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Abstract— The designing and creating rail vehicles with 
increased power and performance, in the design decisions of 
which the vibroactive working parts are widely used, are 
inevitably accompanied by an increase in vibroacoustic 
characteristics. It leads to the deterioration of the working 
conditions for locomotive crews as well as acoustic and vibration 
effects on the residential area during the operation of the 
locomotives. The main source of the vibroacoustic impact of the 
locomotives is the internal combustion engine installed with the 
driver's cab on the load-bearing frame. The aim of the research, 
the obtained results of which are presented in this article, 
consisted of the theoretical description of sound pressure levels in 
the locomotive drivers` cabs with influence of the air noise. For 
developing practical recommendations, the dependencies have 
been obtained that can select the materials for reducing possible 
noise to sanitary standards. 
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I.  INTRODUCTION 

The researches aim at a theoretical description of the 
processes of the excitation of vibration and noise emissions at 
workplaces of the locomotive brigades are relevant and have 
great scientific, engineering and socio-economic importance. 
In addition, it should be noted that the tiredness of drivers was 
primarily determined by the impact of vibration and acoustic 
characteristics that had negative affect on safety of traffic 
transport vehicles.  

As opposed to well-known researches of the noise 
generation in cabs of the locomotives and diesel shunting 
locomotives [1-16], the model of the noise generation process 
is substantially pointed for each elements of the internal 
combustion engine` sides towards each fifth of the cab 
enclosure (with the exception of the floor), is located at 
different distances and has different diffraction coefficients. 

II. OBJECTS AND METHODS OF RESEARCH 

The design features of the vibroacoustic system of the 
diesel shunting locomotives are: 

• A crane is installed on the roof of the cab of the 
locomotive (Fig. 1), the drive of which is a source of 
the sound radiation and vibrations. 

•  The diesel shunting locomotive as the loading transport 
locomotive LTL-6 (Fig. 2) is equipped with a 
removable workshop with a set of machines and tools 
which create a sound field in a closed volume with rigid 
enclosing walls. 

• The cabins of the diesel shunting locomotives have a 
larger glazing area than the locomotives. 

These features must be taken into account when calculating 
the air noise component at the engine operator's workplaces.  

As research objects, the loading transport locomotive LTL-
6 and LTL-4 were chosen; the loading transport locomotive 
LTL-6 is equipped with two cabs (Fig. 2).  

On the approach developing basement [1] for the cabs of 
the track and road-building machines, the dependence of the 
sound pressure levels created by the i-th enclosing element of 
the cabin on the driver's workplace was obtained: 

 

����� = ��� + 10 lg ∑ arctg ����
����������������

+��
+10lg1510lg15�� ���! 100,1�$�!+10lg16&�'��! ��()*+27,  (1) 

where ���– the noise levels near the i-th element of the 
enclosure ice, dB; 

-� –the distance from the i-th element of the enclosure ice 
to the calculated point, m; 

.�.� –dimensions of the corresponding side element ice, m; 

��/ –the area of the corresponding element of the cabin of 
the locomotive, m2; 

�$�/ –soundproofing of the corresponding element of the 
cabin of the locomotive, dB; 

 ���� –the area of the inner surface of the cabin, m2; 

&�0 –the frequency-dependent coefficients of sound 
absorption of the cabin of the locomotive. 

631Copyright © 2018, the Authors.  Published by Atlantis Press. 
This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/).

International Conference "Actual Issues of Mechanical Engineering" (AIME 2018)
Advances in Engineering Research (AER), volume 157



 
Fig. 1. The configuration of the loading transport locomotive LTL-4: 
1 – the pulling winch; 2 - the jib swing drive; 3-the loading trolley; 4, 7 - the extreme positions of the hook block; 5 - the transport position of the hook block; 6 – 
the jib of the crane; 8 - the warping; 9 – the bypass block; 10 – the load limiter; 11 – the transport spacers; 12 – the diesel generator; 13 – the automatic couplers; 
14 – the coils of CLUB-OC; 15 – the fuel tank; 16 – the sandbox; 17, 23 –the driven wheel pairs; 18 – the drive shafts; 19 - the universal hydraulic transmission 
LT-300; 20 – the platform; 21 – the intermediate support; 22 – the pneumatic system; 24 – the outriggers; 25 – the control foot-plate; 26 -the intermediate crane 
support; 27 - the base of the crane; 28 – the cargo winch. 
 
 

 
 
 

Fig. 2. The loading transport locomotive LTL-6 (Overview): 
 1 - the jib of the crane; 2 – the locksmith's workshop; 3 – the cabin for transportation of mechanized brigades; 4 – the platform of the locomotive; 5 - outriggers; 6 
– the control foot-plate 
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The sound energy, radiated by the internal combustion 
engine`s sides of the vehicle, passes through the sides and also 
affects the five elements of the locomotive cabin. 

The dependence for the calculation of the noise levels in 
the cabin of a locomotive is reduced to:  

�/�� =
��� + 10lg 10,14 + �34о
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��8����8�� ��8�� ��8�� + 10lg 10lg ∑ 68�98�
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�� +��
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where  &о –the average coefficient of sound absorption of 
the fence; 

 �о –the area of the internal surface of the hood, m2; 

D –  the index referring to the elements of the engine; 

�Eо�  – the sound insulation of the side, dB. 

The sound pressure levels created in the cabin by the 
sound emission of the ice and the outputs are determined by 
the formula: 

�FGHI = �JKLM − 20lg-GH� − 10lg ∑ 6OPQR<
∑ 6OPQ��:S;,<1=@OPQ�TU8�� 7R<

+
+10lg ∑ 6OPQ�0�?B<

6? + ПН −  GH�  − 5,                                (3) 

 

where �JKLM –  the sound power levels of the ice`s, dB; 

-GH� –the distance from the release to the calculated point, 
m; 

XY�  –the addition to the soundproofing of the i-th element 
of the enclosure of the cabin depending on the location of the 
cabin in relation to the noise source: 

XY� = 0, if the surface is located opposite the calculated 
point; 

XY�  = 5 dB if the surface is located on the side or top hood 
elements; 

XY�  = 8 dB, if the surface is located on the rear elements of 
the back relatively to the calculated point) [4]. 

The characteristic feature of the cabs of the locomotives is 
the large surface area of the glazing elements. In this case, the 
area of the bearing structure of the cabin for applying sound-
absorbing linings is significantly reduced. Therefore, it is 
advisable to theoretically substantiate the choice of materials 
with the required values of the sound absorption coefficients 
in the relevant frequency ranges, and use this data at the stage 
of designing the cabins. 

For purposes of the cabs concerned, the expression of the 
noise levels at the engine operator`s workplaces is obtained 

� = �J + 10 lg Z �
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 From the obtained expression we find:  

∑ &�0�� = (10:,�(c3cde�� fg G3:,h + 1,14e3�.                  (5) 

 

In further calculations, it should be taken into account that 
the sound absorption coefficients of the glazing should be 
taken as constant values. In addition, the variation in the 
choice of the sound-absorbing floor material is limited, so the 
sound absorption coefficients can also be taken as constant 
values. 

Consequently, the choice of the sound-absorbing materials 
is limited to the walls and the ceiling of the cabin. For these 
elements of the cabin, it is advisable to use the same materials. 

We denote the areas of the corresponding elements and the 
sound absorption coefficients as follows: 

• the glazing is   ��, &�0; 

• the floor is   ��, &�0; 

• the ceiling is   ��, &\0; 

• the sides of the cabin are    ��, &\0. 

In this case  

∑ &�0�� = ��, &�0 + ��, &�0 + ��, &\0 + ��, &\0 .                 (6) 

Then the dependence takes the form: 

 

&�0(�� + �\e = (10(:,�(c3cde�� fg G3:,he + 1,14e3� −
−(��, &�0 + ��, &�0e.              (7) 

 

Consequently, the theoretical values of the required sound 
absorption coefficients are determined by the following 
formula: 

&�0 = (10(:,�(c3cde�� fg G3:,he + 1,14e3�(�� + �\e3� −
− 6<,4<A�6�,4�A6��6j .             (8) 

 

III.  CONCLUSIONS 

The achieved dependencies make it possible to select the 
materials for reducing possible noise by the sound absorption 
method. It should be noted that if the sanitary standards of 
noise are not met, the increasing of the sound absorption 
significantly simplifies the design of soundproofing systems. 
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