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Abstract 

 

This master thesis consists mainly of tuning a dynamic simulation model to measurement data. 

Adams/car is the dynamic simulation program that was used for all simulations, where a previously 

modeled truck and trailer was used as a starting point for the simulations. Data from simulations and 

measurements was taken while driving the truck over a vibration comfort test track in velocities spanning 

from 25 kph to 85 kph. The data was then compared by entering them into a Matlab script which 

calculates the frequency response of the time signals in order to better deduce the behavior of the model 

in relation to the measurements. 

After the model was tuned to match the measurements, it was used to evaluate a phenomenon observed 

in measurements when testing two identical trucks in the vibration comfort test track. When evaluating 

the measurements there was strong deviation in the vibrations inside the cab. A vibration with the 

frequency 11 hz was in one truck found to be three times higher than in the other truck. The reason and 

parameters that affects these vibrations, was also evaluated after the model was tuned. 

The initial model showed the same trends as the measurements though the exact amplitudes and 

frequencies were quite off. As a first step the simulation model was changed manually by adding parts 

with increased detail and slight remodeling based upon knowledge from the simulation department. After 

increasing the correlation manually a more automated technique of tuning the model was introduced. A 

multiple objective optimization was done with the help of the multi discipline optimization program 

HEEDS. It was used in collaboration with Matlab as a way of evaluating the response of the system 

while optimizing. By having a program with a well written optimization algorithm changing the parameters 

of the mode instead of manually changing them is creating a more efficient way of exploring the design 

space.  

After the optimization process was finished the response of the model was better fitting the 

measurements. Not only were the trends still the same, but the correlation in amplitude of the vibrations 

was increased. Unfortunately the correlation in the cab was decreased, but since the trend of the 

response still was the same as in measurements the parametric study is assessed as relevant.  

The parametric study showed that the engine isolators have a big influence on this 11 hz frequency. 

Changing the stiffness and loss angle in the engine oscillators was found to have a strong effect on the 

response in the cab. Other factors that do affect the behavior are the front dampers and the driveline. 

Lastly a factor that did have a significant effect on the vibration was the construction of the frame. 

Changing the amount of fuel in the tanks and removing a couple of bolts in another frame model changed 

the response of the cab vibration. The rear dampers, the behavior of the trailer and the cab suspension 

did not have any significant effect on the vibration.  
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Nomenclature 

 

MBS – Multi Body Simulation 

FEA – Finite Element Analysis 

FEM – Finite Element Method 

MDO – Multidiscipline Design Optimization 

ODE – Ordinary Differential Equation 

FFT – Fast Fourier Transform 

PSD – Power Spectral Density 
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1 Introduction 

 

Computer simulations of mechanical dynamics were first introduced in the 1950’s, [2]. At this time there 

were both digital and analog computers, and the common factor of them was that they were too slow to 

be useful, even the simplest calculation took too much time. The computational power was not enough 

until the 60’s when they could actually be used for calculations, and could solve simple single degree of 

freedom systems, both linear and non-linear. The computers grew more powerful and the code more 

efficient and in the 70’s the first multi body dynamic simulation (MBS) was done by Ford Research 

Handling with 17 Degrees of Freedom (that could solve 38 coupled first order differential equations). 

The commercial use of Multi Body Simulations came in the 80’s and was coupled with more efficient 

calculations in the 90’s, it was at this time MBS became a part of the product development in the vehicle 

industry. The results from simulations could yet not be fully trusted and were only used as a first guess 

of where to start the actual physical testing. 

In the later 90’s and early 2000’s MBS went really mainstream and was also broadened to incorporate 

multi-discipline in the form of flexible bodies as well as control systems for; ABS, Traction Control, Active 

suspensions et cetera.  

Computer aided simulations has today become an increasingly common step in the modern product 

development process. When compared to normal testing, this type of calculations can produce both 

faster and more cost-efficient results, since there is no need for a costly production of a physical 

prototype. In the area of dynamic simulations, where the focus of this thesis lies, the time and cost of 

the knowledge of what forces are acting upon the bodies can be significantly reduced. This along with 

finite element analysis (FEA) makes for an efficient combination, where the dynamic simulations can 

supply fast and accurate data to use in the fatigue life predictions that are important in the motoring 

industry today. Simulating suspension behavior, turning radii, roll over, are also areas where dynamic 

simulations has taken over parts of actual testing. 

But one should not oversee the limitations of the simulations when it comes to manufacturing 

uncertainties. Fatigue-life prediction is a complex problem that depends greatly upon material data and 

exact loads. With the tolerances of production it is still today a difficult task to have the simulations 

coinciding with the physical tests. Simulations do not take into account production tolerances e.g. a 

spring with a plus minus 20 % force tolerance is normally replaced with the nominal value instead. 

This Thesis will cover the challenges that can occur when these production tolerances create a large 

spread in testing and how dynamic simulation can increase understanding of the problem and therefore 

contribute to solving it, all this by tuning a test vehicle to measurements and varying the properties of 

the components within the production tolerances. This is not something that has been done at Scania 

to any broad extent, and can be seen a method development. But this technique is widely used in other 

companies such as the car-part of the VAG concern for example. 
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2 Scania 

 

Scania’s corporate statement reads as following; “To provide the best life-cycle profit for our customers 

by delivering optimized heavy trucks and buses, engine and services, and thereby be the leading 

company in our industry”. The company’s products are today seen as “high-end” with great quality, and 

they do place themselves in the premium segment when it comes to pricing as well. 

 

 

Figure 1. A few examples of the products that Scania produces. 

 

Today Scania produces around 72,000 trucks, 8000 buses and 7000 engines per year, with a total 

number of employees of almost 38,000 and total sales of almost 88 billion SEK [1]. The main office lies 

in Södertälje, Sweden, with production in Sweden, France, Netherlands, Argentina, Brazil, Poland and 

Russia. 

Scania is based upon its core values; Customer First, Respect for the Individual and Quality. Customer 

First means to focus on its customers’ business operations and by earning knowledge about it being 

able to deliver high profitability and a sustainable environment by means of high earning capacity and 

low operating costs. Respect for the individual means utilizing each individual’s knowledge and letting 

them work with what they are good at, and improving their working methods continuously. The result of 

this is higher quality, better efficiency and job satisfaction. Lastly, quality,  a high life-cycle profitability 

needs high quality solutions. This is achieved once again through knowledge about customer needs and 

continuous improvement to meet the needs and more. Constant focus on quality through improvements 

based upon observed deviations. 
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These three core values are the base that the company is resting upon. In Scania there are four 

common principles: Demand-driven output, normal situation, right for me and continuous 

improvement. These four principles along with the three core values builds what is called the Scania 

house, shown in Figure 2 below. 

 

 

Figure 2. Operating principles within Scania - The Scania House. 

The normal situation means to define the work process to find and eliminate deviations. Demand 

driven output means that nothing that isn’t ordered should be produced. Right for me is to not accept 

any faults along the way; things should be made correctly before heading into the next stage in the 

process. And continuous improvement is a big focus throughout the whole company, both in the 

process but also with the employees. 
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2.1 Definition of the Thesis 

This thesis aims to show the process on how to trim a dynamic model to better coincide with 

measurements. It is important for simulations models to be as close to the physical truck as possible to 

be able to predict the behavior of the truck. 

The thesis starts out with a model which is roughly trimmed to reality and measurements, and it will 

show how to deduce where in a large dynamic model the flaws lies and how to most efficiently trim the 

model to achieve a better correlation with measurements. 

It will also deliver a higher level of understanding of a phenomenon that occurs in a truck and trailer-pair 

in Scania’s range, more exactly a deviation in vibration amplitude observed in the cab of two identical 

trucks. After the initial model is trimmed, it will be subjected to a series of abnormalities in order to 

deduce which components are causing the deviations. 

2.2 Vibration amplitude deviation 

Scania has manufactured two identical trucks, hereafter named Hurricane and Giana. These trucks 

differ only in manufacturing tolerances and the color of the cab, they are shown in Figure 3. 

 

Figure 3. Hurricane to the left and Giana to the right. 

These trucks are paired with a trailer and driven over a well-defined test track meant to induce vibrations 

in the truck and trailer-pair. Whilst doing this testing and comparing the results Scania’s engineers found 

a distinct difference in the vibration of the cab even though they are to be exactly the same. 
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Figure 4 shows a sketch of how measured data coincides well and not as well. The thick line represents 

the measured data of one truck, and the dotted line represents the data of the second truck. In the 

measurements done the data of the second truck looked more like the dashed line. The observed 

acceleration amplitude at around 11 hz was almost three times as large as the other truck, and nowhere 

near an acceptable correlation. 

 

 

Figure 4. Sketch of coinciding data and data that does not as well. Thick line is the measurements of one 
truck, and the dotted and dashed lines are measurement of a second truck that does coincide well and 

not so well respectively. 

The peak at 11 Hz is clearly not of the same amplitude for the two trucks, and neither is the peak of the 

excitation at the same frequency. This phenomenon has yet to be fully understood, but the rather large 

production tolerances within dampers and bushings are to be seen as a first guess on what is causing 

it. 
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3 Theory 

 

A dynamic system is defined as a collection of interacting elements for which there are cause-and-effect 

relationships among the variables. Most often the variables in a dynamic system are time-dependent, 

i.e. excitations and responses vary with time, but at any instant the derivatives of one or more variables 

will depend on the values of the systems variables at that instant. The system’s response depends on 

initial conditions as well as any external forces acting upon the system. [3] 

In classical mechanics the simplest way of describing a dynamic system is with Newton’s equations. A 

free particle that lives under the three rules, [4]; 

 The velocity of a body remains constant unless the body is acted upon by an external force.  

 The acceleration a of a body is parallel and directly proportional to the net force F and inversely 

proportional to the mass m, i.e.,  𝐹 =  𝑚𝑎. 

 The mutual forces of action and reaction between two bodies are equal, opposite and collinear.  

When trying to deduce the behavior of a dynamic system one needs to address it in a certain way 

depending on whether it is to be solved by a pen-and-paper analysis or if it is to be solved with the help 

of a computer. If the first mentioned form of solving is to be done, the model need to be relatively simple 

if compared to the complexity of systems solved by a computer, where one can address both primary 

and secondary effects and thus having a significantly more complex model. When actually determining 

certain features of the system’s cause-and-effect relationships, hereafter called solving the model, one 

needs to go via an interconnection law. 

D’Alembert restated Newton’s second law regarding the rate of change in momentum, for a constant 

mass one can write 

∑ (𝑓𝑒𝑥𝑡)𝑖 −𝑀
𝑑𝑣

𝑑𝑡
= 0𝑖  .     (1) 

The forces acting upon the mass, 𝑓𝑒𝑥𝑡, can be among others spring forces, damping forces et cetera. 

The only flaw in his formulation was that there was no work factor included, until Lagrange combined 

d’Alembert’s fundamental law with the idea of virtual work. As a result of this a set of ordinary differential 

equations (ODEs) of second order was found. Applying the total kinetic and potential energy of a system 

and considering its kinetic constraints and the corresponding generalized coordinates result in the 

Lagrangian equations of the first and second degree, forming the standard on how to solve a dynamic 

system’s response, i.e. by solving the ODEs. 

  

http://en.wikipedia.org/wiki/Velocity
http://en.wikipedia.org/wiki/Acceleration
http://en.wikipedia.org/wiki/Parallel
http://en.wikipedia.org/wiki/Force
http://en.wikipedia.org/wiki/Mass
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3.1 Computer aided dynamic simulations 

To solve the behavior of a complex dynamic system a computer is often used to solve all the coupled 

equations that describe the model. A model with a large number of masses and interactions is not meant 

to be solved by hand since it is too time-consuming. And thus the need for computer aid is found. 

All the dynamic simulations were done in the MBS program Adams/car (Automated Design and Analysis 

of Mechanical Systems) [5]. This program is both a modeling program and a solver since it allows you 

to model the dynamic system as well as evaluating its response by solving it. 

Normally when solving a dynamic system one needs to analyze the system and represent it in 

mathematical equations and then by solving them one receives the behavior of the system. Adams/car 

works in almost the same way, but as the user it is quite simplified. By modeling all the inherent parts 

with their respective masses and inertias and connecting them with representations of springs, dampers 

et cetera one can create a representation of the system. An example system is shown in Figure 5 below. 

 

Figure 5. Example of a front suspension system. 

This system is then fed with constraints and initial conditions and thereafter solved by Adams/car. The 

method of solving a system of this kind is to have the bodies act upon each other in small time steps 

and allow sampling of the interaction in each step to evaluate the movement of the bodies. In each time 

step the program iterates until it finds equilibrium. The forces acting upon the bodies are evaluated 

between the time steps and used in the next time step, and then repeating this process until the user 

entered end time has been achieved. 

Having too large time step, too large displacements, too large magnitude of forces or incorrect 

representations of systems can cause the simulation to fail. The user has to always be aware of what is 

being analyzed and how to keep the inherent parts physically correct in order to achieve an answer that 

corresponds with reality. 

Adams/car can not only handle rigid bodies, to represent the behavior of for example bending in a beam 

Adams/car uses what is called flexible bodies. The user can solve the dynamic modes of the structure 

in a Finite Element Modeling (FEM) program and importing them along with the geometry. Adams/car 

then approaches the flexible body as a body with a set of modal shapes when solving the system. If 

there is no external solver available to solve the dynamic modes, Adams/car can perform calculations 

of beams just as a FEM solver, but due to the time needed to solve them, flexible bodies are preferred. 

A common way to analyze a system is to observe accelerations or movements in the simulated system. 

Adams/car has a comprehensive post-processor in which the user can e.g. plot accelerations, 

movements, view the interacting forces or animate the systems response. 
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3.2 Optimization 

When tuning the simulation model to the set of measurement data the optimization program HEEDS, 

Multidisciplinary Design Optimization Software (MDO), was used [6]. This program increases the 

efficiency when it comes to varying parameters to get the best possible correlation with the 

measurements. Instead of manually verifying the parameters by a fixed set, this program snugly 

calculates a more efficient way of varying the parameters and getting the most out of the model. By 

doing this with an optimization program the time spent tuning the model can be drastically decreased 

[7]. 

Optimizing can be done in several ways, there are many methods but what they all have in common is 

that they need a response from the optimization system between every iteration. Unlike the “normal” 

test methodology where a few parameters are varied within a fixed interval optimization works out a 

more efficient way of doing it. Instead of having to test every step in every parameter and combining 

them, a optimization loop starts out with assigning random values to the parameters and then starts 

finding optimum/optima within the parameters’ range. By constantly applying new values for the 

parameters the optimization loop works out a faster way of finding the optimal settings by exploring the 

design space. For every engineering problem there are efficient and robust methods, and methods that 

are less so. The efficiency of an optimization method is measured by how many iterations it takes the 

method to find an optimum, and the robustness describes that no matter where the optimization starts, 

the method always finds the same optimum, hopefully the global one. 

There are many optimization algorithms, to name a few; Genetic Algorithm, Response Surface, Particle 

Swarm, Simulated Annealing et cetera. The one used for this thesis is called SHERPA, and it is a 

combination of algorithms, [8], which stands for Simultaneous Hybrid Exploration that is, Robust, 

Progressive and Adaptive. It is in no way superior to other optimization techniques, but the advantages 

of the technique is that the user does not need to have a great understanding of the design space, nor 

do the user have to feel constrained by the capabilities of a single search method. The fact that the 

method is a hybrid and adaptive method means that is will make all the decisions about which method 

to use and how to tune them. 
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3.3 Signal processing 

Both in the measurements and sampling of the simulations signal processing theory has to be taken 

into consideration if the results are to be trusted. Below is a short walkthrough of the considered 

theoretical laws. 

3.3.1 Aliasing and Nyquist frequency 

The data collected from the accelerometers in the measurements and the acceleration observed in the 

simulations needs to be correlated to show the degree of conformity. As with all digital signals it needs 

to be sampled twice as fast as the highest frequency that is to be evaluated, as first presented by Nyquist 

in 1927, and later formally proves by Shannon in 1948 [9], where it is stated: ”if we are only interested 

in the behavior of a signal up to a certain frequency limit, we have no error at all if we sample the signal 

with a sample frequency that is at least double that frequency”. This frequency that lies just at the border 

of aliasing is called the Nyquist frequency. 

𝑓𝑛 =
𝑓𝑠

2
,      (2) 

where 𝑓𝑛is the Nyquist frequency and 𝑓𝑠 is the sampling frequency. 

If the sampling speed is lowered beneath twice the Nyquist frequency, beneath the so called folding 

point, the periodic signal from a previous period will interfere with the current period (folding) and thus 

causing aliasing. See Figure 6 below. 

 

 

Figure 6: Aliasing. 

If it isn’t possible to increase the sampling frequency to at least twice the Nyquist frequency, the answer 

to this phenomenon is to use an anti-aliasing filter, which is a low pass filter with a cut-off frequency at, 

or below, 2 times the highest involved frequency. What happens then is that all signals above the Nyquist 

frequency are filtered out and thus not causing aliasing. If this isn’t done, and aliasing occurs, there’s no 

way of analyzing the signal correctly, or to sort out the original signal from the alias. 
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3.4 Power spectral Density 

After the signal is sampled it needs to be evaluated to observe the correlation between measured and 

simulated acceleration or displacement, depending on what type of measurement is currently observed. 

One way of doing this is to plot the time signals as shown in Figure 7. 

 

Figure 7. An example time signal. 

Comparing the time signals is useful when in search for amplitude peaks et cetera, but if the signals are 

out of phase it might be hard to deduce if the frequencies are the same or not. This is one of the reasons 

for viewing the vibrations in the frequency plane instead of the time domain. Power Spectral Density 

(PSD) is a way of viewing the vibrations by frequency instead of time and thus being able to deduce the 

power of each frequency component in the signal [10], see Figure 8 below. 

 

Figure 8. An example frequency dependent signal. 

From the PSD diagram, it is clearer which frequencies are involved in the signal. PSD is preferred to a 

time signal when the amplitudes of vibration frequencies are the main goal of the simulation, or if one 

are to deduce the correlation of a set of signals. The visual response from changing a parameter is 

easier to see when looking at a PSD diagram instead of a time signal.  
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3.5 Definition of bushings and the complex behavior of rubber material 

To have a real bushing and a simulated bushing with the same stiffness is far from easy. Testing a 

rubber material is a hard task in itself and it is an even harder one to model them in a simulation program. 

At the start of the thesis the bushings used in the model were quite simplified and did not take fully into 

account the behavior or the rubber material. 

3.5.1 The behavior of rubber in a bushing 

To be able to model the rubber bushings it is crucial to understand the mechanical behavior of the 

material. Raw rubber has a low yield strength, which means high chance of plastic deformation and 

temperature inconsistency. By vulcanizing the raw rubber the material properties change into being able 

to handle higher stresses and deformation up to a couple of hundred percent before plastically 

deforming. This coupled with high inner dampening means that vulcanized rubber is perfect for vibration 

isolation. 

Rubber is a visco-elastic material which means that the deformation does not occur simultaneously as 

the force is applied, there is a lag between applied force and the transmitted displacement to the other 

side, called phase shift. Another term frequently used on dynamically loaded parts is “loss angle”. A 

better way of showing it is in a plot with the added force and the load observed inside the bushing, see 

Figure 9. 

 
Figure 9. Hysteresis, red line shows the applied force, blue line the observed load. 

 
This hysteresis is caused by the high internal damping of the rubber material, and to further complicate 
the behavior it means that the bushing does not observe the same force while unloading as when 
loading, see Figure 10. This hysteresis is also increased with a higher load frequency, further 
discussed later in the report. 
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Figure 10. Loading and unloading a rubber bushing. 

Since the material is incompressible it means that the geometry plays a huge role for the properties of 

the rubber bushing. The incompressibility means that the total volume of the rubber inside the bushing 

never changes and thus has to be relocated, see Figure 11. 

 

The stiffness of rubber is normally quite linear for a couple of hundred percent deformation, but when In 

this example the incompressibility stiffens the bushing when displacement of the two fastening plates 

gets closer to each other, which could be needed depending upon the system where it is to be used. 

Figure 12 below shows another example of stiffness in a bushing with geometrical constraints which 

increases the stiffness for large deformations. 
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Figure 11. Example of incompressibility in a rubber bushing. 

Figure 12. A geometrically stiffened bushing. 
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A positive deformation means that the bushing is contracted, observed in the plot is the fact that the 

bushing stiffens earlier when contracting than when expanding. This is due to the incompressibility, 

geometrically they cannot be pushed any closer. The other way, when the fastening plates are stretched 

from each other, there is normally another rubber bushing (called bump stop) that comes into play when 

the displacement becomes too large, usually at larger amplitudes than when contracting. Figure 13 

shows a bushing with these behaviors. 

 

Figure 13. Picture of an engine suspension bushing. 

 
When testing the bushings in a test rig one can either measure the static stiffness or the dynamic 
stiffness. The static stiffness is measured slowly, perhaps at 10 mm/min and then noting the load 
needed to push the bushing to certain amplitudes. By doing this the hysteresis effects previously 
mentioned is not affecting the stiffness as much, and the force/amplitude diagram will look linear, see 
Figure 14. 

 
Figure 14. Static stiffness of a rubber bushing. 

But the bushings in a real system are seldom affected by such slow speeds. Normally the 

contraction/extension speed is higher, which means that a bushing model needs to capture the dynamic 

stiffness as well as the static. 

Testing dynamically is more difficult though; the dynamic stiffness and loss angle depends greatly upon 

frequency, amplitude as well as temperature and previous load cases. The former two can in the 

simulation programs be taken into account but temperature and previous loading has to be disregarded 

in this case. A normal testing sequence is to vary either the loading frequency or amplitude while keeping 

all other parameters constant [11]. 
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First off, the frequency dependency is a factor that greatly affects the dynamic stiffness and the loss 

angle. This is due to the internal damping of the component, which is an effect of the viscosity of the 

material. With a higher load frequency the dynamic stiffness and loss angle is increased, an example is 

shown in Figure 15. 

 

Figure 15. Dynamic stiffness and loss angle as a function of loading frequency. Full line shows the 
dynamic stiffness, dashed shows loss angle. This example is measured with a 2 mm amplitude. 

 
Both the dynamic stiffness and loss angle are also dependent upon the amplitude of the loading. In 
this case the behavior is a little bit more complex. Higher amplitude equals a lower dynamic stiffness, 
but the response in loss angle shows another behavior, see Figure 16. 

 

 
Figure 16. Dynamic stiffness and loss angle as a function of amplitude. Full line shows stiffness and 

dashed line shows loss angle. 
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The loss angle has a maximum roughly where the decrease in stiffness is greatest, while the stiffness 

decreases with higher amplitude.  

It is thus clear that the dynamic stiffness is reduced by larger amplitude and increased by a higher 

frequency. In a complete bushing model both of these factors needs to be taken into consideration. 

 

3.6 Measurements 

All the physical testing was done by the group for vehicle testing, called RTCD, at Scania in Södertälje. 

Not far from the factory lies a large test track where the engineers can let the truck experience everything 

from small road induced vibrations, to hill climbing or rough terrain. A comprehensive measuring 

equipment, shown in Figure 17, was used with one channel per accelerometer in the truck. The names 

and locations of all the sensors used are presented in reference report 13. The sample frequency is set 

to 1000 Hz, which is well above what is needed to pick up the vibrations and still not experience aliasing. 

 

Figure 17. A picture of the heart of the measuring equipment. 

The two trucks, Hurricane and Giana, shown in Figure 18, are both produced at Scania’s factory in 

Södertälje. They are typical trailer trucks build for long haulage. 

 

Figure 18. Hurricane to the left and Giana to the right. 

The trailer used in the tests is a typical Scania trailer fully loaded to simulate normal working conditions. 

The same trailer was used with respective truck. 

A normal test run consist of 13 laps over the track, spanning the velocities between 25 kph and 85 kph 

with an interval of 5 kph. The measurements are done with and without the trailer, in the plots called 

“lastad” and “olastad” respectively, [12]. 
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The test track where the tests are done is a test track for comfort testing, called k1, this specific track is 

a straight piece of concrete with well-defined holes certain locations to induce vibrations in the truck. 

The holes on respective side are designed in an exact pattern to induce the whole spectrum of vibrations, 

[13]. This pattern is the same for both right and left side, but with the pattern on the left side going in the 

opposite direction, this is as well to excite as broadly spectrum of frequencies as possible. 

3.6.1 Conclusions from measurements of Hurricane and Giana 

When driving the two identical trucks over the test track a large difference in vibration amplitude can be 

observed from the accelerometer in the cab, placed under the chair of the driver. This difference is well 

above the acceptable limit of conformity, see Figure 19. 

 

Figure 19. Vibration amplitude of the cab chair in the frequency plane. 

This noticeable difference in vibration amplitude cannot be seen from every accelerometer. For example 

when looking at an accelerometer fastened at the front axle the conformity is well within the acceptable 

range, see Figure 20. 

 

Figure 20. Front Axle Roll. No noticeable difference in signals. 

When looking at the front of the frame and at the suspension in the rear of the cab, the difference is 

clearly noticeable, see Figure 21. 
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Figure 21. Front frame accelerometer-signals to the left, and rear cab frame to the right. 

A possible conclusion of this testing could be that the mechanical difference lies somewhere between 

the front axle and the cab, likely caused by the frame itself or the front axle suspension. These results 

cannot completely rule out the rest of the parts in the truck, but it is a place to start the analyses. 
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4 Method 

 

The Thesis can be split into a few main steps: 

- Observing how well the previous model correlates to measurements 
- Manually changing the model for better correlation 
- Optimizing the model with a MDO program for better conformity 
- Study how a change in a pair of selected variables affects the vibration in the cab 

 

4.1 Simulation 

As a starting point for the thesis a previously modeled truck assembly was used. This assembly was the 

result of a previous master thesis [14], but was in that thesis modeled in a virtual test rig without tires. 

The particular truck will hereafter be called Meta and it is a close relative to the two trucks in which the 

vibrations deviation was found. There are also separate measurements done for exactly this truck, Meta, 

so checking the degree of conformity is straight forward. A trailer was also previously modeled and put 

into the same assembly to create the first iteration of the model, see Figure 22. 

 

Figure 22. Adams/car assembly of the Truck-Trailer assembly. 
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The model has a total of 350 bodies with 1383 degrees of freedom and weighs in at 36821 kg. Most of 

the bodies are modeled as rigid with connectors made out of bushings, dampers and springs in between 

them. A visualization of the simulation model is shown in Figure 23 and Figure 24 with the cab and trailer 

removed for increased visibility. 

 

Figure 23. The simulation model with the cab and trailer removed. 

 

 

Figure 24. The simulation model seen from underneath. 

The truck is driven forward by the representation of the engine (the see-through blue box) which 

connects to the wheel via a clutch, a gearbox, a prop shaft, a central gear and lastly drive shafts. The 

tyres are modeled with FTire models [15] which can represent the behavior of a wheel rolling on an 

uneven surface well. The steering is done by rotating the steering wheel which is connected to the power 

steering pulling the draglink that is connected to the spindle which turns the wheels. All of these 

parameters (the steering angle of the steering wheel and the engine gear and rpm) are user emitted 

values that can be changed in order to have the truck turn or accelerate. 
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4.2 Correlating simulation data to the measurements 

To be able to view the correlation between measurements and simulations, the truck was simulated 

running over a replica of the test track used in measurements, and in the exact same manner e.g. same 

velocities as steered to follow the same path. 

Accelerations are measured in the same positions as is the actual truck, to correlate the behavior. 

To visualize the vibration response a Matlab script for vibration comfort evaluation was used. A quick 

overview of the script is shown in Figure 25. 

 

Figure 25. Vibration Comfort Evaluation-Script. 

The script reads .mat-files with data from the accelerometers, and then uses a subscript to calculate, 

among other things, the PSD of the time signals. The script sorts the data per accelerometer channel 

and the user can through the GUI choose which channels to view and how to view the signals, e.g. a 

PSD-waterfall spanning all the inherent test velocities, a PSD mean value or just the unchanged time 

signal. To deduce the correlations between two set of measurements the user selects which channel to 

analyze and what set of measurements and the script produces PSD plots of the accelerations, see 

Figure 26. 
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Figure 26. PSD of two accelerometer signals. 

This script had not previously been used to compare simulations thus the simulation data had to be 

aligned in order for it to be comparable with the script and the measurement data. A Matlab script was 

written solely for this purpose. 

When both the data from the measurements and simulation had been imported into the evaluation script 

and a PSD for each velocity and each channel was created, a comparison to see of how well the model 

represented reality was at the start of the thesis. 
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4.3 Model changes 

After the initial simulations it was clear that the model needed some tuning to better coincide with the 

measurement data. The methodology here was to first by hand looking into the model and changing 

obvious parts of the truck that does not fully represent reality because they were in some cases too 

simplified. These parts were located by reading specifications of the trucks and comparing the data in 

the simulation program, but most of the changes did come from the knowledge of the department and 

the experience from previous work with the model. All the lasting changes are presented in Table 1 

below. 

Table 1. Manual model changes. 

Part Change 

Engine bushings Changed from a normal bushing to one with a behavior corresponding with the 

facts presented in the theory part of this thesis* 

Front Leaf spring  Lowered the rear fastening point 

Cabin Replaced the cabin with a newer version 

Trailer Changed a trailer to one with a bit more flexible behavior in rolling 

Frame Replaced the frame with a new one that did not include the Fifth Wheel and 

which geometry better represented the frame in META 

Complex 

Driveline 

Replace the simplified driveline by a detailed driveline modeled by the driveline 

department. This one included a flexible prop shaft and a detailed central gear. 

* Explained more in depth below 

 

4.3.1 Modeling of new bushings for the engine suspension 

The bushings that were modeled for the engine suspension was previously a simplified system with a 

linear behavior, the new bushings modeled were created to represent data from measurements. In 

Adams/car they are called frequency bushings and are modeled with increasing stiffness when 

experiencing larger amplitudes. The name frequency bushing hints that they are as well dependent upon 

the frequency that the bushing is experiencing, which is the case. By entering data for loss angle and a 

stiffness spline the actual stiffness in the bushing is recalculated at every step depending upon 

frequency in the bushing. 

To model correct bushings a specialized set up was used in Adams/car, where the user places a bushing 

and can feed the system with load amplitudes and frequencies.  It is basically a test scenario for 

bushings where the user can test the behavior of a bushing at a certain frequency and amplitude. This 

was used to trim the bushings until they showed the measured behavior in both dynamic stiffness and 

loss angle when experiencing a deformation of 2 mm peak-to-peak at a frequency of around 11 hz. The 

new bushings should prove a better performance than the old ones, but they are still far away from 

completely representing the real system, due to the complexity. 
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4.3.2 Optimization 

To optimize the model’s response for increased correlation with the measurements an optimization 

program called HEEDS was used. It works well with both Adams and Matlab with a full Matlab 

integration, and therefore it is a suitable program for the job.  

The methodology for the optimization process is visualized in Figure 28 below. 

 

The optimization starts with step 1, which is HEEDS initiating the process. In the first optimization loop 

HEEDS sets all variables to their initial value. In the following loops HEEDS will use the result of previous 

loop to decide what values of the variables will be used in the optimization loop. After HEEDS has 

decided which new values for the variables are to be used it writes with help of a script new data files 

for Adams to use in the next simulation.  

Step 3 is the scripted simulation in Adams, where Adams automatically redefines variables and changes 

property-files according to the run.bat script (Appendix 1). In step 4 Adams plots the accelerometer data 

and exports it to .rpc files in the current directory. These files are then in step 5 read into Matlab, ordered 

and exported to another Matlab script. This is step 6 where the Matlab program calculates the PSD of 

the signal and writes a .mat-file of the result to, in step 7, be read into HEEDS for evaluation of the 

success of the iteration.  

1. Create new values 

based on previous 

optimization loop for 

optimization variables 

2. Use script to rewrite 

Adams solver files 

 

3. Simulate the model 

 

4. Plot and export the 

accelerometers 

response 

 

5. Import the Adams 

results into matlab and 

send it to the PSD-

calculating script. 

6. Calculate and export 

the PSD of the 

accelerometer signals 

 

7. Import the PSD and 

evaluate the change in 

response with the new 

variable values 

HEEDS 

Adams Matlab 

Figure 27. Optimization loop for HEEDS. 
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The success of the iteration is defined as the difference in amplitude between the measured PSD and 

the PSD value of the current iteration, see Figure 28 below. 

 

Figure 28. The methodology of evaluating the results of an optimization iteration. 

All the yellow areas adds a positive value equal to the square of the amplitude difference to the 

optimization and blue areas adds negative values respectively. This summarization starts in this case 

out as a negative value, and the goal of the optimization is to bring the value as close to zero as possible. 

In the final optimization two objectives was used in a multi objective optimization. Two error values were 

used when evaluating the performance of the iterative step, the vibration in the front axle and the 

vibration of the frame. The performance value was a summarization of both values and with the same 

goal as before, to get the value to reach zero. The two accelerometer signals used were the front axle 

accelerometer and the one fastened in the front of the frame.  
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4.4 Parametric study 

In this part of the thesis the objective was to change a set of parameters and see how they affected the 

vibration in the cab, with the goal to learn more about the 11 hz phenomenon. These parameters were 

either simulated with three to seven values within the ranges presented below. The nominal values are 

found in the respective property file in the model. 

Table 2. Variables for the parametric study.  

Parameter Min Max Resolution 

Stiffness engine 

bushings (x, y & z 

independently) 

- 30 % + 30 % 7 

Loss angle engine 

bushings (x, y & z 

independently) 

- 30 % + 30 % 7 

Damping force rear 

shock absorbers 
- 30 % + 30 % 5 

Damping force front 

shock absorbers 
- 30 % + 30 % 7 

Stiffness in the 

trailer bushings 

describing the 

flexible behavior of 

the trailer 

- 50 % + 50 % 5 

Stiffness in the 

bushings that 

connects the front 

cab anti roll bar to 

the frame 

- 30 % + 30 % 5 

Pre tensioned force 

in the front cab 

suspension 

- 30 % + 30 % 5 

Changed flexible 

frames 
* * 3 
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4.4.1 Flexible frames 

The most geometrically complex part of the model is the frame. It is a flexible body with deformation 

modes imported from a FEM program. For the simulations three different frames were used, while they 

all do look the same, see Figure 29, they are different in a few important ways;  

1. Frame number one is the reference. 
2. Frame number two has a set of bolts in a crossbeam missing (red circle). 
3. Frame number three comes with almost empty fuel tanks (blue circle). 

 

Figure 29. Flexible body of the Frame of the Truck. 

These bodies has a total of about 200 vibration modes each, but for this Thesis only the vibrations 

between 0 and 20 hz are interesting. These modes are presented in Table 3 as a factor of the base 

frequency denoted “F”. 

Table 3. The first 5 modes of the three inherent truck frames. 

Mode number Mode frequencies 
for frame 1[hz] 

Mode frequencies 
for frame 2 [hz] 

Mode frequencies 
for frame 3 [hz] 

1  1.0 F 1.18 F 1.19 F 
2 1.70 F 1.85 F 2.52 F 
3 1.89 F 2.05 F 3.21 F 
4 2.53 F 2.67 F 3.66 F 
5 3.03 F 3.01 F 3.72 F 

 

The first mode is the same for all three models, it is a twisting of the frame around the axis along the 

length of the frame, see Figure 30. 

  

  
 

Figure 30. The first vibration mode for the three frames. Frame number 1 to the left with 2 and 3 following. 
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After the first mode the shape of the modes starts to differ, but another mode which all frames contain 

is the rotation of the fuel tanks around the respective frame beam it is connected to, see Figure 31. 

   

Figure 31. Fuel tank vibration mode. Frame number 1 to the left with 2 and 3 following. 

The frequencies of the first two frames for this mode are relatively close values, but the last frame with 

lower fuel mass has a higher frequency for this mode, since the tanks are empty. 

The main conclusion of the study over the different frames is that the second frame has a slight increase 

in frequencies relative to the normal frame, while the frame with lower fuel mass has two low frequencies 

which has become high frequencies. A complete list of the modes and data of the frames can be found 

in Appendix 9.7. 
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5 Results 

The main result of the master thesis is the simulation model itself, secondly the analysis from this model 

that is presented below. First off are the initial results of the unchanged simulation model seen in Figure 

32 - Figure 37. Exact positions of the accelerometers are shown in reference report [13]. 

 

Figure 32. PSD waterfall for correlation in the front 
axle. Red lines are simulations and blue are 
measurements. 

 

Figure 33. PSD average for correlation in the front 
axle. Red lines are simulations and blue are 
measurements. 

 

Figure 34. PSD waterfall for correlation in the 
frame. Red lines are simulations and blue are 
measurements. 

 

Figure 35. PSD average for correlation in the 
frame. Red lines are simulations and blue are 
measurements. 

 

Figure 36. PSD waterfall for correlation in the cab. 
Red lines are simulations and blue are 
measurements. 

 

Figure 37. PSD average for correlation in the cab. 
Red lines are simulations and blue are 
measurements. 
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When looking at the peak absolute values of the roll at around 11 hz, then the performance is 

presented in Table 4. 

Table 4. Percentage of correlation between simulation and measurement in peak acceleration amplitude 
around 11 hz. 

Front Axle Frame Cab 

41 % 32 % 55 % 

 

The result of the optimization process are presented below in the PSD curves around where the model 

was optimized, the front axle in Figure 38 and the frame in Figure 39. Both of these PSD plots are 

filtered to dampen the response far away from the critical frequency 11 hz. And the response of the 

optimization procedure is shown in Appendix 9.7. 

 

Figure 38. PSD response of the optimization in the front axle. 

 

Figure 39. PSD response of the optimization in the frame. 
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The result of the optimized model is presented in Figure 40 - Figure 45 below. 

 

Figure 40. PSD waterfall for correlation in the front 
axle. Red lines are simulations and blue are 
measurements. 

 

Figure 41. PSD average for correlation in the front 
axle. Red lines are simulations and blue are 
measurements. 

 

Figure 42. PSD waterfall for correlation in the 
frame. Red lines are simulations and blue are 
measurements. 

 

Figure 43. PSD average for correlation in the 
frame. Red lines are simulations and blue are 
measurements. 

 

Figure 44. PSD waterfall for correlation in the cab. 
Red lines are simulations and blue are 
measurements. 

 

Figure 45. PSD average for correlation in the cab. 
Red lines are simulations and blue are 
measurements. 
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When looking at the raw absolute values of the roll at around 11 hz, the performance is presented in 

Table 5 below. 

Table 5. Percentage of correlation between simulation and measurement in peak acceleration amplitude 
around 11 hz. 

Front Axle Frame Cab 

110 % 125 % 38 % 

 

Results of changing the stiffness in the engine bushings are presented in Figure 46 and Figure 47, 

where the accelerometer “hytt_stol” is analyzed. 

 

Figure 46. The change in cab vertical acceleration 
when varying the stiffness in the engine bushings. 

 

Figure 47. The change in cab lateral acceleration 
when varying the stiffness in the engine 
bushings. 

Results of changing the loss angle in the engine bushings are presented in Figure 48 and Figure 49, 

where the accelerometer “hytt_stol” is analyzed. 

 

Figure 48. The change in cab vertical acceleration 
when varying the loss angle in the engine 
bushings. 

 

Figure 49. The change in cab lateral acceleration 
when varying the loss angle in the engine 
bushings. 

Results of changing the damping force in the rear damper are presented in Figure 50 and Figure 51, 

where the accelerometer “hytt_stol” is analyzed. 
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Figure 50. The change in cab vertical 
acceleration when varying the damping force 
characteristics in the rear shock absorbers. 

 

Figure 51. The change in cab lateral acceleration 
when varying the damping force characteristics in 
the rear shock absorbers. 

  

Results of changing the damping force in the front damper are presented Figure 52 and Figure 53, 

where the accelerometer “hytt_stol” is analyzed. 

 

Figure 52. The change in cab vertical acceleration 
when varying the damping force characteristics in 
the front shock absorbers. 

 

Figure 53. The change in cab lateral acceleration 
when varying the damping force characteristics in 
the front shock absorbers. 

Results of changing stiffness in the trailer bushings presented in Figure 54 and Figure 55, where the 

accelerometer “hytt_stol” is analyzed. 

 

Figure 54. The change in cab vertical acceleration 
when varying the stiffness in the bushings in the 
trailer model. 

 

Figure 55. The change in cab lateral acceleration 
when varying the stiffness in the bushings in the 
trailer model. 
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Results of changing the model for the frame is presented in Figure 56 and Figure 57, where the 

accelerometer “hytt_stol” is analyzed. 

 

Figure 56. The change in cab vertical acceleration 
when changing the inherent frame flexible model. 
1 is the frame with a beam loosened, 2 is the 
normal frame and 3 is the frame with less fuel. 

 

Figure 57. The change in cab lateral acceleration 
when changing the inherent frame flexible model. 
1 is the frame with a beam loosened, 2 is the 
normal frame and 3 is the frame with less fuel. 

Results of changing the force in the front cab suspension is presented in Figure 58 and Figure 59, 

where the accelerometer “hytt_stol” is analyzed. 

 

Figure 58. The change in cab vertical acceleration 
when varying the force in the front cab 
suspension. 

 

Figure 59. The change in cab lateral acceleration 
when varying the force in the front cab 
suspension. 

Results of changing the stiffness in the front cab suspension is presented in Figure 60 and Figure 61, 

where the accelerometer “hytt_stol” is analyzed. 

 

Figure 60. The change in cab vertical acceleration 
when varying the stiffness in the front cab 
bushings. 

 

Figure 61. The change in cab lateral acceleration 
when varying the stiffness in the front cab 
bushings. 
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6 Discussion 

 

The optimization was done while knowing that some parameters of the simulated truck did not represent 

reality that well, among these are mainly the front leaf spring and the tire models. By having some 

parameters set incorrectly in these, the optimization process will compensate by adding other faulty 

parameters to make it match the measurements. When the tire models or leaf springs are tampered with 

to increase their reliability the model should be re-run in the same manner as previously described. 

The simulated response of the cab does not show the same amplitude as the measured data, and 

therefore one might question the reliability of the parametric study overall. If the behavior doesn’t show 

the same values as the measurements, then the data collected from the study might not be applicable, 

especially the behavior at frequencies far away from the 11 hz around where the model is trimmed. The 

simulated peak around 11 hz is significantly lower than the peak measured, but the trends show better 

correlation which gives the study more rigidity. 

The parametric study showed mixed results; it seems that the engine isolators play a big role in the 11 

hz cab roll vibrations. Changing the stiffness from plus 30 % to minus 30 % could almost by itself show 

the same trend as the measurements, but with lower amplitude in the simulations. The loss angle did 

also affect the roll of the cab significantly, but with a lower amount than the stiffness. 

The front and rear shock absorbers affected the cab roll and bounce as well, but with a stronger effect 

from the front shock absorber. The rear shock absorbers did only change the roll amplitude with about 

10% within the total range and with the bounce being almost unaffected by the change. The front shock 

absorbers affected both the roll and bounce with a significant amount, almost as much as the engine 

isolators.   
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7 Conclusions 

 

Modeling and simulating a whole truck assembly with the goal to have it coincide with measurements is 

a complex task. The size of the system makes it a hard to get a grip on the results since there are many 

unknowns and many connections between them. This is one area where optimization routines are 

useful, by varying every part and letting the computer keep track of what is being influenced, a clearer 

picture can be seen. This thesis is mainly a way of developing techniques of tuning the simulation model 

to measurements, you could say one of many steps. 

With the developed technique, the correlation of the simulated truck and the measured data did increase 

significantly in both the front axle and frame, after only 25 iterations. After the 25th evaluation the 

program did not find a better optimum with a total of 50 evaluations done. If this optimum is a global or 

local optimum is impossible to say, but since the program did not find any better parameter values for 

another 25 iterations it could be the global optima. The result of increased correlation in the front axle 

and frame did unfortunately not mean that the correlation between measured and simulated data in the 

cab increased by the same amount. There are still many parameters to be tuned, and optimizing the 

model around the cab should provide better results for this specific accelerometer.  

From the results in this work it was clear that the engine bushings and shock absorber data in the front 

of the truck affect the 11 hz vibrations. But the variable that affected the vibration the most was the 

change of flexible frame model. The frame model with a full set of bolts missing might have been a bit 

over the top, but it shows the trend regarding how the result varies with a change in vibration modes of 

the frame. A smaller change might as well have a big effect on the vibration amplitude, for example 

material changes or the forces applied when mounting the components.  

When modeling and changing the model the experience gained from the work is that the frequency of 

11 hz is not just built up by 1 vibrating system. It is a “teamwork” between the front axle and the engine 

through the frame, that unfortunately happens to coincide around the same frequency. Applying changes 

to the frame, engine and the front shock absorbers according to the parametric study could be the 

answer to the deviation phenomenon observed in measurements. 
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8 Suggested future work 

 

The engine bushings is a part which model needs to be developed further. Measuring the full behavior 

of rubber bushings is a hard task, then to get the simulations to coincide with the measurements and for 

the bushings to be described in the same manner inside the simulation program is almost impossible. 

Today, the bushings work better just around 11 hz since they are trimmed to match the measurements 

around that area. But as soon as the vibration frequencies get lower or higher the bushings will not 

describe the behavior as well as they should. Even at the same frequency as they are trimmed around 

it is not certain they describe the actual behavior correctly, because if the bushings are subjected to 

multiple frequencies at once, the behavior of the real bushings will differ from the simulated ones as 

they react in a different way. 

The leaf spring model is something which should be further developed, the stiffness and damping of this 

model cannot be changed due to simulation related instability of the modeled spring. This system has 

therefore not been a parameter for the optimization program to control and has instead been kept at 

fixed values for both stiffness and damping. This subsystem is closely connected to the front axle which 

has shown a big influence in the cab roll, and it would not be wrong to think that these springs affect the 

behavior of the rest of the vehicle as well. By increasing the ability to change these the model should 

respond with a better correlation to measurements and in the best case give an answer to what is 

affecting the cab roll. 

While writing the Thesis, there was no updated measurement data for the tires. Just at the end of the 

Thesis there was data handed to the department, but sadly no time to evaluate it properly. Adding the 

new tire measurements to the model could improve the accuracy of the simulation, since it plays a big 

role in the response of the system it needs to be further evaluated. 

Due to time-consuming model trimming and testing, the time for optimization was reduced to less than 

planned. The optimizations were done with the focus on having the model coincide better with 

measurements, therefore the response in the front axle and frame was used as the optimization 

response. The thought behind this was that if the energy absorbed by the system from the ground was 

correct, then the energy levels seen in the cab should be better. This wasn’t the case and it is hard to 

know why. A way of testing this is to have the cab measurements as response, maybe then the 

optimization would have the parameters changed. 

A last opportunity for future work is to question the cab suspension model once more. In this Thesis the 

cab and its suspension has not been worked with at all, the focus has lied upon the frame and axle. 

Changing the cabs’ suspension behavior in relation to the frame might increase correlation between the 

simulations and measurements when it comes to cab behavior. 
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10 Appendices 

10.1 Data Test Truck, Meta 

General 

Assembly level Completely Build Up Product class Truck 

Development level 5 Wheel configuration 4x2 

Front-wheel drive No Axle distance 3700 MM 

Steering wheel position LHD, left hand Chassis width 2600 mm 

Chassis front end width 1020 mm Chassis adaptation A, Articulated 

Truck model R Type of transport L 

Duty class M Chassis height N, Normal 

Operator´s manual 

language 

English Operator´s man extra 

language 

Without 

Axle weight 

front,technical 

7500 kg Axle load rear, technical 11500 KG 

Technical total weight 19000 KG 

  

Engine 

Engine stroke volume 12 Engine type, vehicle DT12 11 /420 hp 

Engine type symbol DT12 11 L02 Serial. no current 6266717 

Serial. no original 6266717 EGR system With 

Emission level Euro 4 Engine management 

system 

S6 

Power take-off, engine, 

prep. 

With White smoke limiter With 

Precleaner air intake Without Air intake Front, normal 

Air cleaner supplier Scania 6037 Air cleaner engine, paper 

area 

13 m² 

Air Processing System Air management Noise dampening 80/82 dBA acc to 92/97 EEC 

Crankcase ventilation, 

type 

Open 

  

Hubs And Wheels 

Hub reduction, rear Without Wheel, type Disc 

Rim material Steel Rim diameter front axle 22.5 

Rim width front axle 9.00 Rim diameter rear axle 22.5 

Rim width rear axle 9.00 Rim diameter spare 

wheel 

Without 

Rim width spare wheel Without Tyre dimension front axle 315/80 R22.5 

Tyre dimension rear axle 315/80 R22.5 Tyre dimension spare 

wheel 

Without 

Tyre calc. roll. radius 

front 

Group C= 525 mm Tyre rolling 

circumference driving 

axle 

3330 mm 

Front axle tyre rolling 

circumference 

3282 mm Drive tyre rolling 

circumferenc 

3282 mm 

Tyre supplier front axle Michelin Tyre supplier rear axle Michelin 

Tyre, pattern front axle XFN+ Michelin Tyre, pattern rear axle XDN GRIP Michelin 

Tyre load index front axle 156 Tyre load index rear axle 150 

Frame 

Frame, type F800 Frame material, yield 

strength 

500 N/mm2 

Chassis colour Blue Baltic Dimension JA/BEP L020 780 MM 
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Frame, side member rear 

end 

E Connection beam,air 

suspension 

Without 

Bumper position Low bumper Bumper protruding Without 

FUP directive With height 

requirements 

Underrun protection 

Argentina regulation 

Without 

Lateral protection Without Spare wheel carrier Without 

Suspension 

Suspension system, front Leaf Leaf suspension type 

front 

Parabolic 

Suspension front, leaf 

springs 

2x32 Shock absorber pos 1st fr 

axle 

Normal 

Suspension system rear Air Air suspension rear type 2-spring 

Level adjustment speed Fast without extra air 

tanks 

Level adjustment control Remote truck 

Level sensors rear One Alt. predefined chassis 

levels 

2 levels 

Anti-roll bar type front Solid Anti-roll bar, front Normal stiffness 

Axle load display Rear 

  

 

  



Page 45 (52) 
 

10.2 Optimization process 

Below the optimization process presented. 
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10.3 Vibration modes flexible frames 

10.3.1 Frame without any changes:  

 

 

 

Mode number VIsualization 

1 

 

2 

 

3 

 

4 

 

5 
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10.3.2 Frame with bolts missing in a crossbeam 
 
 

 
 
 
 
 

Mode number Visualization 

1 

 
2 

 
3 

 
4 

 
5 
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10.3.3 Frame without fuel inside fuel tanks 

 

 

 

 

 

Mode number Visualization 

1 

 
2 

 
3 

 
4 

 
5 
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10.4 Appendix: Results of the parametric study 

10.4.1 Varying the loss angle in the engine isolators 

 

10.4.2 Varying the stiffness in the engine isolators 

 

 

10.4.3 Varying the damping force in the front dampers 
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10.4.4 Varying the damping force in the rear dampers 

 

 

10.4.5 Varying the flexible body representing the frame 

 

 

10.4.6 Varying the roll stiffness off the trailer 
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10.4.7 Varying the force representing the front cab suspension 

 

 

10.4.8 Varying the stiffness of the front cab suspension bushings 
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10.5 Appendix: Optimization performance 

The optimization showed improved correlation according to the figure below. 

 


