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EFFECT OF INCREASED TEMPERATURE ON DIMENSIONAL AND SHAPE ACCURACY OF CASTINGS PRODUCED 
FROM THE EN AC-AlSi11 ALLOY BY PRESSURE DIE CASTING PROCESS

The present work discusses results of increased temperature on shape-dimensional changes of a 110 type hose coupling, pro-
duced from EN AC-AlSi11 alloy with the use of pressure die casting technology. The castings were soaked for 3.5 h at temperatures 
460°C, 475°C and 490°C. The verification of shape-dimensional accuracy of the elements after soaking treatment, in relation to 
raw casting, was carried out by comparing the 3D models received from 3D scanning. Soaking temperature of about 460°C-475°C 
results in no significant changes in the shapes and dimensions of the castings, or surface defects in the form of blisters, which can 
be seen at a temperature of 490°C.
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1. Introduction

Pressure die casting technology is a very popular and cost 
effective method of production of large batches, especially for 
elements made of light metals, which should be characterized by 
high manufacturing precision and high quality of surface [1,2]. 
Nowadays, more than a half of worldwide production of alu-
minum alloy castings is performed in this way [3]. Such castings 
found their application in many various branches of industry [4,5].

The quality of an element produced with the use of pres-
sure die casting is affected by many factors related to various 
parameters of casting process, including temperature of molten 
alloy and mould and parameters of injection [6]. Molten alloy 
fills the mould cavity very quickly, and then, due to rapid cool-
ing, solidifies almost immediately. This allows the forming of a 
fine-grained texture of the casting, which assures good mechani-
cal properties [5].

Various treatments are used to improve the mechanical 
properties of casting alloys, including adding alloying elements, 
modification or heat treatment. Precipitation hardening, consist-
ing of solution, rapid cooling, natural or artificial ageing, are 
among the most popular methods of heat treatment used in case 
of silumins [7]. Components produced with the use of traditional 
pressure die casting are not typically soaked at increased tem-
peratures due to the presence of numerous gaseous pores, which 
are trapped inside walls of a casting [8,9]. The occurrence of the 
pores results directly from pressure die casting, when molten 
metal turbulently fills the cavity the of mould, and at the same 
time prevents complete elimination of the gaseous phase from 

cavity of the mould in a very short time, when metal is injected 
to the mould [9,10]. In the case of heat treatment of castings 
produced with the use of pressure die casting technology, soak-
ing of the casting at high temperatures (typically, 20-30°C below 
eutectic temperature) and soaking it at this temperature during 
a predetermined period of time can result in surface blistering 
in the form of blowholes and deformed shape of the casting, 
which is due to decompression of gas trapped in the pores due 
to a simultaneous increase of plasticity and decrease of strength 
of the alloy. The initial shape and location of the pores are also 
important, because the blowholes located directly under the sur-
face layer of the casting become visible at increased temperatures 
much more quickly than the ones located inside the casting [8,11].

In order to successfully perform heat treatment (precipita-
tion hardening) of such type castings, it is necessary to determine 
the temperature of solution treatment at which no distortions 
could occur in the shape of the casting. The conducted tests aimed 
at the determination of the influence of increased temperature 
on the shapes and dimensions of the crowns of a 110 type hose 
coupling which was made in the process of pressure die casting 
of EN AC-AlSi11 alloy. The objective of the tests was to assess 
the feasibility of solution treatment (T6 or T4 treatment).

2. Experimental Methods

The tests were performed on a casting of the crowns of 
a 110 type hose coupling produced with the use of pressure die 
casting technology (Fig. 1). The hose coupling constitutes the 
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main element of any fire-fighting equipment, as a component of 
the pumping and suction couplings, which are used for various 
purposes, including couplings of quick-connectors of fire hoses 
and as connectors between fire hoses and fire-engines, fire-hose 
nozzles and hydrants. The qualitative requirements of this ele-
ment are specified by the Polish standard PN-M-51031 [12].

Fig. 1. Casting of the crowns of a 110 type hose coupling

The castings were produced on a cold-chamber die-casting 
machine from EN AC-AlSi11 alloy whose chemical composi-
tion is presented in Table 1. The chemical composition was 
determined on a Bruker – Q4 Tasman spark spectrometer. The 
metal pouring temperature was 610°C, while the metal injection 
pressure was 94 MPa.

TABLE 1

Chemical composition of the EN AC-AlSi11 alloy

Si Fe Cu Mn Mg Zn Ti Al
10.1 0.83 0.38 0.08 0.19 0.19 0.10 rest

The castings were soaked in an electric resistance furnace 
at the temperatures of 460°C, 475°C and 490°C, which were 
determined on the basis of publications [13-16], whilst bearing 
in mind the limitations connected with soaking die castings at 
increased temperatures. The castings were soaked for 3.5 h. The 
temperature in the course of heating-up and soaking processes 
was controlled continuously, measuring the air temperature in-
side the furnace and the temperature of master casting (110 type 
hose coupling) with the use of a K: Ni-NiCr type thermocouple.

The 110 type castings of hose coupling in raw state (without 
heat treatment) and after soaking (at temperatures 460°C, 475°C, 
490°C for 3,5 h) were scanned by 3D Heavy Duty Optima scan-
ner (accuracy of 0.018 mm).

The next step was to verify the shape and dimension ac-
curacy of the element after soaking treatment in relation to raw 
casting. This was executed with the use of the GOM Inspect 
2017 computer software, comparing 3D models obtained as 
a result of 3D scanning. 

3. Results and discussion

The results presented in a graphical form (Figs 2-4) il-
lustrate the influence of soaking temperature on the retained 
shape-dimensional accuracy of the casting of the 110 type hose 
coupling in comparison to casting without heat treatment. The 
green colour is used to mark the acceptable values of deviation 
of compared surfaces with a ±0.20 mm difference standard, 
which was adopted on the basis of the appropriate standard [12].

Soaking temperature of 460°C resulted in no visible changes 
in the shape and dimensions of the casting in comparison with 
the raw casting (Fig. 2). No blisters were noticeable on the 
casting surface.

Fig. 2. Dimensional and shape transformations after soaking of the 
casting at a temperature of 460°C for 3.5 h

At the temperature 475°C (Fig. 3), some dimensions marked 
with bright yellow and bright orange exceed the permissible 
interval of ±0.2 mm. However, these are not dimensions which 
would have an important effect on the functionality of this cast-
ing. Also, in this case no defects in the form of blisters on the 
casing surface were observed.

Further increase of the soaking temperature resulted in 
significant changes to the dimensions and shapes of the tested 
casting. For soaking temperature of 490°C, the surfaces marked 
with red and blue were considerably distorted, the distortion 



327

level reached nearly ±1 mm (Fig. 4). Increased temperature also 
resulted in surface blisters, marked as arrows in Fig. 4.

This is caused by the blowholes trapped inside walls of the 
casting decrease their volume due to decompression, and at the 
same time, the pressure of the gas inside increases. The blisters, 
marked in Fig. 4, become visible as a result of the heating of the 
casting to a temperature which causes growth of plastic properties 
of the alloy and expansion of pressure of the gas locked inside 
the pores [8,11]. This leads directly to deformations of the walls 
of the casting in locations close to gaseous blowholes, which, in 
turn, leads to the occurrence of surface defects, expansion of gas 
trapped inside entire volume of the casting, as well as distortion 
of the shape of the casting.

4. Conclusion

The obtained results of the tests with respect to retained 
dimensional and shape accuracy of the crowns of a 110 type hose 
coupling made of EN AC-AlSi11 alloy in pressure die casting 
technology lead to the following conclusions:
– soaking temperature of 460°C-475°C does not result in 

any significant changes in the shape and dimensions of the 
casting,

– increase of soaking temperature up to 490°C leads to consid-
erable changes in the shape and dimensions, as well as in the 
formation of surface defects on the casting, which restricts 
the possibility of its usage at increased temperatures,

– potential heat treatment of the casting is possible at lower 
solution temperatures (460-475°C), which will allow elimi-
nation of deformation of the element shape and formation 
of surface blisters.
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