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Strengthening Mechanism in Hot-rolled High Strength Sheet Steel with Increase in
Tensile Strength Induced by Bake Hardening

Shinjiro KANEKO, Saiji MATSUOKA, Kei SAKATA and Toru HOSHI

Synopsis

: A new type of bake-hardenable high strength hot-rolled sheet steel was developed, which shows remarkable increase in tensile strength (TS)

as well as yield strength after strain age treatment such as paint baking to autobody. The new sheet steel possesses excellent crashworthiness

and high fatigue strength, and also shows good formability equal to that of conventional high strength sheet steel. Furthermore, it shows good

anti-aging property at room temperature. The mutually contradictory requirements of a high bake hardening capacity in TS and anti-aging

property at room temperature are satisfied by optimizing the solute N content in the hot rolling process.

The increased TS observed after paint baking is due to large work hardening relating with high dislocation density. In the case of devel-

oped steel, dislocations generated during prestrain are strongly locked by nitrogen after paint baking. Therefore, multiplication of dislocation

encouraged at these locked dislocations to progress plastic deformation, resulting in high dislocation density. The external force required for

movement of a dislocation in a dislocation group increases as the dislocation density becomes larger, leading to increase in TS. As the result

of TEM investigation, nitrogen forms clusters and/or precipitates on locked dislocations after paint baking.

Key words : low carbon steel; hot rolled product; hardenability.
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Table 1. Chemical composition of developed steel.
(mass%)
C Si Mn P S Al N

0.08 0.10 125 0016 0.003 0.017 0.0068

BH : Increase in yield strength after baking

BHT : Increase in tensile strength after baking

Developed Steel
BH BHT
% Conventional BH Steel
n
Baking
Prestrain Strain

Fig. 1. Stress-strain relationship of developed steel after

strain aging compared with conventional BH steel.

Table 2. Typical mechanical properties of the developed
steel. (¢7=1.4 mm)

YS TS El BH* BHT**
(MPa) (MPa) (%) (MPa) (MPa)
Developed steel 370 478 34 95 57
Conventional steel 347 480 34 14 9

* Increase in yeild strength after strain aging ( 2%prestrain — 170°C -20min)
** Increase in tensile strength after strain aging ( 10%prestrain —> 170°C -20min)
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Fig. 2. Optical microstructures of (a) developed steel and
(b) conventional steel.
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Fig. 3. Effect of prestrain on BH and BHT of developed
steel and conventional steel. (=1.4 mm)
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Fig. 4. Changing in mechanical properties during room
temperature aging of developed steel and conven-
tional steel. (#=1.6 mm)
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Fig. 5. Effect of Solute N content on BH and BHT.
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Fig. 6. Influence of strain age hardening on fatigue
strength of developed steel.
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Fig. 8. True stress—true strain relationship and do/de—true strain relationship of (a) conventional steel and (b) developed steel after

strain aging.
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g. 9. do/de-true strain relationship of (a) conventional steel and (b) developed steel after strain aging.
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Fig. 10. Schematic illustration describing mechanism of increase in tensile strength by baking.

Fig. 11. Thin film TEM microstructure showing disloca-
tion structure in developed steel before or after
prestrain and baking. (a) As-produced. (b) 10%
prestrain—170°C-20 min.

4.2 BIRSMROSIREE LREIE

B P& SR D MR BT L UL K B 5 3R AE D b ARSI
DNWTIE, AT TRNR-EEIZLDEHTELIEEALGN
5, 22T, KEHICIZTEM 2K B3EMEFHOBEIZL S
EZFEDOFE, TEM 12 & 3 &0 T RMAMEISIC K 5407
OREEESOFE, EARFUEIZ K 5 XHFEMEOZEL
Ik BERMEEOMMOFEEEIZKD, SIRMED LA
BEREIZ DWW THREEL 72, Fig.11 (ZBAR MR O TEM BLEAS
B ART, Figll(a) (38 AL % i & 28 WIRRO
TEM BEHERTH D, Fig.llb) 106D FEAEFEL
7=#42, 170°C € 20 min D EFEBERH 2 O RN % fig
L7z DThb, VTEADKGIZKD AT AEA S H

58

140
120
100 ¢
80
60
40
20

Counts

0 .
0 02040608 10 1214
Energy(kV)

Fig. 12. (a) TEM micrograph of dislocation after prestrain
and baking and (b) EDX spectrum of analysis
point. ( ): contamination.
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Fig. 13. Dislocation networks of developed steel induced
by tensile strain with or without baking treatment.
(a) 10% prestrain—170°C-20 min—4.5% strain.
(b) 14.5% strain,
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