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The aim of this work is to find the methods of reducing noise 
and vibration in the belt drive of the electromechanical drive of 
the selected technological equipment. Thus, we are having 
more comfortable working conditions in the workplace in 
compliance with the sanitary standards of noise and vibration. 
The noise abatement techniques and the simulation of the 
vibration of the grinding woodworker flexible gearing are 
considered. Modeling was performed with the introduction of 
Euler variables.  The simulated dependences allow by 
calculation determine noise levels and load characteristics of 
the selected equipment. The comparison between the expected 
noise levels and the sanitary standards allow determining the 
exceedance and the sources of its generation. All this is the 
basis for selecting the engineering solutions to observe the 
noise code. 

 Целью работы являлся поиск методов  снижения уровня 
шума и вибрации ременной передачи в 
электромеханическом приводе выбранного  
технологического оборудования для создания более 
комфортных условий труда рабочего с соблюдением 
санитарных норм.  
 Рассматриваются способы снижения шума и 
моделирование вибрации передач с гибкой связью 
шлифовального деревообрабатывающего станка. 
Моделирование производилось при введении переменных 
Эйлера.  Полученные зависимости позволяют расчетным 
путем определить уровни шума и нагрузочные 
характеристики выбранного оборудования. Сравнение 
ожидаемых уровней шума с санитарными нормами 
позволяет количественно определять превышения и 
образующие их источники, что является основой выбора 
инженерных решений по соблюдению санитарных норм.  
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Introduction: Transmissions with flexible connection, to which strap transmissions behave to, are becoming more and more 

common in the technological equipment. This is especially true to the high-speed and low-rate equipment; in particular, to 

grinding woodworking machine tools, tool-grinding and drilling machine tools that do not have a gear drive, and their spindles 

are rotated through the driving belts. 

 

                     
 The research is done within the frame of the independent R&D. 
 E-mail: marina_agm@mail.ru 
 Работа выполнена в рамках инициативной НИР. 
 
 



Бе
зо

па
сн

ос
ть

 д
ея

те
ль

но
ст

и 
че

ло
ве

ка

97

Вестник Донского государственного технического университета                                              2015, №3(82), 96-101 

 

БЕЗОПАСНОСТЬ ДЕЯТЕЛЬНОСТИ 
ЧЕЛОВЕКА 

SAFETY  OF  HUMAN  ACTIVITY 
 

 
УДК 62-7  DOI 10.12737/12604 
 

Simulation of vibration and noise of belt gearing 
 

A.N. Chukarin1, M.A. Gapova2 
1 Don State Technical University, Rostov-on-Don, Russian Federation 
2 Kabardino-Balkarian State University, Nalchik, Russian Federation 
 
Моделирование вибрации и шума ременных передач 
 
А.Н. Чукарин1, М.А. Гапова2 

1Донской государственный технический университет, г. Ростов-на-Дону, Российская Федерация 
2 Кабардино-Балкарский государственный университет, г. Нальчик, Российская Федерация 
 

The aim of this work is to find the methods of reducing noise 
and vibration in the belt drive of the electromechanical drive of 
the selected technological equipment. Thus, we are having 
more comfortable working conditions in the workplace in 
compliance with the sanitary standards of noise and vibration. 
The noise abatement techniques and the simulation of the 
vibration of the grinding woodworker flexible gearing are 
considered. Modeling was performed with the introduction of 
Euler variables.  The simulated dependences allow by 
calculation determine noise levels and load characteristics of 
the selected equipment. The comparison between the expected 
noise levels and the sanitary standards allow determining the 
exceedance and the sources of its generation. All this is the 
basis for selecting the engineering solutions to observe the 
noise code. 

 Целью работы являлся поиск методов  снижения уровня 
шума и вибрации ременной передачи в 
электромеханическом приводе выбранного  
технологического оборудования для создания более 
комфортных условий труда рабочего с соблюдением 
санитарных норм.  
 Рассматриваются способы снижения шума и 
моделирование вибрации передач с гибкой связью 
шлифовального деревообрабатывающего станка. 
Моделирование производилось при введении переменных 
Эйлера.  Полученные зависимости позволяют расчетным 
путем определить уровни шума и нагрузочные 
характеристики выбранного оборудования. Сравнение 
ожидаемых уровней шума с санитарными нормами 
позволяет количественно определять превышения и 
образующие их источники, что является основой выбора 
инженерных решений по соблюдению санитарных норм.  

   
Keywords: noise, vibration, belt gearing, noise reduction, 

noise levels. 

 Ключевые слова: шум, вибрация, ременные передачи, 

снижение шума, уровни шума. 

 
Introduction: Transmissions with flexible connection, to which strap transmissions behave to, are becoming more and more 

common in the technological equipment. This is especially true to the high-speed and low-rate equipment; in particular, to 

grinding woodworking machine tools, tool-grinding and drilling machine tools that do not have a gear drive, and their spindles 

are rotated through the driving belts. 

 

                     
 The research is done within the frame of the independent R&D. 
 E-mail: marina_agm@mail.ru 
 Работа выполнена в рамках инициативной НИР. 
 
 

Чукарин А.Н. и др. Моделирование вибрации и шума ременных передач                                  

 

 
 
 

Fig. 1. The noise of belt drives at TM =22-45 N∙m·s [1]: 1- belt gear; 
2 - flat; 3 - belts wedge 

 
The main part. In the established operating mode, the engine torque is balanced by the point of cutting forces. We will 
designate the appropriate voltage in branches:     - in leading branch and     - in driven. Lengthens of branches of the tape 
caused by additional voltage arising at oscillations of pulleys, are defined as: 
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where l is the distance between the axles of pulleys, m;  
Е is belt material spring constant, Pa; R1 and R2 are the radii of leading and driven pulleys, m; φ0=150° is the angle of elastic 
slip of flexible communication on the pulley; μ0= 0.3 is factor friction of flexible communication and pulley. 
To the driven pulley, the periodic revolting moment of cutting forces ∆М = М0 sin (ωt) acts, where ω is circular rotational 
speed, rad/s.  
Then the differential equations of the forced vibrations of pulleys look like in this case: 
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where J1 and J2 are the moments of inertia of leading and driven pulleys, N∙s2∙м;  
F – is cross sectional area of the tape, м2; f 21213 ααααα /)(   
We search for the decision of this system of the equations as: 
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The voltage change in the belt drive branches is connected with lengthening of the branches:  
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Then total voltage in the branches is defined as follows: tsin 10101  and tsin 10101 . 
To determine the vibration resistances of the belt drive branches as a moving flexible connection, we use the Euler variables. 
Going from total derivatives to local we will receive: 
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where υ is linear speed of the belt movement , m / s. 
Then the well-known equation of oscillations of flexible connection to the case in question takes the form: 
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where m0- distributed weight, kg / m; Т- tension,Н.  
Belt branches tension changes in time, so the equations of oscillations respectively for the leading and driven branches take the 
following form: 
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From this system, speeds of oscillations on their own forms of oscillations are defined. On this base, considering the known 
dependences of the natural oscillation frequencies of the flexible coupling, an acoustic model of a linear source is accepted. 
The applicability of this model is confirmed by the fact that the belt length is much larger than the cross-sectional area. The 
sound pressure level of the source based on the data is obtained in [3, 4] and is reduced to the following form: 

for к0hр>1 
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where    is a wave number, 1 / m; hр and    are the belt width and thickness (respectively) m; r is the distance from the belt to 
calculated point, m; В is the function defining the amplitude-phase distribution of the vibration velocity on the surface of the 
source and is given by: 
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     is angle of radiation; fk is natural oscillation frequencies of the belt, Hz, determined by the formula (5): 

 0

0

0

2π
2 m

T
m

JE
l
k

l
kfk 






  (12) 

 



Бе
зо

па
сн

ос
ть

 д
ея

те
ль

но
ст

и 
че

ло
ве

ка

99

Вестник Донского государственного технического университета                                              2015, №3(82), 96-101 

 
The voltage change in the belt drive branches is connected with lengthening of the branches:  

 1

202101
10 




RR

 
(5) 

2

101202
10 




RR
 

     
Then total voltage in the branches is defined as follows: tsin 10101  and tsin 10101 . 
To determine the vibration resistances of the belt drive branches as a moving flexible connection, we use the Euler variables. 
Going from total derivatives to local we will receive: 

 

 z
y

t
y

t
z

t
y

t
y

t
y






















 υ  (6) 

2

2
2

2

2

2

2

2

δ
δυ

δδ
δυ2

δ
δ

δ
δ

t
y

tz
y

t
y

t
y

  

where υ is linear speed of the belt movement , m / s. 
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where m0- distributed weight, kg / m; Т- tension,Н.  
Belt branches tension changes in time, so the equations of oscillations respectively for the leading and driven branches take the 
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From this system, speeds of oscillations on their own forms of oscillations are defined. On this base, considering the known 
dependences of the natural oscillation frequencies of the flexible coupling, an acoustic model of a linear source is accepted. 
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l – length of the belt, m; к – factor determining the natural frequency;  Е –spring constant, Pa; J – section moment of inertia. 
Using the representation of the elastic modulus in the complex form [19], we obtain an expression of the real part  ke fR  
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where   - effective loss rate of oscillatory energy. 
On this base, the dependences for determining the noise spectra of the belt drives are received 

at к0hр 1 
at к0hр>1 
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where К – number of belts. 
The obtained dependences allow by calculation to determine the sound pressure levels of the belt transmission taking 

into account the geometrical loaded parameters, and, most significantly, the loss factors of the oscillatory energy. 
The acoustic system of the belt drives represents a set of three sources - two pulleys and directly flexible coupling, i.e. 

the belt branches themselves. These subsystems have different inflexibility and, consequently, vary in the frequency behavior. 
Therefore, for the identification of the sources and verification of the radiator model, the natural oscillation frequencies should 
be determined according to the design model (fig. 2). 

 
Fig. 2. Design model of belt drive 

 
At oscillation of pulleys, the upper and lower transmission branches elongate.  
By designating ∆l1 and ∆l2, we receive complementary elongation of the upper and lower branches 
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In case of oscillations, both the inertia moment and the tension moment in the belt drive branches affect each of the pulleys. 

Then, the differential equations of the natural oscillations of pulleys look like: 
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From the system of the equations (16), the natural oscillation frequencies are defined: 
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Conclusions:  

The research results have shown that the sound radiation of the pulleys has a narrow-band spectrum, and natural 
frequencies lie in a low-frequency range. The belt drive as a system with the distributed mass has a broadband spectrum of 
natural oscillation frequencies.  

According to the obtained dependences, the growth of the factors of the oscillatory energy loss results in a significant 
reduction in the vibroacoustic characteristics of both the belt transmissions and the whole spindle unit. 
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