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Production Technology and Mechanical Properties of High
Strength Hot Rolled Steel Sheets

Isao TAKAHASHI, Nobuo AOYAGI, Shoichi TAkizawa

Masayoshi KUWAGATA, Minoru NISHIDA, and Toshiyuki KATO

Synopsis:

The various types of high strength hot rolled steel sheets for automotive use have been developed.
The effects of hot rolling conditions, especially cooling condition and coiling temperature, on the

mechanical properties and the flatness of hot strip are discussed.

It was found that the cooling pattern

during traveling on runout table as well as coiling temperature was important factor to obtain as-hot-
rolled dual phase steel sheet having the uniform properties.
The dual phase steel sheets have a lower yield ratio, high work hardening rate and good ductility,

compared with conventional high strength steel sheets.

strength steel sheets are also introduced.
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Fig. 1. Effect of slab reheating temperature on
the tensile properties of 0.059C-1.29Mn-0.065
%Ti steel (thickness: 3mm).
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Fig. 2. Effect of coiling temperature on the ten-
sile properties of 0.059,C-1.159Mn-0.05%,Ti
steel (thickness : 1.6 mm).
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Fig. 3. Relation between sulfur content and
stretch flangeability (side bend elongation) for 0.12
24,C-1.49,Mn-0.039Ti hot rolled steel sheet (2.3
mm in thichness) of 60kgf/mm? grade [tensile
strength.
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Fig. 4. Schematic representation of hot-strip mill
processing for dual phase steel and effect of
deformation on continuous-cooling transformation
for 0.059,C-194Si-1.59%Mn-1%Cr steel, austeni-
tized at 930°C for 5min.

Broken line corresponds to the coiling curve after
hot rolling.
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Fig. 6. Effect of finishing temperature on mecha-
nical properties of as-hot-rolled dual phase steel
containing 0.059%,C-194Si-1.5%,Mn-12,Cr.

O water cooled immediately after hot rolling.

<> cooled by the broken line shown in Fig. 4.
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Fig. 5. Effect of coiling temperature on mecha-
. nical properties of as-hot-rolled dual phase steel
" containing 0.0595C-194Si-1.59%Mn-19Cr.
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Fig. 7. Effect of .carbon content on mechanical
properties of as-hot-rolled dual phase steel conta-
ining 195Si-1.594Mn-19,Cr.

Finishing temperature; 780-820°C. Coiling tem-
perature; 400°C.
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Fig. 8. Temperature distribution in transverse
direction of hot strip at the entry side of coiler.
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Fig. 9. Effect of edge sealing of hot run coolant
on the flatness of hot strip.
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Fig. 10. Mechanical properties variation along
rolling direction (left) and transverse direction
(right) of as-hot-rolled dual phase steel sheets
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Table 1.
steel sheet of 2.3mm thickness.

The chemical compositions and mechanical properties of high strength hot rolled

Chemical compositions (wt3%5)

Tensile properties

S __ Notched Minimum
Type Grade YS TS n5-15 v tensile HV bend
C Si Mn P S Ti Cr (kgf/ (kgf/ El Y El YR elongation radius
_ ] mm?) mm?) (%5) (36) (%) (%) e
Precipitation 30 0.08 0.04 0.96 0.015 0.003 0.03 — 47.6 54.3 30 1.8 88 0.149 0.90 8.6 162 0t
hndens 55 0.04 0.04 1.07 0.017 0.003 0.05 — 49.7 57.2 28 2.2 87 0.134 0.98 7.7 162 0t
ardemng 60 0.05 0.55 1.250.019 0.003 0.06 — 54.0 62.3 29 3.4 87 0.175 0.94 7.2 189 0t
Soiution 50 0.06 0.53 1.450.019 0.003 — — 36.9 50.0 35 1.1 74 0.191 0.94 1.2 147 0t
hardening 55 0.08 0.52 1.58 0.022 0.003 — — 43.5 55.0 52 2.0 79 0.206 0.89 10.1 157 0t
55 0.05 0.49 1.24 0.018 0.004 — .03 31.5 55.1 35 0 57 0.225 0.83  11.0 151 Ot
Dual phase 60 0.05 1.03 1.300.021 0.003 — 1.06 35.9 61.0 34 0 59 0.220 0.83 9.7 156 0t
65 0.05 1.00 1.40 0.022 0.003 — 1.08 37.8 66.9 32 0 57 0.209 0.83 9.3 178 ot
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Fig. 11. Strength-ductility relationships for as-
hot-rolled dual phase steels (@), solution streng-
thened steels () and precipiation strengthened
steels () (thickness : 2.9mm).
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Fig. 12. .Forming limit diagrams of 60kg/mm?2
grade hot rolled steel sheets.
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Fig. 14. Fatigue behavior of high strength hot
rolled steel sheets for R=0.
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"Photo. 1. Examples of automotive parts using

high strength hot rolled steel sheets.

Seat upper front spring (A), lower link (B)-60

kegf/mm? grade precipitation strengthened steel.

sheet.

Member front suspension (C), rear arm (D)-60

kgf/mm? grade as hot rolled dual phase steel sheet.
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