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Abstract 
Cars with an internal combustion engine consume a large amount of fuel and emit harmful substances into the 
environment with exhaust gases. The ecology problem is especially acute in large cities and near federal highways. 
At the same time, emissions from automobile transport are growing at a faster pace, and its share in emissions of 
harmful substances from the transport complex is 89%, because the number of cars is increasing annually. One of 
the effective directions in solving the problem is the use of electric drive in car designs [1, 2]. 
In transport engineering, such companies as FordMotors, GeneralMotors, Chrysler, Reno, Fiat, Pegeot, 
Volkswagen, TokyoElectricPowerCo, AseaBrownBoveri and others are engaged in the development of electric 
drives used in cars and their electrical equipment. [3, 4, 5]. 
An example is the development of Volkswagen. This car consists of a diesel engine, a small electric motor and a 
sodium sulfur battery. When driving at low speeds, the drive wheels are driven by an electric motor, then the 
internal combustion engine is launched, which provides wheel drive at steady speeds. In this case, the electric 
motor goes into generator mode. The prototype allowed consuming 4 liters of fuel per 100 kilometers and reducing 
the toxicity of exhaust gases by 60% compared with a serial internal combustion engine. 
A hybrid car has two energy sources: an internal combustion engine and an electric motor. Each of the engines 
complements the disadvantages of the other. In this case, the energies of two engines are combined. The matching 
element or summing reducer can be various types of reducers: chain, belt, gear, planetary, etc. When summing the 
energy of two engines, it is necessary to coordinate the rotational speeds of the shafts of the internal combustion 
engine and the electric motor, which are interconnected via a summing reducer. 
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Introduction 
Increasing requirements for fuel efficiency and environmental safety of the car oblige designers to look for 
innovative solutions to this problem [6].  
One of the effective directions in solving these problems is the use of electric drive in car designs. In recent years, 
two areas of development of cars with electromechanical drives have been clearly identified: the first is the creation 
of a clean electric vehicle, the second is the development of an electromechanical drive with a combined (hybrid) 
power plant. Due to the lack of efficient electric energy storage devices available for mass production, pure electric 
vehicles have relatively low mileage on a single charge. This is one of the main reasons for studying the feasibility 
and efficiency of using combined power plants in vehicle designs, consisting of two engines (internal combustion 
engine and electric motor) and an energy storage device. Moreover, any engine can be used as an internal 
combustion engine: gasoline, diesel, gas [7]. 
The use of two different energy sources in a passenger car creates three new qualities that cannot be obtained using 
only an internal combustion engine. One of these qualities is the ability to obtain maximum torque due to the 
electric motor during dynamic acceleration of the car. The second quality is the energy storage of the main source 
of the internal combustion engine, if the power it develops is greater than that power implemented on the drive 
wheels, as well as braking energy using a generator (an electric machine can operate both in electric motor mode 
and in generator mode). Accumulated energy is used in traction mode, if necessary. The third quality arises from 
the partial restoration of the energy reserve of the battery due to an external source, which allows reducing the 
energy received from the internal combustion engine, therefore, reducing fuel consumption and emission of toxic 
substances into the atmosphere. 
The maximum engine power of some passenger cars of newer models currently exceeds 100 kW. Whereas, on 
average, the power consumption is only 7.5 kW when driving a car in a populated and non-populated area. In this 
case, with such small loads on the engine, its efficiency ratio is small and is approximately 20%. A car of B, C 
class spends on moving not more than 15 kW on average from beginning to end of the route. Therefore, it is this 
kind of power that an internal combustion engine shall develop.  
When braking, 15 to 60% of the kinetic energy transmitted by the engine to the vehicle is lost. The share of this 
loss depends on the type of car and type of movement (in populated, out of populated areas) [8]. With the 
accumulation of this energy and further use for acceleration or for other purposes, it will reduce the fuel 
consumption of a car by 20-30% [9]. Usage of an electric machine (generator mode) will make it possible to 
recover energy during braking. 
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Methods  
When designing a hybrid car, a constructive parallel circuit is more preferable, which, along with improving 
environmental safety indicators, can increase fuel efficiency [10]. The most common structural diagram of such a 
car with a wheel formula 42 with a parallel layout is shown in Figure 1. To coordinate the shaft speeds, the 
internal combustion engine and the electric machine are interconnected via a summing reducer. In this case, the 
electric machine can operate in two modes. 

 
Figure 1: Block Diagram of a Hybrid Car with Parallel Connection Internal Combustion Engine and 

Electric Machine 
( 1- Internal Combustion Engine; 2- Summing Reduction Gear ; 3 - Electric Machine; 4 - Energy Storage; 5 - Transforming Part; 6 – 

Differential.) 
 

Various types of reducers can be used as a summing reducer; for example, chain, gear, belt, planetary, etc. 
Torques from engines through a planetary summing reducer can be transmitted in total or separately by choice or 
depending on driving modes and conditions in accordance with the developed structural-kinematic diagram of the 
car (Figure 2).  

 
 

Figure 2: Constructional-Kinematic Scheme of a Hybrid Car with Planetary Summing Reduction Gear 
 (1 – Energy Storage; 2 – Electric Machine; 3 – Internal Combustion Engine; 4 – Free-Running Mechanism to avoid possible counter-

rotation crankshaft of the internal combustion engine from the torque of the electric motor; 5 – Coupling Lock-up for the implementation of 
energy recovery in the process of deceleration and braking, and also when you are recharging the energy storage on established car moving 

speed; 6 – The Transforming Part, including the additional reduction gear, the prop and main gear; 7 – Differential; i = 1.4 – the gear ratio of 
the belt drive.) 

 
When calculating the effective forces in gears of planetary gears, centrifugal forces are not taken into account. It 
is also assumed that the forces between satellites are distributed evenly. Then the design scheme can be presented 
in accordance with Figure 3. The main wheel interacts with the satellite g at point A, and the satellite with the 
crown gear - at point B. Taking into account that the engagement angles are equal, i.e. w1

=w2
, we find 

from the equilibrium equation (equality of projections on the horizontal axis) that the force on the carrier is as 

follows: FHg=2*Fag*Kн*cosw1
=2* *Kн*cosw1

, where Kн – load unevenness coefficient, ra – radius of the 

main circle of the main wheel. The torque transmitted to the transmission units of the car is:  
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МH=FHg*(ra+rg)=-2* *Kн*cosw1
*(ra+rg)=-2*Мa*Kн*cosw1

* (1+ ),  

where rg – radius of the main circumference of the satellite crown gear. 
The we have as follows for the engagement angles equal to 20, and unevenness coefficient Kн=1.2:  

МH=2*Мa*1.2*cos20*(1+
15
21

)=-3.86616*Мa=1.59193*Мb, as Мa=
М

=-0.41176*Мb, where р – gear ratio of the 

main wheel to the crown wheel with stationary carrier (р=−𝑖ab). 
 

 
Figure 3: Scheme of Calculating Active Forces in the Planetary Gear 

 
Let us consider the extreme case when the torque of an electric machine (EM) exceeds the permissible one, leading 
to a stop of the internal combustion engine (ICE) and the possible rotation of its crankshaft in the opposite direction. 
This condition corresponds to the inequality Fa> 2*Fb, i.e. the force Fa at the contact point of the satellite with the 
crown wheel (point B in Figure 3) from the torque of the main wheel Мa will have double force Fb, developed by 
the torque of the internal combustion engine. At the same time, it is assumed that the force Fa is transmitted in 
equal shares to the branch of the internal combustion engine (crown wheel) and to the car transmission (carrier). 

Based on the values Fa = 
M
r

a

a
, Fb = 

M
r  2r

b

a g , the inequality will take the following form: 
M
r

a

a
> 2*

M
r  2r

b

a g . Or after a series of conversions: Ma>0,82353*Mb. Given the equalities M a = 1.4*𝑀EM, M b  = 

𝑀ICE, we can conclude that when the torque is jointly transmitted through a planetary summing reducer from an 
electric machine (EM) and an internal combustion engine (ICE) in accordance with the selected design scheme 
(Figure 2), it is necessary to ensure that the following conditions are met: 𝑀EM< 0.58824*𝑀ICE. Let us write the 

limit in general form: 𝑀  <  
  

. 

The algorithm for controlling the operation of the electric machine and internal combustion engine is embedded 
in the electronic control unit. 
 
Results and Discussion 
The development efficiency consists in a significant increase in fuel economy and reduction of toxic emissions 
with exhaust gases of an internal combustion engine. 
Further improvement of the design of the hybrid power plant shall be carried out in the direction of abandonment 
of the manual transmission used in the transmission and switching to the circuit without the transmission through 
the use of a planetary summing reducer. Compared with the previously developed hybrid cars, this modernization 
will provide an additional improvement in the environmental performance of the car, which will lead to a reduction 
in fuel consumption by estimated data of 7-9% due to the operation of the internal combustion engine in more 
economical modes. At the same time, driving will be facilitated due to the fact that there is no need to manipulate 
the gear lever and clutch pedal during movement and this will affect traffic safety. 
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Summary 
The results of the works performed allowed formulating the following main conclusions: 
- a parallel layout diagram of a car with an internal combustion engine and an electric machine, from the point of 
view of indicators of traction and speed properties and efficiency of the car during its operation, is the most rational; 
- a schematic division of the car into two interconnected components: the power plant and the mechanical part, 
when describing the car operation, maks it possible to separately develop the mathematical models of the power 
plant and transmission, which simplifies and accelerates theoretical and computational studies; 
- an experimental sample has demonstrated that the developed optimization techniques have improved the fuel 
economy of the IL-21261 passenger car with virtually no change in its design by 25-31% due to the use of two 
engines - a low-power internal combustion engine and an electric direct current machine. 
 
Conclusions 
Based on operational requirements, such as: minimum fuel consumption, environmental damage, improvement of 
traction and speed properties of the car and possibility of control automation, it follows that the structural diagram 
of a car with a parallel connection of an internal combustion engine and an electric machine is the most preferred, 
when summing their power flows in the summing reducer.  
The use of a hybrid car of a differential summing reducer from an internal combustion engine and an electric 
machine in the design will create a stepless electromechanical transmission. 
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