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Chapter 1: Introduction to Material Science and 
Engineering Materials



Electronic components and semiconductors 

Biotechnology and Energy applications

Electronics





Mechatronics Engineers can develop 

sensors or ICs. They can work in 

Microelectronics field where they deal with 

semiconductors

Mechatronics engineer: Developing Sensors and ICs, dealing with 
Microelectronics and semiconductors





























































Chapter 2: Crystalline structure











Grain
Grain
Boundry



Polycrystalline : many crystallites of varying size and orientation
Most inorganic solids are polycrystalline, including all common metals 
and many ceramics.























Home work

How many rotation axis
For the cube

How may 4 fold=3
How many 2 fold=6
How may 3 fold=4

Make a table and 
Show examples































































Because the electrons are not shared







Video





















Video



Show how to calculate the APF for the HCP?













Interstitial sites

The two interstitial sites (a) octahedral and (b) 

tetrahedral



Interstitial sites in FCC

There is one octahedral site at the centre of 
the FCC cell (½,½,½) and one on each of the 
twelve cell edges (½,0,0).

There are eight tetrahedral
sites in the FCC unit cell.
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Interstitial sites in BCC

There is one octahedral site on each of the six 
BCC cell faces and one on each of the twelve 
cell edges.

18

There are four tetrahedral sites 
on each of the six BCC cell 
faces.

24



Try to find the position of the 
interstitial sites for the HCP?

Answer: 6 octahedral 
8 tetrahedral







Determination of crystal structure

- X-ray is electromagnetic radiation with high energy and short wave length.
- X-ray diffraction is used to determine the crystal structure.
- When a beam of x-rays impinges on a solid material, a portion of this beam will be
scattered in all directions by the electrons associated with each atom

Braggs law





Some Revision exercises













Chapter 3: Elastic Behavior























True

Engineering



Above and to the left (till necking)

Stress correction 
for necking



Angle of twist























Ductility
• The degree of plastic deformation that has been 

sustained at fracture.

Percent elongation

Reduction in Area



Example



Solution



Hardness

- A measure of material resistance to localized 
plastic deformation (scratch and indentation) 

-The Mohs scale of hardness is used to compare the hardness or 

scratch resistance of minerals through the ability of a harder 

material to scratch a softer material . The scale is based on ten 

minerals Hardness Mineral

1 Talc (Mg3Si4O10(OH)2)

2 Gypsum (CaSO4·2H2O)

3 Calcite (CaCO3)

4 Fluorite (CaF2)

5 Apatite (Ca5(PO4)3(OH-,Cl-,F-))

6 Orthoclase Feldspar (KAlSi3O8)

7 Quartz (SiO2)

8 Topaz (Al2SiO4(OH-,F-)2)

9 Corundum (Al2O3)

10 Diamond (C)

Mohs hardness scale

http://en.wikipedia.org/wiki/Talc
http://en.wikipedia.org/wiki/Gypsum
http://en.wikipedia.org/wiki/Calcite
http://en.wikipedia.org/wiki/Fluorite
http://en.wikipedia.org/wiki/Apatite
http://en.wikipedia.org/wiki/Orthoclase_Feldspar
http://en.wikipedia.org/wiki/Quartz
http://en.wikipedia.org/wiki/Topaz
http://en.wikipedia.org/wiki/Corundum
http://en.wikipedia.org/wiki/Diamond


Brinell hardness test

• Indenting the surface of the material being tested 
using a hardened steel or a tungsten carbide ball

• The diameter of the indentation is in the range 2.5 
to 6.0 mm.
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Correlation between hardness 
and tensile strength

- Both tensile strength and hardness are indicators of a metal’s 
resistance to plastic deformation

- Just for most of steels







General solved example

Figure 6.12

(a)

Solutions:





Chapter 4: Dislocations and plasticity in Metals





















B   is the direction where the slipping will occur





































Chapter 5: Introduction to manufacturing
processes



Main Types of manufacturing processes

1. Metal Casting Processes.

2. Forming and shaping processes

 Rapid prototyping process

 Metal rolling process

 Metal forging processes

 Metal extrusion and drawing processes

 Sheet metal forming process

 Powder metal process

 Ceramic and glass processing

 Plastic and composite forming and shaping
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3. Machining processes

 Turning

 Milling, broaching, sawing, filling and gear manufacturing

 Abrasive machining and finishing operations.

 Advanced machining processes, chemical machining, 
electrochemical, laser beam, electron beam, water jet, 
abrasive jet, hybrid machining

4. Joining processes

 Fusion Welding 

 Brazing, 

 Soldiering etc..
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Rapid prototyping techniques
Definition: Group of techniques used to quickly fabricate a scale model of a 
part or assembly using three-dimensional computer aided design (CAD) data.

or a Class of technologies that can automatically construct physical models from 
CAD data.

-Why to do: 
- Excellent visual aids for communicating ideas.
- Design testing
- Faster and less expensive

Synonyms: Solid Freeform Fabrication, or layered manufacturing.

The reasons of Rapid Prototyping are:
- To increase effective communication. 
- To decrease development time. 
- To decrease costly mistakes. 
- To minimize engineering changes. 
- To extend product lifetime by adding necessary features and eliminating 

redundant features early in the design. 4



Traditional Machining vs 
rapid prototyping 

Rapid Prototyping Machining 

Processes

Process characteristics Additive processes Subtractive processes

Internal Feature

characteristics

Complicated Geometrical

Product Size Part Volume  0.125 m3 Large

Product Strength Low High

Production Time Shorter Longer
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Prototyping methodology

The basic methodology for all current rapid prototyping techniques

can be summarized as follows: 

1. Construct a solid CAD model.

2. Convert the model into the rapid prototyping format, like STL for example

3. The prototyping machine processes the file and create sliced layers of the model

4. After creating the first layer, the model is lowered by the thickness of the next layer

5. The process is repeated until finish the model.

6. The surface of the model is then finished and cleaned.

6



Some Examples
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1. Stereolithography (SLA)

2. Laminated Object Modelling (LOM)

3. Selective Laser Sintering (SLS)

4. Fusion Deposition Modelling (FDM)

5. Solid Ground Curing (SGC)

Rapid prototyping technologies

8



1. Stereolithography (SLA)

• Pour the liquid resin into a vessel, 
which is kept very still.

• Expose the surface of the liquid to UV 
radiation in those solid area. This 
creates a layer of solid resin with the 
same shape as the layer geometry of 
the part. 

• Lower the solidified resin into the 
vessel by a distance equal to its 
thickness. The solid is now covered by 
a fresh layer of liquid resin. 

• Now apply the UV radiation to the area 
corresponding to the next layer. 

• Repeat this process till all layers of the 
solid are built.

A photopolymer is a polymer that changes its 

properties when exposed to light.

9
Video



1. Stereolithography (SLA) 
products
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2. Laminated Object Manufacturing 
(LOM)

• Layers of adhesive-coated sheet 
material are bonded together.

• The original material consists of 
paper laminated with heat-
activated glue and rolled up on 
spools.

• A feeder/collector mechanism 
advances the sheet over the 
build platform.

• A heated roller applies pressure 
to bond the paper to the base.

• A focused laser cuts the outline 
of the first layer into the paper 
and then cross-hatches the 
excess area. 

• Cross-hatching breaks up the 
extra material, making it easier 
to remove during post-
processing.

11
Video



2. Laminated Object Manufacturing 
(LOM) part
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3. Selective Laser Sintering 
(SLS)

• The sintering powder is specially 
coated with a very thin layer of 
thermo-plastic (melts at higher 
temperatures) resin.

• The CO2 laser passes over the areas 
of the layer to be solidified.

• When the laser beam heats the 
powder, the resin melts, causing the 
powder to glue together.

• The platform is lowered, and a new 
layer of powder is spread on top of 
the old layer.

• The process is repeated.

• At the end, we have a solidified model, 
and the remaining powder can be 
shaken off and re-used.

• The model is heated in an oven to a 
temperature just below the melting 
point of the metal powder. At this 
temperature, the resin burns away, 
and the metal powder gets united due 
to diffusion, into a solid form.

13Video



3. Selective laser sintering (SLS) 
parts
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4. Fused Deposition Modeling (FDM)

• The filaments of heated thermoplastic are 

extruded from a tip that moves in the x-y plane.

• Like a baker decorating a cake, the controlled 

extrusion head deposits very thin beads of 

material onto the build platform to form the 

layer.

• The platform is maintained at a lower 

temperature, so that the thermoplastic quickly 

hardens.

• After the platform lowers, the extrusion head 

deposits a second layer upon the first.

• Supports are built along the way, fastened to 

the part either with a second, weaker material 

or with a perforated junction.

15
Video



4. Fused deposition modeling (FDM) 
products
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5. Solid Ground Curing (SGC)
 Similar to SLA that both use

ultraviolet light to selectively harden
photosensitive polymers.

 Cures an entire layer at a time.

1. Photosensitive resin is
sprayed on the build platform.

2. The machine develops a
photomask of the layer.

3. This photomask is printed on
a glass plate above the build
platform using an electrostatic
process similar to that found
in photocopiers.

4. The mask is then exposed to
UV light, which only passes
through the transparent
portions of the mask to
selectively harden the shape
of the current layer.

5. After the layer is cured, the
machine vacuums up the
excess liquid resin and spray
wax in its place to support the
model during the build.

6. The top surface is milled flat,
and then the process repeats.

7. When the part is completed, it
must be de-waxed by
immersing it in a solvent bath.

17Video



5. Solid Ground Curing (SGC) parts
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Main Types of manufacturing processes

1. Metal Casting Processes.

2. Forming and shaping processes

 Rapid prototyping process

 Metal rolling process

 Metal forging processes

 Metal extrusion and drawing processes

 Sheet metal forming process

 Powder metal process

 Ceramic and glass processing

 Plastic and composite forming and shaping

 3. Machining processes

 4. Joining processes

19



Metal Casting process

• Types of molds

• 1. Expendable mold: typically made from sand ceramic, plaster and 
similar materials mixed with binders to improve properties. For example 
in sand type there are 90% sand, 7% clay and 3% water. The pattern is 
reused in different molds.

• 2. Permanent molds: Metals that maintain their strength at high 
temperature. The mold can be used next time. The microstructure can 
be changed due to the conductivity of the mold material (metal).

• 3. Composite molds: different materials are used here, such as sand 
with graphite and metals combining the advantage for each material. 
They have permanent and expandable portions. Used to improve the 
mold strength, control cooling rate and optimize the overall economics 
of the casting process.

20
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Sand Casting process

• More than 15 million ton of metal are casted by this method every year in the US.

• Use silica (SiO2) as a mold material because of low cost and high melting point.

• Sand casting consists of :
A. Placing a pattern (having the shape of the desired casting) in sand to make an 

imprint.

B. Incorporating a gating system

C. Removing the pattern and filling the mold cavity with molten metal.

D. Allowing the metal to cool until it solidifies.

E. Breaking away the sand mold, and

F. Removing the casting 

22
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Sand casting

• The major features of molds in sand casting are as follows:

• I. The flask, which supports the mold itself. Two-piece molds consist of a cope 
on top and a drag on the bottom; the seam between them is the parting line. 

• 2. A pouring basin or pouring cup, into which the molten metal is poured. 

• 3. A sprue, through which the molten metal flows downward. 

• 4. The runner system, which has channels that carry the molten metal from 
the sprue to the mold cavity. Gates are the inlets into the mold cavity.

• 5. Risers, which supply additional molten metal to the casting as it shrinks 
during solidification. Two types of risers-a blind riser and an open riser.

• 6. Cores, which are inserts made from sand. They are placed in the mold to 
form hollow regions or otherwise define the interior surface of the casting. 
Cores also are used on the outside of the casting to form features such as 
lettering on the surface or deep external pockets.

• 7. Vents which are placed in molds to carry off gases produced when the 
molten metal comes into contact with the sand in the mold and the core. 
Vents also exhaust air from the mold cavity as the molten metal flows into the 
mold.

24



25
Video



26

Patterns :Patterns are used to mold the sand mixture into the shape of the casting 
and may be made of wood, plastic, or metal. The selection of a pattern material 
depends on the size and shape of the casting,

Types of patterns :
1. A piece pattern
2. Split pattern
3. Match plate pattern

-Pattern design should take

In consideration the 

shrinkage
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Shell Molding

• Used to get close dimensional tolerances and good surface finish at low
cost.

• High precision parts include gear housing and connecting rods or high
precision molding cores.

• In this process, a mounted pattern made of a ferrous metal or aluminum is:

(a) Heated to a range of 175° to 37O°C,

(b) Coated with a parting agent (such as silicone), and

(c) Clamped to a box or chamber which contains fine sand mixed with 2.5-4
% of thermosetting resin binder that coats the sand powders.

(d) The sand mixture is blown over the pattern

31
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Then forming the 
Cavity



• Typical produced parts are: gears, valves, fittings because of high 
precision dimensions needed.

• The mold is made of plaster of paris (gypsum or calcium sulfate) 
with the addition of talc and silica flour to improve strength and 
to control the time required for the plaster to set.

• These components are mixed with water, and the resulting slurry
is poured over the pattern. After the plaster sets (usually within 
15 minutes), it is removed, and the mold is dried at a temperature 
range of 120° to 260°C. Higher drying temperatures may be used, 
depending on the type of plaster. The mold halves are assembled 
to form the mold cavity and are preheated to about 120°C. The 
molten metal is then poured into the mold. 

33
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Ceramic Mold Casting

• The ceramic-mold casting process is similar to the 
plaster-mold process, except that it uses refractory 
mold materials suitable for high-temperature 
applications. 

• Typical parts made are impellers, cutters for 
machining operations.

• The slurry is a mixture of fine-grained zircon 
(ZrSiO4), aluminum oxide, and fused silica, which 
are mixed with bonding agents and poured over 
the pattern which has been placed in a flask.

34
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Ceramic mold casting



• Two halves of a mold are made from materials with 
high resistance to erosion and thermal fatigue, such as 
cast iron, steel, bronze, graphite, or refractory metal 
alloys.

• Typical parts made are automobile pistons, cylinder 
heads, connecting rods.

• The mold cavity and gating system are machined into 
the mold and thus become an integral part of it.

• To produce castings with internal cavities, cores made 
of metal or sand aggregate are placed in the mold prior 
to casting

36

Permanent Mold Casting Processes
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- The mold is held 
with a robot arm

-The vacuum reduces 
the air pressure inside
the mold to about 

two-thirds of
atmospheric pressure

, thus drawing the
molten metal 

into the mold 
Cavities.

Video
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- Products: hollow cylindrical parts
(such as pipes, gun barrels) 

- Molds are made of steel, iron,
or graphite and may be coated with a 

refractory lining to increase mold life

Video
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Typical products made are automotive 
components and mortar bodiesVideo



Forming and Shaping

Processes

1



• Forming processes, the starting material (usually called the
workpiece, stock, or blank) may be in the shape of a plate, sheet,
bar, rod, wire, or tubing of various cross sections.

• For example, an ordinary wire coat hanger is made by forming a
straight piece of wire by bending and twisting it into the shape of a
hanger.

• Shaping processes typically involve the molding and casting of soft
or molten materials, and the finished product is usually at or near
the final desired shape. It may require little or no further finishing.

• A plastic coat hanger, for example, is made by forcing molten plastic
into a two-piece mold with a cavity in the shape of the hanger.

• The initial material used in forming and shaping metals is usually
molten metal, which is cast into individual ingots or continuously
cast into slabs, rods, or pipes. Cast structures are converted to
wrought (Metal working) structures by plastic-deformation
processes 2

Forming and Shaping Processes
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Metal Rolling Process

• Rolling is the process of reducing the thickness or changing the cross 
section of a long workpiece by compressive forces applied through a 
set of rolls.

• Plates generally have a thickness of more than 6 mm and are used 
for structural applications, such as ship hulls, boilers, bridges, 
machinery, and nuclear vessels. Plates can be as thick as 300 mm for 
large structural supports, 150 mm for reactor vessels, and 100 to 125 
mm for machinery frames and warships. 

• Sheets generally are less than 6 mm thick and typically are provided 
to manufacturing facilities as coils-weighing as much as 30,000 kg-or 
as flat sheets for further processing into various products

4



5

Pickling is a metal surface treatment used to 
remove impurities

Video

https://en.wikipedia.org/wiki/Metal
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The rolls pull the material into the roll gap through a net frictional force on the material.
friction is necessary for rolling materials 

Video

• Initial thickness ho • Final thickness hf • Roll gap L
• Surface speed of rolls Vr • Entry velocity of strip Vo

• Final velocity of the strip Vf

• Neutral point, no-slip point – point along contact length 
where velocity of the strip equals velocity of the roll
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The roll force in flat rolling can be estimated from the formula:

The maximum possible draft is defined as the difference between the initial 
and final strip thicknesses, or (ho - hf)

F= LwYavg,

where L is the roll-strip contact length, W is the width of the strip, and Yavg

is the average true stress.

the total power (for two rolls), in S.I. units, is

N=rpm
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Roll forces can be reduced by the 
following means:
- Reducing friction at the roll-workpiece

interface °
- Using smaller diameter rolls to -

reduce the contact area 
- Taking smaller reductions per pass to 

reduce the contact area 
- Rolling at elevated temperatures to 

lower the strength of the material 

Video
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This increase in width is called spreading.

spreading increases with:
(a) decreasing width-to-thickness ratio of the 
entering strip 
(b) increasing friction
(c) decreasing ratio of the roll radius to 
the strip thickness 
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Straight and long 
structural shapes (such as 
channels, I-beams, 
railroad rails, and solid 
bars) are formed at 
elevated temperatures by 
shape rolling
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Metal forging process

 Forging is a basic process in which the workpiece is shaped by compressive forces 
applied through various dies and tooling.

 Unlike rolling operations that generally produce continuous plates, sheets, strips, 
or various structural cross sections, forging operations produce discrete parts such 
as  large rotors for turbines; gears; bolts and rivets; cutlery.

 Because the metal flow in a die and the material’s grain structure can be 
controlled, forged parts have good strength and toughness, and are very reliable 
for highly stressed and critical applications.

 Forging may be carried out at room temperature (cold forging) or at elevated 
temperatures (warm or hot forging) depending on the temperature and material 
type.

 Forgings generally are subjected to additional finishing operations, such as heat 
treating to modify properties and machining to obtain accurate final dimensions 
and a good surface finish
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Open die Forging

- Part sizes may range from very small (the size of nails, pins, and bolts) to very large 
- Open-die forging can be done by a solid workpiece placed between two flat dies 

and reduced in height by compressing it Video



15Video

Closed die Forging

The workpiece takes the shape of the die cavity while being forged between two shaped dies
This process usually is carried out at elevated temperatures to lower the 
required forces and attain enhanced ductility in the workpiece
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Metal extrusion process

 In extrusion, a cylindrical billet is forced through a die in a manner similar to 
squeezing toothpaste from a tube or extruding Play-Doh in various cross sections in a 
toy press. 

 A wide variety of solid or hollow cross sections may be produced by extrusion, which 
essentially are semi-finished parts.

 A characteristic of extrusion (from the Latin extrudere, meaning “to force out”) is that 
large deformations can take place without fracture.

 Typical products made by extrusion are railings for slide doors, window frames, 
tubing, almunium ladder frames.

 Commonly extruded materials are aluminum, copper, steel, magnesium, and lead; 
other metals and alloys also can be extruded, with various levels of difficulty. 
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Extrusions can be cut into desired lengths, 
which then become discrete parts, such as 
brackets, gears, and coat hangers 

A billet is placed in a chamber (container) 
and forced through a die opening by a 
hydraulically driven ram (pressing stem or 
punch).

The die opening may be round, or it may
have various shapes, depending on the 

desired profile

Video
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In indirect extrusion (also called reverse, inverted, or 
backward extrusion), the die moves toward the unextruded
billet 

Indirect extrusion has the advantage of having no billet-
container friction, since there is no relative motion. Thus, 
indirect extrusion is used on materials with very high friction, 
such as high strength steels. 

smaller in diameter than the chamber (which 
is filled with a fluid), and the pressure is 
transmitted to the fluid by a ram. The fluid 
pressure results in 
acting on the 
formability

A less common type of extrusion is lateral (or 
side) extrusion 

In hydrostatic extrusion, the pressure required 
in the chamber is supplied via a piston through 
an incompressible fluid medium surrounding 
the billet (Fig. 
the order of 
the chamber transmits some of the fluid to the 
die surfaces, Where it significantly reduces 
friction. Hydrostatic extrusion usually is carried 
out at room temperature, typically using 
vegetable oils as the fluid (particularly castor 

Video
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Extrusion force

The force required for extrusion depends on 
(a) the strength of the billet material, 
(b) The extrusion ratio
(c) The friction between the billet and the 
chamber and die surface.
(d) Temperature and speed of extrusion
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Extrusion constant for different materials
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The drawing process

 In drawing, the cross section of a long rod or wire is reduced or changed by 
pulling (hence the term drawing) it through a die called a draw die.

 The difference between drawing and extrusion is that in extrusion the material is 
pushed through a die, whereas in drawing it is pulled through it.

 The major processing variables in drawing are similar to those in extrusion that 
is, reduction in cross-sectional area, die angle, friction along the die-workpiece
interface, and drawing speed. The die angle influences the drawing force and the 
quality of the drawn product.
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Drawing force

Video
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1

Machining

Processes



2

The turning process

One of the most basic machining processes is turning where 
the part is rotated while it is being machined.

 The starting material is generally a workpiece that has been made
by other processes, such as casting, forging, extrusion, or drawing.

 Turning processes, which typically are carried out on a 
lathe or by similar machine tools.
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5Video



• Turning: to produce straight, conical, curved, or grooved workpieces ,such as 
shafts, spindles, and pins.

• Facing: to produce a flat surface at the end of the part and perpendicular to its 
axis ,useful for parts that are assembled with other components. Face grooving 
produces grooves for applications such as O-ring seats 

• Cutting with form tools: to produce various axisymmetric shapes for functional 
or aesthetic purposes.

• Boring: to enlarge a hole or cylindrical cavity made by a previous process or to 
produce circular internal grooves

• Drilling: to produce a hole which may be followed by boring to improve its 
dimensional accuracy and surface finish.

• Parting: also called cutting off, to cut a piece from the end of a part, as is done 
in the production of slugs or blanks for additional processing into discrete 
products.

• Threading: to produce external or internal threads.

• Knurling: to produce a regularly shaped roughness on cylindrical surfaces, as in 
making knobs and handles.

6



7

General characteristics of machining processes
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Material removal rate is the volume of material removed per unit time (mm3/min)

d = depth of cut (mm)
f=feet rate (mm/rev)
N= rotation speed of the workpiece (rev/min)
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Boring
Boring enlarges a hole made previously by some other process or produces circular 
internal profiles in hollow workpieces. The cutting tools are similar to those used in 
turning and are mounted on a boring bar.

Video
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Drilling
-Making Holes like (a) rivets on an airplane’s wings and fuselage, (b) the bolts in engine blocks
and heads, and (c) numerous consumer and industrial products.

-Hole making is among the most important operations in manufacturing, and drilling is a major 
and common hole-making process.

Video
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Milling operations

Milling includes a number of highly versatile machining operations taking place in a variety 
of configurations , with the use of a milling cutter-a multitooth tool that produces a 
number of chips in one revolution

Video Video Video
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 In slab milling (also called plain milling), the axis of cutter rotation is parallel to the 
workpiece surface.

 In face milling, the cutter is mounted on a spindle having an axis of rotation 
perpendicular to the workpiece surface 

 End milling is an important and common machining operation because of its 
versatility and capability to produce various profiles and curved surfaces. The cutter, 
called an end mill has either a straight shank (for small cutter sizes) or a tapered 
shank (for larger sizes) and is mounted into the spindle of the milling machine. End 
mills may be made of high-speed steels or with carbide inserts, similar to those for 
face milling. The cutter usually rotates on an axis perpendicular to the workpiece
surface, and it also can be tilted to conform to machine-tapered or curved surfaces.

Milling operations
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Some advanced machining processes
 The machining processes described in the preceding chapters involved material removal 

by mechanical means: chip formation, abrasion, or microchipping. However, there are 
situations in which mechanical methods are not satisfactory, economical, or even 
possible, for the following reasons:

(1) The hardness of the workpiece material are very high, typically above 400 HB

(2) The workpiece material is too brittle to be machined without damage to the workpiece. 
This is typically the case with highly heat treated alloys, glass, ceramics, and powder-
metallurgy parts. 

(3) The workpiece is too flexible or too slender to withstand forces in machining or 
grinding, or the parts are difficult to clamp in fixtures and work-holding devices. 

(4) The shape of the part is complex , including such features as internal and external 
profiles or holes with high length-to-diameter ratios in very hard materials. 

(5) Special surface finish and dimensional tolerance requirements exist that cannot be 
obtained by other manufacturing processes 

(6) The temperature rise during processing and residual stresses developed in the 
workpiece are not desirable or acceptable.
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Laser beam machining
In laser-beam machining (LBM), the source of energy is a laser (an acronym for light 
amplification by stimulated emission of radiation), which focuses optical energy on the 
surface of the workpiece . The highly focused, high-density energy source melts and 
evaporates portions of the workpiece in a controlled manner. This process is used to 
machine a variety of metallic and nonmetallic materials. 

Video
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Water jet machining

In water-jet machining (WJM) (also called hydrodynamic machining), the force is 
utilized in cutting and deburring operations .

The water jet acts like a saw and cuts a narrow groove in the material

The advantages of this process are as follows:
(1) Cuts can be started at any location without the need for predrilled holes. 
(2) No heat is produced.
(3) No deflection of the rest of the workpiece takes place; thus, the process is 
suitable for flexible materials. 
(4) Little wetting of the workpiece takes place.
(5) The burr produced is minimal. 
(6)It is an environmentally safe manufacturing process.
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Water jet machining

Video


