


to the exposed panels of the auto body, where dent resis-
tance is necessary. In contrast, the developed sheet
shows a remarkable increase in yield strength, exceeding
that of the conventional BH sheet, and at the same time,
also shows improved tensile strength. These important
advantages make it possible to apply the developed sheet
to auto body structural members where crashworthiness
and/or fatigue properties are required.

This report describes the various properties of the
developed sheet steel and presents the results of a study
of application of the new sheet to the auto body.

2 Manufacturing Principle and Mechanism of 
Increased Tensile Strength in Developed Sheet

A high strain age hardening capacity is realized in the
developed sheet steel by using the element N, which has
higher solubility in the hot-rolling temperature region
than C. Figure 2 shows a schematic diagram of the hot
rolling cooling process used in producing the developed
sheet. In order to secure solute N in the sheet, precipita-
tion of AlN is suppressed by controlling the cooling
conditions after hot rolling. At the same time, deteriora-
tion of mechanical properties due to room temperature
aging  is suppressed by refinement of the grain size. This
is accomplished by rapid cooling after hot rolling, which
causes the solute N in the steel to segregate to a stable
position at the grain boundary. This process makes it
possible to satisfy both of the mutually contradictory
requirements of a high strain age hardening capacity and
an anti-aging property at room temperature.

To clarify the mechanism by which paint baking
enhances the tensile strength of the developed steel, the
authors carried out the following study.

Photo 1 shows the influence of paint baking on the

dislocation substructure of the developed steel after the
tensile test. Photo 1(a) shows the results of TEM obser-
vation of a sample when paint baking was performed
after applying 10% prestrain, and additional strain of
4.5% was applied after baking. Photo 1(b) shows the
case of deformation up to 14.5% without paint baking.
In the material which was given paint baking treatment,
a dislocation loop and tangling of dislocations can be
clearly observed, as indicated by the arrows in the figure,
and it can be understood that the dislocation density has
increased in comparison with the non-paint baked mate-
rial. This is attributed to the fact that the dislocations
which were introduced by prestrain became firmly
locked during paint baking, and the plastic deformation
which was applied after paint baking encouraged multi-
plication of dislocations. The external force required for
multiplication of dislocations increases as the disloca-
tions become more strongly and densely locked at the
dislocation source. Moreover, the external force required
for movement of a dislocation in a dislocations after
multiplication also increases as the dislocation density
becomes larger. Thus, the increased tensile strength
observed after paint baking is considered to be a result
of the higher stress generated by these dislocation multi-
plication during plastic deformation. This study con-
firmed the presence of fine precipitates on dislocations
in the stage when aging treatment was performed after
prestraining. In the tangled dislocation region, it is
assumed that these precipitates serve as sites for the
locking/multiplication of dislocations.

Because the X-ray diffraction half-width becomes
greater as the dislocation density increases, the phenom-
enon described above was verified by measuring the
changes in the X-ray diffraction half-width with and
without paint baking. The X-ray diffraction half-width
was evaluated using the half-width increase ratio (











05) A. Yasuda, O. Furukimi, and Y. Seino: Kawasaki Steel Giho,
32(2000)1, 1–6

06) M. Shibata: 180th Symposium of Technol. Plast., (1998), 9
07) K. Miura, S. Takagi, T. Kato, O. Matsuda, and S. Tanimura:0

Materia Japan, 35(1996)5, 570
08) K. Miura, S. Takagi, T. Hira, and O. Furukimi: SAE Technical

Paper, No. 980952
09) H. Hayashi: J. of JSAE, 49(1995), 5
10) E. Izuka, T. Hira, and O. Furukimi: CAMP-ISIJ, 12(1999),

1222
11) E. Izuka, J. Hiramoto, T. Hira, and O. Furukimi: Proc. of

JSAE, (1999)81–99, 21
12) S. Kaneko, J. Hiramoto, S. Matsuoka, and K. Sakata: Proc. of

JSAE, (2001)11–01, 1
13) J. Hiramoto, S. Kaneko, T. Hira, K. Sakata, and H. Abe: Proc.

of JSAE, (2001)11–01, 5
14) S. Kaneko, J. Hiramoto, S. Matsuoka, and K. Sakata: CAMP-

ISIJ, 14(2001), 1386
15) S. Kaneko, A. Tosaka, K. Sakata, F. Kosumi, and I. Hishi-

numa: Materia Japan, 41(2002), 48
16) S. Kaneko, J. Hiramoto, S. Matsuoka, A. Tosaka, and K.

Sakata: SAE Technical Paper, No. 2002-01-0040
17) S. Satoh, T. Irie, and O. Hashimoto: Tetsu-to-Hagané, 68

(1981)9, 236
18) M. Kurosawa, S. Satoh, T. Obara, and K. Tsunoyama:

Kawasaki Steel Giho, 19(1987)2, 119
19) S. Satoh, S. Okada, T. Kato, O. Hashimoto, T. Hanazawa, and

H. Tsunekawa: Kawasaki Steel Giho, 23(1991)4, 293
20) K. Miura, S. Takagi, O. Furukimi, and S. Tanimura: J. of

JSMS, 47(1998)10, 1053

No. 48 March 2003 59


