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1. INTRODUCTION 

The gear drive is possibly one of the earliest machines showing the example of the human in-

genuity and technical knowledge. It has transformed from a wooden, slow movement trans-

mitting structure into a very precise and sophisticated machine, which is able to transmit huge 

power. The first gear drives which are the forerunners of the present ones, originate from the 

ancient times. 

In Ancient Greece and Egypt water was the main energy carrier. The engineers of ancient 

times transformed the kinetic energy of the water to rotating motion with water wheels. This 

rotating motion was used afterwards. The rotating motion had to be controlled. The speed or 

the spatial direction of the motion had to be modified. Early engineers used cage gears as a 

solution. Cage gears were used to operate pumps, lifters, fountains and clocks. 

Historians have not been able to determine the exact date of the appearance of gear as a ma-

chine element yet, but it can be traced back to around 450-230 B.C. The water clocks of Al-

exandria, which were made by CTESIBIUS, confirm this date. Unfortunately, none of them has 

survived, only references prove their existence. Some historians attribute the invention of 

gears to  ARCHIMEDES, on the basis of “Barulkon”. Nothing can be found about metallic gears 

until the 15th century. There are many gears with a tooth profile among LEONARDO DA VIN-

CI’S drawings. As so many of LEONARDO’S inventions, these ones were not realized, either. 

GERARD DESARGUES, A French artificer officer was the first one to state that the gears had to 

dispose of a tooth profile. 

The profile recommended by him was an epicycloid profile.  It has a very good resistance to 

rolling and load bearing features, but its manufacturing is costly, and it is very sensitive to the 

changes in centre distance. The application of  the involute curve as a tooth profile was first 

mentioned by PHILIPS DE LA HIRE in 1694. However, his suggestion was not accepted for 50 

years. The results of LEONHARD EULER’S research in 1765 convinced many experts dealing 

with gears that it was the involute profile that was to be kept in case of gears.  Nevertheless, 

they had to wait for the general approval until 1841 when ROBERT WILLIS proved the benefits 

of involute profiles. 

There have been a lot of researches related to gears and gear drives recently.  Two significant 

research workshops should be mentioned: one of them operates at Ganz-MÁVAG in Buda-

pest and the other one is  held at the Budapest University of Technology, with researhers like 

LAJOS SZENICZEI, IMRE BOTKA, GYÖRGY ERNEY, IMRE VÖRÖS, JÓZSEF MAGYAR, and TIBOR 

BERCSEY, who influenced the production and research of gears to great extent. Parallelly with 

the Budapest University of Technology there are still researches dealing with gears, toothing, 

gear drives, involving names like ZÉNÓ TERPLÁN, IMRE LÉVAI, JÓZSEF DROBNI, FERENC 

APRÓ, ÁDÁM DÖBRÖCZÖNI, ILLÉS DUDÁS, and LÁSZLÓ DUDÁS. 

On the basis of the mentioned examples gears and the structures driven by them are of great 

significance  in the field of technology, and their influence can be experienced in many fields 

of our life. The three basic machines (machine tool, power engine, driving gear) can be con-

sidered as closed units, therefore the behaviour of any of them is significant in relation to en-

vironmental pollution, basically in the field of noise and vibration. Nowadays greater atten-

tion should be paid to the effects of machines and machine units on their environment. Legal 

regulation provides stricter and stricter requirements for designers.  

 

The noise of connecting gears caused a problem in plants even in the 1720s. The first applica-

tion of noise reduction appeared with the compound toothing at that time. Looking 20-30 
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years back in designing gears, the noise emitted by the drive did not even appear among the 

designing parameters. However, nowadays, it is a very important factor [30]. It is obvious that 

the adequacy of solidity is also important. That is why it is necessary to work out a method 

which – in the phase of designing - takes into account and signals the acoustic characteristics 

of the machine or machine unit, and assists the designer with working up to today’s require-

ments [12], [69], [70], [76]. 

2. OBJECTIVES 

The aim of the research is the elaboration of a calculating system/method on the basis of in-

ducing effects, transmitting paths and radiation characteristics, which would make the envi-

ronment-oriented management of the whole system possible even at the stage of designing. 

All the factors significantly affecting noise and vibration conditions have to be taken into ac-

count. Among these groups of factors we have to deal with the constructional area including 

the possible modifications of the source – radiation relationship in particular. The present pa-

per deals with the environment-oriented designing questions and constructional modifications 

of industrial drives operating with external spur gears.  I aim at studying the drives operating 

in technological processes in which the noise of the drives is an important element. We can 

exclude types in case of which the noise of the drives is negligible beside the noise coming 

from technology. They are the heavy industry applications (metallurgy, mining industry), or 

textiles.   The environment-oriented analysis of drives with  sintered or plastic teeth is not the 

objective of the paper, either. In my dissertation I had to prove the constructional suggestions 

as new scientific results by theoretical calculations. In case of a new constructional suggestion 

the material of the toothing and the gear hub is still steel in its traditional form. On the basis 

of the presented calculations it will be possible to specify what  effect the constructional mod-

ifications can have on the environment, by making experiments on a real test piece. Making 

experiments could be the next step of the research, which has not yet been presented in this 

paper.   

3. LITERATURE SURVEY 

The literature survey related to the topic of the thesis consists of 5 chapters and sums up the 

international guidelines for designing and the main elements of the gear drives in terms of 

acoustics. The applied directive is the EU’s relevant directive [52], as well as the standard of 

ISO/TR 11688 (MSZ EN ISO 11688) [40], [31]. During the study of literature the description 

of noise-making elements in gear drives was given. First, the exciting effect coming from the 

connecting process of gears is presented [26], [47], [77], [14]. Beside tooth connection, an-

other exciting element is the bearing of the drive, whose behaviour and operational frequen-

cies are presented on the basis of [26], [13], [8], and [43]. WELBOURN was a pioneer in study-

ing acoustic and exciting effects of gear drives. He introduced the concept of transmission er-

ror [2]. Many researchers have dealt with the measurement, reduction and calculation of 

transmission error: ÅKERBLOM [2], [1], MITCHELL [39], TANDON [68], SWEENEY [64], HODG-

ES [21], SMITH [60], HOUSER [22], KATO [23], MASUDA [36], MARK [35], [34], SMITH 
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[62],[63],[61]. On the basis of the technical literature it was presented what effect different 

toothing procedures, modifications and errors might have on the noise emitted by gear drives. 

In the mentioned area PARSSINEN and  ÅKERBLOM [3] have made several experiments. We 

should not forget about the categorization of acoustic features of  gear drives, where  OPITZ 

[43] has to be mentioned as the researcher with outstanding results in this field. The thesis 

shows the role of bearings in terms of noise-making. On the basis of the literature it can be 

stated that the noise of bearings is negligible with the noise of connecting gears (usually less 

by 10 dB). Yet bearings have an effect on the whole noisemaking of the drive. The conse-

quences are in (LIN [29], YOUNG [74], ROOK [48], ÅKERBLOM [4]). On the basis of the litera-

ture, as well as directives and regulations, it can be stated that the acoustic behaviour of drives 

is an intensively researched field. There is a consequence on the base of the literature, and that 

is that modifications in gear toothing would not mean any improvement. Therefore, it is the 

constructional field where interventions can be made to achieve lower noise emission.  

4. SOLUTION  

4.1. ANALYSIS OF THE RELATIONSHIP BETWEEN THE MODULE AND CHIP VOLUME 

ALONG WITH ENVIRONMENT-ORIENTED ASPECTS 

The most bothering factors for the environment in gear manufacturing is the applied energy 

and the chip produced during toothing. As for the applied energy, the proper procedure is to 

make toothing with as little energy expenditure as possible. The main advantage is that the 

energy not used does not have to be produced. As for the removed chip volume, by reducing 

the amount of chips as hazardous waste (due to the cooling and lubricating oil that stays on 

it), a further step can be made towards the environmentally-friendly production of drives and 

gears.    

The paper provides the change in the tooth root stress depending on the module according to 

the standard of ISO6336. I also present the relationship with the help of which the smallest 

allowable module can be calculated on the basis of the tooth root stress. The paper shows that 

in case of a given material quality the smallest allowable module is the best solution consider-

ing the environment, and in case of gear drives it also presents what the relation between  the 

forming noise and the value of the module is. According to the data of technical literature, the 

bigger the module is, the less the noise of drives is. It means that the choice of the module has 

opposite effects on the two mentioned properties. The designing engineer has to choose the 

module by taking both aspects into consideration. [75], [11], [65]. 

4.2. ANALYSING AND SEARCHING FOR MODIFICATION POSSIBILITIES IN GEAR 

DRIVES WITH THE HELP OF GRAPHS  

In the Objectives section it has been mentioned that in case of gear drives a suggestion should 

be made for constructional modifications, which would play a significant role in reducing the 

noise emitted by the drives. According to the literature survey it can be concluded that the 

noise created due to the tooth connection cannot be efficiently reduced by intervention at the 

point of the connection.  As a consequence, intervention can be realized by primary transmis-

sion in the drives. I introduced the description of gear drives with the help of graphs so that 
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the points of the intervention should not be randomly chosen. On the one hand the building 

elements of the drive correspond to the nodes of the graph, and on the other hand, the connec-

tion between the elements (primary transmission path) corresponds to the edges of the graph. 

It is called the acoustic connection graph.  The established graph can be written in the form of 

a matrix, which is called the matrix of acoustics connections of the drive. Beside giving the 

matrix, by creating a system of rules the formula of the drives was also established (acoustic 

propagation equation).  

At the point of modifying the established acoustic connection graph, a new element was put 

onto each edge of the graph, having a vibration damping effect.  A new machine element with 

new properties can be produced by joining the newly located elements with existisg elements. 

With further modifications an isomorphic version of the graph can also be generated. T1 and 

T2 have been stated on the basis of the generated graphs, matrixes and acoustic propagation 

equations [67], [5]. 

4.3. A CONSTRUCTIONAL SUGGESTION FOR USING METALLIC FOAMS IN GEAR 

DRIVES 

The paper gives constructional suggestions for two intervention points with the help of an 

acoustic connection graph of drives. In both cases examples for a new application of metallic 

foam  materials  are provided.  One of the areas of intervention is construction in the gear 

body, the other one is, the area of gear bearing cups in the gear housing. The connection im-

pulse is the result of the continuous change in the connection of one pair of teeth – two pairs 

of teeth, which is the most significant source of the noise in gear drives. On the basis of the 

operational conditions of gears, the initial conditions of damped vibration of the gear (origi-

nating from the tooth connection) can be defined, and the character of damping can be deter-

mined by knowing the material properties.  It was also stated what extent of vibration damp-

ing could be achieved in case of metallic foam materials built in the body gear and the gear 

housing, with the help of the damping model used in technology.  The findings are summa-

rized in T3 [44], [25], [33], [32], [7], [10], [59], [18], [6], [7], [41]. 
 

4.4. PRESENTATION OF THE PROCESS OF ENVIRONMENTALLY FRIENDLY DESIGN 

OF GEAR DRIVES 

According to the objectives set in the paper, a designing process has been described, in each 

step of which paying attention to the -mainly acoustic- environmentally friendly aspects is es-

sential.  The designing process describes the steps of designing a gear drive of a given vol-

ume.  By studying the technical literature we could not find any other design process descrip-

tions like that, however, it is a frequent case in engineering  practice. The designing process 

includes the choice of the module on the basis of environmentally-friendly aspects. The most 

important step is choosing the profile displacement factors and the operating pressure angle in 

case of a gear, for which the application of Hofer  B-toothing  is suggested.  The recommend-

ed profile connection number is exactly two, thus the effect of connection impulse can be 

(theoretically) eliminated. The process involves further – acoustically important – factors.  
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They are as follows:  tooth stammting, tooth cutting, type of  processing, choosing the rough-

ness of the surface). The flow chart of the designing process of the gear drive is also given 

with environment-oriented aspects. 

4.5. NEW SCIENTIFIC RESULTS 

 

T1. I have created a graph which describes the acoustic behavior of a drive, related to gear 

drives. It is called an acoustic connection graph. The nodes of the acoustic connection graph 

stand for the parts of the drive, and the edges of the graph represent the connection between 

the parts of the drive in the primary transmission path. I have determined the matrix describ-

ing the graph. This is the acoustic connection matrix. With the introduction of a notation, I 

determined the specification of the acoustic behavior of the drives with the help of a formula 

for acoustic propagation. I have created a new modified acoustic connection graph with the 

expansion of the acoustic connection graph, where the elements which are used for the expan-

sion, bring a new property into the system. On the basis of the new graph, I have determined 

the expanded acoustic connection matrix of the drive. On the basis of the ‘not zero’ elements 

of the acoustic connection matrix with function contraction, I have produced machine ele-

ments with new properties. [SF10]. 

 

T2. I have created an isomorphic version of an acoustic connection graph of the drive, which 

operates with external spur gears. The starting node of this graph is the point of the excitation 

and the end node is the emitter surface. The acoustic connection graph, which was made 

through isomorphic transformation, is a directional acyclic graph. With this graph I have 

shown that the number of the primary transmission paths of the drive is equal with the number 

of the routes of the modified acoustic connection graph. By dividing the modified acoustic 

connection graph into levels, I found that the modification in the gear drive would provide 

good results only if intervention was made in every route crossing the levels. The more levels 

the intervention takes place at in the acoustic connection graph, the bigger effect we can 

achieve in the whole system. [SF10]. 
 

T3.: I have determined a new application of metallic foams in gear drives which operate with 

external spur gears, where the good vibration damping ability of metallic foams will be ex-

ploited. I have also pointed out that the scale of the vibration damping effect of the inbuilt me-

tallic foam depends on the damping factor, and the radial dimension of the inbuilt metallic 

foam. At first, I described the relationship between the damping ability and the geometrical 

dimensions of the metallic foams with a simple mechanical model. I gave a new construction-

al suggestion for metallic foams to be built in the gear body. I also gave a new constructional 

suggestion for building metallic foams in the gear housing, in case of both divided and undi-

vided housings. [SF9] 
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5. DIRECTIONS AND POSSIBILITIES OF DEVELOPMENT 

Series of measurements are needed to implement the constructional suggestions made in the 

present work to get a real picture about the behaviour of metallic foam materials built in the 

gear body or drive housing.   

In the series of experiments it is important to modify the metallic foam materials, the cell size 

and the width of bridges between the cells, this way to determine the effects of different pa-

rameters on the vibrations.  It is necessary to study what effect the loads of the gear make on 

the metallic foam material’s  resisting ability against fatigue. A technology should be worked 

out for the precise and load-bearing connection of  the metallic foam materials and the metal-

lic rim, as well as the hub, which can be realized, and its costs are acceptable  within industri-

al conditions.  

The further objective of the series should be a manual for designing (table, graph, empirical 

relation) which determines the properties of the metallic foam material to be built in, paying 

attention to the properties of the developing vibration at tooth connection.   

On the basis of the new designing process presented in the paper and the database of future 

measurement results it will be possible to create a software that can be integrated into  3D  

modelling softwares.  
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