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In this study, improvement of formability and productivity, and manufacturing of high-value
added products in hot forming processes of ultra-high strength steel and carbon fibre
reinforced plastic parts were examined for reduction in weight and improvement of crash
safety of transportation equipment.

Although application of the ultra-high strength steel parts on the body-in-white of automotive
is effective for the reduction in weight and the improvement of crash safety, a large forming
load and springback are problematic due to the high strength. To solve these problems, hot
stamping of quenchable steel sheets is effective. In hot stamping using die quenching,
automobile parts having a tensile strength of about 1.5 GPa are produced. Moreover, the
springback is very small. This springback-free mechanism is more complicated than that in
cold forming because of the thermal shrinkage and phase transformation.

In hot stamping, the productivity is lower than that in cold stamping because holding at the
bottom dead centre is required for die-quenching for about 10 s. Moreover, trimming
operation of the hot-stamped parts is difficulut due to the high strength. In addition,
development of manufacturing process of the parts having tailored properties is required for
the high crash safety.

The springback-free mechanism in hot stamping of the ultra-high strength steel parts was
investigated from the elastic recovery, the thermal effects and the phase transformation
viewpoints.

A water and die quenching process with submerged tools was developed to improve the
productivity of hot stamping. The stamped part was rapidly cooled by water and the holding
time was drastically reduced. This process was applied to hot stamping of thick sheet.

A tailored tempering process by two-stage hot stamping was developed to manufacture
tailored parts having the desired strength distribution. In this developed process, only the high
strength part is formed and die-quenched in the first stage, and then the whole of part was




formed in the second stage. A conventional quenchable steel sheet for hot stamping without
welding and the non-heated dies are employed in this process, thus it leads to the low costs
and the high productivity.

The effect of hot trimming conditions on the quality of sheared edge and mechanical
properties is investigated. The tensile residual stress on the sheared edge was reduced and the
occurrence on the delayed fracture was prevented for the high trimming temperature above
the start of the martensitic transformation.

A press forming operation of carbon fibre reinforced plastic is as difficult as that of the
ultra-high strength steel sheet because no deformation of the carbon fibre. In the forming
process of the carbon fibre reinforced thermostatic plastic, the fabric made of the carbon fibre
is formed by a press, then a resin is injected into a mold and hardened by heating, whereas the
productivity is low because of the long holding time for hardening.

Carbon fibre reinforced plastic parts were manufactured by sandwiching carbon fibres
between upper and lower plastic layers made by a 3D printer using fused deposition
modelling. Carbon fibre reinforced plastic tensile specimens were manufactured, and the
strength of the specimens was measured. The strength is not increased only by sandwiching of
the carbon fibres, and thermal bonding between the fibres and layers is required. The thermal
bonding operation is simplified by using a microwave oven.




