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ABSTRACT

The effects of prestrammg and strain agemg on fatigue
properties and dislocation structure of a hot rolled dual~phase steel
have been studied. The obtained results showed that, the fatigue
life of prestrained steel is slightly higher than that of the as-
received one. However, prestraining plus ageing ‘gave rise toa
decrease’in fatlgue life at higher stress amplitude as ‘compared with
as- recelved condition. Also, the results are explained in term of
changes in dislocation configurations and residual stresses on the

specimen surface.

INTRODUCTION |
Dual-phase steels are a new class of high strength low alloy steels
consisting of martensite and ferrite phases, which have a good
combination of strength, ductility and formability that makes them
attractive for weight saving applications in automobile industry
[1]. A dual-phase steel can be used to manufacture automotive .'
components which are more difficult to form because its stamped'
performance is better than that of a conventional high strength low
alloy steel. However, the formablllty is closely related to the yield
strength of the material. The yield strength can be increased due to
productlon, transportatlon, stamping and artificial ageing. The
change in yield behaviour causes lmportant influence on the service
life of automobile components. Davies 2], has studied the effects of
strain ageing on mechanical propertles of dual - phase steels such "
as yielding behaviour. It is found that, the life in service of}many
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components is strongly dependent on the material fatigue

properties, service history and design factors. However, little
attention has been paid to fatigue behaviour of dual - phase steel.
Sherman et al. [ 3], and Chai et al. [4], studied, respectively, the
influences of the velume fraction of martensite and microstructure
on fatigue properties of the dual - phase steels. Sherman etal. [ § |,
have preliminarily studied the effects of strain ageing on the
fatigue behaviour of a vanadium containing dual-phase steel and

high purity iron.

In the present work, fatigue properties of a hot rolled dual -
phase steel under conditions of as - received, prestrained and strain

aged have been investigated.

MATERIALS AND EXPERIMENTAL PROCEDURE

The steel used in this work was in the rolled condition and
supplied in a sheet of 3 mm thickness. The material has a
composition (in wt%) of 0.06 C, 0.55 Si, 1.5 Mn, 0.02 S, 0.031 P,
0.52 Cr, 0.046 Al, 0.46 Mo and Fe balance.

Fatigue specimens were tested with gauge section of 12x7x3
mm? in size and cut from the as - received plate. The longest axis of
each specimen was parallel to the rolling direction of the
plate.Some specimens were subjected to a tensile prestraining of
10% or tempered at 175 °c for 30 minutes after prestraining in
order to determine the effects of strain ageing om fatigue
properties. Also, tensile tests were carried out and the residual
stresses were measured by the X-ray diffraction technique with
both as - received and treated specimens.

Fatigue tests under constant load control were conducted at
room temperature on a +200 KN push-pull fatigue testing machine.
A sinusoidal waveform was the controlling signal. In order to -
investigate the relationship between fatigue properties and
microstructures, dislocation configurations of failed specimens
were observed by transmission electron microscope, TEM. The
metallographic examination using an optical microscope was also
carried out.
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RESULTS AND DISCUSSION |

Microstructure:

The microstructure of the investigated steel in the as™-
received condition is shown in Fig. (1). It is clear that, the
microstructure consisting of fine grained ferrite and dispersed
patches of martensite on fine grained ferrite. The volume fraction
of martensite was determined to be 20% by using quantitative

metallography.

Tensile and Fatigue Behaviour:

The tensile properties and residual stresses of the investigated
steel in the as-received, prestrained and strain aged conditions are
shown in Table (1). It is found that, prestraining and strain ageing
lead to about 220 MPa and 252 MPa increases in the yield stresses.
As expected, prestraining results in an overlap of the compressive
residual stress with that induced by hot-rolling. However, ageing at
175 °c for 30 minutes caused a significant release in the existing
residual stresses on the specimen surface.

" Figure (2), illustrates the stress-life’ behaviour of the
specimens in the three conditions tested. From this figure,it can be
seen that, there is a fatigue limit of about 270 MPa for the as -
received steel. As shown in Fig. (2), the fatigue strength in the
prestrained condition is only slightly higher than that in the as-
received ome. Similarly, in comparison with as-received condition,
ageing after prestraining produces almost no change in fatigue
strength at low stress amplitude but a slight decrease at high stress
amplitude. A general explanation for this is based on the wavy slip
character of dual-phase steel which is not a strong function of
prestraining [5]. As summarized by Laird [6], wavy-slip materials,
whatever their structures before strain cyclmg, develop cell
structures if they are cycled at hlgh strains.

~The slight effects of prestraining and stiain ageing on the
fatigue life behaviour of dual - phase steels might be caused
through several specific factors, such as mechanical propertles,
residual stresses etc. As indicated in Table (1), strain ageing
caused a significant reduction in-elongation which is considered”
responsible for the decrease in fatigue life at high stress amplitude,
because low cyclic fatigue depends mainly on the ductility rather
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than on the strength of the material.. The residual stress which was
enhanced by prestraining or released by further ageing (see
Tablel), is another important factor affecting the fatigue life. In
associating the residual stress in Table (1) with the fatigue life
shown in Fig. (2), it is evident that, the variation of residual stress
is quite consistent with that in fatigue life, especially at high stress
amplitude. The higher the residual stresses, the longer the fatigue
life.

Dislocation Configuration:

The microstructure of specimens in three conditions either or
after fatigue failure were examined by TEM. Some typical results
are shown in Figs. (3-5). As indicated in Fig. (3-a), the martensite
in as-received condition consisted of block lath's, a typical,
structure of low-carbon martensite |7 & 8 |. Moreover, the ferrite
contained dense tangles of extrinsic transformation accommeodation
dislocations in the regions adjacent to martensite (Fig. 3-a), but
much low density in more remote locations (Fig. 3-b). It can be
seen from Fig. (3-c) that, the martensite changed from the block
lath's to twinning type after 10% tensile prestraining. The
dislocations are distributed uniformaly throughout the ferrite
matrix with much higher density than that before prestraining, as
seen in Fig (3-d). Dense tangles of dislocations can be seen in
ferrite grains. The examination by TEM also indicates that, ageing
caused no change in dislocation counfigurations.

Figure (4), illustrates the dislocation structure in the
specimens which were cycled to failure at a stress amplitude of 300
MPa. In comparison with the dislocation arrangements prior to
fatiguing (Fig.3), fatigue loading produces modifications in
dislocations characterisvtics_r to some extent in all three conditions.
As compared with Fig. (3-b), it is noted from Fig. (4-a), that
dislocations with high density were induced and characterized by
tangles. The dislocations configuration in the prestrained specimen
was . rearranged into more regular bands which tend to form
incomplete cell structures as shown in Fig. (4-b). Fig. (4-c), shows
the dislocation arrangements in the strain aged specimen after
fatigue failure. It is evident that, rearrangement of dislocation was
not as that in the prestrained specimen. The small particles of
carbides as a result of ageing could be found in the ferrite matrix.
Some evidences of interaction between dislocation and precipitates
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could also be seen in Fig. (4-c). The morphology and substructure
of the martensite phase were often found to be modified by cyclic

_deformation. One example is shown in Fig. (4-d), where the
martensite. lost its original lath's structure and consisted of high
dislocation accumulation.

Figure (5), shows the appearance of dislocations in
prestrained and strain aged specimens cycled to failure at 370 MPa
and 360 MPa, respectively. Obviously, dislocation cells were well
developed and became the dominant structures when high stress
amplitudes were applied. A similar and well defined cell structure
was also found in as - received specimens cycled at high stress

amplitude.

However, the intrinsic behaviour of dual - phase steels and its
associated dislocation "structure still play the main role in
controlling the fatigue life, although some additive factors
mentioned before may cause slight deviations. As demonstrated in
Figs. (3-5), no matter how different the dislocation structures are
prior to fatiguing. The cyclic loading eventually results in a more
or less unique dislocation structure corresponds to a certain stress
amplitude.

Macroscopically, much or all of the strength which increase
gained by prestraining or strain ageing, is lost under cyclic loading
due to softening [S & 6 |. Prestraining or strain ageing produces
almost no change in fatigue life of dual - phase steels as observed.
As revealed by TEM obsevations, cyclic loading could cause
modifications of martensite morophologies and substructure.

CONCLUSIONS
From this study, the following conclusions may be drawn:-

1. Prestraining cause a slight improvement in fatigue life of dual-
phase steel. Ageing has no appreciable effect on fatigue
properties, except in the high stress amplitude region.

2. Cyclic loading  produces dislocation tangles at low stress
amplitude and dislocation cell structures occur at high stress
amplitude in spite of the original conditions of the specimen.

3. The morphology and substructure of martensite in dual - phase
steel could be modified by cyclic loading. -
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4.

The “effct of prestraining and strain ageing on fatigue behaviour
" can be assesment in term of dislocation structure, surface
" residual stresses and work hardening characteristics.
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Table (1): Tensile Properties and Residual Stresses Under

"~ Three Conditions:

Condition Te'nsil_é Yield Elongation |  Residual
' ' strength | strength A% stresses G,
oy, MPa Oy 0.2> MPa MPa
as - received 596 405 29.2% -219
10% Prestrained | 447 625 22.7% -317
- 10% Prestrained | ©~ ‘
+aged at 175°¢ 660 - © 657 14.6% -132
for 30 min.
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Fig. (1) Microstructure of the investigated steel. 350X
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Fig(2) Stress_life curves for three condilions.
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(a) (b)

Fig. (3) TEM micrographs of as-received and 10% prestrained
specimens before cyclic loading.

(a) ., (b): as-received (¢) , (d): prestrained
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(a) (b)

(¢) (d)

Fig. (4) TEM micrographs after fatigue at peak stress of
300 MP,.

(a): as-received Ng=8.7 x 105

(b): 10% prestrained N¢=1.35x 105

(c): 10% prestrained and aged at 175 "C
for 30 min. Ng=1.02 x 105



Fig. (5) TEM micrographs after fatigue failure.

(;l): 10% prestrained , c =370 MP, , Nf= 1.8 x 105

(b): 10% prestrained and aged at 175 °C
© for30min. , ;=360 MP, , Ny=3.04x104

- 112 -



" dalude Sills sic Siluall jagdie dilkioll gle alall JUKH] jailas "
Cadlanl owgn woa L o
Adgiall Analer — pasTl ymads Mgl Aol — ol lg LSYT Auvkits ud
: Sauall jaile
st Alee  Prestraining — Gueddl Jlaiiyl oo IS 8l 4l o I Gl 12a iagy
(eaill) DL Jailiad e ikl JW Glall Strain Ageing ( gajl s ybadl)
. Dislocation Structure eyl (pliy) JS,
Uapsme (53 Gy colall 138 e IUSH LSS} Slige alae) o3 36 Ciogd) oI Tagas,
ol A e a5 cligall 038 (e s a8 1SS L 4l de gl £ U dpailly Al ol pa okl
Giladl Slisall e AT 6 5 ol Lad (4 +) Tensile Prestraining  Guws 26 Jlais
LI Y s V0 5 m G sicTempered 4xh o5 Gumall Jwil) Lgnin
sl Chalga¥! e o8 LS ¢ LSSl a8 il UER ol el e G e g At el
X- Ray Diffraction dgud) e 3o oslad aadiul, Residual  Stresses
- S AL clalt 38 ety Technique
a3 LaS L LAl 5 e A0 die 2 — pdd LAY ASle e IS < LAY el Wl
Gledaiyl JSis 4yl Ll (paadl) a8 TEM 3l o 5V Gy Saall plasid
AAd a5 Tl ol (sl g€y Sl sl o Lo . (DL 8] 8 jleiall lisal
. As- Received il syl b aadtudd JLa¥! clall 4,00
—: Al la L4l o 150 03 pikici Gae o] el yall Siaald 41
O el LS bl e g ol 13 gd (DLSH jae cpuad (N (533 Gule dieay Gauall JleisYl =
Lihie il DS jae o 4S8 oS il L pad caball 13 bl Tlae f il
4 Jlie il U (5055 Lgils High Stress Amplitude 4 jall clalgay daw s
. As - Received lai ailla i Cabaally

Dislocation g3 ai wiaie s a5 4ie 23 Cycling Loading s daesill ~¥
Glew aie Loy Low Stress Amplitude iaisial cilalga¥t cilaw 2ie Tangles
Cell @l W aal s M so5 i High Stress Amplitude  dais jal) islgal

' Ay 4 as s Dislocation

Labandl v 4y The Morphology 4 slsisall dasad oSa (sl Spenill Uik g3 ~¥
bl e g il 13g) Cyu 4kl Substructure

sl e s s (el DY dgle Jo JoaiiY) abiailly Gl Sl wgsﬁ*is-z
Sl 3 leail Lilee o il mhaan e il aleaY) ¢ LeDAN! JCE o6 Giaad
.Work Hardening Characteristics

- 113 -





