UNIT-V
THERMAL ENERGY BASED PROCESSES
PART - A (2 MARKS)

1.Name the beam control techniques of EBM.
The following are the beam control techniques in EBM,
e Electromagnetic focusing
e Electro static focusing
2.What is meant by Laser beam drilling?

In laser beam drilling process, laser beam is focused on the work piece by
means of lens to give extremely high energy density to melt and vaporize the work piece to
make drilling process.

3.Contrast LBM and EBM.

In laser beam machining process, laser beam is focused on the work piece by
means of lens to give extremely high energy density to melt and vaporize the work material.

In EBM the high velocity beam of electrons strikes the work piece, its kinetic
energy is converted into heat. This concentrated heat raises the temperature of work material
and vaporizes a small amount of it, resulting in removal of metal from the work piece.

4.Write the advantages of PAM?
The following are the advantages of PAM,
e It can be used to cut any type of metal
e Cutting rate is high
e As compared to ordinary flame cutting process, it can cut plain carbon
steel four times faster.
5.What is meant by Transferred type Plasma Arc Machining process?

In transferred arc type process, electrode is connected to the negative terminal
of the D.C. power supply and work piece is connected to the positive terminal of a D.C. power
supply. So more electrical energy is transferred to the work, thus giving more heat to the work.

6.What are the limitations of EBM?

The metal removal rate is very slow.
It is not suitable for large work pieces.
Cost of equipment is very high.

A little taper produced on holes.

It is applicable only for thin materials.
7.What is the acronym of LASER?

Light Amplification by Stimulated Emission of Radiation is known as LASER. IT is an
electromagnetic radiation. It produces a powerful, monochromatic, collimated beam of light in
which the waves are coherent.

8.List any two gases used in plasma arc machining?
The commonly used gases in PAM are,
= nitrogen,
= hydrogen,
= Air, mixture of nitrogen-hydrogen and argon-hydrogen, etc.
9.What are the principles of LBM?

In laser beam machining process, laser beam is focused on the work piece by means of

lens to give extremely high energy density to melt and vaporized the work material.

10. What is the purpose of vacuum chamber in EBM process?

a. To avoid collision of accelerated electrons with air molecules.

b. Protect the cathode from chemical contamination and heat losses.

c. The possibility of an arc discharge between the electrons is prevented.
11. Define Electron Beam.
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12.

13.

14.

15.

It is the thermo-electrical material removal process on which the material is removed by
the high velocity electron beam emitted from the tungsten filament made to impinge on the
work surface, where kinetic energy of the beam is transferred to the work piece material,
producing intense heat, which makes the material to melt or vaporize it locally.

Contrast LBM and EBM.

In chemical machining process, material is removed from the work piece through a
controlled etching or chemical attack of the work piece material.

It carries current between the tool and the work piece. It cools the cutting zone which
becomes hot due to the flow of high current.

State the characteristics of laser beam.
a. Special Characteristics of laser beam:
(i) It can be focused to maximum intensity or to minimum intensity as
needed.
(ii) It can be moved rapidly on the work piece.
b. Cutting process characteristics:
(i) Metal removal rate is maximum to minimum.
(i) Cutting of complex shapes.
What are the parameters that govern the performance of plasma arc machining?
e Rate of gas flow.
e Current density.
e Stand-off distance.
e Thermal conductivity of work.
How EBM is different from PAM?

When the high velocity beam of electrons strike the work piece, its kinetic energy is
converted into heat. This concentrated heat raises the temperature of work material and
vaporizes a small amount of it, resulting in removal of metal from the work piece.

In plasma arc machining process, material is removed by directing a high velocity jet of
high temperature (11,000% to 28,000%) ionized gas on the work piece. This high temperature
plasma jet melts the material of the work piece.
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PART -B (16 MARKS)
1. Explain the principle, construction and working of Electron beam machining (EBM) with
a neat sketch. Also, State some of the advantages, disadvantage : and lts appllcatlon

Vacuum chamber Clectron qun
Grid cup
Tungsten
filament
+ D.C.
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Supply
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Focusing lens
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Deflector coil
- Electron stream i
(Beam) | Workpiece
e Tabie

Principle:
When the hich velocity beam of electrons strike the workpiece, 1ts
(retic energy is converted into heat. This concentrated heat raises the

e
emperature of workpiece material and vaporises a small amount ot It,

esulting in removal of material from the workpiece.
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Construction:

® It consists of electron gun, diaphragm, focusing lens, deflector
coil, work table, etc.

® 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 103 to 10~® mm of mercury. This chamber carries a door,

ﬂubugh thCh the workpiece is placed over the table. The door

® The electromagnetic deflector coil
electron beam to different spot on the §

used to control the path of the cut. 48
Working:

® When the high voltage DC source 1S gt
tungsten filament wire gets heateg n
upto 2500°C. e
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@ Due to this high temperature, electrons are emitted from
:
tungsten filament. These electrons are directed by grid cup 1o
= - b
travel towards downwards and they are attracted by anode

® The electrons passing through the anode are

- - - < iCCeierated i
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® Thi el ‘ the anode
passes througl! rough the
electromay

® Focusing ler ‘ eam on the
desired spot of the work;

- \thn the electron beam it \pa Oon th vorl piece surface, the
Kinetic energy of high wvelocity electron 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?), it takes a few micro seconds to melt and vaporise the

Machining outside the vacuum:

Since the fully vacuum system
development have made it possible to
chamber. In this arrangement, the necessafys
within the electron gun and the gases are

enter into the system.
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2. Explain the principle, construction and working of Laser beam machining (LBM) with a

neat sketch. Also, State some of the advantages, disadvantage and its application.
| 3 Reflecting end

Principle:

In laser beam machining process, id
monochromatic, collimated beam of light) is
by means of lens to give extremely high
vaporise the work material.

Construction:

<8

® There are several types of lasers used for differe!ﬁ 3

e.g., solid state laser, gas laser, liquid laser and semt

required power levels.
® The most commonly used solid state laser is ruby
first successful laser achieved by Maiman in 19 ‘
ruby rod surrounded by a flash tube.
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® The end surfaces of the ruby rod is made reflective by mirrors
One end of the ruby rod 1 3'}1;_,‘,?‘\“'.‘ reflective and the other mi

partially reflective

M G o\ e

® The flash tube is called the pump and it surrounds the rubyrod
Fig.5.5. This tube 18 ﬂlledwli

in the form of spiral as shown 1n Fig
Xenon, argon or krypton gas.
-
® Since the ruby rod becomes less efficient at high temperatures,

it is continuously cooled with water, air or liquid NitrOZENs= Sy

4_.. 'A‘-. |

@ Since the laser beam has no effect on aluminium, the wow

e

1
I@

to be machined is placed on the aluminium work table.
Working:
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'® The emitted photons in the axis of ruby rod are
back and forth millions of times in the ruby |
mirror at the two ends. The emitted photons other tha

will escape out of rod.

® The chain reaction is started and a powerful coherent:
red light is obtained.

' ® This powerful beam of red light goes out
r.“ =5

reflective mirror at one end of the ruby rod.

.Thts highly ampllﬁed beam of llght is focused

adjusting the control panel and an operata

the machining process.

Accuracy:

The laser is used for cutting and drilling. In order f
best possible results in drilling, the material should be pla
tolerance of + 0.2 mm focal point.
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3. Explain the principle, construction and working of Plasma arc machining (PAM) with a

neat sketch. Also, State some of the advantages, disadvantage and its application.
i o ol A s T

Insulation
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Power NY
Supply R l l
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Plasma flame

In plasma arc machining process, material is re
a high velocity jet of high temperature (11,000°C t
gas on the workpiece. This high temper
material of the workpiece.

Construction:

Principle:
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Working:

® When a D.C power is given tb
produced between the electrode (cath:
(anode).
® A gas usually hydrogen (H,) or Nitrogen
chamber.
® This gas is heated to a sufficiently high tl
of 11,000°C to 28,000°C by usmg an
between the electrode and the nozzle. :
® In this high temperature, the gases are f
of thermal energy is liberated. '
® This high velocity and high temperatu
directed on the workpiece surface thi

sMM,'but due to the contmuous attack
workpiece material. So, it can be safely us
any metal including those which can be subjec

reaction. %
Accuracy:

L Plasma arc machining is a roughing operat _
around 1.4 mm with corresponding su ’::ij’
the width of slots and diameter ,

mm on 100 to 150 mm thick le» N

10
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Plasma Are Machining (P AM):

Plasma-arc machining (PAM) employs a high-velocity jet of high-temperature gas o melt and
displace material in its path called PAM, this is a method ol cutting metal with a plasma-arc,
or lungsten mner-gas-are, lorch. The torch produces a high velocity jet of high-lemperature
ionzed gas called plasma that cuts by meling and removing matenal Irom the work piece.
l'emperatures in the plasma zone range rom 20,0007 to 50,0007 F (11,0007 1o 28 0007 ).

It is used as an alternative Lo oxyluel-gas cutling, employing an electne arc at very high
lemperatures o mell and vaporiee the metal.

Equipment:

A plasma are cutling torch has [owr components:

1. The electrode carries the negative charge from the power supply.

2. The swir nng spins the plasma gas Lo create a swirling low pattern.

3. The nowzle constricts the gas (ow and inereases the arc energy density.

4. The shield channels the Nlow of shielding gas and protects the nozele Fom melal spatter.
Principle of operation:

PAM 15 a thermal cutling process that uses a constricied jet ol high-temperature plasma gas 1o
melt and separate metal. The plasma arc 1s formed between a negative ly charged electrode
inside the wrch and a positvely charged work piece. Heal from the trans ferred arc rapidly

melts the metal, and the high-velocity gas jet expels the molen material from the cul.

4. 1) Explain the process parameters of EBM process.
Accelerating voltage © 50to 200 kV

Beam current : 100 to 1000 pA

Electron velocity - 1.6x108m/s

Power density : 6500 billion W/mm?2
' Medium - Vacuum (10-5 to 10-6 mm of Hg)
Workpiece material . All materials

% Dep‘[h of cut : UptO 6.5 mm

3
Material removal rate Upto 40 mm- /s

|
|
1 Specific power consumption 0.5 to 50 kW

——

ii) List out its advantages, disadvantages and application of EBM process.
Advantages:

11
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Electron beam machining has the following advan

2.

3. Holes of different sizes and shapes can be

4. There is no mechanical contact

e 6. Electrical conductor matenalS' 2

10.

Dlsadvantages

5. It is a quicker

high accuracy.

workpiece. _
process. Harder ma

machined at a faster rate than

The physical and metallurg:cal damage 1ot
very less.

This process can be easily automated.
Extremely close tolerances are obtained.

Brittle and fragile materials can be machined.

ER N ¥ i 8 - S

A The meml removal rate is very slow.  RraiNaeTN

0 % N 6w O

.

Cost of equipment is very high.

It is not suitable for large workpieces.
High skilled operators are required to operate this magc
High specific energy consumption.

A little taper produced on holes.

Vacuum requirements limits the size of workpiece.

It is applicable only for thin materials.

small amount of recasting and metal splash can ot :
surface. It has to be removed afterwards by

cleaning.

holes.

12
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Applications:

' 1. EBM is mainly used for micro-machining operations ot
thin materials. These operations include drilling
perforating, slotting, and scribing, etc.

2. Drilling of holes in pressure differential devices used h
nuclear reactors, air craft engines, erc.

3. Itis used for removing small broken taps from holes.

4. Micro-drilling operations (upto 0.002 mm) for
orifices, dies for wire drawing, parts of lectr
injector nozzles for diesel e

5. What are the various machining applications of laser?

i Al bl .
5 A laser has a wxde range of machining apph atior

l.aer in Metal Cutting
A laser beam can be used for cutting metals, plast
textile, cloth and even glass, when its surface is coated

— absorbing material such as carbon. Normally, laser
drilling a hole through the workpiece, then moving

13
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output power of the laser bea
cutting complex shapes wnh '
Laser in Drilling

'I‘-

T A
Laser drilling was one of the first pr

11TV
technology in industry and the demand for k

14
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v‘,‘;,."‘,-\'g "z
." ,"" -E_.%:"—' iiilija

mkmg holes in hypodenmc needl 54 :
jubrication devices, holes in tungsten-ct
bottle nipples, relief holes in pressure plu;

Laser in Welding

In this process, a laser beam is focusec

are to be welded.

Laser beam welding requires more pre
laser power than in the case of drilli

Laser welding is especlally

etration welding.

15
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it ol 162

Gears, saw teeth, valve wear pads, and cylind:
ngthened by using laser beam. The laser is uscd
er of cobalt alloy on the turbine blade shroudhcdm
as is used for shielding during deposition of the cobalt

2 . » 5 s bl
ng purposes. By using laser, a thin ceramic coatings
tal surface for heat and wear resistance. Laser can al

I llcatlons
':cmﬁons include steel metal tir nr

materxal by using high intensity o
Work material : All materials ex
conductivity and high reflectivity.

Output energy of laser : 20 ]
Pulse duration : One millisecond.
Material removal rate : 6 mm3/min
Dimensional accuracy : +0.025 m
Medium : Atmosphere

Specific power consumption :
Efficiency : 10 to 15%

17
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ii) List out its advantages, disadvantages and application of LBM process.

Advantages:

6. Laser beam can be sent to long dist .
can also be focused at one point theret

amount of heat.

7. Process can be easily automated.

9. Dissimilar materials can be easily welded.

4 5 A
‘,M.’j"‘

10. Heat affected zone is small around the m
'11. Beam configuration and size of exposedy

controlled.

18
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Disadvantages:

cost is also qmte hlghf sogk
nghly skilled operators are needed.
Rate of production is low.

Possibility of machining only thin sect

small amount of metal removal is in
Safety procedures to be followed Stri
Overall efficiency is extremely low (

Some materials like fibre g

Applications:
Refer Question No.5

19
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i) Explain the process parameters of PAM process.

A A N

PROCESS PARAMETERS OF PAM

—‘ simplest and most economical m
-ontains nitrogen and oxygen. The heat ¢

ce depends on the thickness of the met
s from 6 to 10 mm. 1

20
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ii) List out its advantages, disadvantages and application of PAM process.
Advantages

| e

L can be used to cut any metal. £y A
‘2. Cutting rate is high.

3. As compared to ordinary flame cutting
plain carbon steel four times faster.

4. Ttis used for rough turning of very difficult:

Due to the high speed of cutting, the de
metal is reduced while the width of the ¢

the surface quality is high.
Disadvantages:
1. It produces tapered surface.
2. Protection of noise is necessary.

ﬁ'& Eqmpment cost is hlgh ; KAt

working in neé;rby areas. i :
5. Oxidation and scale formation takes
shielding.
6. Work surface may undergo metallurgical changes. ‘
Applications:

1. It is used for cutting alloy steels, stainless steel,

nickel, efc.
2. It is used for profile cutting.
B s successfﬁlly used for turning and milli
machine materials. '
4. Tt can be used for stack cutting, shape c'm
underwater cutting. ¥
5. Uniform thin film spraying of refrac
‘metals, plastics, ceramics is also

21
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8. i) Explain the principle of laser beam production.
R T

-_

CIPLE OF LASER BEAM PRODU
‘ Tdn the principle of quantum theory of radi

i 13000

Photon
Eq O

(i) Before absorption

T

)

Excited state

22
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: 1 lugher state to make a transition to the 10
f second photon as shown in Fig.5.4. o

i S i

23



Unconventional Machining Process EGSPEC/ DEPT. OF MECHANICAL ENGINEERING

ii) Write short notes on the following.
a. Lasing materials
b. Solid state laser
c. Gas laser
d. Semiconductor laser
a. Lasing materials

Many materials exhibit lasing aﬂi@t&@, on
used in metal working. Solids, gases %
s lasing materials. .

laser is ruby laser.

c. Gas laser

The main advantage of gas laser
continuously. The gas laser produc -_
monochromaticity and high stability of fr

m are widely used in mdus o
ples : Carbon dio ¢
i L e

d. Semiconductor laser
nicon -

Lasing action can also be produce

24
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9. Explain the two types of Plasma arc machining (PAM) with a neat sketch. List out the
advantages, disadvantages and application of PAM Process.
Types of Plasma arc machlnlng (PAM)

Direct Arc Plasma Torches

In direct arc plasma torches, ,?,3 qi o
mxnal (cathode) of aD.C powef

LAAAASIAIIAIAIIIISI ),

DC

Power

Supply
|
F 1.
i
' Workpiece
L 77777777777

%’kplece d:rectly through the .n‘\arr% :

25
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" When the arc flame reaches the workpi
main arc between the electrode and the

arc is switched off.

%/

' R
AN
{

Direct arc torches has higher efficiency and‘

preferred for cutting, welding, depositing, eic.

Indirect Arc Plasma Torches

In these type of torches, electrode is

3 25

T sl

. ¥4 »
c ¢
o

terminal (cathode) of a D.C power s“Pply | rat

=305

 the positive terminal (anode) of a D.C power st

f

-

%
7

*
i
.

e
3
- .
N n

!

/ LTz i)
C
—

S
A 2, /)

G "///////////av‘ ? E//

S

e
L

When the working gas passing through :

ing gas becomes heated, ionized and

plasma jet. This plasma feeds the hea}
ogtomhes are used for non-conductmg
255, | LN b 0
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10.

In many cases, plasma torches with a double or ol
are used for welding and cutting. Primary and S
differ in the designation, composition and flow rate ¥
process the primary gas (usually inert gas) prote
electrode from the environment. The secondary

gas) is used for forming plasma.
.
Plasma are welding machine is used lor several purposes and in vanous fields. The common
application arcas ol the machine are:

1. Single runs autogenous and multi-run circumlerental pipe welding.

. In wbe mill applications.

. Welding ervogenie, acrospace and high temperaure corrosion resistant alloys.

. Nuclear submanne pipe system {non-nuclear sections, sub assemblies).

. Welding steel rocket motor cases.

- Welding of stainless steel tubes (thickness 2.6 to 6.3 mm).

o P I o |

7. Welding of carbon steel, stainless steel, nickel, copper, brass, monel, inconel, aluminium,

Lilanium, ¢le.

8. Welding ttanium plates up o 8 mm thickness.

9. Welding nickel and high nickel alloys.

10 or melting, high melting point metals.

11. Plasma torch can be applied to spraying, welding and cutting of dillicult to cul metals and

alloys.

Explain the two types of Electron beam machining (EBM) with a neat sketch. List out the
advantages, disadvantages and application of EBM Process.

Refer Question No.1
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