machined and varies from 6 1o 10 mm.

5.3.9. ADVANTAGES OF PAM
1. It can be used to cut any metal.
2. Cutting rate is high.
3. As compared to ordinary flame cutting process, it can cut
plain carbon steel four times faster.
4. Itis used for rough turning of very difficult materials.

5. Due to the high speed of cutting, the deformation of sheet
metal is reduced while the width of the cut is minimum and

the surface quality is high.

5.3.10. DISADVANTAGES OF PAM
1. It produces tapered surface.
2. Protection of noise is necessary.
3. Equipment cost is high.

Thermal Enei gy Baved Processes 5 33 \_..rv

4. Protection of eyes is necessary for the operstor and persons
working in nearby areas,
5. Oxidation and scale formation takes place So, i require
shielding.
6. Work surface may undergo metallurgical changes
5.3.11. APPLICATIONS
1. It is used for cutting alloy steels, stainless siee 15t iron
copper, nickel, titanium, aluminium and alloy of copper and
nickel, erc
2. It is used for profile cutting
3. It is successfully used for turning and milling of hard w
machine materials
4. It can be used for stack cutting, shape cutting, plercing and
underwater cutting
5. Uniform thin film spraying of reftactory materials on different
metals, plastics, ceramics is also done by plasma arcs
5.3.12. CHARACTERISTICS OF PAM
Metal removal technique : Heating, melting and vaporog by

using plasma.

Work material : All materials which conduet electricity

Tool : Plasma jet

Velocity of plasma jet : 500 m / 5
Power range : 2 10 220 kW
Current : As high as 600 amp.
Voltage : 40 - 250 V

Cutting speed : 0.1 w7 m/ min
Metal removal rate : 145 cm’ / mon
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4.2 Unconventional Machining Process Chemical and Electro-chemical Energy Based Processes 473

® Material can be removed from selected area of a workpiece or Agitator

from the entire surface of the workpiece, according to ,.

requirement.

»
@ [f selective machining is desired, the areas of the workpiece | R
which are not to be machined are covered with a resistant N\
material, called a resist or maskant. 'N Chemical |
reagent _ 0o o;
® The workpiece 1o be machined is first cleaned in PR EE R LT ORwe
trichlorethylene vapour or in a solution of mild alkaline at 85 to iy i
90°C, followed by washing in a clean water. This removes dust Fig. 4.1.
and oil from the workpiece.
: 4.1.2. ETCHANTS
® After cleaning, the workpiece is dried and coated with the The chemical reagent (etchant) is used to remove the mety
maskant material. the workpiece. The metal is removed by the chemical conversion o
® The workpiece is then immersed in a chemical reageni as 4 the metal into metallic salt.
shown in Fig.4.1. So, chemical reaction takes place and the The chemical etching reagent depends upon work material The
metal is removed from the workpiece. The metal is removed by foliowing table shows the etchant for different materials
the chemical conversion of the metal into metallic salt. e
SL.No. Material Etchant
® The time of immersion of the workpiece depends upon the
amount of material removed by chemical action. Aluminium . Caustic Soda
® The chemical etching agent depends upon work material. 2. Steel Hydrochloric acid or Nitrc
Caustic soda is used as etching reagent for aluminium, solution 3. Stainless steel Iron chlonde
of hydrochloric and nitric acids for steel and iron chloride for : T ————
X 4 Magnesium Nitric acd
stainless steels. M < el ]
d -2 Titanium itnc ac
® In order to obtain a uniform depth of metal removal, Nitnc acid =

temperature control and stirring of chemical reagent is
4.1.3. MASKANTS

" In chemical machining process, the arsas of the warkpeece « ich

® Afler machining, the workpiece should be washed thorcughly ate 3
' not 10 be machined are covered with a resisiant material, called a
1o prevent reaction with any chemical etching reagent residues resist or maskant

important.
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4.4 Unconventional Machining Process

The following table shows the maskants for different materials.

S1.No. Material Maskant
1. Aluminium Butyl rubber, Neoprene rubber
2. Magnesium Polymers
3 Titanium Translucent chlorinated polymers
b—— S—
4. Nickel Neoprene
24 Ferrous metals Polyvinyl chloride, polyethylene

4.1.4. METHODS OF MASKING
The usual methods of masking are :

(1) Scribed and Peeled maskants.

(i7) Photoresists maskants.

(i) Scribed and Peeled Maskants

In this method, a maskant (like paint) is applied to the entire
surface of the workpiece by dip, spray. brush or stencil. After the
maskant hardens, it is removed from those surfaces where metal
removal is desired. The maskant is removed by scribing with knife
and peeling away the desired surfaces. Templates can be used 1o assist
in scribing. This method is used when critical dimensional tolerances

are not required.

(ii) Photoresists Maskant
® It is an excellent method of masking, especially for complex
work. This method is used for thin sections and components

requiring closed dimensional tolerances.

Chemical and Electro-chemical Energy Based Processes 4.5

® The workpiece to be machined is thoroughly cleaned and
decreased by acid or alkalis. The cleaned metal is dried and
photoresist material is applied to the workpiece by dipping.
spraying, brushing or roller coating.

® The coating is then dried and hardened by heating in an oven
upto about 125°C.

® The design of the part to be machined is prepared at a
magnification of upto 100 x. The master drawing is photo-
graphed and reduced to the size of the finished part.

® The master photographic negative is placed over the dried
photoresist coated surface of the workpiece and exposed 1o
ultraviolet light, which hardens the exposed areas.

® After exposure, the workpiece is then developed by immersing
it into a tank which contains an organic solvent bath solution.
The unexposed portions are dissolved out during the developing
process, while the exposed portions remains on the workpiece

® Finally the treated workpiece is dipped into the etching
sclution. After 5 to 15 minutes, the unwanted metal is removed
from the workpiece and the finished part is washed thoroughly
to eliminate all chemical residues.

4.1.5. METAL REMOVAL RATE

Metal removal rate mainly depends upon the selected etchant
Metal removal rate is fast with certain etchant. It increases
undercutting, poor surface finish and more heating takes place. So,
etch rate is limited to 0.02 t0 0.04 mn/min. Etching rate and depth of
cut are high for hard metals (titanium alloys, stainless steel and bheat
resistant alloys) and low for softer matenals (aluminium). Wub
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4.6 Unconventional Machining Process

optimum time, temperature and solution control, accuracies of the
order of £ 0.01 mm is obtained. Surface finish of the order of 5
microns is produced. The size of the workpiece that can be treated is
limited only by the size of the tank in which the workpiece is dipped

for etching.

4.1.6. CLASSIFICATION OF CHEMICAL MACHINING PROCESS
The chemical machining process can be classified as follows :

(1) Chemical blanking.

(i) Contour machining.

(i) Chemical Blanking
In chemical blanking, the material is etched entirely on the

workpiece. It is used for cutting out parts from thin sheet metals or foil

sheets.

(ii) Contour Machining
In contour machining, the material is selectively etched from

certain areas on the workpiece. It is used for removing metal from

thicker workpieces.

4.1.7. APPLICATION OF CHEMICAL MACHINING PROCESS
(CHM)
® Chemical machining process is applied in great number of
usages where the depth of metal removal is critical to a few

microns and the tolerances are close.

® The major application of chemical machining is in the

manufacture of burr free components.

Chemical and Electro-chemical Energy Based Processes 4.7

4.1.8. ADVANTAGES OF CHM
® Burr-free components are produced.
Most difficult to machine materials can be processed
High surface finish is obtained.
Any metal can be machined.

Stress free components are produced.

Since the process is comparatively simple, there is no need of
highly skilled labour.

Both faces of the workpiece can be machined simuitancousy
Hard and brittle materials can be machined.

Tooling cost is very low.

Complex contours can be easily machined.

4.1.9. DISADVANTAGES OF CHM

® Since the process is slow, metal removal rate is low
Manufacturing cost is high.
Workpiece thickness, that can be machined. is limited

Large floor area is needed.

It is not possible to produce sharp corners

4.2. ELECTRO-CHEMICAL MACHINING
4.21, INTRODUCTION

Electro-Chemical Machining (ECM) is one of the recent and most
useful machining process. In this process, electrolysis method is used
0 remove the metal from the work piece. It is best suited for the
metals and alloys which are difficult 1o be machined by mechanical
machining processes.
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5
Chemical and Electro-chemical Energy Based Processes 4.9 Q

4.2.2. PRINCIPLE
This process is based on the principle of Faraday's laws of
electrolysis which may be stated as follows

1. The first law states that the amount of any material dissolved
or deposited, is proportional to the quantity of electricity
passed.

2. The second law proposes that the amount of change produced
in the material is proportional to its electrochemical

equivalent of the material.

Basically in electroplating, the metal is deposited on the work
piece, while in ECM, the objective is to remove the metal from the
work piece. So, the reverse of electroplating is applied in ECM
process. Therefore, the work piece is connected to positive terminal
(anode) and the tool is connected to negative terminal (cathode).
When the current is passed, the workpiece loses metal and the
dissolved metal is carried out by circulating an electrolyte between the

work and tool.

4.2.3. CONSTRUCTION AND WORKING OF ECM PROCESS

Construction
e The schematic arrangement of ECM process is shown in

fig. 4.2.

® It consists of work piece, tool, servomotor for controlled tool
feed, D.C power supply, electrolyte, pump, motor for pump,
filter for incoming electrolyte and reservoir for electrolyte.

® A shaped tool (clectrode) is used in this process, which is
connected to negative terminal (cathode) and the workpiece is

connected to positive terminal (anode).

—

Constant ‘

Tool Feed Q

Electrolyte _ « e ‘

Inflow

-
® /l! __ESSY

—=
——
ol

” LN N ARERLRRR S "l

|. Workpiece, 2. Tank, 3. Tool (cathode), 4. Servomotor for
controlled tool feed, 5. D.C. Power supply, 6. Electrolyte,
7. Pump, 8. Motor for pump, 9. Filter, 10. Reservoir

Fig. 4.2. Arrangement of ECM Process
The tools used in this process should be made up of the
materials which have enough thermal and electrical
conductivity, high chemical resistance to electrolyte and
adequate stiffness and machinability.
The widely used tool materials are stainless steel, titanium,
brass and copper.
The tool is of hollow tabular type as shown in fig. 4.2. and an
electrolyte is circulated between the work and tool.
Most widely used electrolyte in this process is sodium nitrate
solution. Sodium chloride solution in water 15 a good

alternative but it is more corrosive than the former. Some
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other chemicals used in this process are sodium hydroxide,
sodium sulphate, sodium flouride, potassium nitrate and
potassium chloride.

® Servomotor is used for controlling the tool feed and the filter

is used to remove the dust particles from the electrolytic fluid.

Working

® The tool and workpiece are held close to each other with a very
small gap (0.05 to 0.5mm ) between them by using servo motor.

® The clectrolyte from the reservoir is pumped at high pressure
and flows through the gap between the work piece and tool at a
velocity of 30 to 60 m/s

e A mild D.C. voltage about S to 30 volts is applied between the

tool and workpiece.

® Due to the applied voltage, the current flows through the
electrolyte with positively charged ions and negatively charged
ions. The positive ions move towards the tool (cathode) while
negative ions move towards workpiece (anode)

® The electrochemical reaction takes place due to this flow of
ions and it causes the removal of metal from the workpiece in
the form of sludge.
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The surface finish in ECM process is of the order 0.2 to 0.8 micron 4.2.10. DISADVANTAGES

with a tolerance of the order 0.005 mm depending on the work 1. Non conducting materials cannot be machined
material and the clectrolyte used.

2. Consumption of power is nearly 100 times more than in IW,.
turning or milling the steel. ..w
42.39. ADVANTAGES OF ECM PROCESS 3. Machining process is comparatively siow m
1. The metal removal rate by this process is quite high for high 4. Initial investment is quite high A
strength-iemperature resistant (HSTR) materials compared to 5. More space is required
conventional machining processes. 6. To vary the tool feed rate and supply of clecwolyte,
7. Difficuity in designing a proper woling system
3. Machining is done at low voltage.
4. Intricate and complex shapes can be machined easily through - APPLICATIONS CF Guew
this It is used for
' . . 1. Machining complicated profiles, such = ot engine
5. The machined work surface is free of stresses. blacies. Sebine Bedes. Sxdine whesls e
—__7 6. No cutting forces are involved in the process . - 2. Drilling smail deep hoies, such as i nozles.
¥ 4 ; 3. Machining of cavities and holes of wregalar shape «
s P .%ggﬁnoﬂﬁgohspuaaggg
. iv L 4 Machining of blind holes and pockets, wch & m forging
b dies.

o . a. 1. Sharp intermal corners cannot be sbtaned
._,;L.._]. u ?ﬂii s needed © educe e corrosion

el Pi&l‘ il requires cut and dry

! | e 5%& a material has no effect on the



4.3. ELECTRO-CHEMICAL GRINDING (ECG) OR
ELECTROLYTIC GRINDING

4.3.1. INTRODUCTION

The materials which cannot be easily shaped due to their extreme

hardness or high tensile strength can be ground by using Electro-
chemical grinding process.

Examples : Cemented carbides, hardened steel etc.,

4.3.2. PRINCIPLE

In Electrochemical grinding method, the work is machined by the
combined action of electrochemical effect and conventional grinding
operation. But the major portion of the metal (about 90%) is removed
by electrochemical effect.

4.3.3. CONSTRUCTION AND WORKING OF ECG PROCESS
Construction

® The schematic arrangement of electrochemical grinding
process is shown in Fig.4.6.

® It consists of workpiece, work table, grinding wheel, spindle,
D.C power source, electrolyte, pump, motor for pump, nozzle,
filter for incoming electrolyte, and reservoir for electrolyte.

®
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The grinding wheel is mounted on a spindle, which rotates

inside suitable bearings.

The workpiece is held on the machine table in suitable
fixtures. The table can be moved forward and backward to

feed the work or to withdraw it.

The grinding wheel and spindle are separated from the

machine by using an insulating sleeve as shown Fig.4.6.

@9

1. Workpiece, 2. Fixture, 3. Work table, 4. Grinding wheel,
5. Insulation, 6. Sleeve, 7. Spindle, 8. D.C. power source,
9. Tank for electrolyte, 10. Electrolyte, 11. Filter,
12. Motor for pump, 13. Pump, 14. Nozzle.

T

Fig. 4.6. Arrangement of ECG process
Sodium nitrate, sodium chloride and potassium nitrate with a

concentration of 0.150 to 0.300 kg/ litre of water are usually

used as electrolyte.

Chemical and Electro-chemical Energy Based Processes 4.23 A@

® The electrolyte from the reservoir is pumped and passed

through nozzle in the gap between the wheel and workpiece.

® A constant gap of 0.025 mm is maintained between the

grinding wheel and workpiece.

® The grinding wheel is made of fine diamond particles. These
particles are slightly projecting out from the surface and come
in contact with work surface with very little pressure.

® The grinding wheel runs at a speed of 900 to 1800 m/min

® The workpiece is connected to positive terminal (anode) of
battery and grinding wheel is connected to negative terminal
(cathode)

Working
® A mild D.C voltage of about 3 to 30 V is applied between the

grinding wheel and work piece.

® Due to the applied voltage, the current flows through the
electrolyte with positively charged ions and pegatvely
charged ions. The positive ions move towards the grinding
wheel (cathode) while the negative ions move towards the
work piece (anode).

® The electrochemical reaction takes place due to this flow of

ions and it causes the removal of metal from the workpiece.

® It can be seen that the workpiece is fed against the rotation of
grinding wheel and the metal is removed from the workpeice
surface by the simultaneous abrasive action and electrolytic
reaction. In fact, 10% of the workpiece metal is removed by
abrasive cutting, and 90% by electrolytic reaction.
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4.24 Unconventional Machining Process

® Grinding wheel wear is negligible because the major part of

the cutting action is electrolytic, and little dressing of grinding
wheel is needed.

® The short-circuit between the wheel and work is prevented

due to point contact made by the fine diamond points.

4.3.4. PROCESS PARAMETERS
The following process parameters are involved in the effectiveness
of electro-chemical grinding process.

1. Current density

The metal is removed from the work piece based on the current
density. It is of the order 100 to 200 A/cm?2. The power supply is D.C
voltage of 3 to 30V.

It is clear that the material removal rate increases with current
density which leads to better surface finish.

2. Electrolyte

The surface finish, precision and metal removal rate are influenced
by the composition of the electrolyte. Sodium nitrate, sodium chloride
and potassium nitrate with a concentration of 0.150 to 0.300 kg/litre of
water are usually used as electrolyte. It is passed through nozzle in the
gap (.25mm) between the wheel and workpiece. Electrolyte is
maintained at a temperature between 15°C to 30°C.

3. Feed rate

If the applied feed rate is very slow, it results in poor surface finish
and tolerance. If the feed rate is very fast, the abrasive particles will be
forced into the workpiece, resulting in excessive wheel wear. The
maximum depth of cut for grinding wheel is 2.5 mm.

Chemical and Electro-chemical Energy Based Processes 4.25

4. Grinding wheel speed

The grinding wheel runs at a speed of 900 to 1800 m/min . Higher
speed of wheel leads to wear and tear. Accuracy of wheel running and
wheel pressure also influences the effectiveness of electro
grinding process.

4.3.5. ADVANTAGES OF ECG
1. Since the tool wear is negligible, the life of the grinding
wheel is increased. This factor is most valid in the grinding of
hard metals such as tungsten carbide, where, costly diamond
grinding wheels are used. In ordinary grinding there are high
wear rates on these expensive diamond wheels.

2. Work is free of surface cracks and distortion because heat is

not generated in the process.

3. As compared to conventional grinding, a very little cutting
force is applied to the work piece.

Good surface finish is obtained.
Work material is not subjected to any structural changes.

Intricate parts can be machined without any distortion.

N o v oa

The surface finish produced by this process is varied from 0.2
to 0.4 pm.

8. Accuracy of the order of 0.01 mm can be achieved by proper
selection of wheel grit size and abrasive particles.

9. Burr free and stress free components are produced.

10. The wheel bond wears very slowly. So, the grinding wheel
need not be dressed frequently.

Scanned by CamScanner



/\;> 4.26 Unconventional Machining Process
N

4.3.6. DISADVANTAGES
1. Initial cost is high.

2. Power consumption is high.
3. Metal removal rate is lower than conventional grinding.
4. Non-conducting materials cannot be machined.

5. Preventive measures are needed against corrosion by the
electrolyte.

6. Maintenance cost is high.

7. Since the tolerances achieved are slightly low, the workpieces
need final abrasive machining.

4.3.7. APPLICATIONS

It is best suited for

I.- Very precision grinding of hard metals like tungsten carbide
tool tips, high speed steel tools.

Cutting thin sections of hard materials without any damage or
distortion.
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2.1 Introduction @

Electrostream drilling (ESD) is a special version of electiro chemical machining
adapted for drilling small holes (usually less than Imm) by using high voltages and acid
clectrolytes. ESD was first developed in the mid 19605 by the General Electric Company,
Aircraft Engine Group. The process was invented to solve the problems associated with
drilling thousand of small cooling holes in turbine blades /7 1

ESD uses acid elcctrolyte instead of the salt electrolytes normally used in ECM to
dnill small holes. The usc of acid clectrolytes ensures that the metal sludge by-products
from the electrolytic deplating are dissolved and carried awzy as metal joms. This
climinates clogging of the clectrolyte flow around the electroce '

The nozzle and clectrically conductive workpiece zre connected to negative and
positive terminal of the DC power supply. As the charged electrolyte stream impinges on
the workpicece, material is removed through the electrolytic dissolution and is flushed
from the machining area in the form of metal ions in solution. ESD process is effective
for drilling brittle or difficult-to-machine metals with small holes at steep angles or
curved surfaces ' /7.,

dei&mESDtedmiq\mmcumﬂyuseddepqﬂingupmme
mofuappucaﬁoumeymhownaspcnwaﬁondrﬂlhgmddwdl
mPMMMBMMMMcholsmWMa
nozzle in-feed system is available. The drilling cycle for the penetration technique begins
when the nozzle is rapidly fed towards the workpicce but with a reduce charging current
hhq—Amcming device monitors the current, slow the feed, and triggers full
power when the proper nozzle-workpiece gap is detected. During the dnlling cycle, the
Bozzle bs fed in 1o the hole at a constant feed rate to maintain a constant gap through out

Dwelling technique is used when shallow, less accurste holes are required or
when machine capabilines or workpiece configuration cannot support a nozzle in feed
mechamsm. In dwell drilling, fixing the nozzle at the proper gap distance from the work
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surface and performing the drilling sequence with out nozzle feed. In this technique, the
tip of the nozzle never penetrates into the workpicce, the relatively coherent stream of
charged jet is solely responsible for determining beth the shape and diameter of the hole,
This technigue eliminates the need for tool-feed and gap-seasing cquipment, it also limits
the depth and accuracy capabilities of the process.

Two concepts are generally used for charging the acid electrolyte, They differ in
the charging electrode that consists of cither a metallic sleeve or a small titanium wire,
which is placed inside the large diameter section of the ES nozzle as close to the throat as
possible [6].

2.2 Equipment and Tooling |

~ Electrostream dnlling is a high voltage process in which a voltage is applicd
between the workpiece and a cathode wire usually made of titanium placed in glass
nozzle (Fig 2.1). The voltage (250-650 V) applied drives the current through an
electrolyte column., '

This process also requires an extra tank in the clcctro!y{c system. The acid
clectrolyte 1s pumped from one tank and, after traveling through the machine, overflows
into a separate tank, which is electrically insulated from the first. Thus the current 1s
prevented from making complete circuit around the system, It is important that
Electrostream drilling machine must be grounded and guarded to prevent voltage
mishaps.

Electrostream drilling uses a nozzle shaped glass tube as a cathode. A platinum
wire is inserted in the tube to give supply to the acid electrolyte. Electrostream drilling
machines have one feed axis capable of producing constant feed rates between 0.125 1o
025 mm/min as well as jogging movement. Multi axis machine units allow rotation of
the part or allow an amray of tubes to be indexed across the part. Feed rates and voltages
are programmed by using a computer numerical control [2).

1.3 Power Supply

The power supply used for Electrostream drilling is full wave rectified, D.C
power supply. The supply can be designed to have a multi channel output if required,
cach channel feeding a separate manifold.
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2.7 Glass nozzles

Glass tube 3 or 8 mm in diameter, with the front drawn to the neccssary cutting
tube size of 0.15 10 0.60 mm is used. The length of this small-diameter section of the tube
is responsible to drill the hole. The importance of accuratc tubcs camnot be
overcmphasized. The tips must be lapped flat with no chip or crack. The concentricity of

the outside and inside diameter is critical. The inside diameter must be kept free of
obstruction at all imes. )

7
2.8 Process Parameters
The key process parameters for ESD include 4
Voltage: 250 to 650V |
Electrolyte: type: a). Type: acid: Sulphuric acid, nitric acid or hydrochloric acid
b). Concentration of 15 to 50% by volume
¢). Pressure: 0.275 to 0.40 N/mm®

d). Temperature: 40°C for sulphuric acid and 20°C for others
Feed rate: 0.75 to 2.5mm/min.

2.9 Process Capabilities
2.9.1 Material removal rates and tolerances
Penectration rates 1.5 to 3.0 mm/min arc typical for the super alloys. The
electrolytic dissolution follows Faraday’s law and current density is limited by the boiling
of electrolyte in the nozzle from the resistive heating. Diameter tolerances are typically
+/- 0.025 mm or plus or minus 5 percent for sizes above 0.Smm.
2.9.2 Surface roughness
Surface roughness in the holes ranges from 0.4 to 1.6 pm R, There are no
metallurgical changes when the electrolyte and operating parameters are compatible with
the metallergical state of the workpiece. The holes produced by this process are free from
the induced residual stress. Thermal damage is nonexistent.
2.10 Advantages
The advantages of electrostream dnilling include the following =
e No heat-affected zone.
¢ No burrs are produced.
* No induced stress i the workpiece.

&
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Not affected by the hardness of the metal. (1+)
Blind and intersecting holes can be drilled.

No recast layer.

11 Limitations

Electro stream drilling can be used only on corrosion resistant metals (st

>alt, and nickel base turbine engine alloys) and clectrically conductive

nerally this process can not drill commercially pure titanium and refrac
her limitations are / )

Process is slow when drilling single hole.
Expensive clectrodes.

Handling of acid requires special workplace and environmental precal

. Chances of nozzle breakage since glass is a fragile material.

Bell-mouth hole entrance.

High preventive maintenance cost.

12 Applications
pplications of electrostram drilling include

Drilling rows of cooling holcs in gas turbine blades and vancs.
Machining of oil passages.

Machining of fuel nozzles.

Starting holes for wire EDM cuts, especially where the length of cu
mm.

Drilling oil passages in bearings in which EDM will cause cracks.
Drilling regular arrays of holes in corrosion resistant metals of low
(for example, strainers and dies),
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~ Traditionally finishing processes are crucial, expensive uncontrolled
and a labour intensive phase in the overall production.

» Italso include total production cost and time.

» The ever increasing demand from the industry for better quality & cost
competitive product with complex design material need to good
surface finishing.

~ In case of some application like internal finishing of capillary tube.
machining of titanium alloy, aircraft application . medical application
where high surface finish parts are required.

» Magnetic abrasive finishing (MAF) is the process which capable of
precision finishing of such work pieces.

» Since MAF does not require direct contact with the tool. the particles
can be introduced into area which are hard to reach by conventional
techniques.
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CLASSIFICATION OF MAF

BASED ON TYPE OF MAGNETIC FIELD

I. Magnetic Abrasive Finishing With Permanent Magnet
2. Magnetic Abrasive Finishing With Direct Current
3. Magnetic Abrasive Finishing With Alternating Current

BASED ON WORKPIECE

I. Lathe based MAF
2. Milling based MAF
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WORKING OF MAGNETIC ®
ABRASIVE FINISHING PROCESS

Onnding luid

Magnetic particle
Abrasive particle

Rotation M
. - - TL 2
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ADVANTAGES ®

» Able to attain wide range of surface characteristics by careful selection of
magnetic particles

» Enhance surface characteristics such as wet ability or reducing friction.

» Capability to accessing hard to reach areas.

» Capable of modifying roughness without altering form.

» Sectup is independent of work piece material; it can efficiently finish ceramics,
stainless steel, brass, coated carbide and silicon.

» Due to the flexible magnetic abrasive brush, it can finish any symmetric work
piece shape, if electromagnet designed accordingly.

» It possesses many attractive advantages such as self-adaptability and
controllability.

» The finishing tool requires neither compensation nor dressing

» The method can finish ferromagnetic materials but as well as non-
ferromagnetic materials.
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DISADVANTAGES ®

» Itis difficult to implement Magnetic abrasive finishing in mass production
operation.

» Not applicable for some ordinary finishing task where conventional
finishing technique can be easily implemented.

» Time consuming process.

» The cost of process is high.

APPLICATION

» Cutting tools

» Turbine blades

» Air foils

» Optics

» Sanitary pipes

» Food industry

» Capillary tubes, needles, biopsy needles in ;medical field
» Curved pipes
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CONCLUSION &

Magnetic abrasive finishing process can be used for surface finishing as well as
surface modification of hard to finish surfaces such as brass, stainless steel. etc.
Magnetic abrasive finishing can be successfully used for finishing of internal as
well as external surfaces of complicated design.

In magnetic abrasive finishing process, magnetic force is affected by the
material, shape and size of work, work-pole gap distance, and composition of
magnetic abrasives.

The MAF-processed improves tribological properties, reduces the friction on the
chip-tool interface, and results in extended tool life. Smoothing with minimal

material removal and negligible changes in cutting edge geometry.
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