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Abstract. The thermal compression test of Ti-22Al-26Nb-2Ta-0.5Y alloy was performed using
a Gleeble-3500 thermal simulator at deformation temperatures ranging from 900°C to 1150°C
and strain rates ranging from 0.001s” to 10s™. The results show that the flow stress of
Ti-22AIl-26Nb-2Ta-0.5Y alloy increases with the increase of deformation rate and decreases
with the increase of deformation temperature. Based on the peak stress, the Arrhenius type
constitutive model of Ti-22Al-26Nb-2Ta-0.5Y alloy was constructed using Zener-Hollomon
parameters. The results show that this constitutive model has good prediction accuracy for peak
stress. The correlation coefficient between the predicted value and the experimental value is
R=0.9922, the average relative error E is 8.36%, and the deviation within 15% accounted for
about 96.67% of the total validation data points. This study provided a reference for the
formulation of the hot working processing scheme for Ti-22AI-26Nb-2Ta-0.5Y alloy and the
application of the Z-parameter constitutive model.

1. Introduction

As a lightweight, high-temperature, high-strength structural material, Ti,AINb-based alloy has
excellent mechanical properties and is a potential hot material[1-3] that can be used in aerospace
engines. Many scholars at home and abroad have studied the prediction accuracy of various
constitutive models, the Arrhenius type constitutive model is one of them which can accurately
describe the hot deformation behavior of metallic materials[4-8] .

In this study, Arrhenius type constitutive model is used to describe the hot deformation behavior of
Ti-22A1-26Nb-2Ta-0.5Y alloy. The thermal compression test of Ti-22AI-26Nb-2Ta-0.5Y alloy was
performed using a Gleeble-3500 thermal simulator at deformation temperatures ranging from 900°C to
1150°C and strain rates ranging from 0.001s™ to 10s™ to study its hot deformation behavior. Based on
the peak stress, the Arrhenius-type constitutive model of Ti-22Al-26Nb-2Ta-0.5Y alloy was
constructed using Zener-Hollomon parameters[9] , and the prediction accuracy of the constitutive
model was analyzed. This study provided a reference for the formulation of the hot working
processing scheme for Ti-22Al-26Nb-2Ta-0.5Y alloy and the application of the Z-parameter
constitutive model.

2. Experimental Scheme

The isothermal compression test scheme is: using a Gleeble-3500 thermal simulator with deformation
temperatures of 900°C, 950°C, 1000°C, 1050°C, 1100°C and 1150°C, strain rates of 0.001s?, 0.01s?,
0.1s, 1s™ and 10s™. The test piece size is ®8mm x 12mm . The sample was heated from room
temperature to a deformation temperature at a heating rate of 5°C/s, and then retained for 300s to
eliminate the temperature gradient. The compression amount was 70% and the compressed sample is
water cooled. During the deformation process, the temperature and strain rate are kept constant by
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computer control, then the stress-strain data is directly output.

Based on the experimental data, the true stress-strain curve of the Ti-22AI-26Nb-2Ta-0.5Y alloy is
plotted, as shown in Fig. 1. It can be seen from the figure that the hot deformation behavior of
Ti-22Al-26Nb-2Ta-0.5Y alloy follows the deformation behavior of a typical rheological curve, and the
flow stress increases with the increase of the deformation rate and decreases with the increase of the
deformation temperature. It can be seen from the figure that when the strain reaches 0.1, the stress
tends to peak stress.When the strain is 0.1 and the strain rates are 0.001s?, 0.01s, 0.1s*, 1s™, and
10s™, the stress at 950°C is 187.75 MPa, 429.33 MPa, 694.42 MPa, 797.53 MPa and 1082.95 MPa
respectively. When the strain is 0.1 and the strain rates are 0.001s™, 0.01s™, 0.1s™, 1s™ and 10s™, the
stress at 1050°C is 77.05 MPa, 157.38 MPa, 280.67 MPa, 395.16 MPa and 610.93 MPa respectively.
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Figure 1. True stress-strain curves of Ti-22AI-26Nb-2Ta-0.5Y alloys with strain rates of 0.001s™,
0.01s, 0.1s™, 1s™, and 10s™ respectively deformed at temperature of (a)950°C; (b)1050°C.

3. Arrhenius Type Constitutive Model
The expression of the Arrhenius type constitutive model containing the Z parameter[10] is:

&= AF(o)exp(—Q/RT) (1)
o™ ao<0.8
F (o) =sexp(pfo) aoc>1.2 )

[sinh(ao)]' forall o

Z =cexp(Q/RT) (3)

Among them, ¢ is the strain rate(s™); o is the ture stress(MPa); Q is the deformation activation
energy(kJ-mol™); R is the gas constant(8.314-mol™-K™); T is the absolute temperature; A, ni, a, n and
B (B=an;) is the material constant.

From equation (1) to equation (3), the mathematical expression for real stress can be derived as:
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4. Z parameter Constitutive Model
The characterization parameters are based on experimental data obtained by a linear regression
method. At different deformation temperatures, the average slope of the Ine—Ino fitting curve is



ICMSE 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 397 (2018) 012010 doi:10.1088/1757-899X/397/1/012010

taken as the reciprocal n;=5.3828; At different deformation temperatures, the average slope of the
Iné—o fitting curve is taken as the reciprocal P=0.0167, then find the material constant
a=p/n;=0.0031; At different deformation temperatures, the average slope of the Ing-In(sinh(ao))
fitting curve is taken as the reciprocal n=3.4828; At different deformation temperatures, the average
slope of the 10000/T —In(sinh(ao)) fitting curve is 1.83431, then find the deformation activation
energy Q=531.14; The intercept of the fitting curve is InA=45.922, then find the material constant

A=8.784x10".
Fig. 2 shows the fitting straight lines obtained by linear regression based on the peak stress under
each deformation condition. The Arrhenius type constitutive model for the characterization parameters

of Ti-22Al-26Nb-2Ta-0.5Y alloy is:
1/2

1 7 1/3.4828 7 2/3.4828
O = In + — +1
3.1x107°2 [8.784 %101 j (8.784 x101° )

()

. 531.14 x10°
L=EOXD oA

- 1200
1000
6 ]
800-
g5 S 600-
?b, =
= el
i= 4004
4 i
200+
34 ol
@) » 1150°C
-8 6 4 2 0 2 8
In(strain rate)(s™)
3
2]
g 11
=3
¥ o1
=
<
2
=11
2
3 . . T

oA

N
[}
©

-8 -6 -4 -2
In(strain rate)(s™)



ICMSE 2018 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 397 (2018) 012010 doi:10.1088/1757-899X/397/1/012010

60

554

InZ

45

404

35

-1 0 1
In(sinh(oc))(MPa)
Figure 2. Characterization parameter fitting curve: (a)In s -Inc; (b)In ¢ -6; (¢)In ¢ -In(sinh(ao));

(d)10000/T-In(sinh(ao)); (e)In(sinh(aoc))-InZ.

The constitutive equations were used to calculate the experimental parameter points and the
calculated values of the flow stress were compared with the experimental values. Fig. 3 shows the
error accuracy of the constructed constitutive equations. The error analysis shows that the deviation
within 15% of all data points account for about 96.67% of the total. The above shows that the
constitutive equation can accurately describe the influence of the hot working processing parameters
of Ti-22Al-26Nb-2Ta-0.5Y alloy on its flow stress.

12009 & prediction data 7o
1 R=0.9922 o/,/
1000+ E=8.36% s
< . o
& 00"
S 800 x=0.85y &
% e
B 600- o6 _~y=0.85%
= (o
% 1 o
g 400 /Q/éo
£ oL
200 g
O T T T T T T
0 200 400 600 800 1000 1200

Experimental stress(MPa)

Figure 3. Curve of the calculated and actual values

5. Conclusion

(1)The hot deformation behavior of Ti-22AI-26Nb-2Ta-0.5Y alloy follows the deformation behavior of
a typical rheological curve. The flow stress increases with the increase of deformation rate and
decreases with the increase of deformation temperature.

(2)The Z-parameter Arrhenius type constitutive model of Ti-22Al-26Nb-2Ta-0.5Y alloy based on
peak stress has good prediction accuracy. The predicted value of this constitutive model is fitted to the
measured value of the isothermal compression test. The correlation coefficient between the predicted
value and the experimental value is R=0.9922, the average relative error E is 8.36%, and the deviation
within 15% accounted for about 96.67% of the total validation data points.
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