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ABSTRACT
The flow stress modeling of a material of interest is essential for the simulation of plastic de-
formation. To construct a flow stress model, we leverage statistical inference to estimate the
material constants of the Hansel-Spittel flow stress equation. In a log-transformed space, we
formulate a probability model delineating true stress measurements and then infer material con-
stants by the method of maximum likelihood. As an illustration, we develop a Hansel-Spittel
flow stress model for AA1070 aluminum alloys with measurements obtained at different tem-
peratures and strain rates. Numerical validation shows excellent agreement among measured
true stresses and estimated true stresses by the fitted Hansel-Spittel equation.

INTRODUCTION

For the simulation of structural deformation, one is required to equip with a flow stress model
that emulates the changes of true stress with respect to effective plastic strains given a tem-
perature and a strain rate. In practice flow stress modeling has been typically carried out by
the method of least squares (LE) in view of a deterministic perspective. In this research we
adopt a stochastic extension of the deterministic formulation from a frequentist’s perspective.
For demonstration we establish a Hansel-Spittel flow stress equation [1] for AA1070 aluminum
alloys using true stress measurements.

DEMONSTRATION

Table 1: Experimental design

Temperature Strain rate
◦C 1/s

25 0.001

100 0.01

200 0.1

For flow stress modeling based on the Hansel-Spittel
equation, we utilized the experimental measure-
ments of AA1070 aluminum alloys acquired by the
tensile tests described in Ref. [2]. The experiment
was carried out at various temperatures and strain
rates according to the two-factor, three-level full fac-
torial design shown in Table 1. Each experimental
case in Table 1 was repeated three times, and the
best measurement with lowest fluctuation was col-
lected for flow stress modeling.



As shown in Fig. 1, the estimated true stresses by the fitted Hansel-Spittel equation closely
align with the true stress measurements. Numerical validation results in Table 2 convey that the
developed Hansel-Spittel equation is quite accurate compared to the measurements.
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Figure 1. Comparison of measured and estimated true stresses

Table 2 Numerical validation of the fitted Hansel-Spittel flow stress model

Data R2a Adjusted R2 RMSREb[%] Max REc[%]

y1 0.9998 0.9998 0.0392 0.1507

y2 0.9996 0.9996 0.0540 0.1263

y3 0.9963 0.9958 0.1405 0.2517

y4 0.9997 0.9997 0.0462 0.1265

y5 0.9994 0.9994 0.0647 0.1631

y6 0.9980 0.9977 0.1124 0.1586

y7 0.9990 0.9990 0.0803 0.2504

y8 0.9976 0.9975 0.1246 0.2532

y9 0.9891 0.9879 0.2616 0.3742

a Coefficient of determination
b Root-mean-squared relative error
c Maximum relative error
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