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ABSTRACT: 
 
This review article presents the comprehensive study and demonstration of Direct Current Electrochemical Machining (DC 
ECM), elucidating its principles, components, operation, electrode preparation, machining process, parameter 
optimization, applications, safety considerations, and key takeaways. DC ECM employs electrochemical processes to 
selectively dissolve workpiece materials submerged in an electrolyte, facilitated by anodic dissolution and material removal 
through electrolysis. Key components of a DC ECM machine, including the power supply unit, electrolyte circulation 
system, work-holding mechanism, and electrode assembly, are detailed. 
 
The paper provides a step-by-step demonstration of DC ECM operation, encompassing loading of the workpiece, electrolyte 
selection, machining parameter adjustment, electrode preparation, and live machining process observation. Factors 
influencing machining performance, such as voltage, current density, electrolyte concentration, and feed rate, are analyzed 
for parameter optimization. Real-world applications in aerospace, automotive, and medical device manufacturing 
underscore DC ECM's advantages in machining complex and difficult-to- machine materials. 
 
Safety protocols for handling electrolytes, protective equipment usage, and electric shock hazard prevention are 
emphasized. The study concludes by highlighting the valuable insights gained into DC ECM's role in modern 
manufacturing, its precision machining capabilities, and the importance of adherence to safety protocols. 
 

1.INTRODUCTION: 
 
ECM is a machining prepare in which electrochemical handle is utilized to evacuate materials from the workpiece. In the 
prepare, workpiece is taken as anode and device is taken as cathode. The two anodes workpiece and instrument is 
inundated in an electrolyte (such as NaCl). When the voltage is connected over the two terminals, the fabric evacuation 
from the workpiece begins. The workpiece and instrument is set very near to each other without touching. In ECM the 
fabric expulsion takes put at nuclear level so it produces a reflect wrap up surface. 
 
1.1 Principle of Electrochemical Machining: 
 
Electrochemical machining is a handle of a particular disintegration of the anodically connected work piece fabric 
submerged in an electrolyte together with an anodically associated tool. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: ECM Process Setup 
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Principally electrochemical machining is comparable to Electropolishing where the work piece surface unpleasantness 
diminishes due to the change of the particles into particles and their expulsion from the surface as a result of a entry of an 
electric current. 
 
Electrochemical machining is by and large inverse to electroplating where the metallic ions traveling through the 
electrolyte arrangement store on the surface of the cathodically associated work piece. The electrochemical responses 
happening in the electrochemical machining prepare are as takes after: 
 
At the anode the press iotas undercover into the press particles (cations): 
 
Fe = Fe2+ + 2e- 
 
The electrons misplaced by the press particles travel to the cathode through the DC control supply. At the cathode the 
electrons respond with water atoms shaping vaporous Hydrogen and hydroxyl particles (anions) concurring to the 
reaction: 
 
H2O + 2e- = H2 + 2OH- 
 
The cations and the anions respond in the fluid arrangement and make insoluble ferrous hydroxide: 
 
Fe2+ + 2OH- = Fe (OH)2 
 
The insoluble hydroxide is taken absent by the streaming electrolyte and at that point it precipitates at the tank foot 
shaping the sludge. [1] The guideline plot of electrochemical handle is displayed in the figure below. The work piece is 
mounted in a installation electrically disconnected from the tank and other machine parts. The work piece is associated to 
the positive terminal (anode) of the Power Supply. The device is associated to the negative terminal (cathode). The 
electrolyte is ceaselessly streaming through a gap in the device to the crevice between the workpiece and the apparatus 
surfaces. The device is moving towards the work piece at a consistent speed of around 0.05”/min (1.25 mm/min). The 
crevice between the instrument and the work piece is kept steady. Steady behaviour of the handle is a result of a control of 
the control supply voltage. The last shape of the work piece shaped as a result of the electrochemical machining prepare 
acclimates the shape of the tool. 
 
1.2 Working of Electrochemical Machining: 
 
To begin with, the workpiece is gathered in the installation and the instrument is brought near to the workpiece. The 
apparatus and workpiece is submerged in a appropriate electrolyte. After that, a potential distinction is connected over the 
w/p (anode) and device (cathode). The evacuation of fabric begins. The fabric is evacuated in the same manner as we have 
talked about over in the working principle. Instrument nourish framework propels the device towards the w/p and 
continuously keeps a required crevice in between them. The fabric from the w/p comes out as positive particles and 
combine with the particles display in the electrolyte and accelerates as slime. Hydrogen gas is freed at the cathode amid 
the machining handle.[2] 
 
Since the separation of the fabric from the w/p takes put at nuclear level, so it gives great surface finish. The slime from the 
tank is taken out and isolated from the electrolyte. The electrolyte after filtration once more transported to the tank for the 
ECM process. 
 
1.3 Electrolytes utilized in electrochemical machining: 
 
*Sodium chloride (NaCl) at the concentration of 20% - for ferrous alloys(e.g.) Steels and cast irons and cobalt alloys. 
 
*  Sodium nitrate (NaNO3) - for ferrous alloys. 

 
*  Hydrochloric corrosive (HCl) - for Nickel alloys. 

 
*  A blend of sodium chloride (NaCl) and sulfuric corrosive (H2SO4) - for nickel alloys. 

 
*  A blend of 10% hydrofluoric corrosive (HF), 10% hydrochloric corrosive (HCl), 10% 

   nitric corrosive (HNO3) - for Titanium alloys. 
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*  Sodium hydroxide (NaOH) - for tungsten carbide (WC). 
 
1.4 Electrochemical machining equipment: 
 
 An mechanical electrochemical machining unit comprises of the taking after systems: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: Setup Diagram of ECM 
 
DC Control supply. The machining rate in electrochemical machining is proportional to the electric current thickness. In 
arrange to accomplish tall values of the machining rate electrochemical machining is commonly performed at a high 
coordinate current surpassing 1000 A. The voltage of the prepare is 5-25 V.[3] 
 
 Electrolyte circulation framework. The items of the electrochemical response should be evacuated from the crevice 
between the work piece and the device. Accumulation of the response items causes diminish of the process effectiveness 
and diminishment of the rate of machining. Hence the electrolyte flow speed ought to be tall. Commonly it is in the run 
1,000- 10,000 ft/min (300-3,000 m/min). The electrolyte is ceaselessly sifted in arrange to trap the precipitated response 
items (sludge).[4] 
 
 Mechanical framework. One of the most critical parameters of electrochemical machining is keeping up a steady voltage 
level. This is achieved by the control framework giving a development of the apparatus at a constant speed rise to to the 
direct rate of machining. The handle in a unfaltering state is performed at a steady (ordinarily hole 0.004-0.016”/0.1-0.4 
mm). A firm fixation of the work piece given by the installation, the table and the outline is also critical for steady 
operation of the framework at a consistent gap. Conventional machining hardware counting CNC machines may be 
modified for electrochemical machining process. 
 
Control framework. Electrical parameters of the handle, apparatus bolster speed and parameters of electrolyte 
circulation framework are controlled by the control system, which give steady and proficient operation of the unit. 
 
1.5 Applications of electrochemical machining: 
 
*  Machining of difficult materials. The handle parameters and the device life time do not depend on the hardness of the 
work piece in this manner electrochemical machining is frequently utilized for machining difficult materials. Turbine 
edges and rifle barrels are created by electrochemical machining. 
 
*  Creating gaps and cavities which can not be gotten by conventional machining methods. 
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* Kick the bucket sinking. Electrochemical machining is frequently utilized as an elective to the cavity sort electric release 
machining (EDM). 
 
*  Creation of lean walled parts. Electrochemical machining does not produce surface push in the work piece hence 
indeed exceptionally delicate and easily deformed materials may be machined in lean walled shapes. 
 
*  Pounding of a work piece by a turning wheel, which performs grinding operation through an electrolyte. The wheel is 
conductive and cathodically connected. Non-conductive difficult particles are set on the wheel surface. The particles give a 
steady hole through which an electrolyte is continuously fed. Difficult and fragile materials are ground by the method. 
 
1.6 Advantages of Electrochemical Machining (ECM): 
 
*  Precise Machining 
*  No coordinate contact between apparatus and job. 

*  Insignificant wear and tear of the tool. 

*  Environment friendly no warm or mechanical push is initiated on the tool. 

*  There is no contact between workpiece and the apparatus so it’s is conceivable to machine non-rigid and open w/p. 

* Occupations with complex geometric shapes can be machined with ease accurately and repeatedly. 

*  ECM is a time saver when compared to ordinary machining. 

*  Amid boring a few gaps can be done at once. 

*  Deburring can be done in difficult to get to areas. 

* Delicate and fragile materials which are inclined to harm can be machined easily in ECM without breaking or breaking. 

*  Surface wrap up up to 25 μ in can be achieved. 
 
1.7 Disadvantages of Electrochemical Machining (ECM): 
 
*  Some of the time this prepare is exorbitant since the supplies are expensive. 

*  Persistent supply of electrolytic arrangement is mandatory. 

*  Consistent voltage or potential distinction ought to be maintained. 

*  Unbending fixturing is required to withstood the tall stream rate of electrolytes. 

* Planning the instrument is difficult since it must be protects to keep up the perfect conducting ways towards the 
workpiece. 

* Erosion free fabric is required for the structure and the electrolyte handling unit. 

* If hydrogen is freed at the instrument surface at that point it is conceivable to endure from hydrogen-embitterment of 
the surface. 

* There is plausibility of harms since of sparks. 

* Routine machining strategies deliver more moved forward fatigue properties than ECM. 
 
1.8 Study and Show Steps: 
 
Introduction to DC ECM: Give an outline of the electrochemical machining process, clarifying the standards of anodic 
disintegration and fabric evacuation through electrolysis. 
 
Components of DC ECM Machine: Clarify the key components of a DC ECM machine, counting the control supply unit, 
electrolyte circulation framework, workholding mechanism, and cathode assembly. 
 
Operation of DC ECM Machine: Illustrate the setup and operation of the DC ECM machine, counting the stacking of the 
workpiece, determination of electrolyte, and adjustment of machining parameters. 
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Figure 3: ECM Machine Tool 
 
Electrode Arrangement: Grandstand the arrangement of cathodes, counting shaping, profiling, and surface wrapping up 
to accomplish the wanted machining characteristics. 
 
Machining Handle: Conduct a live exhibit of the electrochemical machining process, permitting members to watch fabric 
evacuation and surface wrapping up in real-time. 
 
Parameter Optimization: Examine the components impacting machining performance, such as voltage, current thickness, 
electrolyte concentration, and nourish rate, and demonstrate parameter optimization for moved forward proficiency and 
quality. 
 
Applications and Case Thinks about: Show cases of real-world applications of DC ECM in businesses such as aviation, car, 
and therapeutic device manufacturing, highlighting its points of interest in machining complex and difficult-to-machine 
materials. 
 
Safety Contemplations: Emphasize security conventions amid the demonstration, including the taking care of electrolytes, 
appropriate utilize of defensive gear, and precautions against electric stun hazards. 
 

2. Conclusion:  
 
The consider and exhibit of DC ECM machines given members with valuable experiences into the electrochemical 
machining prepare and its applications. By combining hypothetical information with commonsense shows, members 
picked up a comprehensive understanding of DC ECM's part in present day fabricating and its potential for machining 
complex components with tall exactness. 
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