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Abstract: Noise is one of the most important parameter that influences the artificial and especially automotive 
pollution. Developing new motor vehicles, widely known as cars, respectively their auxiliary systems is now difficult 
to be done without considering noise, vibration and harshness (N.V.H.) aspects in testing and operation. N.V.H. 
criteria facilitate the appreciation made by testers, owners and users in relation with vehicle’s general behaviour 
and also in correlation with their auxiliary systems. Main objective of the present paper is to outline the innovative 
and advanced method in computer aided testing of N.V.H. parameters in a sporty car Porsche Cayman model at 
Technical University from Cluj-Napoca. Redefining the standards in comfort and tuning is close related to the 
N.V.H. research. These parameters are not acting as isolated factors in some isolated environment. They should 
be considered in relation with the complex whole which is the operating motor vehicle in the road traffic 
environment. Experimental testing results were achieved and properly analysed and interpreted. There were 
outlined some trend lines in each case. Development possibilities and perspectives were also pointed out in order 
to facilitate and encourage the further research of the specific problems. 

 
Keywords: noise, vibration and harshness tests, comfort, Porsche, Cayman 

 
1.  INTRODUCTION 
 
Considering noise, vibration and harshness (N.V.H.) aspects we aim to achieve a specific level of testing 
and to improve measuring capabilities as well as to develop some innovative and advanced research 
methods.  Increased expectations and regulations concerning noise, vibration and harshness (NVH) 
levels are inherent in automotive engineering and specific design. Optimal refinement is in this case one 
of the significant technological and design attributes to be looked at in the process of perfecting a motor 
vehicle and its specialized systems. Noise emissions of traction drives and the coupling of structure-
borne sound to surrounding technical devices is increasingly becoming a key performance indicator 
(KPI) in the automotive industry and is also used as an indicator for condition monitoring e.g. of 
production machines 0. The present day automotive industry searches for any option to attract the 
customers with products which will be generating lower noise and consume less fuel but also be equally 
powerful. This unique requirement drives the motivation for building each and every aspect of a 
dynamical system to be represented in the math model. The car should be durable, less noisy, powerful, 
as well as elegant 0. In order to develop new vehicle products with well-refined noise performance, 
vehicle noise measurements and analysis have to be conducted to validate designs and acoustic 
refinement 0. High standards of NVH (Noise, Vibration and Harshness) performance are expected by 
consumers of all modern cars. Refinement is one of the main engineering and design attributes to be 
addressed in the course of developing new vehicle models and vehicle components 0. By applying a 
specific methodology and materials the paper aims to achieve experimental results. 
 
2.  METHODOLOGY AND MATERIALS 
 
The best results in research are gained by applying scientific method and using adeqauted materials as 
it is shown in the next paragraphs.  

                                                 
*
 Corresponding author e-mail: doru.baldean@auto.utcluj.ro 
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Environmental requirements of the recording equipment: operating ambient temperature 0° to 35° C; 
nonoperating temperature -20° to 45° C; relative humidity: 5% to 95% noncondensing; operating altitude 
up to 3000 m. 
Methodology was developed at Technical University from Cluj-Napoca and materials were made 
available at the Automobile Laboratory from Automotive and Transportations Department. 
 
2.1.  Methodology 
By measuring the noise level, considering the vibration critical range and analyzing harshness we can 
assess and evaluate the comfort level. The present paper shows an engineering method (Figure 1) for 
computer aided testing and appreciation in the field of N.V.H. parameters concerning the operation of 
sporty Porsche Cayman car.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Short methodology in determining noise, vibrations and harshness 
 
The tested and evaluated car is a fully operational model, which was studied in relation with noise 
emissions, in-use vibrations and harshness level. An innovative method of advanced engineering 
research was sketched out. The interaction between computer processing power and N.V.H. evaluation 
effort is consistently highlighted. 
The new design methods are starting to consider NVH issues throughout the whole design process.  
This involves integrating extensive modelling, simulation, evaluation, and optimization techniques into 
the design process to insure both noise and vibration comfort. New materials and techniques are also 
being developed so that the damping treatments are lighter, cheaper, and more effective. Noise, 
Vibration and Harshness, more commonly known as NVH, is an all-encompassing engineering discipline 
that deals with the objective and subjective structural dynamic and acoustic aspects of automobile 
design. The NVH engineer is interested in the structural dynamic response of the vehicle from the 
complete assembled system down to the normal modes of the individual components. As a vehicle is a 
moving dynamic system, its response to stochastic, time varying inputs is important for safety, quality, 
and comfort of the passengers.  
One specific area of study within NVH is vehicle acoustics. Sound plays an important part in the 
development of a motor vehicle 0. 
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2.2.  Materials 
Used materials consist in one full operational motored vehicle (Figure 2) Porsche Cayman model year 
2016 and the auxiliary equipment and devices necessary for experimental testing. 
As experimental equipment used in the developed tests were two mobile devices for noise measuring 
(md367fd/a) and data recording (A1367EMC2407 IC579C-E2407), also there was a test bench for 
vibration measurements (PF N750) as well as digital post-processing stations. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Available motored vehicle for experimental measurements concerning N.V.H. aspects 
 
2.3.  Mathematics and calculus 
Noise is a special category of sounds and it is defined as complex sound which generates an audible 
harshness. The elements which define the noise analyze are a part of the physiologic acoustics.  
The study of the link between the excitation and sensation intensity is made by Weber-Fechner law. 
According to this empirical law, for a hearing sensation variation in geometrical progression there is a 
correspondence in received hearing sensation variation in logarithmic progression, as in the next model 00: 
 

o
I

I

k

l
S ln*=

                     (1) 
where:  
S is hearing sensation, in Np;  
k – integration constant;  
I – sound intensity, in W/m2;  
Io – minimal reference intensity perceptible in sound field, in W/m2. 
 
Taking into consideration the physical relation between intensity and acoustic pressure there may be 
determined the level of sound pressure level Np, as mathematical model 000: 
 
- theoretical: 

o
p

p

p
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                     (2) 
and, applied for close proximity: 
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10*2

10*7.1
log*20N

5

3

10p ==

 
where: 
po is minimal acoustic pressure coresponding to the reference intensity, which has the value of 2.10-5 
N/m2;  
p – instant pressure, in N/m2.  
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3.  EXPERIMENTAL SETUP AND RESULTS 
 
The vehicle and testing equipment were interconnected via contact or contactless technical devices.  
The vehicle was brought in the Automobile laboratory from the Technical University were is a specialized 
vibration test bed available in order to monitor the Porsche Cayman behavior in some frequencies range of 
motion, especially the wheel train. Beside that there was also installed specialized equipment (microphone 
stand alone bench and software operated device) to measure the noise level multiple locations and various 
distances in 15 meters range from the inspected sporty car as it is shown in figure 3. 
 
3.1.  Experimental setup for testing 
In order to get accurate testing results and to make some interesting observation in relation with the 
sound waves generated by the operational systems and powertrain there were implemented some 
innovative and advanced engineering strategies in following the research protocol on Porsche Cayman 
(Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Points for measuring the noise level variation in motored vehicle car range 
(1-in close range<5m; 2-medium range, 5÷10 m; 3-distance of 15 m) 

 
The vibrations are analyzed on a specialized test bed available at Technical University of Cluj-Napoca as 
shown in figure 4, considering them in a cumulative protocol. 
Other main sources of noise and vibrations are vehicle speed, engine speed and transmission as they 
are plainly presented in figure 5 and figure 6, mentioning the locations for n.v.h. generators. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Schematic image of vehicle on vibrational test bed 
(1-vibrational plates of test bench; 2-tested vehicle for vibrations and harshness; 3-vibration damping 

testing results on vehicle’s front axle; 4-vibration damping testing results on vehicle’s rear axle) 
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Figure 5. Sources of N.V.H. in vehicle operation 
(1-vehicle speed meter on board of tested vehicle; 2-tahometer for engine speed on board of Cayman 

tested model; 3-complex cutaway transmission model with 7 + 1 gears and multi disc dual clutch for both 
input shafts) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. Simplified model of complex Direct Shift Gearbox 7 + 1 as a N.V.H. source. 
1-main sources for noise and vibrations at gear change;  2-secondary sources of noise and vibrations; 3-

lowest N.V.H. generation sources. 
 
3.2.  Experimental testing results 
By setting up a computer assisted experimental model (Figure 7) and measuring the noise level (Figure 
8), considering the vibration critical range and analyzing harshness we can assess and evaluate the 
comfort level. The present chapter shows a synthesis of some results collected with an engineering 
method for computer aided testing (C.A.T.) and appreciation in the field of N.V.H. parameters concerning 
the operation of sporty Porsche Cayman car (see table 1), with specific applicability on optimization 
process of the studied vehicle. The tested and evaluated car is a fully operational model, which was 
inspected concerning noise emissions (Figure 9 and Figure 10), in-use vibrations and harshness level. 
An innovative method of advanced engineering research was sketched out. The interaction between 
computer processing power and N.V.H. evaluation effort is consistently supporting the evaluation 
process. 
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Figure 7. Research equipment from Technical University and studied Porsche Cayman 
(1-Tested car; 2-front suspension; 3-wheels; 4-on-board recording equipment; 5-engine sound 

measurement; 6-power train; 7-lower suspension arm; 8-joint; 9-sound curve; 10-gear change; 11-tire; 
12-exhaust; 13-gearbox; 15-software app) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Noise variation from start in accelerating process of tested car. 
 

Table 1.  
Vehicle technical date 

 

Parameter Value 

Manufacturer Porsche 
Model Cayman 
Code 982 
Fuel Gasoline 
Pollution standard Euro 6 

 

Noise level 
[dB] 
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Figure 9. Noise values in various conditions of Porsche Cayman 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 10. Noise values at various distances from Porsche Cayman 
 
3.3.  Limitations of the proposed study 
The research is restricted to the development and validation of an innovative affordable engineering 
method in computer aided testing or evaluating the N.V.H. parameters for Porsche Cayman sporty motor 
vehicle and it surely may be extended and applied in other cases and situations also. 
The proposed personalized analysing method worked adequately in the developed work for Porsche 
Cayman, but needs to be highly defined in order to apply it for large series of motor vehicles. 
 
3.4.  The novelty of the achievement 
The research crew members are experienced in internal combustion engines, transmissions, pollution, 
alternative energy sources for green vehicles and mechanical construction technologies. The 
consideration of N.V.H. aspects in operating conditions represents a synthesizing endeavour of 
capabilities, technologies and experiences. Even if there were also considered in the previous work 
some particular tests of vehicle’s mass oscillations, this is the first integrating process of so many 
important aspects that define N.V.H. evaluating criteria and advanced engineering methods based on 
computer processing power available today. Originality of the paper consists in research method and 
applied protocol, while the applicability is both in acoustics engineering and automotive development. 
 
4.  CONCLUSION 
 
Redefining the standards in comfort and tuning is close related to the N.V.H. research. N.V.H. 
parameters are not acting as isolated factors in some isolated environment.  
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They should be considered in relation with the complex whole which is the operating motor vehicle in the 
road traffic environment. The N.V.H. aspects have an engineering influence in the vehicles development 
and operation, but also they have a financial impact when it comes to car marketing. 
Noise levels of analysed sporty car are higher than regular series BMWs or other usual motored 
vehicles, an aspect which influences both user’s satisfaction and attention. 
Close range measurements of noise show actual values between 75 to 130 dB, when the engine is 
running and speeds up at high revs level, with applicability in car design and operation optimization. 
By departing from the operating vehicle the sound level is ranged from 45 to 68 dB. 
The initiated study creates development possibilities and perspectives which facilitate and encourage 
further research of the specific problems. 
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Abstract: The paper addresses the issue of the influence that the law of friction has on the dynamic behavior of the 
mechanical system that interacts with a tribosystem. The emergence of certain nonlinearities of higher order into 
the law of friction leads to an intensification of the dissipative process and to tribosystem destabilization. 
Consequently, friction excited self-oscillations are generated into the elements of the mechanical system with a 
wide spectrum of frequencies, sustained from the external source of energy. The theoretical and experimental 
modelling of the dissipative process and of the generation of is based on the frictional harmonic oscillator that 
interacts with the tribosystem. The oscillator is used as a sensitive element to the fluctuations of the frictional force 
and as a measure of the dissipated energy. Starting from the model, the elaboration of a method and of devices for 
experimental research provided the opportunity to study the behavior of the turbosystem in unstable operating. 
 
Key-Words: Turbosystem, friction, sliding, wearout, Lagrange equation. 
 
1. INTRODUCTION  

 
As functional components of mechanical systems, tribosystems collaterally affect the former’s dynamic 
behavior and have a predominant role in energy dissipation. The evolution character of the dissipative 
process is influenced and correlatively connected with the friction characteristic (law) occurring at the 
relative motion of contact surfaces. At present, a series of different laws have been formulated only for 
dry friction: simple-static; complicated-dynamic. Considering also lubrication (with Stribeck effect), the 
series of the friction laws diversify [2][5][8]. In fact, the laws of friction are complex and include the 
influence of a series of factors of a different nature related to working, geometric and micro geometric, to 
tribosystem structure, to the source, properties, and characteristics of the materials for triboelements, 
and to the working environment. 
When nonlinearities of different orders occur into the friction characteristic (with fluctuations in the 
frictional force), in the mechanical system elements are generated noises under the form of self-
oscillations with a wide spectrum of frequencies [2][5][8].  
The structure of the spectrum, the amplitude and shape of the oscillations are influenced by charging 
parameters, the friction regime and energy dissipation factors, the properties and state of the materials 
for triboelements and the lubricant, the origin and intensity of processes arising in the contact area. For 
problems of such complexity a reliable research method remains the experimental one. However, 
experimental modelling should be formalized and executed within the framework of the fundamental 
equations of nonlinear dynamics. 
 
2. DYNAMIC MODELING OF MECHANICAL SYSTEM-TURBOSYSTEM INTERACTION 

 
A model commonly used to describe and study the oscillatory processes in different systems is the 
harmonic oscillator. The oscillator is the basis of both mathematical models and necessary technical 
devices for tests and the experimental research of the studied systems.  
The oscillator has been accepted as a model for studying the interaction between the tribosystem 
characteristics and the mechanical system (figure 1). It consists of block 1 with mass m link connected to 
housing 4, fixed on both sides by means of two similar elastic elements 2, of low rigidity c. 
                                                 
* Corresponding author e-mail:  dr_ceban@yahoo.com 
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Figure 1. Mechanical oscillator scheme 
 
The angular frequency of the oscillator is ω = (c/m)1/2.  The tribological connection between the oscillator 
and the triboelements is realized through the contact between block 1 and platform 3.  
Platform 3, driven by a crank-type mechanism, performs a translational reciprocating movement on 
guide 5 within distances S, with speed: 

 

                       
(1) 

where:  
Ω - the angular speed of the crank, 
r - the radius of the crank; 
l - the length of the rod; 
λ - the rotation angle of the crank. 
and  
λ=rφm/l. 
Initially, the X coordinate’s origin of the gravity center of block 1 is in the stable equilibrium point O. 
When the platform begins to move with speed V on distance S, block 1, influenced by the friction force Ff  
will move in direction X with speed Ẋ.  
The relative speed between the contact surfaces of the friction bond becomes  vr = Ẋ – V. 
Connecting the oscillator to the tribosystem results in a system composed of two subsystems of different 
nature (mechanical and dissipative) with own dynamic behaviour, influencing each other during working. 
The evolution of the dissipative process (of energetic essence) can be studied only from the perspective 
of Lagrangean formalism, according to which the generalized dissipative force Qd derives from a force 
function called Rayleigh dissipative function [6][7], defined by the relationship: 

 

(2) 

where: kj  and fj(u)   – the positive functions defined on spaces  of the contact real elementary areas that 

are dependent on the q=X coordinate and on the generalized speed  of the oscillator, on speed V of 
the platform, and on the internal and external parameters of the tribosystem; vj– the relative local speed 
of the surfaces on the contact real elementary areas of the spaces; N – the number of real elementary 
areas within the boundaries of the contact nominal area. In the sliding tribosystem the role of dissipative 
generalized force Qn is played by the total force of friction Ff, defined by the gradient of the dissipative 
force in the direction of the relative motion of the contact surfaces [2][8] 

 

(3) 

 
where: X- V = vr – the generalized speed is represented by the relative speed of the surfaces when the 
platform and the block of the oscillator move.  
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The movement of the oscillator under the action of the dissipative forces is described by the Lagrange 
equation 

 

(4) 
 

 
where: L= (T – Π) – the Lagrange function (kinetic potential); (T=mx2/2) - the kinetic energy of the 
oscillator; (Π = cx2/2) – the potential energy accumulated into the elastic elements of the oscillator. If the 
working parameters are maintained at constant level, the oscillator asymptotically stabilizes his position 
temporarily “freezing” in the vicinity of the unstable equilibrium point O* (figure 1) with coordinate X*. 
When the position of the block is stabilized, speed Ẋ→0, and the contact relative speed becomes vr =-V . 
In this state the oscillator passes in a steady and stable working mode relative to the point X*, where 
block 1 will be in the balance of forces in the movement direction of the platform (Ff + Fs = 0), where:  
Ff = Fc – the constant component of the Coulomb type friction force;  
Fs = -cX* - the force of elasticity.  
On the oscillator’s passing in steady state, the dissipative friction force between the block and the 
platform remains linearly dependent on the generalized coordinate X* and the platform speed V. 
Lagrange equation for the steady state conditions of the oscillator takes the form. 

 

According to (5), the friction force and the energy dissipation power Pd(V) for motion with relative 

speed . 

      

 

(6) 

 
The loss of stability violates the balance of forces, the movement of the oscillator being determined by 
the variation of the dissipative forces. In the event of some instability in the operation of the tribosystem, 
with disruptive fluctuations of the friction force, the oscillator passes into a self-oscillation regime 
maintained from the external source of energy.  
The nature and evolution of the dissipative process can be efficiently set in the analysis result of the 
oscillator’s motion in the phase space (figure 2) built in the phase coordinates Y=X  and Z= Ẋ/ω.  
To this aim, the ratio between the motions of the representative point M on the phase trajectories for 
each two cycles in a row (i) and (i+1) are examined step by step. 
In examining the movement on the phase trajectory of cycle i in self-oscillation state (figures1, 2) the 
coordinate and speed of the oscillator are: 
 

 , ,  
 
where:  

 - average component; 
xi - variable component; 

 - speed of passage from the previous cycle (i-1) to cycle i. 

On the i cycle path, two types of movement can be identified: 1 - with low speed  , determined by the 

variation of the mean component coordinate of the cycle; 2 -with high speed , determined by the 
variation of the xi coordinate and  angular own frequency ω of the oscillator. 

Admitting the prime integral  of equation (4) as total energy of the oscillator, represented 
in the phasic space (figure 2) through the orbit of level hi drawn with the representative radius Ri is the 
following is obtained: 

 

          
(5) 
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(7) 

where:  

  
 
- the representative radius of the hi orbit at intersection with the trajectory of the representative point Mi 
trajectory at movement on cycle in the phasic space. 
 

 
 

Figure 2. Representation of self-oscillatory process in phase space 
 
Differentiating equation (7) by time, the energy variation of the oscillator and the evolution of the 
dissipative process under the influence of the friction force during the i cycle is determined: 

 

                                 
(8) 

 
where Vi

n – the projection of the phasic speed Vi
Φ on the direction of the normal ñi , drawn through the Mi 

representative point moving on the phasic trajectory of the cycle when intersecting the representative 
orbit hi .  
From a dynamic point of view, Vi

n is the rate of change (dissipation) of the oscillator’s energy at 
movement of the Mi point on the phasic path. 
According to relation (8), the variable component of the oscillator’s energy includes three groups of 
factors: 
 

   – for variation of the low speed and low frequency component; 

  – for variation of the high speed and high frequency component; 

  – for mutual influence of the low and high speed factors. 
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Setting the mechanical status of the oscillator by experimental methods, based on expressions (7) and 
(8), the normal component Vi

n of the phasic speed is determined, which comprises the three groups of 
influence factors. 

 

 (9) 

At temporary “freeze” of the oscillator’s mechanical status in the point of coordinate Xi* the instant steady 
state functioning conditions are obtained fixed on the average level of the oscillation cycle generated by 
the stationary friction force Fc

i at the platform movement with speed Vi . Based on relations (5) and (6), 
the solution for friction force and energy dissipation power on the average cycle component is obtained. 

 
(10) 

 
(11) 

 
The total energy dissipation power in the contact area for each movement cycle consists of two basic 

components: instantly constant, defined by speed Vi  within cycle limits; variable , defined 

by speed . 
 

 
              
(12) 

 
Taking into account relation (9) the following is obtained: 

 

(13) 

 
The total instantaneous value of the friction force during cycle (i) conditioned by the achievement of the 
working unstable self-osscilation state: 

 

                                       
(14) 

or 

 

          
(15) 

where: 

  

   

  

 . 
The component Fc

i (of Coulomb type) of the friction force is defined by the linear factors of the dissipative 
function Φd in the vicinity of the Xi* coordinated point.  

The variable (fluctuating) components of the friction force , , occur as a result of various 
dynamic effects from the contact zone with higher order nonlinearities and may vary in a wide range of 
frequencies and amplitudes. 

When condition is accomplished, the Fc component of the friction force has always the 
same sense as platform speed vector V and determines the energy dissipation level in the contact zone 
at relative motion of the surfaces.  
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The variable components (depending on the speed signs , , sign) can change their sign 
according to direction within the limits of the same oscillation cycle.  
On the negative direction, the energy previously accumulated in the oscillator’s elements dissipates in 
the contact area, and, on the positive direction, through the tribosystem, a new portion of energy from 
the external source is introduced into the oscillator.  
This behaviour relates to the achievement of the dynamic effect of variable dissipation on direction, also 
called “negative friction” effect, which is the main cause of engendering friction excited self-oscillations in 
the mechanical system [1] [2][5][7]. 
Accepting cycle (i) (i) as a benchmark, at crossing to the next cycle (i+1), the Xi* (coordinated point 
(figure 2) acquires an additional movement ∆X*(i+1)  with the speed X*(i+1), where:  
  

  

  

 
 
The coordinate, the absolute speed and the relative speed within the cycle limits (i + 1) with respect to 
cycle (i) will be: 
 

  

  

    
 
The prime integral of equation (4) for the cycle (i+1). 
 

  

        
(16) 

 
Similarly, the instantaneous frictional force is determined at the motion of the oscillator during the (i+1) 
cycle: 

  

            
(17) 

 

          
(18) 

 
The loss of system stability can occur for both types of movements: of low frequency and low speed, and 
with high frequency and high speed.  
As an experimental criterion for assessing the movement regime, the deviations of the displacements 

 and between each pair of consecutive cycles are used: 
- under steady state oscillatory motion 

 

                                       
(19) 

 
- under unstable state oscillatory motion 

 

       
(20) 
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3. EXPERIMENTAL RESULTS 

                  
Based on the above theoretical model, an original model of tribometer was made, with a cyclic 
translational motion and equipped with proper systems for measuring the dynamic characteristics 
(variables) of the system.  
As dynamic variables the following are used: 

1. displacement i in the movement direction of the platform of the mass center of the oscillating 

part against point  of the oscillator’s stable equilibrium; 

2. linear speed  of the mass center of the oscillating part; 

3. linear acceleration  of the mass center of the oscillating part; 

4. linear speed  of the platform in the movement direction within the limits of cycle i of the 
oscillator’s oscillation; 

5. cyclic frequency of the platform ; 

6. experimental average temperature  in the contact area during cycle k of the platform 
movement. 
 
The dynamic variables are recorded, step by step, in the form of time series for each cycle (i) of the 
oscillator’s movement and over each cycle (k) of the platform movement.  
Computerized technologies for recording the dynamic variables and for processing of the time series 
were used to study the behavior of the tribosystem in unstable operating conditions.  
The evolution of the friction process was estimated through the variation characteristic (law) of the 

friction force  for relative speed variation; the evolution of the dissipative process (energy 

dissipation) was estimated through the work of the friction force  cumulated for each cycle (k) of the 
platform movement.  
In the case of the translational cyclical movement, the accuracy of local friction force determination 

depends on the resolution s of the system, established within the limits of the platform movement 

cycle, where  - the period of the oscillator’s self-oscillation,  - the period of cycle k of the 
platform movement.  
Resolution s represents the oscillator’s number of cycles included in a platform movement cycle. 
As a benchmark characteristic for establishing the experimental friction law, the integrated mean within 
the limits of cycle (i) period of the local friction force is used 

 

          
(21) 

where  - the instantaneous value of the friction force within the cycle (i) limits. 
The level of energy dissipation (represented by the work of friction forces integrated on period T of cycle 
i. 

 

         
(22) 

The work of friction forces (dissipated energy)  during the cycle  period of the platform movement 
totalled 

 

         
(23) 
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The results of the experimental data analysis for a number of couples of materials and lubricants 
revealed a different and complex behavior of the frictional force (figure 3) on different portions and areas 
of the characteristics points, at relative movement of the contact on the platform cycle strokes (S).  
Within a cycle the following are identified: the DSM stroke of the platform motion on the direct sense of 
the movement and the OSM stroke for opposite movements; portions with acceleration movement (AM) 
per stroke and deceleration movement zones (DM); (ZRP) zones of return points of the contact per 
stroke and (PMS) zones of points of maximal speed of the cycle.  
If the platform is actioned by the crank mechanism, return points with different kinematic characteristics 
are obtained at the end of the strokes: (RPN) - return point near; (RPR) - return point removed.  
A pronounced dynamic behavior of the friction force occurs when changing speed direction at entry into 
and exit from the areas of return points. 
 

 
 

Figure 3. Law of friction determined experimentally for cyclical translatory movement 
 
During the experimental research, the following conditions were set:  

- oscillator mass m=0,2 kg;  
- rigidity of the elastic element  c= 100N/mm;  
- angular frequency of the oscillator ω = 6280 s-1;  
- angular frequency of the crank Ω = 31,141 s-1;  
- cyclic frequency of the platform nc = 300 min-1;  
- system resolution s = 200;  
- contact load in two ways (1 – with constant normal loading during the testing period, 2 - loading in 

consecutive steps); drop lubrication.  
The experimental temperature θ in the contact area was measured with a K type mini K thermocouple. 
Temperature evolution in the contact area occurs due to heat produced at the exhaust of mechanical 
energy.  
Contact form - flat with dimensions: width b = 20 mm; length l=40 mm.  
Stroke length S = 100 mm.  
Under study was the tribological behavior of the materials of the pair: block triboelement - electrolytic 
chromium on a steel surface; platform triboelement - 38KH2MYUA steel (similar to 41CrAlMo7).  
The contact was lubricated with MT- 16P GOST 6360-83 oil (similar to SAE 40 API CB).  
Experimental results are shown in figures 4 and 5.  
For temperature increase in the contact area (figure 4) for a load Fn = 2,0 kN, the energy dissipation level 
per cycle (k) of platform movement will vary non-linearly with a trend of asymptotic stabilization, between 
the work values of the friction forces of  Wk

f = 40 S 50 J.  
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If the operating parameters are maintained constant (Fn - load and cyclic speed of the platform nc), 
process stabilization is complete at temperature values θ = 240 ... 250 °C. 
 

 
 

Figure 4. Character of the dissipative process and evolution of the friction law with experimental 
temperature variation θ in the contact area for normal force loading Fn = 2,0 kN 

 
Of special importance for determining the dynamic behaviour of mechanical systems is the evolution of 
the law of friction in concrete working conditions.  
Figure 4 shows a significant influence of temperature on friction force for relative speed vr variation per 
cycle strokes of platform movement.  
When temperature increases, the friction force changes both values and the variation manner per stroke. 
Different behaviour is identified if the variation of the contact load force Fn takes place at constant 
temperatures θ.  
To achieve a boundary lubrication regime, during the experiment the temperature was maintained at 
high-level in the contact zone, with a permissible variation within θ = 200 ... 210 °C.  
When the contact was loaded (figure 5), a practically linear dependence of the level of energy dissipation 
Wk

f  on force Fn was obtained.  
In this case. the evolution manner of the force in the experimental friction law changes. 
 
4. CONCLUSIONS 

 
In cases when the friction law (for the couple of materials used in the construction of the triboelements) 
higher order nonlinearities occur, the friction forces generate in the mechanical system elements noises 
as self-oscillations in a wide range of frequencies. Based on Lagrange equation, the dynamic model of 
the interaction between the mechanical system and the tribosystem was developed.  
The harmonic oscillator with elastic elements was accepted as mechanical system for modeling.  
The examination of the dynamic model identified the structure of the friction force in unstable operating 
conditions of the mechanical system. In the structure of the total friction force Ff four possible 
components appear: a component Fi

c (of Coulomb type), defined by the linear factors of the dissipative 

function Φd; three variable (fluctuating) components within the limits of each oscillation cycle , 

, (occurr as a result of various dynamic effects in the contact zone with higher order 
nonlinearities and can vary over a wide range of frequencies and amplitudes). 
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Figure 5. Nature of the dissipative process and evolution of friction law for variation of the load force Fn at 

constant temperature θ into contact area 
 
Based on the model with harmonic oscillator, an original model of tribometer has been made, with 
cyclical translational movement, equipped with proper measuring systems for the dynamic 
characteristics of the oscillator, and the method for experimental determination [3] of the dynamic 
characteristics of the sliding tribosystem in unstable operating regime was developed. 
 
REFERENCES 

 
[1] Andronov A A, Vitt A A and Khaikin S E,  Teoriya kolebany. Moskva: Nauka (1981) 
[2] Armstrong-Helouvry B, Dupont P and Canudas De Wit C A,  Survey of Models, Analysis Tools 
and Compensation Methods for the Control of Machines with Friction Automatica, 30(7) 1083-138 (1994) 
[3] Crudu I,  Tribomodelarea, București: AGIR (2011) 
[4] Kragelsky I V, Treniye i iznos. Moskva: Izdatelstvo Mashinostroyeniye (1968) 
[5] Kragelsky I V and Gitis N V,  Friktsionnye avtokolebaniya. Moskva: Nauka (1987) 
 



RoJAE vol.  no. 24 / June 2018 ISSN  2457 – 5275  (Online, English) 
Romanian Journal of Automotive Engineering  ISSN 1842 – 4074 (Print, Online, Romanian) 
 

 59 

 
 
 
 
 
 
 
 
 
 

RESEARCH ON GEOMETRIC AND KINEMATIC ANALYSES OF SOME AUXILIARY 

MECHANISMS USED ON URBAN BUSES 

 
Daniela ANTONESCU*, Daniel IOZSA, Ovidiu ANTONESCU, Gheorghe FRATILA  

 
Politehnica University of Bucharest, Spl. Independentei, Nr. 313, Bucharest, Romania 

 
(Received 09 June 2017; Revised 19 August 2017; Accepted 29 August 2017) 

 
Abstract: The paper presents the geometric-kinematic modeling of an articulated planar mechanism used to 
actuate the urban bus doors. The stages of solving the kinematic parameters as displacement, velocity and 
acceleration of each component of the linkage are performed. One of the goals of the paper is to use this modeling 
of kinematics to improve the operation of the mechanism as synchronization of the two folding doors. The velocity 
and acceleration of them are also important due to the fact that it can create a safe environment for the 
passengers. Before this study, a similar type of linkage used on trolleybuses is presented in brief. Also, a review of 
the main types of urban bus doors is emphasized in section 2. 

 
Key-Words: urban bus, auxiliary mechanism, geometrical and kinematic analyse, bus doors 

 
1. INTRODUCTION  

 
For a high frequency of stops and a high number of passengers getting on and off, as well as for 
ensuring the safety of the passengers on boarding and during the journey, the urban vehicles are 
equipped with doors consisting of two or more folding parts, pneumatically or electrically controlled. 
A mechanism for actuating the city bus doors is generally composed [1][17] of two main parts: a) the 
control mechanism, mounted either under the stairs or above the door; b) the crank-slide final 
mechanisms to which either the crank and the coupler or only the couplers or the cranks are rigidly 
linked to one part of the folding door. 
The structural and kinematic analysis of the pneumatic mechanisms used to actuate the urban bus doors 
[4] highlights the unitary character of the control mechanisms. 
Also, a general method of structural and geometric analysis of the control mechanisms, in open-closed 
positions, as well middle positions, is of interest. 
In section 2 of the paper the main types of urban bus doors are presented. The most used mechanisms 
for actuating the doors are with circular sliding or rotational-sliding motions. 
In section 3 a linkage having only revolute joints in the final mechanism structure, used on trolleybuses, 
is presented. 
Finally, in section 4, a geometric-kinematic modeling of a two folding door-part mechanism is performed. 
The displacement, velocity and acceleration of each element of the linkage have been calculated and 
displayed. Based on these results, some improvements regarding the passenger comfort are outlined. 
 
2. MECHANISMS FOR BUS DOORS 

 

2.1. Swinging door (conventional) with hinge joint 
In the case of classical design buses (Figure 1a) the doors have a swinging movement around a vertical 
axis by means of some hinges. 

                                                 
*
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2.2. Door with circular sliding motion 
In modern buses one of the door movement solutions is circular sliding, being done by means of an 
articulated parallelogram mechanism (Figure 1b). The kinematic scheme of such a linkage shows that 
the vehicle door (represented by the segment MN) is rigid connected with the coupler AB (Figure 2). 
 
In the practical case of bus doors, the positioning of the fixed joints A0 and B0 is made inside the body 0, 
in the area of the stairway. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   a)       b) 
 

Figure 1. Classical swinging doors (a) and circular sliding doors (b) [18] 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
Figure 2. The kinematic scheme of the double symmetrical parallelogram mechanism 

 
Each of the two door-parts is rigid with the coupler 2 of the parallelogram mechanism A0ABB0 in the 
closed position of the door with width MN. In the open position of the door M”N” the parallelogram 
mechanism is A0A’B’B0.  
Note that the bar 1 cannot be in a straight line as it would interfere with the bus body, so that the shape 
of it is curved and it does not collide with the vehicle body (Figure 2). 
The kinematic scheme of the parallelogram mechanism was drawn in three positions, two extreme 
positions (closed and open) and an intermediate position M’N’ at the maximum distance of the body.  
For each door-part a parallelogram mechanism is corresponding, whose kinematic schemes are 
symmetrically represented.  
Due to the fact that the bar 1 A0A is the driving kinematic element, it has a much larger cross-section 
than the bar 3, having primarily a geometric role. 
Note that for the right part, the parallelogram mechanism was only in the closed position represented. 
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2.3. Door with planar rotational-sliding motion 
The door of the bus can be made of two parts articulated each other, of which one of the parts performs 
a horizontal rotation and the other one performs a planar rotational-sliding motion. 
The most commonly used solution is the one in which the door is made of a single part having a 
horizontal planar movement (rotational-sliding). When the door is opened, the door-part is fully folded or 
partially folded inside the bus. In an intermediate position of the door opening movement (Figure 3) it is 
observed that the door-part is rigid connected to the coupler of a crank-coupler planar mechanism 
(Figure 4). The control and actuation mechanism of the door is usually located at the top of the bus body 
due to the saved space inside the bus and the lower road clearance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 3. Doors with one-part inside  Figure 4. The kinematic scheme of the folding 
        crank-coupler planar mechanism 
 
3. THE DOOR MECHANISM OF A TROLLEYBUS TYPE TV 

 
This type of mechanism (Figure 5) consists of three series-connected mechanisms: MC(1,2,3), 
ME1(3,4,5,6,7) and ME2 (6,8,9). The main structure of the linkage is a planar triadic chain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 5. The kinematic scheme of planar triadic chain 
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The final mechanism consists of a parallelogram (5, 6, 7) and an anti-parallelogram (6, 8, 9) so that the 
transmission ratio [9] achieved between the driven elements 7, 9 is -1. The piston 1 operates with double 
effect, the compressed air acting on both sides, and by means of the connecting rod 2 the linear sliding 
motion is turned into a rotational motion, swinging the rocker 3 (Figure 5). 
Further, the movement is transmitted, by the coupler 4, to the parallelogram (5, 6, 7) and then, via the 
element 6, to the anti-parallelogram (6, 8, 9).  
The doors or the main parts of the folding doors are fixed to the driven elements 7, 9 (having limited 
rotation up to 90°), according to the kinematic scheme. 
 
4. THE GEOMETRIC-KINEMATIC MODELING OF A BUS DOOR MECHANISM 

 
The next kinematic scheme (Figure 6) shows the piston 1 as driving element which is positioned, at one 
moment in time, by means of the linear displacement s10=s1 in the fixed horizontal cylinder 0.  
Through the displacement of the point A, the two elements of the dyad chain LC(2,3), the coupler 2 and 
the rocker 3, will incline by the angles φ2 and φ3 measured in the points B and B0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

Figure 6. The kinematic scheme of the bus door mechanism (in closed position) and the independent 
kinematic contours 

 
Further, the swinging movement of the point C is transmitted through the coupler 4 to the triadic chain 
LT(4,5,6,7) with two fixed articulations E0 and F0 (Figure 6).  
The element 6 has two articulations opposed along the diameter E and G, so that through the rotate joint 
G the motion is transmitted to the dyad chain LC(9,10).  
On each of the bars 7 and 10 the first door–part is rigid connected, by which the second door-part 8 and 
11 is articulated (in the points I and K) whose movement is type planar rotational-sliding.  
The point J and L have sliding motion through the rollers 12 and 13 that move in a rectilinear guide. 
Note that for the extreme displacement of the piston 1 (S1max) the two doors are closed, the two door-
parts of one door being in prolongation: (7, 8) and (10, 11). 
Starting with the actuator mechanism MA(0,1), the structural formula of the planar “motor mechanism” 
(MM) has the following expression: 
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According to this formula of structural compounding of the motor mechanism, six independent closed 
kinematic contours have been identified, of which four contours specific to the four dyad chains and two 
independent contours specific to one tetrad chain. 
The characteristic lengths of the linkage are relative constant parameters with respect to the coordinate 
system chosen in point B0, and the absolute constant parameters are fixed or mobile (the characteristic 
lengths of the kinematic elements represented by the distances between their articulation centers). 
The characteristic geometric parameters with constant values are the following lengths and angles: 
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The variable lengths are the linear displacements achieved by the elements 1 (actuator piston) and the 
rollers 12 and 13 in the horizontal guide (Figure 6): 
 

.;; 13012110 sLHsFJssOO ====′   

 
For each planar closed contour two scalar equations can be written, so that for the entire mechanism 
twelve scalar equations with twelve unknowns are deduced, that represent ten angular displacements 

( )11...,,2=iiϕ  and two linear displacements ).13,12( =isi  
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This system with twelve scalar equations (2 ...13) can be divided in five systems of nonlinear equations, 
of which four systems of two equations (specific to the dyad chain) and one system of four nonlinear 
equations (specific to the triad chain). The resolving order of these systems of two or four nonlinear 
equations is given by the structural formula (1).  
Using MathCAD software the kinematics of the bus door linkage has been accomplished.  
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The software managed to resolve the twelve equation system only in stages as it has been mentioned 
above. The twelve variables (ten angular and two linear displacements) have been displayed in figure 7 
and respectively in figure 8.  
Along with these graphs the numerical tables 1 and 2 were also shown. As it can be observed in figure 8, 
the linear displacements s12 and s13 have pretty matched trajectories which means that the mechanism is 
operating almost in a symmetry way.  
This is a positive sign regarding the working balance between the two left/right folding doors. 
In figure 9 the angular and linear velocities have been displayed.  
Also, in figure 10 the angular and linear accelerations have been displayed.   
The issue of “how fast the bus door should operate?” is an optimization problem. If the speed of it is too 
high, the passengers could be struck, and if it is too low, the bus will be delayed.  
The main advantage of folding bus doors is the space saving inside the bus and the safety that it can 
provide to the passengers. 
 

Tablle 1.  
Angular displacements of the mechanism elements 

 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

   a)        b) 
Figure 7. Graphs of the angular displacements: φ2 to φ6 (a) and φ7 to φ11 (b) 
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Table 2.  
Linear displacements of the mechanism elements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Graphs of the linear displacements: s12 and s13 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
    a)      b) 

Figure 9. Graphs of the angular/linear velocities: ω2 to ω11 (a), v12 and v13 (b) 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

   a)       b) 
Figure 10. Graphs of the angular/linear accelerations: ε2 to ε11 (a), a12 and a13 (b) 
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5. CONCLUSIONS 

 
The paper presents a geometric-kinematic modeling of an articulated bar mechanism for actuate the 
doors of the urban buses. 
It is emphasized that in the linear displacement graph of the kinematics of the linkage final elements, the 
two curves are nearly matched. This is pretty acceptable due to the fact that the mechanism should 
operate in a synchronized way. 
Also, it has been outlined that the velocities and accelerations of the folding doors are very important for 
the passenger comfort and for the tight schedule of the bus driver. An optimized operation of the 
mechanism is the solution to this matter. 
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Abstract: The study concludes governance models of metropolitan areas is that whatever solution is adopted, 
depending on the specific national or regional problems facing will be necessary authority or agency with the 
capacity planning (spatial) control, revision , preservation and application of metropolitan strategy. The metropolitan 
area must have the professional resources strategic planning in the medium and long term policy analysis at the 
metropolitan level, correlate and establish balance between sectorial interests and those of the metropolitan area. 
With the advent of the automobile and the transition to mass production of various auto brands were developed in 
parallel and road transport networks, linking the large urban areas. Populated urban centers, rural areas and are 
directly affected by the exponential growth of population mobility and more striking movement of goods. Road traffic 
is orderly movement of vehicles and people, focusing on areas of land specially arranged for this purpose, ie roads. 
World car park reached impressive numbers currently circulating in over 800 million vehicles of all types and 
categories, and every year we witness the manufacture increasingly more means of transport. Concerns worldwide 
enhancers public transport system people refer to various measures to reduce congestion and increase the 
attractiveness of high-capacity transport, especially underground and use its premises for cultural or commercial. 
Guidelines on the evolution of human mobility, depending on certain input variables such as socio-economic, 
spatial planning, transport policies and behavior of the population, bring into relief some scenarios, namely "Homo 
Technicus", "Homo Economicus", "Homo Contractor", "Homo Politicus" and "Homo Civis”. 

 
Key-Words: public transport, metropolitan areas, networks, road traffic 

 
1. INTRODUCTION  

 
Transport is one of the main components of social and economic life, of human society. They continue 
and complete the process of production of material goods, moving them to the place of consumption. 
Transport creates new products, unlike industry and agriculture, which transforms the production 
process work items into new products. 
Public passenger transport is a subfield of social-economic activity through which the movement of 
people in space, using vehicles on certain traffic routes in order to meet certain needs and spiritual 
society. Development of transport was required for the development of production factors.  
Continuous increase in production volume materials, the need to exchange goods need to travel long 
distances for goods and people development were the main drivers of upward transport of deepening 
labor dimension in this activity. Need to go to people is the consequence of various places of residence 
location of the work and other social needs. 
Decisive influence on the development of transport in general (freight and passenger) had an invention 
of the steam engine, which facilitated the emergence of railways, navigation by vessels set in motion by 
the force of steam discoveries in the art such as : construction of the first automobile powered by an 
internal combustion engine (1855), the invention of the internal combustion engine with spark ignition 
(1889), the invention of the first plane (1905) - are events that moved the evolution and diversification of 
transport - the emergence and road transportation of the air. 
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In the US, "general concept of a metropolitan area is that of a territory containing a nucleus densely 
populated central and adjacent communities with a high coefficient of socio-economic integration with 
central territory".  
Current standards require that every new metropolitan area include at least: a city with less than 50 000 
inhabitants and a population metropolitan 1000 000 inhabitants (1999, US Bureau of the Census), and 
region / Metropolitan Area (MA) It refers to an area that contains a number of autonomous administrative 
units, focusing on independence both metropolitan and metropolitan affairs coordination (1993, the 
World Conference, Tokyo).  
Such an approach is essential in metropolitan areas in Romania to consider a number of programs, such 
as those of: 

− Connecting metropolitan areas to major European transport involves certain corridors connecting 
metropolitan areas and also improve road transport infrastructure in the localities that make up the 
metropolitan area so that they correspond to European standards; 

− Optimization of movement within metropolitan areas by rethinking the entire traffic system and 
traffic light so as to ensure smooth traffic junctions in linking localities that are in the metropolitan area; 

− Improve public transport joint statement aimed at decongesting transport means and especially 
the realization link between localities metropolitan area; 

− The development of appropriate road infrastructure for movement in metropolitan areas. 
The organization of the process of passenger or passengers decisive influence both efficiency and its 
quality, so it is necessary to pay special attention to preparing the transport process itself and the 
preparation (training / education) staff engaged in -a such complex and diversified to meet the rules of 
the road (road discipline) and compliance of employment (work discipline) to ensure the regularity of 
public service transport, traffic safety, etc. 
Benefits are achieved by means of passenger constitute "production process" in this field and transport 
cycle is defined as the number of strokes, which can be performed over the cycle. Race is the work of a 
middle passenger transport between the two ends of the line. 
 
2. METHOD OF DETERMINING METROPOLITAN AREAS 

 
Accepting the idea and the reality that metropolitan areas are made up of a city (or more if they are 
united space) polarizing and settlements in territory surrounding strongly linked to it, the essential 
question that arises is why the demarcation of borders, settlements falling within the same area.  
We emphasize the interrelationship between the city and its surrounding towns because many people 
believe, mistakenly, metropolitan area as an area suburban, outer city which excludes overall socio-
economic concentration just its core central polarizing. There are countless methodologies for 
determining the settlements included in the metropolitan area, ranging from the simplest, establishing the 
maximum distance from the city center and to the deepest, whereby borders are drawn after applying a 
methodology for assessing the interrelation between the central city and its outer area (lit. this area is 
called differently: peri-urban, sub-urban, urban driving, commuting, suburban, premetropolitana, etc.).  
There are numerous concerns of geographers, economists, statisticians, sociologists, planners, etc., to 
determine the boundaries of metropolitan areas in some metropolitan areas are included only 
settlements declared suburbs or suburban localities, others are included in all settlements in the 
surrounding territory at a distance the central city (usually up to 50 km), but there are studies in this area 
is extended to 60 km. For example in the case of Bucharest, there are studies that include Olteniţa, for 
instance in Bucharest Metropolitan Area.  
Among the most commonly used criteria for determining the limits of the metropolitan area, in addition to 
the distance from the city (more commonly estimated traveling time calculated in time with the means of 
transport most used by the population of cities in the surrounding territory) are: 

− the share of people in the community who come daily to work in the metropolis (in the US, 15% of 
the workforce of the village is made up of commuters working in the city); 

− the share of the population in these villages occupied in agricultural activities related to city (at 
least 75% of the population working in non-agricultural activities) 

− the share of employed in agricultural production activities designed city 

− the share of those trapped residents in the city, tourism potential of the town, the townspeople 
capitalized etc.  
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Three experiences are known and Romania closer to reality.  
European Centre for coordination and research in social sciences in Vienna, which has drafted the 1972-
1973 model for determining the Functional Urban Region (The Functional Urban Region) as SMLA 
(Metropolitan Area labor standard) and MELA (Metropolitan Area economic benefits) where SMLA 
includes the territory where more than 15% of the economically active residents moving metropolis daily 
and includes MELA territory where there is population moving every day to work in the central city. 
 

 

(1) 

 
where: 
Ii = extent of commuting in the area, 
Cij = the area commuting between i and j 
REAi = economic active residents (employed) in the area i. 
 
In Romania, the most popular experiences for determining the boundaries of the metropolitan area is the 
geographer John Jordan, in the book "suburban area of Bucharest", published in 1973, the municipalities 
in this area following formula: 
 

 

(2) 

 
where 
R = each of the indicators listed location "i" respectively index on non-agricultural activities, commuting, 
urban renewal, forest surfaces, perishable goods for city ware plant and animal intended for city and 
tourism potential; 
S = the significance of these factors; 
D = distance to the city. 
 
Also in Romania are known to Dorel Abraham published studies in 1979 and 1991 (Introduction to urban 
sociology) based on research carried out in collaboration with sociologists, geographers and economists 
to determine the peri-urban area of Bucharest.  
They were taken into account indicators on the following dimensions: labor, supply the city with 
perishable products, tourism potential, distance and spatial continuity with the polarizing city. 
 

 

(3) 

 
where: 
P1, P2, P3 = weight for the three indicators, 
A1, A2, A3 = standardized values for the three indicators (labor, agriculture and tourism potential for the 
city) 
D = distance from the city polarizing. 
 
Applying this formula settlements at a given distance from the city polarizing, obtain a peri-urban area 
comprising a number of settlements, some of which is immediately suburban, suburban other places 
near and difference, suburban area removed; with these places in town polarizing defining regional 
function suburban area of the city impact: non-renewable resource consumption, air pollution, discomfort 
to residents.  
Environmental issues are: emissions into the atmosphere, discharges into water, waste generation, 
contamination of soil and groundwater, use of raw materials and natural resources, energy use, emitted 
energy (heat, radiation, vibration) noise generation. 
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3. COMPONENTS AND ORGANIZING SYSTEM PUBLIC TRANSPORT 

 
During the race runs the following: passengers board the means of transport at the head of line mayor, 
ensuring passengers, transporting passengers to the destination, shipment during the intermediate 
stations, as appropriate, disembarking passengers at intermediate stations of the race, landing line break 
passengers finally resumed the direction of the return path (figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Flow of public passenger transport operations shown in the figure below. 

 
Cycle (Dc) shall comprise the following times: during the preparation of the means of transport to leave 
for race (includes timings related technical preparation of vehicles for their adaptation to the 
characteristics of the journey, for action is the mechanization of operations of embarkation - landing 
passengers, preparation of documents (Tp) during the moving vehicle at primary boarding (end of line) 
(Td); time to perform one or more races, including the time of embarkation - landing interim passengers 
at stations within race (Te) time to return the vehicle after the last landing of passengers (last race) in 
point sidings, where due to start another cycle (Ti). 
Transmission cycle is between the start of the first vehicle operations training and teaching time of 
conclusion of the last operation of the transport documents (after parking the vehicle): 
 
Dc = Tp + Td + Te + Ti (4) 

 
Knowledge of transport operations which make up the cycle of special importance, since each of them 
consumes labor and materials; as these expenses are lower, the cost of transportation is less, knowing 
that often share the costs for conducting other operations than those for actual transportation operations 
is greater. 
Therefore, it is a necessity reducing their weight at minimum limits in this regard, reducing downtime and 
eliminating as much as possible, unladen journeys we have a rational use of vehicles and transport costs 
minimal. 
Means of transport in the public passenger transport, cycle or ride, carry journey laden and unladen 
journey traveled zero. 
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Itinerary (circulation path) path to go through the means of transport, stations the journey, hour and 
minute crossing, commercial speed and downtime. Ideally, the entire public passenger transport activity 
to be carried out based on predetermined routes, with appropriate rhythm and to a timetable as 
accurately, with a maximum deviation of 30-40 seconds, but road is conducted under the influence of 
random factors, acting independently of the carriers, which do not always take place according to the 
schedule circulation timetable.  
During loaded (Il) the distance in kilometers covered by the vehicle laden (total or partial).  
During unloaded (during empty) (Iu): distance in km traveled by the vehicle empty state (in during the 
race it does not have passengers). 
During zero (Iz): the distance traveled by the means of transport from the point of loading garage, 
specifically primary line head and the disembarkation point, that final line head (last race) garage.  
During the vehicle's total It = Iu + Il + Iz (km). 
The races that make up the cycle of transport is based on a route (trail running) that vehicles must 
follow.In organization and management of public passenger transport system should be kept in mind that 
the road can create disturbances of public transport schedule for such situations must be clearly defined 
measures to be taken to ensure that disruption of traffic to be phased out in a time as small and return to 
the normal schedule as quickly transport. 
 
4. METROPOLITAN AREAS MODELS 

 
Establishment of metropolitan areas responds to needs and opportunities caused by organic 
development of settlements.  
Urbanization European territory led to the development of metropolitan areas with interdependent 
localities in their area of influence, already forming metropolitan realities primary, if not practically 
operate metropolitan areas are designated as areas uniform, relatively independent.  
Thus, "real country" urban-rural development realities calls for greater recognition and proper regulation 
of the "legal country" and those providing governance in Romania.  
Many strategic issues of urban planning at European level cannot be treated directly than at metropolitan 
areas, to facilitate the development of production, trade and consumption of goods across Europe so as 
to avoid obstacles due to both localism excessive as centralism and nationally.  
It is essentially the formation regions and metropolitan areas as poles of growth and development across 
Europe, included within national and transnational strategies.  
Metropolitan areas can thus become bridgeheads to benefit from new ways of communication and trade 
relations, exchange of goods and services, know-how, as centers of capital movements as destinations 
for tourism and buyers.  
The development of metropolitan areas facilitates integrate spatial planning at the regional level so as 
thereby to diminish the disparities between the center and the periphery area caused by dispersion (or 
marginalization of ghettoization, isolation of settlements deprived of opportunities), plan demographics, 
social and economic by imbalances transport, infrastructure financing, reserves space for living and 
commerce, the removal or mitigation of such imbalances would lead to an improvement in quality of life. 
Strengthening the capacity of the settlements included in the metropolitan area to face competition from 
outside. Identifying common trends of development and cooperation within area as new forms of 
institutional organization and administration, representing the interests externally, will strengthen their 
capacity to cope with competition. Therefore shall ensure economic competitiveness settlements in the 
metropolitan area to neighboring regions. Implementation of development policies and planning through 
effective management and performance, the foundation of development policies to take account of 
market demand, but also-other requirements related to ensuring densities bearable, technical and social 
infrastructure (services), supply close to dwellings, the location of recreation areas etc.  
Development of this policy is usually done through good cooperation between municipalities in land 
development, housing, infrastructure, economic development, environmental protection, human resource 
etc. The best performing shares are usually those related to transport, water supply, waste management 
and investment projects. Ensuring subsidiarity metropolitan areas by attracting public participation in 
various settlements in developing and implementing the strategy development of the area so that 
objectives and purposes planning to become more efficient.  
As we know, democracy and subsidiarity cannot be applied if a decision maker is missing.  
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This means that the population of metropolitan areas, even at the periphery of them can have an 
influence on decisions from the metropolis that would affect their lives.  
Ensuring sustainable development of the metropolitan area requires a strategy that takes into account 
the social and economic needs of the population and is based on the scheduling option, following an 
impact assessment compensates best waste of resources that cannot be immediately restored or 
replaced, so do not limit the future development of the area.  
Sustainable development implies the existence of an overview on the environment, evaluating the 
improvement of the quality of the urban environment, urban renewal and regeneration of resources that 
would diminish the negative impact of development strategies of the area and ensure development in 
this context can determine the areas to be protected as the natural vegetation can be assessed values of 
the world and village places, due to cultural and ecological values should be helped to acquire the right 
of national heritage.  
Disadvantages of the creation of the metropolitan area to consider about possible traffic jams due to 
increased circulation, environmental pollution caused by urban waste, and the use of non-organic means 
of transport.  
In the plan there is a danger of limiting government involvement Townships at a formal collaboration or 
lack of trust of local governments settlements in local planning bodies.  
Of course, there is the danger that certain interest groups to influence local planning zonal exaggerated. 
These issues are more abnormal, but they must be prevented.  
In practice there will be difficulties in coordination between the instruments local and regional planning, 
to achieve a uniform policy for the use of reserve power, reconciliation between the proposals of local 
governments in terms of infrastructure and equipment planning, land use by different agents mayors and 
maintaining ecological balance etc. 
The main indicators used are: location of population and employment, displacement volume when using 
motorized transport and public transport modal division, the level of pollution. 
The scenario "Homo Tehnicus" envisages a hierarchy depending on the degree of training at the 
expense of a scale considerations native, given current trends influencing society.  
They won two orientations, namely: 

− development of infrastructure with its own running track and some modern vehicles, such as 
hybrid or fuel cell, in order to comply with directives on the environment and that retrofitting the fleet; 

− qualitative and quantitative development of public transport is another way of economic progress 
consistent with the principles of sustainable development, bowing to the principle that the production of 
electricity to maintain the operation of public transport problematic environment. 
In this scenario assumes service quality technical considerations related to: improve comfort and 
increase speed, optimize energy consumption and organizational considerations that take into account 
the frequency, frequency, reducing subsidies. 
The scenario "Homo economicus" cost- and real prices of mobility and is designed to take into account 
on the one hand a failure of technical progress in reducing the environmental impact and on the other 
hand distrust in political actions with a political character. 
The scenario "Homo Contractor" is linked to the control of mobility, in terms of reducing it, and 
constraints on mobility are accepted, but the values of democracy and individualism in modern society 
remain intangible. 
The scenario "Homo Politicus" assumes control of space and is based on collective processes of the 
organization. Transport policies transupun collective decisions in favor of the individual and public 
transport is sustained presence anywhere is absolutely necessary, such as residential areas with high 
potential for jobs and housing owners isolated or peripheral, are taxed extra. 
The scenario "Homo Civis" meets several criteria for sustainability: reducing individual motorized 
transport, pollution, reduction of the speed of expansion of the urban area, increased travel by collective 
transport modes "light" trucks. 
Actions resulting from the simulations scenario "Homo Civis" involving the application of measures on 
urban space (the space distribution of population and jobs within the meaning of their proximity to the 
reorganization prices land) penalty go with the car individually implement a system vignetting urban to 
control the town center, reducing parking paid by companies, limiting and uniform maximum speed of 
vehicles on all types of roads, development offer collective transport, orientation behavior towards the 
use of collective transport and means "light" transport, reducing the number of daily movements, 
especially movements between home and work. 
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These actions increase the attractiveness of collective transport compared to motorized means of 
transport and relocation habitat trends established in the suburban area. 
The simulations have highlighted the key role of reducing travel speed for individual vehicles.  
In a first step measure linked to a surge of collective transport supply movements and change the 
partition number increases modal shift from motorized transport.  
In the second stage, with an accompanying increase in the supply of urban housing that offer, the price 
of land in the city center it will become more compact and reduces pollutant emissions.  
Restoring blade size urban spatial, social and environmental brings another positive consequence: 
increased travel means "light" trucks. 
The minimum requirements to be met for the introduction of an effective public transport and urban 
environmental protection are: 

− adoption of integrated and complementary measures in all areas of public transport development; 

− adoption of an integrated planning policy sustainable social and environmental protection, 
including the promotion of non-motorized transport and restrictive measures to traffic for particular; 

− collaboration of all stakeholders in promoting public transport; 

− public transport are an integral part of everyday life offers many opportunities inhabitants; 

− achieving promotion of public transport, and especially those that perform environmental 
protection by adopting long-term policy. 
During this period, the world is forced to review the future role of the automobile in cities, in one of the 
most serious transformations of the last half century, namely how to design transport.  
It is a paradox that just cars and trucks that made possible the massive urbanization are now 
contributing to the degradation of cities. 
 
Metropolitan governance models existing today in Europe are classified by METREX (Network of 
European Metropolitan Regions and Areas) in three categories: 
1. metropolitan authorities have discretion as to the social, economic, infrastructure, environment 
and planning or land use. These authorities are responsible to plan and implement effective and 
comprehensive strategies for the harmonious development of metropolitan areas. 
2. Authorities, appointed or elected, provided with essential selective powers through which to plan 
and apply strategies to solve key problems. 
3. Agencies metropolitan called complementary or bodies entrusted with responsibilities for 
strategic planning and advisory enforcement.  
 
5. CONCLUSIONS 
 
Public passenger transport process envisages and includes all operations carried out by vehicles driving 
people to carry passengers into space.  
 
In organization and management of public passenger transport system should be kept in mind that the 
road can create disturbances of public transport schedule for such situations must be clearly defined 
measures to be taken to ensure that disruption of traffic to be phased out in a time as small and return to 
the normal schedule as quickly transport.  
 
The organization of the process of passenger or passengers decisive influence both efficiency and its 
quality, so it is necessary to pay special attention to preparing the transport process itself and the 
preparation (training / education) staff engaged in -a such complex and diversified to meet the rules of 
the road (road discipline) and compliance of employment (work discipline) to ensure the regularity of 
public service transport, traffic safety. 
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Abstract: Due to the increasing number of heavy trucks, the number of the overweight trucks have increased, and 
most of them, were recorded with axle overweight. This may lead to fines for the transportation companies, and to 
the road damage. One of the main reasons of axle over-weight is the COG displacement, which is influenced by 
several factors. The main objective of this paper is to determine the way that a suspension setting can influence the 
cargo load distribution inside a truck-semi-trailer assembly.  
In order to achieve the proposed objective, a calculation principle in regarding to the influence of the suspension 
setting upon the axle weight distribution for heavy trucks is presented. This calculation method was validated 
through experimental tests.  
The results indicates that the suspension setting plays a great role in the uniformly distribution of the cargo load, 
and using a wrong suspension setting, overloading on a certain axle may appear. 

 
Key-Words: heavy trucks, suspension, axle weight distribution 

 
1. INTRODUCTION  

 
The number of heavy commercial trucks is growing every day, and on this background, the number of 
overweight trucks has the same tendency, leading to a great challenge not only for the roadway 
maintenance but also for the truck weight enforcement [9]. 
During its movement, the heavy trucks are subjected to high external forces during braking and steering, 
while the cargo loading plays a great role in the truck stability [10]. The movement of the cargo, and the 
way it is positioned in the trailer/semi-trailer, may influence the coordinates of the COG (center of 
gravity). The COG modification can overload a certain axle, which not only may lead to significant fines 
for the transportation companies, but the road infrastructure will be damaged [7].  
A study conducted in USA reported that in Tennessee more than 50% of the heavy trucks were recorded 
with axle overload; while for a gross overweight a percentage of 16.8% was reported [8]. 
Subjects such as the influence of load upon the rolling resistance respectively the fatigue assessment 
upon the rear axle due to the service loading were approached by J.Ejsmont et.al, respectively Zhao et. 
al. but, very few literature approach the subject of the influence of the suspension settings upon the axle 
weight distribution. The weighting process of a truck with a semitrailer is made on each axle, and the 
allowable values for each axle are the following: for the truck front axle is 7500 kg, the rear axle 11500 
kg, while for the semi-trailer the total allowable mass is 8000 kg for each axle of the trident. In case of 
exceeding, the transportation company receives a fine, proportional with the exceeding [1][2][4]. 
In this study, will be presented a study case where we will show the influence of the suspension settings 
upon the overload on the driving. 
 
2. TESTING PROCEDURE METHODOLOGY 

 
For the measurements of the axle loadings, there can be used two types of measurement capable to 
determine this parameter. One of the measurements is measuring the static loading, while the second 
one is capable to determine the axle loading dynamically.  
Both of the measurements have an allowable exceeding value of 4%.  
                                                 
*
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Therefore the two procedures are as follows [6]: 
- The loaded truck is stopped with approximately 4 meters before the entrance to the measuring device. 
He is slowly accelerated on an inclined plane, such that the truck can be lifted on a horizontal platform, in 
order to enter with the first axle on the device for the measurements. As soon as the first axle is 
positioned horizontally on the device, and a short amount of time (approximately 1 minute) passed since 
the first axle was positioned properly such that the cargo will be stabilized, the first measurement is 
taken. This procedure will be repeated for all the axles, and in the end the full report will be printed. 
- In the second type of procedure, the truck is moving with a constant speed that may not exceed 5 km/h, 
on a special platform capable to determine the axle loadings, dynamically. 
 
3. CASE STUDY 

 
A loaded truck is heading to the loading measurement device, but before entering to the platform, the 
driver observes that due to the inclined plane that is heading to the horizontal platform, he has to lift the 
truck’s pneumatic suspension, positioned on the rear axle, due to the fact that truck’s ground clearance 
was too small. The main objective here is to determine the influence of the lifted pneumatic suspension. 
In order to determine this influence, the following sketch was drawn, using the notations: 
hgt - Truck COG Height  a –Distance between the truck’s front axle (axle 1) to the Cgr   
hcgr- Semi-trailer COG Height  b – Distance between the truck’s rear axle (axle 2) to Cgt 
Os - Coupling point position  
hos- Coupling point height 

Z1,, Z2 - Normal reactions of the ground, for the axle number 
1 respectively axle number 2 of the truck 

Cgr - semi-trailer COG location 
Cgrt - Truck COG location 
Cg-  Truck/trailer assembly COG 
location 

Zr3, Zr4, Zr5 - Normal reactions of the ground, for the axle 
number 3, axle number 4 respectively axle number 5 of the 
semi-trailer 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Sketch of the forces that are subjecting the static truck and semi-trailer 
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At the semi-trailers with 3 axles, the suspension is provided with two air cushions for each axle, being 
fueled with compressed air.  
These cushions take over and distribute uniformly the cargo’s weight on each axle, ensuring the correct 
equilibrium, according to the approval of vehicle’s technical rules set. 
The used semi-trailer, has the following specifications:  
M0 = 7220 kg – Unladen mas;  
MTMA = 39000 kg – Maximum allowable mass;  
MUMA = 31780 kg – Maximum allowable payload capacity.  
Distribution of maximum allowable mass per each axle:  
Rear axles (axles 3, 4, 5 ) – Mrs = 24000 kg. 
For the trucks with two axles, the suspension is provided with two air cushions for the rear axles, capable 
to take over and distribute uniformly the weight, ensuring equilibrium.  
According to the approval of vehicle’s technical rules set, the specifications are:  
M0’ = 8456 kg – Unladen mass,  
MTMA’ = 18600 kg – Maximum allowable mass;  
MUMA’ = 12920 kg – Maximum allowable payload capacity.  
Distribution of maximum allowable mass per each axle:  
Front axle (axle 1) – Mtf = 7500 kg;  
Rear axle (driving axle 2) – Mts = 11500 kg;  
MU = 23800 kg – Maximum cargo load limit. 
Knowing the value of maximum cargo limit, we were able to determine the correct load distribution on 
each axle.  
This procedure was made by determining the percentage of each maximum load capacity on each axle, 
and adapting it to our maximum cargo limit (e.g. the driving axle load percentage from the maximum total 
truck-semi-trailer assembly mass of 40 000 kg represents 28.75%, leading to a load re-distribution using 
the total mass of 38680 kg, on the driving axle of 0.2875* 38680=11120.5 kg).  
Using this procedure we obtained:  
MTOTAL = 38680 kg < 40 000 - Total mass of the truck and semi-trailer assembly;  
MAXLE1 = 7252.5 kg, MAXLE2= 11120.5 kg; MAXLE3 = MAXLE4 = MAXLE5 = 6769 kg 
By checking the semi-trailer suspension specification provided by the manufacturer, a lifting of the 
suspension can reach a maximum value of 80 mm. In our calculation, we will consider a value of H= 70 
mm (DAF, 2013). 
Using the measured values presented in the Figure 2, we were able to write the momentum equilibrium 
equations restricted to the truck and semi-trailer assembly’ COG as follows: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The sketch of the truck-semi-trailer assembly with the force distribution per axles 
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The geometric parameters taken into account in order to calculate the truck-semi-trailer assembly such 
as the distances between axles respectively truck’s front and rear overhang were measured (Figure.2). 
The load distribution on each axle was determined as follows (g = 9.81 m/s2): 
 

  (2) 

 
Solving equation (1), the value of x was obtained as x=3.05 m, x representing the initial location of the 
truck-semi-trailer assembly COG location along X axis, before suspension lifting. 
Distance from axle I to the COG: D1 =3.84+x = 6.89 m 
Distance from axle II to the COG: D2 = x = 3.05 m 
Distance from axle III to the COG: D3= 5.823 -x = 2.773 m 
Distance from axle IV to the COG: D4= 5.823 - x + 1.31 = 4.083 m 
Distance from axle V to the COG: D3= 5.823 -x + 2.62 = 5.393 m 
In Figure 3 it is presented a sketch of the forces after the elevation caused by the suspension lifting 
leading to a modification of the center of gravity (denoted by C2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. The sketch of the forces after the elevation occurred 
 
The next step was to determine the values of lr1, 3, 4, 5, which represent the displacement of the axles 
1, 3, 4 and 5, caused by driving axle suspension lifting.  
These values were determined geometrically, using similar triangles presented in Figure 4. 
Using the notations from Figure 4, the equations for the lr can be written: 
 

                   (3) 
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Figure 4. The triangles described by the suspension lifting 
 
In this case, by writing the moment equilibrium equation in point C2, we obtained the following equation 
in function of α: 
 

ααα sin)(sin)(sin)( 5544331 2
⋅⋅−+⋅⋅−+⋅⋅−=⋅

rrrrrrC
GlHGlHGlHFH

 

 
(4) 

 
 
The moment equilibrium equation can be written in function of β in point C2, as follows: 
 

012 2
=−

GC
MM

 
 
where: 
M2C2 – represents the moment on axle 2 applied in the point C2, 
MG1 – represents the moment on axle 1 caused by weight G1 

(5) 
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By adding relation 3 with 5, it is obtained: 
 

]sin)(sin)(sin)(sin)[(
1

11554433

21 22

βααα ⋅⋅−+⋅⋅−+⋅⋅−+⋅⋅−⋅

=+

GlHGlHGlHGlH
H

FF

rrrrrrr

CC

            
(7) 

 
Therefore, knowing parameters such as α, β, H, Gr we determined the overloading of the driving axle: 
 

NFF
CC

2007
22 21 =+                                         (8) 

 
- overloading g on the axle 2 (driving axle) 
 
Representing an overloading mass on the measuring device of Mov = 204.58 kg. 
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By comparing the weight distribution on axle 2, in normal equilibrium conditions with G2, results: 
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+

G

FF
CC                                  (9) 

 
Therefore the influence of the suspension lifting with 7 cm in this case, can lead to an increasing of 
weight distribution on the driving axle of 1.84 %, which may cause significant fines for the transportation 
companies. 
 
5.  RESULTS AND DISCUSSION 

 
In order to test the influence of the suspension settings upon the axle load distribution, there were 
performed both types of measurements on a heavy truck, with the same cargo.  
In one of the test, the truck had the air cushion set at 0 level, while for the second test the driving axle 
suspension air-cushion was lifted.  
For the first test the static measurement was performed, while for the second one we used the dynamic 
measurement. The data obtained is summarized in the table 1. 
 

Table 1.  
The measurements obtained for both tests 

Load 
measured 

Test 1 - 
Static 

measurement 
[kg] 

Test 2 - 
Dynamic 

measurement  
- Lifted 

suspension 
[kg] 

Maximum 
allowable 
value [kg] 

Maximum 
allowable 

value with 4% 
exceeding 
value [kg] 

Exceeding 
value - 

Test 1 [kg] 

Exceeding 
value - 

Test 2 [kg] 

Total mass 38680 38680 40000 - 0 0 
Mass on axle 1 7510 7780 7500 7800 0 0 
Mass on axle 2 11800 11980 11500 11960 0 20 
Mass on axle 3 6550 6340 8000 8320 0 0 
Mass on axle 4 6490 6220 8000 8320 0 0 
Mass on axle 5 6330 6360 8000 8320 0 0 

 
It can be observed from Table 1, that in the first test the cargo load on each axle is within the allowable 
values, while for the second test (suspension lifted) the exceeding value of 20 kg on the driving axles 
occurs and represents an exceeding of 1.53% in comparison with the static test measurement, where 
the suspension’s air cushion was at 0 level.  
Was observed that in the test where the suspension was lifted, the masses on the semi-trailer trident 
were reduced, and the main reason of this is that by moving the COG backwards along the X axis, the 
length of the force lever arm is reduced, leading to a reduced torque value on the trident.  
Using the presented calculation principle, the overloading on the driving axle can be determined using as 
input value the measured driving axle load of 11800 kg, when the suspension setting was set to 0 level, 
and we can determine the height of the suspension setting for the second measurement (dynamic 
measurement), where the overloading occurred.  
By performing this calculation, we obtained a value for the suspension air cushion height, H of 61 mm, 
representing an overloading mass of 180 kg. 
In order to obtain a diagram of the overloading force in function of the suspension displacement, was 
developed a Mathcad program. In this program, the suspension displacement (H) was used as a range 
variable, with values from 10-80 mm, with a step increment of 10.  
The obtained diagram of the overload force in function of the suspension displacement is presented in 
Figure 4. Another diagram that was extracted was the one including the overload percentage of the 
driving axle in function of the suspension displacement. This diagram is presented in Figure 5. 
It can be observed that a small suspension modification leads to significant overloading on the truck’s 
driving axle. 
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Figure 4. Overload force on the driving axle in function of suspension displacement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Driving axle overload in function of suspension displacement 
 
At a modification of 10 mm, we can discuss of an overload of nearly 1%, considering the reference value 
the maximum allowable mass on the driving axle (11500 kg), while for the case where the suspension is 
set at a height of 80 mm, the overload is doubled.  
The main reason of this phenomena, is the fact that the suspension modification leads to a COG 
modification, and the higher is the suspension lifted, the greater is the truck-semitrailer COG modification 
 
6.  CONCLUSION 

 
This paper presents a calculation principle, meant to determine the influence of a truck’s pneumatic 
suspension upon the load distribution, and the way that this influences the overloading on the driving 
axle. By analyzing the data obtained in the case study, we can argue that the suspension setting plays 
an important role on the axle load distribution.  
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By lifting the air cushion provided by the driving axle suspension with 80 mm, can lead to the axle 
overload of 2%. 
The calculation method was validated through measurement tests, and it is an accurate method to 
predict the overloading on the driving axle in function of the air cushion suspension settings. 
Transportation companies can easily receive fines in case of the drivers will not set the suspension 
properly before they reach the cargo weighing device.  
The suspension setting represent an important factor to distribute correctly the cargo load, but may be 
influenced by other factors. Future research will be conducted on the suspension modification in case 
the cargo will be hanging of the semi-trailer sealing, and during the vehicle motion, this cargo will 
produce a pitch movement of the truck/semi-trailer assembly. 
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