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Abstract: The paper presents a theoretical analysis in the field of the application of planetary gear trains in vehicles. The following main 

areas have been considered: design features of planetary gear trains, specific aspects of the application use of planetary gears in vehicles 

and possibilities of increasing the efficiency coefficient of these drives. An analysis of the option for investigating these gear sets has been 

implemented as well. Special attention is dedicated to the options of minimizing energy consumption, taking into account the relevant 

limitations and operating conditions of planetary gear trains. Conclusions have been deduces. Ideas for future scientific work are presented.  
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1. Introduction 

Global warming issues and the demand for alternative 

sustainable transport make the issue of vehicle’s selection an 

important and topical problem. 

Fuel economy is one of the main technical parameters of 

vehicle efficiency. This indicator depends not only on the 

performance of the engine and the suspension, but also on the 

selection of the appropriate transmission. One of the most important 

environmental criteria in recent years is the reduction of harmful 

emissions released into the atmosphere. Almost 30% of total CO2 

emissions in the EU are due to the transport issues, with land, 

ground transport accounting for around 72% of these emissions, [1]. 

According to the EU's official website, automobiles account for 

around 15% of CO2 emissions. Trucks and buses account for a 

quarter of road transport CO2 emissions and for around 6% of total 

EU emissions. In 2021, the European Commission proposes to 

reduce the emission limits for new cars and vans by further 15% 

from 2025. Later on, a 55% reduction in emissions concerning new 

cars and a 50% reduction in emissions concerning new vans by 

2030 is envisaged, i.e. reaching zero emissions by 2035, Fig.1, [2].  

 

Fig.1. EU transport emissions, [2] 

 

One of the priorities for reducing emissions is directly related to 

decreasing the fuel consumption of vehicles with internal 

combustion engines or to the development and production of 

electric and/or hybrid cars. One of the solutions for automatic 

transmission cars and heavy-duty vehicles can be found in the 

elaboration of high-efficiency power transmissions and gear drives. 

 Such transmissions and gear trains should be able to optimize 

energy consumption and at the same time: to provide the necessary 

power and to ensure the relevant precision when transmitting 

motion and torque. 

Due to this reason, the author's team considers that the research 

problem regarding the selection of a suitable transmission and the 

improvement of its dynamic and functional characteristics is 

significant and topical matter. 

The objective of the research presented is to determine the 

boundaries of application of gear trains in vehicle transmissions and 

the possibilities for improving the existing methods for creating 

theoretical models and applying modern approaches and tools. 

2. Specific design features of planetary gear trains 

Planetary gear trains are extremely often applied in automobiles 

and trucks because of their high gear ratio related to the overall 

dimensions of these gear drives. They are characterized by great 

compactness, i.e. relative small dimensions and small mass values: 

from 2 to 5 times less compared to spur and helical involute gear 

trains.  

This advantage is due to the principle of multi-flow and to the 

application of several satellites which divide the power flow, [3].  

Planetary gear trains are considered to be particularly suitable for 

hybrid vehicles and especially for: power split hybrids and plug-in 

hybrids, which are characterized by greater power values for certain 

time intervals. 

Due to the advantages listed, planetary gear trains are used 

extremely often in the automotive industry. In [4], a systematic 

study of the various possible design schemes of planetary gear 

drives with two carriers and four external shafts has been made in 

order to indicate the most suitable deign options for the relevant 

specific application. 

Considering planetary gear trains with two carriers, the design 

schemes with three external shafts according to [3] are most often 

used. Regarding gear drives with a variable transmission ratio, 

planetary gear sets with three, four and (recently) even five carriers, 

which can ensure large values of transmission ratios, have a 

significant application, [5].  

Particularly interesting is the summary of the application of 

planetary gear trains with two carriers and four external shafts, 

which are quite suitable for changing the transmission ratio as two-

speed or reversing mechanisms, [3]. 

Very important aspects of the application of planetary gear 

trains in vehicles are their kinematic capabilities. In [6], a 

comprehensive analysis of kinematic relationships in planetary gear 

sets has been made. It outlines the features of the design schemes, 

some characteristic limitations and conditions under which these 

gear drives are to be used. 

In addition, the authors of [6] make an analysis of different 

automobile brands. They also highlight the differences in the 

configuration of the components and the relationship of the 

planetary gear design scheme with the operation modes of different 

automobiles. 

Designing planetary gear trains for automobiles is a complex 

process that requires careful analysis of the vehicle's drive system. 
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The designers have to take into account the dimensions and 

weight of the vehicles, the type of drives, the necessary gear ratios 

and the torques values. In order to obtain better control systems and 

better efficiency, it is necessary to apply specific computational 

procedures to make solutions for these problems. 

A suitable solution for designing a vehicle transmission through 

creating separate modules is suggested in [7], as shown in Fig. 2. 

 

 

Fig.2. Power flow in a transmission with one stage planetary gear train, [7] 

 

The design diagram of one stage planetary gear train includes: a 

motor (MG1) connected to the sun gear of the planetary gear set; a 

motor-generator (MG2) which is in contact with the ring gear and 

the engine which is assembled to the carrier gear. 

This design scheme contains four clutches, Fig. 2. Depending 

on the type of their engagement, four modes can be generated. 

These options have been described in details in [7]. 

3. Applied aspects of the usage of planetary gear 

trains in vehicles 

A significant aspect of the application of planetary gear trains in 

vehicles is their dynamic behavior. In [8], innovative theoretical 

models have been described. They can be considered useful tools 

for simulation studies of the dynamic behavior of planetary gear 

drives. 

In [9] and [10], studies of natural frequencies and modes of 

vibration of planetary gear trains have been presented. The results 

of these studies are aimed at determining the resonance zone and 

setting up the resonances in areas that are far from the operating 

rotational frequencies. These specific features make the results 

obtained suitable for an optimization procedure when designing 

automotive transmissions. 

The authors of [11] conducted a research study of the vibration 

characteristics of a single-stage planetary gearbox. They assume 

that the gearbox and the sensor rotate against the carrier and divide 

the problem into two parts: an investigation of the signal model of 

the gearbox with a fixed shaft and a test of the influence of the 

rotation of the sensor. 

Based upon this assumption, a vibration signal model of a 

planetary gearbox has been obtained. The experimental results 

obtained have been used to validate the theoretical model. It can be 

considered that the results of this study are significant for practical 

applications. 

Another group of important applied aspects of the usage of 

planetary gear trains in vehicles are the possibilities to achieve a 

significant improvement conserving the functional and operational 

parameters of these gear drive components. 

According to these indicators, original theoretical models of 

planetary gear trains have been presented in [12-14]. The main 

purpose of the research in this area is to determine the conditions 

for noise and vibration reduction. 

In [15, 16], an author's optimization study of vehicle drive 

systems based upon the frequency analysis of the components of 

these systems has been presented. The described results of these 

studies can be used in designing of automotive transmissions. 

4. Options for increasing the efficiency of 

planetary gear trains 

Modern researchers are presenting new solutions and models of 

planetary gear trains and reducers. For example, in [17] a method 

has been proposed that provides maximum power transmission 

efficiency for a 3K planetary gearbox. The authors of the study 

claim that the solution suggested has the following main 

advantages: a compact design structure and high values of the gear 

ratio. 

As the efficiency increases, the ability to increase the gear ratio 

decreases according to [17]. The authors derive a relationship 

between the gear ratio and the control efficiency in single-stage 

high-reduction gearboxes. Their model approaches gearboxes 

involving a combination of a pair of spur involute gears. 

 

Fig.3. Model of a 3K compound planetary gear train: (a) Assembled model. 

(b) Disassembled model, [17] 

 

Contemporary publications emphasize the importance of the 

application of planetary gear trains in Hybrid Electric Vehicles 

(HEVs). Their gearboxes are equipped with one or more planetary 

gears, characterized by high load capacity, compact design 

structure, high efficiency [18] and the capability to work as a two-

stage transmission [19]. 

An innovative and interesting method for evaluating the 

efficiency coefficient in a planetary gear train has been presented in 

[20]. It can be assumed that the research mentioned has a practical 

application. 

The research activities described in [17] also include a scientific 

analysis of the influence of the number of planetary gears used on 

the energy consumption concerning the optimal operation of the 

power transmission components. 

Power transmissions with one and two planetary gear trains 

have been considered. A strategy for optimal simultaneous 

distribution of the torque and the selection of the operating mode 

has been proposed. The approach for energy management strategy 

(EMS) ensures distributes in optimal way the torque requirements 

between the power transmissions components, [17]. 

Besides, the role of clutch control has been emphasized, i.e. 

creating a mode selection option. The results show that when 

switching from one to two planetary gear trains, the energy 

consumption decreases by almost 4%, [17]. 

Another innovative methodology is the approach for improving 

the tribology performance of planetary gears with internal meshing 

and a small difference between the teeth number. The research 

mentioned is described in details in [21]. 

The evaluation of friction losses in meshing is closely related to 

the determination of specific slippage losses in gears with internal 

meshing. 
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In this investigation, the power losses in the meshing are based 

upon a factor that depends only on the geometrical parameters of 

the gear set and it affects in a significant way the efficiency 

coefficient in the meshing. 

The values of power losses in planetary gear meshing are 

reported in some literature sources to be: from 0.2% to 1.5%. 

Although these losses have relatively low values, the power loss in 

the meshing is particularly important for the overall efficiency of 

the planetary gear train, which has been validated in details in [22]. 

5. Analysis of research possibilities for planetary 

gear trains 

The possibilities of theoretical and experimental research of 

planetary gear trains have been presented in a considerable number 

of publications. The most widely used experimental methods [23, 

24] are based upon vibration diagnosis. 

Modal analysis is an approach which is based on vibration 

theory. Its main objective is to obtain the inherent characteristics of 

the structural system, such as natural frequencies and natural 

modes. 

Quite often the mode analysis is done applying ANSYS, [25 - 

28]. A significant group of scientists investigates the modal 

properties of planetary gear trains, emphasizing the relationship 

between the natural frequencies and the parameters of the technical 

systems investigated. 

Interesting experimental studies of planetary gear trains have 

been done by several groups of world-renowned scientists. The 

authors of [29] mainly focus on the modal frequencies of gears. The 

vibration modes of complex planetary gear drives have been studied 

by the authors of [30] and [31]. 

In [32], the elasticity effect of a ring with internal teeth of a 

planetary gear drive has been investigated. In [33], experimental 

modal analysis procedures have been applied in order to refine the 

dynamic behavior of planetary gear trains. 

The most commonly used experimental instruments for 

investigating power transmission are accelerometers. The location 

of these devices in the planetary gear train is particularly important 

because the satellite gears create similar vibrations passing through 

the sensor assembled, [34]. 

6. Conclusion and future work  

The theoretical research presented has been carried out in 

several main areas: design features of planetary gear trains, applied 

aspects of the usage of planetary gear drives in vehicles, 

possibilities of increasing the efficiency of planetary gear sets and 

analysis of option for researching the gear drives considered. 

Based upon the theoretical research, the following conclusions 

can be drawn: 

Significant scientific publications in the field of the application 

of planetary gears in vehicles, including hybrid and electric 

automobiles, have been reviewed. 

  Special attention is dedicated to the layout and application of 

new, specific design schemes of power transmission using planetary 

gear trains which allow minimizing the energy consumption. They 

can be useful for manufacturers and engineers by applying the 

appropriate design schemes and taking into account the relevant 

limitations and operating conditions of planetary gear drives. 

It becomes clear that new possibilities for increasing the 

efficiency of planetary gear trains can still be found. This 

circumstance will also lead to decreasing the energy consumption in 

vehicles. 

Analyzing the main options for research in the field of planetary 

gear drives, the author team considers that the future scientific work 

of the PhD student will be focused on improving the energy 

efficiency of planetary gear drives and determining methods to 

reduce vibration and noise in these gear trains. 
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