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Welcome to the course on Advanced Machining Processes, we are going today to the theory

of electrochemical machining part 2. The outline of the todays lecture is as follows material

removal  in  electrochemical  machining,  inter  electrode  gap  evaluation  in  electrochemical

machining, single equation for inter electrode gap evaluation in ECM, self regulating feature

of ECM process, chemical equivalent of an alloy, maximum permissible feed rate in ECM,

temperature gradient  and electrical  conductivity  evaluation in ECM, then some numerical

problems will be solved related to electrochemical machining process.
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Let  us  see  how  to  evaluate  or  calculate  material  removal  and  material  removal  rate  in

electrochemical  machining  process.  Material  removal  is  abbreviated  as  small  m  in

electrochemical  machining  as  I  mentioned  in  the  earlier  lecture  that  is  in  part  one,

electrochemical machining follows faraday's laws of electrolysis which clearly tells that mass

of material removed is equal to ItE divided by F where I is the current flowing in the circuit

or in this particular case through the inter electrode gap, t is the time of flow of the electric

current or electrochemical machining, E is the chemical equivalent of the anode material and

F is the Faraday's constant which has 96500 coulombs as its value which is constant.

Material removal rate in ECM can be calculated when we divide m by time t of machining

that becomes m by t as you can see here which is indicated as m dot, which becomes equal to

IE over F, now here m is  the amount of material  removed in grams I  is  current  flowing

through  the  inter  electrode  gap  in  amperes  t  is  time  of  current  flow or  electrochemical

machining, E is gram equivalent or gram chemical equivalent of anode material that is the

work piece material, F is Faraday's constant given in coulombs or ampere seconds and m dot

is material removal rate in grams per second.

Note it that here I have mentioned material removal rate in grams per second, it can also be

represented as MRRg where the suffix g indicates that it is in grams per second, there are

other ways also of representing the material removal rate which we will see.
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Material removal rate can be obtained as rho a v a over t and volume of anode removed v a,

let us see it is given by A a cross-sectional area the inter electrode gap, y a that is the gap

divided by t is the time and rho a is the density of the anode material. 

Now as I have written here rho a is density of anode, v a is the volume of material removed

this v a and this v a they are the same and A a is the cross-sectional area on the anode from

which material is being removed or in other better way we can say through which the current

is flowing in time t, y a is the thickness of the material removed in time t and delta V is over

potential  which  will  be  shown in the  following equations  and k  is  electrolytes  electrical

conductivity that will be used in the following equation.
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From above equation  we can  write  MRRl where  MRR suffix  l  indicates  linear  material

removal rate whose units will  be millimeter  per second and that is y a over t,  y a is the

thickness of the material that has been removed and it is given by y a over t is given by IE

over F rho a A a. So we write this MRRL that is the linear material removal rate is equal to JE

over F rho a because I over Aa can be written as J as has been done in this particular equation

rest of the terms remains the same.

Current density J, this above equation can be written as MRRl is equal to V minus delta V

over A a multiplied by K A a divided by A into E over F rho A. Now here you can see J has

been replaced we know I is equal to voltage divided by cross-sectional area and here delta V

as I mentioned in the earlier slide is over potential, so V minus delta V becomes the effective

voltage which is working across the inter electrode gap, so this particular equation can be

used for evaluating linear material removal rate from the work piece material I have already

shown in the last lecture what this MRRl means.
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So MRRl again written in the same form, now let us understand it like this that y is the

amount of material that has been removed in time t from the work piece now this is the front

view of the work piece and tool combination showing the inter electrode gap that is the or the

gap that is shown over here, now here MRRl is in front gap only, side gap are not considered

here we are considering only this front gap that is this one the gap that is in the sides is not

considered in this particular equation however you can evaluate MRRl from the side gap also

by developing an equation on the same lines.

Now if you see this assembly from the top you will find that the cross-sectional area through

which current is flowing is shown over here and this is the one which is the diameter of the

tool, tool diameter and this is the one which is the diameter of the cavity that has been formed

on the work piece. 
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Now dy dt is the rate of change of inter electrode gap, what is this rate of change of inter

electrode gap, here let us see we are giving the feed to the tool that is moving downwards and

due to the removal of the material the surface of the work piece is also moving downward so

both are moving in the same direction.

Now if we see here if the movement of the surface, top surface of the work piece is say y here

then at which rate the gap between the bottom surface of the tool and top surface of the work

piece is changing with time, we have to find it out here this becomes Y in place, this is the

surface that has been removed from here, this becomes Y then rate of change of the gap

between the bottom surface of the tool and the top surface of the work piece that is given by

dy over dt and since this  is the inter electrode gap, so it  say the rate of change of inter

electrode gap, that is this particular gap.

So we have to find out this and this is given by dy over dt is equal to y over t the rate, the

inter electrode gap remove or the material removed from there in time t, now this f because

both are moving in the same direction so effective inter electrode gap becomes the difference

between the amount linear material removal rate and feed rate that is f.

And this you can find out like this we have already found dy over dt that is E into V minus

delta V k over F rho A over Y and this is the minus f that is there so we add it here so this will

give you the rate at which the inter electrode gap is changing with time, now the question is

how to evaluate this inter electrode gap in ECM.



Now the two cases are there, one is the case of zero feed rate that is when the value of f is 0

that means no feed or no movement of the tool only the surface of the work piece is recessing

downwards, another case is that where the feed rate is not zero that means tool is moving and

work piece is also recessing downwards work piece surface is recessing downwards. 
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So let us see for the first case, from the previous equation we can write down dy over dt is

equal to c over y minus f, where C is given by E into V minus delta V k over F into rho a,

now we are writing here V minus delta V as V effective V e now one thing is to be seen over

here that whole of this term has been represented as C and it is varying with y that is the inter

electrode gap, so this is nothing but this represented by V e k is there and F rho a is there and

this is given by V e is equal to V minus delta V.
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Now in this particular figure we can clearly see that tool is feeding, is being fed downward,

there is the flow of the electrolyte in this particular direction with a certain velocity and work

piece and tool both are connected to the power supply tool being cathode and work piece

being anode. Now here as I have mentioned earlier two cases arise one is the case where feed

rate f is equal to 0 and another is the case where feed rate is not equal to 0.
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Let us evaluate the inter electrode gap in ECM for zero feed rate, when feed rate of the tool

towards the work piece is 0 that means tool is stationary, now substitute in earlier equation f

is equal to 0 then we will get that dY as function of Y here is equal to C into dt. Integrate both



sides of this particular equation it will give Y is equal to Y 0 square plus 2 C t under the root

whole.

Now this equation has been derived taking the initial condition to evaluate the constant of

integration for Y is equal to Y 0 at time t is equal to 0, that is the initial inter electrode gap if

at t time whatever inter electrode gap we maintain in the beginning that is indicated by Y over

here and that is the initial condition this equation is well represented by the figure in the next

slide I will show you, here there are certain assumptions in deriving this particular equation.

Here K is  taken constant  that  is  the electrical  conductivity  of the electrolyte  in the inter

electrode gap. Delta V is a small fraction of V, delta V is the over potential which is a very

small fraction of the voltage being applied and K of work piece and tool are very very large

compared to the electrolyte, k is the electrical conductivity of the work piece and the tool.

Let us take the case of plain parallel electrodes machining that is normal to the feed direction

as  you can see over  here,  here is  the plain parallel  machining.  Electrolyte  properties  are

change in Z direction that means we are considering 2D problems, third direction that is the Z

direction we are assuming that the electrolyte properties are the same along the Z direction

there is no variation.
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Now this equation yields the relationship between inter electrode gap and machining time,

any time t.  Now you can see here that  as the  time t  is  increasing inter  electrode  gap is

increasing according to the equation which we derive in the earlier slide now here you can



see the time t is equal to 0. There is a certain inter electrode gap that is represented by Y0 and

that is what we have used in the earlier equation for as the initial condition.

So the relationship Y is equal to Y0 follow a parabolic, this relationship follow a parabolic

curve that is shown over here. Now most of the time in electrochemical machining, feed rate

is not equal to zero rather there is a finite feed rate so that means F is not equal to 0 and let us

see how to evaluate the inter electrode gap when feed rate is not equal to zero that is the finite

feed rate.
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Case two, now when constant feed is given to the tool that is f not equal to 0 for better

performance of the process it is desirable to machine under equilibrium condition that is dy

over dt is equal to zero constant inter electrode gap is maintained. Now this is very important

to understand that here in this particular case when dy over dt is equal to zero that simply

means that this gap is maintained constant and this gap is nothing but equal to equilibrium

gap and this can be maintained only when the condition that linear material removal rate is

equal to the feed rate then only the gap between the bottom face of the tool and top face of

the surface being machined will remain constant.

So y that  is  the  inter  electrode  gap is  equal  to  y e  that  is  the inter  electrode  gap under

equilibrium condition and this is given by c by f as we have seen earlier for the case dy over

dt is equal to 0. Here ye is inter electrode gap under the equilibrium condition. 
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For  the  generalized  analysis  it  is  always  better  to  go  for  non  dimensionalization  of  the

parameter hence here the parameters have been non dimensionalized as you can see y dash is

equal to y over y e where y is the inter electrode gap and y e is the inter electrode gap under

equilibrium condition and this can be shown is equal to y f over C because we have shown in

the earlier slides that y e is equal to C over f.

Now t dash is equal to the t multiplied by f square over C and this becomes non-dimensional,

so we can write the equation, earlier equation of dy dt can be written as dy dash over dt dash

is equal to 1 over y dash minus 1. Now we can evaluate this equation or we can simplify this

equation by taking integration on both sides and we will find finally this equation as t dash is

equal to y 0 dash minus y dash plus ln that is natural log of y 0 dash minus 1 divided by y

dash minus 1.

Now how to get this particular equation we will see in the following slides, this equation is

valid for the case when y dash is greater than zero this is very important condition one should

note down if y dash is less than zero then it will indicate that short circuit has taken place

between the tool and the work piece and this is highly undesirable condition, no short circuit

should take place between the tool and the work piece otherwise both will get damaged.
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Now this equation can be written as dt dash over dy dash the earlier equation which I wrote

there is equal to y dash over 1 minus y dash this becomes equal to, if we add minus 1 and

plus 1 then it becomes 0 so we get the same equation so we can write it as minus 1 plus y

dash plus 1 divided by 1 minus y dash and this can be written like this that is minus 1 minus y

dash plus 1 over 1 minus y dash we can simplify it and write it as minus 1 plus 1 over 1

minus y dash because this term we separate out this term and this term and 1 minus y dash

and 1 minus y dash of this term will get cancel so you will get minus 1 over there plus 1 over

1 minus y dash. 
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Now if you simplify the earlier equation or rewrite the earlier equation you will get dt dash is

equal to minus 1 plus 1 over 1 minus y dash, dy dash. Integrate both sides of this particular

equation that is you can integrate it, you will get the after integration and simplifying it you

will get this becomes 0 to t dash and you can integrate this particular part also and you get

finally t dash is equal to minus y dash minus ln y dash minus 1 plus K.
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Now we have to  evaluate  the  constant  of  integration  K,  now for  this  particular  purpose

substitute the initial condition as y dash is equal to y 0 dash where we have already seen that

initial inter electrode gap is given by y 0 and if initial inter electrode gap is y 0 then you non

dimensionalize this by dividing by y then you get y 0 dash and this true at t dash is equal to 0.



It gives the following relationship as 0 is equal to minus y dash 0 minus ln y 0 dash minus 1

plus K, from this you get if you substitute this value and simplify this particular equation then

you get K is equal to y 0 dash plus ln y 0 dash minus 1.
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Substitute the value of K in above equation you get t dash is equal to minus y dash minus ln y

dash minus 1 plus y 0 dash plus ln y 0 dash minus 1. Now you can simplify this equation then

you will get this as y 0 dash minus y dash plus ln y 0 dash minus 1 over divided by y dash

minus 1. You can take this and this together they will give this equation divide this by this

because this has the minus term you will get this particular term.

In this equation only positive values of y dash are possible, y dash is equal to 0 implies a

short circuit between the tool and work piece that I have already mentioned and for negative

value of, negative value it will not work, this particular equation will not work.
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When the parameters are not non-dimensionalised the solution obtained can be written as t is

equal to 1 over f within bracket y 0 minus y t plus y e ln y 0 minus y e divided by y t minus y

e, this bracket. Now this equation is an implicit equation when you want to evaluate the inter

electrode gap y t right. So this equation is given in the book on electrochemical machining by

J. A. McGeough published by Chapman and Hall, London. 

Solving this particular equation takes lot of time because this is an implicit equation and with

the help of computer if you want to solve it for one particular value of inter electrode gap it

may take 30 to 40 iterations  which takes lot  of computer time because solving the ECM

problem with the help of electrochemical machine, with the help of finite element method or

boundary element method or any other finite difference method then there are thousands of

node and at each node you have to iterate it for 30 to 40 time.

Total time taken by computer will be too large so it is quite cumbersome and difficult to solve

by the help of even, difficult in the sense a lot of time it will be taking on the computer.



(Refer Slide Time: 24:20)

Now most of the time you find that the feed rate is inclined to the surface of the work piece as

I can see here in that particular case you have to take the component of the feed rate which is

normal to the work piece surface and that becomes f cos theta, so in place of f you have to

use f cos theta at appropriate places wherever feed rate term f appears.
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Now iterative procedure for solution of this equation can be followed because it has Y on

both sides when you are evolving Y or inter electrode gap with the help of this particular

equation, so it takes 30 to 40 iterations for solution at each point. Computer time when solve

say for 1000 points will be enormous specially when using finite difference method, finite

element method or boundary element method.



Hence an explicit equation to evaluate inter electrode gap for both the cases that is feed rate is

equal to 0 and finite feed rate without requiring iterative procedure has been proposed.
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Now let us see how to evaluate this single equation for inter electrode gap evaluation in case

of  electrochemical  machining,  equation  for  evaluating  inter  electrode  gap  for  numerical

analysis  of  electro  chemical  machining  process.  We have  already  derived  this  particular

equation that is dy over dt is equal to E v minus delta v k over F rho a y minus f where v is

the applied voltage and delta v is the over potential and F is the feed rate This can be written

as EJ over F rho a minus f, this can be rewritten as dy is equal to EJ over F rho A minus f into

dt. 
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Let us make the following assumptions, J that is the current density remains almost constant

within a small area of an element when I say element that means I am talking with reference

to the finite difference method or finite element method of 2D problem or volume of an

element that means I am talking of 3D problem.

Computational machining cycle time delta t is very small, it is normally taken as fraction of a

second such that  J  that  is  the current  density  during that  period  of  time is  more  or  less

constant, important for numerical analysis of this particular process.
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Integration of above equation would give y is equal to c dash minus f into delta t plus k dash,

to evaluate the value of integration constant k dash where C dash is equal to EJ over F rho a

at time t is equal to 0, y is equal to y 0 I have already mentioned if you substitute this value T

is equal to 0 and y is equal to y 0 in this particular equation you will get k dash is equal to y

0, substitute this value of k in this particular equation then you will get y is equal to y 0 plus c

dash minus f into delta t, here I have written delta t since t is very small hence t is equal to

delta t which i have already written over here.

This equation can be applied for both cases, f is equal to 0 and f not equal to 0 as if you see

again previous equation here you can, because feed rate is here if you are taking the case of

feed rate is equal to 0 substitute the value F is equal to 0 if it is not 0 then you substitute here

the value of f whatever is the feed rate in appropriate units you will be able to evaluate the

inter electrode gap in both the cases whether zero feed rate or finite feed rate from the same

equation.
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Now what is this Y 0, you know when you are beginning the machining then whatever is the

initial inter electrode gap that is Y 0. Now when we deal with the finite element method or

other procedure then we in place of Y we can use Y I that is the I S node and Y I is equal to Y

0 and if it is at time T is equal to 0, if time T 1 is there then it becomes Y I is equal to YT1I

and so on, as I have shown over here.

Y I indicates front gap only not the side gap as I have mentioned earlier  also we are not

considering this side gap over here, we are considering only the front gap as shown over here,

this idea can be applied for the calculation of the anode profile in electrochemical drilling

also so this equation which we have just derived as single equation for finite feed rate as well

as for zero feed rate is very very important especially when you are solving large problems

having thousands of nodes and in a very small machining time delta t you are taking.

Then total computational time will be substantially reduced if this single equation used in

place  of  parabolic  equation  and  implicit  equation  which  requires  solution  for  30  or  40

iteration for each point solution. Now apart from this evaluation of inter electrode gap either

by parabolic equation or implicit equation or by single equation applicable for both, there are

certain interesting features with this electrochemical machining process has got and this self

regulating is one of the very important feature of electrochemical machining process.
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ECM process always attempts to attain an equilibrium gap condition such that y is equal y 0,

it always attempts to attain this condition or in other words you can say f is equal to MRRle,

here suffix l indicates  the linear  material  removal  rate  and e indicates  the linear material

removal rate under equilibrium condition.

Now one point is to be noted that if f is equal to MRRle then inter electrode gap will always

remain  constant  and  once  inter  electrode  gap remains  constant  we call  it  as  equilibrium

condition, in case the equilibrium condition is disturbed two possibilities exist as discussed

below, disturbed means either inter electrode gap becomes more than equilibrium gap or it

becomes less than equilibrium gap.

Now let us see what happens when initial inter electrode gap is more than equilibrium gap or

less than equilibrium gap. Case one, if inter electrode gap y is greater than equilibrium inter

electrode gap y e then MRRl, linear  material  removal  rate  will  be lower as compared to

MRRle because y is greater than y e as you can see here that means the current density will

become lower as the inter electrode gap increases current density becomes lower and this is

greater than equilibrium gap so current density compared to the case when equilibrium gap is

y e it will become lower or f becomes greater than MRRl because we can use this particular

equation for this particular purpose that when y is greater than y e then feed rate becomes

greater than linear material removal rate.

And you can see here this is the equilibrium gap y e and this is the initial gap or the gap inter

electrode gap y so in this particular case this one feed rate becomes greater than MRRl so



what will happen, also please note that lower value of inter electrode gap will result in higher

value of J that is current density that is higher value of MRRl because once the value of J

becomes higher than the or the current density becomes higher than the material removal rate

increases.

As a result of this condition that is the feed rate greater than MRRl the inter electrode gap

will to decrease hence y tends to decrease or attempts to be equal to y e because when this y

is trying to reduce then definitely this y will be tending to move towards the equilibrium gap

y e. So we are discussing self regulating feature of electrochemical machining, case one is the

case where inter electrode gap is greater than equilibrium inter electrode gap. 
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Now case two is the one where inter electrode gap or initial inter electrode gap is less than

equilibrium gap, then MRRl that is linear material removal rate will be greater than the linear

material removal rate under the equilibrium conditions and f is smaller than MRRl compared

to the equilibrium condition.

As a result of this inter electrode gap attempts to attain higher value because linear material

removal rate is greater than feed rate so gap will continuously keep increasing so y that is the

gap will always try to attain the equilibrium gap as you can see here this is the y e and this is

the y. y is smaller than y e now since material removal, linear material removal rate in this

particular case is greater so this will try to move faster this surface will try to move faster

than the feed rate and the gap will try to increase so that it attains the value of equilibrium

gap that is y e.
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So in this  figure which I  am going to  show, we have seen earlier  that  whether  the inter

electrode gap was lower than the equilibrium gap or larger than the equilibrium gap in both

the cases inter electrode gap automatically was attempting to attain the equilibrium gap, the

same thing which we discussed in the or we saw in the earlier slides is represented here in the

form of the graph as you can see here, here is the Y dash and here is the time.

Now you can see here if it is 1 then equilibrium gap and inter electrode gap both are the same

that means the machining will continue under equilibrium condition, if gap becomes more

than  that  in  this  zone  then  you  can  see  all  the  curves  they  are  attempting  to  attempt

asymptotic condition where the inter electrode gap becomes equal to the equilibrium gap.

If  it  is  lesser  than that  then also it  will  be,  it  is  trying to  attempt,  to get  the asymptotic

condition and to attain the equilibrium condition even if it is less than and so it is very clearly

visible  here that in both the cases inter  electrode gap attempts  to attain equilibrium inter

electrode gap the same thing is written here that in this figure y dash is equal to 1 indicates

equilibrium condition that is this one, dash dash condition.

If its value is not equal to 1, then in both cases it, that is y dash less than 1and y dash greater

than 1 becomes asymptotic in nature that you can see here that means it attempts to attain an

equilibrium condition  and that  condition  is  represented  by 1 over  here  and we all  know

already that MRRl is given by this particular equation.

Now we know that  electrochemical  machining  process  is  applicable  only  for  electrically

conducting material now electrically conducting materials they can be, they are the metals



only they can be, mostly they are the metals, they can be pure metal that means iron, there are

no other constituent.

Or second case is where other constituents are there that means alloy, more than one metals

are there and they form the alloy now the question arises especially when alloy is there what

is  going to  be the  value  of  the chemical  equivalent  that  is  E,  because  E is  different  for

different metals when more than one metals are there in the alloy how to evaluate this? So

there are two methods to evaluate chemical equivalent of an alloy.
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Let us see, a large number of the materials being machined by ECM process are alloys not

only pure metals, the value of chemical equivalent E of an alloy can be evaluated by one of

the following two methods, first one is known as percentage by weight method and here I

will like to emphasis what this percentage means.

Say suppose an alloy is there and five constituents are there then each constituent will be in

different weight percent, someone may be 80 weight percent another maybe 5 percent, third

may be 2 percent something like that. So that percentage by weight method is the one and

second is known as super position of charge method we will discuss both of them.
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Percentage by weight method, now in this particular case the sum of the chemical equivalent

AI divided by ZI, I indicates the IS element maybe written as A1 over Z1 plus A2 over Z2

and so on for different elements of each element I in the alloy is multiplied by its percentage,

respective proportion by weight that is  XI in the alloy. It  gives a value for the chemical

equivalent of the alloy that is abbreviated as A over Z with suffix small a.

It can be written the equation is written like A over Z, A over Z is nothing but E that is the

chemical equivalent where A is the atomic mass of the element and Z is the valency at which

it is dissolving, please note here I have mentioned earlier  lecture also that some elements

have more than 1 valencies say 2 valencies, 3 valency, then you should clearly know at which

valency it is dissolving then only you will get the correct value of E otherwise it will be a

misleading value of E then calculated MRR as well as predicted anode shape or design tool

shape all will be erroneous.

So A by Z a is equal to 1 upon 100 summation I is equal to 1 to n where n is the number of

the elements in the alloy A i over Z i X i, where X i as mentioned over here is the weight

percent of a particular element i, n is the number of constituent elements. Use this value of E

that is equal to A over Z a in the equation of MRRl this is useful for the equation whether it is

for MRRl or MRRg or MRRv or even MRRa if it is being used.
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Now super  position  of  charge  method,  the  basic  philosophy of  super  position  of  charge

method is for the dissolution of 1 gram of alloy the total amount of electric charge required

for dissolution by individual element is equated to Z over A suffix small a multiplied by F

that is the Faraday’s constant.

And it is written like this Z over A F is equal to F summation i is equal to 1 to N, X i over

100, Z i over A i, where Z i is the valency of highest element, A i is the atomic mass of the

highest element and X i represents the percentage by weight of that particular highest element

in the alloy.

This can be simplified like A by, because in the earlier equation we try to find out A by Z that

is the E so we can write this equation, this particular equation in this particular form so that

we directly get the value of E and A by Z a is equal to 100 divided by summation i is equal to

1 to n X i Z i over A i so whatever value of E you get from here this value can substitute in

the equation of MRR.
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Comparison of two methods for evaluation of E, mass removal rate can be obtained from this

particular equation m dot is equal to A over Z a, I over F. A over Z a represents for alloy and

we are able to calculate from one of the two methods the value of A over Z a for the alloy.

Current we already know Faraday’s constant we already know, we can find out the mass

material removal rate that is also represent it as MRRg. These two methods give different

values of A by Z a that is the chemical equivalent of the alloy, now some values that have

been calculated for a particular case and you can see from case one, for case one or for one

particular alloy method one gives the 26.8 value while method two gives you the 25.1

While second case method one gives you 39.9 and method two gives 34.7 so you can see

clearly there is a difference in the value of E, now if the value of E is different as you can see

over here then definitely material removal rate either in gram or linear or volume these also

going to be different so you have to be careful which method gives better results as compared

to the experimental results you should use that particular method for the case that applies in

your industry or research work.

Now as I have mentioned already that when material is being removed the tool is being fed

continuously towards the work piece so that you can maintain the constant inter electrode gap

during machining and if inter electrode gap is constant then other parameters are constant

then material removal rate also becomes constant but what is that maximum value which you

can  use  during  ECM because  larger  the  value  of  feed  rate,  larger  becomes  the  material

removal rate.
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Theoretically there is no upper limit for feed rate in ECM, however there are certain practical

constraints because of which we have to limit the feed rate because if feed rate is very very

high then what will happen, the tool will move very fast towards the work piece and it will

touch the work piece and short circuit will take place and in any case we do not want short

circuit to take place, for this during actual ECM electrolyte flow rate should be such that it is

able to carry away the heat produced during ECM and electrolyte boiling does not take place.

This is very important, first thing is it should be able to take away the heat, carry away the

heat produced during the ECM process because we all know that this is the tool and this is the

work piece and here is the electrolyte, it is flowing, these two are connected to the positive

and negative terminal so this is working as the electrical resistance and in this resistance or

inter electrode gap heat is being generated and this heat should be taken away out of the

machining zone.

If  it  remains  there  then electrolyte  temperature  will  keep increasing  and once  electrolyte

temperature is increasing as we have seen earlier, electrolyte conductivity will keep changing

and once electrolyte  conductivity  changes  then material  removal  rate  will  keep changing

continuously this is one which we do not want.

Second thing is the electrolyte boiling we do not want that electrolyte should boil in the inter

electrode gap first thing is once it starts boiling it will create or generate the water vapour

which will change the electrical conductivity of the electrolyte. Second thing the rise in the

temperature will be quite high this will also affect the conductivity of the electrolyte which



will affect the material removal rate as well as the shape of the work piece that you are going

to get on the work piece.


