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1. Introduction  

In order to meet fuel consumption targets for the aviation sector, increasing demands for low 
density and high strength materials were observed. In this specific sector, low strength structural 
components are commonly produced from aluminum alloys, and high strength structural components 
are made from titanium alloys [1]. The main problem during hot forming of complex-shaped 
components from titanium alloys is time, energy and cost intensive. The aircraft industry currently 
uses methods such as superplastic forming (SPF) [2], superplastic forming with diffusion bonding 
(SPF-DB) [3], hot stretch forming [4], creep forming [5], hot gas-pressure forming [6] or isothermal 
hot forming [7, 8] to produce complex-shaped structural components. However, these techniques 
usually require a very high temperature, slow strain rate and simultaneous heating of tools and sheet 
during the forming process. These characteristics gradually decrease productivity, and proportionally 
increase the cost of production. For example in conventional hot stamping using a furnace, the heating 
time of forming tools exceed the time of 2 h [9]. In order to increase the productivity of forming 
processes, new forming techniques such as the solution heat treatment, forming and in-die quenching 
[10], the Quick-plastic forming [11], and the hot stamping using rapid heating [9,12] have been 
developed. One promising solution to overcome low efficiency/high cost problem found in traditional 
techniques is using the hot stamping process to form complex-shaped components from sheet metal 
with cold dies, and rapidly quenching the workpiece in the dies simultaneously. The hot stamping 
process promises to reduce the tool wear commonly found in conventional hot forming processes and 
be an overall more efficient and economical process when compared to conventionally used 
isothermal hot forming techniques [9]. Traditional hot stamping processes have mainly focused on 
forming lightweight alloys, such as aluminium alloys and ultrahigh strength steels, for the automotive 
industry. However, few references can be found focusing on the hot stamping of titanium alloys. 
Recently, there has been an increased demand for titanium components in the aerospace industry due 
to their high strength to weight ratio, excellent temperature stability and corrosion resistance [13,14]. 
Therefore, there is a clear need to study the hot stamping of titanium alloys to achieve required 
mechanical performance whilst reducing manufacturing cost.  

2. Results  

A novel hot stamping process for titanium alloys using cold forming tools and a hot blank was 
studied in this work. Uniaxial tensile tests at temperatures ranging from 600 to 900 °C and strain rates 
ranging from 0.1 to 10 s-1 were conducted to investigate the formability of Ti6Al4V alloy. The 
microstructure and post-form properties of the material were monitored during tests to characterize 
the flow behaviour of investigated alloy. Hot stamping tests were performed in a wide temperature 
range to verify the feasibility of the novel process for the Ti6Al4V alloy. The formability of the 
material under isothermal conditions increased with the increasing temperature and decreasing strain 
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rate. A satisfactory elongation ranging from 30% to 60% could be achieved at temperatures ranging 
from 750 to 900°C respectively. During testing at various temperatures, a different microstructure 
evolution mechanisms were observed. In the range from 600 to 700°C, the main mechanism was 
recovery; whereas from 750 to 950°C, the main mechanism was transformation and recrystallization. 
The hardness of the material after deformation first decreased with the temperature due to recovery 
at 750°C, and subsequently increased due to the phase transformation and recrystallization at 900°C. 
During the hot stamping tests, qualified parts could be formed successfully at heating temperatures 
ranging from 750 to 850°C. By using the proposed novel hot stamping technology, a wing stiffener 
component made of Ti6Al4V titanium alloy was formed.  
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