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Construction of constitutive model for GH4169 alloy under high
temperature and high strain rate
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Abstract: The quasi-static compression test and dynamic impact test of GH4169 alloy were carried out
by universal testing machine (UTM5305) and Hopkinson dynamic testing device (ALT 1000), respect-
ively. The quasi-static test data of strain rates of 0.001, 0.003 and 0.1 s at room temperature were ob-
tained. The Johnson-Cook (JC) constitutive model and its modified model were constructed from the
dynamic test data at temperatures of 25, 600, 750, 900 °C and strain rates of 1 500, 2 500, 3 500, 4 500 s
The result shows that the plastic hardening, thermal softening and rate sensitivity of the material happen,
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especially when the temperature rises to 900 degrees Celsius, the softening effect is particularly promin-
ent. The correlation coefficient () of the original JC constitutive equation is 0.914 7, the coefficient of
determination (R’) is 0.742 2, and the average relative error (AARE) is 14.53%. The revised JC con-
stitutive equation correlation coefficient (7) is increased to 0.944 4, and the coefficient of determination
(R%) is increased to 0.886 7. The average relative error (AARE) is reduced to 10.77%, which signific-
antly improves the prediction accuracy and reliability compared with the original JC constitutive model,

and can be used to predicate the stress-strain behavior of materials.
Key words: GH4169 alloy, modified constitutive model, high temperature, high strain rate, prediction
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Fig. 1 True stress-true strain curve of superalloy GH4169
under quasi-static conditions
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Fig. 3 True stress-strain curves for high-temperature alloy GH4169 under different strain rates

B RGEMIE R, RIH A", 3% 2 il

1800
1 ] LIS R FHR 45 5
1500 F
7=25 C F1 25.600,750.900 C T GH4169 & &M I RE TR
< 1200 F \ R AEER=0.01 57! Bt Y JE AR 3R
E Table 1 Yield strength of GH4169 alloy at different strain
R 900 F rates at 25, 600, 750 and 900 °C
600 L B oF HE /o st BIRER O BEVEMSh S REUE
e B WELIC BIERST Npe Bl R Ji/MPa
300 L —o— 2 TP B H L 1500 122130  0.0747 00761 1263.98
a3 MR EA T )5 2500 124002 02028 02130  931.75
0 . . . . 3500 130597 03390 03611 102032
0 0.1 0.2 03 0.4 0.5 4500 140472 04357 04475 1535.05
HAR 1500 900.83 02079 02106  898.18
2500 100046 02254 02345 1062.14
4
Fie. 4 Yiel d@t EEE@E. tal steel 600 3500 105444 03434 03557 105825
18- leld stress of experimental stee 4500  1085.02 03101 03541  595.9
i ) . 1500 89121 01709 0.1756  974.66
B 3], BE AR E R, SR E 4 50 2 500 91031 02765 02987  579.53
LA I T 1 A A ol B 3500 950.69 03693 03868  872.06
GHA160 [y FLS 107 7-FUR A8 AR ANBTRRAIE, il A 4500 97947 04749 04910  820.53
TR EEAE 900 °C W}, 15 B AR Bk, 48 R T 1500 35086 0.1605 0.1632  458.72
— e o . U 2500 38028 02519 02578  708.53
iz 2l R R 36 2 B S JEE T 8 T 388 T, AT 2 900 3500 40132 03718 03793  632.80

JEF [R)AH LA A T 0msisy, B 28 mT e 2 fle (7 By 3 43500 42020 04506 04560 76636




- 162 - W gk Pl K

2025 45 46 &

R2 ARETRTMIENLSE (25.600,750,900 C T)
Table 2 Work hardening parameters at different strain rates
for temperatures of 25, 600, 750, and 900 °C

k n
TR - - - - - - - -
e 5005725005 35005 45005 1500525005 35005 45005

25 3289 1327 1098 862 0.78  0.61 0.70  0.61
600 1655 1920 1386 253 067 070 0.71 1.20
750 2430 2131 2207 1153 084 099 1.05 0.84
900 4622 2188 1918 1769 124 093 094 088

&3 GH4169 5 & &3 J-C FGERSH CHE
Table3 Values of parameter C of the J-C constitutive
model of GH4169 alloy transmission

T/C NAERels" JRIGRE/MPa BHCH SHCTHHE

1500 1175.10 0.008 1
2500 1305.08 0.009 1
25 0.0127
3500 1471.96 0.0135
4500 1618.27 0.020 1
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Table 4 Values of parameter m of the J-C constitutive
model of GH4169 alloy transmission

MRS WET/IC JRIRN 10/MPa SHml SEmFHHE
600 900.83 1.493 1
1500 750 891.21 2.046 8
900 350.86 0.8153
600 1054.43 2.096 1
2500 750 950.69 2.3037
900 401.32 09510
600 1187.94 3.0772 18429
3500 750 1 048.92 2.866 3
900 355.53 0.8192
600 1 085.02 22265
4 500 750 979.47 24221
900 420.20 0.997 8
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