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Strength and Toughness of a Cold Rolled 13Ni-15Co-10Mo
. Maraging Steel
Masao HAGIWARA and Yoshikuni KAWABE
Synopsis:
v A study was conducted to determine the effect of cold rolling prior to aging on the strength and

toughness of an ultrahigh strength 13Ni-15Co-10Mo maraging steel. The smooth tensile strength of
cold rolled and aged maraging steel increased continuously with increasing amount of cold reduction.
The cold rolled maraging steel exhibited anisotropy in properties: the tensile strength in the transverse
direction was higher than in the longitudinal direction, whereas the reduction of area and elongation
showed lower values in the transverse direction. The notch tensile strength and plane strain fracture
toughness K¢ also increased with increasing amount of cold reduction, taking maximum values at the

60-709, reduction.
to 63 MPa-m1/2 for 709, reduction.

For example, longitudinal Kjc value increased from 34 MPa-mi/2 for 09, reduction
The large Kjc increase was attributable to the formation of de-
lamination cracks running parallel to the rolling plane.

The Kjc test specimen might behave as the

sum of a number of thin plates in the presence of the delamination cracks and each thin plate might

fracture under the plane stress condition.

From these results, it was concluded that the good combi-

nation of the strength and toughness could be obtained at the 602 cold reduction.
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Table 1. Chemical composition of alloy used (wt%).
C Si \ Mn 1 P S Ni Co ] Mo Ti \ Al 1 Fe
<0.005 | 0.002 ‘ 0.003 0.002 0.004 13.11 | 14.50 ] 10.07 | 0.15 ‘ 0.002‘ bal.

Table 2. Rolling conditions for thermomechanical

treatment.
Rolling Plate thick- .

o Number |Austenite
temp., (°C) |ness (mm) of grain size
Start |Finish |Initial | Final |[passes | (xm)

g1 |[1200 | 900 | 40 9 4 20
g2 1200 | 960 | 30 9 3 25
43 1200 960 50 22 3 25
54 (1200|1020 | 20 9 2 40
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Effect of cold reduction on tensile strength
of the 13Ni-15Co-10Mo maraging steel
having different prior austenite grain size.
Longitudinal sheet tensile test specimens
were used.
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Fig. 2. Effect of cold reduction on notch tensile
strength and notch tensile ratio of the 13
Ni-15Co-10Mo maraging steel having diff-
erent prior austenite grain size.
Longitudinal sheet notch tensile test speci-
mens were used.
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Fig. 3. Effect of cold reduction on tensile strength,
reduction of area and elongation of the
13Ni-15Co-10Mo maraging steel.
Longitudinal and transverse round bar
tensile test specimens were used,
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Photo. 1. Fracture surfaces for longitudinal notch tensile test specimens of different

amounts of cold reduction.
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Fig. 4. Schematic load-displacement curves for
longitudinal Kjc test specimens of differ-
ent amounts of cold reduction.
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Fig. 5. Effect of cold reduction on Kjc of the 13
Ni-15Co-10Mo maraging steel. Curve a :
Fatigue precracked after aging using 5mm
thickness specimen. Curve b : Fatigue pre-
cracked before aging using 3 mm shickness
specimens. Inserted figure illustrates spe-
cimen orientation with respect to rolling
direction.
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Photo. 2. Fracture surfaces for longitudinal (L) and transverse (T) Kic test specimens of

different amounts of cold reduction.
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Photo. 3. Fracture surface for 709, cold rolled
longitudinal K¢ test specimen.
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Fig. 6. Relation between delamination spacing and
amount of cold reduction.
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Photo. 4. Profiles of cross sections perpendicular to fracture surfaces (hatched area in the
figure below) for longitudinal K¢ test specimens of different amounts of cold

reduction.
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