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Development and Application of Box-annealed Bake-hardenable

Steel Sheets

Shingo NOMURA, Masayuki MIYAHARA, Yoshiyuki YUTORI,

Katsumi KAMENO, Kunio KAWAMOTO, and Ichiro KOKUBO

Synopsis:

The effects of chemical compositions and processing factors on the bake-hardenability have been
studied on the box-annealed rephosphorized steels and the steels strengthened by silicon and manganese.
The effects of bake-hardening on the dent and crush resistance have been also studied.

Lowering carbon content, increasing hot coiling temperature, and increasing annealing temperature
are shown to be effective for the improvement of bake~hardenability. Bake-hardenability also increnses

with increassing silicon and phosphorus contents and decreasing manganese content.

The influence of

these elements is diminished by lowering carbon contents.

In order to meet the demands of automobile manufacturers,

bake-hardenable rephosphorized steel

sheets are successfully produced on an industrial scale in Unmzed Annealing Department.

Application of bake hardening is effective to improve dent and crush resistance.

Dent resistance is

more improved than crush resistance due to bake-hardening.
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Table 1. Chemical compositions of base steels (wt%).

c Si Mn P S Al
AK Al killed mild steel 0.04 0.02 0.20 0.009 0.003 0.053
Rephos. Rephosphorized Al killed steel 0.04 0.02 0.25 0.080 0.003 0.050
High Si High silicon steel 0.05 1.50 - 0.60 0.010 0.009 0.039
High Mn High manganese steel

0.08 0.06 1.60 0.010 0.007 0.030
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Fig. 1. Effect of phosphorus content on bake-
hardenability. (Rephosphorized Al killed steels)
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Fig. 2. Effect of phosphorus content on bake-

hardenability. (High silicon and high manganese

steels)
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Fig. 3. Effect of carbon content on bake-

hardenability. (Rephosphorized Al killed steels.
P=0.080%)
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ffects of carbon content and hot coiling temperature on microstructure of
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Fig. 4. Effect of carbon content on bake-
hardenability. (High silicon and high manganese
steels)
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Fig. 5. Typical example of mechanical properties
of bake-hardenable rephosphorized steel sheet
produced by UAD.
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Fig. 6. Relationship between panel yield strength*
and dent depth.
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Fig. 7. Relationship between panel yield strength
and load required to form a dent 0.1 mm deep.
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Fig. 8. Examples of load-crush distance curve in
slow speed crushing test. (Vertical crushing)

( kgt )

Po

o & Betore baking

4 After baking

1 1 1 1 1 1 1
15 20 25 30 10
Yield strength ( kgf/mm?* )

08 0.
Thickness ( mm )
Fig. 9. Effects of yield strength and sheet thick-

ness on crushing load (P,) in slow speed test.
(Vertical crushing)
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Fig. 10. E‘xamples of load-crush distance curve
in slow speed crushing test. (Horizontal crushing)
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Fig. 12. Effect of sheet thickness on energy
required to obtain a crush distance of 20 mm in
horizontal impact test.
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Table 2. Experimental estimation of sheet thickness required to obtain the same dent
and crush resistance as those of mild steel panels.

thickness (mm)

Static crush resistance (Py) Dynnmic crush

Static dent resistance (Egq)
resistance
Py.1) Vertical Horizontal Horizontal
R =650, 1500 h =40 h =60 h =20 h =60 h =60
Al killed mild steel -
YP : 17kgf/mm?, TS : 31kef/mm? 0.80 1.0 1.0 1.0 1.0 1.0
chkg;s}[’)ho%zidel kizlled steel Without baking 0.74 0.875 0.84 0.93 0.90 0.915
: gf/mm L
TS :38 kgf/mm? After baking 0.68 0.85 0.815 0.91 0.88 0.87
BH : 5kgf/mm? dtgy 0.06 0.025 0.025 0.02 0.02 0.045

Atyy : Thickness reduction achieved by bake-hardening.
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