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ture
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Abstract: y-TiAl alloys with a low density and a high specific stiffness are preferred structural materials for weight saving of

aircraft engines. The present paper deeply reviewed the flow behavior and constitutive equations of y-TiAl alloys compressed

at elevated temperature. Deformation processing parameters, deformation history and adjusted preheating treatment, chemical

composition and initial microstructures are the main factors that determine the flow behavior of y-TiAl alloys compressed at

elevated temperature. The constitutive models describing flow stress-strain curves are segmented into genres, such as

empirical models, models coupled with different softening mechanisms, and models about deformation mechanisms. The

Arrhenius model and H-S model were deeply discussed. Also, constitutive model including softening mechanism and models

involving deformation mechanisms were summarized and analyzed. It can be predicted that the emphasis on further research in

y-TiAl alloys is to establish constitutive models involving multiphase coordinated deformation mechanisms.
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y-TiAl alloys, for their excellent properties such as low
density and outstanding specific stiffness, are potential ma-
terials for replacing Ti alloys and Ni-base superalloys in
aerospace applications!'”").
would be beneficial for engine to reduce weight and to raise
fuel efficiency ® * *'%. Ti-48A1-2Nb-2Cr, which helps to

reduce weight of engines!''l, has been employed to produce

Application of p-TiAl alloys

low pressure turbine blades of LEAP™ engines running on
Boeing’s B737MAX etc!'!. Currently, y-TiAl alloys have
been introduced into service by many companies including
GE, MTU and MW Racing. Besides, Rolls-Royce plans to
employ y-TiAl alloys for aero applications. As Janschek!'”
said, in order to realize this plan, about 900 pieces of blades
of high pressure compressor are forged for their experi-
mental engine E3E.

An attractive progress in weight reduction for aero en-
gines is achieved by implementation of y-TiAl alloys.
However, stumbling blocks for thermomechanical proc-
essing are their intrinsic brittleness and narrowing tem-
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perature window on industrial scale”'>'*!. Physical simu-
lation method is a common way to get a thorough under-
standing of flow behavior of p-TiAl alloys at elevated

temperature“s]

. In addition, thermal simulation compres-
sion test can be taken as a reference for the numerical
simulation of forging y-TiAl alloys. Furthermore, through
the thermal simulation compression test, suitable loads of
forging equipment and optimum processing parameters
can be determined.

In this paper, based on flow behavior of y-TiAl alloys
compressed at elevated temperature, the features and influ-
ential factors of flow stress-strain curves were primarily
analyzed. Besides, various constitutive models describing
the instant response of y-TiAl alloys to external load were
compared in detail.

1 Flow Behavior of y-TiAl Alloys Deformed at
Elevated Temperature

1.1 Flow stress-strain curves
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Flow stress-strain curves reflect the instantaneous re-
sponse of microstructure to applied loads during the com-
pression of materials. The response is associated with de-
formation processing parameters. Also, it is influenced by
chemical composition and original microstructure.

The typical flow stress-strain curve for isothermal com-
pression of y-TiAl alloys is presented in
Fig.1. As seen in

Fig.1, features of flow behavior are shown as follows: in
the initial stage of deformation, the flow stress of y-TiAl
alloys drastically increases until peak stress (o,) is achieved;
and then, the flow stress falls, so does the amplitude of flow
stress. The saturation stress (oy,) is reached if the deforma-
tion continues. The flow stress-strain curve of y-TiAl alloys
is mainly softened by dynamic recrystallization (DRX),
which makes the flow stress peaked.

1.1.1 Effect of work hardening and flow softening

Flow stress decreases with increasing the deformation
temperature or decreasing the strain rate, as shown in
Fig.2""" Flow stress-strain curves are a macroscopic
manifestation of competition between work hardening and
flow softening. Work hardening is dominant at the first
stage when dislocation density increases with strain and
dislocations are hindered by grain boundaries and other
barriers. Flow softening, associated with a mass of inter-
actions between dislocations, results from dynamic re-
crystallization (DRX), dynamic recovery (DRV) and
adiabatic heat!'”). Flow softening extent (Ao = 0,0, ) re-
flects the offset of work hardening and flow softening.
Effect of deformation temperature and strain rate on flow
softening extent is presented in Fig.3. Flow softening ex-
tent decreases with increasing the deformation tempera-
ture or decreasing the strain rate, which implies that sof-
tening mechanisms are less effective and can be attributed
to DRX during isothermal compression!'®.

Effect of strain on flow stress of y-TiAl alloys is reflected
through work hardening rate (6=00/0c¢), as shown in Fig4.
Work hardening rate rapidly declines with increasing the strain,
and declines slightly when DRX occurs. Work hardening

o

Fig.1 Typical flow stress-strain curve of y-TiAl alloys

is predominant until flow stress peaked. Afterwards, work
hardening rate becomes negative, which means that softening
mechanism plays a leading role. Then, work hardening rate
keeps declining until the valley touched, which implies that
flow softening induced by DRX is sharper than that at any
time. Subsequently, work hardening rate gradually increases
until it approaches to 0, as exhibited in Fig.4. The strain de-
pendence of work hardening rate reflects the strain depend-
ence of dislocation density and dislocation interaction. Dis-
location is accumulated by work hardening and annihilated
by DRV and DRX. Cheng et al''”! claimed that contribution
of DRV to the dislocation annihilation of y-TiAl alloys can be
neglected.
1.1.2 Effect of deformation history and adjusted pre-
heating treatment

To some extent, yp-TiAl alloys, which were subjected to
pre-deformation or preheating treatment, exhibit preferable
hot deformability owing to a decline in internal stress and
defaults. Besides, grain sizes and microstructure morphology
are altered by deformation history and advance heating
treatment®”, which decreases the deformation resistance of
y-TiAl alloys'!. Seetharaman et al'*! assessed the influence
of preheating temperature and deformation temperature on
Ti-45.5A1-2Nb-2-Cr. The results showed that the higher the
preheating temperature, the sharper the peak stress and the
larger the flow softening extent, due to the increased size and
fraction of lamellar colony. However, this phenomenon is
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Fig.2 Flow stress-strain curves of Ti-45A1-8Nb-2Cr-2Mn at a
strain rate of 0.01 s (a) and a deformation temperature of
1150 °C (b)'®



1408 Xu Runrun et al. / Rare Metal Materials and Engineering, 2019, 48(5): 1406-1414

160
140 +
‘bm 120;
l“ 100

LI '\
60 |
40 F .\

. -1
-— Strain rate of 0.01 s

=0

20
950 1000 1050 1100 1150
Deformation Tem perature/°’C
250
|  Deformation temperature of 1000 °C - b
200 e
t|>“ 150
ﬁﬂq
L 100 |
<
50
0 1 1 1 1 1 1 1 1 1 1
-7 -6 -5 -4 -3 -2

In (strain rate/s™)

Fig.3 Effect of deformation temperature (a) and strain rate (b)
on flow softening extent of Ti-47Al1-2Nb-2Cr!'®
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Fig.4 Effect of strain on flow stress and work hardening rate of
Ti-42A1-8Nb-0.2W-0.1Y (deformation temperature 1100
°C, strain rate 0.01 s™)!""

weakened with increasing the deformation temperature and
lowering the stain rate, as most short-range glide obstacles
are removed™. Paul et al® claimed that the short-range ob-
stacles (debris and dipoles) caused work hardening to be
sensitive to deformation processing parameters.

The effect of deformation frequency, interval of deforma-
tion and temperature drop on flow stress of Ti-45.3A1-2Cr-
2Nb-0.1B was assessed, which are attributed to DRX and
DRV, Fig.5 shows the flow stress curves of y-TiAl alloy
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Fig.5 Flow stress-strain curve of Ti-47Al1-2Cr-1Nb subjected to

double compression at elevated temperature!*”!

which was deformed at a deformation temperature of 1100
°C, a strain rate of 0.01 s'l, and a height reduction of 50%
with an interval of 15 min at the same temperature. As
shown in Fig.5, the flow stress decreases by about 35.9%,
which is attributed to the DRX of y grain and static balling
of lamellae during the interval *!.

1.1.3  Effect of elements

In order to screen out y-TiAl alloy compositions meeting
service requirements of aeronautic materials and to show bal-
anced properties between service and hot workability, it is
necessary to clarify the effect of elements on the microstruc-
ture morphology and high-temperature properties of p-TiAl
alloys. According to alloy design strategy”® ") there are two
types of elements: aluminum and other alloying elements.
The influence of elements on deformation behavior of y-TiAl
alloys is elucidated below.

Different contents of Al alter solidification paths of y-TiAl
alloys, which results in variation in microstructure morphol-
ogy and phase fractions, thus leading to various machinabil-
ity properties at elevated temperatures’®®.. Imayev et al’®
announced that as the Al content increases, the flow stress of
binary y-TiAl alloy gradually decreases, which is related to
the increase of volume fraction of a, phase®”’. For ternary
y-TiAl alloys (Al<45 at%), flow stress declines with increas-
ing the Al contents, due to the increase in the volume fraction
of f3, phase'™.

Also, alloying elements are substantial for flow stress of
y-TiAl alloys compressed at elevated temperature. Proper
addition of Nb, Mo, Ta and W elements in y-TiAl alloys is
beneficial for f, phase[m. Trace addition of Y, B, C and Si
elements is conducive to diminishing grain size and refining
lamellar spacing”® ****!. Mn would contribute to the twin-
ning in y-TiAl alloys*. Above mentioned elements improve
hot workability of y-TiAl alloys. Nazarova et al®*! announced
that hot workability and ductility of Ti-45Al1-5Fe(-5Nb) at
room temperature can be improved by 7,(Al,FeTi) phase
which is induced by adding Fe elements.
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Besides, hydrogen is also beneficial for hot workability of
y-TiAl alloys, which yields a 35% decrease in peak stress of
Ti-46A1-2V-1Cr-0.3Ni""!. However, there are some divergences
of specific effect of hydrogen on y-TiAl alloys’ hot workability.
Hydrogen is beneficial for DRX of y phase, dislocation sliding
and twinning, or stabilizing 8, phase!'”**. Anyhow, hydrogen
decreases temperature susceptibility of y-TiAl alloys.

1.1.4 Effect of initial microstructures

Rheological characteristic of y-TiAl alloys compressed at
elevated temperature varies with microstructure characteris-
tics (such as morphology and size)"*”! due to the difference in
activated slip systems. Fig.6a contrasts the flow stress-strain
curves during isothermal compression of Ti-49Al with dif-
ferent microstructures (fully lamellar FL and near gamma
NG). As presented in Fig.6a, flow softening emerges in
Ti-49A1 with a NG microstructure, while flow behavior of
Ti-49Al1 with a FL microstructure shows continual work
hardening. The above phenomenon is related to the interac-
tions between ordinary dislocation 1/2<[110], twin partial
dislocations 1/6<[112] and lamellar interface. For y-TiAl al-
loy with a FL microstructure, there is an exponential rela-
tionship between peak stress (or steady stress) and sizes of
lamellar colony™®.

Meanwhile, y-TiAl alloys with different casting tex-
ture have different deformation responses to hot de-
formation processing parameters. Fig.6b presents the
effect of original casting texture on high temperature
deformation behavior of Ti-48Al1-2Cr. As shown in
Fig.6b, the effect of work hardening and flow softening
on lamellar structure that is parallel to the compression
direction is more obvious than in other directions,
which can be explained below?”!. The dislocation slip-
ping and twinning in hard lamellae (a=0° and a=90°)
are restricted by lamellae interface, which leads to

stress concentration in the vicinity of lamellae interface.

Consequently, DRX is extensively stimulated, which
results in flow softening. As for soft lamellae (a=45°),
dislocation slipping is unimpeded. Thus, little disloca-
tion pile-up occurs, which results in insufficient flow
softening induced by DRX.
1.2 Kinetic analysis of hot deformation behavior
Apparent deformation activation energy Q, strain rate sen-
sitivity index m and strain hardening index » are important
indicators to measure high temperature deformation behavior
of metals and alloys. Additionally, they reflect difficulty and
uniformity of deformation. Kinetic analysis of y-TiAl alloys
is beneficial for accurately controlling forging process and
quality of forming parts.
1.2.1 Apparent deformation activation energy
Physical nature of hot deformation for y-TiAl alloys is
atoms immigration. The energy needed for hot deforma-
tion is apparent deformation activation energy Q
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Fig.6 Effect of initial microstructure (a) (the illustrations are
SEM-BSE images®™) and texture (b) on the flow
stress-strain curves of y-TiAl alloys (a represents the an-
gle between lamellar interfaces and compression direc-

tion which is vertical®”)
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culty of hot deformation. Table 1 lists the apparent defor-

), which reflects the diffi-

(Q=R

mation activation energy Q and stress exponent n; of y-TiAl
alloys deformed under various processing parameters. As
shown in Table 1, the O value of y-TiAl alloys ranges from
200 kJ-mol™ to 632 kJ-mol™. If the apparent deformation
activation energy is equal to self-diffusion energy of Ti
atom or Al atom, softening mechanism of y-TiAl alloys is
controlled by dislocation climbs, indicating that DRV is the
primary flow softening mechanism. Otherwise, the high O
value is attributed to the DRX in y-TiAl alloys.

Usually, influencing factors of flow behavior are same as
those of activation parameters when y-TiAl alloys are de-
formed at elevated temperature. As presented in Fig.7, ap-
parent deformation activation energy declines with increas-
ing the deformation temperature. However, apparent defor-
mation activation energy possesses a peak value as strain in-
creases. Besides, with increasing the fraction of 5/f, phase,
apparent deformation activation energy of y-TiAl alloys de-
creases'™. Chen et al®® claimed that a trace of hydrogen
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Table 1 Activation parameters of various y-TiAl alloys (apparent deformation activation energy O and stress exponent n;)
J-TiAl alloys micrlons‘ttr‘si e 7/°C &l O/kJ-mol” "
Ti-44A1-6Nb>®! Fully lamellar 1100~1250 0.001~1.0 485.7 4.4
Ti-43A1-4Nb-1Mo-0.1BP”  Nearly lamellar 1150~1300 0.005~0.5 200~350 3~4.5
Ti-41Al1-3Mo0-0.5Si-0.1BM% P8 1150~1300 0.005~0.5 267 2.95
Ti-45A1-3Mo-0.5Si-0.1BM"! B 1150~1300 0.005~0.5 553
Ti-46.2A1-2V-1Cr-0.5Ni*""  Nearly lamellar 950~1050 0.01~1.0 247 8.34
Ti-47A1-2Cr-0.2Mo*? Nearly y 1000~1150 0.001~1.0 313.5 3.03
Ti-42A1-8Nb-0.2W-0.1Y!""! B 1000~1150 0.001~0.5 427 4.16
Ti-44A1-5V-1Cr**"! Nearly lamellar 1000~1250 0.001~1.0 632 3.4

apparently reduces deformation activation energy of y-TiAl
alloys by about 21.2%, which indicates the improved worka-
bility y-TiAl alloys due to f/f, phase.
1.2.2  Strain rate sensitivity index
dlneo
dlné

contribution of grain sliding to deformation, namely, the base

Strain rate sensitivity index m (m= .r ) reflects

for estimating plastic deformation ability. Only superplastic
deformation mechanism can be activated in y-TiAl alloys
when m is greater than 0.5”°. Zhang!*"! announced that the
strain rate sensitivity index m is 0.12~0.13 when
Ti-46.2A1-2V-1Cr-0.5Ni is compressed at a deformation
temperature of 1100 °C.
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Fig.8 Effect of deformation temperature and strain on strain rate

sensitivity index m of Ti-46A1-2V-1Cr-0.3Nil'”]

As presented in Fig.8, most strain rate sensitivity index m
of flow stress in y-TiAl alloys first increases and then de-
creases with increasing the strain rate. Influence of deforma-
tion temperature on strain rate sensitivity index m is slightly
complicated.
1.2.3 Strain hardening index and stress exponent
dlno
dlne
dependence of flow stress. Variation of strain hardening ex-
ponent implies offset between work hardening and flow sof-
tening in y-TiAl alloys deformed at different temperatures.
Usually, strain hardening index # is a negative value.

Unlike the strain hardening index n, stress exponent », re-

Strain hardening index n (n= .r ) reflects strain

flects the deformation mechanism of y-TiAl alloys, which
d(Iné+Q/RT)

- . As presented in
d[sinh(ao)]

can be calculated asn =

Table 1, stress exponent of y-TiAl alloys ranges from 2.95 to
8.34. The lower the stress exponent, the bigger the contribu-
tion of grain sliding to deformation®. As shown in Fig.9,
similar to apparent deformation activation energy (Q, stress
exponent n; decreases with increasing the deformation tem-
perature. However, when strain is lower than 10%, the
change of stress exponent »; displays a contrary trend to that
of apparent deformation activation energy. The stress expo-
nent decreases very fast at the initial stage but then much slow.
With increasing the strain, fine grains are formed and then
grow up via deformation splintering and DRX, and thus the
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Fig.9 Effect of deformation temperature and strain on stress ex-
ponent 7, of Ti-43A1-4Ng-1Mo-0.1BE*
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contribution of grain sliding to plastic deformation of y-TiAl
alloys continuously decreases.

2 Constitutive Models of Flow Behavior of y-TiAl
Alloys

Constitutive models reflect mathematical relations be-
tween flow stress and hot deformation processing parameters
(deformation temperature, strain rate and strain). Finite ele-
ment modelling (FEM) software using a precise mathemati-
cal model has many benefits. First, it helps to obtain strain
field and temperature field in y-TiAl alloys deformed at ele-
vated temperature. Meanwhile, prediction accuracy of actual
deformation process is improved. By precise FEM simulation,
industrial production costs of y-TiAl alloys are effectively
reduced. Based on mechanics and physics of plastic forming,
Appel et al'l summarized modeling of transformation
mechanisms and deformation mechanisms in p-TiAl alloys.

45 . .
%) summarized the micro models and macro

Zhang et al
models of y-TiAl alloys. They focus on constitutive models
involving deformation mechanisms, in which practicality
need to be improved. However, constitutive models consid-
ering flow softening mechanisms and microstructure evolu-
tion are neglected. Also, some empirical models with low
computational complexity and high practicality, like H-S
model, are neglected.

2.1 Empirical constitutive models

2.1.1 The Arrhenius model

[46]

The Arrhenius model™ is the most common constitutive

model, which is expressed as follows:

92
2T ey

where ¢ is the strain rate; A, o and »n, are material constants;

& = A[sinh(ac)]" exp(—

o is the flow stress; T is the absolute deformation temperature;
O represents the apparent activation energy for deformation;
R is universal gas constant.

The Arrhenius model is widely adopted to describe flow
behavior of metals and alloys. The simple mathematical
expressions make it convenient to obtain parameters. Besides,
the model has an excellent reproduction in flow stress.

The Arrhenius model ignores effect of strain on flow stress,
which would cause significant predicted errors of flow stress.
Thus considering strain compensation, A, o and n; are ex-

pressed as 7]
[47-49]

functions
1[48]

polynomial or exponential

functions of strain. He et a established an Arrhenius
model involving strain compensation of Ti-45AI1-8.5Nb. The
maximum absolute relative error between the predicted flow
stress and the actual flow stress is 9.83%. However, Ar-
rhenius model cannot reveal microstructure evolution and
deformation mechanisms.
2.1.2 H-S model

H-S model® is also an empirical model describing flow

stress of alloys. The form is described as follows:

o=A[¢" eX}?(%)(IJF«S)""‘S exp(me)lexp(m S)(E/&)"™] (2)

where Ay, m;, m,, ms, my, ms, m; and mg are coefficients that
indicate the effect of deformation processing parameters on
flow stress; &, is 1.0 s S is the Celsius temperature.

Unlike the Arrhenius model, H-S model takes strain into ac-
count. H-S model exhibits a good prediction accuracy of flow
behavior. Meanwhile, H-S model can be directly used in FEM
software. As shown in Fig.10, both the Arrhenius model and the
H-S model exhibit excellent prediction results. However, flow
stress data calculated from the Arrhenius model is illogical,
when strain is out of experimental range'*"".

The H-S model cannot be used for kinetic analysis of de-
formation behavior. Besides, all empirical models are exclu-
sive of deformation mechanisms or softening mechanisms.
2.2 Constitutive model combined with softening

mechanisms

As shown in Fig.4, DRV is the softening mechanism of
y-TiAl alloys at the initial stage of deformation, while DRX
becomes the primary softening mechanism after flow stress
peaked. In this part, constitutive model combined with sof-
tening mechanisms is discussed in detail.

I°" proposed a mathematical model by

Laasraoui et a
combining DRV with DRX. The model supposes that when
strain is smaller than a critical strain (e<g,), DRX will not occur
and the flow stress can be calculated according to Eq.(3). When
strain is larger than a critical strain (¢>¢,), the flow stress can be
calculated according to Eq.(4). Eq.(3) and (4) are defined as

follows:

O =04, + (05 — 03, )€ "1 (e<8,) G)
0 =00 [0~ 0] -1 —exp[-K ()]} (625,)  (4)

where oy is the flow stress before DRX occurs, oy, is the
saturation stress when DRV is the exclusive softening mecha-
nism, oy, is the flow stress when DRX is accomplished, oy is
the initial flow stress, & is the coefficient of DRV, ¢, is the
critical strain when DRX occurs, K is the material constant,
and g5 is the strain when DRX is half finished.
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Fig.10 Comparison of actual flow stress and predicted flow
stress of Ti-45Al1-3Mo (strain rate of 0.5 s™)[*%
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Compared with empirical models, this model coupled with
different softening mechanisms can be used to describe flow
stress of overall deformation. Contribution of DRV to flow
stress can be quantitated by this model. Fig.11 shows the com-
parison between experimental flow stress and predicted flow
stress by above mentioned constitutive model of Ti-42A1-8Nb ™.
As shown in Fig.11, this constitutive model has a good predic-
tion of flow stress. However, this model related to DRX is
one-sided for revealing microstructure evolution in isothermal
compression. Usually, the kinking of lamellae and spheroidi-
zation is often observed in isothermally compressed y-TiAl al-
loys, which are omitted in Eq.(3) and (4).

2.3 Constitutive model coupling deformation
mechanisms
2.3.1 Z-A model

Forms of Z-A model depend on crystal structure which is

related to deformation mechanisms. The Z-A model is given

as follows:
0=C, + C,e"? exp[-C,T + C,T In(<)] (fec) (5)
€y
0=C, +C,exp[-C,T + C,TIn(~-) + C,e" (bee) (6)
&

0

where C,, C,, C,, C;, C4, Cs and b are material constants, and
other letters have the same meanings as mentioned above.

Based on deformation mechanisms (dislocation motion) of
»-TiAl alloys, Zan" established a Z-A model with bce
structure, which possesses a good reproduction of rheological
behaviors. However, deformation mechanisms are not com-
pletely involved in this model. Also, the parameters are dif-
ficult to ascertain, and thus prediction accuracy of Z-A model
is lower than that of empirical models.
2.3.2  Other constitutive models involving deformation

mechanisms

Appel et al'"** ¥ proposed that during the deformation of
y-TiAl alloys, the flow stress is composed of athermal stress
and thermal stress. Athermal stress is part of flow stress

Predicted flow stress data
Calculated flow stress data

Flow Stress/MPa
W
S
S
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Fig.11 Comparison between predicted flow stress and experi-

mental flow stress of Ti-42A1-8Nb (deformation tem-

perature of 1050 °C)!'¥

caused by grain boundaries and phase interfaces. Thermal
stress is caused by dislocation dipole and debris, which is
sensitive to deformation temperature and strain rate. This
model is presented as follows:

o=0, +0'(e) = o, +% -[AF + kT ln(é)] @)

where o, is the athermal stress, o*(¢) is the flow stress which
is sensitive to deformation processing parameters, My is the
Taylor factor, AF and Vy are the activation enthalpy and acti-
vation volume related to deformation mechanisms, respec-
tively, £ is the Boltzmann constant, and remaining letters’
meanings are unchangeable. Usually, this model is used to
ascertain mechanisms of dislocation motion at different tem-
peratures, by virtue of V; and apparent activation energy for
deformation”*!.

There are many other models involving deformation
mechanisms and nano-scale structure, which are detailed in
Ref.[1, 45]. Because of the difficulty in parameters determi-
nation and poor practicability, these models are not reiterated
here.

3 Conclusions and Prospects

Deformation behavior of y-TiAl alloys compressed at
elevated temperature is affected by many factors, such as
increasing the deformation temperature, reducing the strain
rate, suitable preheating treatment, moderate addition of
certain elements, thermo-hydrogen treatment and designed
microstructure, all of which are beneficial to reducing de-
formation resistance and improving deformation uniformity.

Constitutive models of y-TiAl alloys can be divided into
three groups: empirical models, models with different sof-
tening mechanisms and models involving deformation
mechanisms. Empirical constitutive models have higher
prediction accuracy. Although it is easy to determine pa-
rameters in empirical models, their physical meanings are
ambiguous. Models including deformation mechanisms are
conducive to understanding high temperature deformation
behavior of y-TiAl alloys from a micro perspective. How-
ever, parameters in the models are usually difficult to de-
termine, which reduces the reliability of subsequent nu-
merical simulation results.

In order to improve reliability of constitutive models,
further research ought to get a deep comprehension con-
cerning effect of microstructure and deformation mecha-
nisms on flow behavior of y-TiAl alloys.

In one way, the influence of a, grain and S/, phase on
flow stress of p-TiAl alloys should be understood, and
relevant microstructure features should be considered into
constitutive models. y-TiAl alloys consist of y(TiAl) phase
with L1, structure, a,(Ti;Al) phase with D0, structure and
/B phase with B2 structure. y phase is the recognized ma-
jority during hot deformation. There are two types of y
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phase: y grain and y lamellae. Deformation mechanisms
vary with characteristics of y phase. Besides, y grain size
and y lamellae thickness are vital parameters, which have

35561 Unfortunately,

great effect on deformation behavior
problems mentioned above are ignored during derivation of
constitutive models. As Qiu et al®”! said, /8, phase has
various effects on deformation behaviors, such as lubrica-
tion effect and coordination effect. However, contribution
of B/f, phase to hot deformation is neglected. Also, volume
fraction, grain size and other characteristic parameters de-
scribing a, phase are omitted.

In the other way, it is important to deeply figure out the
deformation mechanisms during hot compression of y-TiAl
alloys, and then to propose constitutive models involving
multiphase coordinated deformation mechanisms. Twinning
is frequently observed in y phase”®*’!. However, constitu-
tive models involving dislocation glide and twinning are
rarely established. Meanwhile, there are four lamellar
boundaries in y-TiAl alloys'®"). It’s a big problem to main-
tain continuity of strain in plastic forming. Interaction be-
tween y phase, 5/f, phase and a, phase is a significant fac-
tor which will influence deformation behavior of alloys.
However, few theories can be found to describe and explain
this factor. Moreover, constitutive models always ignore
interaction between different phases. Thus, theories should
be established to explain this interaction.
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