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Abstract 

The ride comfort in heavy commercial trucks is an important property that requires detailed testing to 

investigate how different vehicle components affect the response to road input. Trucks come in many 

different configurations and a customer purchasing a new truck often has the choice to specify number of 

axles, drive line and cabin type, type of suspension and so on. This gives that there are many vehicle 

variations that have to be tested to ensure good ride comfort. Testing many combinations of, for example, 

dampers in different environments and road conditions might be time consuming. The work could be 

helped by pre-test computer simulations where the vehicle is simulated with the same conditions as in the 

tests. The simulation results could then be used to better understand how different components affect the 

vehicle response to a certain road input. 

By using a MultiBody System (MBS) software, a full truck could be modeled and simulated to acquire 

accurate results. The simulation would however be computationally demanding and take long time. It also 

requires that the test engineer is familiar with the MBS software to be able to create the model and run the 

simulations. This thesis focuses on investigating if simplified dynamic truck models developed in Matlab 

could be an alternative to more complex models created in an MBS software. 

Three different models are developed: a quarter car model, a 2D half truck model and a 3D truck model. 

The models are derived using the Lagrangian energy method and the dynamic response from a given road 

input is calculated numerically in Matlab. Different methods of solving the systems of differential 

equations are discussed and the implementation of the implicit Newmark -method is explained. To 

validate the truck models and solver, the models are replicated in the MBS software Adams View. The 

response of the Adams and Matlab models from an excitation on the wheels are compared to determine 

that the equations and solver are correctly derived and implemented. To test the models capabilities to 

predict the response in a real truck, tests on a road simulator are performed. A four-wheel Scania tractor is 

tested in a hydraulic road simulator rig. The road simulator excited the truck through the wheels with a 

sinus sweep from 0-20 Hz and the resulting accelerations in the tractor are measured. Three different 

setups of front axle dampers are tested to get a parameter variation to study with the models: a standard 

damper, harder damper and undamped front axle. The same tests are simulated in Matlab and the 

acceleration responses are compared to see how well the models predict the accelerations seen in the real 

truck.  

The models in Matlab and Adams give the same results and are therefore reasoned to be mathematically 

correct. The Newmark -method is efficient and gives reasonable computing times. In the comparison 

with the road simulator test the models do not give the same results as measured on the truck. To be able 

to compare the results from the measurements and simulations, the tire stiffnesses have to be trimmed so 

that the correct eigenfrequency of the axles are found. The results with modified tire stiffnesses give better 

results but still with considerable deviations from the experimental results. The measurements on the 

truck show that the eigenfrequency of the front axle decrease when removing the front axle damper while 

the models show that the eigenfrequency increase. Also there are differences in the acceleration measured 

in the cabin and frame as the models do not predict many of the higher eigenfrequencies. 

In conclusion it is discussed that the models have to be more complex to give useful information about 

the effects of variation of dampers on the axles. It is also discussed that using commercially available 

software to perform the same simulations might be a better alternative that gives the user more freedom 

to overlook and make changes to the model. 
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1 Introduction 

Vibrations and ride comfort are important properties in vehicles and requires detailed testing during 

development. In this work the focus is on the ride comfort of heavy commercial trucks. Trucks used for 

commercial transport come in many different configurations. Customers buying a new truck are often free 

to specify the number of axles, cabin, type of suspension, drive line and so on to get a vehicle that is most 

suited for the intended use. Therefore there are many different vehicle configurations and to develop a 

truck with good ride comfort it is important to understand how different components affect the ride 

properties of the vehicle.  

1.1 Background 

Testing many different vehicle configurations could be time consuming. The physical work to rebuild the 

vehicle for say, different setups of dampers, could take too long time to be convenient. If the test engineer 

had some preconception of the results before the tests, the testing could be focused on the most 

interesting configurations. This preconception could be obtained by performing computer simulations of 

the test drives before the actual tests to try out different viable configurations. For this purpose the 

simulation has to be quick (some minutes) and work as a tool to predict trends in the response from 

different parameter variations. 

1.2 Purpose 

The goal of this thesis work is to investigate if a simplified dynamic model of a semi-tractor can be used as 

a tool in studies on the suspension system’s effect on ride vibrations. There are good commercial 

MultiBody System (MBS) software, like Adams [1], that could be used to simulate a truck with a specified 

environment that give accurate results. Often the best choice is to use one of the commercial programs. 

However in some cases a simpler code that is easy to understand and that can quickly be modified without 

any knowledge in MBS software could be favorable. To run an accurate full scale simulation of a vehicle 

with an MBS software requires a complex model and can be time consuming. This thesis will study if 

simplified models developed in Matlab [2] could be an alternative. Since many engineers are familiar with 

Matlab and it provides useful tools for post-analysis it is a good platform for building a model. The Matlab 

models should be very easy to understand and modify, quick to run and able to predict the resulting 

motions in a truck given a specific road input.  
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2 Models 

In vehicle dynamics the preferred model for analysis has long been the quarter car model, dubbed by T.D. 

Gillespie as the work horse tool for elementary analysis of vehicle response to road roughness [3]. The 

quarter car model consists of two rigid masses suspended with springs and dampers. A spring and damper 

coupling the two masses represents the suspension system of the vehicle and a spring and damper 

coupling one of the masses with the ground represents the suspension and damping in the tire. One mass 

represents the unsprung weight of the system and the other the sprung weight. In terms of a truck the 

unsprung weight is the wheel and axle and the sprung weight the portion of the vehicle that is supported 

on that suspension, say half of the front axle load. The quarter car model has two degrees of freedom; the 

vertical displacements of the sprung and unsprung mass. Thereby it neglects pitch and roll rotation of a 

vehicle and can only be used to study the vertical motion. Even though the model is simple it can provide 

useful information on how the system will behave due to some chosen input, such as driving on a certain 

road profile. By performing short simulations the interaction between the axle motion and response in the 

chassis, usually called primary ride, can easily be investigated [4]. The simplicity of the model gives that it 

has few design parameters. This is useful in order to get a quick understanding of the relation between 

design and performance of the suspension system. It also gives short computation times compared to a 

more complex vehicle model. The quarter car has been used to investigate and illustrate the basic dynamic 

response to road input in many previous works [5] - [6]. The quarter cars equations of motion can 

straightforwardly be derived using Lagrangian mechanics.  

Larger models on the same principle as the quarter car can without difficulty be derived to include more 

degrees of freedom. To include pitch or roll, a half car model can be used. The half car is in the same way 

as the quarter car a very simplified model of a real vehicle but can work as a useful tool for quick 

simulations in concept studies. The half car model is essentially the same model as the quarter car but the 

sprung mass is coupled with two suspension systems. This gives that the sprung mass is free to both move 

in the vertical direction and rotate about its center of mass (pitch/roll). As the quarter car, it is limited but 

can be used to study some phenomena in ride, as the influence of different stiffness in the front and rear 

springs on pitch and bounce motion [7]. The half car is a popular simplified model that is often used for 

simulations that don’t demand the complexity of a full vehicle model and concept studies on suspension 

systems [8] - [9].  

In the same fashion as the quarter car can be expanded to include two wheels and axles, more complex 

models that include more degrees of freedom can be derived. The cabin on a truck has large influence on 

the motions of the whole vehicle. To model this, the half car model can be further developed to create a 

half truck model. To include lateral motion and roll and yaw rotation a 3D truck model can be derived in 

the same way. 

2.1 Model specification 

The models should be easy to understand and not have to long ocomputation times. The complexity 

therefore cannot be too great. Models for the same purpose have been constructed using the finite 

element model (FEM). In a paper by Ibrahim, Crolla and Barton [10] the frame of the truck was modeled 

with FEM and its model properties were used to derive a 2D truck model with the Lagrangian energy 

method. The model showed that considering a flexible frame opposed to a rigid introduced more 

vibrations at higher frequencies. To keep the simplicity in this work the frame will however be considered 

stiff. The results might be improved by adding a flexible frame and could be implemented in future work 

but there is a limit to how complex the model can be before using an MBS software such as Adams is the 

more convenient choice.  
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Further on, modifications to the models should be easy to make to simulate different trucks or suspension 

configurations. 

3 Ride comfort 

Testing ride comfort typically requires well-defined input to the vehicle or simulation model. There are 

different approaches to test ride comfort. One method is subjective testing, where the test specimen is 

driven on a predetermined road section and the comfort is subjectively assessed by the driver. In the same 

way the accelerations could instead be measured during the test run to obtain hard data on the ride 

accelerations i.e. objective measures. Another way to get experimental data is to mount the vehicle in a 

hydraulic rig called a road simulator that excites the wheels of the truck while the resulting accelerations 

on the truck can be measured.  

In order to verify the vehicle models presented in this work they have to be compared to data from a real 

vehicle. In this work the models are compared to acceleration data from tests in a road simulator.  

Another way of evaluating the model or for future work, the model could be evaluated with the input of a 

standard road profile. In the ISO standard for road surface profiles [11] classifications for different road 

types that can be used as input to the models can be found.  

4 The models 

In this chapter the investigated models are presented. The models different properties are discussed and 

the method of deriving the models equations of motion is explained. 

4.1 Quarter car model 

Firstly the quarter car model (see Figure 1) discussed in the introduction is developed. It serves as the base 

of the more complex models derived later on, but it is also of interest to look at how its properties 

compares to the other models and the road simulator tests on the real truck. 

 

Figure 1. Sketch of the quarter car model. 
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The equations of motions for the models are derived by solving the Lagrange’s equation [12] 

 
�
 (1) 

where  are the general coordinates of the system,  are the time derivatives of these coordinates and  is 

the index of the degree of freedom in the system (i.e. one general coordinate).  is the systems Lagrangian, 

 is the systems dissipation function and 
�
 are the external forces acting on the system. The Lagrangian 

is defined as  

  (2) 

where  is the kinetic energy of the system and  is the potential energy of the system. The kinetic energy 

is calculated as, 

  (3) 

where  is the mass of rigid mass  and  is its velocity.  is the number of general coordinates in the 

system. The potential energy in the quarter car is calculated as the potential energy in the springs, 

  (4) 

where  is the spring rate coefficient and  is the displacement of spring .   

Since the model includes damping it is necessary to introduce a dissipation function, 

  (5) 

where  is the damping coefficient and  the velocity in damper . 

 For the quarter car model the kinetic energy, from equation (3), is then, 

  (6) 

where  is the mass of the sprung mass with its corresponding velocity, which will be expressed as the 

time derivative of the displacement using the dot notation, .  is the mass of the unsprung weight and 

its velocity . From equation (4), the potential energy of the quarter car is, 

  (7) 

where  and  are the spring rates and  the vertical displacement of the road. The positive 

displacement in the springs is defined as the elongation of the springs. For the spring between the two 
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masses that is the upwards displacement of the sprung mass minus the displacement of the unsprung 

mass. In the spring between the unsprung mass and the ground the elongation is given by the 

displacement of the unsprung mass minus the upward displacement of the ground. Using equation (5), the 

dissipation function is, 

  (8) 

Calculating the Lagrange’s equation (equation (1)) for the quarter car then gives the systems equations of 

motion 

 �
 (9) 

 
�
 (10) 

The equations of motion can be written in matrix form 

  (11) 

where 

  (12) 

are the generalized coordinates and their time derivatives. The system matrices are, 

  (13) 

  (14) 

  (15) 

  (16) 

where  is the mass matrix,  the damping matrix,  the stiffness matrix and  the force matrix. 
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4.2 Half car model 

The half car model is created by expanding the quarter car to two masses representing front and rear 

wheel and one mass representing the chassis/frame of the truck (see Figure 2). The two ground contact 

points can also be considered as the left and right wheels to study the roll motion of the frame. The half 

car has four degrees of freedom: vertical motion of the axles and frame and rotation of the frame. 

 

Figure 2. Sketch of the half car model. 

The equations of motion here are derived in the same way as for the quarter car model. The kinetic energy 

is  

  (17) 

where ,  and  are the displacement of the rigid masses,  is the moment of inertia of the sprung 

mass and  is the pitch velocity around the centre of mass of the sprung mass. The potential energy is  

 
 

(18) 

where  is the length of the sprung mass and  is the horizontal length from the unsprung mass  to 

the centre of mass of the sprung mass. 

The dissipation function is  

 
 

(19) 

Deriving the Lagrangian (equation (2)) and calculating the Lagrange’s equation (equation (1)) gives the 

equations of motion for the half car which again can be written on matrix form as  
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where 

  (20) 

  (21) 

  (22) 

  (23) 

4.3 Half truck model 

By adding a cabin to the half car discussed above, a model that takes in the motions of the cabin in 

translation and pitch rotation is created (see Figure 3). The cabin suspension is modeled to give the cabin 

three degrees of freedom: translation in vertical and longitudinal direction and rotation about the lateral 

axis (pitch). The suspension mounting is placed to correspond to the cabin suspension on a Scania truck. 

 

Figure 3. Schematic sketch of the half truck model. 

The equations of motion for the half truck model are calculated in the same way as for the two previous 

models. Including translation in the vertical direction of the frame and axles, translation in longitudinal 

and vertical direction of the cabin and pitch rotation about the center of mass of the cabin and chassis 

gives 7 degrees of freedom. The full derivation of the equations is presented in Appendix A . 
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4.4 3D truck model 

The half truck is expanded (see Figure 13 for picture of Adams model of the 3D truck model) by adding 

suspension to the left and right side of the truck. This introduces roll rotation of the axles, frame and 

cabin, pitch rotation of the frame and cabin as well as yaw rotation of the cabin. Anti-roll bars on the axles 

and on the front cabin suspension are also included. These work as a torque, counteracting the roll angle 

between the frame and axle and between the cabin and frame. The 3D truck model considered here then 

has 13 degrees of freedom:  

o displacement and rotation about the longitudinal axis (roll) of the axles, frame and cabin,  

o pitch rotation of the frame and cabin and  

o rotation about the vertical axis (yaw) of the cabin.  

The full derivations of the equations are presented in Appendix B . 

4.5 Assumptions in the models 

The models present several assumptions that may affect how well they compare with a real truck. In all 

the models, the contact with the road is a point contact which is a crude model of the tires reaction to the 

shape of the road. A point contact with a spring and damper is a very simple model of a tire. A truck has 

large tires and a road contact with a width of about 0.1 m. This gives that small irregularities in the road 

are filtered out while for a point contact even small irregularities can result in large input velocities. For 

example when driving over a sharp edge the tire would deform around the edge and give a smoother input 

to the vehicle while the point contact tire would see the sharp edge as an infinite acceleration. To 

accurately describe the tires characteristics and behavior, large and complex models have to be used (such 

as Pac2002 and/or FTire in Adams/Car [13]). This is outside of this projects scope since it contradicts the 

purpose of developing a simplified model in Matlab.  

Using linear springs and dampers are also large assumptions when simulating a vehicle that is fitted with 

leaf springs. Leaf springs are commonly used in the suspension of heavy trucks and these are quite 

different to a coil or air spring. The mounting of the leaf spring in the chassis is different and the springs 

also introduce damping from the friction between the leaves. Also the single point attachment of the 

springs in the model restricts degrees of freedom in the axles and frame. As the suspension only produces 

stiffness in the vertical direction, only vertical displacement and roll around the longitudinal axis are 

allowed. More degrees of freedom in the axles could be added to the model if bushings in the suspension 

mounting were considered.  
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5 Model solver 

To simulate the response of the models, the equations of motion are solved numerically in Matlab. A 

Matlab program was created where the user can choose what model to use by specifying the system 

matrices. The simulation excitation (such as a road profile) is entered as the force acting on the model 

over time. Other forces can also easily be added, for example a force on the chassis to simulate a tractor 

with a semi-trailer. Finally the initial conditions (displacement, velocity and acceleration) and the time step 

are chosen.  

First Matlab’s standard solver ode45 was used to solve the equations. The solution was very time 

consuming and simulating a test of 30 seconds (real time) on the half truck model took around 4 minutes 

with linear damping. Adding non-linear damping increased the computation time significantly and a 

simulation would take up to an hour to complete. For many cases the simulation crashed due to the time 

step becoming too small. The Matlab solver ode45 is built on an adaptive step Runge-Kutta method and is 

most often the preferred choice for solving differential equations in Matlab. However, the non-linear 

damping in the model means that the damping coefficients change with every time step as the velocity in 

the dampers (the relative velocity between the masses in the model) changes as the displacement of the 

road varies. The equations are then said to be stiff. There are large changes in the result between very 

small time steps and when the adaptive Runge-Kutta tries to find a solution without large changes the 

time step is decreased until it reaches a smallest allowed value and the solver produces an error. Matlab 

also has solvers purposely built for stiff differential equations (ode15s, ode23s) but these did not either 

give satisfactory results and where hard to implement. Since non-linear damping is important to represent 

the dampers in a truck, another solver type had to be used.  

Tests with different solver types where carried out and a method that was found to give satisfying results 

and reasonable computing times was the Newmark β-method [14]. The Newmark β-method is an implicit 

single step method, often used to solve the differential equations in dynamics and widely used in FEM 

analysis. Other solvers based on the Newmark β-method were also tested, such as the Hilber-Hughes-

Taylor method (HHT-method) that introduces numerical damping to the Newmark method. However, 

Newmark is more straightforward and gives satisfying results. For eventual future work, if flexible bodies 

and more non-linearities are to be included, more research on a suitable solver for that has to be done. 

For solving the equations in the model a slightly modified Newmark method [15], suited for non-linear 

systems, is used. The solver uses a linearization and a predictor-corrector method. This method decreased 

the computation time significantly and the simulation of the road simulator test, presented below, takes on 

a standard desktop computer around 13 minutes for the 3D truck model and for the half truck model 

around 7 minutes. 

In the Newmark method, at every time step, , the displacement and velocity in the next time step, , 

is approximated with, 

  (24) 

  (25) 

where, as before, ,  and  are the displacement, velocity and acceleration of the general coordinates 

at time step  while ,   and  are the same at time step .  and  are parameters 

controlling the contribution to  and  from the acceleration at time  and .  



 

10 

In the algorithm a linearization is used. Firstly, to predict the displacement and velocity at the next time 

step, the acceleration in the next time step in equation (24) and (25),  is set to zero, 

  (26) 

  (27) 

The dynamic equilibrium in equation (11) can be used to express the residual vector, 

  (28) 

The expression for the residual vector is then rewritten as a linear approximation, using equation (24)-(27) 

to only be a function of the displacement, 

  (29) 

The displacement  is then considered to be an approximation of the displacement  from 

iteration . The residual equation is replaced with a linear approximation, 

  (30) 

Here,  is called the iteration matrix and in this case gets the form, 

  (31) 

By assuming the residual vector at iteration  to be zero, a linearized expression for the needed 

correction of the displacement is obtained, 

  (32) 

The displacement, velocity and acceleration are then corrected, again using the Newmark relations, 

equations (24) and (25), 

  (33) 

  (34) 

  (35) 

The residual vector, equation (28), is then calculated again and if it is below some set tolerance the 

solution is considered converged. A flowchart of the algorithm is showed in Figure 4.  
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Figure 4.Flow chart of the solver algorithm. 
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5.1 Non-linear damping 

The damping is a function of the damper velocity. The damper data is on the form of the force given the 

velocity in the damper. Here, positive velocity is defined as the elongation of the damper. An example of 

how the damper data in the model looks like is presented in Table 1.  

Table 1. Example of damper data for the models 

Velocity  Force  

-1.5 -3000 

-1 -2000 

-0.5 -1000 

-0.1 -500 

0 0 

0.1 700 

0.5 1500 

1 3000 

1.5 5000 

The velocity in the damper is calculated as the difference in velocity between the two bodies it attaches to. 

To calculate the generated force at each time step, a spline interpolation is performed. The damping curve 

corresponding to the data in Table 1 is showed in Figure 5. 

 

Figure 5. Example of damping curve. 

5.2 Spring rates 

The springs in the developed model are assumed to be linear. This does not fully reflect the reality, as 

discussed above. Two types of springs are commonly used on trucks: leaf springs and air springs. Leaf 

springs are not linear, primarily due to friction between the leaves. When a leaf spring is compressed the 

leaves slide against each other which induces friction. This gives a hysteresis in the load-deflection 
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relation. To more accurately model the leaf springs, they could be modeled as flexible finite element 

bodies that would include the bending and sliding contact between the leaves as proposed by Moon, Yoon 

and Oh [16]. To stay within the scope of this project however, the springs are assumed to be linear. 

Creating a more complex model of the leaf springs would make the whole model more complex and the 

purpose of developing a simpler model as an alternative to ones that are easily created in Adams might be 

questioned. 

6 Model validation 

The models created in Matlab were duplicated in Adams View to control and evaluate the equations and 

the solver. The Adams models are created to match the Matlab models by matching the masses and 

positions and putting constraints in movement on the axles and frame to obtain the same amount of 

degrees of freedom. The constraints are created with dummy masses that lock components motion to the 

ground. Adams is set to use the Newmark method as the dynamic solver to match with the Matlab code. 

The solver parameters,  and , in equations (24)-(27), (31) and (33)-(35) are chosen as the default  values 

in Adams, 

 

6.1 Comparison with Adams models 

The Adams models are simulated with an input deflection on the ground plate which the models are 

mounted on. The input can later be imported to Matlab to be used in the Matlab models. The models are 

tested with a sinus and a step function and the resulting displacements, velocities and accelerations are 

analyzed. The sinus signal is, 

  (36) 

on all tires (ground plates). The step signal is defined in the Adams syntax as 

  (37) 

which translates to a step beginning at 1 seconds and ending at 1.5 seconds with the amplitude 0.01 m. 

The simulation is run from 0 to 15 seconds with the time step 0.001 seconds. 

6.1.1 Adams quarter car model 

The Adams quarter car model is constructed to replicate the Matlab quarter car model (see Figure 6). The 

spring and damper between the ground and unsprung mass are setup as a spring element while the spring 

and damper in the suspension (between the two masses) are modeled as a point force element which 

makes it convenient to implement the non-linear damping. The model parameters and data on the 

suspension damping are presented in Table 2 and Table 3. The parameters are used in the Adams 

simulations are taken as generic values in the in the same range as the ones on a real truck. The damper 

data is also generic and only used in the Adams simulation for comparison. 

Table 2. Model parameters for the Adams quarter car model simulations. 

Sprung mass 5000 [kg] 

Unsprung mass 500 [kg] 
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Suspension spring rate 500·10
3 [N/m] 

Tire spring rate 1000·10
3
 [N/m] 

Tire damping coefficient 500 [N·s/m] 
 

Table 3. Relationship between damper velocity and resulting force in the suspension damper. 

�����	  -0.5 -0.4 -0.3 -0.2 -0.1 -0.05 0 0.05 0.1 0.2 0.3 0.4 0.5 

�����	  -3500 -3000 -2700 -2500 -2000 -1000 0 100 200 250 300 400 500 

 

 

Figure 6. Picture of the Adams quarter car model. 

The agreement between the Matlab model and Adams model is tested by comparing the displacement, 

velocity and accelerations as function of time. In Figures 7 and 8 the results from Matlab and Adams in 

displacement and velocity of the masses from the step excitation are plotted against time. The results are 

almost identical but deviate slightly in amplitude at some places. The same good correspondence is found 

for the harmonic signal. The cause of the small deviations is most likely a result of the models using 

slightly different solver algorithms. There is documentation on how the Adams solver is constructed [17] 

but details on how the actual solver code is written is not available. 

 
Figure 7. Matlab and Adams result for the displacement and velocity of the unsprung mass resulting from the step  

excitation. 
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Figure 10. Vertical displacement of the front axle over time resulting from the step (left) and sinus excitation (right). 

 

 
Figure 11. Vertical displacement of the frame over time resulting from the step (left) and sinus excitation (right). 

 

 
Figure 12. Vertical displacement of the cab over time resulting from the step (left) and sinus excitation (right). 
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The results from the two models match very well. Like for the quarter car model, there are very small 

differences in the displacement of the front axle and frame (Figures 10 and 11). In the displacement from 

the sinus excitation on the frame the largest difference between the two models are in the order of 1·10
-5
 

m. These small differences are to be expected, as discussed on the quarter car comparison, since the 

solvers might be slightly different. In the displacement of the cabin from the step (left in Figure 12), there 

is a larger difference in amplitude in the first overshoot. This is most likely caused by the force placement 

in the Adams model. The force elements that model the axle suspension are attached to the surface of the 

frame and axle. Since the boxes that represent the axles and frame are large this makes that the forces 

don’t act in line with the center of mass. Thus a faulty addition to the force and pitch moment on the 

frame might be made. 

6.1.3 Adams 3D truck model 

The 3D truck model is replicated in Adams (Figure 13) and a simulation for both the sinus and a step 

signal are analyzed.  

 

Figure 13. Picture of the Adams 3D truck model. 

All the model parameters are presented Table C2 and Table C3 in Appendix C . The results correspond 

very well in all degrees of freedom. This can be seen in Figure 14 where the vertical displacements of the 

cab and the cab pitch angle velocity over time as result of the step excitation are plotted. 
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Figure 14. Vertical acceleration of the cab (left) and cab pitch angle velocity (right) over time resulting from the step  

excitation. 

 

Also the longitudinal motion of the cab corresponds well; see Figure 15 where the vertical and 

longitudinal acceleration of the cab are plotted. 

 
Figure 15. Longitudinal displacement (left) and acceleration (right) of the cabin, from the step excitation. 

 

The motion of the frame is also the same for the Adams and Matlab models, see Figure 16. 
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Figure 16. Vertical acceleration of the frame (left) and frame pitch velocity (right) over time resulting from the step  

excitation. 

 

 

6.2 Validation 

The comparison between the 3D Matlab model and the Adams model shows that the two models give the 

same results. As for the two previous models there are small differences in amplitude that probably arise 

from differences in the solvers. Furthermore, for the half truck model, there are some differences in the 

results for the cab motion. In Figures 14 and 15 small deviations between the results are seen. These 

probably arise from how the model in Adams is created. Restrictions in movement on the frame and axles 

and placement of forces could affect the accelerations response. Still the results are similar enough to say 

that the equations in the Matlab models are correct and the solver works well for these conditions. 

The comparison tells that the equations and the method of solving them are feasible. The comparison 

provided a good way of controlling the equations for errors and to implement the solver. The good 

agreement with the Adams result does not say anything about the viability to model a real truck but only 

that the equations and solver themselves are not faulty. Only the comparison with a real truck can tell if 

the model might be a suitable tool for predictions. 
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7 Road simulator test 

To test the validity of the vehicle models they are compared to results from tests on a road simulator. A 

truck is rigged on the road simulator and is excited on all wheels with a chosen signal. The hydraulic 

cylinders in the simulator are fitted with position sensors that made it possible to use the measured 

excitation on the truck as input in the Matlab model. This gave a reliable way of comparing the result from 

accelerometer measurements on the real truck to the corresponding results from the model. As opposed 

to comparing road tests, here the resulting accelerations can be compared with more knowledge of the 

actual excitation and without outside disturbances. 

The excitation signal is a sinus sweep from 0.8 Hz to 20 Hz. The frequency increase is logarithmic and the 

amplitude is inverse proportional to the frequency, 

  (38) 

The start amplitude is 1 mm which with the starting frequency 0.8 Hz gives 1.25 mm (the measured 

displacement on one of the hydraulic cylinders in the simulator is presented in Figure 17). Using a sinus 

sweep is an efficient way of exciting the different structures in the truck in a single test run. By going from 

low frequencies to higher, different eigenmodes in the structures should be excited at different 

frequencies. This would give peaks in the measured acceleration that give good points for comparison 

between the two models. 

 

Figure 17. Plot showing the measured displacement of the road simulator cylinders. 
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7.1 The truck 

The experimental tests are performed on a standard 4-wheeled Scania tractor with leaf springs on the 

front axle suspension and double air springs on the rear axle suspension.   

Three different vehicle configurations are tested: 

1. Standard configuration 

2. Harder damping on the front axle 

 The front axle dampers are replaced with harder dampers 

3. No damper on the front axle 

 The front axle dampers are removed  

Accelerometers are mounted on the truck as presented in Table 4.  

Table 4. Accelerometer positions 

Position Measurement 
direction 

x=longitudinal direction 

y=lateral direction 

z=vertical direction 

Cabin:  

left front cabin suspension x, y, z 

right front cabin suspension x, y, z 

right rear cabin suspension y, z 

Frame:  

left front cabin suspension x, y, z 

right front cabin suspension x, y, z 

left rear cabin suspension y, z 

right rear cabin suspension y, z 

at rear axle left y, z 

at rear axle right y, z 

Front axle:  

on the left side of axle z 

on the right side of axle z 

Rear axle:  

on the left side of axle z 

on the right side of axle z 
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7.2 Road simulator results 

During the test some of the trucks different eigenfrequencies are apparent. At lower frequencies a lot of 

movement of the cabin is observed and at higher frequencies there is increased motion in the front axle 

while the cabin remains still. These peaks in amplitude are visible in the measured acceleration time signal 

but are made even more apparent in a power spectral density (PSD) calculated from the acceleration.  In 

Figures 18 and 19 the measured acceleration on the cabin (front cab suspension), frame (front cab 

suspension), front axle and rear axle are presented. The accelerations are normalized with the maximum 

value of the signal. 

 
Figure 18. Plot of the measured acceleration over time, on the left front cab suspension on the cabin (left) and  

frame (right). 

 

 

 
Figure 19. Plot of the measured acceleration over time, on the front axle (left) and rear axle (right). 

 

As mentioned above, the cabin shows a large peak in amplitude at the lower frequencies (left Figure 18) 

while the axles have a large response at higher frequencies (Figure 19). The PSDs of the time signals are 

also calculated which more clearly shows at which frequencies the truck components have the largest 

response. 
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In Figures 20 and 21 the PSDs of the acceleration on the cabin, frame and the axles are plotted. The cabin 

had an eigenfrequency at 1.8 Hz, the front axle one at 13.8 Hz and the rear axle an eigenfrequency at 10 

Hz. In the frame acceleration PSD the cabin and axle motions are seen and the curve has peaks at 1.8 and 

10.4 Hz.  

 

 
Figure 20. PSD of the normalized acceleration of the left front cab suspension on the cabin (left) and frame (right). 

 

 

 
Figure 21. PSD of the normalized acceleration of the front axle (left) and rear axle (right). 

 

8 Comparison of results from experiments and simulations 

The Scania truck is modeled using measured lengths on the truck used in the road simulator tests. The 

axle loads are measured and together with the known weight of the truck components the center of mass 

position of the frame and an estimate of the moments of inertia are calculated. Data on the dampers is 

taken from data sheets while the spring rates are taken as a mean value calculated from previous 

measurements performed on Scania. To compare with the tests the measured excitation in the road 

simulator is taken as input to the tires in the models. The quarter car, half and 3D truck are simulated to 

see how well they agree with the measurements and to investigate on their qualities and differences. 
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8.1 Quarter car model comparison 

Firstly, the quarter car model is used to simulate the front axle. The sprung mass is set as half the axle load 

minus the axle weight while the unsprung mass is set as half the axle weight (including wheel). In Figure 

22 the PSDs of the acceleration of the sprung and unsprung mass in the front axle suspension are plotted. 

Also here the amplitudes are normalized with the maximum value of the data being compared. For the 

results from the measurements the left side of the axle is taken as the unsprung mass and the 

measurements on the left rear cabin suspension of the frame is taken as the sprung mass. For the 

unsprung mass (front axle) the quarter car model response is too low in amplitude as well as in frequency 

of the maximum peak. Also the shape of the curve is not similar to the one from the road simulator 

measurement. The sprung mass matches better but the model overestimates both the amplitude and 

frequency.  

 
Figure 22. Comparison between the quarter car model and the road simulator PSD of the normalized acceleration 

 of the front axle (left) and sprung mass (right). 

 

To compensate for the difference, tests with different tire spring stiffnesses were made to get a better 

matching curve. The standard model uses a tire spring stiffness that is taken from previous estimations 

made on Scania. Testing different stiffnesses it was found that by increasing the front tire stiffnesses to 6 

times the original stiffness, the peaks in the PSD plots match the measurements better. By trimming the 

tire stiffness to match the eigenfrequency of the model the new tire stiffness can be used to investigate if 

the different test cases have the same impact on the acceleration response on the model as on the real 

truck. As the response of the frame and cabin depends on the input from the axle suspension, trimming 

the axle frequency might make the total acceleration response of the truck be closer to the tests. In Figure 

23 the quarter car model with stiffer tire is compared with the measurements. For the unsprung mass the 

peaks line up at 13.8 Hz but still with significant difference in amplitude. The sprung mass peak drops to 

half of the amplitude compared to the original tire stiffness but is closer in frequency at 1.8 Hz. In the left 

graph in Figure 23 a sharp edge in the quarter car model results can be seen. This comes from that the 

maximum excitation frequency in the test was 20 Hz. 
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Figure 23. Comparison between the quarter car model and the road simulator PSD of the normalized acceleration 

 of the front axle (left) and sprung mass (right), 6 times stiffer tire. 
 

 

The same deviations are found for the rear axle, see Figure 24. The unsprung and sprung mass have peaks 

in the PSD curves at 6.6 Hz and 6.4 Hz respectively while the results from the test has one at 10 Hz. 

 
Figure 24. Comparison between the quarter car model and the road simulator PSD of the normalized acceleration 

 of the rear axle (left) and sprung mass (right). 

 

As for the front axle the tire stiffness is increased to match the measurements. If the tire stiffness is 

increased to 2.2 times the original value the unsprung mass gets an eigenfrequency at 10.2 Hz and the 

sprung mass an eigenfrequency at 10 Hz. Thereby peaks from the model and from the measurements 

match in frequency but there are large differences in the amplitude, see Figure 25. 
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Figure 25. Comparison between the quarter car model and the road simulator PSD of the normalized acceleration 

 of the rear axle (left) and sprung mass (right), 2.2 times stiffer tire. 

 

8.2 Half truck model comparison 

The same analysis is made on the half truck model. The weights in the half truck are set to half of the 

measured and known weights of the real truck and the damper and spring data is implemented in the same 

way as for the quarter car. First the standard tire stiffnesses are used to see how well the model compared 

with the real truck. In Figures 26 and 27 the PSDs of the acceleration on the cabin, frame and axles are 

presented. Here, as for the quarter car, the model predicts too low eigenfrequencies.  

 
Figure 26. Comparison between the half truck model and the road simulator PSD of the normalized acceleration 

 of the cabin (left) and the frame (right) on the left front cabin suspension. 
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Figure 27. Comparison between the half truck model and the road simulator PSD of the normalized acceleration 

 of the front axle (left) and the rear axle (right). 
 

 

To increase the eigenfrequencies the tire stiffnesses are increased. The same values as for the quarter car 

were tested but the value on the front tire gave too high frequencies. Instead the front tire stiffness is set 

to 3 times the original value while the rear tire is kept at 2.2 times the original value. In Figures 28 and 29 

the PSD of the accelerations with stiffer tires are plotted.  

 
Figure 28. Comparison between the half truck model and the road simulator PSD of the normalized acceleration 

 of the cabin (left) and the frame (right) on the left front cabin suspension, with stiffer tires. 
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Figure 29. Comparison between the half truck model and the road simulator PSD of the normalized acceleration 

 of the front axle (left) and the rear axle (right), with stiffer tires. 

 

8.3 3D truck model comparison 

In the same way as for the quarter car and half truck model the eigenfrequencies of the axles are too low 

compared to the measured data on the road simulator. The same tire stiffnesses as used on the half truck 

model are used on the 3D truck model. Figures 30-32  presents the results of the normalized PSD of the 

cabin, frame and axle accelerations.  

 
Figure 30. Comparison between the 3D truck model and the road simulator PSD of the normalized acceleration 

 of the cabin, on the front cabin suspension (left) and the rear cabin suspension (right), with stiffer tires. 
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Figure 31. Comparison between the 3D truck model and the road simulator PSD of the normalized acceleration 

 of the frame, on the front cabin suspension (left) and the rear cabin suspension (right), with stiffer tires. 

 

 

 
Figure 32. Comparison between the 3D truck model and the road simulator PSD of the normalized acceleration 

 of the front axle (left) and the rear axle (right), with stiffer tires. 
 

 

As can be seen in the PSD plots, the front and rear axle eigenfrequencies match with the measured 

accelerations on the road simulator. However, the response amplitude of the rear axle is only half of the 

measured acceleration. In the frame acceleration (Figure 31) the 9.8 Hz rear axle eigenfrequency is 

represented. Other than the rear axle eigenfrequency showing in the frame acceleration, many frequency 

peaks seen in the road simulator result is not produced by the model. The acceleration of the cabin is 

predicted better by the model except for an extra peak at around 7 Hz that is not found in the road 

simulator results. 

  

0 5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

Normalized PSD on frame acceleration, on front cab suspension

frequency [Hz]

[-
]

 

 

Road simulator

3D truck model
10.4 Hz

9.8 Hz

1.8 Hz

1 Hz

0 5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

Normalized PSD on frame acceleration, on rear cab suspension

frequency [Hz]

[-
]

 

 

Road simulator

3D truck model9,8 Hz

10 Hz

1.6 Hz

1 Hz

0 5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

Normalized PSD on front axle acceleration

frequency [Hz]

[-
]

 

 

Road simulator

3D truck model
13.6 Hz

13.8 Hz

0 5 10 15 20 25 30
0

0.2

0.4

0.6

0.8

1

Normalized PSD on rear axle acceleration

frequency [Hz]

[-
]

 

 

Road simulator

3D truck model10 Hz

9.8 Hz



 

30 

8.4 Parameter variation 

The results from the tests of the different damper configurations are also simulated with the models. In 

the models, the same tire stiffnesses as for the standard configuration are used. PSDs are calculated from 

the results from the different configurations to be able to compare how the change of damping affected 

the eigenfrequencies and if the change in eigenfrequencies in the test results could be found in the model 

results. 

The expected effect of changing the damping in a system is that for a harder damping setting the 

eigenfrequencies should decrease while for lower damping they should increase. Lowering the damping 

should also increase the amplitude of the acceleration in the region of the eigenfrequency.  

8.4.1 Damper variation in the quarter car model 

The three front axle damper configurations are simulated with the quarter car model. The PSDs of the 

measured accelerations on the road simulator and from the model are presented here for comparison. In 

Figure 33 the results for the unsprung mass are plotted. Firstly, it is clear that the undamped case gets a 

much larger response. Also the frequency for the peak in the PSD plot is changed. For the real truck 

measured on the road simulator (left in Figure 33), the eigenfrequency is lowered from 13.8 Hz (standard 

configuration) to 11.8 Hz. However, the results from the quarter car model gives that the undamped 

unsprung eigenfrequency is increased to 18.8 Hz. Important to note is that the scale of the graphs are 

different, and the response amplitude for the undamped case from the model is only 6% compared to the 

measured one. Although removing the damper moves the eigenfrequency in the opposite directions, the 

result from the model is physically correct. The cause of the frequency decreasing in the measurements 

might depend on some other phenomenon that is not predicted by the model. Changing to the harder 

damper slightly increases the amplitude, which is clear in the result both from the measurement and the 

model. The cause of this is unclear since the opposite should be true. 

 
Figure 33. Comparison between the road simulator (left) and the quarter car model (right) PSD of the normalized 

acceleration of the front axle with change of front axle dampers. 
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data where the undamped curve decreases to a low value at 5 Hz. For the harder damper the amplitude is 

smaller than for the standard configuration at the first peak at 1.6 Hz but larger at the peak at 10 Hz. The 

10 Hz peak in the sprung mass acceleration comes from the axle motion. It is therefore expected that the 

amplitude should increase with the harder damper since it produces a greater force on the frame.  

In the PSD from the model there is only one peak while in the PSD from the road simulator there are 5. 

The cause of this is easily explained by the fact that in the quarter car model there are only 2 moving 

masses while in the truck there are many, including the cabin which has a large effect. 

 
Figure 34. Comparison between the road simulator (left) and the quarter car model (right) PSD of the normalized 

acceleration of the sprung mass with change of front axle dampers. 

 

8.4.2 Damper variation in the half truck model 

The same comparison as for the quarter car model is made for the half truck model. In Figure 35 the PSD 

of cabin acceleration on the front cabin suspension is presented. Removing the damper greatly increases 

the measured cabin acceleration. The model does not show this as all the damper configurations seem to 

give roughly the same result. This tells that the energy from the axles is not transferred to the cabin in the 

same way in the model. 
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Figure 35. Comparison between the road simulator (left) and the half truck model (right) PSD of the normalized 

acceleration of the cabin (front cabin suspension) with change of front axle dampers. 

 

The frame acceleration at the front cab suspension is presented in Figure 36. The measurements show that 

changing to the harder front axle damper increases the acceleration at 10 Hz. This is to be expected as 

more of the excitation energy is transferred thought the suspension to the frame. The results from the 

model do not have the same shape and don’t share any similarities except for the peak at around 2 Hz. 

Again this shows that the coupling between the axles, frame and cabin is different in the model. The cabin 

in the real truck is affected much more by the axle motion than the cabin in the model. 

 
Figure 36. Comparison between the road simulator (left) and the half truck model (right) PSD of the normalized 

acceleration of the frame (front cabin suspension) with change of front axle dampers. 

 

The PSD for the front axle acceleration is plotted in Figure 37. Here, like for the quarter car model, 

removing the damper causes the eigenfrequency of the front axle to decrease in the road simulator test 

while it increases in the model simulation. It is also clear from the measurements that switching to the 

harder front axle damper setting gives a larger acceleration response. The model predicts the opposite 

where the harder damper gives a decrease in amplitude.  
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Figure 37. Comparison between the road simulator (left) and the half truck model (right) PSD of the normalized 

acceleration of the front axle with change of front axle dampers. 
 

 

Further on, the rear axle results are shown in Figure 38. The model predicts that the harder damping 

increases the response (right Figure 38). Changing the front axle damper should not have much effect on 

the rear axle as is the case for the road simulator results where the difference between the three 

configurations is small. The simulation of the three damper settings in the model produces significantly 

different results.  

 
Figure 38. Comparison between the road simulator (left) and the half truck model (right) PSD of the normalized 

acceleration of the rear axle with change of front axle dampers. 
 

 

The reason for the large effect on rear axle must be that it is sensitive to the pitch rotation of the frame. In 

Figure 39 the normalized PSDs of the frame pitch accelerations for the different damper configurations 

are plotted. As the pitch is partly driven by the transferred energy from the front axles, changing the 

damper would affect the rear axle. As can be seen in the graph, the harder damper setting increases the 

pitch acceleration while for the undamped front axle it is decreased. In the undamped case the peak in 

acceleration is moved to a higher frequency, which can also be seen in the acceleration on the rear axle in 
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Figure 38. That the results deviate so much might be caused by the estimations of the center of mass and 

moments of inertia of the frame being wrong.  

 

Figure 39. Normalized PSD of the frame pitch acceleration simulated with the half truck model. 

8.4.3 Damper variation in the 3D truck model 

The analysis for the different damper configurations is done in the same way also for the 3D truck model. 

In Figure 40 the PSD of the cabin accelerations on the front cabin suspension for the three configurations 

are presented. Here, as expected the response is greater for the undamped truck, which can mainly be seen 

in the road simulator result. The results from the 3D truck model are very similar to the ones from the 

half truck model and don’t correspond well to the measurements.  

 
Figure 40. Comparison between the road simulator (left) and the 3D truck model (right) PSD of the normalized 

acceleration of the cabin (front cabin suspension) with change of front axle dampers. 
 

On the rear cabin suspension the difference is greater between the different damper configurations. On 

the right in Figure 41 the PSD of the cabin acceleration from the model on the rear cabin suspension is 

plotted and it is clear that the undamped response is much greater here. The same pattern is observed in 

the road simulator results. 
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Figure 41. Comparison between the road simulator (left) and the 3D truck model (right) PSD of the normalized 

acceleration of the cabin (rear cabin suspension) with change of front axle dampers. 
 

Looking at the frame acceleration, the same peak at ~1.8 Hz is seen both in the model and test results 

(road simulator on the left and 3D model on the right of Figure 42). The results from the model are much 

lower in amplitude (different scale on the model graph) and the peaks at 10 Hz that are seen in the truck 

are not found in the model. Also removing the front axle damper in the model does not have much effect 

in the model. As mentioned before, it seems like the effect of the axles are not as prominent in the model 

as in the real truck. 

 
Figure 42. Comparison between the road simulator (left) and the 3D truck model (right) PSD of the normalized 

acceleration of the frame (front cabin suspension) with change of front axle dampers. 
 

For the frame acceleration at the rear cabin suspension, shown in Figure 43, the results does not compare 

well. The peak at 1.6 Hz in the truck is not found in the model and the shape of the undamped curve is 

not similar to the measure one.  
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Figure 43. Comparison between the road simulator (left) and the 3D truck model (right) PSD of the normalized 

acceleration of the frame (rear cabin suspension) with change of front axle dampers. 
 

The results on the axle acceleration are almost identical to the half truck model. Since the excitation on the 

left and right wheels are the same and thereby almost no roll of the axles or frame occurred this is to be 

expected. The different damper configurations have the same effect on the rear axle as for the half truck 

model. This could also here be explained by the fact that the front axle affects the pitch rotation of the 

frame which transfers energy to the rear axle. 

8.5 Comparison summary 

In the comparison between the quarter car model and the road simulator tests it is clear that the two did 

not give the same results. The results of the sprung mass showed some potential as the first 

eigenfrequency at 1.6 Hz is found with the model but the higher frequencies are not represented. For the 

unsprung mass the frequencies are similar but removing the front axle damper caused the front axle 

frequency to increase in the model while it decreased in the real truck. Even though the increase in 

frequency is what to be expected this makes it unfit as a tool of predicting the effects of a parameter 

variation. Also the acceleration measured on the frame has many components and give several peaks in 

the PSD curve. The peak at 10 Hz on the frame (right in Figure 20) is probably driven by the axle 

eigenfrequency seen in Figure 21. This phenomenon is not at all found with the quarter car model and it is 

reasonable to conclude that the model is too rudimentary to model the response of the chassis.  

The results from the half truck and 3D truck model are very similar. Since the excitation is equal on all 

tires there was no roll or yaw motion. Therefore the half and 3D truck model are in effect the same 

model. To further investigate the 3D truck model, more testing with another excitation would have to be 

carried out.  

The half and 3D truck models give quite poor predictions on the acceleration response. The tire 

stiffnesses had to be changed to unreasonable values to increase the axle eigenfrequencies. Without 

changing the tire stiffnesses the comparison on the different dampers could not have been done. To 

model a complete vehicle such as a truck, a more complex tire model is needed and the stiffnesses of the 

tires have to be known. 

The results on the cabin acceleration on the front cabin suspension compared fairly well but the effect 

from changing the front axle damper is not seen with the model. Looking at both the frame and cabin 
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accelerations, it seems like the energy from the axles are not transmitted through the truck in the model. 

Having a more complex model of the axle suspensions might give better results. 

When the dampers were removed the eigenfrequency of the front axle increased in the model while it 

decreased in the truck on the road simulator. To be used as a tool to investigate the effect of parameter 

variations the model has to at least produce results that show the same trends and patterns. 

8.6 Reflections on the road simulator test 

The testing in the road simulator provided an isolated environment where the input to the truck could be 

measured accurately. The excitation signal gave good results and during a test the eigenfrequencies of the 

different parts of the truck were visually apparent. The first test showed that the decrease in amplitude 

with frequency is important to not damage the truck. At higher frequencies, above 10 Hz, chassis 

components such as the fuel tanks started vibrating. As the models don’t include elements of the truck 

such as fuel tanks, engine and transmission or model the frame as a flexible body, these are sources of 

error. At lower frequencies there was a lot of motion in the cabin and also significant roll motion. The roll 

motion is most probably caused by non-uniformities in the truck. Naturally there is no roll motion in the 

3D model which also affects the comparison between the model and the road simulator tests. 

9 Conclusions and future work 

Creating simplified models in Matlab that give an alternative to Adams is possible but the test results show 

that the models for this type of vehicle and testing do not have the required complexity. To produce 

results that are comparable with a full truck the quarter car model is too simplified as the tests on the 

truck shows that the response of the chassis is complex. The 3D truck model would have to be further 

developed to include a more advanced tire model, more realistic axle springs and include more 

components of the truck such as the engine and fuel tanks. The center of mass and moments of inertia of 

the truck have to be calculated more accurately. Also considering the frame as a flexible body would have 

to be looked into. To modify the existing 3D truck model, the equations would have to be derived again 

which makes this method of simulation less convenient to use. The benefits of using already available 

MBS software like Adams are that the model is built in a graphical interface which makes it easier to 

modify or change parts of the model. Adding a flexible frame to the 3D truck model is fully possible but 

would mean including a finite element method analysis which is computationally expensive and the 

purpose of the simulation method to be quick, easy to understand and easy to modify might be lost.  

Concluding, it is possible to create simplified vehicle models in Matlab that are easy to understand and 

that can be used for quick simulations. Increasing the complexity of the models would require all the 

equations to be derived again and thereby this way of performing vehicle simulations are not as flexible as 

the same model in Adams where the user can change the models in a graphical interface. To have a 

flexible method of analysis the same kind of models described in this work could be created in Adams but 

with some added complexity to the tires, suspension and chassis. 
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C.2 Parameters in the Adams 3D truck model 

The parameters used in the comparison between the 3D truck model and the replicated Adams model are 

presented in Table C2. The damping (function of damper velocity) that were used are presented in Table 

C3. 

Table C2. Model parameters for the 3D truck model, comparison with Adams 



 �
 �
 �
 
�  Axle suspension spring rates 


� �� 
�  Front tire spring rates 

�� �� 
�  Rear tire spring rates 

�

 �
� ��
 ��� 
�  Cab suspension spring rates (vertical) 

�
� ��� 
�  Cab suspension spring rates (longitudinal) 

�
� �
� ��� ��� 
�  Cab suspension spring rates (lateral) 

	� �  Cab anti-roll bar rate 

	��� �  Front axle anti-roll bar rate 

		�� �  Rear axle anti-roll bar rate 


� ��   Front tire damping coefficient 

�� ��   Rear tire damping coefficient 

   Chassis mass 


   Front axle mass 

�   Rear axle mass 

�   Cabin mass 

,� 
� �  Frame pitch moment of inertia  

�,� � �  Frame roll moment of inertia 

,�  �  Cabin pitch moment of inertia 

�,�  �  Cabin roll moment of inertia 

�,�  �  Cabin yaw moment of inertia 

�,���  �  Front axle roll moment of inertia 

�,���  �  Rear axle roll moment of inertia 

��   Wheel base 

    Frame center of mass position 


� 
�   Design lengths 

��   … 

��   … 

�� ��   … 
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�� ��   … 

��   … 

��   … 

��   … 

��   … 

� ��   … 

 

Table C3. Damper data for the comparison with Adams 

Front axle 

dampers 

             

�����	

 

-0.5 -0.4 -0.3 -0.2 -0.1 -0.05 0 0.05 0.1 0.2 0.3 0.4 0.5 

�����	  -3500 -3000 -2700 -2500 -2000 -1000 0 100 200 250 300 400 500 

Rear axle 

dampers 

                 

�����	

 

-1.5 -1.0 -0.5 -0.4  -0.3 -0.1 -0.05 0 0.05 0.1  0.3 0.4 0.5 1.0 1.5 

�����	  -3000 -2000 -1000 -800  -600 -400 -200 0 700 4500  9000 10000 10500 12000 14000 

Front cabin 

dampers 

             

�����	  -0.5 -0.4 -0.3  -0.1 -0.05 0 0.05 0.1  0.3 0.4 0.5 

�����	  -250 -200 -150  -100 -30 0 10 40  130 250 300 

Rear cabin 

dampers 

             

�����	  -0.5 -0.4 -0.3  -0.1 -0.05 0 0.05 0.1  0.3 0.4 0.5 

�����	  -90 -80 -60  -40 -10 0 5 20  60 120 180 

 


