168 Selected Topics of Contemporary Solid Mechanics

ADVANCED CONSTITUTIVE RELATION FOR NUMERICAL APPLICATIONS:
MODELING OF STEELSIN A WIDE RANGE OF STRAIN RATES AND
TEMPERATURES

A. Rusinek’, J. A. RodriguezMartineZ, J.R. Klepaczo®

*Laboratory of Physics and Mechanics of Materials, UMR CNRS 7554 University Paul Verlaine of Metz, lle du Saulcy, 57000Metz, France
2 Department of Cortinuum Mechanics and Structural Analysis, University Carlos Il of Madrid, Avda. de la Universidad 30, 28911L eganés,
Madrid, Spain

Abstr act

Among nany conditutive relations implemented so far in a numter of commerda compuer codes, the mog
advanced are those that include strain hardening and also drain rate and temperéure senstivities d flow sress.
Almog all of them are based onthe concept of the Mechanicd Equation o State (MES). One of suich modem
conditutive relationsthat have been proposd by Rusnek and Klepaco (RK), [1], include an extended flexibility
in an acaurate approximation o materials behavior over wide range of plastic grain, grain rates and temperaures.
The RK conditutive relation has orly eight fundamental congants and the meaning o ead congant is analyzed in
detail in this paper. The main gaal of this contribution is to demongrate sone recant applicaions d the RK
conditutive relation in sdving a wide variety of compgex dynamic boundry value problems, for example
perforation and many others, usng the Finite Element (FE) method.

1. Introduction

Metals and aloys ugd in engineeiing fields shav different mecdhanicad behavior depending onthe grain rate
and temperaure which they are suljeded to. The implementation o advanced dructural meterials in the
automdive, aeonauticd, metalworking and dher indudries creded the neel to introduce more advanced
conditutive relationsfor engineeiing applicaions. Thus,the congants required to define the material behavior mug
be easly identifiable, but at the same time the material respong under compex sress sates mus be corredly
predicted. For example, in the case of high grength seds as Weldox, DH-36 a TRIP, that arewidely used in civil,
naval and automative indugries, the themmal cougingin form of adiabatic heaing canna be negleded, espedally at
high grain rates and large deformations,Fig. 1. The adiabatic increae of temperaure leadsto therma sdtening and
plastic ingabiliti es as preaursars o fail ure.
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Fig. 1. Comparison between experimental results [2] and RK model; a- Temperature sensitivity, b- Srain rate sensitivity

It can be concluded that a soplisticated conditutive relation mus cover large strains,0< g, <1.0, awide range
of strain rates, 107%™ <, <10%s™?, and an adequate range of absdute temperatures, 200K < T <0.5Ty, , where T, is
the melting temperaure. However, to cover swch ranges d the variables (Ep,ép,T) usng experimental techniquesis

not an easy task. Thus, nany experimental resuts in the forma:f(ép,ép,T), where G is the true dress in

tendon/compresson, arefrequently different for the same material. Therebre, the first step is evaluation d material
congants which define adequate conditutive relation isan analysis o the mean experimental data.
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2. Constitutiverelation with grain rate and temperature dependence of strain hardening

An advantage to predict the material behavior when suljeded to high temperature and Hgh drain rate is an
assumpion d strain herdening exporent nin general form n=nf €,.T) , where f isthe weigh function. The rate and

temperature senstive srain hardening was introdwced into congitutive modeling for the first time in an open
pubication by Rusnek and Klepacko in 2001, [1]. It was assungd in addition that the flow sress las two
comporents cdled the internal and the effedive stress. This concept due to Seeger is based on the theory of
didocations.The internal stresscomporent acourts for the mutiplication and dorage of the immoble dislocaions
producing drain hardening. The total stressis therefore the sum @ these two comporents, the internal stress o, and

the effedive stress ¢ respedively
. E(T) . ., ]
0(z,.%p,T) = = 0, (EpEp: T) +0 (§,,T) 1)
0
Where E(T) is the temperature-dependent Younds moduus, Eq is the Younds moddusat T=0kK . The effedive
stress comporent is related to the evolution o the mohle dislocaion densty leading to rate and temperature
sengtivity of flow stress.Within the framework of the MES the RK conditutive relation, [1], is gven by

0 =B(,T)(eo +£,)"T + °5<1_ D{TLJ 'Og(erij> X

Whereg(e,,, T) is the modudus d plasticity, n(g, T) isthe rate and temperature dependent strain hardening exporent,
oy is the threshdd of the effedive stressat T = 0 K, D; and T, are respedively the material congant and the

melting temperature. Typicd value for the strain rate upper limit is &g, =10’s™t. Becaise the st of thos

conditutive equations is assuned to be applied also within a wide range of temperatures, assuned temperature
values vary in the range 50K < T <Tp,/2. Two limitsin Eq.(2) are impoged: if <*> < 0then <*> =0, dsoif n< 0
then n= 0. Thetwo dresscomporents are correded for the temperature-dependent rigidity of the crystalli ne lattice
viathe temperature variations d Younds moduus E(T) as reported originally by KlepacZo, [3]. Moreover, a stress
corredion for the adiabatic increase of temperature is described usng the equation o energy balance Theory of J,
plasticity for isaropic behavior comhbined with the implicit integration sheme for finite element smulation is the
base for a wide range of applications, as shavn in Fig.2. An original implicit algorithm developed by Zaea and
Fernandez-Saez and reported in [4], is ugd to sdve incrementally the set of RK conditutive equations dfined
above. With this algorithm nmeny dyramic problems can be smulated by finite element codes. The material
congants d the RK conditutive relation are identified sofar for more than twenty materials, mosly steds usd in
the agonauticad and automative indusries.
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Fig. 2. Numerical simulation of perforation processusing RK model to describe behavior of DH-36 sted
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