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Development of 590MPa Grade Hot-dip Zn-6%Al-3%Mg Alloy
Coated Steel Sheets (ZAM") with High Burring Property

Kentarou Hirata, Shinya Uesugi, Susumu Fujiwara, Tomoharu Shigetomi

Synopsis:

For the purpose of 590MPa grade hot-dip Zn-6%Al-3%Mg alloy coated steel sheets (ZAM®) with an excellent burring property, we
examined the influence of chemical compositions and microstructures including Ti*/C (proportion of TiC precipitations) on mechanical
properties and the hole expanding property in the laboratory, and then conducted pre-production and mass production based on these
experimental results.

(1) We recognized that the co-addition of Ti and B to low carbon steel sheets with an approximate 0.5 Ti*/C balance indicated an almost
bainitic ferrite single phase structure in which nano-order TiC precipitations were densely dispersed, and thus obtained an excellent hole
expansion ratio with reasonable ductility despite the high strength steel sheets.

(2) The chemical composition of the developed steel sheets was 0.03%C-0.7%Mn-0.07%Ti-0.003%B (Ti*/C=0.5), which showed that TSXT.El
balance was almost equivalent to our 590MPa class conventional steel sheets, and that TSXA balance was about two times better than that
of conventional steel sheets.

(3) The developed 590MPa grade ZAM® can be highly expected to be used in various other applications that require high strength, an

excellent burring property, and excellent corrosion resistance.
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Fig. 1 Effect of microstructures on elongation-hole expansion
ratio balance.
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Table 1 Chemical compositions of steels used. (mass%)

No| C |Mn| S Ti B N Ti* |Ti*/C
A1]0.031(1.04{0.003| - - (00023 - -

A210030(1.03{0.003 — [0.004[0.0025 - -

A310.032(1.04(0.003 [0.064| — [0.0023]0.052| 0.41
A410.030(1.05{0.003 [ 0.064 {0.004 [0.0027 | 0.052 | 0.42
B1 [0.050 {1.03]0.003 | 0.061 | 0.004 | 0.0024| 0.049 | 0.24
B2 [0.015]1.03]0.003 ] 0.062 | 0.004 | 0.0025| 0.049 | 0.82
B3 [0.030 {1.04]0.003 | 0.031 | 0.004 ] 0.0021| 0.020 | 0.17
B4 [0.027 {1.05] 0.003 | 0.100 | 0.004 | 0.0024 | 0.088 | 0.81

A series

B series

(51:0.10~0.11, P:0.015~0.019, Al:0.025~0.038)
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Fig. 2 Effects of Ti and B on mechanical properties and hole
expansion ratio.
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Fig. 3 Effects of Ti and B on microstructures.
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Fig.4 TEM images of Ti added and Ti,B co-added samples.
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Fig. 6 Effect of Ti*/C on microstructures.
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and A4 steel.
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p/m /nm /%
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Fig.10 Effect of Ti*/C on dislocation density.
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Fig.11 TEM images of substrate for Ti*/C 0.2 and 0.8 steel.
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Table 3 Chemical compositions of developed steel sheets.(mass%)

C | Si(Mn| P S Ti B N Ti* | Tiv/C
003 [ 01 | 0.7 [ 002 |0.003 | 0.07 {0.003]0.002 [ 0.059 | 0.50

x4 HREMOBMNEES X ORRTHE
Table 4 Mechanical properties and hole expansion ratio of deve-
loped steel sheets.

YS TS | TEI| 4 |TSXTEl| TSx 4
(MPa) [ (MPa) | (%) | (%) | (MPa-%) | (MPa-%)

Developed | 622 | 653 | 20 [ 115 13,060 75,095
Conventional [ 613 | 648 | 21 55 13,608 35,640
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Fig.12 Microstructures of developed steel sheets.
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Fig.13 Cross section SEM images near expanded hole edge
after 50% burring for developed and conventional steels.
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