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ABSTRACT 

Hardened steel is widely used in automotive industries to manufacture components such as transmission shafts, gears 

and bearings .Surface Coatings for Cutting tools designed for high hardness are used for machining these hardened steel 

components. The introduction of car parts made of light high strength steels has resulted in formability problems during sheet 

metal forming. PVD and CVD coatings on forming tools have been obtaining best results is stamping under severe conditions. 

Due to high hardness and low coefficient of friction, Diamond like carbon films are used to coat engine and power train 

components. The present paper describes the role of surface engineering in automotive industries. 
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INTRODUCTION  

Manufacturing environments in automotive industries are normally complex, combining loading with chemical and 

physical degradation to the surface of cutting tools and dies. Surface wear damage is a phenomenon which effects how a tool 

will last in service. The tool experiences high loads, high speeds and friction and as a consequence elevated temperatures. 

These factors lead to wear of tool surfaces. The wear in tool surfaces is minimized by lubrication. The liquid lubricants fail 

under extreme conditions and are moreover environmentally unacceptable. Surface coatings can improve the tool surface, 

increase the tool life and improve the quality of manufactured components. 

Automotive components like engine and power train components not only rely on their bulk material properties but 

also on their design and characteristics of their surface. In these components, their surface must perform engineering functions 

in a variety of complex environments. The surface of these automotive components may require treatment to improve the 

surface characterstics.In addition to wear protection, surface coatings in automotive components can improve corrosion 

resistance, enhance surface hardness and weight reduction. The other benefits of surface coatings in automotive components 

include reduced oil and fuel consumption, reduced CO2  emissions and extended durability. 

Surface coatings for cutting Tools 

Modern machining processes face continuous cost pressure, productivity issues and high quality expectations. Due to 

relative motion between cutting tool and work piece in the machining process, friction and heat is developed in the cutting 

zone. Cutting fluid are employed to control friction reduce the cutting temperature, prevent adhesion between tool and work 

piece and wash away chips. Thus cutting fluids play an important role to obtain a stable metal cutting process, an improved 

tool life and good surface finish of work piece. However, cutting fluid cause smoke fumes, toxic vapors, unpleasant odor and 

its bacteria culture has its effects on operators and environment. 

Before the development of surface coating technology, the use of cutting fluids was considered as an essential part of 

machining process. All the undesirable effects associated with the use of cutting fluid were considered as necessary evil. 

Surface coated cutting tools that possess high hot hardness are an important development in dry machining. 

Nodular cast iron can be used in automotive applications like crank shaft, piston, gears, flywheel, dies etc.The 

machinability of grey cast iron is less than that of grey cast iron. During machining of nodular cast iron, the surfaces of cutting 

tool needs to be hard, wear resistant and chemically stable. Surface engineered coated tools can be used to accomplish this 

objective. Recep Yigit compared the performance of coated and uncoated tools in turning nodular cast iron.Uncoated tools 

performed badly with respect to tool wear and surface finish. It was observed that  a 10.5µm multilayer 

TiCN+TiC+TiCN+Al2O3+TiN coated carbide tool is the most preferred one  for turning nodular cast iron at high cutting 

speeds. 

Diamond coated cutting tools  are used for cutting non ferrous materials  such as aluminum alloys, copper alloys, fiber 

reinforced polymers, green ceramics and graphite. Diamond coated tools are extremely hard, possess high tool life and ensures 

precision machining. However, the adherence of diamond film on substrates, surface roughness of diamond films and the 

decrease in the transverse rupture strength of diamond coated substrates must be solved for the widespread use of diamond 

coated cutting tools 

Surface Coating materials and Techniques 

Four types of coating materials are used by industries to develop hard and wear resistant surfaces on cutting tools. The 

first type include Titanium based coating materials such as TiN, TiC and TiCN. The second type includes ceramic coatings like 
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Al2O3. The third type represents super hard coatings like PCBN and CVD Diamond. The fourth type includes self lubricating 

coatings with very low coefficient of friction such as amorphous metal carbon. 

Physical Vapor deposition is a vacuum coating method in which the coating material is physically removed from a 

source by evaporation or sputtering. It is carried by the energy of vapor particles and condenses as a film on substrates under 

vacuum.PVD Coatings on cutting tool can be deposited at temperatures in the range of 450 to 550° C which allows film 

deposition on high speed steel substrates. Moreover, PVD Coatings control thickness on edges leading to a sharp coated edge. 

The ability to de coat and re sharpen the PVD Coated tools make it suitable for automotive industries.  

Chemical vapor deposition is a heat activated method based on reaction of gaseous chemical compounds on pre 

heated substrates. The ability of producing thick layers by CVD at high deposition rates makes it highly suitable for high metal 

removal rate.CVD Coatings interact with substrates, sometimes producing brittle carbides at interfaces. 

Surface Coatings for metal forming  

Since sheet metal forming causes severe sliding between dies and the blank, lubrication has been considered as 

necessary for preventing seizure and high pressure. For achieving dry metal forming it is essentially important to choose PVD 

and CVD coatings for die surfaces. Osakado measured coefficient of friction with ring compression test under dry conditions. 

Diamond like carbon resulted in low coefficient of friction with aluminum alloys under dry forming conditions. The coefficient 

of friction is affected by surface roughness of die surface during sheet metal forming without lubricants. 

The authors conducted a series of experiments in which molybdenum disulphide powder is coated on high speed steel 

substrates using thermal evaporation technique. The PVD coatings are analyzed using SEM and EDX analysis. A well adherent 

surface coating was deposited on high speed steel by controlling the coating process parameters and coating properties. 

 

Fig1.Typical microstructure of thermally evaporated Molybdenum disulphide coatings on High speed steel substrates 

S.J.Dowey analyzed the performance of coated forming tools in real life industrial experiences using statistical techniques. It 

was reported that a combination of factors like surface finish and surface coating gave a significant improvement in tool life of 

cold forming tools. From Weibull analysis ,the characteristic life of uncoated tools were 55000 whereas the characteristic life 

of TiN coated and nose polished tools were 85000.A 60% increase in tool life of tools was reported  for coated and polished 

forming tools 

Surface coatings for automotive components 

Nearly 15 % of the power supplied to an IC engine is wasted due to friction between contacting mechanical parts in 

relative motion. Most of the friction is caused by cylinder liner/piston –piston rings. However crank pin, injection pump and 

valve train are also responsible for mechanical dissipations. Traditionally Cast iron is used as material for engine block. 

Nevertheless Aluminum alloys have been recently introduced in automobile industries to reduce the vehicle inertia mass. 

Tribological Coatings are required for automotive components made out of aluminum alloys to improve wear resistant and 

seizure properties, thus ensuring useful service life. Physical Vapor deposition, magnetron sputtering and plasma assisted 

chemical vapor deposition are used to coat piston, piston rings and other automotive components to reduce friction. Diamond 

like carbon, Molybdenun disulphide and Chromium nitride are used as coating materials. 

Connecting rod bores can be coated by atmospheric spraying process for copper base alloys. The creep strength of the 

aluminum piston head  can be increased  by deposition of thermal barrier in partial stabilized zirconia by using plasma spray 

process.DLC Coatings  deposited  by PVD Coatings and PECVD have been applied to injection systems .The possibility of 

surface coating to gears to minimize oil lubrication is not acceptable to automotive industries due to high cost factor. Plasma 

nitriding is one of the well established techniques for coating of crankshafts, springs and synchronizers to improve hardness 

and fatigue strength. 

CONCLUSION 
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The most important aspects of surface engineered coatings for automotive industries are discussed in this paper.PVD 

and CVD Coated cutting tools have increased the productivity, improved the tool life and enhance the surface finish of 

components and are widely used in Automotive industries for metal cutting operations.DLC Coating is a promising coating 

method to coat sheet metal forming dies, engine and power train components. The dream of manufacturing and running an 

automobile without lubricants will be realized in future through surface engineered coatings.  
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