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New High Strength Steel for Exposure Panels
—High Strength Steel Having Excellent Press Formability,
Superior Surface Precision after Press-forming

and Uniform Surface Appearance—
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Abstract:

SFG HSS (super fine grain, high strength steel sheet) has been developed. It is strengthened by fine Nb(C, N) precipitates
and fine grains to give excellent press formability suitable for automotive exposure panels. The Nb(C, N) precipitate shows
unique distribution, which has not been observed previously and tends to form precipitates free zones (PFZ) close to grain
boundaries. The PFZs lower the yield strength even though grains are small. The SFG HSS has a large 7-value and excellent
resistance to secondary embitterment compared with conventional deep-drawable steel sheets. The trial press forming for an

automotive front-fender model has been successfully conducted to show a wider formable range than conventional steels.
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Table1 Chemical composition of steels A and B
(mass%)
Steel C Si Mn P N Nb Nb/C
A |0.0020 0.02 0.66 0.043 0.0029 0.022 142
B ]0.0052 0.01 0.62 0.040 0.0032 0.068 1.69

JFEDO O No.4020040 500

016 0

70° + 2750 + 700°
4

7O =

gbobooboobobobobooooboooboooXxano
goboooooobooboobooobobooboOooseM
oo TeEMmoboooooon

OFig. 10 y000O00O00OO0OO%OOOOOOOOOO
OOooO0oO0cCc, NbOOOOOOoOoOoAODOBOOODO
globoooooooboooobobdyoooooooo
oooooobobooobooOos3osps0s0ooooon
ooocCc,NbOOOOOooooBOyOOOOOODOOO
gboboooooobgn

OPhoto 10000000 DOO0OOOOOOOOODOOO
BOOD ADOOOOODDODOOOOOODO Fig.1OOOOy
gboboboobobooboobobobooboooboooboan
gboboooooobgoobg

OPhoto20 8500 000000000 DOOOOOOO B
gbobooooboobobobobooboboooban
goood

OFig. 20 830,850, 8700 D D O OOOOO TSOOOO
0000000000 BOOAOODODOODOOOO

1250°C X 5 min
~10°C/s  LE=10s!

10°Cls [ Lmeemmmmmm—ma. 1000°C

10s  0.1-500 s
—

2nd press

LAY

Softening ratio
% X 100 (%)

N

0.002 03 Strain

100 T

80 |-

60 |-

40 |-

Softening ratio (%)

20 |- R
Steel | C (mass%) Nb (mass%)

- o A 0.002 0 0.022
e B 0.005 2 0.068
0 sov ol vaavd v vvomd v svennl o cainmd v vl
10°? 10" 10° 10' 107 10° 10

Inter-pass time (s)

Fig.1 Change in softening ratio with inter-pass time during
hot compression at 900°C for steels A and B
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Photo 2  Optical micrographs of steels A (a) and B (b) on the
cross-sections of the samples annealed at 850°C
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Fig.2 Effect of annealing temperature on the mechanical
properties of steels A and B
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Fig.3 Change in normalized X-ray integrated intensity ratio
with annealing temperature for steels A and B
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Photo 3 TEM replica image and EDS spectra of the pre-
cipitates observed in the specimen annealed at
850°C of steel B
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Fig.5 Schematic illustration showing the hypothesis on the
mechanism for lower yielding in steel B strengthened
by the solid-solution elements and fine Nb precipitates
with PFZ
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Fig.6 Schematic illustration exhibiting the hypothesis on the
mechanism of PFZ formation in steel B
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Table 2 Chemical composition of samples with various
amounts of PFZ

(mass%)
C Si Mn S solute Al N Nb
0.0068  0.02 0.99 0.009 0.052  0.0025 0.101
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Fig.7 Effect of heating rate on mechanical properties of the
steel annealed at 850°C for 60 s

Photo 4 TEM replica micrographs of annealed specimens with
the heating rates of (a) 2°C/s and (b) 15°C/s
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Fig.8 Effect of volume fraction of PFZ on mechanical
properties of annealed specimen
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Table 3 Chemical composition of steels investigated

Steel C N S Nb Ti B

(ppm) (ppm) (mass%) (mass%) (mass’%) (ppm)
A00 24 18 0.005 0.004 0.045 trace
A02 26 18 0.005 0.003 0.045 2
A04 26 17 0.005 0.004 0.045 4
A08 21 19 0.005 0.004 0.046 8
AlS5 20 19 0.005 0.003 0.045 15
B0O 60 30 0.006 0.11 trace trace
B02 66 26 0.006 0.11 trace 2
B04 59 24 0.006 0.11 0.001 4
B10 54 26 0.005 0.10 0.001 10
BI5 58 25 0.006 0.11 0.001 15
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Photo 5 Schematic diagram of evaluation method of the
transition temperature for secondary-work-
embrittlement; (a) Non-brittle fracture, (b) Brittle
fracture
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Fig.9 Effect of B content on the transition temperature for
secondary-work-embrittlement
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Table 5 Mechanical properties of steels used in press-forming
test for a front fender model

OFig. 9000000000 BOOOOODOBOODO Steel (h}sa) (1\11?3) (f;j) e
O00O0oOoono 44oMPald IFOOOOOOOO AODO Developed 285 442 350 170
booo-souooooskcooooodonsd Conventional | 300 45 350 150
Table 4 Mechanical properties of the SFG HITEN
Type | Grade | Thickness (mm) | YS (MPa) | TS (MPa) | El (%) | Mean r-value | T, (°C)
SFG340 1.0 190 345 44 1.9 ~100
CR | SFG390 1.0 235 405 40 1.9 -85
SFG440 1.0 290 446 37 1.9 —65
SFG340 1.0 197 345 42 1.7 —90
GA | SFG390 1.0 227 400 38 1.7 —65
SFG440 1.0 285 442 35 1.7 —45

CR: Cold-rolled steel sheet, GA: Galvannealed steel sheet

Tensile specimen: JIS No.5, Transverse direction

T,: Critical temperature for anti-secondary work embrittlement in the flanging test of drawn-cup with the
cup-height of 35 mm and the drawing ratio of cup diameter to blank diameter, 2.1 for 340 grade and 2.0 for

390 and 440 grade
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Photo 6 Front fender model for evaluating press-formability
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Fig.10 Press-formability for a front fender model of the
developed 440 MPa galvannealed steel sheet and
the conventional galvannealed IF-HSS
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