NONTRADITIONAL

MACHINING PROCESS




History of Material Development
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The requirements that lead to the
it

cdevelopment of nontraditional machining

ery high hardness and strength of the material. (above 400 HB.)

I'he work piece is too flexible or slender to support the cutting or
inding forces.

e hape of the part is complex, such as internal and external
profiles, or small diameter holes.

m  Surface finish or tolerance better than those obtainable conventional
process.

m Temperature rise or residual stress in the work piece are undesirable.



Conventional Machining VS

NonConventional Machining

@ I'he cutting tool and workpiece are always in physical contact, with a
relative motion against each other, which results in friction and a
significant tool wear.

&# In non-traditional processes, there is no physical contact between
the tool and workpiece. Although in some non-traditional processes
tool wear exists, it rarely is a significant problem.

@ Material removal rate of the traditional processes is limited by the
mechanical properties of the work material. Non-traditional
processes easily deal with such difficult-to-cut materials like
ceramics and ceramic based tool materials, fiber reinforced
materials, carbides, titanium-based alloys.



Continue...

cesses, the relative motion between the tool and work
- ple ypically rotary or reciprocating. Thus, the shape of the work
. surfaces Is limited to circular or flat shapes. In spite of widely used
NC systems, machining of three-dimensional surfaces is still a
ifficult l’g?sk. Most non-traditional processes were develop just to solve
problem.

lachining of small cavities, slits, blind or through holes is difficult with
ditional processes, whereas it is a simple work for some non-
itional processes.

@ [Traditional processes are well established, use relatively simple and
Inexpensive machinery and readily available cutting tools. Non-
traditional processes require expensive equipment and tooling as well
as skilled labor, which increases significantly the production cost.



Classification OF Processes

| Metal removal Processes

| It is characterized by the fact that the material removal
IS due to the application of mechanical energy in the
orm of high frequency vibrations or kinetic energy of
n abrasive jet.

Ultra sonic Machining (USM).
2. Abrasive Jet Machining (AJM).
3. Water Jet Machining (WJM).






rk piece. It result mto material
moval by melting and evaporation.

source of heat generation in such cases can be
ely different.

- tric Discharge Machining (EDM).
h 2. Plasma Arc Machining (PAM).
- 3.EBM 4. LBM



Abrasive Water-Jet Cutting

.- am of fine grain abrasives mixed with air or suitable
-caer gas ‘at high pressure, is directed by means of a
0zzle on the work surface to be machined.

e material removal Is due to erosive action of a high
essure jet.

AJM differ from the conventional sand blasting process in
way that the abrasive is much finer and effective
control over the process parameters and cutting. Used
mainly to cut hard and brittle materials, which are thin and
sensitive to heat.



Abrasive Jet Machining Setup

Powder supply
and mixer

Exhaust

Pressure : . Hood
regulator

Nozzle

Vibrator :
Foot Waorkpicce
control

valve




i .
Attumulates BT

|

o
|

[r"'""""w

\2{ Intwnsifier  Eom
|

I

Fiund
st ply i

=

bl
ang
faltar

Sy |-

L

Righ oressure
WElEr n

MuLzie
isapehire

High
HRIGCITY
walar el
Comcantraied
Abrasne abrasivn jat
tubg slurry

Abrasiee walas el
Eullar

FIGURE 5415 Schematic of hyarcaynamic et michaning.  The intendifier elevates
the fluid to the desired nozzle pressure while the accumulatar smocths out the
pulses in the Ruid et Schematic of an abrasive waterjet machining nozzle is
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Typical AJM Parameters

oxide for Al and Brass.

ainless steel and Ceramic\
Bicarbonate of soda for Teflon
Glass bed for polishing.

10-15 Micron
antity
s 5-15 liter/min for fine work

= 10-30 liter/ min for usual cuts.
= 50-100 liter/min for rough cuts.



Typical AJM Parameters

1/ min
Velocity: 150-300 m/min

ressure: 200-1300 KPa

lozzle

aterial: Tungsten carbide or saffire
and of distance: 2.54-75 mm

= Diameter: 0.13-1.2 mm

= Operating Angle: 60° to vertical



Typical AJM Parameters

ecting MRR:

asive and abrasive grain size

tad off distance
ozzle Pressure



antages of AJM:

_ al removal rate.
Due to s ly cutting accuracy is affected.
Parivles is imbedding in work piece.

1 Abrasive powder cannot be reused.



leaning such as removal of smudges from antique

1g semiconductors such as germanium etc.



Water Jet Machining

achining involves directing a high pressure (150-1000
ity (540-1400 m/s) water jet(faster than the speed of
- sou ) to the surface to be machined. The fluid flow rate is typically
from 0.5 to 2.5 I/min

'he kinetic energy of water jet after striking the work surface is
duced to zero.

e bulk of kinetic energy of jet is converted into pressure energy.

he local pressure caused by the water jet exceeds the strength of
urface being machined, the material from the surface gets eroded
and a cavity is thus formed.

@ T'he water jet energy in this process is concentrated over a very small
area, giving rise to high energy density(10 w/mm ) High



Water Jet Machining Setup
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Conﬁnue".

common fluid used, but additives such as alcohols,
erol are added when they can be dissolved in
lid characteristics.

jork material is brittle it will fracture, if it is ductile, it will cut well:

fice is often made of sapphire and its diameter rangesfrom 1.2
0 0.5 mm:



Water Jet Equipments

hree main units

ith intensifier.
ising of nozzle and work table movement.

filter unit for debries,pout impurities.

Application - used for cutting composites, plastics, fabrics, rubber, wood
products etc. Also used in food processing industry.



Abrasive Water jet machining

utting in water jet machining, particularly while cutting
: Is quite low. Cutting rate can be achieved by mixing
~ abrasive powder in the water to be used for machining.

n Abrasive Water Jet Cutting, a narrow, focused, water jet is mixed
ith abrasive particles.

IS Jet Is sprayed with very high pressures resulting in high velocities
nat cut through all materials.

presence of abrasive particles in the water jet reduces cutting
forces and enables cutting of thick and hard materials (steel plates
over 80-mm thick can be cut).

@ The velocity of the stream is up to 90 m/s, about 2.5 times the speed
of sound.



high-pressure
water

4 J-L"’ abrasive material
- mixing -

chamber'-{~  [,nozzle

' i standoff
J:I—,T, distance

workpart Labrasive
- water jet

Abrasive Water Jet Cutting.

Abrasive Jet Cutter.
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et Cutting process was developed in 1960s to cut
stand high temperatures for stress distortion
ns such as wood and composites, and
materials, e.g. ceramics, glass, stones,






Ultrasonic machining

he roots of ultrasonic technology can be traced back to research on the
ezoelectric effect conducted by Pierre Curie around 1880.

ound that asymmetrical crystals such as quartz and Rochelle salt
ssium sodium titrate) generate an electric charge when mechanical
ssure is applied.

versely, mechanical vibrations are obtained by applying electrical
ations to the same crystals.

=@ Frequency values of up to 1Ghz (1 billion cycles per second) have been
used in the ultrasonic industry.

= loday's Ultrasonic applications include medical imaging (scanning the
unborn fetus) and testing for cracks in airplane construction.



Ultrasonic Waves

> waves are sound waves of frequency higher than

can be generated wusing mechanical,
lectromagnetic and thermal energy sources.

can be produced in gasses (including air), liquids and solids.

netostrictive transducers use the inverse magnetostrictive effect
wvert magnetic energy into ultrasonic energy

3 IS accomplished by applying a strong alternating magnetic field to
In metals, alloys and ferrites



Continue..

1sducers employ the inverse piezoelectric effect
thetic single crystals (such as quartz) or
titanate) which have strong piezoelectric

Ics have the advantage over crystals in that they are easier
pe by casting, pressing and extruding.



o

High Frequency Source

Transducer

ULTEAZONIC WA CHIMNIMNG

1- This is the standard mechanism used in most of the universal Ultrasonic machines



Principle of machining

f Ultrasonic Machining, material is removed by micro-
rosion with abrasive particles.

| USM process, the tool, made of softer material than that of the
rkpiece, is oscillated by the Booster and Sonotrode at a frequency
pout 20 kHz with an amplitude of about 25.4 um (0.001 in).

e tool forces the abrasive grits, in the gap between the tool and the
piece, to impact normally and successively on the work surface,
by machining the work surface.

@ During one strike, the tool moves down from its most upper remote
position with a starting speed at zero, then it speeds up to finally
reach the maximum speed at the mean position.



Continue..

s down its speed and eventually reaches zero again
e to the mean position, the tool hits the grit
naller the grit size, the lesser the momentum it receives from the

fore, there is an effective speed zone for the tool and,
ondingly there is an effective size range for the grits.

@ In the -"achining process, the tool, at some point, impacts on the
largest grits, which are forced into the tool and work piece.



(a) (b) _ (c)
Power supply =——= & Glass-graphite Glass

‘ Transducer epoxy composite

: Abrasive sl % CCGL;Q 2 in. diameter 0.048 in.
Tool asive slurry .
_ Jf Qg | Bomm (12mm)]
«— Workpiece e 0000000000
Slots 0.025 x 0.060 in. Holes 0.016 in. diameter
(0.64 x 1.5 mm) (0.4 mm)

FIGURE 9.22 (a) Schematic illustration of the ultrasonic machining process by which material is re-
moved by microchipping and erosion. (b) and (c) Typical examples of holes produced by ultrasonic ma-
chining. Note the dimensions of cut and the types of workpiece materials.
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5 to move downwards, the force acting on these
therefore some of the grits may be fractured.

e tool moves further down, more grits with smaller sizes come in
ct with the tool, the force acting on each grit becomes less.

t_ually, the tool comes to the end of its strike, the number of grits
r impact force from both the tool and the workpiece becomes

@ Grits with size larger than the minimum gap will penetrate into the
tool and work surface to different extents according to their diameters
and the hardness of both surfaces
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Electrochemical Machining

_ cation of electrolysis is the process in
ich metal coatings are deposited upon the surface of a catholically
polarized metal.

M is similar to electro polishing in that it also is an anodic
ssolution process. But the rates of metal removal offered by the
olishing process are considerably less than those needed in metal
achining practice .



Concept

IS achieved by electrochemical dissolution of an
d workpiece which is one part of an electrolytic cell

an electric current is passed between two conductors dipped into
lid solution named as Electrolysis .

rolytes are different from metallic conductors of electricity in that
rent is carried not by electrons but by atoms, or group of atoms,
which have either lost or gained electrons, thus acquiring either positive

or negative charges. Such atoms are called ions.



Electrolytic dissolution of iron.
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movement of the ions is accompanied by the flow of electrons,
> opposite sense to the positive current in the electrolyte.

reactions are a consequence of the applied potential
ence, that is, voltage, from the electric source.




Working Principle
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e and tool are the anode and cathode, respectively,
cell, and a constant potential difference, usually

‘applied across them.

A suitable electrolyte, for example, aqueous sodium chloride
ple salt) solution, is chosen so that the cathode shape remains
anged during electrolysis.

ne electrolyte is also pumped at a rate 3 to 30 meter/second,
ough the gap between the electrodes to remove the products of
achining and to diminish unwanted effects, such as those that
arise with cathodic gas generation and electrical heating.

=1 The rate at which metal is then removed from the anode is
approximately in inverse proportion to the distance between the
electrodes
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' oceeds, and with the simultaneous movement of the
‘ate, for example, 0.02 millimeter/second toward

gap width along the electrode length will gradually tend to a
dy-state value. Under these conditions, a shape, roughly
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ECM Components (Power)

2d to operate the ECM is obviously electrical.
ecifications to this power.

The current densitymust be high.

1e gap between the tool and the work piece must be low for higher
suracy, thus the voltage must be low to avoid a short circuit.

ontrol system uses some of this electrical power.



ECM Components

(electrolyte circulation system)

= The electrolyte must be injected in the gap at high speed (between
2 1500 to 3000 m/min).

B The inlet pressure must be between 0.15-3 MPa.
= The electrolyte system must include a fairly strong pump.

@ System also includes a filter, sludge removal system, and treatment
units.

@ [he electrolyte is stored in a tank.



ECM Components (control

system)

= Control parameters include:

= \oltage
= |nlet and outlet pressure of electrolyte
= [emperature of electrolyte.

E  The current is dependant on the above parameters and the feed
rate.



Advantages

utting forces therefore clamping is not required
olled motion of the work piece.

yffected zone.

an the tool



e s e

Disadvantages

e than conventional machining.
installation.

_ destroy the equipment.

Jot erivironmentally fri / (sludge and other waste)
h energy consumption.

erial has to be electrically conductive.




Applications

non application of ECM is high accuracy duplication.
0 tool wear, it can be used repeatedly with a high

also used to make cavities and holes in various products.

g operations (RAM ECM) are also used as an alternative to
EDM.

h = It is monly used on thin walled, easily deformable and brittle
material because they would probably develop cracks with

conventional machining.



Products

10st common products of ECM are turbine/compressor
e barrels.

require machining of extremely hard metals with
specifications that would be really difficult to
‘machines.

e of these mechanical characteristics achieved by ECM are:
ess free grooves.

ny groove geometry.

Any conductive metal can be machined.

= Repeatable accuracy of 0.0005".

= High surface finish.

= Fast cycle time.




Economics

s economical when a large number of complex
eed to be made (at least 50 units).

anected to a cassette to make many
linder cavities in engines).

-cavities are more economical on ECM and can be processed
10 the time of EDM.



ELECTROCHEMICAL GRINDING

Electrolyte from pump
. Electrode tgrinding wheel)
| Spindle

Eleetrical connection
Insulating
abrasive d e
particles ; - DC
4| “Insulating | power
Work picce - bushing supply




Concept

2ature of electrochemical grinding (ECG) is the use of a
In which an insulating abrasive, such as diamond
1 a conducting material. This wheel becomes the

'he non conducting particles act as a spacer between the wheel and
Kpiece, providing a constant inter electrode gap, through which
trolyte is flushed.

uracies achieved by ECG are usually about 0.125 millimeter. A
wback of ECG is the loss of accuracy when inside corners are
d. Because of the electric field effects, radii better than 0.25

0.375 millimeter can seldom be achieved

=@ A wide application of electrochemical grinding is the production of
tungsten carbide cutting tools. ECG is also useful in the grinding of

fragile parts such as hypodermic needles



Concept

trochemical machining with conventional grinding.

IS similar to conventional grinder except that the
de with abrasive particles.

eel is metal bonded Wiih diamond or Al oxide abrasives.

ves serve as insulator between wheel and work piece. A flow of
yte (sodium nitrate) is provided for electrochemical machining.

\ @ Suitable in grinding very hard materials where wheel wear can be very
~ high in traditional grinding



Sample ECMed parts




