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Compression behaviour of Al3003 alloy
at varying temperatures and strain rates

Introduction
Al3003 is a widely used for general-purpose aluminium alloy. Assemblies involving these alloys are often subjected to thermomechanical loadings with varying strain
rates. The optimisation of assemblies in their production phases and/or utilisation can be achieved through the use of numerical simulation such as finite element
techniques. Finite element (FE) simulation of the response of these assemblies requires the obtention of the material behaviour through a suitable constitutive model.
For that purpose, a series of compressive tests have been performed for temperatures within the ambient temperature till 550°C and strain rates ranging from 5 × 10−5

to 5 × 10−2 s-1.

Protocol and Experimental Device
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N° Part

01 Furnace

02 Top bar 
thermocouple

03 Sample 
thermocouple

04 Bottom bar 
thermocouple

05 Control system 
thermocouples (top, 
middle, bottom)

06 Sample

0504030201

Samples

 6mm by 9 mm height cylindrical samples 
machined in the 3 directions 06

Rectangular Al3003 bar

Equipment for high temperature tests
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Results : Evolution of compressive behaviour with strain rate and temperature

Conclusion
• The mechanical behaviour of Al3003 displayed a light softening mechanism without pronounced dependency of the anisotropy
• Viscous behaviour of the material was exhibited at 250 °C
• This behaviour has been approximated by means of the Slavik-Sehitoglu elasto-viscoplastic model.
• Optimization of the model parameters and comparison with other elasto-viscoplastic models is currently in progress.
• This constitutive model will be implemented in a finite element simulation.
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Stress relaxation test - T=250 °C

Experimental simulation
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True stress - plastic strain of Al3003 at a strain rate 𝜀 ̇= 
5×10-3 s-1  Type 3
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rate 𝜀 ̇= 5×10-3 s-1 Type 3
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Slavik-Sehitoglu elasto-viscoplastic model [1]

Flow rule

Back stress rate

with h : back stress hardening

and  r : back stress recovery

Drag stress rate

with hK : drag stress hardening

and   rK : drag stress recovery
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ሶ𝛼 = ℎ𝛼 ሶ𝜀𝑖𝑛 − 𝑟𝛼 × 𝛼

ሶ𝐾 = ℎ𝐾 −𝑟𝐾 + Φ ሶ𝑇

The maximum value of the strain rate sensitivity 
parameter was found around 350 oC

Pronounced decrease of the yield stress beyond 
T=150°C and a marked effect of strain rate

Al3003 displayed a softening behavior between 
room temperature and 350 °C

Minor dependence with the loading direction, 
particularly after annealing treatment 

Important stress relaxation observed at T=250 °C which 
can be well described by the Slavik-Sehitoglu model

The Slavik-Sehitoglu model reproduces relatively well the tem-
perature and strain rate dependency of the mechanical behavior

Reference : [1] Slavik, D. & Sehitoglu, H. (1986). Constitutive models suitable for thermal loading. J. of Engineering Materials and Technology, Trans. of the ASME, 108(4), 303-312.
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