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Synopsis :

The research and development activities of sheet steel in the last decade are reviewed
by focusing mainly on a viewpoint of newly installed No. 3 hot strip mill at Chiba Works.
The new products developed by using No. 3 hot strip mill are as follows: (1) Ultra high
r-value cold-rolled sheet steel: Newly developed continuous and warm rolling technique
combined with lubrication lead to marvelously high r-value (r 5 3.0) cold rolled sheet
steel. This steel has been applied to extra deep drawn shape parts. (2) TS/590 MPa
hot-rolled dual phase sheet steel: Subdivided control valves in water cooling zone
enabled to control cooling pattern precisely, which lead to new hot-rolled high strength
dual phase sheet steel. Mechanical properties, especially total elongation, have been
much improved because of fine grains. (3) Hybrid dual phase sheet steel: Combination
of the above mentioned dual phase steel and precipitation strengthening by using TiC in
ferrite phase lead to hybrid dual phase sheet steel. Hole expanding property and fatigue
property have been greatly improved. (4) Highly formable thin steel for can use: Very
thin and highly formable cold rolled sheet steel for can use has been developed using
solute N. Improved product accuracy in strip gauge and crown using No. 3 hot strip mill

backed up the development of the new products.

(c)JFE Steel Corporation, 2003
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Synopsis:

The research and development activities of sheet steel in the last decade are reviewed by focusing mainly on a viewpoint
of newly installed No. 3 hot strip mill at Chiba Works. The new products developed by using No. 3 hot strip mill are as fol-
lows: (1) Ultra high #value cold-rolled sheet steel: Newly developed continuous and warm rolling technique combined
with lubrication lead to marvelously high »value {( = 3.0) cold rolled sheet steel. This steel has been applied to extra deep
drawn shape parts. (2) TS/590 MPa hot-rolled dual phase sheet steel: Subdivided conirol valves in water cooling zone
enabled to control cooling pattern precisely, which lead to new hot-rolled high strength dual phase sheet steel. Mechani-
cal properties, especially total elongation, have been much improved because of fine grains. (3) Hybrid dual phase sheet
steel: Combination of the above mentioned dual phase steel and precipitation strengthening by using TiC in ferrite phase
lead to hybrid dual phase sheet steel. Hole expanding preperty and fatigue property have been greatly improved. (4)
Highly formable thin steel for can use: Very thin and highly formable cold rolled sheet steel for can use has been devel-
oped using solute N. Improved product accuracy in strip gauge and crown using No. 3 hot strip mill backed up the devel-
opment of the new products.
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Fig. 1 Schematic representation of endless hot strip rolling equipments
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Fig. 2 Effect of lubrication on the texture of hotrolled steel
sheet, measured with EBSD (electron back scattering dif-
fraction)
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Table 1 Typical mechanical properties of high rvalue steel sheets

Yield Tensile .
strength  strength E]o?%a)uon Fvalue
(MPa) (MPa)
Newly developed
high rvalue steel 150 280 55 3.0
sheet
Conventional high .
rvalue steel sheet 150 280 5 24
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} Austg}amte Farrite

Rapid Cooling
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Clntermediate slow cuoling) T Ferrite
Final Rapid Cooling)} /.
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Fig. 3 Schematic illustration of cooling pattern for manufactur-
ing het rolled dual phase steel sheets

LOF r RIGEER S H#RL T Table 12479, Zhooiiiis,
A A N8t EOBHE N ERRIIEGHHRET S S

3.2 BI3RME 500 MPa $R# & MM E L E SRR

WA dual phase BILRE L 7 = 7 1+ HEPICHERE <L
Frad L BRI GREGELEOTHD, BN (RS
(%Nﬂ%ﬂéﬂw)ﬁ¢é<&mwu&ﬂ,#?ﬁﬂﬁ&u5w
WAHETDY, EOMBFERITABTEME LT, oEhltizLs
R R{EAOBMAAMEE AT S, G TH TR TRE
Xh T, F0%, SREEE E TOMBMEErED LN,
SO, WEE G TR - HESEEER T L A& DER
AR A B & AR IR T A BRIRIO B R O
Wint, F A HEOREOB A TN T-SEN A RO R AR
EAHRIEM RO AEEL LS.,

OGN O BT B 00, L EFRERONRD S #
—voRE, BoRELRFO—2Th b, Fig. 3ITRTL 1D,
FFIEEROSHTHIE ZFITH BRIk D 7 2 7 4 PEREER
LT, RAENA —RFF4 Pz CaBlLEY, TOROR
BB TA—2F A4 PEFHITLT O FIIERESESLO
TS, TREPIHANITER MA@ T oI &02L0, IO
Mz A HI A SRS LRI 3 T LA fER & o 7z, Table 2 iU
W fr BRI PE & F RS BA R O FA BRI & e L TR
0% &E2 B RFLEMUE 0% RIEOIROEBIRILICEES S 5.
7 ESEONREROST. Fg. 4 1mTk3Z7274 &7
LT LA P AREHET 2 2 LI LD ENSHERNEEER TS
TR ARG b g o F2 D T OB & 0 B T R L A

Table 2 Typical mechanical properties of TS590 MPa grade hot-
rolled dual phase steel shects
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Fig. 4 Influence of the grain diameter of dual phase steel on
dynamic absorbed energy
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Fig. 5 Schematic illustration of cooling pattern for manufactur-

ing of hibrid-type high strength steel sheets

Table 3 Chemical compositions of hibrid-type stecl sheets

mass %)
TS grade C 5 Ma Ti P S Al
600MPa | 006 125 145 008 0010 0001 0.030
780 MPa | 0.08 150 180 0.0 0010 0001 0.030

Table 4 Mechanical properties of hibrid-type steel sheets

s TS YS/TS £l Eatigue limit (MP_a)
TS grade (MPa) (MPa) (%) (%) As hot- Sl{rface
rolled grinded
690 MPa 516 688 75 25 319 392
780 MPa 558 7 828 67 21 343 462

Photo 1 TEM images of newly developed hibridtype steel
sheets (a) Ferrite grain with TiC precipitates, (b)
Martensite phase (dark contrast)
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Fig. 6 Relation between the hole expansion ratio and the tensile
strength of conventional and newly developed hibrid-type
high strength stee] sheets
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Photo 2 Fxamples of formed parts using formable thin-gauge
steel sheets
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Thickness: 0.180 mm

Temper grade: T3

Table 5 Typical mechanical properties of N solution strength-

500 | B ened thin gauge steel sheets for can use
g 400 \ As temper rolled b After aging (at 210°C)
¢ // Steel Y$ TS El i YS TS Kl
300 — (MPa) (MPa) (%) | (MPa) (MPa) (%)
200 I | g;’;‘;’f“ 322 415 25 381 408 27
15
With 100
§ - ppm N 331 454 26 442 462 27
= I addition
bl
Y

I
ot ! {
annealed ‘l?ﬁke.ir After repair
As temper- aKing painting
rolled
After reflow E\ﬂer
treatment cxor
treatment

Fig. 7 Change of tensile properties of N solution strengthened
thin-gauge steel sheets for can use during can manufac-
turing process
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