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SYNOPSIS

This project work is concerned with the fabrication of an
Electro chemical machining cell. In ECM there is no phsical
contact between the tool and workpiece but the machining
process is carried out by the process of electrolyeis. The
ECM is carried out in a plastic block called "Perspex™,
Perspex is transparent and the machining taking place in side

it can be viewed from outside.

Machining operations' like facing and deburring were chosen
due to its simplicity in fabrication. Though ECM is used to
machine very "difficult to machine" elements, we used copper
as tool and mild steel as workpiece for demonstration purpose.

Sodium chloride in water was used as the electrolyte in order

to get better surface finish.



CHAPTER |}

INTRODUCTION

Modern manufacturing technology is doeveloping some nesc s o
trends of larfge scale and long-range natire which are 1574
severe demands on the existing system ©f conventions -

traditional manufacturing. This Adeveloning challenge o7 oo
needs and trends must be met oy continuously  deveinting
production equipment and processes. n recent yoars,  somn

alloys have been produced which are exceetingly  JdifficTs in

machine. These have been prepared o meet the domars - o-

very high-strength, heat resistant materizis, which oftas foeon
to  take complex shape with closer ‘nlerances. W 13
development of new high strengih materials. it hes

essential  to develop® improved coul ting ool materisie ooinn
are necessary for machining the newly deveoloped nnoo-ic o)
Thus the new developed cutting ‘ool maierials which o7 fae -
fulfil  the requirements of any cutting  process  also saoan

improvement in the field of machining fechnnriogy.

It is therefore, clear that somrs new siratesing Al et
must be developed in order to rieal with the probiema s
by development and use of the  terd-to-machine e
strength, temperature resistant nlinys. Crmsenaenily oo
traditional techniques of machining nave beoen nventecd = o

to supnlement efectively the me!si cutting wothore.

when a complicated shape is to be produced o ATy oie o

machine and brittle material. Flectrochemical Machiri e T b



of the unconventional wmachining methods, which Fas  Sacn
developed initially to machine hard, high strength  and Heat

resistant materials although metal can be so machined.

Electrochemical metal removal is one of the lates’ and
potentially the most useful of the nan-traditional machining
processes. It is essentially a process of controlled erosion.
The operation employs eleciricity to produce chemical ChAangas .,
They take place in an electrolytic cell, which contains an
electrically conducting liquid {the electrolyte) that is in contact
with two metal conductors (the electrodes) connected through
an  external circuit. The current that moves through the
electrodes and the external circuit is carried by electrons, andthe
current that moves through the electrolyte is carried by inns,
that is , atoms that have acnuired a positive or negative
charge by losing or gaining electrons. The electrode :hat
carries electrons from the electrolyte intc the exterral ~irounit
is the anode, and the one that moves electrons inis  ihe
electrolyte is the cathode. The key chemical charges ocour
at the electrode surfaces and are caused by the transfer of

electrons between the =slectrodes and the ions,

What happens in electrochemical machining is the atom by =zfom
removal of metal that is to be shaped {the workpiece) iz made
the anode and the metal tool giving rise i0 the shaping is made
the cathode. They are connected to a source of ion-voliape
direct current. Then a strong electrolvte is pumped thetwaon

the two electrodes. Without any physical contact of the o]



and the workpiece, metal is removed from the workniace  in
a pattern established by the shape of the tonl as curres figws
betwecn electrodes. The rate which the metal ig remavea is
not influenced by the hardness of the workplece., Moraoves The
process does not produce work hardening or induce sfrasses
in the machined metal surface, which are both problams  with

conventional machining.

This properties of electro-chemical machining give it
an unparalled advantage over conventional methods for machining
the kind of metals commonly used in the aircraft and sernspace
industries, namely high strengih  alloys designed to serva  at
high temperatures. Another advantage is that with :the pronserly
designed cathode the process can veild complex shapres that
are almost impossible to achieve by grinding. FOM achieves
exceptionally smooth machined surfaces (Averazing 0.715
micrometre to 5 microinch in peak to wvalley rcughness) wiih

no scratchess, burrs or groonves.

Machining time is often reduced because the process
eliminates the multiple operations required by conventicnal
methods. Since no pressure is applied to the workpiese,  thin
foils and honeycombs can be machined without burring, warning

or other distortions.



CHAPTER 2

LITERATURE SURVEY

2.1 History of Electrochemical Machining (ECM]):

The phenomenon of electrolysis wes first studied scieniTinal v more
than 160 years ago and intentionai electrolvtic removal ©f -~eirls Jns
been practised for many years in the eleciro-pickling prooess whizh
makes use of electrolytic action i remove surface films v metal

products.

However, the controlled electrolytic removal of the »acow metal
of a workpiece seems to have hren the firsi practic=sd =y omeiysiy
for making polished surfaces. Plentralytic  polishin:g wex Jires
developed by Jacquet in 1935, An eleciro chemicel o ing-off
machine was  described in iG46, At the  apnline on o
electrochemical methods was first used  in abont 2057 i = Iarm

of electrolytically-assisted grinding. Aftor 8 oo o ape

development in ECM were achieved in the form of  Grilisos o

cavity sinking, milling, turning and many ather aopplic

ECM has been first proposed in 1320, %Yy 2 Ruassan oo of

W.Gusseff with many features almosi ifdentipal  in

!
:
J

now practiged. Furthermore, ar American Durgess ac oresainzic:
the possibilities striking diffarercns helween mEeosiar
electrolyvtic methnds of removine meia’s, foromer widies 2 v
force and violence' compared in Izier which s foonl, sicac L Ton-

deforming magic' of electrolvtic prooess.

Although, the process was first irvented many vears einos 00 2smn

to be used at the final develonmerd in e commerais: = aza To-



machining processes dealing economically with the increasingiv

difficult to machine alloys,

As a practical process ECM had its birth in the United States wher
the Battelle Memorial Institute, sponsored by the Cleveland Twist
Drill Company, developed an Electrochemical method for sharpening
carbide tipped drills. This was accomplished and a paten: was
filed in 1954. This patent was later brought from Cleveland Twist
Drill by the Steel Improvement and Forge Company. STIC0 “hen
supported further work at the Battelle Memorial Institute and in
its own research laboratories, and soon set up new m=thods for
machining curved surfaces of complex gas-turbine blades ard were
quite successful . This was imported to Fngland by Metachemical
Machines Ltd. and made available to Rolls-Royce Ltd. ey
started mass production of all types of blades with this new
technique.

While these developments were going on in the period 1956-G8 pther
organizations were approaching ECM by the route »f chemical
asnisted grinding. Other machining was on its way, 1! was clear

many  shaping and forming operations could be carried out

electrochemically. Applications which were - too difficidt o anply
were sought for this new technique. Further more this preocesa is
quick and «can be readily automated. Nevertheless, BECM =san  be

expected to play an important part in metal working technolosy,

on



2.2 The need for Electrochemical Machining__i

‘“he rapid developement in recent vears of the co-callzd advrnce

technological industries — aerospace, nuclear power ctc has hamm
accopanied by an increasing use of the difficult to machine allovs.
Examples of these materials are air-frame components ir figh

tensile steel and gas turbine blades in Nimonic.

Furthermore the materials and techniques used in these advarced
industries aré tending to spread to the other industries. with
a result that the pattern of metalworking is heginning o change.
Conventional methods of metal cutting are no longer adeqguate
in meeting all requirements nor s there any real  prospent
that they can be further developed to do so. This is »ecsuse
the metals needed for high strength, high temperature tends
to be as hardand strong as the materials used for maiking
the cutting tools, with the result that they can be cut only verv
slowly if at all it can be cut.

In conventional machining the advonces made in the metal cutting
and machine tonlsare doubling every 10 vearsand the ultimatle
tensile strength of materials used secms to be doubling evary

20 years as shown in figure b-13.This is the canse fo- 'he
slowing down of metalworking technology in some industries and
in others it is undoubtably happening.

This shows that the new approach to metalworking ‘s needed
to deal with the problems created hy the developmen' and
use of difficult materials. Attempts have been made tc redune

difficulties by hot machining in which the workpiece is healed



so as to reduce the difficulty of cutting or by development of

ultrasonic machining. These have however, mef with ’ittle
success. What is really needed is a method of mach ining which
does not affect the hardness of workpiece. That is he reason

why we go in for Electrochemical machining.

2.3 Electrolysis
2.3.1 Faraday's Laws of Electrolysis.
In ECM the material is removed viz, electrolysaig, An

electrolytic cell consists of two non contacting electrodes
immersed in an electrolyte solution and a potential  difference
is applied between them. The chemical process that takes place
when an electric current is passed between the tuo electrodes

dipped in electrolytic solution is called electrolysis.

The material is removed from the workpiece atom v atom.
Removal of charges from the workpiece is effected by wmaking
it the anode. The potential gradient in the elaecirolvte helps
to attract away the positive ions from the anode. The passage

of current through a cell results in the removal of materials
from the anode at a rate given by Faraday's Laws of FElecirolvsis
which states that: -

i) The amount of chemical change produced Byoan
electric current i.e. the amount of ary  substance
deposited or dissolved, is  proportional v the
quantity of electricity passed.

ii) The amount of different substances deposites  or
dissolved by the same quantity of electricity are
proportional to their chemical eguivalent weights.

Combination of the two laws of electrolysis  leads t=  the

combination that the weight 'm' in grams of material reposited

7



ard

*

or dissolved at an electrode is proportional o T x T x

it is possible to write that

m = IXTx§&
L
where I = current strength in ampress
T = time in seconds

£

gram equivalent weight of the material

i
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Faraday = 9,865,000 coulombsg,

2.3.9 Mechanism of Electrolysis

When a potential is applied across the electrodes, the elociric
field in the electrolyte causes the ions to move; the {negatively
charged) anions move towards the anode and the {positively
charged) catibns move towards the cathode. Flow of ocurrent
(in the conventional sense) through the cell from anade te cathode
is produced by movement of either anions or actions. This shows
that both anions and cations are involved in any flow of current
through the cell. As far as the current through the cell is
concerned it is immaterial which ions are involved in  the
conduction process so long as the appropriate quantity  of
electricity is transferred across the solution and the eloctrodes .,
It is the hydrogen and hydroxyl ions which are involved in the

transfer of charge to and from the electrodes.
The chemical reactions taking place during electrolysis are: -

At the anode the possible reactions are:
i) Dissolution of the anode; e.g. with an iron anode

Fe -->Fe + Ze



ii) Discharge of anions

2 OH ———>Hz() + %0+ Ze

iii) Electrolysis of water

”2_0 -~ 50 + Z2H +2e

At the cathode the possible reactions are:
iv) Deposition of metal
Fe + 2e --> Fe
v) Nischarge of rations

2H + 20 —->H

vi) Electrolysis of water

20,0 + 28 —=>H + 2 00

As the current passes hetween the solution and the nsthode s
the same as that passing between the annde and  the  anlatien.

in a given time the same charge must  pass  Ihrongh each

electrode.

The overall electrolysis process can be piven by

Fe s ZHZO —-—— F‘G[()H)p--r H'),

The ferrous hydroxide so formed further reacts with  wates  and

dissolved oxygen or oxygen from air to aive ferric yvdroxide
which settles down as sludge in the weo! state.

"?’F}'—‘(ﬁ‘);l)? S AREY R T A T N

2.3.3 E‘,lectrolyte/!-‘loﬂ

The electrolyte flow through the tool and workpiene e mos:

he wvinlent so that there will be no coneentration ol ‘obs neaT

the surface of the electrode and the rate of reactior is

s

sovorned

by the diffusion of ions upto  or away  from  ele trodes.



By pumping electrolvte past the electrodes the concenis

ions are sufficiently low to allew large current dersitine

passed.
When current 1is passed through the conductor. it ge

up which would lead in the boiling of clectrolvin,

cause irregular current flow and it will lead to irrogoisr

removal. So the rate of electrolytic flow must be o
prevent the temperatures of the electrolyts in the gan

to the boiling point. But there are manv advantages 'n

electrolyte. It speeds up the elecirods roactiorns s -
the over voltages required. toalse raducns the -rigoeed
flow and increases the electrica’ conductiviiv. Tha T

temperature on the cell voltage is given in figore, &)

In practical electrochemical wachining ‘vrhuiasd fiew s

to remove the ions at the elecirodes

reactions.
Tt is also necessary to consider pressure cagquired

the rate of electrolyte flow in ihe gzan. Scmetimes ‘b

applied is great that it tends tn separa’e ithe tool adr weex o

This difficulty is faced when 1o feol and workyic

-

are very large. In  order tn aot fhg enuired aas

machining, the tool and workpions must e pigic i

Increasing pressure of electrolyte  increases iha heiirs
the electrolyte. The increased vressure of  clentroly s
hydrogen gas to ocanipy a lese velume e fot farge o

be maiintained.

-

S
TRel



2.4 Electrolytes for ECM:

2. 4.1 Factors_governing the choice of electrolytes:

The primary {unction of the electrolvtes in BCM  ia 0 o= widn
ions to carry electric current in the cell between the as-ce  and
the cathode. At the anode the electrolytz must be canstic of

continuously dissolving the workpiece material, sn the oormon:

of the electrolyte must he chosen such that iho insoiub.e —~rofocis
formed must not passivate the sarface of the products. TR s ieen
finish of an electrochemically machined surface ‘s goynre-

the composition of the electrolvie. It is zsature of tho asiee or

influence this property of the clectroivie and  many = opmes™

il
A

electrolytes contain jons of one of hrlogen =lements,

To avoid large power losses the elecirelvie vsed mist oa oo e
electrical conductivity. This miph® increass  he heat  areeos o
still further so the electrolytles must flow raniciy. The oiro Tl
should, therefore have low viscosity s “hat the o wss e

required do not become fon high. Flecirclyvies for =OM

high specific heat, high therma: condustiy

and  h

0
»

point so as to minimise any tendenny of the ~lectralv o

During operating conditions the elecirelvie should neitaes oo
nor give rise to toxic products doring machining sn by SRR
does not bhecome difficult. The aost associated with ibn o ane

and disposal of the electrolvte shonld b s Iow as neesih o



2.4.2 Functions of electrolyte:

i) is to complete the circuit hetween tonl and workpice:

ii) allow desirable machining reactions fc nooar,

iii ) carry away heat generated during the machining procnss.

iv) carry away products of reaction from the zone of rensiio

2.4.3 Properties of electrolytes and its selecticn.

An efficient and effective electrelvte for ihe use {5 BUOM sheoiic e

i)  High electrical conductivity,

i) low wviscosity and high specific boat,

iii) chemical stabhility.
iv) non-corrosive and non-toxic i1 natre,
v} inexpensive and readily available

While chosing an electrolyvte the above mentinnecd poinls o0

to be viewed upon with more importence. ' manv apnlioations s~

chloride in water is found to be satisiactory, it it ig cooooea

Sodium nitrate is  non-corrosive et expereive. ite oariooasn
passivate the chemical reaction s somewhnt Towno. B

conductivity makes its adoption as an ali poroonse D0M electoc v oo

Strong alkaline solulions are vaod for achinine tanosion osrhdo-

which is hard in nature. Othor alialine  solutions usad
purpose are potassium nifrate, <edivs sulpha’s. —otassinm
Weak acidic solutions like sulphuric acid are asnd o oo -

gsurface finish.

=1



2 A4 Electrolytes and their properties

Material Electrolvte Advantages Disadvantoges

Steel and Sodium chloride Tnexpensive § Removes maie
iron base upto 0.25 Kg/lr non-toxic. No from surrounding
alloys {or KCI which fire hazard, finished surfroes,
is more con- Will machine May pit and
ductive but a variety of aurronnding s
also more materials.
expensive. Produces smon-
th bleading of
machined area
inte surround-
ing =surfaces. At
high -soncenira-
tion conducti-
vity ‘s easv ‘o
contrel and
current efii-
cienny ig high,

Tends to =seiosil
machine grain
homdaries
sieals, Condun™iw s
is affect=ad
femperatur s,

Na N()%upt() Twice fhe nns
0.5 Kg/lr Produzes botter Na o], it

finish than Nacl hazard. Hig:

tration if :

for good oo

ectrical

pitting of > VAaTY s

adjacent serfazesvelonity tv oo oo

Pow lines

n

Limits stray
machining and

iah voltr

rommired
in fpmpe:

Grey cast Na cl upto LAarge machiniocg
iron 0.25 kg/lr st be wused 7 UED
or e 08D r s sl
Na No, uptn graphite pa-ilos
0.5 kg/lr ooswent o

Nickel § Na C1 0.1 Inexpsansive Troduces (e
Cobalt base kg/1r + Na NO simpla mixturs 1owork sapinoae,
alloys. "1 keg/lr ' produces good ectrochenins

surince finish machined aus?

carries Mokl o morens

rayv smut




Titanium
alloys

Na No3 upto
0.5 kg/1r

Na cl less
than 0.1 kg/
litre

produces good
surface finish

can produce
surface finish
better than
previous
electrolyte.
Electrchemi-
cally machined
surface does
not have n
loose oxide
fitm.

14

Disadvantages same as
previons electrerlyita,
More cxpensive than
previous ainciroloio,
Needs more nnreiing
voltage. iF ‘s =5
hazard.

High wvoitagns e
required.

Flow linee may ha
formed on the work
Bright raisecidl oreac
may occur on
work surfacs,
Surface is 1morn
prone to passivity
during wachining
Clnse
sions ar= diffi?
to maintain., Fitling
ncours o surfares
adjacent to machining
area.




2.4.5 Concentration

A concentrated electrolyte offers low resistance tno the flow

A highly concentrated elecirolyte clogs the area in tha mac

envlosure. Dilute electrolytes are advantageous in certain o

example, if surface finish is required then i! is hetfar '

voltage, dilute electrolyvte with a small pap  insteacd of 1o

and concentrated electrolyte. This is  hocause  the B ahe:

gradient in the former case will produce a smoother surfacs

2.4.6  Working life of an electrolyte:

Mhuring  working the composition of the »igtrolvie  begins

The main changes that can occur, with their effecis, are s~

1. Loss of hydrogen, ihis  mav  reduce e

conductivity of the electrolyte and increase 0 -7
2. Loss of water, either by avaporation or orroio

the evolved hydrogen  gas. This omav v amen

concentration of  the sclutiar  2ad ‘hns evw

electrical conductivity and its visnnsiv,

3. Formation of & nprecipitate,  which  mav  in

effective viscosity of ihe clect-olvie and oo

the process in the workpioco-tonl gape.

4. /\bsorpfion of the s=salt by ho procipitate,
reduce the concentration of  he selution ar s
its electrical conductiviiy,

9. Metal ions from the anode masy  ness oo

and gets deposited on the cathode.

These changes mean that the elotrolvie bss a0 Tindte wor i as

in practice, the life may be limited Yeoause of

i

vrTant,

i

are



1. The need tn maintain a reasenable consian. ~leniringd
conductivitly sn as 0 facilitate conirel a7
processand ensure accuracy aft machining.

2. The need to prevent plating-out on ¢ the ool s~ ~g tne

.

ensure accuracy in machining.

3. The need to avoid excessive rquantities of precinitets,

The first of these considerations applies to all electrolvies. i{=s second

mainly to acidic electrolytes and the third mainly {2 nentrsl

electrolytes.

For maximum efficiency the eletralyte  must  he pumped  zrress ihe

surface of workpiece

1. to remove the contaminated electrolyte  from  ‘he  workins

gap.

2. to minimise polarisation

%)

to restrict the rvise in temperature of electroivin nf higher

densities,
Experience has shown that, in general,  turbmlent

fFlow ia  *n  h=

preferredto get a hetter rmality of surface finish and abseroe -f Tidges

on the finished workpiece. For drilting  small  flow i3 roguirad byt

largerflow rates are reaquived for die-sinking or blade shaning. Tumps

are generally used to obtain high pressures.  Multfsiage  oonirifoeal

pumps are used to produce steady and smooth flow so thet firs aarface

finish is obtained.

16



2.5 The Process of Electrochemical Machining:

EfCi_\/i in\}:lblves passing current through an eletrolyte in the gap “etween
the workpiece and the suitably shaped tool. When current ‘s nassed
through an electrolytic cell between 2 shaped anode and the piain
workpiece, the distribution of current densities over the surface of
the plain workpiece is determined by the shape of the anode. It
is greatest at the points closest approach of tool so that  ‘the
material removed from workpiece at such points will be mors. As
the anode is fed towards the workpiece there will a tendency  for

the current densities to become uniform over the whole surface and

the shape of anode is brought on the workpiece.

The gap between the tonl and workpiece may be about 0.125 =mm and
current densities upto 1000 amps are used to with the woltagse between
the electrodes ranging from 10 to 20 volts DC. The electrolvie carries

away salts or i:ydroxides of the clemental metal in the workniece.

Electrolyte before recycling is filtered to remove sludgs. Water has
to be added to replace the consumed electrolyte. The woerking gap

has to be maintained constant so that tool has to be rrovided with

suitable adjustment to move it forward during the machining process.
Safety measures which are elaborated in the succeeding nagos of this

book are to be followed to get good results. The front machining

process like deep hole drilling, deburring, horning, turning and

cutting off are given in the Ffigure



2.6 Electrochemistry of ECM:

A clear understanding of ECM process demands some knowledge of o=’
electrochemistry. Relevant information can bhe derived from b sidin
of the structure and pronerties of eloctrolvies, since these =0
largely determine the rates and types of reactions in LOM, o avss
in ECM the only anode reaction which is wanied is metal disanifio

and that is achieved by an externallv applied peiential 37 Teae e

™M

bztween the two electrodes., This potential difference gives Tiap
to corresponding current flow. It can be shown that the ar=ci-- z
current flow the greater is the difference betwess the eontl s o
velue and the working value. The difference of notertial hotw.ows i
two is called over potential. In mosi of =2 ectrochemical  roeofioe
there are three specific types of ovar porential,  pamels
activation and concentration over potential.

1. Over Potential (ER): This arises ou: of the resisiones o T
to the passage of current, Generally it ‘s regarided as iho oo
drop across a thin layer of electrlyte or film layer {oxide

the electrode surface., Tts magnitude denands or i oarrer Tt

in the cell and the nature and conductiviiv of ‘he alecirolvie.

2. Activation over potential [HA}: Ttodis an addiiional peooe

reguired for maintaining a slow electrode reaciion at ‘be daesi~oo
This activation over potential recuirad s given by T29n7 aguat oo,
FE = a + b log I
where J = current! densitv and

a,b = constant for particuiar reacting.

18



3. Concentration over potential: This occurs due to the Jiff~renoe

in concentration at the electrode solution interface and n e bulk
of the electrolyte solution., In ECM zas the dissclution proocends. the

movement of jons in controlled by three processes.
i} Migration, movement under the influence of the electris finld.

ii} Convection, bodily movement of the electrolyte sclution. This
is mainly affected by forced agitation of ithe electrolyis.
iii) Diffusion, movement due to ion concentration pradierss in

the solution.

In the study of these processes, the concept of the diffusion layer
is very usful. Thus consider the anodic dissolution reacticn. When
the rate of metal dissolution is greater than the rate a® whic:y the
metal ions can diffuse away from an electrode, a conditior is reached
in which an ionic conccentration gradient exists over a thin layer
of electrolyte adjacent to the electrode. This layer is cailed the
diffusion layer. A change in the electrode potential from the
reversible value occurs due to this concentration gradient, amd the
numerical difference betwern the reversible and the new wvalue is said

to be the concentration over potential.
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2.7 METAL REMOVAL RATES, IN ECM: -

Electrochemical machining is unlike other, well easizhlished
anodic dissolution process in that the current density is high and the
electrolyte is in motion at a high velocity and is highly concentrated .,
Although the rate of rmoval in theory 1is only by the looal current
density, in practice this rate is strongly influenced by other factors,
which include the process variables and relationship betweer t>e metel
and electrolyte. The mode of removal is similarly afftected. which
inturn consrgls  the dimensional accuracy as well as the quality cof

surface finish.

Theorectically, metal removal rate can be estimated ns follows:

h = "tool-work' gap (cm)
a = Area of the current path (cm2)

= Specific resistance of the electrolyvte (ohm-cm)

E = machining Voltage {volts)

et
]

current flowing through the gap f(amp.}

t time for which current flows (sec.)

H

2
Current density (amp/cm ) S is given hy

S = Voltage )
Resistance x Area

1t
m

= _EBE
C.h C.

[

According to Faraday's first law of Electrolysis, the chemical
change produced during electrolysis is proportional to the guantity  of
electricity passed and to the electro chemical equivalent of th= anade

(work} materiai | I PO (A)
Z

or m = 1 Tt (A

96,500



It is known that current density & field strengin end ic he
higher at sharp edges and corners. This resulis in acn-1 o Zan
because of higher metal removal rates at ‘hose areas, and. TTeo e owhys

sharp internal corners are difficult tn machine by this proooss,

It is interesting to note ‘he "sel® attiusting™ fasion oF thn
ECM process. If the tool advances al a rate faster tha ‘in: o°
removal, the gap becomes narrower, curreat density  ircrose=s 30 i
consequence, machining rate will also increase. Within o s>hort fi
a steady gap will be established satisfying the relatio: » = Z.a/0.7.
Conversely, if the feed rate js lower than the material romcoe’ rate
gapwill widen for a short time and current density  will a7 due  ir
higher resistance, and again, the machining rate is 85 rg abiiz - ad

it matches the feed rate.

However, discrepancies are abserved beiween the To=al rempval

rates and electrode feed rates calcuiated from the abnve o

T

actual experimental results. Metal removal rates in nraniics oo ofd

higher than the estimated values. “he probablis reasnns So- o aig

the following

(i} The exact valence at vhiich &  metal  bobaoss i il
electrochemical reaction is generally anknown . some reisls s g
one  valence; there are others, the valence at  which TRy sear e

reaction being not known, hut chrominm ard nickel are motais

velrmoans T fhenae

exact metal removal rates cannot ha estimated

are assigned their correct percentages in the reaciion.

(ii})  Another reason for ihe dizcrepancies  §g a3 oot ind

& s ‘
additinnal "chemical machining” during the nrocess TN,
Electrochemical machining continuousty exposes a new  ang Lo g Taan

to the electrolvte which ig aasily  stacked chromicaliv. IR SR SIoP

af chemical machining varies, depending voon o eleciral v assd o

the metal being machined. Metals  Hke aluminiom  arn spsi ooir

< sl NS DY ie

and quite a good proportion o0f chamical machining oan oo -

7



metals. This chemical machining adds uplo give higher meiz’

removal rate than the theoretical onco.

2.8 WORK TOOL GAP:

The controllable parameters, which defterminz the pap size ars
electrolyte temperature, composition, voltage and ‘ool foed ra o,

Those relating to the electrolyte are normally not ditfica? -
maintain at cnstant values. The gap can therefore be rdiustes
by voltage and tool feed rate. Under equilibrium condizions

(or MRR)} so directly proportional to current density. 7 inhn
feed is increased, the electrical resistance of gap redices ==
allow more current to flow. From this it follows thet f {he
feed rate is doubled, the gap would be halved. While it noles
good for some metals, there is a additional resistive inzaesg
that occur at the tool work surfaces. This 1lnss is tprmed
as 'anode potential'. The gap size thus becomes less thar ai-
in reducing the total resistive path tn half to allow teo. o

rate to he doubled.

In case of voltage variation also, the same reasor holds j=tatete)
The change in gap is proportionate to change in voltege., No
satisfactory methods are presently available while the procass
is in operation. Those employing lasers or olecironic moniioring
of current with imposed tool vibrations. A simple wethod

seasurement invariably used in ECM machines requires ‘he o
position from a fixed datum. The gap size is then eual

the depth of machining minus total movement in ‘o work suriacs

during machining.
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On  further increase in the potential, conditions ot =
may change from passive to +the transpassive state. It <3

by the anodic oxidation of the orisiral, stignily solubin vrossiy

oxide film to a soluble form. With the ocourance

transpassivity efficient ECM takes nlace, Iran

ma chining conditi-ns ~rn alse be reached from an iritia.,

v

state dissolution. Then *the ‘{rensition becomes ovic end

change from a dull etched finish, te¢ a smonth arigh

The transition from the active o trangpassive modne
solution has been seen te  he greatly  influsrend

electrolyte flow rate and ourrend density  can a

[
4
—~

consequent variation in finish ovor ancde surface.

For instance, suppose 1hat in the upstream -

undergoing polishing, hut in the downstream some ciz-

causes a locasl increase in the electroivte velocity

lJatter region, an etcherd suriace wrildd he

Alternatively loeal variations in velocity  could o

intermittant changes from etnihving n nelishing -

A

passivation conditions. The axvient of sirface  «iris

produced can be deminished by a changs i» flaw 3 -

ECM is controlled by a single process aover e whole oo °

‘

Doasen

5
o0 ihe
spassive
- i'\"'r.:
e
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I
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2.9 DYNAMICS OF ECM PROCESS:

Although the rate of metal removal in theory is anyornad
the local current density, in practice this rate is strongt.

by other factors like electrolyvte flow rates, zap neighi, writnge

ctc.

The theoretical metal removal raie can be determined

two laws of electrolvsis.
First Law:-

The first law states that the mass{im) of an elemenl
deposited by the pascage of electricity through an electre «ic

proportional to the quantity of electricityv(g! wiich has flouves
Met 0y
M o1 T
m =zl t .. (1)

Where T is the current flowing through the clectrolvic n

t is the time of current flow in seconds |

7 is the clectrochemical equivalent of the metad liherats-

in gm/coulomb (it is also defined as the mass of alemo:r:

liberated by pas-cage of coulomh of clectriciiy?

Second Law:-

The second law states that when the same quantifs

is  passed through different electroivies, the mass  of

elements  liberated or deposited =2ve directiv nronnrtiooan’

equivalent weights,

E = F, a ronstant called Taradayv's constant = 968 570 conlomins
Z

Where E is the eouivalent weigh! in arams

= _Atomic weight in gms. - A . (e
Valency 7
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From (1),

m= ATt

7 F

Thus the rate of metal removal

m = Al ..
7ZF

I d is the density of metal,

removnl is V

Theoretical

elements are given in

Theoretical

difficult

is more

equivalent

electrochemical

may bhe

(2) & (3},

volumetric

(1%}

calculation for

nr

1 element

equivalent

available, difficuity arises in

.

el

the volumetric rate of

roemonvnl Ao

the metsl removal o

not readily

‘ndividua®

herause  h
Paaleltina e
constituen:

chrnsing =

electrochemical equivalent which is represenrative of the

Two

"percentage

The analysis for an

as described
Atomic weight of elements
respectively

Valency

dissolve Z‘l y 7

alloy having

hoen  most
it
super

the fellowing

5 e
PR s P
nto
irms of the

aommonl

nosition  of

partic:’

clomerts

mnatas

roemoval
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Volume of metal removal by any ouantity of electricity

= 1 Lt A L L

96,500 7 a

Where A = atomic weight of work material

7Z = Valency of work material
d = density of work material
n = current efficiency

Current efficiency may be defined as the effizicrov o0 the
current in removing the metal from the work piece. Tt is =sinse o 100%
when sodium chloride {NaCl) is used as the electrolyie »’ib nitrate

f sulphate solutions it is somewhat lower,

Specific metal removal rate (s} can be written as

8 = i A .1 .n (cma/amp. se. )
96500 Z d
and feed rate of electrode = f = & x s
= E n A . 1 . 1 forfann,
:.h 7 | 96, 500

A close study of the above equations, reveals thet. if ine
voltage, feed rate and resistivity of the electrolyte could he mzintained
constant, a uniform gap would exist and absolute conformiy v e terl
shape would be obtained. But it is not so easy to analyse he 3T00ESSs

or predict the results.

Maintaining constant electrolyte resistivity in the gap is +ossible
because of the influence of many parameters. Flectrolvte lemperature
due to heat generated during the chemical reactions teads o reduce
it. Evolution of hydrogen gas and any flow disterbances  as  the
electrolyte progresses through the gap also  affect ihe eicsircivie
resistivity. The progress is further complicated in oraciice 2y ihe
presence of a polarised ion layer al either or both electrodes. The
temperature rise reduces the viscosity and therefore "prassure-I ow raie”

relationship.
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2.10 EFFECT OF HYDROGEN GAS:

As the eletrolyte flows downstream with  the machining =202

it ocollects in solution an incressing amount of the hvdongss

generated at the cathode. The presenze of the gas-siactrs: 2

mixture has diverse effects on the FOM process, one orinsinsd
effect bheing a decrease in  effoctive  oonductivity  ~f =
solution. This decrease becomes more marked i =
downstream direction and has oonsequential  influence oy =
surface finish.

In order to have further observations in this study, oni‘siig

of the nickle anode was sought over the ~entral nneiis o
region. At the same time, atiempls were made o vedas
depth and numbeer of pits in the passive, siray currenl zo0s
sitrated upstrem and downstream. The extent of airan oo-oord
attack was found, in fact, to nes diminished by 7 rved -

in the concentration of the solution. ™y in the dowuret

stray current =zone, a furthe- decresse i the 7o
conductivity of the colution by the acoemulation o by conrn
gs  bubbles. But the addition o7 small auastities of 0 7 n
and l\Ia:2 E203 to the main NaCl eiecivelvie lod o s irooanars
pitting in these area, mainly hecause ‘thase  miwoieroo

electrolytes have a higher conductivity and sre theoeeics oas

affected by the hydrogen gas.



2.11 Tool Design Of ECM

There are two main aspects for the design of tools for 5O
the first is the determination nf the shape of the ool
necessary to produce a desried workpiece shape. Theoretic=ll.

it is possible but it is not vet practicable and the-c U=

nacesary adjustment of tool shape on an ambrical ¢ ool oanc
try’ basis. Alternative practiceal methods of obfai~in:

approximate tool shapes can be used in zertain circunstonoes

The second part of the tpol design is concerne:d with main:
the tonl in the appropriate material, fixing (i *n the ma-hi~z,
connecting it to the power supply, arranging an adequale s
of electrolyte between the fool anid workpiece and  insnia™ing
parts of the tool to prevent overculting in undesired e
Many of them may necessitate modification to b

geometry.

Design of Equilibrium gap:

In calculating enquilibrium tool shanes, i* is assential 0

the enuilibrium gap at which machning ‘g ic fake npieoe,
dimensions are proportionate to equilibhrinom gap. laken =3 -
of distance. Greater accuracy will h=s ohteined wher tyie o

is smaller. The pressure to maintain a  consfant velosiss o=

’

propo-tiocnal to (gap thickness]) s



Due to small gap, less electrolyle is used (o rnarsy awavy
hydrogen hubbles so that effective conductivi'y variatiore
with the gap will increase. There is = chance of =shor of
between the tool and workpi=ce due ‘o solid  matie~  i-

elactrolyte  or due to  imperfections i the surfane o7

workpiece,

The equilibrium gap is best measured  wher machining

progress but if it is not possible then it is measu

the machining is stopped. Holes and cavities produnod
are easier to machine if a taper is allowed on tha

Usvally the taper dis 0.1 inch/inch. Tapers can be

if the tonl is insulated fullv. When cavities are  oorls

minimum internal radius for cavities from (.18 mm i

are obtained.

The effeci of the tonl on ‘the workpiece when it s 50

{

equilibrium  position, held wupio 10 gaps, ©eld for i

[ R R

steps is shown in figure ( 4151 Similariy when a poinis

is used with 60°, 90%%nd 1207 angle hetwenn the to

is resultant product on th=2 workpiece s shown i (oo

il

“e



2.12 ‘Design considerations of ECM

The factors considered while designing the machines ar~ i sged

this chapter. The design process for BOM is simpler than fae sono

machines.

1. Stiffness: There are 3 forces acting hetween :he fon.—worksinoe

the electrolyte flows through them. They are eleciromagpeiic. —v

and hydrodynamic forces.

Electromagnetic forces are forces which act at  right ajz os
magnetic field and which will depend ©n  the permeabil:

electrodes. These forces affect the finw patterr.

Hydrostatic forces act between the teol and workpiecn ard o

pressure in the gap is in the order of ocne half of :he appliac - peas e

When the electrolyte is sent parailel hetween the tonl »srd woskriena.
viscose resistance will make the tonl and workpirce o moavs =90
When machining larger work picces this eifect hecomes 0o

fixtures have to be designed with cdequale rigidity o oo

in alignment.

2. Protective coating: Most electralyie lends o corracde

corrosion resistance is essential to safegaurd the system.

main areas of an ECM in which corrosion mav ocour are

i}  The face of cathode and anode.

ii) The machine bed, tonl holder and ool fend machasia:s |

ifi}  FElectrolyte pump, pipe and tanks used.

ar

B

3]

e

Trostatic

e

e



The flow guides and work box used in blade shaping is rade o7 acrviic

plastic called perspex which is not affected by  dilute acic o

rfilute
alkaline, Mild steel is usually coated with rubber or eapoxy resin,
Titanium is used to grip the workpiece since it is not much affented hy
the electrolyte. Components adjacent tc workbox may be made »f siainless
steel. Machine sideways like in ECM drilling and milling rannot  be
protected permanently. So they are coated with prease which shields

the surface.

To prevent the pump from corrosion the impellers are made of graphite
ceramic or stainless steel. Tanks are made of plastic materials such as

polyester or epoxy resins. Pipelines are made up of rigic PVC or steel

lined with synthetic rubber.

3. Safety: When properly installed with safety precautionz, FOM do nnt
present any special hazards. But certain aspects of the proces= wonid

become troublesome if proper care is not iaken.

i) when acidic electreolytes are used care should be iaken te
avaid splashing of the elctrolyte. Operators shonid  wear
rubber boeots and gloves. Chlorites and nitrites can -~nnstitute
fire hazards. Emergency showers are fo be installed in case

any clothing catches fire.

1) The hydrogen produced in the gap must be remcved quickly

because an arc might be produced between the tonl and the

workpiece which might Tlead (o explosion. ‘Jsuaily air  is



passed in intervals through the gap so that the ¢ns aets

s

diluted and is exhausted to atmosphere.

4. Process Control: Once the tonl is perfectly made it is rossible

to produce shapes according to the original design. aceciaracy  during

reproduction depends on

i) the deflection of tool and workpiece due tn pressurised

electrolyte flow.

ii) size of gap at the end of operation.

For accurate reproductivity the conductivity of the electrolvie has
to  be maintained constantly. Large storage tanks containing f{resh
electrolyte has to be made available. Water loss by evaporation and
the presence of hydroxide will affect conductivity.  Hotspeis  are
produced when there is no perfect contact between the elecirdr and
the external connection. There is an effect called "springback” in
components which results from the relieving of internal stresees. This
happens in all machining operation bhut in ECM it js prohablv  more
nogligible since the process itself leaves no machining stress in  the

component,

If the above considerations are taken into account and the necassary
precautions taken, it 1is possible to achieve surface finigh of 1.025

mm on surfaces.



2.13 CAVITATION:

Non uniform flow can arise from the cavitation phenomena al=c. Even
if their effect is not sufficiently great to cavse a short circul, tha
variation in the f{low pattern usually becomes apparent by striations
developed on the anode surface. As the electrolyte solution Tlows
between the electrodes during ECM, its temperature will rise owing
to, for example, the passage of current and pressure dropn almng ihe
flow channel. This increase can lead to the growth of gas filled
bubbles (cavities). If the growth of the buubbles is caused hy

temperature increase, boiling ocrurs. It their growth is -ue to
pressuree reduction (at constant temperature)’caviation’ ie  said  to

have occured.

Studies of caviation relate to (1} the formation of bhHubbles ‘n the
liquid caused by reductions in pressure below certain critical values
determined by the physical condition of the liquid, and {2} the
collapse of bubbles due to an associated increase in  pressure.
Caviation behaviour is known to take place either in the bualk of the
liquid or at its interface with & boundary and the presence of
cavities can lead to displacement of the ligquid phase of ths solution,
causing alteration in the flow pattern. A further effect can e damage
to the channel walls. Suppnse  that during ECM, the opressure
conditions and the configuration of the electrodes lead to the {formation
of cavities which are later swept by the flow into the regions of
higher pressure where the cavitiez collapse. If the pnint of oollapse

of cavity is 1is contact with either of the electrodes, the wall of
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the elecirode will receive a blow. The consequence of successive

blows may be damage to the electrode material.

In ECM cavitation is more likely to arise at a lIncaticn whers an
abrupt change occurs in the direction of flow, associatad wi* ™ which
is a sudden decrease in the local pressure. This problem ns becn
the subject of a number of investigations, In one study of eizctro

chemical die sinking, the electrolvte was pumped throush a centrzl
nozzle, and then outwards in a radial direction. Czlculationg based
on Bernoulli's equation and the equation for the pregssure iror caused
by viscous effects showed that pressures near the nozzle nlet could
be less than the wvapour pressure of the electrolyte, indicating that
cavitation was likely in that region. Tt was also found that the onset
of cavitation could be prevented by the application o a sufficiently
high outlet or 'back' pressuure. Cavitation was also eliminated
when the electrolyte was caused ‘to flow in the reverse direction.

The shape of the nozzle also played an important role,

2,14 PASSIVATION:

Hoar considers the principal action of passivation tn be very rapid

formation of an oxide layer which hecomes firmlv attached tn the

metal and which forms a barrier betwern it an the solution. The solid
film so produced has a low iognic conductivity so that the rate of

dissolution of the metal is decreased (partial passivaziont o~ made

negligible (total passivation). It is thought that passivatice films
can  be either wvery peor electron  conductors  or gnod elantron
conductors.



Total passivation with anodic  gas  evolilion  engounisrss esing
polarisation studies of carbon steci in Na?\‘()3 electrolvin, =3 hamn
attributed to an electronically condusting passive javer o i swthoada
surface. But  an electronically aonconduciing passive i n ‘s e

proposed reason for total passivation without gas generaiion = Jirther

work with this metal infaquemis potassium fuoride slectrolv o,

The passive oxide film which makes titanium so usefnl e = - o=oogisn
resistant materia]l, renders  the BECM of this metal wve -y <397 7ot
It has heen claimed that the voltage reauired  tn brack om0 e
pasaive  film can he reduced by  ithe uss o7 hronide oo Togiice
electrelytes. Even then however, =#  severalv  pilted  go= == fatey

is obtained.

Tungsten carbide ds another examnie in which pasciveii = Tncae-a
machining. The cobalt in  this metal ‘orms & nossice o o~ Tl
which has to be broken if machining s o e achipvoo ., R e
sodium nitrate s known to disnoive tha hasic nasfors oo
the addition of an aggrescive anion s Boalofnl in breaci-n oowm s

passive film formed by the cohatr,

Partial passivation characteriseod v & gk,

on  the annde surface, is thoupght {2 bhe the omien of e o ame - Tiaiai
{surface rounghnes in oxcess of 5.2 microns LAY ant oo SRR o

cificiency  (about 40 percent) obinined  wit» e oas P SR EAR A Totel

in 20 percent NaCl at current dens‘ties fran a»ont 7.7 o~ 7 77 e

flow rates in the range of 0.4 to 1.4 x 12 "=

[9e]
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2.5 SURFACE FINISH;

Many factors which influence the rate of dissolution, alss assfest the
manner in which the metal is remeved from the anoda, ape h2nce they
partly determine the surface finish. The quality ¢ e workpiece

material, the type of electrolyte used and the machining oomd fong Tice

current  density, electrolyte flow etc. influence the s rfece

Q]
ty
Ve
-
—
s
)
e
4

obtained.

Any variation in the composition of the workpiece from rlEse o olace.
particularly in the different consiituents have significaniiy  different
elctrode potentials, can lead to poor surface finish, Waen - Comogesnons
materials are machined at low current densities the cormporoe with e
lowest discharge potential 1is removed first. A low cuTTErI dergitiog
the result at the surface of the metal s differntial cisgai-ns -n o7 e
constituents, obhservable as 1 variation in surface fipieh T Bigher
current densities, the effect of differences in electrocs coinrtialg T

constituents is reduced, since the applied potential diffpome -

L
eh

anode 1is then higher, and the potentials required for fsen  tin or My

o

constituents are more easily achieved.

A similar effect can be found with 2 meta: whose sur

fene Inqludes 2
grain of different electrode potential  “rem that of 7 slrrminding

material., If the electrode pDotentizl of the grein materis: = sresior
then its dissolution will not occur until  ihe potentia® - b

surface reaches its electrode potential. During that time. -~ sirrounding
material will be machined, leaving the grain protruding a - surface.

On the other hand, if the grain has a lower electrods Driztiizl. s
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dissolution will proceed first, leaving a recess on the cus zce.
This effect is often observed as grain houndary attack, Cwing
to - the traction forces created by the high wates of cleciroivie
flow in ECM, grains can even he dragged from me-al sv-iace

increased surface roughness is then ohserved.

It can be noted that, of the many factors which affect the su-Tace
finish, the anode potential and current density plavs a maicr seart
Their role can be usefully studied from polarisation carves. «-ick
give us the necessary information regavding the different grrcdes
of surface finish 1likely to be found in ECM. In this conner o,
we may consider the case of etching relevant tn 904, the

explanation for which has heen given by Boden and Brock.

s

m

that the individual crystals of fhe metal which are fy-ena-
the atomic lattice, can take almost any orientaiion of tha: nf -
Slight local variations in disseclution rates then occor. =05 4=
metal dissolving more rapidly frem the areas which rave - Ziar
atomic spacing. Eventually an ureven surface is oreoduoe i, Thz

exposed face having the structure o7 “ha mnos®  clgeslv anroat

atoms. On further dissclution, thesa close-nacked Ilavers © #ooms
are also removed and the grains becom= Cisjuctive., 77 oo poeie

boundaries are dissolved at a faster rate than their ST I

as indeed often happens, the entire grains ozn be Citoda=d ‘ror

the metal surfce.

Variation in the effective conductivity of the electroly s =

]
Ny
n

the surface of the workpiece wil! ceuse corresponding v intios
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in the current densities, which will in furn lead to varistion

the surface production. Surface varistions can arise frem S

)

pattern of flow of the electrolyte als». Any  persistent tirhboies

{eddies for example) will mean that some of the eleairoly:

4]

remains in the gap longer thar the rest. The concentraicn
depleetion of ions in the eddies can result in & bighar

concentration polarisation than in the remainder of the elaciraiy =2

W

The eddy pattern will then be reproduced  or the veriknios

surface as a result of local variations in current densify .

An anode surface which initially is irregular, mav also cruss “io~w
separation between the 'hills' and the ‘valleys® on its surians

A R

which may result in the variation of finish over fhe surfeze whins

are so often observed, The bhasis of the argument can an 5 =0

as fellows. Around the hills, the fiow adhercs to the IRTTE

surface and on dissolution of hoth farge and small frreg ]
the result should be a polished suriece ir ‘hat region. A

the valleys, a different situation arisss. Hera e flow ap—r-a sa

LR ]

from the metal surface, causing =2 ~otation eddy in ra ot -
between the main stream of the electrolyte and “he metsl o Ts e
in which a large uniform conceniraticn of metal ‘ons mav =y
up. This may cause a high concentration over aotentinl oo
region, making the local remaval of the gmalisst irrezuiaTiiing
difficult. Polishing is then not achieved and an etched = rie -

can be expected.



2.16 Economics of ECM

The initial cost for installing an ECM is high and cost for spwer, |
its electro tooling and electrolyte  is  alss  high. S¢  =~onoric
justification can be only brought by considering its merits & Ting ifs
application. Certain operations that cannot be performed Lo oihar
operations can be done using ECM. Tts high sneed o° meiz. -eroval
and its ability to machine tough  materiais wi'h good surfecon Finish

makes the process quite economical.

L i

Holes upto 2286mm long and as small as 9.16mm can Der nrndumeng oo
tough materials 1like nickel alloy. these holes are imrossi=’-= 5 s
produced conventionally .

In conventional machining profile shapes are made 'n "Hydratai b e
took nearly 30 hours to complete  the operation. Bor ibe ance wh

machined using ECM.

An  example to compare the ECM process  with conventiona  onghinig
method by machining a profile assuming that ihe *wo masbires ~o- Tty

utilisod.,

Copy milling B
Capital cost Rs.2,00,000 Ts.5 00,000
Labour cost/hr Rs, 25 25, Z5
Total tooling cost Rs 25,000 2s.0.00, 000
Electric
Fower consumption Rs. 5 is 25
Production time 30 hours ohour

Let x be the number of components machined wish hoth wassises and

various cost incurred for making one component g

39



Copy milling BN

Machinge cost Rs.400 Rs.30
Labour cost Rs.600 Rg.25

Electric Power
cost Rs.150 Rs.25

Tooling cost Rs.20,000 /x Rg.1,10,000,%

As time taken is same
1150 + 20,000/x = 80 + 1,10,000/x

x = 90

The break even point is x = 00 components. Above this wvaiae EOM

. . . . Ly o
1s economical as shown in figure ©O 0

ECM requires constant maintenance when compared fo "HydrotelV, Iz
has complex electrical circuits and electrolyte  handling ecouipment.
Highly skilled and qualified staff are normally involved. © ‘s glear
that the cost of pioneering work can be recovered many iires over

wien the technique is fully appreciated and its benefits R 17v utiliged.
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2.17Advantages of ECM:

The process of ECM has been gaining rapid appreciation in the field
of modern technology because of the following advantages =7 i1e

process.

1. ECM process is applicable to all metals and ailoys wirich
are sufficiently good conductors of electricity. The chemical
composition, structure, melting point, hardness or ioughness
of the material to be machined has no influence o1 ithe
machining process. For this reason this process is worthy
of application in the field of machining of the high strangth,
temperature resistant alloys required for slructural elements

of the air craft.

2. Any complicated profile can be easily machined in a single
step. Usually the configurations which are heyonri  the
capahility of the conventional machining process or which
can be made by combining several conventional nroaesses,

can be cut with ease in ECM process.

3. Any shape designed on the tool side can be repraoduced on
the workpiece. Thus a large numher of shapes cen he out

by this process,

4. The metal removal rate is very high when super hsrd metals
are being machined. Also this ECM may be many times faster
than the conventional machining of soft steel while machiring

any complicated shape.
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10.

11.

12,

13.

The  machining time of conventional finishing maghine
deburring, deep hole drilling etc has becn reduced == a
great extent by adoption of ECM process.

The low temperature developed during the time of machining
of the workpiece causes no thermal damage to the workpiece
structure,

For normal operation of the process there hs heen =0  toal
wear which is of great importance in the case cof mass
production of a particular product.

In ECM there is no passibility for workpiece disiortion.

Working loads are lighter and less concentrated.

Material suffers no metallurgical changes and is fres from
cracks.

The process does not produce any chips or burrs ducing
machining which eliminates the risk of short circuiting
between the workpiece and the tool.

Surface finish obtained is very high of the ordar of 1.7
to 0.8 microns depending on the work material and ihe
electrolyte used.

The dimentional acruracy is also quite satisfactory if ‘he
operation is carried out with a small gap, high dansity and

an increased electrolyte flow.
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2.18 EFFECTS OF ECM ON THE MECHANICAL PROPERTIES

OF METALS:
Several tests conducted with regard to the study of the effecis
of ECM on mechanical properties of the metals have shown
that the electrochemical machining does not aeefct the ductiiity
yield strength, ultimate tensile strength or micro hardness
of the metals. In fact for some metals, for example, berviiium
and tungsten, ECM is claimed to be able fo improve theso
mechanical properties by the removal of surface layers which
ahve been damaged by conventional machining. But, of course,
for these matals, the choice of a suitable electrolyte iz
another problem, since surface defects produced by ECM may

be a source of reduced fatigue strength.

Thus, though the process does not affect the mechanical
properties of the metals, a reduction in the compressive
stresses would arise through the electrochemical remcval of
the surface layers. As a result of this, the fatigue strength
is goning to be reduced in the metals machined by  ECM
process. However, after ECM, treatments like vapour blastinz
or glass bead blsting can be given to the metal to restare
its fatigue strength to its former levels. The removal of
compressive stress appears to be the main reason for the
possible reduction in fatigue 1life of metals undergoing  ECM.
Surface defects caused by the process itself secm {n bave

only effects of secondary importance.
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It may also be noted that the removal of the metal v
electrochemical machining leaves the material in a natural
undisturbed state, A stress-free surface s produced is e

one from which the true fatigue strength of the meta! can h=s

measured .

According to Micheal Field, ECM has a tendency to produce
a surface which contains no plastic deformation. The
deleterious conditions associated with ECM, intergranular atrack
or preferential solutions of micro constituents. ECM has =
tendency of producing a soft surface layer. This layer may
be as much as five Rockwell points softer than the basgic
materials. ECM operations reduce the endurance limit by 10

per cent for the same surface finish.

2,19 DISADVANTAGES

1. Main drawback of the process is the high energy
consumption which is about 150 times greater than conventional

machining.

2. This process is not economical for a single joo

production.

3. Cost of tooling is high.
4. Corrosion problem shorten the life of the eguipment.
5. If proper working conditions are not chosen, either

pitting or etching may ocour.
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2.20 APPLICATIONS

The process can handle a large varieties of materials, limite:
only by their electrochemical properties and not their sirensti.
Metal removal rates are high especially with high strength
difficult to machine alloys. Fragile parts which are otherwise

not easily machinable, can be shaped by ECM.

A parallelogram-form recess (1.25 mm) seep

is to be machined in the end face of the port of a turbine stator
blade. Because of the extreme hardness of this cast nickel-hase
alloys, conventional milling time was extended and cutter life
short. ECM proved to be a satisfactory means of producirg the
recess, although some difficulty was experienced in providing

adequate flow over the whole area to be machined.

2. DISC FACED TURNING

When a large surface of revolution has to he wmachined, it

0

often more convenient, and sometimes necessary, to swerp  tha
component below and ECM tool whosse area is only a fractioen
of the total area of the surface to be machined. 1t may then
be possible to satisfy the condition of minimum current densiiy
required for a satisfactory surface finigsh even though the ‘total

current available may be many times less than that nesdes Ff

the whole area is to be machined in cne plunge operation.

3. THINNING OF TRAILING EDGES

A convenient method of producing certain aerofoil blades is ic
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fold a sheet in the desired form and then seam-weld the tratiing
edge. There naturally follows the requirement to thin down are
radius the trailing edge. Although this can be adequately dors
by blinding, a simple ECM cell can be used which does nat
involve the use of a machine. The electrodes are fixed fn tro
Walls of the cell and the end to be thinned is placed walls,
The tool is fed within a small chamber of insulating mmateris?
which is pressurised with electrolyte. The flow is thus

reversed' in that it exhausts through the center passage. Better
accuracy and surface finish are thus produced, since the vertica:

walls are exposed to the fresh electrolyie.

4, SECTIONING OF THICK BARS AND BILLETS

Saw cutting of tough alloy bars is a slow and costly process.
Tool wear is also high. ECM appears to be an at‘ractive
alternative where a cathode is made up of two plates secured

together and externally insulated.

There are obvious differences between cutting a rectanguiar and
a round bar. In the case of a rectangular bhar, euiilibrium
conditions are achieved quite early in the operation and  the
whole bar width is wetted by the electrolyte. In the case of
a round bar, electrolyte may escape from the area where i* is
needed at the beginning of the operation. Such prablems can

be overcome be careful cathode design.
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2.21 LIMITATIONS

The main limitation of this process is that non conduciive

materials cannot be machined,

Another limitation 1is the inability to machine sharp inlerior
edges and corners (less than 0.2 mm radius) because cof very
high current densities at those points. Blind holes cannot be
machined in the solid block in one stage. Simple and straight
forward shapes can be rapidly produced by conventional
machining methods than ECM, Length  of the comoponents
produced by the shaped electrode is restricted to about halfl

a metre. However, improved tooling in the near future may

overcome this limitation.

Corrosion and rust of ECM machine can be ahazard. Bt
preventive measures can help in this regard. The interior
parts may be coated by heat cured polyurethane, high
intensity spray areas by keroseal: and brine tank may be
lined by wvinyl. Less corrosive, though slightly more expensive

electrolytes like sodium nitrate can also he employed.

Although the parts produced by ECM are stress-fres, they
are found to have fatigue strength or endurance limit lowerec
by approximately 10 to 25 percent. In situations where fatigue

is critical, a post~-ECM shot peening are found to restere ‘he

strength.
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GCHAPTER 3

FABRICATION OF ECM CELL

With the idea of making a brief study of ECHM, we though: of

fabricating a simple experimental! set up. Due to  Jinancial

constraints we had to adjust with the materials avnianls and
used all simple set ups.
Perspex block which was locally available was Dbough! a3nd

adhered into two pieces. The added advantage of usint P=rspax
was that it is transparent and chemical reactions takinz ©izon
inside the block can be viewed from outside. 1t is no 2 Taniasd

by electrolyte solution. As the process has fo fake plaen w1 in

the cell, arrangements had to be made within it

The other requirements for such a se! vp ‘o be designed s

1. The tool-workpiece had to bhe gripned firmly.
2. Provision for external conneciion for e tool-workoinoo
3. Adjustments for the tool 0 move forward.
4. The electrolyte must flow froely.
5. Leakage must be prevenrto:.
These renuirements were seriousiy viewad apos and .1 Tioors

were considered for the experimenial se® ip.



3.1 Design of Perspex Block.

The Perspex was got as a 640 x 160 x 30 mm and was cut Snie
four pieces with the  size of 160 x 160 x 30 mm each. These
blocks were cleaned with Carbon Tetra chloride and two blocks
each were adhered together with chloroform. Chloroform wher
poured on Perspex, forms a thin film and this film formed sticks
together the pieces. The bhlecks were held in a vice and kept

as such for an hour,

On one piece of the block, rectangular heole of 18 x 3 mm was
milled. Care was taken for the rectangle hole to he milied
properly. This was used for the flow of electrolyte. Ferpendicular
to this rectangular slot, a hole of 17 mm diameter was drilled.
The same process was followed for the other block. On the sides
of these blocks holes of 28 mm diameter were hored. These bores
are used to accomodate oil seals of outer diameter 28 mm and
inner diameter 16 mm. il seals are used to prevent leakage of

electrolyte through the sides of the tocol and workpiece.

To have external connections for the flow of electrolyte, the sides
of the block having rectangular slots was drilled to accomodate
bolts. Flanges were connected to the block through these hoits.,
The Perspex blocks were held tight with four long screws driiled

on the sides of the block. A view of Ferspex block is shown in

the figure .19,
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3.2 bDesign of flanges

The material of flanges is ecast iron. A circular blank of cuter
diameter 90 mm was got and a hole of 25.4 mm was drilled. A

small hollow cylindrical piece of outer diameter 25.4mm was
welded to it. Four holes of 6mm diameter was drilled o1 ihe
flange. Using bolts this flange was fixed to the perspex bleck

and the bolts were tightened firmly.

The flanges provide support for external connection from the tank
to the perspex block. This flange is provided on the other side
of the perspex block. Rubber packings were placed between the
flange and the perspex block so that the leakage of the
electrolyte solution is prevented. Serrations were made o1 the
outside of the flange pipe so that it grips the pipe firmly. The

two views of the flange is given in the figure 474

3.3 Design of Electrodes

Workpiece: The workpiece is made up of wmild steel. The length
of the workpiece is 120 mm and diameter is 19 mm. This diameter
was reduced to 16 mm to a length of 60 mm in a lathe. After
a length of 20 mm a step of 3 mm was given for a length of 20
mm. This provision was given to honld the workpiece tn the
supports. The sides and face of the workpiece was pnlished using

emery p&er. FProvisions were also given to have enternal

connection.
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Tools: The tool is made up of copper. The length of the ‘a0

is 120 mm and 19 mm diameter. This diameter was rediveced o

i

16 mm to a length of 60 mm in a lathe. After a length of 20 mm

a step of 3 mm was given for a length of 20 mm. This provisinn
was given to hold the tool to the supports. The face of the 90°
was smoothened using emery paper. Provisions were given to have

external connection. The figure of tonl and workpiece is given

in page ©.27 .

3.4 Design of Base plates, Angles and Supports.

Base Plate: The Base plate is made up of cast iron. It is 240
x 120 x 3 mm in size. The Base plate holds the Perspex block
angles and supporting plates. Slotted holes were provided on the
sides of the plates to accomodate the movement of the angles.
This is done by moving the screws to and fro. The figure of

Base plate is given on page 622 |

Angles: Angles are provided on the sides of the Perspex block.
It is made up of cast iron and is 120 x 40 x 5 mm in size. This
angle is screwed to the Base plate through the =slotted hele, on

both sides of the block. The figure of the angle is given in page O-

Supports: Supports are made up of cast iron. The size of support
is 120 x 120 x 5 mm. The supports are welded to the angles,
A hole is drilled to a diameter of 22 mm on the support, Thig

hole mainly wused to hold the tool and workpliece.
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CHAPTER 4

EXPERIMENTAIL SET UP FOR ECM

Figure 6.{8 shows the experimental set up of ECM used frr rov
experiments. The experimental set up of ECM consisis of differen:

systems.

1. ECM Cell.

2. Electrolyte circulating system.
3. Electrical power supply systen.
ECM Cell: The parts of working TCM cell has been cless o

explained in the earlier chapter. The Perspex biock s iaced
on the Base plate, angles with suppnrts are fixed on it
tool and workpiece are inserted intc the bloek. The exterea
connections are given for electrolyte flow and =leciric  ~vores

Insulations are provided in different nlaces *c  srevent s

circuiting.

Electrolyvte circulating system: Sedivm  chiloridz in water is e
as electrolyte for ECM. This electrolyte is fitled 0 2 farc e=c
the tank is placed at a higher Jlevel. Tieniralvis flows

natural draft into the block and it is collocted i a2 fank  <ro

below. A stand by tank is used =o ihat wnen filled

0]

electrolyte and kept still, the sludge in ‘*te aiecirivie

down and the filterate is recirculated.



4.1

Electrical power supply system: The three phase current from
the mains is connected to a DC transformer. This transfermor
converts the three phase current into DC current. This current
can be varied. Copper flexibles are used to connect the tooi a-d
workpiece to the transformer. Current at the range of 59 amps

wer passed through the copper flexible,

Working procedure of ECM:

The ECM was fabricated and the parts were put togetber., The
mild steel and copper elctrodes ;vvere placed in position and the
gaps were adjusted. One end of the copper flexibles wers
connected to the electrodes and the other ends were ronnected
to the DC transformer. The workpiece-tool gap was kept ai (.5
mm and the current supply was in the range of 50 amps. Sadium
chloride mixed with water was used as the electrolyte soluticn.
As the electrolyte solution passed through the gap the machining
took place.The electrolyte with sludge was removed and ‘ilied
in a tank. The selectrolyte was allowed to settle and the filterate
was allowed to recirculate. The machining was allowed fo ber
carried out for 10 to 12 minutes. The transformer was switched
off.

The electrodes were removed along with the electrical conpections
and supporting plate. The workpiece was removed and axaminad

for results.



4.2 CONCLUSION

ECM should be attractive to the production engineer because it nffers
high metal removal rates, independent of the hardness of the
workpiece or the complexity of the machining required. in nrinciple,
therefore, ECM should offer substantial advantagesin a very wide -angs
of cavity sinking and shaped-hole operations. But, 1like ail new

methods, ECM has its strengths and weaknesses, Some nf  the

disadvantages to the production engineer are:

i) Unfamiliarity with the techniques involved - for example,
circulation of corrosive liquids, filtration, effiuent
disposal and large electric currents.

ii) The high capital cost of the equipment, which arises
from the need for stiff, ecorrosion-resistant struciures
and large electric currents.

iji) The difficulty of controllingthe process, which arises
from lack of knowledge of electrochemistry =: high
current densities and of the flow of fluids containing
solid particles and gas bubbhles.

iv) The probelm of tocl design for ECM which give rise to
long lead time and high cost in developing the teoling

for ech specific aprlication.

Of these disadvantages (i) will be overcome only hy =xperisnce.
Many suuccessful installations are already in oneration =0 tha: it is
already clear that the difficulties can be overcome. Trere is at
present a real need for more production engineers to bhecome acauainted

at first hand with the advantages and disadvantages of ECM.



The most suitable equipment will be developaed onlv as a resil

extensive feedback of user experience.

Little hope can be held out for substantial reductions in the ~aric

cost of equipment for ECM but capital cost in itself shou ¢ ot

the criterion by which a new machine is judged. If, despite ibn

4

capital cost, ECM enables components to he produced more obass

then the process is economic.

The conitrol of the process of ECM is closelv related o fkai =F
design but there is a clear need for mere hasic  infarmatiae

i i

electrode phenomena at high current densities and hignh  -ates

electrolyte flow, a need which couid be med oy owell ciiren

electrochemical, research. The related nrablams =f (iaid Fiew ao-
difficcult and will probably have 1o ho selved empiricalls o

ingenious design.

But major outstanding problem assoriated with the success?i o a-

ECM is that of tocl design - how t5 design. Sor ean s e

D

application, a tooling system so ‘that ‘he eileciroiv.e flows 3 oo

and at sufficient rate between the fool and the workpieo-,
that the rate of metal removal varies poross 1he surface
workpiece in just the mamner necessary (o produce the rem e

and shape of workpiece.

o
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4.3 Results:

This project deals primarily with the fabrication of FCM werking

cell. After the machining was over the workpieces we e

Jot

=

K
!

3

for observations, As the surface measuring instruments 13<=
Talysurf was not available in our college ws had to decide a2
surface finish by feeling with the hand. Though a very fine Tinish
was expected we were only able to make a little smonth finje=.
This can still be improved by increasing  concentration, pressuoo

and bringing the workpiece-tool gap closer.

Due to continuous use of the electrolyte it soon got contaminated
with metal particles as it was used again and again. This can

be rectified by using filters and a centrifuge is used to remnva

metal particles.

As the workpiece-tool gap is always changing due 0 ths=
pressurised flow of electrolyte, it must be provided wi:n
automatic adjustment so that the gap is maintained constant and

better results can be expected.
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