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Tensile Properties and Fracture Toughness of Secondary

Hardening Ni-Cr-Mo-V Steels

Synopsis:

Tetsuya Sarro and Ike UcnivaMa

The relation was studied between the tensile properties and plane strain fracture toughness of secondary
hardening steels, using three experimental Ni-Cr—Mo—V steels with different carbon contents. The plane
strain fracture toughness was estimated by the critical J—value obtained from precracked three-point bending
tests. The results obtained could be summarized as follows:

(1) The tensile strength and ductility of the present steels are dependent remarkably on the carbon
content, this dependency being similar for all the aging temperatures studied.

(2) The plane strain fracure toughness is also affected by the carbon content and aging temperature
of the secondary hardening range. The aging temperature where the plane strain fracture toughness has a
minimum value coincides nearly with that at which the ultimate tensile strength is the greatest.

(3) The tensile ductility and plane strain fracute toughness derease with an increase in strength level. At
a constant strength level, however, the tesile ductility has an increasing tendency with an increase in aging
temperature and the plane strain fracture toughness shows a tendency contrary to that.

(4) The above contrasting bevavior results from the differnce in fracture modes, to which the multiaxial

stress state near the precrack tip contributes.
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Table 1. Chemical composition (wt%) and transformation temperature (°C, austenitized at

950°C) of the sieels used.

Sample . C | Si | Mn P | s N |G Mo,V N { M, A A
I L | ] L |

7401 | 0.27 | 1.20 0.15| 0.006 | 0.007 | 2.21 1 2.67 1.23]0.38]0.0025 | 388 | 780 | 885

7402 | 0.18 | 1.16 | 0,38 0.005 | 0.008 2.19 | 2.68 . 1.22 | 0.36 0.0022| 420 @ 79 | 909

7403 | 010 | 1119 0:39 | 0.006 | 0.007 | 2.21 | 2.67 1.23 | 0.37|0.002¢ | 475 | 802 | 929
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Fig. 1. 0.29-yielding stress g, ultimate tensile
strength ¢ p, total elongation 4 and re-
duction in area ¢ of the specimens as a
function of aging temperature (aging
duration : 100 min).
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Fig. 2. Relationship between uniform elongation

0y of the specimens and aging temper-
ature (aging duration : 100 min).
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Fig. 3. Load-Displacement curves for a pre-
cracked three-point bending test, showing
multiple pop-ins. ¥, and 4 denote the
crack opening displacement measured on
the specimen surface with a standard
clip gage and the deflection of the
specimen in the loading direction at the
loading point respectively.
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Fig. 4. Critical f-value of the specimens as a
function of aging temperature (aging
duration : 100 min).
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Fig. 5. Relationship between plane strain fracture
toughness K;, calculated from the critical
J-value of the specimens and aging tem-
perature (aging duration : 100 min),
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Table 2. a-values according to the equation (2) for the specimens aged at various temperatures.

Sampie 7401 7402 7403
Aging temp. (°C) 400 | 450 | 500 | 550 \ 600 | 400 | 450 | 500 | 550 | 600 | 400 | 450 | 500 | 550 | 600
a-value 1.17; 0.54{ 0.36 0.37l 0.40| 2.71| 0.97; 0.46| 0.23] 0.69 4.39; 1.60; 0.93| 1.01| 2.94

Photo. 1. Opticalomicrographs of the specimens
A, B, C: As quenched
D, E, F: Aged at 500°C for 100 min

A, D: 7401 B, E: 7402
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BETORSHLEZ X VFCR LT 58P AGNS.
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Photo. 2. Transmission electron micrographs of 7403 specimens aged at various temperatures for
100 min. (The large and small arrows indicate examples of residual and needle-like pre-
cipitates respectively.)

A : As quenched B : Aged at 430°C
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Photo. 3. Scanning electron fractographs of 7403 tensile specimens aged at various temperatures for

100 min, showing dimple fracture appearances.

A : Aged at 400°C

B : Aged at 500°C

C : Aged at 560°C
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Fig. 6. Relationship between reduction in area
¢ and ultimate tensile strength ¢ for
various aging temperatures (aging dura-
tion : 100 min).
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Fig. 7. Relationship between plane strain fracture
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o g for various aging temperatures (aging
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Scanning electron fractographs of 7401 precracked three-point bending specimens aged at
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Photo. 4.
various temperatures for 100min, showing the change of fracture mode from dimple to
quasicleavage fracture with an increase in aging temperature,
A : Aged at 450°C B : Aged at 500°C C : Aged at 550°C
A
}}\ii)) Ef B,
(b)
”
e
a. D < Muttiaxial
S P Flow Stress
.
- h
-~ !
.
//” "
4 1
Fyn - ,' (a)
b o |- Ef_ Critical Stress__________ £~ Uniaxial
1 for Cleavage Fracture — _-" Flow Stress
U] | -7
n Ci-~
[ 0—‘ T T T T T T TS
= /
v /
/
!
9y A | Criticatl Strain for
| Shear Fracture
/
!
1
f
]
i
L B
0 €

Strain €

Fig. 8. Schematic illustration of the possible dif-
ference in the fracture mode between an

unnotched tensile specimen and pre-

cracked one,
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