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Development of High Strength Galvannealed Steel Sheets
with Extra Deep Drawability
Hisashi TAKADA, Masatoshi SuDO, Ithiro TSUKATANI,
Denei TARAYL, Akira Hase, and Kunio Tsujt »
Synopsis:

The effects of silicon, manganese and phosphorus addition on the mechanical properties of extra low
carbon titanium-stabilized steel sheets have been examined in order to develop high-strength galva-
nnealed steel sheets with extra deep drawability. Titanium-stabilized steels containing silicon, manganese
and phosphorus have excellent r-value, good strength/elongation balance and low vyield ratio (yield
stress/tensile strength) as in base steel without these substitutional alloying clements. In particular, the
r-value of silicon and phosphorus-containing steel sheets are higher than that of base steel at a given
grain size after annealing.

The effects of phosphorus addition in steels oh phosphate coating, galvannealing behavior after gal-
vanizing, and the properties of galvannealing coating have been investigated. Titanium-stabilized sheet
steels with phosphorus show excellent coating properties after pheosphating cor galvannealing.

The spot weldability of galvannealed sheet steels manufactured in accordance with these experimental

results are sufficient to meet the requirements of automocbile manufacturers.
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Table 1. Chemical composition of steels (wt25).
Steel C Si Mn P s Al o} N Ti 3. R B o® R
B ~gg(ﬁ 0.01 0.15 0.015 0.020 0.001 0.004 0,002 0.12 3.1 %mﬂ'ﬂﬁﬁé’scklﬁrﬂﬁ

S1 0.003 0.2¢ 0.16 0.013 0.019 0.012 0.008 0.001 0.11

$2 0.00¢ 0.50 0.15 0.014 0.018 0.0t1 0.006 0.001 0.120
M2 0.006 0.4¢ 0.70 0.015 0.014 0.010 0.003 0.003 0.142
M3 0.009 0.47 1.51 0.016 0.013 0.011 0.003 0.002 0.135
M4 0.007 0.50 2.32 0.016 0.014 0,007 0.002 0.003 0.135
P1 0.004 0.0] 0.15 0.094 0.019 0.012 0.007 0.001 0.080
P2 0.003 0.01 0.15 0.196 0.019 0.010 0.007 0.001 0.070
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Fig. 1. Effects of silicon, manganese and phosphorus
contents on mechanical properties.
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Fig. 3. Effects of silicon, manganese and phosphorus contents on r-value. (F= (ry-+2r45+799) /4)
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Fig. 4. Relationship between grain size and 7-value.
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Fig. 5. Relationship between phosphorus content
in titanium-stabilized steel and the time required
for galvannealing at furnace temperature of 700°C.
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Photo. 2. Microstructures of plating layer on the surface of various steel sheets galvannealed at

furnace temperature of 700°C.
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