
XІІ Міжнародна науково-практична конференція «Крамаровські читання»

103

УДК 621.432.3

ANALYSIS OF FAILURE CAUSES OF THE CYLINDER-PISTON GROUP

M. N. VAKULENKO, master's degree
Y. I. REVENKO, Candidate of Technical Sciences, Associate Professor

National University of Life and Environmental Sciences of Ukraine

During the operation of internal combustion engines, their components wear
out and, when the limit values of the technical condition parameters are reached, the
engines fail.

The wear of the mating surfaces of the cylinder, piston and piston rings is the
result of the friction force that occurs when the piston and piston rings move. The rate
of wear of the cylinder, piston and piston rings depends on the temperature and
pressure in the combustion chamber, lubrication conditions, and the presence and
amount of abrasive in the friction zone. The working surface of the cylinder wears
unevenly. In the upper part of the cylinder, due to high temperatures and gas pressure,
the oil film loses its lubricating properties and in some cases can be completely
destroyed. Due to the worst lubrication conditions in this area, the cylinder wears out
intensively. Under normal conditions, the greatest cylinder wear is usually observed
in the stopping zone of the upper (compression) rings when the piston is at the top
dead center (TDC). As you move away from the top dead center, the temperature
decreases and lubrication conditions improve, resulting in a decrease in cylinder
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wear. The maximum amount of wear is observed in the connecting rod oscillation 
plane, which is explained by the action of the normal component of the gas pressure 
force. 

The intensity of cylinder wear largely depends on the operating and 
maintenance conditions of the engine. For example, when an abrasive comes into 
contact with air or oil in the friction zone, intensive wear of the cylinder-piston 
group. As a result, a lot of small scratches (dashes) are formed on the working surface 
of the cylinder. The cylinder becomes barrel-shaped. 

The piston's lower guide part (skirt) and piston ring grooves wear out. Only a 
small portion of the piston skirt is in contact with the cylinder's working surface. 
When the engine is running, the piston rings make complex spatial movements in the 
axial and radial directions. When the piston moves from the TDC to the NMT, the 
rings, pressed against the cylinder wall by their own elastic forces and the pressure of 
the gases, copy the irregularities of the cylinder and move relative to the piston 
grooves. When the abrasive enters the friction zone, it eats into the soft material of 
the piston, which leads to accelerated wear of the cylinder and piston rings. 

Wear of the parts of the cylinder-piston group leads to an increase in the gaps 
in the connection of piston-cylinder, piston ring-piston groove mating, and end gaps 
in the piston ring locks. As a result, engine performance and other indicators are 
reduced. Gas leakage into the annular space leads to the ingress of combustion 
products into the oil and a decrease in its lubricity, resulting in more intense wear of 
the cylinder head parts and of cylinder-piston group. 

Scuffs on the cylinder's working surface appear as a result of general or local 
engine overheating. At excessively high temperatures in the friction zone, the oil 
loses its lubricating properties and the oil film breaks easily. This results in semi-dry 
friction with direct contact between the piston and cylinder. During further operation 
of the engine, due to additional heating in the friction areas, a dry friction mode 
occurs, resulting in scoring. 

Engine overheating can occur due to engine overload, combustion process 
disturbances, and cooling system malfunctions. If the engine cylinders are equipped 
with “dry” liners, the existing inhomogeneity of the cylinder wall and localized 
misalignment of the liner to the block can lead to overheating of the cylinder and the 
formation of scoring. 

Cylinder deformation may result from engine overheating, relaxation of 
residual stresses in the block material, uneven or improper tightening of the threaded 
connections of the cylinder head fasteners, and deviations from the flatness of the 
cylinder head and cylinder block contact surfaces. If the engine cylinders are 
equipped with “dry” liners, cylinder deformations can occur due to excessive 
protrusion of the liner shoulder above the block plane, contamination and corrosion 
on the surfaces mating the liner and block, defects in the liner seats in the block 
(deviations from cylindricality, cracks, pores). 

During the operation of an internal combustion engine, accidental damage to 
cylinder-piston group parts also occurs. These include the formation of cracks and 
holes in the cylinders, destruction and burnout of pistons, destruction and breakage of 
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piston rings. Cracking in cylinders is most often caused by water hammer, while
holes are caused by foreign objects entering the cylinder or jamming of connecting
rod liners, followed by piston destruction and rod breakage. Burnout of pistons and
breakage of bridges and piston rings most often occurs when the combustion process
is disturbed. Damage to the piston rings can also occur when the CPG is not
assembled properly.

Wear and damage to the parts of the CPG occur as a result of objective and
subjective reasons. If the gaps in the piston-cylinder, piston ring-piston groove, and
piston ring locks exceed the permissible values, as well as in the event of accidental
damage to the components of the cylinder and internal combustion engine, the engine
will fail. Depending on the design of the engine, its operation and maintenance, the
nature of the damage to the parts may vary significantly. Despite the widespread use
of aluminum alloy cylinder blocks at present, there is no information in the literature
on the reasons for their receipt for repair and the nature of damage to working
surfaces. To identify the reasons for the receipt of cylinder blocks of modern internal
combustion engines for repair, it is necessary to investigate the technical condition of
the cylinders of the blocks that are sent for repair.
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університет біоресурсів і природокористування України. К.: Видавничий центр 
НУБіП України, 2025. 662 с. 
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В збірнику представлені тези доповідей науково-педагогічних 

працівників, наукових співробітників, аспірантів та студентів НУБіП України, 
провідних вітчизняних і закордонних вищих навчальних закладів та наукових 
установ, в яких розглядаються завершені етапи розробок. 
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institutions, in which completed stages of development are considered. 
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