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Abstract: A new inverse method by coupling iSIGHT and ABAQUS was proposed to determine the constitutive parameters of 
Al2O3sf/LY12 composite deforming at elevated temperature. It combined the merits of the finite element simulation and optimization 
technique. The direct model was simulated with finite element code ABAQUS. The inverse problem associated with the identification of 
the constitutive parameters was expressed as a least square optimization problem. The direct simulation and the parameters optimization 
were implemented in iSIGHT integrated environment. The aim was to match the output of the direct simulation with the experiment data. 
The capability of the proposed inverse method was demonstrated through the identification of constitutive parameters of Al2O3sf/LY12 
composite. The proposed new inverse method is also applicable to other parameters identification which is hardly determined through 
experiments or direct analytical method. 
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1 Introduction 
 

The finite element analysis(FEA) of the forming 
process may reduce the cost and enhance the 
properties of the products. The precision of the FEA is 
based on the material model and the model 
parameters[1, 2]. Given a material model, the attention 
is focused on the parameters identification. The 
parameters are identified through different mechanical 
tests, such as tension, torsion and compression. Very 
often though, the measurement (as for the load and 
displacement) during the mechanical tests can not be 
used directly but have to be converted into some 
values (as for stress and strain) involved in the 
constitutive equations[3]. This conversion introduces 
errors in the identified parameters for the case of some 
approximation as in large deformations for instance. In 
addition, the standard identification methods require 
the special experiment configuration to reduce the 
friction, ensure constant strain rate and temperature etc. 
But real forming process cannot ensure these serious 
conditions[4]. So the simulation results can not reflect 
the real situation[5]. 

Inverse method can identify the constitutive 

parameters more accurately as it is based on the 
straight comparison of the measured and calculated 
responses of the material[6]. The calculated responses 
can be obtained from finite element simulations. 
Inverse identification uses optimization techniques to 
adjust constitutive parameters so that the calculated 
responses match the measured ones in a particular 
norm. The difficulties lie in the optimization algorithm 
implementation. We have to calculate the sensitivity of 
parameters after the finite element analysis and 
compile the optimization procedure to couple the FEA 
code. This is a tedious and difficult work and it 
elongates the research time. 

The finite element code ABAQUS was integrated 
into the optimizer iSIGHT environment to realize the 
inverse identification of constitutive parameters in this 
paper. With the initial and boundary condition similar 
to the mechanical experiments, ABAQUS calculated 
the response of Al2O3sf/LY12 under some load 
conditions. The constitutive parameters used by 
ABAQUS were optimized by iSIGHT in the 
integrated environment. The aim was to reduce the gap 
between the calculated loads and measured loads 
during experiments along the load history. The new 
inverse method combined the merits of FEA code 
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ABAQUS and the optimizer iSIGHT, and eased the 
identification of constitutive parameters. 
 
2 Direct model 
 

The modeling approach, which assumes that the 
constitutive parameters of the material are known, is 
often used and called the direct method. Generally, 
with the suitable input variables, the finite element 
code ABAQUS can provide the thermo-mechanical 
simulation of forming process or mechanical tests[7]. 
The input variables include many aspects, such as 
mechanical behavior of the materials, the contact 
between the tools and workpiece, the geometry shape 
of products, initial conditions and boundary conditions. 
As the tool materials are much harder and stronger 
than the workpiece, it is modeled as the rigid body 
usually. The mechanical behavior of the workpiece is 
modeled with the constitutive equations. Temperature 
changes due to plastic work and losses to the 
environment are important during the deformation of 
workpiece, especially at fast and cold forming process. 
Material behavior is usually temperature dependent. 
So the thermo-mechanical couple analysis is required.  

As for the verification example given in this 
paper, the hyperbolic sine constitutive equation was 
used as the material model. The friction behavior was 
considered rough during direct simulation. The 
constant deformation speed boundary condition was 
selected similar to the mechanical experiments. The 
load and displacement were calculated by the finite 
element analysis. 

 
3 Inverse method 
 

Inverse method is important tool for determining 
parameters appearing in the direct models, where the 
goal is to determine a set of parameters that minimize 
the difference between the calculated values of a 
model using a functional form (e.g. constitutive 
equation) and the corresponding experimental data 
(e.g. results of a mechanical test)[8]. The problem was 
formulated as a least square problem[9]: 
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Λ  is the constraint space. As for 

the verification example given in section 4, P is the 
constitutive parameters to be optimized and D is the 
reaction force at given displacement. 

Eqn.(1) was solved by coupling iSIGHT and 
ABAQUS in this paper. Fig.1 shows the flow chart of 
the new inverse method. In this method, three 
components were included: 1) one or more 
experiments in which related measurements Dexp were 
recorded about samples that may be arbitrarily shaped 
or multi-axially loaded; 2) the numerical simulation 
(ABAQUS analysis) of the experiments with similar 
initial and boundary conditions to experiments; 3) 
optimizer iSIGHT providing very professional 
optimization algorithms to adjust the parameters based 
on the output of the direct model analyzed by 
ABAQUS. Two criteria were used to stop the opti- 
mization: the max number of the optimization defined 
by 
Cout＜Num                               (2) 
and the global convergence of the cost function 
defined by 

EPS)( =Pφ                                (3) 
where  Num and EPS are the max number of 
optimization and the global convergence error 
respectively given by the user.  
 

 
 
Fig.1 Flow chart of new inverse method by coupling iSIGHT 
and ABAQUS 
 
4 Application to identification of constitutive 

parameters of Al2O3sf/LY12 
 

As an application of the above described inverse 
method, the identification of constitutive parameters 
of Al2O3sf/LY12 in the hot working regime were 
presented. The constitutive model used to represent 
the behavior provides an expression of the flow stress 
as a function of the equivalent viscoplastic strain, the 
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strain rate and the temperature, following the 
equation[10－13]: 
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where  R is the gas constant; plε&  is the equivalent 
plastic strain rate; σ  is the equivalent stress, A, n, 
α  and Q are the constitutive parameters to be 
identified. The constitutive parameters A, n, α and Q 
in Eqn.(4) are equivalent to the parameter P in 
Eqn.(1). 

The inverse identification of the constitutive 
parameters was performed using the axisymmetric 
compression test at high temperatures[14－17]. The 
samples were loaded at constant deformation speed 
(mm/min). The loads and displacements recorded 
during the tests were used to be the measurements. 
The response of Al2O3sf/LY12 was calculated by 
ABAQUS with automatic increments. The direct 
model took into account the friction between the tool 
and sample during the tests. The friction was regarded 
as rough and the sample didn’t slide after the contact. 
In the future research, the friction coefficient will also 
be obtained by inverse method described above.  

As mentioned above, the reaction force (load) at 
different displacements was used to the value of D in 
Eqn.(1). The experiment value Dexp was recorded 
during tests. The calculated value Dcal can be gained 
from the simulation of FEA. The aim of the inverse 
identification was to reduce the gap between Dexp and 
Dcal through adjusting the constitutive parameters used 
by FEA code ABAQUS. When ABAQUS was 
integrated into the optimizer iSIGHT, two key 
problems should be solved. Firstly, we cannot get the 
serial calculated loads from the output files of 
ABAQUS directly. So the postprocessing program 
needs to be compiled to retrieve the loads and 
displacements from the ABAQUS result files. 
Secondly, when we compare the calculated loads with 
the measured loads, we will find they are recorded at 
different displacements. This is caused by the 
automatic increment of ABAQUS during analysis. So 
we have to interpolate the values of experiments at the 
same displacements as the calculated. This also needs 
to be implemented in the postprocessing program. 
After obtaining the calculated loads and corresponding 
measured loads, the cost function was calculated at 
last. These two problems were solved in this paper 
successfully. 

Initial constitutive parameters are important for 
success identification. Analytical method was used to 
determine the initial constitutive parameters from a 
large of experiments conducted at different tempera- 
tures and different deformation speeds. The elastic 
modulus of the composite was calculated from the 

compression test. The variation of elastic modulus 
with the temperature is illustrated in Table 1. Initial 
parameters and identified parameters are listed in 
Table 2. 
 
Table 1 Variation of elastic modulus at different temperatures 

Elastic modulus/Pa Temperature/K 

3.2×109 573 
1.9×109 673 
8.9×108 773 
4.6×108 823 

 
Table 2 Initial and identified constitutive parameters 

Item A/s α/MPa n Q/(J·mol－1)

Initial parameters 2×1013 0.024 6 3.7 224 053 

Identified 
parameters 1.85×1013 0.03 5 235 722 

 
Fig.2 shows the comparison between the 

calculated and measured loads. From Fig.2 it can be 
found that the calculated loads differ from the 
experiments significantly before optimization. After 
the optimization, the calculated loads coincide with 
the experiment very well. In this example, although 
the experiment data at 500 ℃, 1 mm/min deformation 
speed was used to inverse identification of constitutive 
parameters, the constitutive parameters identified 
through inverse method with one set of experiment 
data are applicable to other deformation conditions. 
The generality of the constitutive parameters was 
verified through other simulations under different 
deforming conditions. The comparison between the 
simulated and measured is illustrated in Fig.3. Fig.3 
shows the constitutive parameters optimized from one 
experimental condition can be used to simulate the 
deformation under other experimental conditions. This 
is one of the main merits of inverse methods. That is 
we can reduce the cost of experiments. Fig.2 and Fig.3  
 

 
Fig.2 Comparison between calculated loads and measured loads 
(500 ℃, 1 mm/min) 
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Fig.3 Comparison between calculated loads and measured loads: (a) 500 ℃, 3mm/min; (b) 525 ℃, 1 mm/min; (c) 550 ℃, 1mm/min; 

(d) 400 ℃, 3 mm/min 
 
show that the method proposed in this paper is 
successful. 
 
5 Conclusions 
 

1) Combination of optimization techniques with 
finite element method, which takes account of 
inhomogeneity of strain rate, strain and temperature 
distribution, is important to fit experimental test data 
to local deformation conditions.  

2) The optimizer iSIGHT and FEM code 
ABAQUS are coupled to determine the constitutive 
parameters. This new inverse method combines the 
merits of the optimizer and FEA software.  

3)The constitutive parameters determined by the 
inverse method reflect the reality more exactly. The 
validness of this new inverse method is demonstrated 
with the identification of constitutive parameters of 
Al2O3sf/LY12 deforming at high temperatures. The 
identification results show the calculated loads match 
the measured loads well during deformation.  

4) The new inverse method proposed in this 
paper is also applicable to other parameters identify- 
cation, such as thermal properties and geometric 
shape. 
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