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Planar Anisotropy of 7 Value of High Strength Cold Rolled Steel Sheets

Kazuo MaTsupo, Koichi OsawaA, and Hideo KoBavasHi

Synopsis:

Planar anisotropy of r value in high strength cold rolled steel sheets produced at mill, of which composition
are low C-Si—-Mn-Nb or low C-Si-Mn~Nb-Ti, is 745>>74>7, type. The reason for the development of this
type planar anisotropy in these high strength cold rolled steel sheets has been investigated from the view point

of texture and microstructure.
The following results are obtained:

(L) These high strength cold rolled steel sheets have 7,5>749>7, type planar anisortopy even after recrys-
tallization annealing, which is attributed to the remaining {211}¢011) and {100}¢01 1) components.

(2) These retained components are not attributed to the partial recrystallization, but mainly to the both
effects of strong cold rolled texture due to strong hot rolled texture and recrystallization in situ due to fine

precipitates of Nb(C,N) or Ti(C,N).

(3) Itissuggested that the hot rolled texture has a strong influence on the recrystallization texture in cold

rolled steel sheets containing Nb or Ti.
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Table 1. Chemical composition and hot rolling condition of specimens.

: — T - -
70' Chemical composition (wt%) ——‘—Cb:-;l (I:-(I)cr)ltdirgi)lr:ng Thick- | Grain
Alloy - Sol Atomic [Fini- |~ ness size
8| C [Si|Mn; P S N Ac]l Nb | Ti |percent [shing tm lnogc mm pm
& ' ratio temp. °C cmp-
High A 0.0970.871.560.0150.008‘0.0064-0.0380.038 tr 0.05 930 610 3.2 7
strength B [0.0580.37|1.52/0.016/0.0080.0076,0.0350.046| tr 0.09 900 560 2.6 5
steel C |0.040(0.24{1.40{0.011{0.005|0.0061}0.020,0.043| tr 0.12 875 580 3.6 <5
D 10.081(0.94{1.56/0.016(0.009|0.0054{0.047/0.039/0.129| 0.44 925 610 3.7 <5
E |0.089(0.80}1.58/0.029(0.011/0.0052/0.038{0.044| tr 0.06 900 600 3.2 8
Low carbon | F|0.040 tr |0.27/0.01110.0240.0015/ tr tr tr — 860 600 3.2 12
rimmed steel] G|0.039| tr 0.270.0120.0240.0015‘ T tr tr — 770 600 2.8 45

Steel A, B, ¢, D, F,; G: Hot rolled at mill.
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Steel E : Hot rolled at laboratory.
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Table 2. Mechanical properties of cold rolled (60%)

and annealed (750°Cx5h) high strength
steel sheets. (Transvers direction)
Steel Thickness' Y.S. | T.S. El -
‘ mm  kg/mm? kg/mm? % T
A 1.3 383  57.7 304 | L2
B 1.0 | 35.0 51.9 29,3 1.20
C 1.4 | 345 45.0 36.4 1.19
D 1.5 46.0 | 63.3 27.5 1.36
E 1.3 39.4 |/ 56.2 ' 30.1 1.20
® Hot rolled sheet - j”—wl
ek © Cold roiled and annecled sheet ! ?
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High sirength steel Low carbon fimmed stez!
Fig. 1. Planar anisotropy of 7 value of hot rolled

sheets and cold rolled (60%) and annealed
(750°CG x 5h) sheets.
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Fig. 2. X-ray intensity (P value of hot rolled, cold

rolled (60%) and annealed (750°Cx5h)

sheets.
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Hot rolled sheet

Cold rolled sheet

sheet

Annealed

@{1001C0I1>  A{ITIJC211> [{554]4225) #{100}<012> A{111}<O11y R{211}<011
Fig. 3. (200) pole figures of hot rolled, cold rolled (60%) and annealed (750°Cx5h)

sheets in steel G, E, and G.
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Annealed sheet

Photo. 1. Optical micrographs of hot rolled sheet and cold rolled (602%) and annealed

(750°C x 5h) sheet in steel G (X 400)
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Photo. 2. Transmission electron micrograph of cold
rolled (60%%) and annealed (750°C x 5h)
sheet in steel C (x6000).
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Fig. 4. Effect of cold reduction on planar anisotropy
of r value (4r) of cold rolled and annealed
(steel A, B, F,G : 700°C x 5h, steel D : 750°C

x 5h) sheets.
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Fig. 5. Change of planar anisotropy~of r value
with reheating treatment in steel D.
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Photo. 3. Change of electron micrographs of precipitates before cold rolling with reheating
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Fig. 6. Change of average particle size and par-
ticle size range before cold rolling with
reheating treatment in steel D.
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