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This experiment aimed to evaluate how pouring temperature affects fatigue strength of Al-Cu cast alloy. Subse-
quently, commercial aluminum ingots, such as Al-2024 were remelted and then machined into samples for both 
tensile and fatigue testing. These samples were cast at three different temperature of 688, 738, and 788 oC while 
maintaining a constant mold temperature of 220 oC. The results showed that the highest tensile strength was 201,06 
MPa at 738 oC. Additionally, the greatest fatigue strength was observed at 80,4 MPa at pouring temperature of 738 
oC. It was observed that variations in pouring temperature can significantly impact fatigue strength of cast alloy. At 
the highest pouring temperature of 788°C, the presence of pores in the metal casting samples resulted in a decrease 
in both tensile and fatigue strength. Furthermore, when examining the surface fractography of casting sample, the 
presence of brittle cracks in alloy was observed.
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INTRODUCTION

Fatigue resistance of a metal alloy is influenced by 
various casting factors, including pouring temperature 
(PT), grain refinement [1], and casting defects such as 
porosity, and macro and micro shrinkage [2,3]. In the 
case of cast aluminum alloy A319, fatigue testing re-
vealed cracks initiating from pores and propagating 
through alloy until failure occurred [4]. Another defect 
of cast alloy is the formation of internal cavities which 
affect fatigue strength of die-cast magnesium alloy [5]. 
Fatigue strength experiments on Al-Cu alloy have been 
intensively investigated [6].

The application of ultrasonic fatigue testing has 
been investigated, using two frequencies, 100 and 20 
Hz respectively.

Both frequencies have been affected by similar lifes-
pans and high fatigue cyclical behavior [7]. Subse-
quently, fatigue testing applied to automotive elements 
such as motorcycle wheels produced by centrifugal cast 
has been investigated [8]. Based on the background 
above, this experiment aimed to evaluate the difference 
in pouring temperature on fatigue resistance of Al-Cu 
cast alloy. Additionally, observations were carried out 
on the fracture surface and microstructure of cast sam-
ples caused by differences in pouring temperature.
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EXPERIMENTAL PROCEDURES

Al-2024 alloy was re-melted and cast into metal 
molds to form square plates using the gravity casting 
process. Tensile and fatigue strength test samples were 
machined from Al-Cu alloy cast products. The chemical 
compositions shown in Table 1 were tested using spec-
troscopic metal standards. Figure 1 shows fatigue-test-
ed sample that was cut by a machining process in cast 
product.

Casting products were obtained using three different 
pouring temperature: 688, 738, and 788 oC. Meanwhile, 
the mold temperature was kept constant at 220 oC for 
the three pouring temperature. All tensile test samples 
were cut following the ASTM E8-09 standard and fa-
tigue test was carried out following the JIS Z2274 
standard.

RESULTS AND DISCUSSION

Figure 2 shows the average results of tensile tests, 
with each test repeated three times. The highest tensile 

Table 1 Chemical composition /wt.%

Si 0,1597
Fe 0,2531
Cu 5,9311
Mn 0,7332
Mg 1,9359
Cr 0,0118
Ni 0,0122
Zn 0,1835
Ti 0,0143
Fe Bal.
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strength obtained was 201,06 MPa at pouring tempera-
ture of 738 oC, while the lowest tensile strength of 
141,13 MPa was achieved at pouring temperature of 
788 oC. The highest elongation from this experiment 
was 5,06 at 738 oC and the lowest elongation was 1,08 
at 788 oC. Tensile strength initially increases and then 
decreases with increasing pouring temperature, as well 
as the elongation index. The effect of pouring tempera-
ture includes an increase in tensile strength, then tensile 
strength decreases when pouring temperature is in-
creased but has no significant effect [9].

Fatigue data for cast alloy fatigue is plotted on a 
logarithmic S-N curve, which will be used to analyze 
and compare the effect of pouring temperature on fa-
tigue strength. A straight line (trend) is used to approxi-
mate the measured experimental data, as shown in Fig-
ure 3. The load used for fatigue testing is based on the 
ultimate tensile strength, and data is recorded for up to 
two million cycles. The best fatigue resistance is fatigue 
limit of 80,4 MPa from the S-N plot shown from sam-
ples with pouring temperature variation of 738 oC. Then 
the second level of fatigue strength is 77,8 MPa at  
788 oC. The third level of fatigue strength is 56,62 MPa 
at 688 oC.

(a)

(b)

(c)

Figure 1  (a) the site of fatigue sample was machined from 
cast plate [9], (b) fatigue samples, (c) the sample 
configuration for fatigue test.

(a)

(b)

Figure 2  (a) tensile characteristics at room temperature,  
(b) elongation.

Figure 3  Al-Cu alloy fatigue data at various pouring 
temperature.

Figure 4  Macrostructure of the fracture surface in fatigue 
samples cast at 788 oC.
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Figure 5  Microstructure of cast samples with varying pouring 
temperature: (a) 688 oC, (b) 738 oC, and (c) 788 oC.

(a)

(b)

(c)

The macrostructure of the fracture surfaces of the 
three fatigue samples is shown in Figure 4. The areas 
marked with red lines are identified as catastrophic fail-
ure and the areas colored green are identified as crack 
initiation. Subsequently, crack propagation in the image 
is marked with a benchmark on the macro-fractogram. 
Brittle fractures were found in all fatigue samples pro-
duced by the metal casting process due to three different 
pours temperature. The brittle fracture is characterized 
by a rough surface that appears structured on the frac-
ture surface of fatigue sample [10].

The microstructure of the sample cast with different 
pouring temperature is shown in Figure 4. The three 
pouring temperature used when manufacturing the sam-

ple cast were 688, 738, and 788 oC, respectively. It can be 
seen that the grain size increases as pouring temperature 
increases. Subsequently, increasing pouring temperature 
will increase the grain size caused by thermal release 
from the melt during solidification. The highest pouring 
temperature can change the grain morphology [9].

The experimental results show that pouring temper-
ature plays a significant role in determining fatigue 
strength. Subsequently, this fatigue strength value is 
synergistic with tensile strength index. The greatest fa-
tigue strength index was obtained at pouring tempera-
ture of 738 oC. The decrease in tensile strength index at 
788 oC was caused by the presence of porosity (casting 
defects). It can be seen from the microstructure in 
 Figure 5. Fatigue limit can be estimated from tensile 
strength index. When cast metal sample exhibits a fa-
vorable tensile performance, it will enhance fatigue in-
dicator. Therefore, it can be concluded that fatigue 
strength is directly proportional to tensile strength index 
[6]. The arrow on the S-N curve (Figure 3) indicates 
that fatigue sample will not fracture again after 2x106 
cycles in this experiment.

CONCLUSIONS

In conclusion, the effect of different pouring tem-
perature on fatigue resistance of Al-Cu alloy during 
casting was investigated in this experiment, and the fol-
lowing are drawn: Differences in pouring temperature, 
which was one of the parameters of metal casting, could 
affect fatigue resistance of Al-Cu alloy. The highest ten-
sile strength was 201.06 MPa at pouring temperature of 
738 oC. The best fatigue strength was 80.4 MPa at pour-
ing temperature of 738 oC. Increasing pouring tempera-
ture could change the morphology and grain size, which 
accordingly increased tensile strength and fatigue re-
sistance in Al-Cu cast alloy.
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