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Summary 

The paper presents the results of investigation on directional distribution of vibration generated 

by engine. The vibration are strongly correlated to comfort and safety of driving. The results of the 

research enable analyzing the vibration propagation from engine to human body. The structures 

and directional distribution of the vibrations have been registered in the location where vibrations 

penetrate the human organism.  
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BADANIA STRUKTURY I ROZK ADU KIERUNKOWEGO DRGA  POCHODZ CYCH  

OD SILNIKA W MIEJSCACH WNIKANIA DO CIA A KIEROWCY 

 

Streszczenie 

W artykule przedstawiono wyniki bada  kierunkowego rozk adu drga  generowanych przez 

silnik pojazdu na postoju. Komfort i bezpiecze stwo jazdy s  ci le powi zane z drganiami 

pojazdu. Uzyskane wyniki bada  umo liwiaj  precyzyjn  analiz  propagacji drga  od silnika do 

organizmu cz owieka. Drgania rejestrowano w 3 osiach w miejscach konstrukcyjnych, w których 

drgania przenoszone s  na cia o cz owieka. 

 

S owa kluczowe: propagacja drga , struktura drga , pojazd samochodowy 

 

1. INTRODUCTION 

 

The vibrations are inseparable phenomena during 

operating and driving by all means of transport. 

Vehicles in motion are forced to vibration mainly by 

the road. There are many of different vibration 

sources in vehicles as well. Some of them are main 

source of vibration during operating but without any 

movement. The motor engine should be considered 

as one of the most important vibration generator 

when the car doesn’t drive [1-4]. 

In order to examine vibration related phenomena 

occurring in a moving vehicle or a stationary one 

with its engine on, one should start with 

identification of vibration sources. Vibration sources 

in a vehicle are dynamic forces but also free 

vibrations as well as forced, self-induced, 

parametrical, non-parametrical, random and 

stationary ones, all generated by the driving unit, the 

power transmission system and the road. Due to the 

properties of vibration related phenomena, they may 

be analysed from the perspective of diagnostics, 

degradation and impact on men. 

The information capacity of the vibration signal 

is very large. It can give the information about 

comfort and safety. Analysis of vibration related 

phenomena is a solution commonly applied in 

Structural Health Monitoring (SHM) systems [5-12]. 

One may distinguish between two major approaches 

to detection and positioning of defects in SHM 

systems, i.e. global [13] and local [14] methods. The 

vibrations have to be considered as results of 

dynamics system, material properties and 

construction [15-17]. 

   
2. VIBRATION OF CAR VEHICLE AND 

HUMAN PERCEPTION 

 

During operating of vehicles there are many 

vibration generated by the different sources. Motor 

engine should be considered as the vibration 

generator as well. This kind of machine generate a 

disturbing force of one sort or another, but the 

frequency of the disturbing force should not be at, or 

near, a natural frequency of the structure otherwise 

resonance will occur, with the resulting high 

amplitudes of vibration and dynamic stresses, and 

noise and fatigue problems. There are two basic 

types of structural vibration: steady-state vibration 

caused by continually running machines such as 

engines, air-conditioning plants and generators 

either within the structure or situated in a 

neighbouring structure, and transient vibration 

caused by a short-duration disturbance such as a 

lorry or train passing over an expansion joint in a 

road or over a bridge. 

Ride comfort is extremely difficult to determine 

because of the variations in individual sensitivity to 
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vibration. Therefore many researchers have 

concentrated their efforts on reducing the amount of 

vibration from vehicles. Some interesting researches 

were conducted for the low frequency discomfort for 

human analysed [18]. Ride vibrations are transmitted 

to the driver buttocks and back by the seat. The floor 

panel, pedal and steering wheel transmit additional 

vibrations to the feet and hands of the driver. These 

vibrations are producing a level of discomfort for 

driver. 

Human perception of vibration is very good. A 

human organism may then be perceived as a 

complex spring-mass system of a large number of 

degrees of freedom and diversified properties 

characterising elasticity, damping, masses, 

frequency of free vibrations of individual 

components and human organs. The division of 

human perception of vibrations determines the 

subjective and psychosomatic responses as well as 

disturbances in the system functioning. As regards 

the location where vibrations penetrate the human 

organism, one may speak of general and local 

vibrations. General vibrations are transferred into the 

human organism via feet in a standing position or 

via the pelvis, the back and feet in a sitting or lying 

position. Local vibrations affect the human organism 

through upper limbs. Perception of the impact of 

wave related phenomena, such as noise and 

vibrations, on a human being is a complex matter, 

also in terms of the very nature of the said 

phenomena. The vibration energy affecting the 

human organism originates in the direct penetration 

area exclusively, therefore, what matters for the 

vibration perception is the energy affecting a unit of 

surface area in a unit of time. It is a real challenge in 

structural design to ensure that the perception 

threshold level is not exceeded. An indication of the 

likely human response to vertical vibration is shown 

in Fig. 1.  

 
Fig. 1. Human response to vibration 

[19] 

It shows harmonic vibration amplitude as a 

function of frequency. As it is presented the lines for 

constant velocity have smaller slopes than lines for 

constant vibration intensity. Therefore standards 

based on constant velocity give increased weight to 

lower frequency vibrations which are more likely to 

induce structural resonance and damage than 

frequencies above 50 Hz. 

The perception of vibrations occurring in 

automotive vehicles depends on physical 

characteristics and the current state of the man, the 

location and the area of the vibration penetration 

into the organism, the time-frequency structure of 

the penetrating vibrations which enables assessment 

of the exposure time for vibrations of specific 

frequencies. 

 

3. RESEARCH  

 

Under the studies in question, active 

experiments were undertaken featuring 

measurements of vibration accelerations in a three 

directions in three selected points to analyse 

propagation of vibration generated by engine to 

driver feet and back.. It were recorded the vibration 

in three orthogonal axes (X,Y,Z). The purpose of the 

research was analysis of the car body vibration 

generated from motor engine. The experiments were 

conducted on the car vehicle which was placed on 

the special test racks. It allows eliminate the road 

roughens impact on the suspension and in result to 

car body. The paper presents some results of 

measurements vibration of motor engine, floor of the 

car under the driver foots and driver seat. It enables 

to analyse the way of vibration transfer from the 

source to driver. Ride vibrations are transmitted to 

the driver buttocks and back by the seat. The floor 

panel transmit additional vibrations to the feet of the 

driver. These vibrations are producing a level of 

discomfort for driver. 

 
Fig. 2. Engine vibration transfer into 

human organism 

 

The established scope of research enables to 

observe changes of the vibration for chosen points 

on the vibration propagation way from engine. The 

three orthogonal axes were analysed separately. The 

comparison of the acceleration of vibration signals 

allows determine which directions of the vibration 

propagation is parent. The proposed methodology 

allows estimate influence of vibration generated by 

engine on human perception of vibration. Rotating 

machinery such as motors can generate disturbing 

forces at several different frequencies such as the 

rotating speed and blade passing frequency. 

Reciprocating machinery such as compressors and 

engines can rarely be perfectly balanced, and an 
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exciting force is produced at the rotating speed and 

at harmonics. 

The acceleration of vibration sensors type ADXL 

were used. The ADXL are complete acceleration 

measurement systems on a single, monolithic IC. It 

was used the dual-axis accelerometer (Fig. 3 and 4). 

 
Fig. 3. ADXL sensors on engine block 

 

 
Fig. 4. ADXL sensors on floor panel 

and seat 

 

The established scope of research enables to 

observe changes of the vibration for idle gear 

rotational speed increase. The idle gear rotational 

speeds founded during research were: 

- 750 rpm,  

- 1500 rpm,  

- 2000 rpm,  

- 3000 rpm.  

 

The signals are nonstationary so to analyze the 

human perception as the exposure to vibration in 

chosen frequency band the time-frequency 

transformation have to be made. The STFT signal 

distribution has been depicted in Fig. 16-17.  It 

allows observing how long vibration in chosen 

frequency band is propagating to the structure. 

   

4. RESULTS 
 

The registered signals are nonstationary so to 

analyze the human perception to vibration in chosen 

frequency band the time-frequency transformation 

have to be made. It enables comparison of structure 

of vibration for different direction and rotational 

speed. The STFT signal distribution has been 

depicted in Figures bellow.  It allows observing how 

long vibration in chosen frequency band is 

propagating to the structure.  

 

 
Fig. 5. t-f distribution of the vibration 

for different rotational speed of 

engine, block of engine X axis 

 

 
Fig. 6. t-f distribution of the vibration 

for different rotational speed of 

engine, block of engine Y axis 

 

 
Fig. 7. t-f distribution of the vibration 

for different rotational speed of engine, 

block of engine Z axis 
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Fig. 8. t-f distribution of the vibration 

for different rotational speed of 

engine, floor panel X axis 

 

 

 
Fig. 9. t-f distribution of the vibration 

for different rotational speed of 

engine, floor panel Y axis  

 

 
Fig. 10. t-f distribution of the vibration 

for different rotational speed of 

engine, floor panel Z axis 

 

 
Fig. 11. t-f distribution of the vibration 

for different rotational speed of 

engine, driver seat X axis 

 

 

 
Fig. 12. t-f distribution of the vibration 

for different rotational speed of 

engine, driver seat Y axis 

 

 
Fig. 13. t-f distribution of the 

vibration for different rotational 

speed of engine, driver seat Z 

axis 
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4. CONCLUSION 
 

The results of the research enable analyzing the 

vibration propagation from engine to human body. 

The structures and directional distribution of the 

vibrations have been registered in the location where 

vibrations penetrate the human organism. The 

vibration of floor panel and seat have got much more 

less higher frequencies components. It can’t be 

define that increase of rotational speed of the engine 

causes the vibration increase.   
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