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Effects of Warm Forming on Stretch-flangeability of a TRIP-aided Dual-phase Sheet Steel
Akihiko Nacasaka, Koh-ichi Sucimoro, Mitsuyuki Kosavasnr and Shun-ichi Hasuimoro

Synopsis :

To improve the stretch-flangeability of a high strength TRIP-aided dual-phase (TDP) sheet steel, the effects of

forming temperature, forming rate and clearance on the stretch-flangeability were investigated. Warm hole-punching
at 150-200°C and successive warm hole-expanding at about 150°C increased considerably the stretch-flangeability. The
warm hole-punching minimized void initiation at matrix/second phase interface, work hardening and a depth of damage
layer at hole surface by suppressing the strain-induced transformation in an early stage. Also, it increased the volume
fraction of untransformed retained austenite, which contributes to large stretch-flangeability. The warm hole-expand-
ing improved the localized ductility due to the transformation induced plasticity. When a clearance between punch and
die was about 10%, the largest stretch-flangeability was obtained with the minimum surface damage on hole-punching.
Punching rate influenced hardly upon the stretch-flangeability, although it did somewhat on surface damage.

Key words : stretch-flangeability ; warm forming ; retained austenite ; stability ; transformation-induced plasticity ; strain-induced

transformation ; high strength steel.
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Fig. 1. Experimental apparatus for (a) warm hole-punching and (b) warm hole-expanding.
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Fig. 2. Scanning electron micrograph of as-aus-
tempered TDP steel, in which “a;”, “a@,” and
“w” represent ferrite matrix, bainite island

and retained austenite particle, respectively.
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Fig. 3. Variations in 0.2% offset proof stress (0.2%
PS), tensile strength (75), total elongation
(TEl) and uniform elongation (UE!) with
testing temperature (7).
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Fig. 4. Variation in k-value in tension with testing
temperature (7°), in which “SIMT” a_nd
“SIBT” represent strain-induced martensite
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Fig. 5. Variations in (a) punching shear stress (zp),
(b) critical damage depth (/*) and (c) maxi-
mum mean hardness (HV nax) in hole-surface
layer of TDP steel with punching tempera-
ture (73) and punching speed (V) under ¢=

and bainite transformations, respectively. 10%.
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Fig. 6. Depth distribution of 1 content in a hole surface layer punched (a) at various temperatures between 20
and 250°C (¢c=10%, V»=10mm/min), (b) at various punching speed (7»=20°C, ¢ =10%) or (c) at various
clearance (73=20°C, Ve=10mm/min), in which /* represents critical depth of damage layer. Drilling is

conducted at 20°C.
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Fig. 7. Scanning electron micrographs showing cross section of hole surface in TDP steels punched under various

conditions.
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Fig. 8. Effect of clearance on (a) punching shear
stress (), (b) critical damage depth (/*) and
(c) maximum mean hardness (HV pay) in hole
-surface layer of TDP steels punched at
7> =20°C or at 150°C. A straight line in (b)
represents a product of clearance and thick-
ness of TDP steel.
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Fig. 9. Effect of clearance (¢) on hole-expanding
ratio (1) of TDP steel. (V,=10mm/min,
Ve =1mm/min)
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Fig. 10. Effect of punching temperature (7p) on
maximum hole-expanding load (FP:) and
hole-expanding ratio (1) of TDP steel, in
which 7 represents hole-expanding tem-
perature. (V,=10mm/min, Vi =1mm/min)
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Fig. 11. Effects of punching temperature (73) and
expanding temperature (7%) on maximum
hole-expanding load (P:) and hole-expand-
ing ratio (1) of TDP steel. (V;=10mm/
min, Vz=1mm/min)
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TDP, BDP (ar+a,) and MDP (a;+ am)
steels formed at 20°C (open marks) or at
optimum forming temperature (7pp, solid
marks) as a function of 78S.
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