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The Effect of Temperature and Strain Rate on the Tensile
Deformation Behaviour of Austenitic Steel

Keizo OBNISHI and Junji IsHizaka

Synopsis:

Tensile deformation behaviour of Fe-Cr-Ni and Fe-Mn—Cr austenitic steels with various combinations
of carbon and nitrogen contents was determined by means of tesile testing in the range of temperatures
from room temperature to 700°C with various strain rates.

Tensile strength and yield strength of low carbon austenitic steel decrease gradually as the temperature
increases and austenitic steel with carbon content of more than 0.3 wt%, shows a rapid increase of work
hardening rate in the temperature range from room temperature to 200°C and in this temperature range,
serration is observed in stress—strain curves. It is assumed that this serration is associated with the inter—
action of Interstitial atoms (such as carbon) and dislocations. When temperature reaches 450°C, another
type of serration appears, but this serration gives a smaller work hardening rate compared with the one
observed at temperatures from room temperature to 200°C. This observation proves that serration is closely

related with tensile deformation behaviour.
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Table 1. Chemical composition of specimens.

Specimen Chemical Composition (wt %)
System | No.| € |si|Ml P | s |N jc [N
A |01]1[059]184 |0008j0003(0.15 | 5.09(/0065
(BN SO B |030]057|17.4 {0010]0008]|0.11 {5.13|{0036
C (051]|059]175 [00]2]|0.0!1[0.08|503|0033
D 048|059 [ 18.1 [0025j0004(|0.20 {4.68|0.112
£ 0.03]0.51 | .57 [OQI2|0011}11.5]| 18.7]|0049
18%Cr-B%Ni F [0.10]0.52]| .43 [0016]0.012| 9.2 18.4(0.037
G |0.30|0.46| 140 [00I5|0014| 8.8 | 19.0]0097
H |0.511053|1.36 |0015{0.014| 8.9 19.1]0127
25%Cr-20%Ni| | 0.06|0.56(1.50]0016]|0.011|19.8 | 23.9|0.046
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Fig. 1. Effect of testing temperature and cross-
head speed on tensile properties of
Specimen D.
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Fig. 2. Tensile properties of 189,Mn-59%Cr steels
containing different concentrations of
carbon and nitrogen at crosshead speed
0.5 mm/ min.
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Fig. 3. Typical flow curves for Specimen C.
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Fig. 4. Variation of (T.S.—Y.S.) value with tem-;

perature for Specimen A, C,D tested at
crosshead speed 0.5 mm/ min,
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Fig. 5. Variation of (T.S.—Y.S.) value with
temperature for Specimen E, G tested at
crosshead speed 0.5mm/min and 50
mm/ min,
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Fig. 7. Effect of permeability (z) measured at
tensile fracture surface and Md temper-
ature of all specimens on serrated flow.
(Crosshead speed : 0.5 mm/ min)
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Fig. 10. Effect of testing temperature and strain
for onset of type A serration of Spe-
cimen D.

— BRI Y o F AR OEEB SR OGS, P
L HRC XD e Ly s oRAEBES RN TS
WHABRTFOMEERIC X > THBAXh, EihiEfo ¥
SEADREC RE S BT+ S B ERFOIEEE 2B T
%78 B, I ELICIEE R F O FBE RS X 4, §x6L
DEBENC T HHRER, FI7 v s Ce Ly =
& LTOTRKREBERND BLET 299, Lied2T,
LYo UBRET S DT VERER OS5 T TR
BELBERTOMBEFPEELBERERD, BT

I
(o]

| ]
Temperature : 450°C

<
& "~
~&€1s > '
5 2 Crosshead Speed
8 b * Q. mm/min.
E 'O\\ \
g &'\ ©Ne
n S 085 '/ L
g 5 o O.Smm/min.
0 v /
/
0 -——C)—-C/
o Temperature : 150°C
15 ' I

&
O,

o
N

Stress Amplitude of Type-B

Serration AT (Kg/mmz)
o
N\'
N
b e
u/\\
g 0
5

e
é
;
X

o 20 40 60 80 100
Elongation (%)

Fig. 11. Variation of 4¢ of type A (450°C)
and B (150°C) serration during tensile
testing of Specimen D.
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- 450°C
Photo. 1. Dislocation in Specimen D deformed 5% at crosshead speed 0.5 mm/ min and
various temperatures.
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Fig. 12, Effect of grain size on 4o and ¢, of
Specimen D serration.
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