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Behaviour of Transformation Induced Plasticity of 189 Ni
Maraging Steels

Keii UgNo, Masaru KoBavasur, Atsuya Kamapa, and Tatsuo NAKANE

Synopsis :

The behaviour of transformation induced plasticity under tensile test has been experimentally in-
vestigated at various temperatures between 300°C and room temperature, and at various strain rates
for 189, Ni maraging steels. The results obtained are as follows :

(1) Total elongation up to about 609 is obtained at the optimum condition (strain rate of below
0.03/ min and temperature of 225°C: for the 210 kg/ mm? class maraging steel or temperature of 275°C
for the 245 kg/ mm? class one).

(2) The “n value” (work hardening exponent) is not constant with increase in strain, and have
two peaks at the optimum condition mentioned above. The first peak indicates the characteristic of
work hardening of austenite and the second one depends on the work hardening by transformation.

(3) Total elongation is constant (about 602,) at strain rate of below 0.03/ min, decreases with
increase in strain rate in the range of 0.03~0.3/ min and is constant (about 30%) over 0.3/ min at
above mentioned temperature. Decrease of total elongation in high strain rate depends on the heat of
deformation.

(4) In the double stage tensile test, the optimum temperature in the second stage to get maximum
total elongation for the 210 kg/ mm? class maraging steel, which is 209, prestrained at 300°C in the
first stage, is 20 degrees lower than that of single stage tensile test, and the range of temperature to
get more than 409% total elongation is 6 times of that of sigle stage tensile test.

(3) 'The tensile strength and optical microstructure at room temperature are not significantly

affected by the transformation induced plasticity.
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Fig. 2. Dimension of specimen.

Table 1. Chemical composition of 189 Ni maraging steels.

wt% (vol %)

Ni Co | Mo Ti Al ¢! Si Mn P S
e o 18.71 | 9.35 | 5.14 | 0.9 | 0.10 | 0.007 | 0.02 | 0.02 | 0.005| 0.006
210 kg/ mm? class | (16.78)/(10.40) | (4.02) | (1.60) | (0.30) | (0.025)| (0.07) | (0.02) | (0.017) (0.023)
- 17.05 | 12.70 | 4.00 | 1.64 | 0.07 | 0.004 | 0.05 | 0.03 | 0.005| 0.005
245 kg/ mm? class | (15.99)| (13.20)| (3.11) | (2.89) | (0.21) | (0.014)| (0.17) | (0.03) | (0.017)| (0.019)
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Photo. 1. Microphotographs of 210 kg/mm? class maraging steel.
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Photo. 2. Scanning electron micrographs of fracture surface of 210 kg/ mm? class maraging steel.
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Table 2. Tensile strength at room températurc.
(210 kg/ mm? class)

Co.2 9B
Treatment kg/mm?* | kg/mm?
(MPa) (MPa)
. 86.0 101.8
Solution treated (842) (998)

TRIP (45% elongated) 88.4 102.6

(866) (1006)

Solution treated—aging %gg?)g) %éggg)
TRIP (459 eclongated) 207.2 212.8

—aging (2031) (2085)

(245 kg / mm? class)

. 107.6 117.8
Solution treated (1055) (1154)

109.5 119.5

TRIP (45% clongated) (1073) (1172)

235.8 242.0

Solution treated—aging (2311) (2372)
TRIP (459, elongated) 235.0 241.0
—aging (2303) (2362)

(aging : 490°C (763K) x 5h)
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