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Effect of Modified Ausforming on Impact Properties of Low - Alloy Steels

M1YAZIRO OMORI , AKIRA YAMAZAKI and MUNEHISA SATO

Abstract: — Ni-Cr and Ni-Cr-Mo steels were rolled at temperature range from880°C to 750°C
and oil quenched. Their impact strength and transition temperature were compared with those of
the conventionally heat-treated steels after the tempering treatment at temperatures from2007T to
to  700°C

Signifcant improvement in impact properties and a good combination of hardness and impact st-
rength were obtained in the crack arrester orientation of the modified-ausformed steels tempered
at high temperatures, while impact strength of the crack divider orientation deteriorated. Trans-
ition temperatures of these steels tended to be lowered by modified ausforming.

Electron fractography revealed that modified ausforming improved the microscopic fracture mo-
de at liquid nitrogen temperature.

Lamellate fracture such as delamination or separation was markedly observed in the modified-
ausformed steels tempered at high temperatures. It has been found that the significant improvement
in impact strength in the crack arrester orientation or the deterioration of impact properties in

the crack divider orientation primarily relates to this lamellate fracture.
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Orientation of impact test pieces
with respect to rolling plane and
direction, and geometry of impact
test piecs.
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Table 1 Chemical compositions of steels
investigated (wt. %)
Element Chemicat composition (wt.%)
Steel C | Si |Mn P S Ni | Cr |Mo | Cu
SNC2 |027022]052|0028 |0.015 | 284|085 | — 0.3
SNCM8 038|027 (0700012 [0011 |170]076[0.20 012
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Table 2 Modified-ausformed specimens

Steel Orientation| to (mm)| t (mm)] ¥ (° )| Pass
17.5 10.6 39 2
LS 20.5 10. 4 3
25.5 10. 5 5
SNC2 9.1 6. 3 i
LT 10.9 6. 44 2
14.0 6.1 56 3
17.3 11.0 36
LS 0.6 11.0 47 3
5.0 11.0 56 5
SNCM 8 03 6.0 42 2
LT 12.8 6.1 52 2
15.2 6.1 60 3

te: initial thickness t: final thickness
¥ :reduction in thickness

Table 3 Modified-ausformed specimens

Steel [Orientation te(mm)l t (mm)| ¥ ()| Pass
18.3 0.9 40 1
LS 24, 1.5 54
SNC2 31. 2.5 60
10. .6 5
LT 13.0 55 50 3
18.2 10.9 40 1
LS 25.0 11.5 54 3
SNCM 8 30.0 12.0 60
LT 10.2 .6 5
13.0 6.4 50

to:initial thickness 1 final thickness
¥ reduction in thickness
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Fig. 2  Tariation of impact strength at

room temperature with tempering
temperature for SNC2 steel
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Fig. 3 Variation of impact strength at

room temperature with tempering
temperature for SNCMS8 steel
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Fig. 4 Effect of deformation on as-quenched

or tempered hardness
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Fractographs of CHT specimen tested at room

temperature ( steel, SNC2)

(a) as-quenched

(b) 300CX1h tempered

(c) 600CX1h tempered

Fractographs of 58% modified-ausformed specimen

tested at room temperature
(orientation, LS, steel SNC2)

(a) as-quenched

(b) 300CX1h tempered

(¢) 600CX1h tempered
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Fig.12 Fractographs of 56 % modified-ausformed
specimen tested at room temperature
(orientation, LS, steel SNCM8)

(a) as-quenched (b) 300CX1h tempered
(¢) 600CX1h tempered
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Fig. 15  Fractographs of specimens tested at —196TC,
viewed by scanning electron microscopy
( tempering 300CX1h, steel SNC2)
(a) CHT (b) 54%-deformed, orientation LS

Fig. 16  Fractographs of specimens tested at —196C,
viewed by scanning electron microscopy
( tempering 600°CX1h, steel SNC2)
(@) CHT (b) 54%-deformed, LS orientation

Fig. 17 Prior austenite grain structure in the longitu-
dinal section ( steel SNC2)
(a) CHT (b) 40%-deformed (c) 54% (d 60%
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Fig.18

Banded structure in the longitudinal section

of 48% modified-ausformed specimen ( steel SNC2)
(a) tempering 300°CX1h (b) 500CX1h (c¢) 600°CX1h
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(b)

Fig.20

Fracture profiles of midified-ausformed
specimens ( steel SNC2)

(a) 58%-deformed, LS orientation

(b) 51%-deformed, LT orientation
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Detail of fracture profile of 58%
deformed specimen ( Fig.20 (a))
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