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Abstract: The hot compressive deformation behaviors of Cu−6wt.%Ag alloy were studied experimentally in the temperature range 
of 973−1123 K and the strain rate range of 0.01−10 s−1. The stress increases and reaches the maximum value when the true strain is 
very small, and then the stress changes slowly and tends to be stable under the action of work hardening, dynamic recovery and 
recrystallization. The material parameters of the conventional Arrhenius constitutive model are only related to strain under different 
deformation conditions, and the prediction error is large, which cannot accurately characterize the hot deformation behavior of the 
alloy. To describe the hot deformation behavior of the alloy accurately, a modified constitutive model was established by considering 
the simultaneous influence of forming temperature, strain rate and strain. The results indicate that correlation coefficient (R) and the 
average absolute relative error (AARE) are 0.993 and 4.2%, respectively. The modified constitutive model can accurately describe the 
hot deformation behavior of Cu−6wt.%Ag alloy. 
Key words: Cu−Ag alloy; intragranular recrystallization; crack; modified Arrhenius model 
                                                                                                             
 
 
1 Introduction 
 

High-strength, high conductivity material is used 
extensively in the construction of high-field magnets. 
Cu−Ag alloys have attracted much attention, due to their 
excellent mechanical properties and electrical 
conductivity [1−3]. The α-matrix of Cu and the Ag-rich 
strengthened phase in the Cu−Ag alloy can usually be 
deformed by cold drawing, so that the Ag fibrosis on the 
Cu matrix can be transformed into a biphasic fiber 
composite structure. The tensile strength and elastic 
modulus of Cu−Ag alloy tend to saturate with the 
increase of deformation degree [4]. RAJU et al [5] had 
shown that a combination of high strength and excellent 
ductility could be achieved in supersaturated 
Cu−3at.%Ag alloy by annealing after rolling at liquid 
nitrogen temperature (LNT). The evolution of the 
microstructure in cryorolled Cu−3at.%Ag alloy during 
isothermal annealing at 350 °C for 120 min was studied 
in detail. The reasons leading to the formation of      
an inhomogeneous microstructure were described 
experimentally and theoretically. ZHANG et al [6] 
studied the microstructures and properties of Cu/Ag 

(Invar) composites fabricated by powder metallurgy. It 
was shown that the heterogeneity of the dislocation 
structure was mainly caused by the development      
of an inhomogeneous solute Ag in the initial stage of 
annealing [7]. With the precipitation of solute Ag atoms 
in Cu matrix, the dissolution of Ag in Cu matrix 
decreases gradually, and the strength and hardness of the 
alloy increase by 22%. The fine continuous precipitate 
was formed near 475 °C, resulting in the best 
combination of high hardness, high strength, high 
ductility and low resistivity [8]. Processing map of 
Cu−Ag alloy was studied, which revealed the 
determinate regions where individual metallurgical 
process occurs and the limiting conditions of flow 
instability regions [9,10]. It is found that the strength of 
Cu−Ag alloy in high-pressure torsion is significantly 
higher than that of pure Cu. When the composite phase 
of the layered Cu−Ag decreases below 5 nm, the fibrosis 
appears, and the yield strength and microhardness of 
Cu−Ag alloy interact with each other [11,12]. 

At present, there have been a lot of researches about 
theoretical model establishment of Cu−Ag alloy 
strengthening and conductivity [4,5,7,13−18]. Although 
these studies explain variation between strength and  
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conductivity of Cu−Ag alloy in different deformation 
stages of microstructure, the analysis of stress−strain 
curve is very rare. Also, although the Cu−Ag alloy has 
good ductility at low temperature, it is easy to crack 
under the condition of hot deformation. The 
microstructure evolution of Cu−Ag alloy is an essential 
cause of cracking. The evolution can be controlled 
effectively by thermal processing. Therefore, the 
research for the hot deformation behavior of Cu−Ag 
alloy has essential significance. The constitutive equation 
is an important tool to characterize the flow properties of 
materials, which can not only characterize the plastic 
flow characterization of materials directly, but also use 
infinite element analysis software for the numerical 
simulation of the forming process. 

In this work, the flow behavior and the deformation 
mechanism of Cu−6wt.%Ag alloy were studied by 
microstructure evolution analysis in the high temperature 
plastic deformation process. Moreover, an improved 
constitutive model was introduced, which can describe 
the flow properties of the alloy relatively accurately and 
provide a theoretical basis for the formulation of the hot 
working process of Cu−6wt.%Ag alloy. 
 
2 Experimental 
 
2.1 Material preparation and hot compression 

procedure 
The experimental samples of Cu−6wt.%Ag alloy 

were obtained by sectioning a cast bar into several 
samples (with a diameter of 8 mm and a height of     
12 mm). The experiment was carried out on the test 
machine Thermecmaster-Z. The samples were heated to 
the set temperature of 750 °C at a heating rate of 10 °C/s. 
In order to reduce the influence of the temperature 
gradient inside the sample on hot compression 
deformation, when the sample was heated to the set 
temperature, an insulation process of 180 s was adopted 
to make the sample temperature uniform. And the 
lubricant and the graphite sheets were coated at two ends 
of the samples to reduce the influence of the friction on 
the stress state, and avoid uneven deformation. The 
schematic diagram of the hot compression test process is 
shown in Fig. 1. 

The thermal compression temperatures were 973, 
1023, 1073 and 1123 K, respectively, and the strain rates 
were 0.01, 0.1, 1 and 10 s−1, respectively. The amount of 
reductant in each experiment was 50%. Finally, the 
nitrogen quenching was utilized to retain the 
microstructure of the simples after the hot deformation. 
The samples were cut along the longitudinal direction, 
and the microstructure was observed under the 
microscope after grinding, polishing, and 30−50 s 
corrosion of FeCl3 (10 g) + H2O (100 mL) + HCl (30 mL)  

 

 
Fig. 1 Experiment procedure for hot compression tests 
 
mixed corrosion liquid. The stress−strain relationships 
under different conditions are shown in Fig. 2. 
 
2.2 Deformation behavior of hot compression 

As shown in Fig. 2, the temperature and strain rate 
have great effect on high temperature deformation 
behavior of Cu−6wt.%Ag alloy. In the compression 
experiments of Cu−6wt.%Ag alloy under high 
temperatures, the flow stress increases significantly when 
the strain increases to a certain extent because work 
hardening and deformation resistance of alloy increase 
rapidly in the initial stage of deformation. With the 
further deformation of the specimen, the flow stress 
trends to be stable by dynamic recovery and 
recrystallization. At low temperature stage, because of 
low thermal activation energy, less accumulated energy 
and weak dynamic softening, work hardening plays a 
major role. There is no enough time to coordinate 
deformation by means of dislocation and grain 
movements. The multiplication of dislocation leads to 
the improvement of stress level at high strain rate [19]. 
Finally, under the action of work hardening and dynamic 
softening [20−22], flow stress tends to be stable. 

In order to understand the high temperature 
deformation characteristics of the alloy, the micro- 
structure of the alloy was observed. As shown in Fig. 3, 
at the deformation temperature of 1123 K and different 
strain rates (0.01 and 10 s−1). It can be seen from Fig. 3 
that the grain is gradually thinning with the increase of 
strain rate, when the deformation temperature is 1123 K. 
The reason may be that the deformation temperature is 
high enough at low strain rate, and the atoms on the grain 
boundary tend to deviate from their equilibrium position, 
leading to a larger energy of the grain boundary. The 
high energy regions generate at the grain boundary, and 
then recrystallize and grow up after reaching the energy 
threshold, as shown in Fig. 3(a). With the increase of 
strain rate, dynamic recrystallization occurs in a large 
range. When the strain rate reaches 10 s−1, the energy  
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Fig. 2 True stress−strain curves for Cu−Ag alloy under different deformation conditions: (a) 0.01 s−1; (b) 0.1 s−1; (c) 1 s−1; (d) 10 s−1 

 

 

Fig. 3 Microstructures of Cu−Ag alloy at 1123 K with different strain rates: (a) 0.01 s−1; (b) 10 s−1 

 
caused by plastic deformation increases and a large range 
of dynamic recrystallization occurs. Recrystallized grains 
are refined due to growth hindrance, as shown in Fig. 3(b). 

It is worth noting that under some conditions   
(0.1 s−1, 1023 K; 0.1 s−1, 1073 K; 1 s−1, 1123 K), the 
stress increases rapidly, when the strain reaches 0.55. 
Based on the discussion on the flow properties, 
microstructure evolution and theoretical instability 
region of Cu−Ag alloy at high strain rate [9], it is found 
that the plastic deformation mechanism of the material 
changes with the intense evolution of microstructure at 

high strain rate and high temperature (1023−1123 K). 
With the increase of strain rate, the appearance of 
twinning and micro-cracks and other structural defects 
leads to a large amount of stacking of dislocations near 
grain boundaries, and further causes stress concentration. 
The stress concentration at grain boundaries cannot 
efficiently be released, which is conducive to the 
formation of the twinning. The twin boundary appears in 
the Cu−Ag alloy with the multi-slip system, which 
hinders the dislocation slip during further deformation. 
The effect of work hardening is more remarkable than 
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that of dynamic recrystallization, and the flow stress 
changes and increases suddenly, when the strain is about 
0.55. 

At the same time, as the stress concentration at 
grain boundary intensifies, the stored energy of grain 
boundary increases rapidly, and the energy consumed by 
forming twinning is not high enough to counteract it. 
Therefore, the material gradually shows the microscopic 
characteristics that may lead to instability, the 
microstructure of the material shows instability and 
forms the micro-cracks [23], as shown in Fig. 4(a). Not 
only can the dynamic recrystallization and grain 
twinning hinder dislocation slip, but also the nucleation 
of dynamically recrystallized grains in the initial 
microstructure is also one of the critical factors that 
cause the sudden change of flow stress. Figure 4 shows 
the microstructure of the alloy at strain temperature of 
850 °C and strain rate of 1 s−1 with the reduction of 
nearly 40% (strain 0.55). Obviously, the dynamic 
recrystallization nucleates and grows not only at the 
primary grain boundaries but also in some grains with 
the increase of the strain, as shown in Fig. 4(b). 
 

 
Fig. 4 Microstructures of Cu−Ag alloy at 1123 K with strain  
of 0.55 and strain rate of 1 s−1: (a) Crack; (b) Intragranular 
recrystallization 
 
3 Constitutive equation for Cu−Ag alloy 
 

The precise constitutive models of the material are 
the prerequisite of the finite element numerical 
simulation technique, which is the key of obtaining the 
dynamic response and thermal physics parameters of the 

forging forming process. For the Cu−Ag alloy, the 
change of the macroscopic mechanical properties of the 
material during the high temperature plastic forming 
process is the result of the work hardening, dynamic 
recovery, and dynamic recrystallization. The variation of 
the parameters of the material during the thermal 
deformation process does not belong to a simple linear 
law with the change of temperature and stain rate. 
 
3.1 Original Arrhenius constitutive model 

Phenomenological plastic constitutive models are 
widely used in the simulation of the forming processes of 
metals or alloys at high strain rate and high temperature. 
The Arrhenius equation is one of the most frequently 
used phenomenological models [24], which can describe 
the relationship among the flow stress, strain rate and 
deformation temperature.  

( ) exp[ /( )]AF Q RTε σ= −                       (1) 
 

1 ,  0.8
( ) exp( ),  1.2

[sinh( )]  for all 

n

n

F
σ ασ

σ βσ ασ
ασ σ

 <


= >



                  (2) 

 
where ε  is the strain rate (s−1); σ is the flow stress 
(MPa); Q is the activation energy of hot deformation 
(kJ/mol); R is the mole gas constant (8.314 J/(mol·K)); T 
is the thermodynamic temperature (K); n and n1 are the 
materials stress indexes; A, α and β are the material 
constants which are experimentally determined (α=β/n1). 

According to Zener−Hollomon research [24], the 
strain rate factor Z compensated by temperature can 
synthesize the effect of deformation temperature T and 
strain rate ε  on the flow stress.  

exp [sinh( )]nQZ A
RT

ε ασ = = 
 

                  (3) 
 
3.1.1 Determination of material constants 

The material constants of the constitutive equation 
can be determined using the stress−strain data obtained 
from hot compression tests. For the low stress level 
(ασ<0.8) and high stress level (ασ>1.2), bringing the 
power law and exponential law of F(σ) into Eq. (1) and 
taking natural logarithm on both sides of Eq. (1), it can 
be transformed to the following forms, respectively.  

1 1ln ln ln Qn A
RT

ε σ= + −                       (4) 
 

2ln ln QA
RT

ε βσ= + −                         (5) 
 
where A1 and A2 are the material constants, which are 
independent of the deformed temperatures. 

Figures 5(a) and (b) shows the relationships of 
ln lnε σ−  and ln ε σ−  under different deformation 
temperatures, respectively. The linear relationship with a 
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similar slope is observed under different temperatures. 
The slope of every line can be obtained by linear fitting 
method. The mean value of the slopes under 
temperatures of 973, 1023, 1073 and 1123 K is accepted 
as material constant n1, and the mean value of the slopes 
under different strain rate is accepted as material  
constant β, thus the values of n1 and β are obtained as 
5.89897 and 0.06856 MPa−1, respectively, and α=β/n1= 
0.01162 MPa−1. 
3.1.2 Determination of activation energy Q 

For all the stress levels, by rearranging Eq. (1) and 
taking the natural logarithm of Eq. (1) respectively, we 
obtain  

ln ln[sinh( )] ln Qn A
RT

ε ασ= + −                 (6) 
 

1 ln lnln[sinh( )] Q A
Rn T n

εασ −= +


                (7) 
 

The activation energy Q of hot deformation can be 
described as the following equation.  

ln ln[sinh( )]
ln[sinh( )] (1/ )T

Q R
T ε

ε ασ
ασ

   ∂ ∂=    ∂ ∂    


        (8) 

 
When the temperature is a constant, there is a linear 

relationship between ln ε  and ln[sinh(ασ)], as drawn in 

Fig. 5(c), and the mean value of the slopes under the 
different temperatures is accepted as n. Similarly, if ε  
is a constant, the relationship between ln[sinh(ασ)] and 
1/T could be obtained, as drawn in Fig. 5(d), the mean 
value of the slopes is accepted as Q/(Rn). So, the values 
of n and Q could be respectively calculated from the 
slopes of the fitting lines shown in Fig. 5, where n=5.899 
and Q=420.458 kJ/mol. Bringing all the material 
constants into Eq. (6), we can obtain ln A=41.878. 

The studies had shown that the strain has obvious 
effects on the material constants [21]. Because the 
constitutive model is based on the steady flow of 
materials in plastic deformation, the solution of the 
constitutive equation does not take into account the effect 
of strain on the flow stress. The effects of strain 
accumulation on flow stress cannot be ignored when 
establishing the proper constitutive equations. In order to 
study the change of material parameters in the 
constitutive equation under different deformation degrees, 
the material constants (α, n, Q and ln A) can be viewed as 
polynomials about stain with a range of 0.1−0.65 at an 
interval of 0.05; the curves are shown in Fig. 6. As 
shown in Eq. (9), these constants can be expressed as 
polynomials of 6-order with strain. The results of 
polynomial fitting are listed in Table 1. 

 

 
Fig. 5 Relationships among hot deformation parameters: (a) ln ε  and ln σ; (b) ln ε  and σ; (c) ln ε  and ln[sinh(ασ)]; (d) ln[sinh(ασ)] 
and T −1 
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Fig. 6 Variations of α (a), n (b), Q (c) and ln A (d) with true strain by 6-order polynomial fitting 
 
Table 1 Coefficients of polynomial for material parameters 

α n Q ln A 

B0 0.00837 C0 14.65337 D0 514941.84757 E0 60.61792 

B1 0.07334 C1 −95.01771 D1 −3.88389×106 E1 −549.11946 

B2 −0.74359 C2 505.0442 D2 3.56628×107 E2 5053.58971 

B3 3.4535 C3 −1445.45763 D3 −1.45701×108 E3 −21026.44888 

B4 −8.00846 C4 2073.80839 D4 3.0111×108 E4 44486.65298 

B5 9.01651 C5 −1216.0837 D5 −3.02638×108 E5 −46057.04459 

B6 −3.89501 C6 91.19849 D6 1.15341×108 E6 18267.55854 
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α ε ε ε ε ε ε ε

ε ε ε ε ε ε ε

ε ε ε ε ε ε ε

ε ε ε ε ε ε ε

 = + + + + + +


= + + + + + +


= + + + + + +


= + + + + + +

 

(9) 
3.1.3 Construction of constitutive equation 

The material constants have been evaluated, and the 
flow stress can be described by the constitutive equation 
which links flow stress and Z−H parameter at different 
strains with a form in Eq. (10):  

1/21 2
( ) ( )1 ln 1

( ) ( ) ( )
n nZ Z

A A
ε ε

σ
α ε ε ε

        = + +             

   (10) 

3.2 Error source analysis of original constitutive 
model 
The accuracy of the established model can be 

verified by comparing the experimental data with the 
data predicted by the model, as shown in Fig. 7. We can 
see that the trend of the predicted curve is consistent with 
the experimental values. Under most of deformation 
conditions, the model can predict the flow stress 
accurately, but under some deformation conditions, the 
difference between the predicted value and the 
experimental value is quite large. The deviation between 
the model prediction value and the experimental value is 
obvious and bidirectional. The predicted value is larger 
and smaller under different deformation conditions. In 
some cases, the predicted values are in good agreement 
with the experimental values, which shows that the  
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Fig. 7 Comparison between experimental and predicted flow stress curves under different deformation conditions: (a) 0.01 s−1;     
(b) 0.1 s−1; (c) 1 s−1; (d) 10 s−1 

 

model cannot improve the prediction accuracy by using 
simple linear correction. 

Based on previous research results and analysis, the 
deviation between the predicted value and the 
experimental value might be caused by the clear solution 
of the model. In the model, the material parameters such 
as n, n1, A, α, β and Q are assumed to be constants related 
to deformation temperature or strain rate, but the 
parameters are taken the mean, in other conditions. 
However, for some material parameters, the calculated 
values under different deformation conditions have great 
gaps with the mean, such as the solution of β. As shown 
in Fig. 5(b), the slopes of the line represent the values of 
β under different temperatures. As the temperature 
increases, the slope of the line gradually decreases. When 
the temperature is 1073 K, the slope of the line has a 
significant deviation compared with the slopes under 
other conditions. This indicates that β is not a constant at 
different temperatures, and β should be expressed as 
variables related to deformation temperature and strain. 
SHI and CHEN [25] also showed similar views about the 
related variables. 

By Eq. (8), the activation energy Q of thermal 
deformation is a constant independent of the thermal 
deformation condition in the established model. However, 
through the calculation of Q value under different 
deformation conditions, it is found that the deformation 

condition has a significant effect on the thermal 
activation energy. In addition, SHASTRY et al [26] 
found that the thermal deformation condition had a 
significant effect on the thermal activation energy in 
2.5Cr−1Mo steel. 
 
3.3 Modification of constitutive model 

To improve the prediction accuracy of the 
constitutive model under hot deformation, the influence 
of thermodynamic parameters on material parameters 
should be considered in the model to correct it using a 
modified constitutive model as follows:  

( , )
p

( , , )( , , )[sinh( ( ) )] exp( )n T Q TA T
RT

ε ε εε ε ε α ε σ= −


   (11) 
 

Taking natural logarithm on both sides of Eq. (11), 
we obtain  

pln ln ( , , ) ( , ) ln[sinh( ( , ) )]A T n T Tε ε ε ε α ε σ= + −   

    ( , , )Q T
RT

ε ε                              (12) 
 

Equation (12) can be transformed into the following 
forms [27]:  

, ,

ln ln[sinh( )]( , , )
ln[sinh( )] (1/ )T

Q T R
Tε ε ε

ε ασε ε
ασ

   ∂ ∂= =   ∂ ∂    


  

( , ) ( , )Rn T Sε ε ε                          (13)  
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p
( , , )ln ( , , ) ln ( , ) ln[sinh( )]Q TA T n T

RT
ε εε ε ε ε ασ= + − =


   

[ ( , ) ( , )]/ ( , )n T S T I Tε ε ε ε+                  (14) 
 

Based on the universal global optimization 
algorithm, the binary polynomial fitting of the material 
parameters can be used to reflect the relationship among 
n, I, S and T, ε, ε , as shown in Fig. 8. At the same time, 
the fitting polynomials of material parameters can be 
expressed as follows:  

2 2
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   (15) 

 
The results of polynomial fitting are listed in  

Table 2, and the material parameters under certain 
deformation conditions can be derived according to   
Eq. (15). 

 
Table 2 Coefficients of polynomials for material parameters 

n I S 

F0 −39.1258 G0 −2280.06 H0 34597.57 

F1 0.105538 G1 9.4407 H1 81347.42 

F2 −0.12441 G2 −25.4311 H2 71769.52 

F3 5.268295 G3 43.6149 H3 −9924.59 

F4 0.862481 G4 −31.1494 H4 −152.853 

F5 −0.1165 G5 6.6049 H5 259.8231 

F6 0.024492 G6 −0.00642 H6 −1.55753 

F7 −0.02277 G7 2.09×10−6 H7 −6.29931 

F8 −0.30947   H8 −6.33571 

F9 0.01941   H9 −0.88311 

F10 0.000643     

 
The predicted flow stress values of the modified 

model are compared with the experimental values and 
the results are shown in Fig. 9. It can be seen that the 
predicted flow stress values of the modified model are 
highly consistent with the experimental values under 
most deformation conditions. The modified models all 
show high prediction accuracy. 
 
3.4 Evaluation of accuracy of constitutive models 

Based on the above analysis, both the original 
Arrhenius model and the Arrhenius model with 
deformation condition compensation were established.  

 

 
Fig. 8 Variation of n (a), I (b) and S (c) by polynomial fitting 

 
Then, the accuracy of the two models was evaluated, 

as plotted in Fig. 10. Moreover, in order to quantitatively 
evaluate the prediction accuracy of the model, average 
absolute relative error (AARE) and correlation coefficient 
(R) are introduced and expressed as follows:  

E P

E1

1 100%i i

i

N

i
AARE

N
σ σ

σ=

−
= ×                (16) 
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Fig. 9 Comparison between experimental and calculated flow stress of modified model under different deformation conditions:    
(a) 0.01 s−1; (b) 0.1 s−1; (c) 1 s−1; (d) 10 s−1 
 

 
Fig. 10 Comparison between experimental flow stress and original calculated flow stress (a) and calculated flow stress with modified 
model (b) 
 
where Ei

σ and Pi
σ are the experimental and predicted 

flow stress values, respectively; Eσ  and Pσ  are the 
mean values of the experimental and predicted flow 
stress, respectively; N is the total number of statistical 
samples [19,28]. The correlation coefficient R can reflect 
the closeness of the linear relationship between the 
experimental values and the predicted values; average 
absolute relative error AARE is an unbiased estimator, 
which can accurately reflect the degree of deviation 
between experimental values and the predicted values. 
After calculation, the correlation coefficient between the 
predicted values and the experimental values of the 
modify model is 0.993, and the average absolute relative 

error is 4.2%. Compared with their previous values of 
0.97 and 9%, the correlation coefficient and average 
absolute relative error have been significantly improved, 
as shown in Fig. 10. It is proved that the modify 
constitutive model can effectively characterize the high 
temperature flow properties of Cu−6wt.%Ag alloy. 
 
4 Conclusions 
 

(1) The flow behavior of Cu−6wt.%Ag alloy has 
been analyzed through compression tests in temperature 
range of 973−1123 K and strain rate range of 0.01−10 s−1. 
The deformation characteristics indicate the flow stress 
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increases when strain rate increases and temperature 
decreases. Work hardening and dynamic recrystallization 
can be observed from the flow curves. 

(2) The microstructure evolution and flow 
properties of Cu−6wt.%Ag alloy were studied based on 
material deformation theory. It is found that the twinning 
of phase transformation and dynamic recrystallization 
occur in Cu−6wt.%Ag alloy during deformation at high 
strain rate. The microstructure transformation leads to the 
increase of dissipative energy of the material, and 
micro-cracks and instability occur at high strain rate. 

(3) The Arrhenius constitutive model was 
established to predict the flow stress, material parameters 
under the coupling of strain, temperature and strain rate 
are obtained by multi-dimensional fitting. The modify 
constitutive model was verified, the correlation 
coefficient changed from 0.97 to 0.993, and average 
absolute relative error changed from 9% to 4.2%. A 
modified constitutive model with the better predictive 
ability is obtained. 
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Cu−Ag 合金高温压缩本构模型的修正和失稳行为 
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摘  要：基于热物理实验研究 Cu−6wt.%Ag 合金在温度为 973~1123 K、应变速率为 0.01~10 s−1条件下的热变形行

为。研究发现，当真应变较小时，应力随应变的增加迅速增加直至达到最大值，随后在加工硬化、动态回复和再

结晶的共同作用下应力变化缓慢并趋于稳定；常规 Arrhenius 本构模型中材料参数在不同变形条件下仅与应变相

关，预测误差较大，无法准确表征材料的热流变行为。为了准确描述合金的热变形行为，本文作者建立考虑变形

温度、应变速率和应变三者协同影响的修正本构模型。结果表明，修正模型的相关系数和平均相对误差分别为0.993
和 4.2%，能较准确地描述 Cu−6wt.%Ag 合金的热变形行为。 
关键词：铜银合金；晶内再结晶；裂纹；Arrhenius 模型修正 
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