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Age-hardening Behavior and Dent Resistance of
a Bake-hardenable and Extra Deep-drawable Steel Sheet
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Synopsis:

Age hardening behavior of a deep-drawable and bake-hardenable
steel sheet was examined by measuring dent resistance and strength
change of a model panel in a tensile test. Obtained results are as fol-
lows: {1} Bake hardenability in a tensile test was in good agreement
with the dent resistance of a pressed part, (2) sufficient hardening
effect was obtained even at a lower temprature, (3) once the steel
sheet was deformed, age hardening started. Hardening was accele-

rated with incrensing strain and the increased amount of solute carbon.
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Fig. 1 Features of mechanical properties of CHRX and re-
phosphorized high strength steel (TS grade: 350 MPa)}
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Fig. 2 Measuring method of bake hardenability (BH) and
work hardenability (WH) by tensile test
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Fig. 3 Effect of tensile prestrain on work hardening and bake

hardening after aging at 170°C for 20 min {Prestrain
and tensile test were performed in the cross-rolling di-
rection.)
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Schematical illustration of metallurgical factors for producing CHRX by a continuous annealing process
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Fig. 5 Schematical illustration of static denting test
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Fig. 6 Residual dent-depth plotted against plane prestrain in the stretch direction of stamped panels (Aging treat-
ment were carried out at 170°C for 20 min and room temperature, 30-40°C, for 3 to 7 days.)
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Fig. 7 Schematic illustration of a metallurgical principle of
bake hardening

Table 1 Aging conditions

Tensile prestrain®

Aging temperature and time

No. 1 70, 100, 130, 170°C x 20 min o & 19
No. 2 70°Cx 20 min—30°Cx 1, 3, 7 day 0%+ & 1%,
No. 3 30°Cx 1, 3, 10, 24, 72, 168, 504 h 1, 2, 5, 10%

#* Tensile test: 0.7 mm thick, JIS No. 5 specimen, crosshead ’
speed 10 mm/min
#+ As temper tolled
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Fig. 8 Strain-aging effect of prestrained bake hardenable steel
aged at various temperature for 20 min (Specimens were
in the cross-rolling direction)
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Fig. 9 Strain-aging effect of prestrained bake hardenable steel
at 30°C aging after aging treatment at 70°C for 20 min
(Specimens were in the cross-rolling direction)

Fig. 9z, 70°C ¢ 20 RO BN Y E L AkOHE X6
3C CHEFLL s EoBLEOELY R, AHEECEED
AT ERE L S R el 1% o518 b TRy
S LA RE TR 70°C 206 30°C ~BEREE ¥ ET L bidd
BPRERER & & LB L, 1 EB#IL 170°C T 20 &
o BHARCE LR - BERD 80% ¥ TE L, & U5]
EDFENFEEND LERCLEHBELIEL C AL,

Fig. 10 i3, FEELXE 2 2380% 30°CeRF LIt & 2 ORDE
{LEYFELRETELLLOTHE, BELRIL, ERRFMCILEL
BAFRFROTEE170°C € 20 SEORHAE T % bhl- Bk
B AYS(BH) cHiE{E L0 ThD, =2 TEEHER (AD 1,
7.5% FAH 100°C ¢ 30 43 o B MR TH eh D BRI oF
Thh, WEFOBBCEOREELTHVTVS, @ Al=50
MPa M@ CR> H@tsc ko, EA Lo @A KOk
PERBINC A SR T B, S (AI=20MPa) 6 XUNEE C 4 &
N % { & ir[E @0 BH @K (Al=45 MPa) 12007 REBFHR LR
+. FEREMFRY, FEABECENSVEIELEEALE,
AL B, @iEPo iR L BEC oML T RRT
AL EmbLTFEBEIREETHD, 2F ), ABECHE G VY
EHEEESAHEIEL, SR TRSNET T, EfSEL

e B —



PRI it 7 MR & T 123

1.0
09 OAL:25MPa -
08 < AL45MPa -
0.7+
0.6/
0.5
0.4f _
03 o5
02 | 2l

ofe=o" ©

1.6 i
0o s
0.8 7
0.7k >
0.6
0.5
0.4F
0.3+
02/

0.1-6?"6

o N |
80

AYS/4YS (BH}

AYS/4YS (BH)

L o
5% prestrain a 6// 10% prestrain
—

A N O TN S T NV O S TN MO A N

51020 50100 500 1 2 51020 50100 300
Aging time (h)

Fig. 10 Influence of aging index on strain-aging behavior of

bake hardenable steel aged at 30°C after various a-

mount of prestraining (Prestrained specimens were in
the cross-rolling direction)
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