
Abstract Effect of heat treatment conditions on fati-

gue property of a semisolid A357 aluminum alloy un-

der cyclic tensile loading was investigated. Comparison

of the fatigue property of the semisolid A357 under T5

and T6 heat treatment conditions with other aluminum

alloys including conventional casting A357-T6 alloy

and four wrought aluminum alloys: 2024-T4, 7075-T6,

5052-T6 and 6061-T6 was made. It is found that the

fatigue strength of the semisolid A357 under both heat

treatment conditions is much higher than that of the

casting A357-T6 alloy, comparable to that of the 6061-

T6, but lower than that of the 2024-T4 and 7075-T6.

Two-parameter Weibull distribution of fatigue data for

the semisolid A357 under the two heat treatment

conditions was constructed to show the statistical sig-

nificance in fatigue lifetime. Fatigue fracture surface of

the semisolid A357 under T5 and T6 heat treatment

conditions was examined using scanning electron

microscope (SEM). In the stable crack propagation

region, the semisolid A357-T5 shows fatigue damage

species of severely deformed grains, void coalescence,

striations and ridgelines, while the A357-T6 displays

less plastic deformation as revealed by the fatigue

damage features of intergranular cracks, and trans-

granular cleavage patterns.

Introduction

Semisolid processes have several advantages over

conventional casting processes. First, semisolid mate-

rials have very dense microstructures because semi-

solid processes involve both casting and compressive

deformation at elevated temperatures [1–3]. Thus,

casting defects such as gaseous pores, shrinkage cracks

can be effectively eliminated. Second, segregations and

dendrites as often found in conventional casting pro-

cesses can be reduced into minimum extent in semi-

solid processes [4]. Alloys during semisolid processes

are in liquid and solid mixed state and are filled into

the space of dies in laminar flow. Since solidification

times are considerably short and cooling rates are

homogeneous in the alloys, segregations have little

chance to occur [5]. The growth of dendrites is also

inhibited or even totally prevented. Such features of

semisolid forming processes provide materials with

very good mechanical properties. By precise design of

dies, semisolid-formed parts are in net-shape with

excellent dimension accuracy so that post machining,

salvaging and scrapping of the parts are not necessary

[6], which can save materials and can cut manufactur-

ing costs.

Semisolid forming processes have been studied in

several aspects including microstructure dependence

on processing parameters. In the work performed by
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Witulski et al. [7], microstructures of rapidly-com-

pressed slugs were investigated. A form factor (FF)

was proposed for estimation of spheroidicity of the

structures. The expression for the form factor is

FF = 4pA/P2, where A is the area and P the perimeter

of the structures. By definition, a form factor of 1

corresponds to a perfect sphere. Typically, an FF over

0.6 is desirable for industrial applications. Kapronos,

Liu, Atkinson and Kirkwwod [8] studied the effect of

temperature and soaking time on the form factor of an

A356 alloy. The process parameters were optimized

and a model for characterizing the flow of the semisolid

alloy slurry was proposed. Jung and Kang [9] reported

their work on an optimal coil design to reduce tem-

perature gradient of billets and to obtain globular mi-

crostructures. Induction heating experiments were

performed on A356 alloys to validate the theoretically

proposed processing parameters such as reheating

time, holding temperature, holding time, adiabatic

material dimension and capacity of the induction

heating system. It was found that holding time is the

most critical factor for obtaining fine globular micro-

structures.

Semisolid forming die design is another aspect that

is extensively studied. Since semisolid materials have

to travel a relatively long distance to fill the cavity of

dies, effect of gate shapes of dies on the formation of

defects in semisolid parts has been investigated. Die

design by computer simulation based on fluid-solidifi-

cation analysis of an A357 alloy was studied [10]. Metal

filling phenomena associated with die design were also

performed and correlated with the processing param-

eters. A newly designed gating system considering

thermal fluid properties and solidification phenomena

was proposed based on the computer simulation of

three dimensional metallurgical filling. Barkhudarov

et al. investigated the three-dimensional thixotropic

flow [11]. A model and sets of modified programs were

proposed for analysis of the thixotropic behavior at

different fraction of solid (fs), shear rate and com-

pressive velocities. Such results are useful in analysis of

rapid compression on semi-solid slugs of A357 alumi-

num alloys [12], which may assist die design in com-

mercialization of semisolid forming processes.

Evaluation of mechanical properties of semisolid

materials is also an important topic because it can

provide very useful information about the structure–

property relationship of the materials and assist in

optimizing processing parameters. High temperature

deformation behavior of semisolid aluminum alloys

including A357 under various compressive loading

conditions was studied [4]. The compressive tests were

conducted in the temperature range from 565 �C to

585 �C at various compressive speeds from 1 mm/s to

1000 mm/s. Test results at even higher compressive

speeds, up to 2000 mm/s, were also given [10]. It was

found that in the strain range from 0 to 10%, the stress

of the semisolid A357 alloy increased monotonically.

In the strain range higher than 10%, plastic flow

behavior was observed; the stress deceased for strain

rate higher than 29.4 s–1. The stress–strain curves were

used for optimizing processing parameters such as

pressure, ram velocity and temperature for preventing

liquid segregation.

Room temperature mechanical properties of semi-

solid aluminum alloys with various alloying elements,

microstructures, and under different heat treatment

conditions were studied [3]. Mechanical property data

were obtained by tensile tests on specimens from var-

ious locations of the parts. The effect of alloy compo-

sition and heat treatment condition on the mechanical

properties was also evaluated. It was found that the

elongation of the semisolid A357 is comparable to that

of the hot extruded 2024 with an extrusion ratio of 9.37,

while the ultimate tensile strength of the semisolid

A357 is about 10% lower than that of the extruded

2024. It was also found that the ultimate tensile

strength and elongation data were more scattered for

circular bar and sheet specimens of the two alloys

without heat treatment. After heat-treated under T6

condition, the semisolid A357 bar and sheet specimens

displayed much more uniform elongation. In addition,

the ultimate tensile strength of the semisolid A357

increased more than that of the wrought aluminum

alloy and the ultimate tensile strength of the sheet

specimens for the semisolid A357 is slightly (about

7%) higher than that of the sheet specimens of the

wrought 2024 alloy.

Fatigue properties of conventional casting alumi-

num alloys are very sensitive to casting defects and in

most cases both crack initiation lifetime and crack

propagation lifetime are controlled by defects [13–15].

Since it is very difficult to remove the intrinsic metal-

lurgical defects in the conventional castings com-

pletely, improvement of fatigue property depends

mainly on modification of the composition and micro-

structural constituents of casting aluminum alloys

[16, 17]. High cycle fatigue behavior of cast aluminum

alloys, for example A357 alloy, has been performed to

obtain S–N curves for application design. Typical data

is shown in [18]. Thermal–mechanical fatigue proper-

ties of casting aluminum alloys have been studied for

specific applications in automobile industry [19]. Strain

controlled fatigue tests were performed on Al–Si–Mg

casting alloys with similar composition to A356/357

alloys. Cyclic hardening behavior of such alloys for
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application as cylinder head materials in car engines

was found in the temperature range from 200 �C to

400 �C. Comparative studies of thermal–mechanical

fatigue properties on a reinforced alloy containing 15%

discontinuous alumina fiber and that of without the

fiber reinforcement were made.

Heat treatment is considered as an important factor

that affects the fatigue behavior of casting aluminum

alloys. Caton et al. [20] reported their work on the

behavior of small fatigue cracks. Solution treatment

followed by both peak-ageing (T6) and over-peak

ageing conditions (T7) was performed on the cast

aluminum alloy with a composition of Al–7.43Si–

3.33Cu–0.24Mg. Small crack growth data showed that

the fatigue crack speed for the specimens under the

peak aged heat treatment condition (T6) is lower than

that for the specimens under over peak aged heat

treatment (T7).

Bergsma et al. [21] studied the fatigue behavior of a

semisolid A357-T6 alloy. Fatigue tests were performed at

1 Hz with a minimum to maximum stress ratio R = –1.

It is found that the fatigue property of the semisolid

A357-T6 is superior to conventional casting A357 al-

loys. Heat treatment of the semisolid alloy is consid-

ered as one of the dominant factors that control the

fatigue properties of the material. For components

made of semisolid A357 alloys, post heat treatments

such as T5 and T6 have applied for further improving

the performance of the semisolid parts under service

conditions. Earlier studies have proven that the ulti-

mate tensile strength of semisolid formed parts under

T6 heat treatment condition is the highest among

various heat treatment conditions [3, 20]. The fine

precipitates of the two phases, the meta-stable phase h
(CuAl2) and the S phase (Al2CuMg), contribute to the

strengthening and hardening effects. Thus, improve-

ment of mechanical properties is expected under T6

heat treatment condition. The application of T5 con-

dition is also very promising for finishing parts because

it is energy saving and can reduce the costs from heat

treatment procedures as compared with that of T6.

Therefore, studies on the fatigue property of semisolid

A357 alloys under different heat treatment conditions

will help us to decide which type of heat treatment is

more appropriate for specific services using parts made

of semi-solid A357.

In the following sections, research results about the

effect of heat treatment on fatigue properties of

semisolid A357 aluminum alloys will be presented.

S–N data for specimens without heat treatment and

heat-treated under two conditions, T5 and T6, will be

given. Two-parameter Weibull distribution of fatigue

life data for specimens under the two heat treatment

conditions will be established. Fracture surface mor-

phology of typical specimens will be given to show the

difference in fatigue damage mechanisms associated

with different heat treatment conditions.

Experimental methods

Semisolid processing and specimen preparation

Semisolid A357 alloys in the shape of multi-step plates

with varied thickness were provided by Citation

Southern Aluminum Casting Co., Bay Minnette, Ala-

bama, USA. The semisolid processing includes several

steps. First, induction heating and electro-magnetic

stirring were used in preparation of the semisolid A357

melt. After the melt was filled into a metal die, inter-

mediate cooling process was used to obtain semisolid

mixture with controlled fraction of solid. Following this

procedure, compression of the semisolid slurry was

conducted. The applied average ram speed in the

compression procedure is 60 mm/s for the multi-step

plates. The pressure at the head of the ram was kept at

130 MPa. The plates were rapidly quenched in water.

Specimens in the shape of circular bar for fatigue

testing were prepared from different locations of the

semisolid A357. The deformation length of the ma-

chined specimens, l0, is 25 mm and the diameter of the

deformation section is 6.35 mm, which is equivalent to

a cross section area of 31.67 mm2.

Heat treatment of the semisolid A357 specimens

The specimens of the semisolid A357 alloy were heat

treated under two conditions; without solution treat-

ment: T5 (aged at 170 �C for 4 h) and with solution

treatment: T6 (solution treatment at 540 �C for 8 h

followed by aging at 170 �C for 4 h).

Fatigue tests and fracture surface examination

Fatigue tests were performed at room temperature of

22 �C under force-controlled conditions at a frequency

of 10 Hz using a material testing system (MTS 810).

Sinusoidal stress form was used with varied maximum

tension peak stress (S) from 105 MPa to 245 MPa. The

minimum to maximum stress ratio, R, was kept at 0 so

that the cycling was control in the pure tensile state

without stress reversal. The fatigue fracture surface of

typical specimens under different heat treatment con-

ditions was examined using a Hitachi scanning electron

microscope (SEM).
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Results and discussion

S–N data

The semisolid specimens in the as-cast state were tes-

ted first to provide a baseline of fatigue life under

tension/tension cyclic loading conditions with varied

maximum loading stress. In this study, the number of

cycle, 107, is taken as the infinite fatigue life. Thus, the

highest applied stress under which a specimen can

withstand 107 cycles is defined as the fatigue strength of

the alloy. The relationship between the maximum

stress level, S, and the fatigue life in the form of the

number of fatigue cycles, N, is given in Fig. 1. It is

found that the specimens without heat treatment have

the fatigue strength of 105 MPa as shown in the dotted

line for as-cast state in Fig. 1.

Comparison on the fatigue properties of specimens

with and without heat treatment was made. The spec-

imens under the two heat treatment conditions T5 and

T6 were tested at different stress levels: 245 MPa,

210 MPa, 175 MPa, 140 MPa, and 105 MPa, respec-

tively. The frequency was kept at 10 Hz and the min-

imum to maximum stress ratio (R) was held at 0. The

effect of different heat treatment conditions on the

fatigue properties was examined.

The fatigue data for specimens under T5 and T6 heat

treatment conditions are also shown in Fig. 1. In the

initiation behavior controlled region, i.e. the lower right

part of the S~N data profile shown in Fig. 1, no speci-

men has failed around 107 cycles under the cycling

condition with the maximum tensile stress of 105 MPa.

This indicates that the fatigue strength of the semi-solid

A357-T5 and A357-T6 is higher than that of the as

processed semisolid A357, 105 MPa. The estimated

asymptotic value of maximum stress under which the

specimen has infinite fatigue life (N > 107 cycles in this

case), for specimens under the T6 heat treatment con-

dition is about 150 MPa, while this value for specimens

under the T5 the treatment condition is about 125 MPa.

Thus, the fatigue strength of the semisolid A357-T6 is

about 20% higher than that of the semisolid A357-T5.

In the propagation behavior controlled region as shown

in the upper left section of the S~N plot in Fig. 1, the

A357-T6 specimens shown higher stress value than the

A357-T5 at the some fatigue cycles. In another word,

the A357-T6 has much longer fatigue life than the

A357-T5 has at the same applied maximum stress level.

Such results provide the information that semisolid

A357-T6 parts should have better durability than those

under T5 heat treatment condition.

In order to compare the fatigue behavior of the

semisolid A357 aluminum alloys with that of conven-

tionally formed aluminum alloys, the S–N data and/or

fatigue strength for several casting and wrought alu-

minum alloys were combined with the S–N data of the

semisolid A357 alloys under the two heat treatment

conditions of T5 and T6. The results are given in Fig. 2.

The conventional casting A357 alloy under T6 heat

treatment condition has the lowest fatigue strength of

about 70 MPa [18]. Metal die cast A356/357 alloys

undergone hot isostatic pressing (HIP) at 100 MPa,

520 �C for 2 h followed by T6 heat treatment [14, 17]

showed strength of 90 MPa. It is about 85% of that of
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the semisolid A357 in as cast state, 65% of that of the

semisolid A357-T5, and it is much lower than that of

the semi-solid A357-T6. Although most of the high

strength forged aluminum alloys such as 2024-T4 and

7075-T6 displayed higher fatigue strength [20] than

that of the semisolid A357-T6 and A357-T5, as can be

seen from the results in the form of dotted lines in

Fig. 2. The fatigue strength of semisolid A357-T5 and

A357-T6 alloys is still higher than that of the 5052-T6;

110 MPa [22], and comparable to that of the 6061 un-

der T6 heat treatment condition. Thus, semisolid alu-

minum alloy parts can compete with some of the

wrought alloys. In some cases, it is possible to replace

the wrought alloy parts with semisolid components for

reducing costs.

Comparison of the fatigue data obtained at stress

ratio of R = 0 for A357-T6 in this work with those ob-

tained at R = –1 in [21] was made. As shown in Figure 8

of [21], at R = –1, a 105 cycle fatigue life corresponds to

the fatigue strength of 170 MPa and a 104 cycle fatigue

life corresponds to the fatigue strength of 220 MPa. In

this work, a 105 cycle fatigue life corresponds to the

fatigue strength of 125 MPa and a 104 cycle fatigue life

corresponds to the fatigue strength of 290 MPa, as

shown in Fig. 1. This indicates that the fatigue property

of the semisolid A357-T6 is sensitive to stress reversal.

Tension stress followed by compressive stress reversal

accelerates fatigue damage of the material.

Fatigue life distribution

Weibull statistics [23] has been widely used to describe

the failure behavior of materials under tension, com-

pression or even mixed stress mode conditions [24]. A

two-parameter Weibull distribution graph of fatigue

life for the semisolid A357 heat-treated under T6 and

T5 conditions was constructed to show the statistical

significance of heat treatment. Fatigue tests were per-

formed under the same cyclic loading conditions with

the maximum stress level of 210 MPa, and the stress

ratio of 0. The fatigue failure probability of the two

types of specimens as a function of fatigue life in a

natural logarithm Weibull plot; ln{ln[1/(1–F)]}~N was

obtained. F is the probability of failure. N is the fatigue

life. The fatigue life, for each heat treatment condition

was evaluated on at least seven specimens of identical

geometry. The commonly used ordering/ranking sta-

tistics together with a linear regression as used by

Wang et al. [14, 17] is adopted here to evaluate the

characteristic fatigue life, N0, and the Weibull modu-

lus, m, for both heat treatment conditions.

The Weibull distribution plot of Fig. 3 reveals a

linear behavior of fatigue data for specimens under

both heat treatment conditions. This indicates that the

Weibull distribution can describe the fatigue behavior

of the semisolid A357 alloys. The effect of different

heat treatment conditions on the fatigue properties of

the alloys is also shown. The specimens under the T5

heat treatment condition showed a much lower char-

acteristic life than that of the specimens heat treated

under T6 condition. The characteristic fatigue life of

the semisolid A357-T5 is about 227,000 cycles, while

this value for the semisolid A357-T6 is over 1,068,000

cycles. Also found here is the difference in the Weibull

modulus of the semisolid A357-T6 and the semisolid

A357-T5. The T5 specimens displayed much better

linearity than the T6 specimens. The Weibull modulus,

m, for the T5 specimens is 4.23957, while this value for

the T6 specimens is only 1.31249. This is the explana-

tion of the more pronounced data scattering tendency

for the T6 specimens. Such a result is in agreement

with that the T6 specimens showed higher notch sen-

sitivity so that most of the fatigue specimens broke

near the radius region of the deformation section

where stress concentration is higher than other places.

Fatigue damage evolution in view of cumulative

strain

The long time cyclic deformation behavior of speci-

mens under different heat treatment conditions was

studied. The accumulated strains for different number
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of fatigue cycles were captured by a level crossing data

acquisition mode. That is, an arbitrary stress level was

given, and strain at this level was intermittently

recorded at different number of cycles until the speci-

men broke. In this study, we set the stress level at

25 MPa. The interval of recording strain data is 1,000

cycles. The results of accumulated strains are shown in

Figs. 4a and b for T5 and T6 heat-treated specimens,

respectively. The specimens under T5 and T6 heat

treatment conditions show different behavior of fatigue

damage accumulation. In the initial stage, a fatigue

threshold of strain hardening around the crack tip is

shown for both specimens, but the extent of drop in

strain is very different. The amount of decreased strain

for the T6 specimen is less than one fifth of that of the

T5 specimen. Thus, the T6 specimen has better fatigue

endurance than the T5 specimen if crack initiation

dominates the fatigue life.

In the fatigue propagation domain; i.e. the middle

section of Figs. 4a and b, the T5 specimen displayed

multistage softening and hardening behavior. The data

of cumulative strain are distributed in a zig-zag zone.

Nevertheless, the T6 specimen just showed very limited

softening behavior as evidenced by the slight increase

in accumulated strain in the stable crack growth stage

of the middle section of Fig. 4b. This reveals that the

T5 specimen has lower granular strength than that of

the T6 specimen. It is also shown in Fig. 4a and b that

the fatigue stable crack growth region of the T6 spec-

imen is much bigger than that of the T5 specimen,

indicating a lower sub-critical crack growth speed for

the T6 specimen. Generally, longer stable crack growth

life means that defective parts have longer service

lifetime. Thus, the fatigue damage tolerance of the T6

specimen should be higher. The last data point, at a

much higher level of strain than previous points, in

both Fig. 4a and 4b stands for the unstable crack

growth in the two specimens.

Fracture surface and fatigue fracture mechanisms

Fatigue fracture surface morphology examination

using scanning electron microscope (SEM) was per-

formed on the specimens of the semisolid A357 alloy

being heat treated under two different conditions, T5

and T6, to identify their fatigue damage and fracture

mechanisms. The specimens were fatigue tested at the

stress level of 210 MPa with the same stress ratio of

R = 0. The global view of the fatigue fracture surface

for two typical specimens under each heat treatment

condition is very similar, which can be schematically

shown in Fig. 5. The initiation site is located at the

edge of the circular bar-shaped specimens. The fatigue

crack growth is in a fan shape way; irradiating from the

initiation site to the deep section of the specimens.

Region I, the crack initiation region on the fracture

surface of the specimens is very small, only about

0.3 mm2 as determined by quantitative microscopic

analysis through the area measurement of a series of

low magnification fractographs. The rest of the fracture

surface can be divided into two distinct regions

according to the morphological features. Region II

stands for the stable crack propagation, covering

8 mm2 of the fracture surface and the area is pretty

bright under natural lighting. The third region is

denoted as Region III. This is the crack unstable

propagation region with the features of fast crack

growth. The appearance of this region is of dark grey

color. The third region takes about 21 mm2.
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The morphological features of fracture surface in

the stable crack growth region are especially interest-

ing because they carry the message related to the

micro-plasticity of the materials at the growing crack

tip. Analysis of the features in this region would allow

us to have a more comprehensive understanding of the

failure mechanisms of semisolid formed parts under

different heat treatment conditions. Figure 6a, an SEM

micrograph taken from the fracture surface of the T5

specimen, shows the fracture surface features in the

ending zone of the second region (Region II in Fig. 5).

Pulled-up gains indicate a considerable plastic defor-

mation associated with the stable crack growth. Fine

dimple carrying texture generated by the cyclic strain

softening process was found. Traces of void coales-

cence can be seen along grain boundaries. These fea-

tures indicate a ductile fracture mechanism related to

the stable crack growth. The multistage, alternative

strain softening and hardening in this region, as dem-

onstrated in Fig. 6a, is well recorded. This is featured

by the separation of grains at different levels and the

formation of the fracture ridges, as shown in the middle

part of Fig. 6a. The upper right part of the micrograph

displays cleavage tongue like facets, indicating the

accelerated crack growth speed at the end of the sec-

ond region.

The second region of fatigue failed T6 is shown in

Fig. 6b, an SEM image taken from the same location of

Region II as illustrated in Fig. 5. Obviously, the second

region of the fractured specimen under T6 heat treat-

ment condition displayed a much less plastic defor-

mation than that of the specimen under T5 heat

treatment condition. For the T6 specimen, transgranular

fracture features are well pronounced. In the

upper section of this micrograph, ductile tearing

ridgelines and cleavage tongues can be seen. The

existence of transgranular tearing zones is another

feature in the stable crack growth region. These tearing

zones are characterized by pulled up ridgelines aligned

in irradiated patterns which are similar to ductile

cleavage herring bones or river patterns in other types

of ductile metallic alloys, for example, an A508 class 3

steel [25]. Such morphological features reveal a very

high resistance associated with the stable crack growth.

These fractographic features can also explain the

gradual increase in the accumulated strains of the

fatigue specimen as shown in Fig. 4b. Although inter-

granular voids and cracks can be found in the lower

part of the micrograph in Fig. 6b, such intergranular

discontinuities are not the dominant features accom-

panying the crack propagation. Still the transgranular

separation controlled the stable crack growth. This

III

II

I

Location for Taking SEM Micrograph

Fig. 5 Schematic drawing of the global view of the fatigue failed
semisolid A357 specimens under T5 and T6 heat treatment
conditions

Fig. 6 SEM micrographs taken from the crack stable growth
region showing fatigue damage features of the specimens: (a)
under T5 heat treatment condition, (b) under T6 heat treatment
condition. The length of scale marker is 100lm
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indirectly reflects that the semisolid T6 has both con-

siderably higher grain strength and intergranular

strength than those of the T5 specimen, which is the

result of the homogenous precipitation and hardening

following the solution treatment in the T6 heat treat-

ment schedule.

Conclusions

(1) The fatigue properties of the semisolid A357 are

sensitive to heat treatment conditions. Without heat

treatment, the as cast specimens showed the lowest

fatigue strength. The specimens heat treated under T6

condition displayed higher fatigue strength than those

under T5 heat treatment condition.

(2) As compared with conventionally cast alloys, the

semisolid A357 under both heat treatment conditions

has much higher fatigue strength. The fatigue strength

of the semisolid A357 is also higher than that of metal

die cast A357 condensed by HIP (hot isostatic pressed

under 100 MPa at 520 �C for 2 h). Fatigue property of

several wrought aluminum alloys was compared with

that of the semisolid A357. It is found that the fatigue

strength of the semisolid A357 is comparable to that of

the 5052-T6 and 6061-T6, but lower than that of the

2024-T4 and 7075-T6.

(3) Weibull distribution is applicable for describing the

fatigue property of the semisolid A357. The two-

parameter Weibull distribution plots of fatigue data for

specimens under the two heat treatment conditions

show the statistical significance of the effect of heat

treatment conditions on fatigue crack propagation life.

The characteristic fatigue life of the semisolid A357-

T6, 1,068,000 cycles, is as four times high as that of the

semisolid A357-T5, 227,000 cycles, at the same maxi-

mum stress level of rmax = 210 MPa.

(4) In the stable crack propagation region, the A357-T5

showed fatigue damage species of fine dimples,

severely deformed grains, void coalescence and pro-

nounced fatigue fracture ridges, while the A357-T6

displayed much less plastic deformation as revealed by

the fatigue damage features of intergranular cracks,

tearing and transgranular ductile cleavage patterns.
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