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Abstract. Self-heating effect for thermomechanical forming processes turns out to be dramatically signiﬁcant
for material with a very low melting point, such as zinc alloys. Zinc low melting point temperature (419.54°C)
accentuates metallurgical effects when it is formed in cold or warm manufacturing processes. During deformation, self-heating can therefore induce a relative softening in the behavior law (that could improve formability) which competes with the conventional plastic hardening of the material. Hence, the correct identiﬁcation
of zinc material behavior has to account for both softening and hardening phenomena. This paper studies the
effect of plastic work energy in the material identiﬁed by means of tensile tests by combining digital image
correlation and infrared thermography technique.
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1. Introduction
Zinc has been applied for building products since 1811. The
ﬁrst ever rolled zinc panel was tested for rooﬁng of the
church of St Bartholomew in Liège. Nowadays, zinc is used
standardly for claddings, facades, rainwater systems and
many other building accessories. The material characteristics of zinc alloys are also interesting for complex structures as well as for ornament applications. To increase the
forming of zinc sheet, traditional processes implies the use
of pre-heating. The transitional metallurgical temperature
of Zinc (&73.2°C) during cold forming is rapidly reached
due to self-heating.
A numerical sensitivity study of the Taylor–Quinney
factor [1] was conducted in order to improve the numerical
modelling published by [2]. Because of more and more
restrictive norms in building, the material performances and
product processes must be constantly improved. In a standard production, high velocities and severe stresses are
relatively detrimental for anisotropic materials with high
sensitivity to strain rates and temperatures [3], which is the
case for zinc alloys. The anisotropic viscoplastic behavior
of zinc subjected to experimental loading conditions were
studied [2, 4]. Strain rate in standard production can reach
values over 10 s-1, which involves thermomechanical
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effects, inducing signiﬁcant evolutions of the microstructure, as demonstrated by [4]. The microstructure evolution
for zinc during forming processes is detailed further by [5]
with metallographic observations and mechanical tests. A
phenomenon, highlighted but not deeply studied, is the selfheating of zinc. Jansen [4] studied the local measurement of
temperature during tensile tests (ﬁgure 1). An elevation of
33°C has been measured which brings the deformation into
the warm domain of zinc transformation. The 0.5 Tm
(melting temperature) of zinc is deﬁned by a very low
threshold (Tm = 73.2°C) bringing some microstructural
changes very early during transformation stages.
Likewise in any other thermomechanical process, a
fraction of the plastic work is dissipated, but the rest of this
plastic energy is transformed into heat, increasing the
temperature of the material. This phenomenon is called
self-heating and is the direct consequence of plastic work
energy conversion into heat. To measure the amount of this
conversion, [1] proposed a coefﬁcient b, assumed to be
relatively constant. This coefﬁcient is deﬁned by the ratio
between the thermoplastic heating Q_ P and the plastic work
rate W_ P . From the energy balance equation given by:
qCp

dT
¼ br : e_p þ kdivðgradTÞ
dt

ð1Þ

where r is the stress tensor, e_p is the plastic strain rate
tensor, q is the material density (kg m-3), Cp is the speciﬁc
heat (J kg-1 K-1), the Taylor–Quinney factor b is simpliﬁed by considering adiabatic conditions, for which no
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strain. A theoretical model developed by [8] assumed that
dislocation multiplications (consequence of strain hardening) are proportional to the rate of increase of the stored
energy of cold work. By considering the Hollomon
behavior law proposed by [9], the Taylor–Quinney factor
becomes:
b¼

Figure 1. Correlation between local self-heating effect and local
strain rate for a plane strain tension test [4].

thermal transfer with the external environment exists. In
adiabatic conditions, equation (1) gives:
b¼

qCp DT
Q_ P
¼ R ep
 ep
rd
W_ P

ð2Þ

0

where r is the equivalent stress and ep , the equivalent
strain. This equation is used to determine experimentally
the Taylor–Quinney factor. It is important to highlight that
the adiabatic condition is only valid for thermomechanical
process where the plastic strain rate is very high, which
does not allow thermal exchanges to take place. To gauge
pragmatically the importance of diffusion, the Fourier
number F0 is commonly used. Its expression is given by:
F0 ¼

atC
L2C

ð3Þ

where LC is the characteristic length of the sample deﬁned
by the volume of the studied zone over the surface of
thermal exchange. tC is the characteristic time of the phenomenon needed to achieve a critical strain relative to
irreversible phenomena. a is the thermal diffusivity equals
to 36.3 10-5 m2 s-1 for zinc ZnCuTi. Thermomechanical
parameters of ZnCuTi, substantially different from pure
Zinc, are listed in table 1.
Zehnder et al [7] deﬁned a process as adiabatic when the
Fourier number F0 is smaller than 0.01. On the other hand,
for F0 [ 10 the process is essentially isothermal. For nonadiabatic conditions, [7] proposed a hybrid experimentalnumerical procedure to calculate this factor. The results
indicate a high dependence of the Taylor–Quinney factor to

 h
e1n
p
e1n
p

with h ¼ nKh
E , E (MPa) deﬁnes the elastic Young modulus, h
is a constant which links the stored power and plastic work
rate, K is the strength coefﬁcient and n is the hardening
coefﬁcient. It seems safe to say that the Taylor–Quinney
factor is not constant. It can be linked to the strain rate as
discussed in [10]. Ravichandran et al [11] proved the
dependence of the Taylor–Quinney factor on high strain
rates by means of the Kolsky (split-Hopkinson) pressure
bars for aluminum and a-titanium. Aluminum seems to be
not dependent from strain rate. On the contrary, for a-titanium (a hexagonal crystal lattice material as zinc), the
behavior law highly depends on strain rate and demonstrated the high sensitivity of the Taylor–Quinney factor
with respect to strain and strain rate (from 1 to 3000 s-1).
For magnesium, [12] also proved the dependence of such a
Taylor–Quinney factor which b = 0.9–0.95 for high strain
rates and b = 0.73–0.75 for intermediate strain rates. For
low strain rates, values of b = 0.6–0.7 are used for magnesium as referenced by [3]. To take into account this
dependence with the strain rate, [13] proposed the following equation:
 q #
"
e_
 
 pe_p
0
b e_p ¼ b0 1  e
ð5Þ
with b0 , p, e_0 and q, material parameters.
The identiﬁcation of a behavior law from the Taylor–
Quinney factor requires to adapt the adiabatic stress-strain
curves to obtain accurate material parameters. Hor et al
[14] studied a wide range of strain rates for forging and
machining applications and for two grades of steel and
aluminum [15]. A softening due to self-heating for steel, as

Table 1. Thermomechanical parameters of ZnCuTi [6].
Material
density
q (g cm-3)
7.17–7.2

Melting
Point Tf
(°C)
420

Speciﬁc Heat
Cp
(J kg-1 °C-1)
401.9

Thermal Conductivity k
(W m-1 h-1 m-2 °C-1)
104.7

ð4Þ

Figure 2. Experimental set-up.

Sådhanå

(2020) 45:189

Page 3 of 11

189

Figure 3. Differences between frequency acquisitions and b) Precision of pixels of both DIC and IRT systems.

Figure 4. Overlapping of the IR and DIC curves with the
temporal and spatial algorithm.

well as aluminum has been identiﬁed for temperatures even
below 0.3 Tm, which constitutes the cold deformation
domain. The author described the identiﬁcation of the
Johnson-Cook behavior law parameters by the need of
isothermal stress-strain curves (to obtain the real hardening). From experimental compression tests, numerical
simulations were ﬁtted to consider the real adiabatic conditions of the experimental tests (the Taylor–Quinney factor
has been ﬁxed to 0.95). Meyer et al [13] proposed an
experimental methodology to calculate isothermal stressstrain curves from adiabatic experimental conditions to
identify the Zerilli-Armstrong behavior law parameters.
The authors obtained the experimental isothermal stressstrain curves by unloading every successive step after 8%
of deformation until 60% to avoid the self-heating. The
authors obtained good agreements with experimental data
for strain rate varying between 10-3 and 1000 s-1. Another
approach was proposed by [16] to ﬁt the behavior at different temperatures. For isothermal conditions, a Cowper–
Symonds strain hardening model was proposed. For non-

Figure 5. Calculation from 3 tensile tests of the Taylor–Quinney
factor following eq. (2) for strain rate equals to 0.1 s-1.

isothermal conditions, a strain rate and temperature
dependent hardening response based on a modiﬁed Nadai
model was used as described by [17].
In this introduction, different approaches were presented
to take into account the dependence of thermal effect in
the mechanical calculation explicitly or implicitly by the
means of the energy balance equation and the determination of the Taylor–Quinney factor. The following part
of this article will describe the experimental set-up used to
determine the Taylor–Quinney factor and the mechanical
conditions for which this factor can be efﬁciently determined. The second part will present two methods to
identify the material parameters from tensile tests data and
the inﬂuence of the Taylor–Quinney parameter in the
numerical calculations.
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Figure 6. Calculation from 3 tensile tests of the Taylor–Quinney factor for strain rate equals to 0.6 s-1 for RD and 1 s-1 for TD.

Figure 7. a) and c) Overlapping of strain rate and self-heating temperature versus time; e_p ¼ 0:6s1 b) and d) Overlapping of plastic
strain and self-heating temperature versus time; e_p ¼ 1s1 .

2. Experimental characterization of self-heating
The studied zinc alloy is a commercial ZnCuTi alloy produced for a standard 0.65 mm thickness. In the present
work, the experimental procedure, tackling the correlation

between strains and temperatures, is close to the one
zpublished by [18]. The experimental set-up is shown in
ﬁgure 2. The tensile machine is an Instron 5967 (30 kN)
coupled with a thermal chamber. The system of Digital
Image Correlation (DIC), which is a commercial system of
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stereo-correlation, and the Infrared Thermography
Technique (IRT) are placed on the same support to be at the
same distance from the sample. The DIC cameras (2-point
gray grasshopper with 50 mm objectives Schneider
Kreuznach) allow the evaluation of displacement ﬁelds
from which strains are calculated with Hencky assumption.
The methodology proposed by [19] was applied in order to
analyze the sensitivity of DIC parameters (step, subset,
ﬁlter size). The optimal set of parameters is given for subset
equal to 17, step equal to 5 and ﬁlter size equal to 5. The
infrared thermography camera (FLIRSC5200) measures the
temperature ﬁelds by recording the thermal radiation and
has been calibrated from a black body with an emissivity
close to 1.
A constant velocity of the crosshead is applied, and three
velocities were chosen to deﬁne the experimental campaign: 0.02 mm/s, 2 mm/s and 12 mm/s corresponding in
the RD direction to the following strain rates: 0.001 s-1; 0.1
s-1 and 0.6 s-1. For the TD direction, the corresponding
strain rates are 0.001 s-1; 0.16 s-1 and 1 s-1. Three temperatures were also chosen: 23°C, 80°C and 100°C. 80°C is
the temperature used in the industrial forming processes to
increase zinc sheets formability.
Standard zinc alloy specimens (in accordance with the
ISO 6892-1:2009 standardization) with a prescribed
geometry were machined to perform all tests on the same
apparatus (10 9 12 mm2). To obtain efﬁcient measure
from IRT, the surface of the sample requires an emissivity
close to that of black body and to acquire the strain ﬁeld
from DIC system, random speckle is needed. Therefore,
inspired from the [20] work, all specimens were painted in
black (for the IRT system) with random white dots (for the
DIC system) to correlate, on the same specimen face,
strains (obtained by DIC cameras) and temperatures (obtained by the IR camera).
Acquisition frequencies and resolution are different
between the DIC and the IRT systems. Spatial and temporal
synchronizations were required to compare strain and
temperature ﬁelds. To schematize the frequencies of

sampling, ﬁgure 3 a) gives an overview of the frequency
discrepancies of each system. The DIC system frequency is
higher than the IR frequency. An interpolation is therefore
needed to synchronize both systems.
An algorithm was then developed to associate each IRT
data to DIC data by interpolating those which are missing.
The very ﬁrst point of the acquisition is measured at the
same instant since the three systems (machine, DIC, IRT)
were triggered at the same time. For temperature, the
interpolation follows this equation:

Figure 8. Identiﬁcation of the material parameters in the RD
direction: Exp. for experimental data and Mod. for identiﬁed
curves obtained by inverse method.

Figure 9. Identiﬁcation of the material parameters in the TD
direction: Exp. for experimental data and Mod. for identiﬁed
curves obtained by inverse method.




   IRT 
  tDIC  tiIRT
 T tiIRT
T tDIC ¼ T tDIC þ T tiþ1
IRT  tIRT ð6Þ
tiþ1
i
Regarding spatial differences, the resolution of the DIC
system (2048 9 1536 pixels) is higher than the resolution
of the IR system (320 9 256 pixels). Therefore, one pixel,
representing local temperature measured with the IRT
system, was associated to 36 DIC pixels (ﬁgure 3 b). The
methodology has been validated by superimposing the
temperature curves related to the infrared response to the
strain given by the DIC system on a vertical Y axis passing
through the center of sample. This validation is shown in
ﬁgure 4.
For the calculations of b, the true stress-strain curves in
the localization zone were considered. The initial temperature is measured on the specimen near the clamp jaws of
the tensile test machine. The isothermal state has been
veriﬁed for the strain rate equal to 0.001 s-1 for which the
temperature increase is less than 1°C.
Assuming the different regimes deﬁned by equation (3),
the strain rate equals 0.1 s-1 indicates a transitional state
with F0 = 0.08. This value was calculated by considering
the characteristic length equals to the diffusion length given
by the bell curve of temperature as seen in ﬁgure 4 (30
mm). The characteristic time was assessed to be the same
time related to the time of the utter deformation, which is
equal to 4 s in RD and 2 s in TD. Figure 5 indicates the
calculation of b for 3 tests. It can be observed that b values
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Figure 10. Mesh size sensitivity varying between 0.04 mm (ﬁner) and 0.6 mm (coarser) for the numerical simulations.

Table 2. Numerical results of the mesh sensitivity.
Mesh size
Numerical strain
Strain error (%)
Time calculation
Number of mesh elements

0.04
0.45
0
49 h 56 min 47 s
2,394,138

0.05
0.45
0.05
17 h 45 min 24 s
1,378,708

are decreasing without reaching a stable state, which is
characteristic of the transition state as also described by [7].
The characteristic time is too high to obtain a Fourier
coefﬁcient sufﬁciently low.
Figure 6 shows the results of the calculation of Taylor–
Quinney factor for a higher strain rate. The Fourier factor is
near 0.02 in RD and 0.03 in TD, which induces a quasiadiabatic state. The characteristic time is equal to 0.6 in RD
and 0.33 in TD. Values of b in the RD and TD directions
were identiﬁed: bRD ¼ 0:5 and bTD ¼ 0:44. A signiﬁcant
anisotropy has been found.

0.1
0.45
1.12
54 min 30 s
205,809

0.2
0.44
2.50
5 min 50 s
36,842

0.3
0.433
3.77
1 min 39 s
15,754

0.6
0.415
7.88
26 s
4282

Figure 7 shows the correlation between strain rate and
plastic strain versus self-heating temperature in the RD and
TD direction. An excellent correlation (for both directions
RD and TD) can be noted between plastic strain and selfheating temperature. However, the correlation between
strain rate and temperature is not correctly established. The
tendency is probably due to the averaged data used to
estimate the strain rate from the DIC with a non-optimized
time step.
The self-heating temperature can reach 25°C which is
very high compared to the 0.5 Tm = 73.2°C.
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Table 3. Numerical parameters tested for the identiﬁcation
procedure.

Numerical
Numerical
Numerical
Numerical
Numerical
Numerical

calculation
calculation
calculation
calculation
calculation
calculation

1
2
3
4
5
6

T (°C)

e_ (s-1)

23
80
100
23
23
100

0.001
0.001
0.001
0.1
1
1

189

3. Behavior law identiﬁcation
Behavior laws parameters were identiﬁed from thermomechanical tests by the minimization of a cost function.
The standard identiﬁcation procedure is given by minimizing the cost function:
vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
u N
2
1 uX
ðrmod
 rexp
i Þ
i
u¼ t
ð7Þ
2
N i¼1
ðrexp
i Þ

Table 4. Material parameters identiﬁed with the global-local MOOPI approach compared to the GRG standard method.
Anisotropic direction
MOOPI identiﬁcation
GRG identiﬁcation

RD
TD
RD
TD

e0

K (MPa)

n

m

b0 (K-1)

0.002
0.002
0.002
0.002

44.50
33.12
50.63
72.19

0.122
0.091
0.091
0.072

0.0738
0.0533
0.0711
0.0663

404.02
540.63
346.05
293.15

uMoopi
0.607
1.160
–
–

Figure 11. Comparison between force displacement curves obtained by the two identiﬁcation methods and those obtained
experimentally.
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Figure 12. Comparison between local strain - displacement curves obtained by the two identiﬁcation methods and those obtained
experimentally.

where N deﬁnes the number of experimental measure
points, rmod
and rexp
are, respectively, the stress calculated
i
i
with the theoretical behavior law and the experimental
stress. Six experimental conditions were tested for both
orientations with respect to the rolling direction (RD for
rolling direction and TD, the transverse direction). The
global cost function is then deﬁned by:
uGlobal ¼

k
X

ui

ð8Þ

i¼1

where k is the number of experimental curves. The global
cost function uglobal is deﬁned by the sum of all cost
functions associated to the different i experimental conditions. In the following equation, the viscoplastic law given
by [4] is considered:
r ¼

pﬃﬃﬃmþ1
3 K ðe0 þ eÞn e_m expðb0 =T Þ

ð9Þ

with r and e, the equivalent stress and strain, e0 , the initial
plastic strain, e_ the strain rate, T the temperature, K the
strength coefﬁcient, n the hardening coefﬁcient, m the strain
rate sensitivity and b0 a parameter depending on temperature effects. This behavior law is similar to the one

proposed by [2]. The algorithm applied to converge
towards the minimum is a Generalized Reduced Gradient
(GRG) method, used by [21], with 100 iterations and a
precision of 10-6. The results of the identiﬁcation are
plotted in ﬁgures 8 and 9. In the TD direction, the identiﬁcation is less accurate than in the RD direction.
This method is fast but cannot guarantee the unicity of
the solutions. Moreover, the optimization is calculated from
only one set of observables given by the stress-strain
curves, which limits the accuracy. Another identiﬁcation
method has been confronted to the previous one in order to
improve the results, especially for local strain accuracy.
The goal is to numerically simulate several experimental
conditions of a tensile test and minimizing the cost function. Results depend detrimentally on the mesh size. Different mesh sizes were therefore tested to obtain the best
compromise between precision and time calculation (ﬁgure 10). The tool velocity is 2 mm/s. The local strain,
obtained by DIC, is experimentally equals to 0.45. The
results of the time calculation are given in table 2.
To limit the calculation time and get accurate results
(table 2), a local reﬁnement of 0.3 mm was chosen for the
identiﬁcation procedure. The ﬁnite element software used is
coupled with an optimization software called MOOPI for
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Figure 13. Inﬂuence of the Taylor–Quinney factor for numerical calculations.

MOdular Optimization software for Parameters Identiﬁcation [22]. MOOPI was developed to take into account
several numerical tests and different observables. The
inverse method used in MOOPI is based on a parallel
version of the EGO (Efﬁcient Global Optimization) algorithm and the cost function is deﬁned by:

vﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
uN
uP 
exp 2
num
u
ui¼1 Obsi ðPÞ  Obsi
uðPÞ ¼ u
u
N
P
t
2
ðObsexp
i Þ
i¼1

ð10Þ
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Table 5. Inﬂuence of the Taylor–Quinney factor on the numerical simulations and relative error obtained for the force, local strain and
temperature.
F (N)
T = 23°C
e_ = 0.1 S-1
RD
T = 23°C
e_ = 0.6 S-1
RD

Exp.
b=0
b = 0.5
b=1
Exp.
b=0
b = 0.5
b=1

Relative error

1314.42
1360.22
1321.25
1285.31
1442.59
1565.32
1497.36
1432.22

–
3.5
0.5
-2.2
–
8.5
3.8
-0.7

0.376
0.323
0.338
0.353
0.345
0.305
0.330
0.358

where N is the number of measure points, Obsnum
ðPÞ and
i
are
respectively
the
values
of
the
numerical
and
Obsexp
i
experimental observables and P is the set of tested
parameters. Six numerical conditions with different temperatures and strain rates were tested and are summarized
in table 3.
The observables used in the minimization of the cost
function are both global and local observables. For the
global observables, the data used are the force-displacement values. The local observables are identiﬁed by local
strain and local temperature obtained by collecting
numerical data in the necking zone. The global cost function is then given by:
uMoopi ¼

k 
X


uFi þ uei þ uT5

e

ð11Þ

i¼1

where k = 1 to 6, the number of numerical calculations. uFi ,
uei , /T5 are respectively the cost function considering the
observable related to the force, the strain and the temperature (only for the ﬁfth simulation for which self-heating is
relevant). The results stemming from this identiﬁcation are
summarized in table 4.
The numerical force-displacement curves obtained by the
two methods are compared to the experimental curves in
ﬁgure 11 and local strain values are plotted in ﬁgure 12.
Both numerical methods were identiﬁed until the localized
necking. The results obtained by the standard method give a
better result for the force-displacement curves especially in
the vicinity of the yield stress. However, as seen in ﬁgure 13, the MOOPI method gives a much better ﬁtting than
the standard method for local strain values. It is worth
mentioning that the calculation time is much longer for the
MOOPI identiﬁcation (more than 1 day) compared to the
GRG method which requires only 5 minutes.
The GRG approach is therefore an efﬁcient method for a
fast identiﬁcation of the material behavior parameters
before localized necking. The MOOPI identiﬁcation gives a
more accurate local deformation. This is particularly
important for predicting localized necking as well as for the
study of ﬁnal failure.

Relative error
–
-14.2
-10.3
-6.3
–
-11.5
-4.2
3.7

T (°C)
32.61
23
29.91
36.68
36.50
23
34.54
46.9

Relative error
–
-8.3
12.5
–
-37
-5.4
28.5

To verify the experimental values, the inﬂuence of the
Taylor–Quinney factor has been studied. The goal is also to
assess the precision of the numerical calculations, which
have been performed only for conditions for which selfheating has been revealed.
There is a little impact on the force-displacement curves
and for the determination of the local strain as shown in
ﬁgure 13. However, the inﬂuence on the temperature is
tremendous. For a Taylor–Quinney factor equals to 0.5, the
temperature has a good ﬁtting compared to the experimental one, while if the Taylor–Quinney factor was ﬁxed to
1 (which is the default choice made standardly in numerical
calculations) the result would have been totally false.
Table 5 references all data obtained numerically, and the
relative error compared to the experimental values. The
best relative errors are obtained for b = 0.5.
For strain rate values in the range [0.001 s-1; 0.1 s-1]
and for temperatures in the range [23°C; 100°C], the
experimental value of the Taylor Quiney factor used in
numerical simulations ﬁts precisely the experimental
curves. However, more numerical simulations are needed to
calculate the optimized value of this factor in all
conﬁgurations.

4. Conclusion
This paper presents an experimental methodology to identify the Taylor–Quinney factor of a standard zinc alloy by
means of DIC systems and infrared camera measurements.
Speciﬁc algorithms were developed to synchronize – in
space and time - the acquired data to overlap the strain ﬁeld
and the temperature. The Taylor–Quinney factor has been
identiﬁed equals to 0.5 in the rolling direction and 0.44 in
the transverse direction for a strain rate close to 1 s-1. This
anisotropy is not common in the literature. The identiﬁcation of the material behavior parameters together with a
numerical sensitivity analysis have shown a high effect of
the Taylor–Quinney factor in the determination of the
effective temperature. To assess the inﬂuence of this factor
on numerical calculations, a behavior law was identiﬁed by
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means of two different methods: the GRG method, which is
the common one, and an inverse analysis methodology
carried out with the MOOPI software based on an EGO
strategy. Although the GRG method is the fastest, the
uniqueness of the solution cannot be proved and global
minima cannot be veriﬁed. The MOOPI approach, based on
evolution strategy algorithms, avoids local minima and
gives the best global solution of the minimization problem.
This approach is also more accurate thanks to the use of
both local and global observables. The fact that MOOPI
cannot satisfy both the global and local observables may
come from the fact that the material behavior law should be
improved in order to model zinc complex behavior and in
particular this competition between plastic hardening on
one side and self-heating softening on the other side.
The perspective of this work is therefore to apply this
identiﬁcation methodology with an enriched material law,
as the one proposed by [17]. This would enable to account
for the effect of self-heating directly and explicitly in the
mechanical calculation. It will also be interesting to study
the evolution of the microstructure linked to the strain rate
and the temperature.
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[22] Roux E 2011 Assemblage mécanique: stratégies d’optimisation des procédés et d’identiﬁcation des comportements
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