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Abstract: Possible defects in the system: piston-cooling jacket occur for various reasons. This system work in severe conditions: heat load; 

variable gas pressure and mechanical friction, which requires high strength, good wear resistance with limited lubrication and overall high 

resistance to abrasion, corrosion and other wear.The operation of the cylinder-piston group with insufficient or poor quality oil is the most 
common cause of overheating or engine blockage. Seizing of one or more pistons leads to major engine repairs or even scrappin g. Damaged 

fuel injectors, inaccurate injection or ignition timing can also cause the mechanism to melt or puncture. Therefore, it is essential to identify 
the exact causes of defects in the system and look for ways to prevent them. 

Studied details were functioned under the identical conditions of good lubrication and no overheating. The reason, apart from  the ones 

mentioned above, which led to their destruction, has been established. 
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1.Introduction 
The wear of the cylinders of automobile engines is a consequence 
of the complex action of many physical and chemical fast-moving 

processes, and most often it is the result of three main types of 
impacts: 

• erosion impact, due to mechanical friction, abrasion 
and other destructive processes as a result of direct 

contact with friction metal surfaces; 
• corrosion effects, caused by various oxidative 

processes on friction surfaces; 

• abrasive impact, caused by the destruction of friction 
surfaces by solid particles between them. 

Each of the listed effects, as well as the combination of them, can 
be the cause of defects. A common reason for the appearance of 

defects is the type of material from which the individual parts of 
the engine are made. These materials and them behavior is 

subjected to this paper, including the following methods of 

research: Chemical analysis; Macrostructural and Microstructural 
metallographic analysis; Hardness measurement.  

 

2. Preconditions and means for resolving the 

problem 
2.1. Theoretical Model 
 
During operation of the engine, the pistons may break due to 

forced overload, foreign body colliding with the piston or fatigue 

of the material, shown in Fig.1: 
Forced fracture is always caused by a foreign body colliding with 

the piston while the engine is running. These foreign bodies can be 
torn off parts of the connecting rod, crankshaft, valves and more. 

Forced piston breakage can also occur if water or fuel enters the 
cylinder and results in hydraulic shock. The fracture surfaces of 

such a fracture appear gray. They do not show wear and 
deformation lines. The piston breaks suddenly.  

 

Fig 1 Examples of piston breakage caused by various 

factors 

a 
a) Fracture caused by a foreign body 

 
 

 b 
b) Fracture due to fatigue of material 

  

In case of fatigue breakage of the material, deformation lines are 
formed on the surface, which reveal the beginning and progressive 

trend of the fracture. Fracture surfaces often wear to the point of 
being extremely smooth and looking shiny. The cause of metal 

fatigue breakage is overvoltage of the piston 
A defect can occur due to: 

• detonation combustion; 

• strong vibrations of the piston if its forehead has 
mechanical contact with the cylinder head; 

• defects in the material of which the piston is made; 
• Excessive piston clearance. 

Excessive deformation of the piston bolt due to overstrain 
(bending and radial deformation) causes cracks in its hole. In 

addition, fatigue fractures can also be caused by cracks from 
overheating the piston forehead. The figure shows the fracture of 

the piston in the holes for the piston bolt. 
 

Fig 2 Example of piston breakage caused by fracture of the 

piston in the holes for the piston bolt 
 

 
2.2. Experimental stand. Examination of pistons – original 

piston, non-seized piston and seized pistons  
 

The chemical composition of material from which the pistons are 
made is given in Table 1. The equipment is from the BRUKER 

AXS Company, Germany. 
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Table 1 Chemical composition of piston samples 

 

Chemical 

composition, 

% 

Original 

piston 

Non-

seized 

piston 

Seized 

piston 1 

Seized 

piston 2 

Cu % 1,33 1,21 1,25 1,22 

Mg % 1,02 1,07 1,12 0,96 

Si % 18,67 17,00 17,25 17,03 

Fe % 0,71 0,49 0,69 0,41 

Mn % 0,20 0,16 0,22 0,20 

Ni % 0,88 0,80 0,71 0,92 

Zn % 0,08 0,15 0,11 0,07 

Ti % 0,09 0,09 0,10 0,10 

Cr % 0,08 0,02 0,06 0,03 

Al % The percentage complements  up to 100% 

  
The obtained data show that the material is silumin - 

AlSi18CuNiMg, [1, 2]. All three pistons are in the brand 
according to Bulgarian State Standard 12223-74, as in the seized 

and non-seized pistons Si is at the lower limit of 17.03 and 17%, 

respectively, and in the original piston is 18.67%. 
The composition of these alloys shows, that they are 

multicomponent systems, based on the elements Al-Cu-Mg and 
with added Si, Ni, Mn and other elements. Mn and impurities of 

iron and silicon are obligatory in these alloys. The main 
components providing the strengthening of the alloys are Cu and 

Mg. Manganese is a must-have additive because its presence helps 

to crush the structure, increase strength and corrosion resistance. 
As additional elements available, Fe and Si are unavoidable in 

these alloys. Iron appears as a harmful impurity that reduces their 
strength and ductility. Silicon to some extent compensates for the 

harmful effects of iron by binding it in a phase, more easily 
destructible in plastic deformation [2÷6]. 

 

2.1.1. Macrostructural metallographic analysis 
 
The conducted macrostructural analysis includes examination of 

the place of "dragging", seizing of the piston, which was destroyed 

as a result of the appearance and development of this defect. This 
section was taken at magnifications of 150x and 500x, the photos 

are shown in Fig. 3. 
 
Fig. 3 Occurrence and development of seizing defect, led to 

destruction of the material 

 

a 
Magnification 150х 

b 
Magnification 500х 

 

2.1.2. Microstructural metallographic analysis of 

piston samples 
 
The microstructural analysis was performed after fabrication and 

preparation of metallographic sections according to standard 
methods. The structure was observed on a metallographic 

microscope MIM 8 with a digital camera, the micrographs were 
taken at magnifications of 240x and 360x. Some of them are 

shown in Fig. 4÷6. 
The structure of the original piston is fine with an even 

distribution of the primary Si crystals. In the defective seized 

piston the inhomogeneity and much coarser structure are obvious. 
Accumulations of Si crystals up to 2-3 times larger than those in 

the original, were observed. 
The structural elements, described above, are presented at fig. 4 to 

the original piston; fig. 5, to the non-seized piston and at Fig. 6, 
for the seized pistons at the same magnification. Rough 

separations, with uneven distribution in the matrix structure and 
sharp edges, under load could become stress concentrators and be 

a good reason for the initial "dragging", seizing of the detail and 

subsequent destruction. 
 

Fig. 4 Original piston 
a) Magnification 240x; b) Magnification 360x; 

  

 a 

 

b 
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Fig. 5 Non-seized piston 

a) Magnification 240x; b) Magnification 360x; 

 

 
 

 
 
Fig. 6 Seized piston 

a,b,c) Magnification 240x; d,e,f) Magnification 360x; 
 

 a 
 

 b 
 

 c 
 

 

 
 

 

 d 

 

 e 
 

 f 

 
In the microstructure of the piston, which worked in the engine for 

the same period of time and at a similar load, structural 
inhomogeneity is also observed, but to a lesser extent. 

 

2.1.3. Measurement of hardness of test specimens 
 
Brinell hardness was measured on a Brinell-Rockwell equipment 

at a test load F=125 [kgf] and a penetrating sphere diameter 
D=5mm. Arithmetic mean values of 5 pieces were obtained, [3]. 

Measurements are shown in Table 2. 

 
Table 2 Hardness measurement 

 

 

Original piston 
118НВ 

 

Non-seized pistons 
100НВ 

 
Seized pistons 

Values from 88 to 130 HB have been 
calculated, depending on the 

measurement location; 

 

The hardness of the three pistons meets the requirements of 
Bulgarian State Standard 12223-74, as the different, lower values 

in the seized piston can be explained by the heterogeneity of the 

structure. 
 

 
 

 
 

INTERNATIONAL SCIENTIFIC JOURNAL "TRANS & MOTAUTO WORLD" WEB ISSN 2534-8493; PRINT ISSN 2367-8399

17 YEAR VII, ISSUE 1, P.P. 15-18 (2022)



3. Results and discussion 

 
It is impossible to give an unambiguous answer as to how long the 

mechanism will last and whether the piston will not show a purely 
operational defect, a defect as a result of incorrectly performed 

production process or a defect of poorly selected material for its 

manufacture.  
Based on the comparative analysis of the original, seized and non-

seized pistons, the following conclusions were made: 
In practice, the piston cylinders operate in identical modes. The 

normal operating temperature of the silumin piston fronts is not 
more than 250°C. In more severe operating conditions, if 

overheating is allowed, the material with inhomogeneous structure 

expands differently in the areas with accumulations and large 
separations from those with a relatively balanced structure. The 

high coefficient of linear expansion in the working piston leads to 
stresses where inhomogeneous areas have already occurred during 

the casting process, [5]. Due to the small distance between the 
piston, the segments and the cylinder liner, the piston inflated by 

thermal and structural stresses touches its walls. A “drag effect” is 
observed, [4,6÷8]. 

 

4. Conclusion 
 
The macrostructural analysis of the place of destruction showed 

that the appearance and growth of the defect until its destruction is 

of mixed type - in certain areas it is fragile, in neighboring - 
plastic. The metal fracture visually looks like "twisted", probably 

the origin of the definition "dragged" piston is due to this type. 
Microstructural analysis of the samples of original and seized 

pistons shows differences in the structure, mainly in the size and 
distribution of silicon emissions, namely: 

 The original piston has a fine structure with small single 

formations. Unsuccessful modifications and omissions 
in the casting technology are the most probable reason 

for the presence of coarse Si crystals in the seized 

piston. The structure of the non- seized piston is close to 
that of the seized piston, but is characterized by smaller 

sizes of Si-crystals releases and uniform distribution. 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 

 

 
 

 Equivalent and approximately equal in size grains are 

observed in the original piston. Areas with very large 
grains and others with very small ones are observed in 

the defective one. A similar effect could be obtained as a 
result of poorly performed or no homogenizing 

annealing, which would achieve a balanced internal 
crystal structure and good ductility of the cast metal.  

This gives us reason to conclude that the detail was destroyed as a 

result of a technological rather than an operational defect. 
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