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Kawasaki Steel has developed various kinds of high strength galvannealed sheet steels to reduce weight and improve
the corrosion resistance of automotive bodies. In this paper, the line-up and properties of these steels are introduced. For
the dual phase type steel, molybdenum addition is preferred to maintain martensite phase in the heat cycle of continuous
galvanizing lines. Excellent surface quality of the galvannealed steels is assured by good wettability of molten zinc
because of no surface segregation of molybdenum during recrystallization annealing. Low carbon equivalent of the HSLA
type steel is developed to obtain excellent weldability. Low phosphorus content in the steels provides good powdering

resistance of galvannealed coatings and high productivity in continuous galvanizing lines.
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Fig. 1 Typical heat cycles of a cold rolled steel and a galvan-
nealed steel, showing the difference in the microstruc-
tures

gooooooooooooooooooooooooooboooo
0000o0ooooooooooooooooo

2 0000000000 O0OOoOoOoOooooOOoOo

21 0O0O0O0ODOOOOOOOOOOOOOOOO

0000oo0o0o0oooooooooo(@) SioMnOPODOO
000000(2)Tio NbOOOOOOOO0O0O0O0O0ooooos)
00o0oo0oD@4) 0o0o0o0oo0ooooooooooooo
oo0o0oO0o0o0o00oO0o0oUoUoOoooOoooOoOOoOoOoOOSi o MoO
POOOOOOOOOOOOOOOTable 1 0O0O0OOOOOOO
000000000000 0000000000DO0O0ODOOO
0000000000000000000000000000O0O0
000o0o0ooooooooooooooooooooooooo
ooooowoooosSiooooooooooooooooooo
ooo0oOooooOoOo0oooOoOoOooooOoOoMnOOOOODOO
ooooooOo0oooOooooOooooOoSicooooooooo
000000oooooooooooooooooooooooo
OO0 MnOOOOOOODOOOOPOOODOOOODODOOOODO
0d0oo0ooooooooooooooooooooooooon
00000000oo0oooooooooooooooooooooon
000000000000 O0*»00D00D000D0O0DoOooDooO P
000ooooooooooooooooooooooooooon
0000000000000000000000000000O0OAO0
pOOOOOOOOOODODOOPOOOOODOOOOODOOOO
000000oooooooooooooooooooooooo
000000000ooooooooooooogoooo

22 0O0O0O0OO0OOOOOOOOOOOOOOOO

100000000000000000000O00ODOO0O0ODD

Table 1 Standard Gibbs free energy of oxide formation at

727°CY
Elements Standar(gk?}ﬂasl_f(r)i)e energy
Cr.04 ~580
Mn,0, _586
MoO, _490
S0, ~730
PO ~ 469
FeO 493
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Fig. 2 Effect of Mo content on mechanical properties of
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Fig. 3 CCT diagram for conventional and Mo added steel and
heat cycle of hot-dip galvannealing
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Fig. 4 GDS profiles of Si and Mo added steel surfaces after

annealing
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Fig. 5 Influence of substrate chemistry on galbannealing behav-
ior
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Fig. 6 Relationship between tensile strength and elongation of
high strength galvannealed steels

Table 2 The Japan Iron and Steel Federation standard and hardening mechanism of typical high tensile strength galvannealed sheet steels

produced by Kawasaki Steel

T(Sl\/%frjz()le JISF standard Kazgaﬁr%eel Hardening mechanism
Hotrolled galvannealed JAH440W, ] RASAP440 C, Mn alloyed solid solution hardening
JAH440R RAAPFH440 C, Mn alloyed solid solution hardening
440 JAC440W RASAP440 C, Mn alloyed solid solution hardening
Cold-rolled galvannealed JAC440P RACHRX440 C, Mn, P alloyed solid solution hardening
— RACHLY440 Martensitic transformation hardening (Dual phase)
Hotrolled galvannealed JAH590R RAAPFH590 Low C, Ti, Nb-added precipitation hardening
590 Cold-rolled galvannealed JAC590R RAAPFC590 Low C, Ti, Nb-added precipitation hardening
— RACHLY590 Martensitic transformation hardening (Dual phase)
— RAAPFC780 Ti, Nb-added precipication hardening
780 Cold-rolled galvannealed — RACHLY780 Martensitic transformation hardening (Dual phase)
980 Cold-rolled galvannealed — RACHLY980 Martensitic transformation hardening (Dual phase)
0350 000000 Vol 35 No. 12003
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Table 3 Chemical compositions of the substrate

(mass(] )
C Mn P S Al Mo
0.080 2.00 0.010 0.005 0.042 0.15
Total elongation
El (%) Developed
GA
Collision-sbsorbed Yield
energy E elongation
MJm?) 220 O YEL(©)
(Strain: 0-3000 )
Conventional
HSLA GA
v %
Yield ratio ¢ Work-hardning
YR @) exponent n-value
(Strain: 10-200)

Fig. 7 Comparison of mechanical property between the devel-
oped 590 MPa grade GA and convention HSLA type GA
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Fig. 8 Comparison of powdering resistance between the devel-
oped 590 MPa grade GA and conventional 590 MPa GA
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Fig. 9 Influence of C content in the 590 MPa grade GA steels on
strength of spot welding
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Table 4 Mechanical properties of TS 440 MPa grade galvannealed steels

YP (MPa) TS (MPa) El (O) YR (») YEL (O) BH (MPa)
Developed steel (Dual phase) 267 442 37 60 0 60
Conventional steel (Semi ultra low C) 295 450 34 66 0 0
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Fig. 10 Balance of 7value and elongation of TS 440 MPa grade
galvannealed steel
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