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THE IMPORTANCE OF EXTERNAL DESIGN AND GEOMETRY IN
ENSURING PISTON RELIABILITY
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Abstract. This article highlights the importance of a piston’s external design
and geometric accuracy in ensuring reliable operation of internal combustion
engines. It explains how surface quality (scratches, roughness, edge wear) and
shape deviations influence friction conditions, oil-film stability, and heat transfer,
which directly affect wear rate, mechanical losses, oil consumption, and blow-by.
A comparative assessment is provided between traditional cylindrical-conical
pistons and modern oval-barrel (barrel/oval) geometries. The study shows that
eliminating edge contact and achieving proper thermal-expansion compensation
allow reduced clearance, improved lubrication, lower noise, and extended piston
service life.

Keywords: Piston, piston geometry, surface quality, geometric accuracy,
oval-barrel profile, cylindrical-conical piston, thermal expansion, lubrication (oil
film), friction and wear, engine reliability.

3HAYEHWE BHEIITHENA KOHCTPYKIIMA U TEOMETPUM B

OBECIHEYEHUU HAJEXKHOCTHU NOPIIHA
Anuuep Pa3zakos, nouent Hamanranckoro
rocy1apcTBEHHOT0 TEXHMYECKOr0 YHHBEPCUTETA

AHHOTanMs. B cratee paccMaTpuBaeTCs 3HAUEHUE BHEIIHEN KOHCTPYKIIMH
U TEOMETPUYECKONM TOYHOCTH TMOPIIHA B OOecrneueHun HaAEKHON paboThI
JABUTATE]e BHYTpEHHEro cropanus. [loka3aHo, YTO KauyecTBO TOBEPXHOCTH
(TapamnuHpl, MEPOXOBATOCTh, U3HOC KPOMOK) U OTKIIOHEHHUSI (JOPMBI CYIIECTBEHHO
BJIUSIIOT HA YCJIOBUS TPEHHUS, CTAOMILHOCTh MACJISTHOW TUIEHKU M TETJIOOTBOJ, YTO
HANPSMYIO OTPa)KaeTcsi Ha CKOPOCTU M3HOCA, MEXAaHMUYECKUX MOTEPSX, Pacxoje
Macia ® TIpophiBe Ta3oB B Kaprep. [IpoBenéH CpaBHHUTENbHBIN aHAIN3

TPAAUIMUOHHLIX HUIMHAPO-KOHUYCCKUX HOpH.IHGﬁ N COBPCMCHHLIX OBAJIbHO-

"IxoHomuka u counym' Ne2(141) 2026 www.iupr.ru



060uk000pa3HbIX Mpodusiel. Y CTaHOBIICHO, YTO YCTPAHEHNE KPOMOYHOTO KOHTAKTa
U TpaBWIbHAs KOMIIEHCALlMS TEIUIOBOTO PACIIMPEHUS MO3BOJIIOT YMEHBIINUTH
pabounii 3a30p, YAYUIIUTh YCIOBUS CMa3KH, CHU3UTh IIYM U YBEJIUYUTH CPOK
CITyKOBI TTOPIITHS.

KiiioueBble cji0Ba: MopiieHb, TEOMETPUS MOPIITHS, KaueCTBO MOBEPXHOCTH,
r€OMETPUYECKasi TOYHOCThb, OBAJIbHO-00YKOOOpPa3HbI MpPOdUIb, TUIMHAPO-
KOHUYECKUU TMOpIIeHb, TEIJIOBOE pACIIMpPEHUE, MacisiHas IUIEHKA, TPEHUE U

HN3HOC, Ha)Ié)KHOCTB ABUTI'aTCIIA.

Introduction. The external shape of a piston plays a critical role in its
efficient operation. The evolution of engine design has directly influenced the
transformation of piston geometries. In the early stages of engine development,
pistons featured extremely simple designs—cylindrical across their entire height—
and were typically manufactured from cast iron or steel. This was due to the lower
power output and crankshaft speeds of that era, which were 3—4 times lower than
modern engines, resulting in significantly lower thermal stress on the piston
components.

The Evolution of Piston Geometry and Materials. Throughout the history of
engine engineering, increasing power density has been a primary objective. The
most effective methods to achieve this are increasing the mean effective pressure
within the cylinder and enhancing the crankshaft rotational frequency. Both
parameters directly lead to increased thermal and mechanical loads on the piston.
Consequently, as engine technology advanced, both the external shape and the
materials of pistons evolved.

The main part. While low-power, low-speed engines utilized cylindrical
cast iron or steel pistons, the shift toward higher power and speed necessitated the
transition to “cylindrical-conical” shapes and the use of aluminum alloys. As
power increases, the piston temperature rises unevenly; the upper part (crown)

heats up significantly more than the lower part (skirt). This thermal gradient
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requires the piston to be manufactured with a larger diameter at its “cold” section
and a smaller diameter at its "hot" section to account for thermal expansion. This
results in a cylindrical-conical geometry. Piston grouping and sizing are typically
conducted based on the maximum diameter.

Furthermore, piston materials have become progressively lighter. Using cast
iron or steel at high rotational frequencies is problematic due to the substantial
increase in inertial forces during the piston's reciprocating motion.

Comparative Analysis of Piston Shapes. Until the 1985-1990s, pistons in
tractor engines used in the agriculture of the Republic of Uzbekistan primarily
maintained a cylindrical-conical shape. During the same period, international
tractor and automotive manufacturers shifted toward oval-barrel (ovate-prolate)
geometries. If we analyze the thermal expansion of a cylindrical-conical piston, it

results in the configuration shown in Figure 1.
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Figure 1. Profile of a cylindrical-conical piston under thermal expansion.
Such a shape creates “edge contact” with the cylinder wall. In its heated
state, a cylindrical-conical piston establishes contact with the cylinder only at the
upper and lower edges of the skirt. This type of contact: Accelerates piston wear;

Increases the piston-to-cylinder clearance; Leads to higher mechanical losses.
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An increased clearance results in higher oil consumption (burning) and
“blow-by” (leakage of combustion pressure into the crankcase), which ultimately
reduces engine power.

Methods. A comparative and analytical approach was used to evaluate the
influence of piston external geometry on operational reliability. Traditional
cylindrical-conical pistons were compared with modern oval-barrel geometries in
terms of thermal expansion behavior, contact conditions with the cylinder wall,
and load distribution. Relevant scientific literature on friction, wear, lubrication,
and heat transfer in the piston—cylinder assembly was also reviewed. The
assessment criteria included wear resistance, oil-film stability, mechanical losses,
and piston-to-cylinder clearance.

Advantages of Modern Oval-Barrel Geometry. Leading international
piston manufacturers have abandoned the simple cylindrical-conical design in
favor of shapes that eliminate these deficiencies. Organizations specialized in
anufacturing pistons for engine repair must adopt modern global practices and
transition to oval-barrel (barrel-shaped) production. The advantages of the oval-
barrel shape include:

Reduced Wear: Since there is no “edge contact” with the cylinder, wear is
significantly minimized.

Surface Contact: The barrel shape ensures contact over a specific surface
area rather than a sharp line. This distributes the load, reducing friction and
localized wear. Optimal Clearance: It allows for a reduction in the initial piston-to-
cylinder clearance. For example, in D-144 engines, the clearance was reduced from
0.20-0.24 mm to 0.11-0.12 mm.

Results. The analysis shows that cylindrical-conical pistons tend to create
edge contact with the cylinder wall under thermal expansion, leading to increased
wear, higher mechanical losses, and greater oil consumption. In contrast, oval-
barrel geometry provides more uniform load distribution and surface contact

instead of line contact. This improves lubrication conditions, stabilizes the oil film,
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and allows reduced operating clearance. As a result, piston durability increases,
engine noise decreases, and overall engine reliability is enhanced.

Improved Lubrication and Acoustics: The transition from edge contact to
surface contact improves oil film stability and reduces engine noise (piston slap).
The specific "barrel" profile is determined based on the thermal characteristics and
construction of each specific engine. Furthermore, if the longitudinal profile is
made "barrel-shaped" and the cross-section is made "oval," the advantages
regarding compensation for thermal expansion and mechanical stability are further
enhanced.

Conclusion. The study confirms that the external design and geometric
accuracy of a piston play a decisive role in ensuring the operational reliability of
internal combustion engines. Surface quality, dimensional precision, and proper
compensation for thermal expansion significantly influence friction behavior, oil-
film stability, heat transfer, and wear characteristics. Comparative analysis
demonstrates that traditional cylindrical-conical pistons are more prone to edge
contact under thermal loading, which increases wear and mechanical losses. In
contrast, modern oval-barrel geometries provide improved load distribution,
reduced friction, and enhanced lubrication conditions. As a result, optimized piston
geometry contributes to extended service life, lower oil consumption, reduced
noise, and improved overall engine reliability. The adoption of advanced geometric
designs is therefore essential for achieving higher durability and performance in
modern engines.
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