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Effect of Transformation Induced Plasticity on the Press Formability
of 182 Ni Maraging Steels

Keii UENO, Masaru KoBAvAsHI,

Atsuya KaMapa, and Tatsuo NAKANE

Synopsis: v

The effect of transformation induced plasticity on the press formability has been experimentally inve—
stigated at various temperatures and strain rates for 189, Ni maraging steels. The results obtained are as
follows.

(1) The best formability is obtained at 225°C (498 K) for 210 kg/mm? class maraging steel and 275°C )
(548 K) for 245 kg/mm? class one under various formability tests as deep—drawing, stretching, burring :
and bending.

(2) The forming limits of the formability tests mentioned above agree relatively well with the values
from the Forming Limit Diagram (F.L.D.) which represents the forming limit at two dimensional stress
states. However, when the work—piece is subject to strain gradient or is restricted by tool as in the case
of burring test, the forming limit is higher than the value from the F.L.D.

(3) The effect of strain rate on the forming limit is not recognized experimentally in the almost all
stress states expect for uniaxial stress state in the F.I..D. This phenomenon depends on that the heat of
deformation transfers to the tool rapidly, when the work~piece is in contact with the tool. )
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Table 1. Chemical compositions of 189,Ni maraging steels.

[wt% (volop)]

Ni Co Mo Ti Al c Si Mn P S
18.71 | 9.35| 5.14 | 0.90 | 0.10 | 0.007| 0.02 | 0.02 | 0.005| 0.006
210 kg/mm? class | 16778y (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 | 15799)| (13.20)| (3.11) | (2.89) | (0.21) | (0.014)| (0.17) | (0.03) | (0.017)| (0.019)

Table 2. Transformation temperature of 189;Ni

maraging steels. [°C (K)]
Mf Ms Md
210 kg / mm? class | 110(383) | 190(463) | 250(523)
245 kg / mm? class | 160(433) | 230(503) | 300(573)
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Fig. 1. Experimental apparatus for determination

of forming limit diagram.
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Fig. 2. Relation between limiting drawing ratio
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room temperature.
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Fig. 4. Relation between drawing ratio and ear
height for deep drawing at 225°C(498K)
and 20°C (293K).
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Fig. 5. Distribution of thickness strain of deep-
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Fig. 6. Effect of forming temperature on maxi-
mum stretching height by round bottomed
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height and punch corner radius.
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Fig. 9. Effect of forming temperature on maxi-~
mum burring height by round bottomed
punch.
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Fig. 12. Effect of strain rate on forming limit
diagram at 225°C (498K).
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Fig. 13. Distribution of strain in burring by
round bottomed punch.
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