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Abstract: To understand the influence of the dynamic strain ageing ( DSA) phenomenon on the mechanical
properties of GH4169 superalloy during heat treatment, experimental and modeling investigations of DSA were
carried out for solid solution treated nickel-based GH4169 superalloy at elevated temperature. Uniaxial tensile tests
at 620 °C with strain rates of 107, 107’

negative strain rate sensitivity and serrated yielding behaviours were identified. Through the use of a thermal

, and 10" 57! were performed to characterize the DSA effect, and

activation based viscoplastic flow rule with the DSA effect incorporated, a one-dimensional constitutive model was
established. The deformation resistance was divided into two parts, i.e., slip resistance and deformation resistance
caused by DSA effect. Two internal variables, equivalent ageing time and waiting time, were introduced to describe
the DSA effect, and a least-squares method was adopted for parameter fitting. Comparison show that the calculated
results of the constitutive model were in good agreement with the experimental results. The slip resistance increased
with the increase of strain rate, whereas the deformation resistance caused by DSA effect decreased with the
increase of strain rate. It further indicates that the identified negative strain rate sensitivity is the result of the
competition between DSA effect and normal rate effect in certain strain rate range.

Keywords : solid solution treated GH4169 ; high temperature tensile test; dynamic strain ageing (DSA) ; negative

strain rate sensitivity; constitutive model
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Tab.1 Chemical composition of GH4169 superalloy wt/%

C Cr Nb Ti Al Mo Fe Ni
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Fig.1 Schematic diagram of tensile specimen
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Fig.2  Photo of high temperature tensile test bed
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Tab. 2 Yield strength of solid solution treated GH4169 at
620 °C with different strain rates
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[T, Rz 7 — R A28 i 4 A s B st e ), B2 7
-l th AR 3, 2 B AR BOIRIBIE. o, 1072 71k
BRI /N IR 10 7 s T HRIRIFKZ
PRENHIAE 1077 s T HUR R AYSE RN ;10 7 s 1k
FRYRME A, PR B L Fe

1100¢
1000}
900}
800
g 700}
_§ 600}
& o0}
400}
300
200
100
0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 045
[
() B Ry AR dh 48
(&) ML J-ME T 2
800
104s! e
750 v AT
i \N .. A"l
ovir
A~ VI
M I
= ane” Il W I
A 700 AWV i S
= N 4 4 | 10° g
> 4"A '
= a T \ W il
S 2V \ o~
™~ I oS g
= gen L ¥ P e
= 0oV rg _aAlr —
B il | ~S
N~ L a4
i Wl | S
a 11
znn Y 1 v \
VW e~ 0 i \
] ) O i, 4
| . = 102 ¢l
| AV 10
550
0.12 0.13 0.14 0.15 0.16 0.17

3 B GH4169 7£ 620 °CT 7 & hif 8 i3 R A Hii 1 3L 06
Hh 2
Fig.3  Tensile test results obtained at 620 °C with different

strain rates
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Fig.4 Microstructure of specimen at strain rate of 10 * s~
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Fig. 6 Comparison of model results with experimental data
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