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Abstract

INCONEL 718, nickel based superatloy, has good formability, high strength, excellent corrosion resistance and
mechanical properties at high temperature. Owing to theses attractive properties, it is utilized in applications such as
combustion system, turbine engines and nuclear reactors. In such applications, components are typically required to be
tolerant of high stress impact loading. This may cause material degradation and lead to catastrophic failure during service
operation. Accurate understanding of material’s mechanical properties with various strain rates is required in order to
guarantee the reliability of structural parts made of INCONEL 718. This paper is concerned with the dynamic material
properties of the INCONEL 718 at various strain rates. The dynamic response of the INCONEL 718 at the intermediate
strain rate is obtained from the high speed tensile test and at the high strain rate is from the split Hopkinson pressure bar
test. The effect of the strain rate on dynamic flow stress, work hardening characteristics, strain rate sensitivity and
elongation to the failure is evaluated with the experimental results. Experimental results from both the quasi-static and the
high strain rate up to 5000 /sec are interpolated in order to construct the Johnson-Cook model as the constitutive relation
that should be applied to simulate and design the structural parts made of INCONEL 718.
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Fig. 1 Microstructure of the INCONEL 718 alloy

Table 1 Chemical composition of INCONEL 718 alloy

Element| Ni | Fe | Cr [Nb|Mo | Ti [ Al | Si | C

Wt (%) [53.66]17.87|17.67/5.95|3.01|0.97 0.1410.03

2. INCONEL 7182 &

2.1 INCONEL 718 &

INCONEL 7189 A A
st ks A :A)E 7)<l INSTRON 5583 o] &
o] AFAAE FAAT Aol AL 9
A= AE 122mmx Fo] 200mme] YEFo g o]
2 Fig. 29] £A1% ASTM E-8 772 ] w3y AH
o2 Aztsle AMLEIgiTh EF AR 30mmel A
Hol i3l UdAEEZE S4mm/minl 2 A3}
Al 2835l HEESE) 0.003/sec0] HEE

sH3ith

()

Fig. 2 The specimen for the quasi-static tensile test of
INCONEL 718 (ASTM E-8): (a) schematic
description; (b) photograph
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Fig. 3 Quasi-static engineering stress-strain curve of
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Fig. 4 Failure surface of INCONEL 718 with quasi -
static tensile test
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Fig. 5 Picture of the high speed material testing
machine
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Fig. 6 The specimen for the intermediate tensile test;

(a) schematic description; (b) photograph
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Engineering Strain

Fig. 7 Engineering stress-strain curve of INCONEL

718 with the variation of strain rate
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Fig. 8 Work hardening characteristics of INCONEL
718 with the variation of strain rate
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Fig. 9 Variation of the failure strain of INCONEL 718
at intermediate strain rates
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Fig.13 Strain rate sensitivity of INCONEL 718

Table 2 Constants of INCONEL 718 in the original
and modified Johnson-Cook model

A B

(MPa) | (MPa) | 1 C G | G m
483.5 | 1469 |0.7837(0.053210.0323|0.0038| 0.289
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