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Role of tensile forces in hot tearing formation of cast Al−Si alloy 
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Abstract: The instrumented applied rod casting apparatus (ARCA) was developed to investigate the effects of tensile forces in the 
hot tearing formation of cast Al−Si alloys. The obtained data of tensile forces/temperature was used to identify hot tearing initiation 
and propagation and the fracture surface of samples was also investigated. The result shows that the applied tensile forces have a 
complex effect on load onset for the hot tearing initiation and propagation. During the casting solidification, the tensile forces are 
gradually increased with the increase of solid fraction. Under the action of tensile forces, there will appear hot tearing and crack 
propagation on the surface of the sample. When the tensile forces exceed the inherent strength of alloys, there will be fractures on the 
sample. As for the A356 alloy, the critical fracture stress is about 0.1 MPa. The hot tearing surface morphology shows that the 
remaining intergranular bridge and liquid films are thick enough to allow the formation of dendrite-tip bumps on the fracture surface. 
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1 Introduction 
 

The cast Al−Si alloys are widely used in the 
automotive industry due to their excellent casting 
characteristics and mechanical properties, good corrosion 
resistance and castability. While the complicated 
aluminum alloy castings are produced in the factories, 
some foundry defects, such as shrinkage porosity and hot 
tearing, are inevitable [1−4]. Once these defects occur 
especially when the hot tearing occurs, the casting has to 
be repaired, which leads to immediate productivity loss 
and raises the cost of production. Therefore, it is 
necessary to study hot tearing formation in aluminum 
alloys to prevent this defect in production. 

Hot tearing is one of the most serious defects 
encountered in castings. It is generally considered that it 
is a spontaneous failure of an alloy during solidification 
and initiates at the end of solidification in response to 
localized applied load, strain or strain rate, which may be 
arisen due to constraint of thermal contraction and the 
density change from liquid to solid [5−8]. Over years, 

researchers have devoted to developing various tests to 
evaluate hot tearing tendency and have made much effort 
on understanding the fundamentals of hot tearing 
formation [9]. Various tests and measurement techniques 
were summarized by ESKIN et al [7] in their reviews, 
which include the I-beam or backbone mold tests, ring 
mold tests, cold finger tests and tensile tests etc. In the 
study of hot tearing of nonferrous binary alloys, many 
scholars studied Al−Mg, Al−Sn, Al−Cu, Mg−Al and 
Mg−Zn series alloy and they investigated the effects of 
alloying elements on hot tearing tendency [10−13]. 
Above all, these experiments are basically conducted 
using the alloys which have a high hot tearing tendency 
or larger solidification range. Nevertheless, for the alloys 
which have a low hot tearing tendency, the hot    
tearing defects can also appear in the complicated heavy 
castings in practical production. Until now, there is no 
related research in these fields, so it is necessary to  
study the hot tearing formation of these alloys. And 
therefore, a widely used aluminum alloy, A356 
(Al−7Si−0.3Mg), which is a commercial alloy, was 
selected in this study. 
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In the present work, the newly developed applied 
rod casting apparatus (ARCA) [14] provides the 
capability to quantitatively monitor hot tearing and 
evaluate the effects of tensile forces in the hot tearing 
formation. The microstructure and fracture surface 
morphology of samples are also investigated. 
 
2 Experimental 
 
2.1 Applied rod casting apparatus 

The instrumented applied rod casting apparatus 
(ARCA) shown in Fig. 1 mainly consists of a mold, a 
load cell, a load transmission unit, a motor, a 
data-acquisition system and a steel support plate. The 
mold is vertically partitioned into two halves. The mold 
has a modular structure containing changeable inserts to 
change the dimensions of the mold cavity. The schematic 
of the mold is shown in Fig. 2. As shown in Fig. 2, the 
different inner diameters of moveable sleeves can be 
used. Point A (Fig. 2) shows the position of the 
thermocouple inserted in the mold. To reduce 
experimental uncertainties, the mold cavity is cleaned 
and coated with graphite prior to a series of tests. In 
order to improve heating efficiency, the mold is 
preheated by resistance copper heaters wrapped with 100 
mm-thick insulation board. The casting has one arm, 
which is constrained by a steel bolt embedded in the end 
of the casting. The tensile forces are applied in opposite 
directions by the motor. The hot tearing defect can be 
induced by this method. 
 

 

Fig. 1 Schematic of applied rod casting apparatus (front view): 
1—Insulating material; 2—Permanent mold; 3—Steel bolt;   
4 — Graphite stopper; 5 — Threaded rod; 6 — Load cell;       
7—Binding mechanism; 8—Trapezoidal screw; 9—Motor 
coupling; 10—Adjustable-speed motor; 11—Steel support plate; 
12—Bearing block 
 

  
Fig. 2 Schematic of mold used in this study 

2.2 Operational procedure 
Therefore, a widely used aluminum alloy, A356 

(Al−7Si−0.3Mg), which is a commercial alloy, was 
selected in this study. Its chemical composition 
determined by optical emission spectroscopy is presented 
in Table 1. 

 
Table 1 Chemical composition of A356 alloy (mass fraction, 
%) 

Si Mg Fe Ti Cu Al 
7.18 0.327 0.157 0.0687 0.022 Bal. 

 
The alloy was melted in an electric resistance 

furnace. For each series of tests, about 1 kg of alloy was 
prepared. In the study, the pouring temperature was 720 
°C and the mold temperature was maintained at 200 °C. 
The melt was degassed at 700 °C for 10 min with 
degasifier (C2Cl6) to insure minimum hydrogen content. 
To fully dissolve all the alloying elements, the melt was 
held at 740 °C for about 20 min before pouring. The melt 
was stirred for 2 min manually and the oxide layer of the 
melt was skimmed from the surface. The mold was 
prepared and preheated to the targeted temperature 
before pouring. The data acquisition system began to 
record the temperatures and tensile forces immediately 
before pouring. When the casting temperature reached 
the target temperature (20 °C above the eutectic 
temperature of alloy), unidirectional tensile forces were 
applied at a predetermined value (the rate of 
displacement) until the specimen fractured. Each test was 
repeated 3−5 times. 
 
3 Results and discussion 
 
3.1 Tensile forces and temperature curves 

The unidirectional tensile forces were applied at 
different predetermined rates when the preheated 
temperature of permanent mold was about 200 °C. 
Figure 3 shows the typical curves recorded during 
solidification of A356 alloy with different rates of 
displacement, where the two samples all fractured. 
Temperature curves can be used to provide information 
on the evolution of solid fraction during solidification. 
The technique is based on the Newtonian method from 
these cooling curves. The principle of this technique was 
developed by CHEN and STEFANESCU [15] and 
described in their work. 

When the unidirectional tensile forces were applied 
at the speed of 0.10 mm/s, the relevant data are shown in 
Fig. 3(a). From Fig. 3(a), it is observed that the forces 
started to apply rapidly at 10.2 s and increased with time 
during entire cooling process. When the forces started to 
apply, the temperature at the critical region of the sample 
is 577 °C and the solid fraction is about 0.65. It suggests  
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Fig. 3 Tensile force, solid fraction and temperature as function 
of time for A356 alloy cast at 720 °C with mold temperature of 
200 °C and different speeds of displacement: (a) 0.10 mm/s; (b) 
0.15 mm/s 
 
that solid skeleton has been formed and the solid network 
begins to transfer tensile forces at the early stage. An 
inflection point is observed at 12.1 s in the tensile force 
curve, which suggests that a continuous dendritic 
network formed in the mushy zone begins to separate 
under the applied tensile force. It is indicated that hot 
tearing is initiating and propagating under the applied 
tensile force. At this point, the corresponding 
temperature and solid fraction are 571 °C and 0.73, 
respectively. It suggests that hot tearing starts to form in 
the eutectic temperature range. The tensile forces are 
increased after hot tearing initiation, which suggests that 
the cracking might partially be filled by remaining liquid 
in the mushy zone and the tensile strength of solidified 
part is increased during solidification. The maximum 
tensile force (10.5 N) is obtained when the solid fraction 
is around 0.94 and then the tensile force is decreased. At 
this time the corresponding temperature of the casting is 
around 564 °C, that is to say, the rod casting completely 
cracks and the critical fracture stress is about 0.09 MPa 
when solid fraction is around 0.94. The fracture stress is 
simply given in the following equation (1): 
 
P=F/S                                      (1) 
 

where P is the fracture stress; F is the applied tensile 
force; S is the effective cross-section of fracture area. 

When the unidirectional tensile force is applied at 
the speed of 0.15 mm/s, the hot tearing also appears. The 
relevant data are shown in Fig. 3(b). Compared with  
Fig. 3(a), the development of the temperature, tensile 
force and solid fraction in Fig. 3(b) reveals a similar 
varying tendency. When the force started to apply, the 
temperature at the critical region of the sample is 572 °C 
and the solid fraction is about 0.69. An inflection point is 
also observed in the tensile force curve. At this point the 
corresponding temperature and solid fraction are 568 °C 
and 0.81, respectively. The maximum tensile force (9.59 
N) is obtained when the solid fraction is around 0.99 and 
then the tensile force is decreased. At this time the 
corresponding temperature of the casting is around 559 
°C, that is to say, the rod casting has completely cracked 
and the critical fracture stress is about 0.10 MPa when 
the solid fraction is around 0.99. 
 
3.2 Hot tearing surface analysis 

Figure 4 shows the typical hot tearing of rod casting. 
Severe tear is the tear which extends over the entire 
circumference of the bar. Complete tear is a complete or 
almost complete separation of the bar. As shown in Fig. 4, 
it is obvious that the hot tearing occurred at the junctions 
of the rod casting due to high local stress concentration 
mainly induced by applied tensile force. The fracture 
surface is sectioned from the cracking rod casting and 
then used to analyze the fracture morphology. Figure 5 
shows SEM images of the hot tearing fracture surface. 
The hot tearing fracture surface includes rounded 
particles of phases and frozen eutectic liquid distributed  
 

 
Fig. 4 Typical hot tearing of 12 mm rod samples: (a) Complete 
tear; (b) Severe tear 
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Fig. 5 SEM images of hot tearing fracture surface of 12 mm rod samples for A356 from ARCR: (a) Main fracture morphology of 
fracture surface; (b, c, d) Feature of liquid bridge and liquid folds on fracture surface 
 
over primary aluminum dendrites. As shown in Fig. 5, a 
significant amount of liquid film and dendritic bridge are 
still present on the fracture surface when the hot tearing 
occurred. 

The hot tearing surface morphology shows that the 
remaining intergranular liquid film is thick enough to 
allow the formation of dendrite-tip bumps on the fracture 
surface. The appearances of folds indicate that the 
surrounding liquid cannot fill the gap among dendrites. 
At high solid fraction, the solid grains are separated by 
the remaining liquid films, voids or pores tend to 
nucleate and then grow into tears under an applied force 
or shrinkage. During the casting solidification, the solid 
skeletons begin to grow. Under the action of tensile force, 
the tensile deformation of the solid skeleton is 
perpendicular to the growing dendrites and for the 
induced interdendritic liquid feeding, if the tensile force 
exceeds the strength of solid skeleton, the intergranular 
separation will be formed. There is insufficient bulk or 
interdendritic feeding to compensate for the shrinkage. 
So, the interdendritic separation is developed to the hot 
tearing. The remaining intergranular bridge and liquid 
film separated the feeding channel and they are thick 
enough to allow the formation of dendrite-tip bumps on 
the fracture surface. The presence of dendritic bridge or 
liquid films on the fracture surface is good evidence to 
support this idea. 

 
4 Conclusions 
 

1) As for the alloys with low hot tearing tendency, 
the applied tensile force has a complex effect on load 
onset in the hot tearing initiation and propagation and the 
tensile force gradually increases with the increase of 
solid fraction. 

2) Under the action of tensile force, the hot tearing 
initiates and propagates to fracture when the tensile force 
reaches the maximum value. As for the A356 alloy, the 
complete hot tearing maybe occurs when the local stress 
exceeds the strength of solid skeleton, and the maximum 
fracture stress is about 0.1 MPa. 

3) The hot tearing surface morphology shows that 
the remaining inergranular liquid film and liquid bridge 
are thick enough to allow the formation of dendrite-tip 
bumps on the fracture surface. 
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拉力在铸造铝硅合金热裂形成过程中的作用 
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摘  要：利用 A356 合金研究拉力在热裂的形成及其断裂行为中的作用。利用一个新型的实验装置进行相关实验

研究。该实验装置能够同时测量并采集受限试样在凝固过程中施加的拉力和温度的数据。这些数据可以用来研究

热裂的萌生和扩展。研究了在不同加载速度下，固相率的演变和热裂的形成之间的定量关系。由实验结果可知，

施加的拉力在热裂萌生初期起着复杂的作用。在合金凝固过程中，随着固相率的不断增加，拉力会逐渐增大直至

最大值，然后急剧下降，此时试样出现裂纹并在拉力的持续作用下产生断裂。对于 A356 合金，产生早高温下产

生断裂的临界应力是 0.1 MPa。由热裂纹的断口形貌可知，在凝固末期形成的晶间搭桥和液膜褶皱对热裂的形成

起重要的作用。 

关键词：热裂；拉力；A356 合金；铝合金；液膜；固相率 
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