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Influence of Crystallographic Texture on the Strength and
Toughness of the Controlled Rolled High Tensile Strength Steel

Hirosuke INAGAKI, Kiwami KURIHARA, and Isao Kozasu

Synopsis:

Fairly strong textures were found to be present in experimentally controlled rolled high tensile st-
rength steels. The effect of such textures on the anisotropies of strength and toughness of these steels
was quantitatively investigated. It was noted that the effect of textures on the anisotropies of yield
stress and tensile strength could be accurately evaluated with Hosford and Backofen’s method, if fine
details of textures were properly taken into account by adopting the method of crystallite orientation
distribution analysis developed by Roe. The anisotropy of toughness, on the other hand, was found
to be qualitatively related to the distribution of {100} cleavage plane. Among the main components
of the texture, which is present in those controlled rolled high tensile strength steels, {311}(011) ori-
entations not only enhance the difference in strength between 0° (RD) and 90° (TD) direction, but

. also reduce the toughness at 45° direction, whereas {332}{113) orientations proved to be favourable to

both strength and toughness, showing weak anisotropy. Thus, further improvement in strength and

toughness might be possible, if {332} (113) orientations could be developed more preferentially.
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Table 1. Chemical composition and specimen thickness of strongly textured low carbon steels.
g Chemical composition (wt %)
Specimen ! t(mm)
i C | Mn P S Si Ti
{110} <001} | o006 | 041 0-011 0-015 | 1 _ 1-2
{100} {01t 1> 0-056 0-42 0-013 0-018 1-01 2-3
{554} (225) . . . . . .
{100} 01154 15° 0008 0-28 0-004 0°005 1-69 06
{111}110) 0004 0-35 0-008 0-004 0-20 0-8

Table 2. Chemical composition, plate thickness and hot rolling conditions of experimentally
controlled rolled high tensile strength steels.

Steel Chemical analysis (wt %) :?;i::li;keligtgure Thickness
C Si Mn P s Nb Y °C) (mm)
1 018 0-30 1-28 0-015 0-005 0-032 0-042 750 . 900* 12
2 0-07 0-32 155 0-014 0-005 0-050 0-090 720 19
3 0-04 0-34 178 0-014 0-005 0:054 — 780 12
4 0-09 0-56 2:06 6;609; 0-007 0-050 0:070 820 6
5 0-08 0-52 2-48 0-010 0-007 0-050 0-100 800 6
6 016 0-04 0-69 0-010 0-0l16 — — 900* 12

* conventional rolling
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a) ,110}001)> specimen
Fig. 1.

b) {100}<011) specimen
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d) {111 <110) specimen

{200} pole figures showing the textures in strongly textured low carbon steel specimens.
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Fig. 2. $=45" sections of crystallite orientation distribution function for strongly textured low carbon

steel specimens.
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Photo. 1. Microstructures of strongly textured low carbon steel specimens observed on transverse

(0°) diagonal (45°) and longitudinal (90°) sections.
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Fig. 3. Planar anisotropies of 0°-59% flow stress L L : .
(o] 02 o4 (043 o8 10

and tensile strength for {110}<001) spe-
cimen tested at room temperature. Theo-
retical curves were so adjusted that they
coincided with the experimental data at
rolling direction. Black dots are results of
the calculation, which takes crystal rota-
tion into account.
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testing direction as measured from the
rolling direction, while arrows indicate
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mated from the experimental Lankford’
s R value,
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RD=TA.

Fig. 5. {200} pole figures showing the crystal rotations observed after 15% extension. Tensile

directions are a) 0°

b) 45° and 90° respectively. RD indicates original rolling

direction, while TA indicates tensile direction.
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—— 15% stroined \ —— 15% strained
34t 2N
=
= 32t L

28 o

O 02 04 06 08 100 02 04 01'6 OI'8 o

Fig. 6. The efiect of crystal rotation due to 15% =
extension on the M versus r curves. TA
indicates tensile direction, while RD and
TD indicate rolling and transverse direc-
tions respectively. Broken curves were ca-
lculated from the initial texture, whereas
solid curves represent the result obtained
from the deformation texture after 159

extension.
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Fig. 7. Anisotropies of fracture appearance tran- -
sition temperature, vT;s, and brittleness
parameter, B for {110}<001) specimen.
Both data were fitted, so that they coin-
cided at the rolling direction and at the
position of the minimum.
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Photo. 2. Brittle fracture surfaces of {110} {001) specimen broken in test directions 0°, 55°

and 90° from the rolling direction.
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temperature and b) —196°C. Solid curves were theoretical curves, which were fitted to
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strained up to fracture, while others were unloaded after yielding to obtain specimens for

microcrack observation.
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Photo. 3. Brittle fracture surfaces of {100}<011> specimen broken in test directions 0°, 45°
and 90° from the rolling direction. (Tensile specimen tested at —196°C)
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Fig. 13. {200} pole figures showing the textures of experimentally controlled rolled high tensile

strength steel,
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Fig. 17. Anisotropies of relative yield strength calculated for various ideal orientations.
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