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ABSTRACT
BACKGROUND: The modernized design of the lubrication system with an individual electric-driven oil pump ensures the oil 
supply to remote and loaded parts, regardless of the crankshaft speed, starting mode and engine warm-up.
AIM: Study of the main directions for enhancement of the lubrication systems of piston engines in order to assess the option 
of using an autonomous electric drive.
METHODS: The design of an adjustable inductor electric drive with microprocessor control is proposed as a drive. The ability 
to keep rotation speed of the pump gears accurately is ensured using a controlled inductor electric motor, depending 
on the pressure in the lubrication system.
RESULTS: The design and technological implementation of the proposed method of driving an oil pump does not require major 
changes to the engine design. The layout of the oil pump at the engine is simplified.
CONCLUSIONS: The proposed design of the lubrication system of an internal combustion engine ensures optimal rotation 
speed of the pump shaft regardless of the operating modes of the piston engine, resulting in an increase in engine operating 
life.
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Оригинальное исследование

Совершенствование смазочной системы двигателя 
внутреннего сгорания
С.А. Алиев, А.Я. Алиев, О.М. Айдемиров
Дагестанский государственный аграрный университет имени М.М. Джамбулатова, Махачкала, Российская Федерация

АННОТАЦИЯ
Обоснование. Модернизированная конструкция системы смазки с индивидуальным электроприводным масляным 
 насосом обеспечивает подачу масла к удаленным и нагруженным деталям независимо от частоты вращения коленча-
того вала, режима пуска и прогрева двигателя.
Цель исследования — проработка основных направлений совершенствования смазочных систем поршневых двига-
телей с целью определения возможности применения автономного электрического привода.
Материалы и методы. В качестве привода предлагается конструкция регулируемого индукторного электропривода 
с микропроцессорным управлением. Возможность получения точной скорости вращения зубчатых колёс насоса обе-
спечивается при помощи управляемого индукторного электродвигателя в зависимости от давления в системе смазки.
Результаты. Конструктивное и технологическое исполнение предлагаемого способа привода масляного насоса не тре-
бует серьёзных изменений конструкции двигателя. Упрощается компоновка масляного насоса на двигателе.
Заключение. Предлагаемая конструкция смазочной системы двигателя внутреннего сгорания обеспечивает опти-
мальную частоту вращения вала насоса независимо от режимов работы поршневого двигателя, в результате чего 
повышается ресурс работы двигателя.

Ключевые слова: насос шестерённый; смазочная система; поршневой двигатель; электродвигатель; трение; рас-
пределительный вал.
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BACKGROUND
The lubrication system must completely satisfy 

the following basic requirements to ensure the durability 
of moving joints of internal combustion engine (ICE) parts:
1. Uninterrupted supply of lubricant to all rubbing 

surfaces of parts during operation at various speed 
and load modes, ascents and descents of up to 35%, 
rolls of up to 25%, changes in the ambient temperature 
from 323 °K to 223 °K, and as a consequence, 
alterations in the viscosity of motor oil;

2. High degree of removal of wear products from friction 
surfaces and lubricant, which prevents overheating 
and corrosion of the mating parts;

3. Duration of engine operation under load without 
overheating the oil, high labor costs for maintenance, 
and energy costs for oil pump functioning [1].
To meet these requirements, scholars manufacture 

ICE lubrication systems in combination, which offers 
lubrication of the crank and connecting rod bearings 
of the crankshaft, camshaft bearings, and piston head 
bearings of connecting rods under pressure, timing 
gears, camshaft cams, pushers, valves, and cylinder 
mirrors by splashing.

The study aimed to analyze the main routes leading 
to the improvement of lubrication systems of piston 
engines for usage in autonomous electric drives.

MATERIALS AND METHODS
Combined lubrication systems comprise a crankshaft- 

or camshaft-driven oil pump, pressure-reducing valves, 
oil filters, a ventilated crankcase, and an oil pump 
running on accumulator batteries for prepumping of oil.

The lubrication systems under consideration, which 
are widely used for transport ICEs, fail to meet the 
requirements, including a guaranteed uninterrupted 
oil circulation and durability of interfaces and energy 
consumption for the driving unit of moving parts and 
the oil pump [3].

A cold and low-temperature engine start is at a 
minimum starting crankshaft speed of 50–100 rpm. 
Meanwhile, the warm-up mode commences after 
the engine is started at a minimum crankshaft idle 
speed of 500–700 rpm. As a result of the decreased 
rotation speed of oil pump gears and increased 
viscosity, a dissatisfactory pumping of oil occurs 
through the system, and oil delivery to peripheral zones 
is considerably deteriorated. As a result, maintenance 
of the liquid friction characteristic of operating modes 
with an adequate layer of oil in the bearings of the 
crankshaft and camshaft presents difficulty. Depending 
on film thickness, friction can be borderline, namely, 
semi-liquid or semi-dry, which substantially increases 
the wear of ICE parts. The wear of moving parts interfaces 

is attributed to 75% of cold and low-temperature starts. 
The engine warms up after accepting of a full load has 
started, and 25% of engine operation at operating modes. 
In this regard, ICEs are often equipped with a special 
pump for the prestart pumping of oil and an autonomous 
prestart of the PZhD-type engine heater.

The reduction of energy costs for driving oil, fuel, 
and water pumps and camshafts and fans is very urgent 
task.

Existing ICE oil pumps mainly suffers from an increased 
power consumption for their drive and dependence of 
their performance and oil supply coefficient on the gear 
rotation speed and the state of their end and radial 
clearances in the pump housing. Thus, at a high rotation 
speed of the gears of a gear pump, the flow coefficient 
decreases substantially. The selected feed coefficient, 
which is a function of the pump-gear speed, is ranges 
with 0.6–0.8. The optimal rotation speed should be no 
more than 3000 rpm [4].

In addition, in unsteady operating modes, violation 
of the hydrodynamic and boundary conditions 
of lubrication in friction units inevitably occurs, and as 
a consequence, wear increases, and scuffing becomes 
a possibility.

The noted disadvantages should be eliminated through 
the development an oil pump, for example, a piston 
type with an autonomous drive, that is independent 
of the crankshaft or camshaft.

The latter is advisable for use as a starter–generator 
device of an ICE, which allows the increase in the on-
board voltage to 42 V and the power of the power supply 
system created by the generator to 4 kW [2].

The proposed technical solution allows for the 
consideration of other options for the ICE lubrication 
system and various oil pump designs.

RESULTS AND DISCUSSION
On the issue of modernization of the ICE lubrication 

system, the proposed method of driving an oil pump will 
enable setting up a pump-gear rotation speed at which oil 
pressure in the system will ensure oil supply to remote 
and loaded parts, regardless of the crankshaft speed and 
mode of ICE starting and warming up [6].

Figure 1 presents the proposed ICE lubrication 
scheme with an electrically driven oil pump located 
inside the engine crankcase.

As displayed in the diagram, the driving unit 
of an oil pump considered in the proposed method 
does not require major changes in engine parts. For 
such a purpose, the drive shaft of the oil pump can be 
connected to the shaft of an electric motor, which is 
powered by a generator and installed depending on the 
oil pump’s location and design solution (on the pallet, 
side, or front of the crankcase block).
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The precise speed of pump-gear rotation can be 
guaranteed using a controlled inductor electric motor, 
namely, a reversible noncontact synchronous-type 
electric machine (Fig. 2). This machine offers various 
advantages, including a laminated star rotor 1 without 
a winding, which has minimal losses, and a multiphase 
stator winding 2, made in the form of separate 
concentric coils 3 without crossing the frontal parts, 
which simplifies the design and production technology 
and increases reliability during operation [3].

In addition to the above benefits, the proposed oil 
pump drive system offers other advantages, namely, 
the simplified design of the oil pump itself due 
to the reduced length of its drive shaft and the need 
to manufacture a skew gear on it; simplified camshaft 
design due to the absence of the need to manufacture 
a skew gear on it; reduced load on the camshaft.

A functioning electric drive pump of the lubrication 
system creates conditions for the regulation of the oil 
pressure in the system, which depends on the operating 
modes of the engine.

Different from the classical system, during 
calculations of the ICE lubrication system with 
an individual drive pump, the electric motor that drives 
the oil pump must be selected and the power from 
the vehicle generator be determined.

The calculation usually starts with determining 
the heat amount Qo removed by the lubrication system 
to the environment [5]:

( )0,02 0,03= ÷ ⋅o fuelQ Q ,

where Qfuel denotes the heat introduced with the fuel 
at a given engine power. 

The following equation can be used to determine 
the amount of volume of oil required to remove a given 
amount of heat from lubricated surfaces :

1
11 1( )

=
ρ ⋅ −

o
o

o o o

QV
C t t

,

where ρ refers to the oil density, kg/m3; Сo denotes 
the heat capacity of oil leaving the friction unit 

Fig. 1. Diagram of the ICE lubrication system with an electrically driven pump: 1 — an oil header; 2 — a suction part; 3 — an oil pump; 
4 — an electric engine for driving the oil pump; 5 — a pressure part.
Рис. 1. Схема смазочной системы ДВС с электроприводным насосом: 1 — маслоприёмник; 2 — всасывающая часть; 3 — масляный 
насос; 4 — электродвигатель привода масляного насоса; 5 — нагнетательная часть.

Fig. 2. Design of the active area of an inductive electric motor: 
1 — a rotor; 2 — a stator; 3 — a concentric coil.
Рис. 2. Устройство активной зоны индукторного электродвига-
теля: 1 — ротор, 2 — статор, 3 — катушка концентрическая.
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kJ/(kg°C); 11 1−o ot t  means the difference in oil 
temperature at the inlet and outlet of the lubrication  
system, in °C.

Weight flow rate of oil considering leakage 
and other inevitable losses, including oil bypass 
through the pressure-reducing valve, is computed  
as follows:

1

 ⋅
=

η
o

o
o

K VV ,

where К indicates a coefficient in consideration of leaks; 
ηo refers to the coefficient of oil supply by the 
pump, 1

oV  presents the productivity of lubrication 
pumps, m3/s.

The power required to drive the oil pump is determined 
using the following equation:

1
.

η
=

⋅o o
p

mech

V pN ,

where 1
.o oV  indicates the operating oil volume; ηmech 

refers to the mechanical efficiency of the pump. 
The obtained value Np an electric motor was 

selected to operate the lubrication system pump, and 
the power it obtains from the motor vehicle generator 
is determined.

Calculation of power requirement for driving the oil 
pump:
1. The amount of heat removed from the engine by oil 

was calculated, given that in modern automobile 
engines, 1.5%–3% (assuming 2.2%) of the total 
amount of heat introduced into the engine with fuel 
is removed:

18,8720,022 0,02 44000 4,61
3600

= = × =o t pQ G H  kJ/s.

2. Calculation of the circulating oil flow rate. Mass 
circulation oil flow rate is computed as follows:

4,61 0,275
2,094 8

= = =
⋅∆ ⋅

o
o

o o

QG
c T

 kg/s,

At a specific heat capacity of oil 2,094=oc  
kJ

R⋅kg

3. Calculation of the stabilization oil consumption:

2 2 0,275 0,55′ = ⋅ = ⋅ =o oG G  kg/s.

4. Determination of the estimated performance 
of the pump, in consideration of oil leaks through 
the radial and end clearances:

2 2 0,275 0,786
0,7

⋅ ⋅
= = =

η
o

c
o

GG  kg/s.

5. Calculation of the power expended to drive the oil 
pump:

2 1

3 4 3

1 1

0,410 8,73 10 10 0,426 kW,
0,819

−

−
= = ⋅ ⋅ =

η ρ η

= ⋅ ⋅ = ⋅ ⋅ ⋅ =
η

p c o c
mech o mech

o
c

mech

P PN G H G

PV

where 2 1 0,4= − =oP P P  MPa represents the excess oil 
pressure in the system (P1 and P2 are the oil pressure 

in front of and behind the pump, respectively); =
ρ

o
o

o

pH  

is pressure head; 40,786 8,73 10
900

−= = = ⋅
ρ

c
c

o

GV  m3/s 

indicates volumetric oil consumption.

CONCLUSIONS
The following conclusion was drawn based 

on the above information. The proposed scheme 
for a lubrication system of an ICE ensures rotation 
of the pump shaft at optimal speeds, regardless 
of the operating modes of the piston engines, resulting 
in increased engine service life.
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