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Tensile and Fatigue Behavior of SAE 6150 Steel

T. Alp and A. Wazzan

(Submitted 6 July 2000)

The tensile and reverse-bending fatigue behaviors of the SAE 6150 steel in the dual-phase (DP), fully
martensitic, and tempered states, respectively, have been investigated using mechanical tests, scanning
electron microscopy (SEM), energy-dispersive x-ray (EDX) microscopy, and optical microscopy. Residual
stresses, inherent microcracks, and retained austenite films in the martensitic steel, quenched from 900 °C,
lead to the development of inferior tensile and fatigue strength. Tempering at 700 °C relieves the residual
stresses associated with martensite, causes the precipitation of microalloy carbides (MACs), and thus
results in superior strength, increased fatigue resistance, and moderate ductility. The DP microstructure,
consisting of martensite islets in a ferrite matrix, gives rise to a combination of good strength, excellent
ductility, and commendable fatigue characteristics. MAC in the tempered steel and martensite islands in
the DP variant enhance fatigue performance by causing crack tip deflection and concomitant crack path
tortuosity. Strain incompatibility between martensite and ferrite in the DP steel, and cementite films and
ferrite in the tempered variant are identified as fatigue crack initiation sites.

Keywords dual-phase steels, fatigue behavior, SAE 6150 steel,
tensile behavior

1. Introduction

The high-strength low-alloy (HSLA) steels known as dual-
phase (DP) steels were developed to improve safety standards
and fuel economy. The microstructure of these steels essen-
tially consists of a fine-grained ferritic matrix and a uniform
dispersion of hard martensite islands.!'! This microstructure
may be obtained by controlled rolling from the fully austen-
itized state or by intercritically annealing the steel in the (o +
v) region of the equilibrium phase diagram'® to allow phase
equilibration. Subsequent quenching permits a fraction of the
austenite to be converted to epitaxial ferrite, and the remainder
to martensite. Depending on the steel chemistry and processing
parameters, intermediate transformation products, lower
bainite and pearlite may form, and some untransformed aus-
tenite may be retained in amounts varying from 2-9 vol.%. ¢!
Retained austenite occurs in the form of interlath films™ or as
fine particles that are too small to undergo the martensite trans-
formation."'®! Low cooling rates and high intercritical anneal-
ing temperatures (ICTs) favor austenite retension.””'"! Re-
tained austenite enhances steel ductility, and upon plastic
deformation it transforms to martensite, thereby increasing the
tensile strength of steel.!'?!

To transform austenite to martensite, quenching from the
ICT must be sufficiently rapid or the austenite must have ap-
propriate martensite hardenability. Severe quenching is objec-
tionable due to consequential residual stresses, associated dis-
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tortions, and property variations. The martensitic hardenability
of austenite has been shown to vary with the chemistry''®"?!
and dispersiont'*'! of austenite during cooling. Thus, micro-
alloying additions of V, Mo, and Cr in a C-Mn base steel
exercise a paramount influence in determining the martensitic
hardenability of austenite.l'®'”! Although the amount of aus-
tenite is greater at higher ICTs, a smaller fraction of it may
transform to martensite due to its lower hardenability, which is
caused partly by decreasing the C content of austenite with
increasing ICTs. However, during cooling, expitaxial ferrite
growth into austenite may occur until the C enrichment of
austenite attains the required level to transform the remaining
austenite into a mixture of ferrite, carbide, or martensite.

Hansen and Bramfitt"'® have indicated that intercritical an-
nealing at low temperature (740 °C) for 1 h followed by slow
cooling gives rise to manganese (Mn) enrichment of the aus-
tenite and increases its hardenability near the austenite/ferrite
interface, resulting in the formation of a martensite rim around
the austenite particle, the center of which transforms to a fer-
rite/carbide aggregate at higher temperatures. Thus, the amount
of austenite that forms and its chemical composition during
intercritical annealing are determined, for short amounts of
time and low temperatures, by a paraequilibrium in which C
alone is partitioned between ferrite and austenite or by a full
equilibrium that requires high annealing temperatures and pro-
longed annealing times when substitutional solute atoms also
partition between the phases.

DP steels are known to have high ambient-temperature fa-
tigue threshold values'®2* ascribed to higher crack closure
levels resulting from a combination of mode I (tensile) and
mode II (shear) crack growth.!'” High crack closure levels in
DP steels have been attributed to the highly tortuous nature of
the crack propagation path in ferrite and to crack deflection at
the interphase boundaries, particularly at ferrite/martensite in-
terfaces.

Research in the last two decades has focused on C-Mn DP
steels with low-C (C < 0.2%) in order to enhance both form-
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Table 1 Chemical Composition of SAE 6150 Steel

C Mn Si S P Mo

Cu

Sn Al Cr Ni Fe

0.51 0.82 0.24 <0.002 <0.005 0.06

0.18

0.013 0.035 1.04 0.2 0.17 balance

ability and strength for weight saving in flat products. The
effect of intercritical treatment on medium-C steels has not
been duly investigated. Although cold formability may not be
a prime concern in massive, load-bearing engineering compo-
nents, strength improvements and concomittant weight savings
may still warrant DP microstructures in thick sections that are
manufactured from medium-C steels. This article discusses the
influence of intercritical annealing followed by quenching on
the mechanical behavior of the SAE 6150 steel under static
tension and alternating stress conditions, and compares the mi-
crostructure and properties of the DP steel with those of the
fully martensitic and tempered variants.

2. Experimental Procedures

The chemical composition of the SAE 6150 steel is given in
Table 1. The steel, which was processed at Brinsworth Strip
Mills, Rotherham, England, was supplied in the form of a
hot-rolled, cold-finished 3 mm thick plate. The steel, as re-
ceived, contained ferrite and pearlite, with a certain amount of
MAC precipitates.

Tensile and fatigue test specimens of the geometrical con-
figuration indicated in Fig. 1 were machined such that the flat
surfaces of the specimens were parallel to the rolling plane, and
the longitudinal axis of the specimens lay parallel to the rolling
direction. The thermal treatments that were applied in order to
produce different microstructures fell into three categories.

1. Intercritical annealing of the steel at 740 °C for 30 min in
the (a + <) phase field of the Fe-C equilibrium phase dia-
gram followed by quenching into iced brine at —10 °C was
carried out to produce a DP microstructure consisting of
martensite islands in a ferrite matrix.

2. Full austenitization at 900 °C for 30 min followed by
quenching into iced brine at -5 °C to obtain a fully mar-
tensitic microstructure.

3. Tempering of the steel at 700 °C for 30 min to decompose
the martensite produced by the treatment in category 2 and
to obtain a dispersion of carbide particles embedded in a
ferrite matrix. The tempered specimens were quenched into
an oil bath held at room temperature to avoid the segrega-
tion of nonmetallic impurities to grain boundaries and as-
sociated loss of toughness, which may result from slow
cooling rates.

All specimens were annealed in argon atmosphere.

The cooling rates reported for parts 1, 2, and 3 are the
averaged values measured over the first half of the temperature
decrease. A cooling curve for each specimen was obtained
using a chromel/alumel thermocouple spot welded to the center
of the flat surface of the specimen shoulder.

Metallographic specimens were sectioned from the mid-
portion of heat-treated fatigue specimens. Quantitative analysis
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of microstructural constituents was carried out by point count-
ing on selectively etched phases. The etching of flat surfaces
was performed in 2% solutions of either nital or picral.

All specimens were finely polished to 0.25 pwm finish and
fatigue tested in reverse-bending mode. The alternating stress
was varied in the range 0 — o, where o < ay.

Conventional scanning electron microscopy (SEM), and en-
ergy-dispersive x-ray (EDX) techniques were employed to
study the salient features of both etched flat surfaces and un-
etched fracture surfaces, respectively.

3. Discussion of Results

3.1 The Microstructure of DP Steel

The microstructure and the resulting mechanical properties
of the DP steel primarily depend upon the volume fraction of
the austenite at the ICT (740 °C), the specific effects of the
alloying additions, which in turn determine the martensite
hardenability, and the rate of cooling from the (y + a) phase
field. At the very rapid quenching rate adopted (755 Ks™"),
virtually all of the austenite present at the ICT is transformed
to martensite, with no new ferrite forming during cooling be-
fore the temperature decreases to the martensite start tempera-
ture (Ms) of the austenite. However, as observed by Thomas et
al.”®! a certain amount of interlath austenite, usually in the
form of thin films, is encountered.

The influence of alloying additions on the nature and vol-
ume fraction of the transformation products that form upon
cooling the steel from the ICT is of great significance in de-
termining the final mechanical properties. Both chromium (Cr)
and vanadium (V), at the appropriate temperature and in suf-
ficiently high concentrations, form their respective carbides,
which are thermodynamically more stable in austenite than in
cementite. The solubility product data®®>"" imply that at 740
°C all the V in the steel used in the present investigation would
be dissolved in austenite. Considering that Cr has a higher
solubility in austenite than V, no Cr carbide precipitation is
anticipated at 740 °C.

V and Cr have a similar effect on the Fe-C equilib-
rium phase diagram. They raise the Ae; phase boundary
and give rise to eutectoid shifts to lower carbon contents.
Figure 2 shows the influence of Cr on the y phase field in
Fe-C alloys.® Accordingly, at a given ICT, Cr and V decrease
the volume fraction of austenite and increase its carbon (C)
content.

In practical terms, the hardenability of a steel quenched to
contain martensite is determined by its martensite content. The
quantity of martensite produced by quenching a steel at a con-
stant rate from a given ICT is controlled by the amount of
austenite and its martensitic hardenability. The latter is essen-
tially defined in terms of the volume fraction of austenite that
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Fig. 1 (a) Configuration of tensile test specimen. (b) Configuration
of fatigue test specimen

is converted to martensite and the way the cooling rate influ-
ences that fraction.

Under equilibrium conditions at 740 °C, a plain carbon steel
containing 0.5% C is estimated to have 73% austenite. The C
concentration of this austenite is 0.68%. However, the experi-
mentally determined values of austenite content are found to be
closer to the paraequilibrium values than to the equilibrium
values!®!'¥ for a short intercritical annealing time (30 min) and
alow ICT (740 °C). Thus, less than the theoretically computed
fraction of austenite would be present at the ICT. Shen and
Priestner!!’?! determined, as a function of the wt.% of C in
austenite, the percentage of austenite that is transformed to
martensite in low-carbon boron steels, using different cooling
rates. Their data indicate that, on brine quenching, virtually all
austenite transforms to martensite, irrespective of the C content
of the austenite. The extrapolation of their data shows that both
water-quenching and oil-quenching cause 100% of the austen-
ite to transform to martensite for an austenite C content of
approximately 0.3%. It appears, therefore, that at lower cooling
rates than oil-quenching and for C contents of austenite lower
than 0.3%, less than 100% of the austenite of their partially
austentized steel at 800 °C transformed to martensite.

Therefore, in the present investigation, the C enrichment of
austenite at 740 °C arising from the elevation of Ae; phase
boundary due to the presence of Cr and V, in addition to the
effect of every rapid cooling rate from 740 °C, causes maxi-
mum hardenability. The cooling curves obtained upon quench-
ing from the (a + <) phase field at 740 °C, and y-phase field at
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Fig. 2 The effect of Cr on the y-phase field

900 °C, respectively, are superimposed on the isothermal trans-
formation diagram of the SAE 6150 steel®® shown in Fig. 3.
Accordingly, the transformation products obtained on quench-
ing from 740 °C primarily consist of old ferrite and martensite.
Figure 4 illustrates martensite islands in an evidently deformed
ferrite matrix in the vicinity of the necked region of a tensile
test specimen.

3.2 The Microstructure of Quenched and Tempered Steel

Quenching plain carbon and low-alloy steels containing up
to 0.5% carbon from the austenite phase region results in mar-
tensite with lath-like or plate-like morphology. The volume
fraction of martensite, f, formed on quenching to any tempera-
ture T, may be estimated by the following equation:
f=1-exp-[0.011(M,~-T,)] (Eq 1)
which predicts the amount of martensite to be only a function
of the degree of undercooling below M_.*°! The M, tempera-
ture is decreased significantly with the increasing percentage of
C,3% and to a lesser extent by Cr, Mn, and certain other al-
loying elements." Accordingly, a low M, temperature engen-
ders a reduced volume fraction of martensite. Hence, a sub-
stantial volume fraction of retained austenite may result in
quenched medium- and high-carbon steels. The findings of
Speich™! indicate that a 0.5% C steel may contain about 5%
(by volume) of the retained austenite.

The M, temperature of the SAE 6150 steel shown in Fig. 3
is 292 °C. This perfectly tallies with the M, value of 291.7 °C
that we calculated using Andrews’ empirical relationship, as
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Fig.3 Isothermal transformation diagram of the SAE 6150 steel with
superimposed cooling curves for quenching from 740 °C (1) and
900 °C (2) as arrowed.

quoted by Honeycombe."?®! Substituting this value for the M,
temperature in Eq 1 yields a martensite volume fraction of
about 0.96. The balance of the approximately 4% volume frac-
tion is thought to correspond to the amount of retained austen-
ite. This is in good agreement with the amount of retained
austenite that was determined experimentally by Speich.**!
The structure of martensite has been shown to contain a
high density of tangled dislocations that are capable of storing
considerable strain energy, and thin films of retained austen-
ite.””>3 Furthermore, the impingement of martensitic crys-
talites during the evolution of the martensite microstructure
gives rise to the development of localized strains that are suf-
ficiently large to cause microcracks to form in the martensite
phase.®* Indeed, as martensite grows at extremely rapid rates
of the order of 1077 s, and being accompanied by a substantial
volume increase, the dynamic stresses internally generated un-
der these conditions also could cause the nucleation of the
microvoids that are occasionally detected on specimen sur-
faces. As a consequence of these distinctive features cited
above, martensite decomposes into cementite and ferrite when
tempered at a sufficiently high temperature below Ac,. Tem-
pering the SAE 6150 steel at 700 °C causes the precipitation of
the carbides of VC, Cr,C;, and Mo,C in addition to cementite.
Minute platelets of fcc VC, precipitate heterogenously on the
dislocations within the ferrite grains and give rise to substantial
strengthening. VC is more stable than Cr,C; and Mo,C, and
persists in the form of a fine dispersion even after prolonged
exposures at 700 °C. However, extended tempering at 700 °C
causes the VC plates to coarsen and eventually to spheroidize.
At this temperature, the carbide Cr,C; coarsens much more
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Fig.4 SEM view of a flat surface close to the necked region showing
martensite islands in a ferrite matrix (nital etching)

Table 2 Mechanical Properties of the SAE 6150 Steel (a)

[ UTS o,

y

Processing

Conditions MPa el, % RA, % BHN
AR 758 500 12.9 53.8 66
DP 459 590 342 25.0 69.0 56
M 146 1.9 1.5 90
T 757 819 594 154 40.7 68

(a) AR: as received; DP: dual-phase steel with small amount of pearlite; M:
martensitic; T: tempered; Oy yield stress; o,: breaking stress; BHN: Brinell
hardness; UTS: ultimate tensile strength; el: elongation; RA: reduction in
area.

rapidly than VC and contributes less significantly to the hard-
ening process.

3.3 Tensile Properties of SAE 6150 Steel

The mechanical properties of the SAE 6150 steel processed
under different conditions are listed in Table 2. The DP steel
specimens exhibit the highest tensile ductility and reduction in
area. The combination of excellent ductility and high strength
is attributed to the presence of a highly ductile ferrite matrix
and to hard martensite islands, respectively (Fig. 4).

The stress-strain curve of the DP steel shows a distinct yield
point that usually is not observed in low-C microalloy DP
steels (Fig. 5). The occurrence of a yield point in these steels
has been attributed to the presence of pearlite. Figure 6 shows
a small pearlite patch that occasionally is encountered in the
DP steel.

Specimens containing predominantly plate martensite (Fig.
7) are characterized by high hardness, low strength, and neg-
ligible plasticity. The residual stresses induced by martensite
transformation are thought to be responsible for the premature
failure of this steel under tensile loading. SEM observations of
the fracture surface show a typically intergranular mode of
fracture (Fig. 8 right) with plastic deformation of the retained
austenite (Fig. 8 left).

The tempered steel exhibits exceptionally high strength and
moderate tensile ductility. Tempering at 700 °C rapidly decom-
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Fig. 5 Stress-strain curves of the SAE 6150 steel processed to con-

tain (a) DP, (b) martensite, (c) tempered microstructure, and (d) as
received

Fig. 6 A small pearlite patch (labeled P in the lower right corner) in
the DP microstructure (picral etch)

poses martensite and anneals out the residual stresses associ-
ated with it. This results in a great improvement in ductility and
strength. However, the most significant contribution to strength
arises from the precipitation of the microalloy carbides VC,
Mo,C, and Cr,C;. Figure 9 illustrates the fine intragrain dis-
persion of VC and the rod-like particles of Mo,C that are
heterogeneously precipitated on the dislocations within ferrite
grains, together with Cr,C; particles, which have a relatively
coarser grain-boundary. The tensile fracture surfaces of tem-
pered specimens reveal extensive dimpling, which is indicative
of ductility (Fig. 10).

3.4 Fatigue Properties of SAE 6150 Steel

3.4.1 The DP Steel. Figure 11 illustrates the S-N curves of
the SAE 6150 steel in three differently processed conditions.
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Fig. 7 Massive martensite plates with thin films of retained austenite
in between (arrowed) nital etching

Fig. 8 (Right) intergranular fracture and (left) plastically deformed
retained austenite in a predominantly martensitic steel

The DP steel is characterized by the absence of a clearly de-
fined endurance limit. The fatigue limit exhibited by the DP
steel at 107 cycles (110 MPa) is measurably lower than the
endurance limits of the martensitic (190 MPa), and tempered
(240 MPa) variants, respectively. One of the most important
factors that is suspected to influence the fatigue resistance of
the DP steel appears to be the residual stresses that are induced
by martensite transformation. Martensite transformation is ac-
companied by a volume increase of 2-4%,%>-°! which gener-
ates compressive stresses in the martensite islands while the
ferrite matrix around them is stressed in tension. Clearly, re-
sidual tensile stresses, which are computed to have a maximum
value of the order of the yield strength of the ferrite and to
decay exponentially from the martensite/ferrite interface,””’
are additive to the applied tensile stress.

The strain incompatibility induced by residual stresses be-
tween the hard martensite phase and the ductile ferrite matrix
prompts fatigue crack initiation along the martensite/ferrite in-
terfaces. The ensuing crack propagation, which is assisted by
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Fig. 9 Fine intragrain VC dispersion, rod-shaped Mo,C particles,
and grain boundary Cr,C; in tempered steel (nital etching)

Fig. 10 VC precipitate against the background of a microdimpled
matrix in the fracture surface of tempered steel
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Fig. 11 S-N curves of SAE 6510 steel with tempered (T), DP, and martensite (M) microstructures

the residual tensile stresses in the matrix, takes place prefer-
entially through the ductile ferrite phase. Figure 12 depicts
typical embryonic microcracks that are nucleated in ferrite in
the early stages of fatigue life. The ferrite phase connectivity in
the DP microstructure has an important effect on the mechani-
cal behavior of the steel. A continuous ferrite network results in
lower strengths and threshold stress intensities by concentrat-
ing the plastic deformation in the ferrite at the crack tip. How-
ever, the ductile matrix at the crack tip tends to accommodate
the stress by crack tip blunting, which in turn retards crack
growth kinetics until the matrix of the crack tip work hardens
as a result of repeated strain cycles. Higher stress levels would
cause a greater amount of work hardening and would hasten
fatigue failure. Suzuki and McEvily™® have shown that the
inversion of the phase morphology from a continuous ferrite to
a continuous martensite network gives rise to increased
strength and to increased fatigue crack extension resistance.
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The present study confirmed a previous observation that in a
continuous ferrite microstructure individual martensite islands
do not shield the crack tip as effectively as a continuous mar-
tensite network would. The shielding effect is limited to crack
tip deflections alone.**

The fracture surface of fatigued DP steel specimens is char-
acterized by discontinuous striation marks (Fig. 13a). Discon-
tinuities in striations are thought to be related to the presence of
hard martensite islands. The numerous secondary microcracks
observed in Fig. 13(b) are believed to have nucleated at mar-
tensite/ferrite interfaces in locations of maximum residual
stresses. The stair-like profile of these microcracks, which of-
ten are encountered, suggests that a crack-tip deflection mecha-
nism was operative. Also, pearlite patches, which are occasion-
ally encountered in DP steel specimens, are thought to
influence the fatigue process negatively. Pearlite has been
shown to possess inferior fatigue resistance compared to mar-
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Fig. 12 Crack initiation sites in DP SAE 6150 steel (a) at the mar-
tensite/ferrite interface and (b) at a microvoid. Crack growth is in the
ferrite matrix (picral etching, optical micrograph, magnification 300x).

(a) (b}

Fig. 13 (a) SEM exhibiting discontinuous striation marks in the DP
SAE 6150 steel. Arrow indicates direction of macroscopic crack
propagation. (b) Secondary microcracks at martensite/ferrite interfaces
exhibiting a stair-like profile

tensite.*®! Ferrite/cementite interfaces are likely to constitute
additional potential crack initiation sites.

3.4.2 The Martensitic Steel. The microstructure obtained
upon quenching from 900 °C is predominantly martensitic,
with some austenite films occurring at prior austenite grain
boundaries. The strength level of martensite attained is deter-
mined largely by its C content'*®! and detailed structure. The
fatigue limit of several medium-C alloy steels (i.e., SAE 1340,
4042, 4340, 5140, and 80B40) has been shown to increase
with increasing amount of martensite.™® The massive marten-
site plates dominating the microstructure in the steel increase
the fatigue life by providing effective shielding of the crack
tip. Nonetheless, the microcracks are inherently present in
martensite plates’®*! and the microvoids nucleated in the wake
of martensite transformation facilitate crack initiation and
thereby shorten the fatigue life of this steel. The S-N curves of
the DP and martensite steels intersect at a stress level of ap-
proximately 200 MPa when both steels endure about 2 x 10°
cycles to failure. Above this stress level, the DP steel exhibits
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Fig. 14 Microdimples in the austenite film (A) between martensite
grains (M) and secondary cracks at austenite/martensite interfaces

Fig. 15 Fine dispersion of VC precipitates within ferrite in tempered
steel. The traces of previous martensite plates are still recognizable
(nital etching).

a clearly superior fatigue resistance compared to the marten-
sitic variant.

SEM observations of fatigued specimens with martensite
microstructures manifest predominantly brittle intergranular
modes of fracture (Fig. 14). Retained austenite films that are
usually observed on martensite facets appear to be deformed.
This is evidenced by the minute dimples observed in the re-
gions labeled (A). The strain incompatibility between retained
austenite and martensite renders the austenite/martensite inter-
face as another favorable location for crack nucleation.

3.4.3 The Tempered Steel. Tempering at 700 °C decom-
poses martensite and thus relieves the residual stresses associ-
ated with it. Hence, the crack initiation stage is prolonged due
to the elimination of martensite/austenite interfaces, which, as
explained earlier, act as crack nucleation sites. Furthermore,
tempering brings about significant MAC precipitation. Vana-
dium, being a strong carbide former, precipitates in the form of
fine dispersion of VC platelets on dislocations within the ferrite
grains and gives rise to a marked strengthening effect. VC
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Fig. 16 Tortuous secondary crack in the fracture surface of fatigued
tempered steel

dispersions persists for some time before spheroidization sets
in at 700 °C. Figure 15 exhibits the fine dispersion of VC
precipitates. Outlines of previous martensite plates continue to
persist. Compared to VC, Cr,C; coarsens more rapidly (Fig. 9).
Molybdenum, however, retards the coarsening of Cr,C5;, while
V tends to stabilize it. Although spherodized structures are
known to possess appreciably lower fatigue strength than mar-
tensitic structures in unalloyed high-carbon steels,*!! the pres-
ent work has confirmed the contrary to be true for the micro-
alloy steel. This is attributed primarily to the fine dispersions of
VC and Mo,C, and to a lesser extent to Cr,C; impeding the
dislocation glide. Solid solution strengthening of the ferrite by
microalloy additions is also expected to have a beneficial effect
on fatigue resistance.

Another microstructural change that is observed during tem-
pering is the decomposition of retained austenite to yield thin
films of cementite at ferrite grain boundaries. These brittle
cementite films reduce the toughness of and provide potential
crack nucleation sites along o/Fe;C interfaces. Smooth, fea-
tureless films of Fe;C are occasionally encountered on fatigue
fracture surfaces. Crack path tortuosity such as that illustrated
in Fig. 16 suggests that a crack tip deflection mechanism,
which probably was provided by the fine dispersions of MAC:s,
could be the prevalent modus operandi for crack propagation in
the tempered steel.

4. Conclusions

e The tempered SAE 6150 steel develops the highest tensile
strength, fatigue resistance, and endurance limit. These
properties are attributed to the presence of fine dispersions
of the MACs VC, Mo,C, and Cr;0,, which impede dis-
location glide and cause fatigue crack deflection.

e For alternating stress levels above approximately 200
MPa, the fatigue life of the DP steel is about an order of
magnitude greater than that of the martensitic variant.
While the martensite islets in the DP steel enhance both
tensile strength and fatigue resistance by obstructing dis-
location movement and crack tip deflection, respectively,
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the ferrite matrix retards fatigue crack propagation by fa-
cilitating crack tip blunting.

* Residual stresses associated with martensite transforma-
tion, microcracks inherently present in martensite plates,
and strain incompatibility between retained austenite and
martensite are thought to be the main factors responsible
for the inferior tensile and fatigue properties of the mar-
tensitic SAE 6150 steel.
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