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Vanadium microalloyed steel forgings provide lightweight, high performance and cost effective solutions for many critical 

automotive components in the drivetrain and chassis of modern cars and trucks. These high strength steel forgings are already widely 

used in regions with developed automotive industries such as Europe, Japan and North America, and they play an important role in 

new vehicle designs required to meet increasingly stringent weight and emission targets.  Developing countries and regions will also 

present a significant opportunity for adoption of this technology as indigenous automotive production expands and the best 

engineering solutions are applied. The majority of these forgings are produced from medium carbon steels with small additions of 

vanadium to provide substantial precipitation strengthening of the controlled cooled ferrite-pearlite microstructure. The aim of this 

paper is to provide an introduction to the essential aspects of this important technology by providing an overview of the historical 

development, basic metallurgy, processing, properties and typical applications.    

Keywords: vanadium, forging steel, automotive, fatigue, machinability 

 

Introduction 
 
Air cooled medium carbon vanadium microalloyed 

(MA) ferrite-pearlite forging steels have been used in 

a wide range of automotive components with ultimate 

tensile strength up to 1100 MPa as a replacement for 

the traditional quenched and tempered (QT) steels, 

particularly in Western Europe, USA and Japan since 

the introduction of the first grade (49MnVS3) in 

Germany in the mid-1970’s. The advantages of 

significant cost saving due to elimination of post 

forging heat treatment, straightening and stress 

relieving, reduced distortion, improved machinability,  

more consistent properties and lower material cost 

compared to QT alloy grades, as well as higher 

productivity are the driving forces for the application 

of these steels. By appropriate alloy design and 

processing, vanadium MA forging steels have 

attained the strength levels equivalent to QT steels 
[1,2,3]

. The fatigue resistance of vanadium MA forging 

steels is comparable with that of QT steels at the 

same hardness level. However, the toughness at the 

same strength level is inferior to that of QT steels but 

adequate for many applications, such as connecting 

rods and crankshafts, which are subjected to cyclic 

fatigue loading rather than impact loading in service 
[2,4]

. However, for safety critical components in the 

steering and suspension systems, a higher level of 

toughness is sometimes considered desirable.  

 

MA forging steels achieve the desired high strength 

through precipitation strengthening. Because of the 

high solubility of vanadium in austenite, it is 

preferred over niobium or titanium as the 

microalloying additive in medium-carbon steels 

(figure 1). Vanadium can be fully dissolved in the 

austenite during normal reheating and precipitates as 

fine V(C,N) particles in proeutectoid ferrite as well as 

in ferrite lamellae of pearlite on cooling after hot 

forging, which provides significant increase in 

strength regardless of carbon content 
[ 5 , 6 ]

. Further 

increases in strength can be achieved by increasing 

the nitrogen content up to 200 ppm, or higher. In 

addition, the high solubility of V(C,N) in the 

austenite permits the use of lower reheating 

temperature, which means lower forging production 

costs. Furthermore, microstructure and mechanical 

properties of vanadium MA steels don’t vary much 

with changes in reheating temperature, a benefit to 

produce forgings with uniform and consistent 

properties.  Vanadium MA forging steels exhibit 

similar induction hardening characteristics to QT 

steel with equivalent carbon content and respond well 

to nitriding, carbonitriding and nitrocarburing 
[7]

.  

 
Fig. 1 Solubility isotherms of VC, VN and NbC in austenite 

and the solubility products used to calculated the diagrams 

are according to Tukdogan [8] 

 

Alloy Design 
 

The European standardized MA forging steel grades 

are given in Table 1 
[9]

 and these are representative of 

the types of steels used globally. The majority of the 

steels are vanadium MA medium carbon steels (0.3 -

0.5%C) and the composition is selected depending on 

the mechanical properties required.  
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