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Abstract. The macro-deformation of crystal attributes the micro-slip in crystal of γ-TiAl alloy. So it 
is important to reveal the relation between macro-deformation and micro-slip of dislocation. In order 
to illustrate this relationship, the geometry relation between macro-deformation and dislocation 
density/external shear stress was established, which was based on the uniaxial tension model. 
According to the analysis about the relationship, the expression between strain rate of 
macro-deformation and dislocation density/external shear stress has been obtained. Besides, the 
curve between strain rate of macro-deformation and external shear stress has been got. 

Introduction 

Due to the excellent performance of γ-TiAl alloy, it has been used widely in aerospace and 
automobile industries. Those performances of γ-TiAl alloy that have been widely accepted are as 
follows[1-3]: low density, high stiffness, high resistance to burning and high strength at high 
temperatures. Generally speaking, there are many crystal defects existing in γ-TiAl alloy, such as 
self-interstitials, vacancies and dislocation, etc. Dislocation is the linear defect and it is one of the 
most important crystal defects in γ-TiAl alloy. Dislocations in crystal can be moved by the force 
produced by the interaction of dislocation, etc. And the velocity of dislocation in crystal can be 
affected by external force, the purity of crystal, the temperature and the type of dislocation.[4-5] 
Furthermore, the accumulating of slip dislocation in crystal will lead to the plastic deformation for 
γ-TiAl alloy. So it is necessary to reveal the relationship between the slip velocity of dislocation and 
the plastic deformation for γ-TiAl alloy. 

Relationship between slip velocity of dislocation and plastic deformation 

Relationship between dislocation and plastic deformation. In order to study the relationship 
between dislocation and plastic deformation for γ-TiAl alloy, the model of the dislocation forced by 
external force in cylinder should be established firstly, and it’s shown in Fig.1. 

In Fig.1, the direction for tension along PP’, t is the direction of dislocation slip, N is the normal 
direction of dislocation slip, l and l’ are the distance between the dislocation and crystal surface 
before/after the dislocation slip, correspondingly. According to the geometry relationship shown in 
Fig.1, the relation dl=dscosλ can be achieved, and the tension strain of γ-TiAl alloy can be expressed 
as follows: 

d d cosd l s
l l

lε = =                                                                                                                          (1) 

The shear strain caused by the slip of dislocation is: 
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Fig.1  Model of dislocation slip in crystal            Fig.2 Model of uniaxial tension 

So the strain rate caused by dislocation slip can be accepted, and it can be expressed as follows: 

d cos cos d dε ϕ λ γ γ= ⋅ = Ω⋅                                                                                                          (3) 

where the cos cosϕ λΩ = is the Schmid factor, ε is the strain caused by dislocation slip in the crystal 
of γ-TiAl alloy. 

Let the density of dislocation in γ-TiAl alloy is dρ , and the displacement of dislocation slip is dx, 
so a new expression is achieved: 

dd db xγ ρ=                                                                                                                                    (4) 

Substituting from the expression (4) into the formula (3) gives: 

dd db xε ρ= Ω  

So 

d d
d d
d d

x bv
t t
εε ρ ρ= = Ω = Ω                                                                                                             (5) 

where v is the average speed of dislocation glide in γ-TiAl alloy, ε is the strain rate of plastic 
deformation of  γ-TiAl alloy. 

Relationship between plastic deformation and external force.  The relation between average 
speed and the external force of dislocation glide for γ-TiAl alloy at room temperature is[4]: 

bv
B
τ=                                                                                                                                          (6) 

where B is the frictional coefficient and the value of B ranges from 0.1 to 11000m s−⋅ . 

Substituting from (6) into (5) gives: 

2
d

1 b
B

ε ρ τ= Ω                                                                                                                                (7) 
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Furthermore, the geometry relationship between dislocation density and the force along slip plane 
for γ-TiAl alloy is shown as follows:[6] 

1 2
0 dkτ τ ρ= +                                                                                                                                    (8) 

where k is constant and 0τ is the shear stress of γ-TiAl alloy with no defects. 

(i) Substituting from (8) into (7), gives 

2 2
02

1 ( )b
Bk

ε τ τ τ= Ω −                                                                                                                    (9) 

Let the shear modulus of γ-TiAl alloy adopted in this paper is 68.57GPa, and the result that 
0 68.57 2 34.285GPaτ ≈ = , inserting it into the expression (9), and then 

2 2
2

1 ( 34.285)b
Bk

ε τ τ= Ω −                                                                                                          (10) 

Based on the expression (10), the relation between strain rate of macro-deformation and the external 
force in γ-TiAl alloy has been obtained. This relation will provide the theoretical basis for us to study 
the plastic deformation of γ-TiAl alloy. 

(ii) Substituting from (8) into (7), and another expression can be obtained: 

2 1 2 2 1 2
d 0 d d d

1 1( ) (34.285 )b k b k
B B

ε ρ τ ρ ρ ρ= Ω + = Ω +                                                                    (11) 

According to the expression (11), the relation between the strain rate of macro-deformation and 
dislocation density in γ-TiAl alloy has been revealed. 

Analysis of the relationship between macro-deformation and the external force. Based on the 
geometry model with unaxial tension for γ-TiAl alloy shown in Fig.2, the crystal geometry 
relationship can be obtained, besides, the Schmid factors of the main slip system also can be 
calculated, and they are listed in Table 1. 

Table 1 Schmid factors of the main slip system 

slip system (plane)[direction] cos cosϕ λΩ =  

main slip system 

( )111 110    1 3 6−  

( )111 101    2 3 6−  

( )111 011    1 3 6−  

Let 11m sB −= ⋅ and 0.2888nmb = . In order to simplify the analysis, the value 1 6Ω = − is 
adopted as an example to illustrate the relation. Inserting the three parameters into the expression (10), 
and then the curve between ε  and τ for γ-TiAl alloy can be got, and it’s shown in Fig.3. 

According to the curve shown in Fig.3, the macro-deformation rate ε  will be increase firstly and 
then decrease with external force τ ranges from 0 to the shear modulus. Besides, ε  will be zero when 
the external force τ equals the shear modulus, which indicates that γ-TiAl alloy has been fractured. 
Furthermore, ε  will be the maximum when 2 3 45.7GPaτ µ= = , and then the fatigue life of tension 
life of the specimen will be shorter than other condition. 
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Fig.3 Relation curve between strain rate and external shear stress 

Conclusion 
γ-TiAl alloy is known to be major raw materials for manufacturing the mechanical parts operating at 
high temperature, and also plays a vital role in modern industries. Plastic deformation is the macro- 
deformation, and its nature is the micro-movement in γ-TiAl alloy crystal. Some conclusions based 
on the analysis can be obtained: (1) The relation between dislocation density and plastic deformation 
has been revealed; (2) The relation between plastic deformation and external shear stress has been got; 
(3) The relation curve between macro-deformation rate and external shear stress for γ-TiAl alloy has 
been given. 
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