BXPONENT OF I)EFORMATXON HARDENlNG AND THE PROCESS ZONE
IN HSLA STEELS
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study represents the follow—up of previous
analyses of influence of HSLA steel microe”
structure on fracture toughness parameters,
based on statistical—stereological studies
of deformation fracture procesees in front
of the rip of fatigue cracks analysis of

the shape and size of process or stretch
zones and on individual failure micro
mechanismse. Knowledge of influence of

mechanical properties of HSLA steel OD
fracture toughness parameters is presented
with particular attention to the exponent
of deformation hardening n. 1ts physical
importance from the viewpolnt of influence
of ferritic grains and precipitation
hardening on the shape and size of plastic
and process zones is discussed.

INTRODUCTION

The presenbed study 1S direcbly‘related with the
results published in (12 in that paper we have
p!‘esented pasic methodic and f'ractographic pt»ot:edures
of’ det.erminat..ion of parameters of stretch and process
sones in HSLA steels: see F1g- 1., as 2 astarting point
for the deLerminaLion of the structural essence of’
arameters of fracture toughness: The pasis js the
knowledge of the St.ruct.ural essence of mechanical
properties of HSLA steels 2. Special attention is
paid to the jmportance of an exponent of deformation
hardening “n and its influence on parameters of the
stretch zone and fracture toughness: The pasic
eru(::LuI-al starting point, is the knovl,edge of an ertect
of an embril.blemeub hardening c:nmponent AR Oon valnes 0

Fig. 2 which comprises rirst of all the prec;i‘i;ji.ai.i«,yn

hardening cumpﬂnen(,. In this r:ase__‘i}? holds Lhat: AR <

R, ~ Ry ~ R where Ko = 19 . 4 * is the hardening

contribution ot a ferrite grain of size tat and Ry is
1

the :subst.it.u'.iun hardening on account of manganesée «2>.
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EXPERIMENT

Analyses were carried out on HSLA steels, hot
rolled, with the rollowing chemical composition:

0,73 - 0,10 % C; 0,5 - 1.4 % Mn; 0,03 -— 0,141 % Sij
0,008 - 0,01 “% P; 0,009 ~— 0,019 % S: microalloved Nb,
Vi Ti with additions of Mo or  Zr. Selection of

atructural states foliowed the aim to assure the
variability of the size of a ferrite grain d (from 3,6
pm Lo A4S pmd and the state of pr-ecipitation which,
expressed as the component. AR, changes from 40 Lo 300
MPa. A complex of strength, plastic and brittle failure
properties and parameters of fracture toughness were
evalnated in 811 seven :‘-‘(t;at,es n the temperature
range from —196 G to +20 “C. Fractographic analyses of
individual failure micromechanisms were carried out

together with the determinations of VSZ and ag,

parameters of the stretch zone.
ANALYSIS OF RESULTS

Fig. 3 shows the scheme of changes of stretch zone
parameters and X, parameter (Fig.1> with temperature

as presented in the previous study (3>. Ve can observe
a lasting character of all stretch zone parameters with
two temperatures defined for each astructural state:

Txo — transition temperature at which the first stable

crack growth L, can be observed and TXOD — transition

temperature above which the stretch zone parameters
remain unchanged and growth of ductile failure| can be
observed across the whole cross section.

Under the assumption of an elliptical shape the
transitional behaviour of stretch zone parameters has
been described (4> as follows:

2 P 2,2
+ = + -
x /VSZ y /asz L tgh (CT To)/B 1>
where T = (Tx_+ Tx » 42 ; B = (Tx - Tx > 72 ;
o e} oD oD o
Fig. 4 shows the dependence of Vq7 values on

temperature and Fig. 5 the dependence of W on the
SZmax

value of the of the deformation hardening exponent. at

T > Tx b pDespite  the fact. that surlace ductile
<)

processes are involved in stretching we obtain a highly
logical dependence. The rowth of the ex wonent,  of’
o

desfCoemat.ion havdening resalts in a0 more intensive
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relation between COD and ?,.aqz parameter for T < Tx in
- o

the subtransition branch was unsucce

saful, Fig. 7. The
linear relationship has been confirmed, however, with a
considerable dispersion: COD = Kk . (Zaq.?)v YK ranges

from 2,8 ta 15, while k ~ 1/n, which is logical from
the viewpoint of the intensity of crack face blunting
and the way of scanning of COD. In addition t.o the
blunting of the arack face the effect, of the ductile
crack growth x  on continued thermal behaviour of COD

must be  taken intoe account. The stretch zone is
stabilized above the temperature ’I‘XOD and opening of

Cob  is controlled by the plastic crack opening.
Presented Knowledge is summarized in a scheme in Fig.
8, providing a confirmation of the influence of
deformation hardening exponent on the relationship

between COD and Zasz.

CONCLUSION

Our study presents the knowledge of the influence
of deformation hardening exponent on the development of
the streteh zone in front of the fatigue crack tip in
fracture toughness tests. Quantitative expression of

the influence of n or AR on KIC and Tx0 values has been

provided together with a qualitative description of the
relation to COD values. Presented Knowledge suggests a
close relationship between the structural failure
processes in front of the c¢rack tip and fracture
toughness parameters.
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Figure 5 Dependence of W
on the exponent of deforﬁg-
tion hardening
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Figure 7 Relationship bet-
ween COD and the stretcn
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Figure 6 Effect of deforma-
tion hardening exponent on
Txo and KIC
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Figure 8 Scheme of the rela-
tionship between COD and

2a over the whole tempera-
tu?é interval for different
values of "n"



