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Abstract: This article examines current issues and current trends in improving the
efficiency of internal combustion engines. It analyzes the main factors hindering efficiency
gains (thermal and mechanical losses, incomplete fuel combustion) and proposes ways to
overcome them. It also provides an overview of design solutions, such as the use of
turbocompound units for exhaust gas energy recovery, the use of antifriction coatings, and
the improvement of direct fuel injection systems. This material will be useful to engineers,
researchers, and students interested in the future development of automotive and tractor
technology.
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AHHOTamusi: B pgaHHON cTaThe paccMaTpUBAIOTCS aKTyalbHbIE MNpPOOJIEMbl U
COBPCMCHHBIC TCHACHIINHU ITOBBIIIICHUSA 3(1)(1)6KTI/IBHOCTI/I HBHFaTGHefI BHYTPCHHCTO CropaHus.
AHaMM3UPYIOTCSI OCHOBHBIE (DaKTOPBI, MPEMSATCTBYIONIUNE TMOBBIMICHUIO 3(()EKTUBHOCTH
(Tel'IJ'IOBBIe N MCXaHHYCCKHEC ITOTCPHU, HCIIOJIHOC CTOpPaHHC TOH.HI/IBa), " IIpeiararoTcda myTu

ux npeoaoeHus. Takxe npencraBiieH 0030p KOHCTPYKTUBHBIX PEIICHUH, TAKUX KaK
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UCIIOJIb30BaHUE TYPOOKOMIIPECCOPOB ISl PEKyMNepalri 3HEPruu OTpadOTaBUIMX Ta30B,
NpUMEHEHHE  aHTU(QPHUKIMOHHBIX  TOKPHITMA UM YCOBEPIICHCTBOBAHHE  CHCTEM
HEMOCPEJICTBEHHOIO BIpPbICKA TOIUIMBA. JlaHHBI Marepuan Oy[eT MOJIe3€H HHXKEHEpam,
UCCIIeIOBATENSIM U CTYACHTaM, UHTEPECYIOMUMCS OYIyIIUM Pa3BUTUEM aBTOMOOMIBHOU U

TPAKTOPHOU TEXHUKH.

KiroueBnble cioBa: 3pPeKTUBHOCTD, TBUTATEH BHYTPEHHETO CTOPAHMS, aBTOMOOWIIb,

pa3paboTKa, TOIUIMBO, MaTepual, TMOPUIHBIN ABUTATEb.

The current stage of development of the global automotive industry is characterized by

a complex interplay of global trends: on the one hand, there is

A rapid transition to a low-carbon economy and green energy, while on the other,
dependence on traditional powertrains remains. Despite unprecedented investment in electric
vehicle and hydrogen technology startups, internal combustion engines (ICEs) remain the
dominant driving force in the global vehicle fleet. According to international agencies, the
share of vehicles with ICEs (including hybrid versions) still exceeds 90% of the total number
of vehicles in use, and no alternative to ICEs is expected in the next decade in the heavy
commercial vehicle, agricultural, and construction equipment segments due to the
requirements for fuel autonomy, reliability, and energy density. Currently, the potential for
increasing internal combustion engine efficiency has not yet been exhausted. The main areas
of research and development remain improving combustion and mixture formation

processes, exhaust emissions, the use of alternative fuels, and powertrain hybridization.

In addition to thermodynamic and fuel considerations, design and manufacturing
preparation play a fundamental role in improving efficiency. Proper tolerance management
and dimensional control during component assembly are often the "decisive finishing touch”
that transforms a theoretically efficient design into a high-performance engine that actually

performs.

A method for improving the efficiency of an internal combustion engine involves
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supplying an energy carrier (fuel) into the above-piston cavity in the form of two separate
charges, followed by ignition. The second charge is introduced during the piston's movement
on the power stroke, specifically when the angle between the connecting rod and the
crankshaft lies within the range of 150 to 190 degrees. For a given engine operating mode,

the nominal mass of the energy carrier in each of the two charges remains constant.

This invention relates to techniques for enhancing the efficiency of internal combustion
engines (including both gasoline and diesel units) by optimizing the timing and manner of

thermal energy delivery.

Conventional thermodynamic cycles, such as the Otto cycle and the Diesel cycle, involve
heat addition at the very beginning of the power stroke. At that moment, although the
pressure inside the cylinder reaches its maximum value, the piston is positioned in a
geometrically unfavorable orientation for effectively transmitting force to the crankshaft.
Specifically, the angle formed between the connecting rod and the crank arm deviates
significantly from 90 degrees. This geometric disadvantage results in a reduction of both the

generated torque and the overall efficiency of the engine.

The proposed method solves the problem of increasing average torque on the shaft

through two-stage fuel injection:

1. The first injection (30-50% of the fuel) is performed at top dead center to initiate

the combustion process.

2. The second injection (the remaining 70-50%) is performed during the piston's
power stroke, when the angle between the connecting rod and crank is 150-190°. In this
position, the burning fuel creates additional pressure precisely when the force applied to the

crank is closest to the optimal angle (90°).

The second injection into the already heated environment occurs by autoignition without an
additional spark. This redistribution of heat supply increases the area of the indicator
diagram, which directly increases useful work, torque, and, consequently, engine efficiency

without increasing overall fuel consumption. [1].
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In general, there are many ways to improve an engine:

1. Hybridization (an internal combustion engine works in conjunction with an electric
motor, which allows them to significantly optimize the operation of the entire engine under
different driving conditions. If we distinguish the main operating modes of such an engine,
there are five: directly starting and driving at low speeds, standard driving, acceleration,

braking, deceleration, and stopping.)

2. Technology that varies the valve timing of the internal combustion engine ([2,3]
Not long ago, the Swedish company Koenigsegg, which is engaged in the production of
supercars, introduced an innovative technology into its cars that not only reduced the specific
weight of its internal combustion engines, but also increased their power by almost 30%.
With a fairly small engine volume (5 liters), they were able to achieve a power of 1,600 hp.
For comparison, the French company Bugatti in one of its new Chiron cars was able to
achieve almost the same power, but their engine volume was 8 liters. Here it is also
important to take into account the fact that the Koenigsegg internal combustion engine had

two turbochargers, while the Bugatti's internal combustion engine has four.

The technology is called "Freevalve™, and it allows for variable valve timing, which is

very effective. [2, 3]

1. Use of turbocharging and new materials (For example, instead of using cast pistons,
special forged pistons can be used, which have a number of advantages: greater mechanical

strength and lower weight. Turbocharging helps regulate the fuel-air mixture.) [4] [5]
Conclusion

Improving the efficiency of internal combustion engines remains one of the most
important challenges in the automotive industry, despite the rapid development of electric
powertrains. As shown in this article, there is still significant potential for improving internal
combustion engines in several areas: optimizing thermodynamic cycles (such as two-stage
fuel injection), using variable valve timing systems (Freevalve), using turbocharging,

hybridizing engines, and introducing new materials and coatings.
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The efficiency of an engine is determined not only by the successful technical
solutions, but also by their proper combination, taking into account the purpose of the
vehicle. There is no one-size-fits-all solution, as different combinations of technologies may
be optimal for different vehicle classes. However, it is clear that a comprehensive approach
that combines advanced developments in fuel combustion, process control, and tribology can
lead to significant improvements in power output, fuel efficiency, and emissions reduction

without significantly increasing weight or complexity.

The methods and examples presented in the article show that the further development
of internal combustion engines will be closely linked to digital control systems, hybrid
architectures, and advanced materials, ensuring that internal combustion engines will

continue to play a key role in the transportation sector for decades to come.
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