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Effect of Notch Geometry on Hot Ductility of Low Alloy Steels
Yasuhiro MAEHARA, Hiroshi ToMONO and Kunio YASUMOTO
Synopsis :

In order to understand the effect of surface roughness of CC slabs such as oscillation mark on the sur-
face cracking, hot deformation of some low carbon low alloy and austenitic stainless steels has been investi-
gated by means of hot tensile tests using the specimens with round notch at temperatures from 800 to
1100°C at average strain rates from 107 % to 107! s~ 1. Although the total elongation of the parallel por-
tion decreased with strengthening by the notches, such notch effects were markedly reduced by lowering
either deformation temperature or the average strain rate or by Nb addition. This can be explained in
terms of dynamic precipitation behavior of carbonitrides such as NbC and/or AIN, i.e., the precipitation can
be suppressed by the increase of true strain rate which arises from local straining in the notched region,
resulting in the ductility improvement. The ductility loss due to the notch is determined by the depth and
does not depend on the initial sharpness, since the shape can easily change in the early stage of deformation.
Therefore, control of the oscillation mark depth is the most important to prevent surface cracking of CC
slabs.
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Fig. 1. Geometry of the specimens used. The
notch depth (d), the radius of curvature of the root
(p) and stress concentration factor (a) at the root
estimated are ranging below 1 mm, above 0.1 mm
and below 5.7, respectively.
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Table 1. Chemical compositions of steels used (wt% ).
Steel C Si Mn S Nb Al N
A 0.20 0.33 1.49 0.020 0.003 — 0.024 0.0088
B 0.20 0.33 1.45 0.003 0.064 — 0.0009
Steel C Si Mn P S Ni Cr Nb N
C . 0.048 0.51 1.50 0.028 0.001 8.99 18.31 — 0.032
D 0.052 0.49 1.54 0.022 0.001 11.26 16.97 0.64 0.031
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Fig. 2. Variation of tensile properties with strain
rate at 800 and 1 100°C in the smooth specimens.
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Fig. 3. Variation of tensile properties with notch
geometry (estimated stress concentration factor,
«) in Steels A and B specimens with 1 mm deep
notch, deformed at 800°C at an average strain rate

of 4X10 74 s™ L.
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Fig. 4. Variation of tensile properties with notch
depth in the specimens with various kinds of notch,
deformed at 800°C at the average strain rate of 4X
1074 s7L,
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Fig. 5. Effect of deformation conditions on the notch depth dependency of tensile properties.
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a:a=1 (smooth)

Photo. 1.

notch, deformed at 800°C at the average strain rate of 4 X 107%s

b:a=17
Effect of notch sharpness on the fracture surface of Steel A specimens with 1 mm depth
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a: d=0 (smooth)
Photo. 2. Effect of notch depth (d) on the fracture surface of Steel B specimens (¢ =5.7) de-

formed at 800°C at the average strain rate of 4X 107*s
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Photo. 3. Microstructures in the vicinity of the fracture surfaces on the longitudinal cross sec-
tions of Steel B ; a~c¢ : smooth specimens and d~f : notched specimens (d=1 mm, « =5.7). The
deformation temperature and the average strain rate are ; a, d : 800°C, 4X10~* s~ !, b, d : 800°C,

4X1072s Yande f:1100°C, 4X107 2571,
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a : Smooth specimens b : Notched specimens d=1 mm ¢=3.5
Photo. 4. Microstructures in the vicinity of the
fracture surfaces on the longitudinal cross sections
of Steel C deformed at 800°C at the average strain
rate of 4 X107 % s L,
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