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Table 1 Chemical composition of Inconel 718 (/%)

Element Content
Cc 0.008
Cr 18.5
Ni 51.6
Co 1.0
Mo 3.3
Al 0.8
Ti 1.15
Fe 17.6
Nb 5.5
B 0.006
Mn 0.35

Solution Aging

965 C
0.75h )
Furnace cooling

730 'C/8 h

620 ‘C/8 h

Temperature/C

Air cooling

Time/h

1 Inconel 718 # b3 T2

Fig.1 Heat treatment process for the Inconel 718
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Fig.2 Size (a) and sampling direction (b) of tensile sample
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Fig.3 Microstructure (a) and XRD pattern (b) of Inconel 718
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Fig.4 Mechanical properties curves of Inconel 718 sheets in different tensile directions: (a) true stress-strain curves; (b) elongation; (c) yield

strength; (d) maximum tensile strength
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Fig.5 True stress-strain curves of Inconel 718 sheets under

different strain rates
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Table 3 Elongation, yield strength and maximum tensile

strength of Inconel 718 sheet under different strain

rates
Strain rate/ Elonaation/% Yield Maximum tensile
st g °  strength/MPa strength/MPa
10* 20.51912 1948.5624 2297.0957
10° 20.6184 1961.0369 2320.60132
10° 17.35578 1911.7288 2240.7959
10* 14.8089 1361.4 2275.04712
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Fig.6 Interaction mechanism between dislocation and the second

phase: (a) " phase and (b) y' phase
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Table 4 Material constants related to anisotropy

Parameter F G H N
oo 0.3140132 0.2835651 0.5950524 1.701211
ry 0.2106789 0.2372704 0.3420884 1.776025

N 4 R i
Fig.7 Size effect model
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Fig.8 Experimental and predicted results of Inconel 718 sheet:

(a) yield strength and (b) anisotropy coefficient
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Table 5 Plastic hardening constant relating to strain

Constant Value
A 1961.02977
132.39303
10.86804
269.77077
0.7412
-1.62488
-0.63121
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Table 6 Plastic hardening constant relating to strain rate
1

Strain rate, &/s’ Iné P value
10" In(0.1) 0.00477
102 In(10) -0.01078
10! In(100) -0.01192
a
2300
< 2200+
=
2 Experimental result of 10 s
£ 2100+ Hardening model of 10 s*
L Experimental result of 103 s
—— Hardening model of 102 s
2000 —— Experimental result of 102 s
—— Hardening model of 102 s
1900 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18
b
2200+
& 2000
2
2 1800} Experimental reslut of 107 s
& —— Hardening model of 10 s
1600
1400 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14
Strain/%

Bl9 R Jy- AR 2 1) i e 4 SR S5 A AL i 7Y
Fig.9 Experimental result and hardening model of stress-strain

curvesat £<0.1s?(a)and £=0.15"(b)
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Table 7 Significant coefficient (R) between experimental F I 46 U0 ) 8 o i R AL FRAT B B0 28 AR . [

result and hardening model

10 108 102
0.979636  0.994786

Strain rate, &/s*

R 0.987365

R T, &R KRR TY I B W I 5 72
UL . FERS A Inconel 718 MRS It B rp, A4
B AT RSB AL TR BTC 3 A28 AR (" Ay 4 ) 1 Btk
MBI, W 10 s ZIRIHIaHET, MR
HITRI B e R AT SLAE AT RS B L 1, BHAE MR A1 A2

Before the shear

\ Moving dislocation
A Interstitial elements

% The second phase y" and y’

Beginning to shear

K B N2 AR S A AT S AN, PR 237 4 DU X 26 —
FRL 7 HEATOIE . SRR, 28 M 5 1R BE o & A S A
FIXT AL R 7 A T KR RELAS . 5 2 K 4 DI
DA RESRAASER, SRR, 5, 4L
52 e ) SN A R A AT AN 2R A AR TR O T R
NP SR TG I BN RE, A ASALHE RT LU B b A 1]
BROGZR AN AR T LS R, et Y,
HiUt, {545 Inconel 718 FEAR ) 77 2 P HE X I AR 3 4 7
AT BRI .

Low strain rate

. High strain rate 1

End of the shear

P10 A [ 2 A% 3k 27 s i 1 A AL

Fig.10 Mechanism of dislocation slip at different strain rates
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Anisotropic Yield Criterion and Hardening Model Construction of Aging Inconel 718
Sheet Under Quasi-static Loading
Liu Yanxiong"??, Ji Kaisheng'??, Zhang Yijun'®?, Yin Fei*??
(1. Hubei Key Laboratory of Advanced Technology for Automotive Components, Wuhan 430070, China)
(2. Hubei Engineering Research Center for Green Precision Material Forming, Wuhan 430070, China)
(3. Hubei Key Collaborative Innovation Center for Automotive Components Technology, Wuhan 430070, China)

Abstract: The deformation mechanism will be more intricate by the size effect when the characteristic size of metal parts is reduced to a
micro scale. In this paper, the aging Inconel 718 foil with thickness of 0.1 mm was selected as the study subject and its mechanical
properties were tested. Based on the mechanical test data, the anisotropy, elongation, yield strength and maximum tensile strength of aging
Inconel 718 sheets were explored under different tensile directions and uniform strain rates. And the predicted model of anisotropy and
yield strength and the hardening model considering the strain and strain rate were established. The results show that the aging Inconel 718
sheets have conspicuous anisotropy. The tensile direction of 45<is an extreme point for the anisotropy, elongation, yield strength and
maximum tensile strength. The elongation and anisotropy firstly increases and then decreases with the increase of angle between tensile
direction and rolling direction. But the change rule of yield strength and maximum tensile strength is opposite to elongation and anisotropy.
In order to accurately predict the anisotropy and yield strength, two different sets of material parameters are needed due to the size effect.
When the strain rate is higher than 0.1 s, the material yield strength shows obvious sensitivity for strain rate. In this moment, the above
hardening model is not applicable.

Key words: sub-millimeter scale; aging Inconel 718; anisotropy; yield strength; hardening model
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