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Mechanical Properties of High Strength Low Alloy Steel Controlled
Rolled at Austenite and Ferrite Two Phase Regions

Tamotsu HAsHIMOTO, Takeaki SAWAMURA, and Hiroo OHTANI

Synopsis:

Changes in strength and toughness in conjunction with controlled rolling in austenite and ferrite two
phase region were investigated.

The results are summarized as follows.

(1) Strength increased with the lowering of rolling temperature and the raising of rolling reduction
in two phase region. This strengthening will be attributed to dislocation hardening and minimizing the
subgrain and cell size in warm worked ferrite grains. "

(2) Toughness is dependent on the rolling temperature at two phase region. Good toughness can
be obtained by the rolling at temperatures where recovery and recrystallization of warm worked ferrite
k are recognized. But Charpy transition temperature is raised by rolling bellow these temperatures.

(3) The prior hot rolling just above Ary temperature is effective to supress the rise of Charpy
transition temperature, even though the final rolling is carried out at temperature where no recovery
occurs in deformed ferrite grains.

Because it promotes the separations which appear on fractured Charpy specimens. So in this case
high strength and good toughness can be obtained.
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Table 1. Chemical compositions of steels tested (wt%,).

Steel C \ Si \ Mn \ P S } sol. Al N ] Others

Si-Mn 0.10 0.29 1.29 0.004 0.007 0.039 0.005 —
\Y% 0.10 0.34 1.32 0.004 0.007 0.030 0.006 V 0.06
Nb 0.10 0.32 | 1.30 0.004 0.007 0.037 0.004 Nb 0.025

1200 °Cx20mi 2 X i
1200 x20min, 1200°Cx 20min,
1100“(:}50 oy
1020°C Reduction
1000}
Recrystallized Elongated austenite
austenite grains with
8001 grains deformation band
- +Rolling at *Rolling at
A \ ¥+ region ¥+ X region
<600 : (725~550°C) 3/27\ (725~550°C)
o &% \ss0% 3\ +50%
E Reduction Reduction
=400 \
N \wa
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Type II- Rolling

Type 1- Ralling

Fig. 1. Schematic illustration of rolling method of
Type T and I, and morphology of ferrite
(a) nucleation from austenite (7).
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a) LB.Q. at 700°C before rolling
¢) A.C. after rolling at 700°C

b) W.Q. immediately after rolling at 700°C
d) A.C. after rolling at 600°C

Photo. 1. Microstructure of Si-Mn steel before and after 509 rolling at 700 and 600°C

in Type I rolling method. (x500)

a) LB.Q. at 640°C before rolling (X 100)
¢) A.C. after rolling at 640°C (x500)

Photo. 1 » 700 L 600°C, Photo. 2 o 640 & 575°C
DEAFEEM CHEE SN 3 X 51, ZHRFLECILELER
EZET LT FHa B LM TEw. 2L
WD X5 a OFFEBEELK 680°C M LThbhAE
BOBGE COREL LT TR a KoL 5 RN
DI bTH B, FlEsRDT: 680°C TDa DARE
X 5~30% o TH oMk M CTTHBEE I RE

b) W.Q. immediately after rolling at 640°C (x 100)
d) A.C. after rolling at 575°C (% 500)

Photo. 2. Microstructure of Nb steel before and after 509, rolling at 640 and 575°C
in Type I rolling method.
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Fig. 2. Effect of 509, rolling temperature on ten-
sile and yield strength of plate rolled at 7+
a region in Type I and II rolling method.
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Fig. 3. Effect of 50%rolling temperature on Charpy
fracture appearance transition temperature of
plate rolled at y+a region in Typel and I
rolling method.
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Fig. 4. Effect of rolling reduction on tensile stren-
gth of Nb steel plate rolled at 7+ a region
in Type I and I rolling method.
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Fig. 5. Effect of rolling reduction on Charpy fra-
cture appearance transition temperature of
Nb steel plate rolled at 7+ a region in Type
I and @ rolling method. Digits show the
numbers of separation in fractured speci-
men.
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Fig. 6. Relation between tensile strength and T a OFHEMEE vTs ZILOBMRY BT BEMEIE
Charpy fracture appearance transition 221 L ) 3~<7=. Photo. 3 1z Si-Mn 4o Type T - a

temperature in Nb steel, 509 rolled at 7+ ) .
a region in Type I and I[ rolling method. ESER 22 DB v 7 ) ki X A SR REA R T

Results of Type T are plots of 2 charges (a)i1x vTs D RIFE 700°C FEH TH Y, WT a e

having similar chemical compositions. R ) -
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HEE) oARKThHB. Type I-a © 50% EFHIcD  ©HELIZUHI(b) D 680°C FEREH OMNT a FOE
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a : Subgrains (air cooled after rolling at 700°C)
b : Cell structure on the recovery (air cooled after rolling at 680°C)
¢ : Deformed structure as rolled (air cooled after rolling at 600°C)

Photo. 3. Change in substructure of deformed ferrite in Si-Mn steel rolled with
509, reduction atf¥y+a region in Type [ rolling method.
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a. Rolled at 700°C

S

b . Rolled at 680°C c. Rolled at 600°C

Photo. 4. Change in dislocation cell and wall of deformed ferrite in air cooled Si-Mn steel
rolled with 509, reduction at y+a region in Type [ rolling method.
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Fig. 7. Relation between recrystallization or reco-
very behaviour of deformed ferrite and 50
9, rolling temperature at y+4« region in
Typel, T rolling method. And its effect
on Charpy fracture appearance transition
temperature.
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Fig. 8. Relation between volume fraction of defor-
med ferrite and tensile properties of steels

5094 rolled at y 4« region in Type I rolling
method.
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Fig. 9. Change in X-ray reflection intensity with
509, rolling temperature in Si-Mn steel
rolled at 7+ a region in Type I, Ilrolling
method.
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Fig. 10. Changes in Charpy fracture appearance
transition temperature and number of
separations with cold rolling reduction
in V steels subjected to three different
treatment.
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Photo. 5. Separations on fractured Charpy speci-
mens introduced by cold rolling at two
types of controlled rolled V bearing steel.
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