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Abstract: This paper presents a concept of a simple construction of hybrid powertrain with planetary gear  for the light 
hybrid vehicle. A Quad vehicle is selected to build a hybrid vehicle which has undergone changes from the traditional 
powertrain to a hybrid powertrain. Proposed hybrid solution is characterized by simple construction and small size that 
allows use in small vehicles. The drivetrain are combines the power from two sources, a gasoline engine and electric 
motor.  
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1. INTRODUCTION 
 
Many manufacturers of vehicles, particularly cars, do 
research into the design and optimization of hybrid 
powertrains. A characteristic feature of such systems is 
the use as the drive unit at least two sources of energy. 
Generally it is a combination of internal combustion 
engine and electric motor in different configurations. The 
internal combustion engine is widely used power source 
in the powertrain system (Fig. 1) and it will remain the 
source of power in the coming years. 
 

 
 

Fig.1. Forecast development of engines in vehicles 
 
The main advantage and also the reason why the internal 
combustion engine is the dominant power source is a high 
concentration of energy in the fuel, which allows for 
achieving long distance, security, storage, and widespread 
distribution. The transformation of the chemical energy of 
fuel in a combustion engine into mechanical work, in 
spite of their continuous improvement and improving 
efficiency leads to the emission of harmful substances in 
exhaust gases. Besides the internal combustion engine has 
an adverse course of external characteristics, since the 
torque is small at low revs. Only from a range of rotation 
it can generate torque, which requires the use of other 
cooperating devices (gearbox, clutch). However, the 
electric motor used as a second source of energy, can 
generate significant torque at zero speed. Electrical 

energy storage in vehicle, unlike to chemical energy in 
fuel,  is associated with many difficulties. With the 
current state of technology combination of both sources to 
drive the vehicle can provide many benefits. Advantages 
of a single power source can be used to compensate for 
weaknesses in another, so that both sources can operate in 
the range of maximum efficiency. The paper presents the 
construction of a hybrid powertrain in a Quad vehicle. 
This system is based on a single planetary gear with two 
degrees of freedom. An electric motor is used to control 
the kinematic ratio of the planetary gear. As a result 
obtained a fully automated drive system that allows a 
change of gear continuously and also as provide 
additional functions such as engine starting, electrical 
power supply or change the direction of motion. It should 
be emphasized that these tasks are implemented using 
only one electric motor in a relatively simple system, 
whose construction and basic characteristics are presented 
below. 
 
2. CONFIGURATION OF HYBRID 

TRANSMISSION 
 
In a traditional solution the Quad vehicle powertrain is 
equipped with CVT belt transmissions with variable gear 
ratio. The proposed solution of hybrid powertrain (Fig.2) 
differs significantly from the traditional system and 
equipping it requires additional elements: an internal 
combustion engine, electric motor, battery pack, a control 
unit and a single planetary gear, which connects the 
internal combustion engine, electric motor and the wheels 
of the vehicle. 
The main task of the proposed powertrain is a continuous 
control of the transmission ratio. With this solution the 
internal combustion engine can operate with increased 
efficiency. Continuously variable gear change is obtained 
by using a planetary gear in which all axes are free. Such 
a hybrid system is shown in Figure 3. It consists of a 
planetary gear, combustion engine (ICE) and an electric 
motor (M), which is responsible for changing the gear 
ratio [6]. 
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Fig.2. Hybrid powertrain for Quad vehicle [6] 
 
 

 
Fig.3. Diagram of the hybrid powertrain (c – carrier, s – 
sun, r – ring, Rr – additional gear on the ring wheel, Rc – 
additional gear on the carrier, ICE – internal combustion 

engine, M – electric motor) 
 
The internal combustion engine is connected to the 
carrier, through additional gearing Rc. The sun gear is 
directly coupled to the shaft of the electric motor. Power 
is transmitted to the driving wheels from the ring gear by 
a second additional gear Rr. A change of  angular velocity 
of the electric motor allows changing the ratio of the 
planetary gear, thereby change gear ratio of the 
powertrain. Kinematics of the planetary gear ratio is 
expressed as the ratio of velocities of two central wheels 
(ring gear and sun gear) with respect to the carrier 
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where:   

−sω  angular velocity of the sun gear, 

−cω  angular velocity of the planet carrier, 

−rω  angular velocity of the ring, 

−PGR planetary set ratio. 
 

The relationship between the angular velocities of 
individual segments and the number of teeth of the 
planetary gear are described by the equation [1] 
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where: 
−sz number of sun gear teeth, 

−rz number of ring gear teeth. 
 
In order to provide the required range of hybrid 
powertrain gear ratio to the planetary gear two additional 
gears are installed on carrier Rc and on the ring gear Rr. 
Thus, we obtain the ratio of the planetary gear 
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where:   
−cR ratio between internal combustion engine and planet 

carier, 
−rR  ratio between ring gear and the wheel, 
−Mω electric motor angular velocity, 
−Eω internal combustion engine angular velocity, 
−Wω wheel angular velocity. 

 

As a result, the fully automated powertrain allows a 
change of gears continuously. Speed ratio is defined as 
the ratio of the combustion engine speed to the speed of 
the driving  
wheels. 
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where: −DR ratio of drivetrain. 
 

Wheel speed ring is given by 
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For the selected planetary gear in which the gear ratio is 
RPG=-6, vehicle speed is 
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where: 
−VV speed vehicle, 

−er  rolling radius, 
 

The hybrid powertrain presented in this article is 
characterized by high efficiency. It has two independent 
power sources, using them depending on to optimal 
conditions. This system allows separate use of the internal 
combustion engine and electric motor  by applying  
additional brakes , which are situated on the sun gear and 
carrier. The following modes are selected depending on 
the road conditions : 

 hybrid mode - in this mode, both units operate 
simultaneously. The internal combustion engine 
operates as the main drive unit of a vehicle. The task 
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of the electric motor is to maintain adequate speed to 
ensure the required gear ratio. Depending on vehicle 
speed and engine speed the electric motor can operate 
as a generator (in range of lower vehicle speed) or as 
an engine (in higher vehicle speed range). The Figure 
4 presented the maximum range of vehicle speed for 
both modes. This range is limited by the maximum 
speed of an electric motor. During working as a 
generator, the electric motor acts as generator and 
converting the energy into electricity to recharge the 
batteries. In contrast while working as a motor, the 
power generated by the electric motor adds to the 
force produced by the combustion engine, thereby 
increasing the power transmitted to the wheels of the 
vehicle. 
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Fig.4. Speed range in the hybrid mode 

 electric mode - the mode the engine is locked, and the 
electric motor operates as the main power source. 
Range of vehicle speed in this mode is presented on 
the Fig.5. Depending on the rotational speed the 
electric motor can move the vehicle forward or 
backward. 
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Fig.5. Speed range in the electric motor mode 

 combustion engine mode - this mode allows you to 
navigate the vehicle with a fixed gear ratio (Fig.6) to 
that without consuming additional power from the 
battery (electric motor is idle). 

The ability to control of the combustion engine operation 
point of work internal combustion engine ensures that the 
maximum efficiency system in the driving cycle. It makes 
it possible to maintains the engine with engine within the 

optimum range of speeds depending on road conditions. 
The electric motor, which is responsible for changing gear 
ratio of the planetary gear also allows the hybrid system 
to work as an engine and generator. In generator mode, 
energy is recovered from braking to save in the batteries. 
In electric mode allows car can start and move at the 
speed of urban traffic using only the electric motor. With 
this solution we obtain high efficiency compared to 
conventional drivetrain systems, and save fuel, because 
energy stores in batteries is used to drive the wheels. Gear 
ratio on the ring gear Rr=1.2 and the corresponding carrier 
ratio Rc=15 were selected in order to obtain the required 
speed of the vehicle for these modes. 
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Fig.6. Speed range in the combustion engine mode 

 
3. CONSTRUCTION OF HYBRID VEHICLE  
 
The main objective of the work undertaken was to 
construct a simple and cheap hybrid system that able to be 
mounted in a small vehicle, Quad. The following 
illustrates the process of transformation of traditional 
powertrain into the hybrid powertrain. Most attention was 
paid to how to install additional components like electric 
motor and planetary gear. Quad in Figure 7 was slected as 
the hybrid vehicle was  with classic drivetrain system and 
was equipped with a internal combustion engine with 
capacity 200 cm3 and power 10 kW. 

 
Fig.7. Quad vehicle [6] 

 
This vehicle has drivetrain system based on a simple 
mechanical CVT continuously variable transmission with 
a flexible belt. (Fig.8). Due to the fact that the gear does 
not meet the requirements specified in the proposal for the 



Andrzej Lechowicz, Jerzy Jantos, Jarosław Mamala, Andrzej Bieniek: Hybrid Powertrain for Quad Vehicle; 
Machine Design, Vol.3(2011) No 1, ISSN 1821-1259; pp. 65-70 

 

 68

hybrid powertrain had to dismantle the whole CVT 
transmissions (Fig.9) 
 

 
 

Fig.8. Belt transmission (top view) 
 

 
 

Fig.9. Dismantling CVT transmission 
 
In accordance with the design assumptions an additional 
gear on the carrier is equal to Rc=15. However due to the 
complicated structure of this gear ad limited space a 
decision was made to replace with two gears (Rc1 and 
Rc2). The first gear applied chain gear  with the ratio of 
Rc1=3 in the place of CVT transmission (Fig.10)  while 
the second one was also chain gear that was placed on the 
output shaft of the engine. 

 

 
 

Fig.10. Chain transmission 

The next stage of work on the hybrid system was the 
modernization of the vehicle's suspension system. In this 
regard, to the original swing arm welded specially 
designed for this purpose, the arm (Fig.11). 
 

 
Fig.11. Modified rear arm of the vehicle (top view) 

 
As designed the hybrid powertrain is equipped with a 
planetary gear with two degrees of freedom. However, 
due to the complicated construction  of such transmission 
gear, in planetary gear with a single degree of freedom's  
STOEBER’s model PH4 is used in the vehicle (Figure 
12). In order to obtain planetary gears with two degrees of 
freedom this planetary gear has been mounted in ball 
bearings on both sides (Fig.13).  
 

 
 

Fig.12. Planetary gear of the Stöber company 
 

 
 

Fig.13. Installed ball bearings on the planetary gear 
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Lemco Lem-200 electric motor with the permanent 
magnets is selected  due to the high requirements for 
design of the proposed hybrid system (Fig.14).  
 

 
Fig.14. Electric Motor Lemco Lem-200 

 
Then the whole system was mounted on the basis which 
combines the electric motor with planetary gear (Fig.15). 
 

 
 

Fig.15. Mounted planetary gear on basis 
 
A sprocket mounted to the planetary gear (ring gear) was 
made to connect it to the wheels of the vehicle. The 
carrier of the planetary gear was combined with a output 
shaft of the engine with the use of a chain gear with a 
ratio of Rc2 = 5. In the last stage of the whole assembly 
was mounted on the vehicle and the connection between  
the planetary gear and the wheels using a chain gear was 
made (Fig.16). 
 

 
 

Fig.16. Hybryd powertrain mounted In the vehicle 

4. CONCLUSION 
 
Application of hybrid systems in the small scooter-type 
vehicles or quad is still very rare. The familiar hybrid 
solutions have a complex, heavy hybrid design and are 
expensive which significantly prevents their assembly in 
small vehicles. The advantage of the proposed solution is 
a simple design, a small number of elements which is 
associated with low weight. A very important element of 
the system is an electric motor and battery. The major 
objective is to reduce the power required of electric motor 
while maintaining the necessary range of gear ratios of 
the vehicle, which has substantial impact on the required 
amount of energy stored in the vehicle and the weight of 
the batteries. The construction of the vehicle according to 
the design of hybrid require the solution of many 
problems in the implementation of the powertrain, which 
combines an electric motor with planetary gearbox. The 
whole assembly should also work with an internal 
combustion engine vehicle. It is necessary to provide a 
space for between the trailing arm and the vehicle frame. 
Modifications of the powertrain vehicle began from the 
disassembly of the CVT, the design and assembly chain 
gear, upgrading the trailing arm, additional power unit 
assembly of planetary gear and installation of additional 
brakes. 
The proposed hybrid powertrain, despite its simple 
construction implements a number of functionalities 
encountered in traditional systems. By using the electric 
motor steples continuously variable change gear and 
energy recovery from braking was obtained. Such a 
system are commonly used in vehicles with internal 
combustion engine lead to reducing fuel consumption and 
emissions. In further work the hybrid drive system 
requires a continuation of work on the electric power 
storage system and a method for the control of these two 
units. 
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