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High temperature deformation behavior and constitutive model

of laser additive manufactured Nickel-based superalloy
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Abstract: Tensile tests on laser additive manufactured of Nickel-based superalloy at seven temperatures
are carried out. The failure mechanism and constitutive model of additive manufactured superalloy are
studied through fracture analysis and data processing. The results show that the yield strength and tensile

strength of Nickel-based superalloy decrease with the increase of temperature. When the temperature is
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higher than 673 K, the sawtooth flow phenomenon occurs in the plastic section, and the density of saw-

tooth decreases with the increase of temperature. There are a lot of dimples and tearing edges on the frac-

ture surface of the specimen, exhibiting significant ductile fracture characteristics. By considering the

coupling effect of strain and temperature on the plastic behavior of the material, an improved constitutive

model based on J-C and Z-A models is established to fit the flow stress of the alloy. The fitting values are

in good agreement with the experimental values, and the absolute values of relative errors are all less than

4%. The finite element simulation results are compared with the load-displacement curves of the test,

which further proves the accuracy of the constitutive model.

Keywords : nickel-based superalloy; constitutive model; rheological behavior; laser additive manufacturing;

finite element simulation
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Tab.1 Mechanical properties of Nickel-based superalloy at different temperatures

ZH 123 K 298 K 473 K 573 K 673 K 773 K 873 K
o,/GPa 1.346 7 1.259 1 1.199 2 1.179 4 1.152 6 1.129 3 1.075 8
o,/ GPa 1.884 4 1.601 6 1.482 6 1.466 6 1.386 3 1.356 1 1.3412

o 0.2130 0.160 0 0.162 0 0.178 0 0.154 0 0.1470 0.173 0
] 0.3100 0.390 0 0.4200 0.3800 0.4200 0.390 0 0.4100
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Fig.2 Error bar diagrams of Nickel-based superalloy
at different temperatures
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Fig.3 True stress-strain curves of Nickel-based superalloy

at different temperatures before necking
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Fig.4 Variation trend of true tensile stress with
temperature change under the same strain
for Nickel-based superalloy
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Tab.2 Parameters of the original J-C model
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Fig.6 Comparison of flow stress values fitted by the original J-C model with experimental values
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Tab.3 Parameters of the improved model based on the J-C model
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Fig.7 Comparison of fitted and experimental values of flow stress at different temperatures for nickel-based superalloy



5550 5 1

SRR, 2. BOLI A RS R S LA S R AT D S A Y 143

DhRE i3 T 3 A A A A A R AL 4 SR Y
5 AWML o HiXE ARSI o, Z
LR B 22, 33

(Tf_(T
R, = .

x 100% (26)

o-e

5 il TR S SRR T LA

B 355 R I Bl 0L 3 B RS BERTRE X R 22 R,
A Y LL J-C R Sy SRR A S A #4540 5 d
RABRRZE N =3. 0%, DL Z-A BEHY Sy B il (1 e
AT S e KA R 220 - 3. 10% . 4R %
B, SR A A A A R B 9 B 4005 B 1 L S 4 Y
BN o

x5 HESRAERINNBSESKEERH L

Tab.5 Comparison of flow stress fitted values with experimental values for nickel-based superalloy

o/ MPa HIXHR2E/ %
/K o./MPa
PLT-C SRR DL Z-A RN FE A PLJ-C MR LR DL Z-A B R JLR
123 1881.4 1824.3 1825.0 -3.0 -3.00
298 1601.6 1619.0 1604.0 1.1 0.15
473 1499.9 1541.6 1515.9 2.8 1.10
573 1473.8 1516.8 1477.0 2.9 0.22
673 1412.7 1424.0 1398.7 0.8 ~1.00
773 1342.6 1375.2 1351.5 2.4 0.66
873 1346.3 1325.2 1304.9 -1.6 -3.10
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Fig.8 Schematic diagram of load and boundary

condition application
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Fig.9 The result of overall mesh division
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Fig.10 Load-displacement curve comparison of finite element analysis and test under different temperatures for

Nickel-based superalloy
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Tab.6 Comparison of load-displacement curve results between finite element analysis and test

F,/kN HIXFERZE/ %
T/K F_/kN
PLJ-C BB FERE DL Z-A By FERd PLJ-C BRI FERY DL Z-A By FE R
123 44.146 3 41.452 3 41.659 5 -6.1 -5.6
298 38.792'5 39.914 5 37.805 6 2.9 -2.5
473 37.929 0 38.398 4 38.263 9 1.2 0.9
573 35.949 8 37.210 7 36.968 0 3.5 2.8
673 35.008 5 36.125 6 33.8117 3.2 -3.4
773 34.1159 34.955 3 32.199 5 2.5 -5.6
873 34.183 4 33.811 8 31.231 0 -1.1 -8.6
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