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Abstract 
Trucks are constantly developed in order to achieve new goals in terms of demands from 
the customers and regulation. In order to develop the truck chassis to withstand the load, 
different tests are conducted and among those life time testing. At Scania, service life of 
frames and suspensions is tested using a purpose built test rig known as Ramriggen. The 
test rig subjects the frame to a quasi-static load created of measurements from a test track. 

The current rig for frame testing has boundary conditions that distribute the loads 
unevenly within the chassis, especially for trucks with added frame twisting. In the 
current rig, the front axle load is absorbed solely by the engine and the frame twisting is 
inserted by a cradle. With increased axle load the error in vertical loading is also 
increased and with the current configuration for frame twisting, unexpected cracks in the 
frame has been observed. In order to improve the emulation of a real truck the boundary 
conditions requires development. The purpose of this study is to compare different 
boundary conditions at the front of the truck. 

An investigation of how new boundary conditions at the front of truck can redistribute the 
loads has been conducted. This investigation utilized FEM as a tool and method to reach 
the end results. In order to compare different boundary conditions two synthetic load 
cases were defined from measurements conducted on a truck at a test track. The two load 
cases consisted of a vertical load and two cases of frame twisting. This investigation 
resulted in new boundary conditions for a concept test rig. The new boundary conditions 
consist of a cab mock-up that is able to absorb vertical load and induce frame twisting. 

The result of the investigation of the two load cases shows that the engine beam is 
overloaded at most 40% and the base mount with 150% with the current boundary 
conditions compared with the new suggested concept. 
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Sammanfattning 
Lastbilar utvecklas ständigt för att uppnå nya krav och regelverk. När lastbilschassin 
optimeras för hållfasthet måste olika prover utföras bland annat livslängdsprov. 
Livslängdsprov på ramar och hjulupphängningar utförs på Scania i en speciell 
kvasistatisk rigg, Ramriggen. Riggen utsätter ramarna för en lasthistorik skapad utifrån 
provbanemätningar. 

Dagens rigg för provning av ramar har randvillkor som snedfördelar lasterna inom 
chassiet, speciellt för dragbilar med pålagd ramvridning. Dragbilens framaxeltyck tags 
enbart upp utav motorn och vridningen av ramen införs i basfästena via en 
krängningsvagga. Vid större axeltryck blir felet ifrån vertikallasten allt större och vid 
ramvridning så har oförutsedda utfall skett i framvagnen. För att förbättra Ramriggens 
förmåga att efterlikna en verklig lastbil behöver randvillkoren utvecklas. Syftet med 
undersökningen är att jämföra olika randvillkor i dragbilens framvagn. 

En undersökning om nya randvillkor för dragbilens framvagn i riggen kan omfördela 
lasterna har genomförts. I undersökningen användes FEM. För att jämföra olika 
randvillkor har två lastfall syntetiserats utifrån olika mätningar inmätta på dragbil. Ett 
lastfall för hög vertikallast och två lastfall med ramvridning. Genom undersökningen har 
nya randvillkorskoncept för riggen tagits fram. De nya randvillkoren innefattar en 
hyttattrapp som kan bidra med mothåll för vertikallaster samt inducera ramvridning. 

Resultatet av undersökningen av de två lastfallen visar att motorbalken överlastas med 
som mest 40% och basfästet 150% med de nuvarande randvillkoren jämfört med det 
föreslagna konceptet. 
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DOF – Degree of Freedom 
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1 Introduction 
The master thesis was performed at Scania Technical Centre in Södertälje at RTRS –
Strength Testing. RTRS work with strength testing of truck frames, suspension and axels 
etc. in a laboratory. They perform Wöhler and service life tests of many different 
components. The largest rig is called Ramriggen (1) and it is specially used to determine 
service life of truck frames and suspension. 

1.1 Background 
Trucks are developed continuously and optimized to meet new regulations and conditions 
in terms of fuel consumption, load capacity and new demanding markets etc. The 
development requires thorough testing of the truck and its parts. One important 
mechanical measure of a truck and its components is service life, how long the truck can 
be in service. 

Service life of a truck is long and testing it in the field, i.e. driving around in all fields of 
application to test, would be too time consuming. The tests can be speeded up in a 
laboratory. 

1.1.1 Trucks 
Within the Scania truck line there are trucks for different purposes and with many 
different configurations. The usage of the trucks among the costumers differ, from long 
haulage where trucks are driven long distances to deliver its cargo, to distribution where 
trucks are driven short distances but often within cities with a lot of starting and stopping 
due to heavy traffic and red lights, to construction where trucks are carrying heavy loads 
over rough terrain. There are also trucks made for special vehicles such as fire engines, 
mobile cranes, vacuum tankers etc. Trucks are made in many different configurations in 
terms of number of axles, type of cab and engine. There are also different configurations 
depending on the purpose of the truck such as tractors which are designed to solely pull a 
trailer and heavy tipper that have an open-box bed.  Some different trucks are shown in 
Figure 1.  
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Figure 1 – Different types of purposes for trucks. From top left: Long haulage, distribution, 

construction and special vehicles. 

1.1.2 Scania test track 
The Scania test track is a test track with obstacles designed to capture how the truck is 
used. It begins with determining how the trucks are used by the costumers, i.e. what loads 
they are subjected to. The loads are differentiated into fields of application such as long 
haulage, distribution and construction, see Figure 2. The Scania test track is thereafter 
designed to replicate how the truck is worn out by customers. On the test track the trucks 
are subjected to a higher density of the most demanding loading cycles, speeding up the 
testing. 

 

Figure 2 – A truck at long haulage service. 
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1.1.3 Laboratory testing 
Driving on the track is demanding for drivers and even still too time consuming for 
effective R&D. The load cycles can be applied in different test rigs in a laboratory. At 
Scania there are several test rigs. There are shake rigs which apply real-time load signals 
to the truck, see Figure 3. 

 

Figure 3 – Truck mounted in a shake rig. 

The shake rigs are design to test the mechanics of road induced vibrations in trucks and 
their components. They do not test the largest deflections and loads occurring on the 
track, for that application there are quasi-static test rigs. The quasi-static test rigs are 
designed to test the mechanics of the largest loads, that contributes to the most damage 
(2). Because of the quasi-static loads in the rigs, heavy components are stripped from the 
tested object as the mass effects are not present. At the Scania strength testing laboratory 
there are several quasi-static rigs that tests components such as axles, suspensions and 
frames etc. The test rig focused on in this thesis is Ramriggen, the largest quasi-static rig 
at Scania. 

1.1.4 Ramriggen 
Ramriggen is a 20 channel test rig used for service life testing of truck frames, and 
suspensions. The rig is designed to accommodate for the large loads and deflections that 
the truck is subjected to, however to run these loads in real time requires the testing 
hardware to be large and energy consuming and therefore expensive. As a trade-off the 
test rig is run at a maximum speed of ca 3 Hz which is considered to be quasi-static and 
does not require as large hardware. Different types of trucks are tested in the rig. The 
whole frame of a tractor1 can be tested; frames from other truck configurations have to be 
customized in order to fit in the test rig. Ramriggen is shown in Figure 4. 

                                                 
1 Tractor – A truck designed for pulling trailers. 
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Figure 4 – Ramriggen. 

In real life when the truck is subjected to high dynamic vertical axle loads caused by road 
unevenness, the heavy components such as the engine will counteract the movement 
forced upon them due their inertia. To compensate for this in Ramriggen, the frame is 
oriented upside down (Figure 5) and the heavy components can be replaced with 
boundary conditions fixed to the rigid floor. The upside down orientation also makes 
mounting of the tested suspensions etc. easier.  

 

Figure 5 – The truck is turned upside down. 
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Surrounding the rig there are a number of hydraulic actuators connected to the frame and 
axles, they are used to simulate the different forces and movements of the truck measured 
on the test track. 

The configuration of the rig when the testing scope includes twisting, Figure 6, is; 

• One actuator in vertical and lateral direction on each wheel, 1 – 12. 
• Longitudinal load actuators on the first rear axle, 15 and 16. 
• Twisting is introduced by two actuators connected at each base mount with a stiff 

anti-roll bar at location A in between, 17 and 18, the actuators only create a 
rotating moment, producing an angle measured on the frame. They do not act as 
supports against the vertical loads. 

• To fulfil quasi-static equilibrium during curves on the test track the frame is kept 
from lateral movement by actuator 20. It is also used to keep the frame in place in 
the test rig. 

• An engine mock-up supported by a stiff pin jointed rod is mounted at the engine 
mounts at B. 

• The rear is supported at location C by the fifth wheel2 and kingpin3. Translational 
movement in x, y and z and rotation around x is constrained. 

 

Figure 6 – A tractor in Ramriggen configured for frame 
twisting. 

                                                 
2 Fifth wheel – where the trailer is linked to the cab. 
3 Kingpin – the trailers device for connecting to the fifth wheel. 



Fredrik Arbegard 
Håkan Jakobsson 

6 

1.2 Problem definition 
The loads are unevenly distributed in the current configuration of the rig. The error 
increases with increased front axle pressure. 

The current configuration is run at maximum front axle load, which during a run yields a 
maximum dynamic load of ca. double the front axle load on the worst transient obstacle. 
The engine mounts are at maximum subjected the static load from the engine (3), which is 
almost equal to the front axle load. In the frame twist configuration the engine mounts are 
subjected to almost the double front axle load. The mass of the cab is not included in the 
current rig setup. The cabs mass is about the same as the engine. 

One of many tests in Ramriggen was called R19 (4). This test was performed on a 4x2 
tractor with the rig configured as in Figure 7. 

 

Figure 7 – Illustrative figure of the current rig 
setup for R19. 

One problem with the current setup is that actuators 17 and 18 do not absorb any of the 
vertical loads at the front meaning that almost the entire front axle load is absorbed by the 
engine mock-up and the engine rod. The stiff anti-roll bar attached between the actuators 
17 and 18 can be seen in Figure 8. 
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Figure 8 – The stiff anti-roll bar for twisting of the frame mounted on the base mounts, 
highlighted in red. 

For larger static axle loads, it is believed that the engine mounts and the frame cannot 
handle such front axle loads in its current rig setup. 

  
Figure 9 – The misallocation of load, a real truck to the left and the current test rig to the right. 

Another problem with the current setup might be the method for inducing frame twist. 
Cracks have occurred in the front of the frame near the base mounts which were 
unexpected, it is suspected that the cause of these cracks might be the stiff anti-roll bar at 
the front. 

1.3 Purpose and Aim 
New markets require a higher front axle load. Currently the rig is not able to simulate this 
configuration properly due to the high overloading on the engine mounts. The test rig is 
used to simulate several load cases. The purpose of this thesis is to evaluate the boundary 
conditions used in the setup for testing frame twist. Frame twist is induced to a truck by 
uneven roads and rolling movement of the cab together with heavy front axle loads. The 
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aim is to diminish the error, ∆1, between the rig and the reality to a smaller error, ∆2, 
illustrated in Figure 10. 

 

Figure 10 – Illustration of the aim of thesis, to the left the current rig, in the middle the rig with 
improved boundary conditions and to the left a real tractor. 

1.4 Restrictions 
The thesis is restricted to the tractor. The most common truck from Scania is a tractor. 
Different common types of tractors are 4x2, 6x2 and 6x4, i.e. a tractor with two or three 
axles respectively and one driving axle, the first rear axle see Figure 11, the latter type has 
two driving axles. The configuration of focus in this report is the 6x4-configuration. The 
trailer is attached to the tractor with the fifth wheel which holds the trailers kingpin. In 
other truck types, e.g. mining a open box bed is attached to the truck frame which stiffens 
it, that truck would need other boundary conditions for support. 

 

Figure 11 – Two truck configurations, to the left 4x2 and to the right 
6x2 or 6x4. 

The region of interest for this thesis is the front part of the chassis, from the gear box 
cross beam and forward. The load cases for verification are limited to three, one vertical 
load over the front axle and two frame twist loads. In the load cases the time history was 
neglected. Only vertical wheel loads have been taken into account. The model used for 
calculations is from the NGS-truck, which has some differences in frame geometry 
compared to the ND. 
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2 Methodology 
The method used for the investigation and the implementation of the boundary conditions 
was FEM, this method is described more thoroughly in section 2.4. Studies were also 
conducted on trucks, Ramriggen and technical reports in order to gather knowledge and 
data to be used as input for the models. 

2.1 Definitions 
For a truck there are six DOFs in the Cartesian coordinate system, three translational 
DOFs, in the x, y and z-directions and three rotational DOFs, one around each axis. In this 
report the coordinates of the truck are defined as; x in the opposite direction of driving, y 
to the right side in the driving direction of the truck and z in the vertical in the truck, see 
Figure 12. 

 

Figure 12 – Coordinate definition 

A vehicles rotation around the axis x-axis is called roll and the rotation around the y- and 
z-axis is called pitch and yaw respectively, they are visualized in Figure 13. The 
translational movement in z-direction is called bounce. 

 

Figure 13 – Definition of movement 

On a tractor the two major components in the front with large mass are the cab and the 
engine, see Figure 14. The cab and the engine are assumed to be rigid in comparison to 
the chassis. 

 



Fredrik Arbegard 
Håkan Jakobsson 

10 

 

Figure 14 – Forces from components that yield axle loads. 

2.2 Types of loads 
A truck is subjected to many types of loads. These loads are divided into three groups; 
static, quasi-static and dynamic load. 

2.2.1 Static load 
A truck standing still with or without cargo is subjected to static load. The load from the 
trailer is supported by the fifth wheel and transferred to the rear axles of the truck. 

2.2.2 Quasi-static load 
A quasi-static load is a time dependent load where the loading is slow enough that the 
inertial and mass effects can be neglected. A truck is subjected to quasi-static loads when 
driving at low velocity over e.g. terrain obstacles. When driving over a terrain obstacle 
with one wheel at the time the frame will be twisted. These loads occur in many different 
applications where the roads are not flat such as in timber trucking, mining industry and 
at construction sites. 

2.2.3 Dynamic load 
A dynamic load is time dependent. The loading sequence is fast; therefore the inertial and 
mass effects cannot be neglected. This load occurs over obstacles when the truck has a 
higher velocity. A bumpy road will subject the truck to random and transient loads. 
Dynamic loads occur in every field of application of trucks. 

2.3 Loads of interest 
To obtain the loads for each load case a signal, measured from driving over obstacles 
where the different load cases occur, was studied. The measurement consisted of several 
different sensors including wheel force transducers, which measure speed, forces and 
displacements of each wheel, several strain gauges and accelerometers at different 
locations and devices for measuring distances and frame twist (5). 
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The load cases used were synthetic load cases based upon two selected obstacles on the 
test track. They were selected to give maximum front axle load and maximum frame 
twisting angle respectively. The values of the forces were estimated from the 
measurements on the test track and over the course of the chosen obstacle, the maximum 
value of the force has been acquired for each force. The forces do not necessarily apply at 
the same time in the real world but does so in these load cases as a simplification. 
Furthermore the value of a measurement point at any location on the engine and cab is 
assumed to be valid for the entire cab and engine. 

2.3.1 Vertical load case 
The vertical load case is based upon the transient obstacles on the test track which yields 
the maximum front axle pressure. This load case is highly dynamic and is considered the 
worst obstacle in terms of vertical load on the components, see Figure 15 and values in 
Table 1. 

 

Figure 15 – Figure depicting the vertical load case. 

Table 1 – Parameters and values used in the vertical load case. 

Parameter Value (normalized) Description 
FCZ 0.31  Inertial vertical force on the cab 
FMZ -0.63  Inertial vertical force on the engine 
FF1HZ 0.5  Right vertical wheel load 
FF1VZ 0.5  Left vertical wheel load 

2.3.2 Frame twisting load case A 
This load case was inspired by the shake obstacles on the test track in which the high 
centre of mass of the cab and uneven loading on the front axle induces cab roll which in 
its turn twists the frame. The roll of the cab is not always in phase with the uneven front 
axle load and the frame twist is divided into two separate load cases.  
In the first case, case A the cabs inertia counteracts the frame twist induced by the uneven 
front axle load and yields the maximum angle between axle and frame, see Figure 16 and 
values in Table 2. 
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Figure 16 – Figure depicting the frame twisting load case A. 

Table 2 – Parameters and values used in frame twisting load case A. 

Parameter Value (normalized) Description 
FCZ -0.16 Inertial vertical force on the cab 
FCY -0.09 Inertial horizontal force on the cab 
FMZ -0.31 Inertial vertical force on the engine 
FF1HZ 0.25 Right vertical wheel load 
FF1VZ 0.36 Left vertical wheel load 

2.3.3 Frame twisting load case B 
The second load case for frame twisting, the cab roll is added onto the uneven front axle 
load thus yields the maximum twisting angle of the frame. This load might occur when 
roll already is introduced to the cab and the wheels hit the obstacle. The load case is 
shown in Figure 17 and quantified in Table 3. 

 

Figure 17 – Figure depicting the frame twisting load case B. 
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Table 3 – Parameters and values used in frame twisting load case B. 

Parameter Value (normalized) Description 
FCZ -0.16 Inertial vertical force on the cab 
FCY 0.09 Inertial horizontal force on the cab 
FMZ -0.31 Inertial vertical force on the engine 
FF1HZ 0.25 Right vertical wheel load 
FF1VZ 0.36 Left vertical wheel load 

2.4 FEM 
For this thesis FEM was used to evaluate different concept test rigs and to compare those 
to the current test rig and to a simplified truck model (ST). This was done in order to 
observe in which areas the current test rig is lacking compared to the reality which in this 
case is the ST. FEM was used due to the complexity of the mechanical problem as the 
frame contains many components that absorb the loads from both the vertical load case 
and the frame twisting load case. In order to highlight the interesting components to 
compare and study closer FEM was considered an effective tool to use in this thesis. 

2.5 Structure and keywords of an Abaqus input-file 
The FEM software used for this thesis was Abaqus version 6.13-2 for Linux and 
Windows. Abaqus uses Python as scripting language, however it also has special 
keywords that can be used for defining an analysis. The keywords used can be divided 
into three categories, keywords that define the geometry of the problem, keywords that 
define the analysis and keywords that define the output. When running an analysis in 
Abaqus, an input-file (*.inp) with keywords is written and then run from the program, see 
Figure 18. The input file contains the geometry, analysis setup parameters and the output 
setup necessary to complete the analysis. The components that make up the geometry 
such as the frame, cab and engine were put into include-files (*.inc) that were imported in 
the input-file. The analysis definition was also written in an include-file. The materials 
used were given in a material file in *.txt-format used by Scania (6). The output is given 
as an output database (*.odb). 

 

Figure 18 – File disposition of an 
Abaqus analysis. 
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The basic keywords used are described below, also described is the step definition which 
defines the analysis used. For connector elements see section 2.11. For more keywords 
see Abaqus documentation (7). 

2.5.1 Keywords used in Abaqus 

Table 4 – Table that describes the most commonly used keywords. 

Keyword Description 

*NODE, NSET=NODES 
<Node number>, <x-coordinate>, <y-
coordinate>, <z-coordinate> 

Creates a node in at given 
coordinates. The node is numbered 
as 11 and included in a node set 
named NODES. 

*ELEMENT, TYPE=B31, ELSET=BEAM 
<Element number>, <Node 1>, <Node 
2> 

Creates an element of type 
B31using two nodes. The element 
is included in an element set 
named BEAM. 

*BEAM SECTION, ELSET=BEAM, 
POISSON=<Poisson’s ratio>, 
SECTION=<section> 
<Section properties> 
<Beam normal coordinates> 

Assigns a beam section for 
element set BEAM with a section 
and its properties. 

*MATERIAL, NAME=STEEL 
*ELASTIC 
<Young’s Modulus>, <Poisson’s 
ratio> 

Defines a material named STEEL 
as elastic with a Young’s modulus 
and a Poisson’s ratio. 

*STEP 
. 
. 
. 
*END STEP 

Defines the analysis step 

*STATIC Defines a static analysis, is used 
within the analysis step. 

*LOAD CASE 
. 
. 
. 
*END LOAD CASE 

Defines the load case which 
should be applied, is used within 
the analysis step. 

*BOUNDARY 
<Node>,<Starting DOF>,<Ending 
DOF>,<Value> 

Applies boundary conditions to a 
node from a starting DOF to an 
ending DOF with a value. 

*CLOAD 
<Node>,<DOF>,<Value> 

Applies a concentrated force of 
value on a node in a certain DOF 
direction. 
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*OUTPUT, FIELD, FREQ=1 Writes the field variable output to 
the database, is used within the 
analysis step. 

*NODE OUTPUT Writes nodal variable outputs to 
the database, is used within the 
analysis step. 

*ELEMENT OUTPUT Writes the element variable 
outputs to the database, is used 
within the analysis step. 

2.5.2 Step keyword definition 
The step keyword in Abaqus defines the analysis. For this thesis a linear perturbation 
analysis was chosen, the reasons for choosing this analysis and the limitations of it is 
discussed in section 3.1.2. 

As the load cases defined were of a static nature a static response was used in the step file 
analysis. For the current rig setup model and the simplified truck model, one step 
definition with keyword load case for each load case was used. For the concept rig setup 
model it was not possible to utilize the keyword load case as it does not support the 
keywords connector load and connector motion. Hence the model had to use 
one step definition for each load case. 

The difference between load case and step is that for step the stiffness matrix is 
computed each time a new step is made, therefore in order to save computation time 
multiple load steps with the load case keyword was used. 

2.6 Models 
In this thesis two different FEM-models were used, one simpler beam model and one 
more advanced shell model. The purpose of the beam model was to understand the 
movements of the frame in a simple way and be quick in computation time. The latter 
model was supplied by the Dynamics and Strength Analysis group RTCC at Scania. 

2.6.1 Shared components between the models 
Some components between the beam model and the advanced model were shared. These 
components were the cab, the engine and the front suspension, see Figure 19. 
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Figure 19 – The two models with shared components, 
from the top beam model, advanced model. 

The cab was constructed using the connector beam elements that connect from the front 
and rear cab mounts to its centre of mass, see Figure 20. The rear suspension of the cab 
was connected by two nodes with an elastic behaviour interaction between them. The 
front suspension of the cab is visualised in Figure 21 and features a mechanical linkage 
with a similar two node configuration as the rear suspension and an elastic beam as a 
model of the cab anti-roll bar. 

 

Figure 20 – The reference cab with suspensions and anti-roll bar. 
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Figure 21 – The front suspension of the cab. 

The engine was supplied by RTCC and was modelled using the connector beam elements 
that connect from the mounting points to the centre of mass. The engine itself was 
mounted to the frame with a total of four mounts, two on the first cross beam and two at 
the back on the side members. The mounts use the same two node configuration, with 
elastic behaviour, as the cab. 

The front springs was supplied by RTCC and consists of a dual semi elliptic leaf spring. 
The spring was modelled using B31 Abaqus beam elements (7) and consists of 17 
different beam cross sections forming tapered springs. These springs were made stiffer in 
order to avoid penetration between the spring and frame.  

Closeups of the components are shown in Appendix A. 

2.6.2 Beam model 
The beam model was built primarily as a learning tool, however it was also used as a 
simplified tool to test out different solutions to rig concepts. The beam model consists of 
less than 500 elements which means that it takes less time to solve and is easier to 
modify. For element types used in the beam model see Appendix A. The spring properties 
of the front suspension and the rear air bellows are directly incorporated from the 
advanced model. The rear suspension is a simplified version of the advanced models rear 
suspension. The rear leaf spring is assigned a rectangular beam cross section and given 
the same elasticity as the front springs. The rest of the suspension consists of connector 
beam elements. 
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The fifth wheel in the beam model was constructed using connector beam elements from 
the frame to a node that simulates the king pin. The beam model is shown in Figure 22. 

 

Figure 22 – Image showing the beam model. 

2.6.3 Advanced model 
The more advanced model was supplied by RTCC as text files containing the nodes, 
element definitions and materials (6). The model consists of several different element 
types, the major part of the model consisted of shell elements, such as the frame side 
members, cross members and other thin components, the second largest group of 
elements was solid elements used for casted parts and the third group containing the 
engine axles and suspension was modelled as beam elements. The advanced model was 
used when verifying the results from the beam model as the stiffness and geometry of it is 
more realistic. The advanced model is shown in Figure 23. 

For element types used in the advanced model see Appendix A. 

 

Figure 23 – Image showing the advanced model. 
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2.7 Current rig setup 
The current rig setup was simulated using the advanced model. It features a stiff cab anti-
roll bar mock up compiled by connector beam elements. The cab anti-roll bar is fixed to 
the base mounts, see Figure 24. The engine rod that is situated between the floor and the 
engine was modelled using connector beam elements. 

 

Figure 24 – The NGS base mount. 

2.8 Simplified truck model 
As calculation reference a ST was used. It incorporated the engine and the cab. The forces 
from the load cases were applied to the centre of mass in each component. This model 
provided the reference for comparison for stress distribution and deflection of the frame. 

2.9 Concept rig setup 
Several different concepts were sketched during the course of the thesis work. In the end 
only one was thoroughly researched and evaluated which is the one that will be described 
in this section. For the other concepts see Appendix C. The concept rig setup investigated 
was chosen on basis that it incorporates the whole cab at all mounts. 

The idea behind the concept was to use the current rig configuration as basis and test out 
different solutions with actuators, rods and boundary conditions. The concept retains the 
engine mock-up but also incorporates a mock-up of the cab and its suspension. 

In this concept study the focus was put on two types of output from the reference model 
and the generations. These were displacement plots and the von Mises stress plots where 
the movements and stress distributions could be easily overviewed. 

In order to adapt the rig for vertical loads it was decided to use the most demanding load 
case with high vertical loads which is the rail way crossing. The adaption process 
proceeded through six generations of the test rig for that load case and the next generation 
was developed through the frame twisting case A load case. When a concept generation 
that could handle these two load cases was reached it was transferred to the advanced 
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model where it was subjected to the same load cases and then compared to the current rig 
setup and the ST. 

See Appendix A for the different concept generations. 

2.10 Boundary conditions 
The general boundary conditions that apply on all load cases in all models are those 
applied on the fifth wheel and on the rear wheels. 

The fifth wheel was constrained to move in all translational directions, i.e. pinned, and 
rotation around the x-axis was constrained. In the real world the trailer is able to rotate on 
the fifth wheel around the z-axis. It is also able to rotate a certain amount around the y-
axis. In the boundary conditions for the models these behaviours was translated as 
allowing free rotation around both the z-axis and the y-axis. However in order to achieve 
equilibrium, all rear wheels are constrained in all the translational directions. As the focus 
of this thesis is on the boundary conditions at the front of the truck this was considered 
the best trade-off. 

For the ST forces on the engine and cab are acting on the centre of mass while the wheel 
forces acts on the axle, see Figure 25. 

 

Figure 25 – Image depicting the boundary conditions for the STM during the 
vertical load case. 

In the frame twist load case, one of the wheels is constrained in the y-direction to account 
for the friction of the wheels of the truck that prevents the side motion of the axle in real 
world operation, see Figure 26. 
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Figure 26 – Image depicting the boundary conditions for the STMO 
during the frame twist load case. 

For the model of the current rig setup the boundary conditions at the rear were the same 
as for the ST. The engine rods ends are pinned to the floor and to the engine mock-up, see 
Figure 27. The frame twisting was applied by a controlled displacement in the z-direction 
on the top of the front cab mounts. The displacement was controlled on the twisting angle 
of the frame, corresponding to the angle of the transmission cross beam in the ST, see 
Figure 28. 

 

Figure 27 – Image depicting the boundary conditions for the current 
test rig model during the vertical load case. 
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Figure 28 – Image depicting the boundary conditions for the current test rig 
model during the frame twist load case. 

The concept rig model uses, like the ST and the current rig model, the general boundary 
conditions. The engine actuator is force controlled and is set up to absorb a certain 
amount of load. The three vertical actuators on the cab are displacement controlled and 
displaces the cab vertically equally as much as the ST. For the frame twist load case the 
two front vertical actuators can also twist the frame as in the current model. A horizontal 
actuator similar to the one in the current rig is also present in order to keep the frame from 
displacing in the y-direction, see Figure 29. 

 

Figure 29 – Image depicting the boundary conditions for the concept test rig model for both 
load cases. 
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2.11  Simulation of actuators using Abaqus connector elements 
In order to simulate the hydraulic actuators of the test rig, connector elements were used. 
The connector elements used were of type CONN3D2 which is an element that is three-
dimensional and composed of two nodes. First the nodes that spans the element has to be 
defined, this is done using the following code.  

*NODE, NSET=NODES 
11,0.0,0.0,0.0 
12,0.0,0.0,1.0 

This creates two nodes 11 and 12 where 11 is situated at (0,0,0) and 12 at (0,0,1). The 
element is then defined using the following line of code. 

*ELEMENT, TYPE=CONN3D2, ELSET=ACTUATOR 
101, 11, 12 

Where 11 and 12 are the nodes created earlier and 101 is the actual element, see Figure 
30. 

 

Figure 30 – Image depicting the connector 
element with nodes and coordinates. 

Next the motion of the connector is defined. In the case of an actuator the motion is axial 
and in the case for FEM first a coordinate system had to be defined for the connector and 
then a connector section specifying the axial behaviour of the connector with respect to 
the created coordinate system. 

*ORIENTATION, NAME=ori 
0.0,0.0,0.0,1.0,1.0,1.0 
*CONNECTOR SECTION, ELSET= ACTUATOR 
axial, 
ori, 

For the analysis the connector element can be used to simulate different type of actuator 
loading controls. The connector motion command can be used to apply a displacement, 
velocity or acceleration to the connector element. The connector load command can be 
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used to apply force and moment to the connector element. For this thesis with a quasi-
static test rig the focus was put on the displacement and force control. 

First one of the nodes has to be constrained in some way to keep numerical errors from 
emerging. In this example it is assumed that node 11 is constrained in all translational 
directions but able to rotate around all axes. 

Displacement loading is defined as a connector motion where the displacement is in the 
axial direction of the connector. For example, the following code displaces node 12 0.1 
length units in the positive axial direction of the connector element. 

*CONNECTOR MOTION, TYPE=DISPLACEMENT 
ACTUATOR, 1, 0.1 

To assign the connector to apply in the axial direction instead of a displacement the 
command connector load was used. For example, the following code loads a force of 
1000 force units in the positive direction; 

*CONNECTOR LOAD 
ACTUATOR, 1, 1000.0 

the two actions of the connectors are illustrated in Figure 31. 

 

Figure 31 – Image depicting the difference between 
displacement (left) and force control (right). 

The way of simulating actuators this way has some limitations, for example the boundary 
conditions for the nodes has to be considered when mounting and placing actuators as 
they in real life can collapse if not supported correctly. This way of describing the 
actuators was considered enough to suit the needs of the thesis. 

http://www.tu-chemnitz.de/projekt/abq_hilfe/docs/v6.6ef/books/key/key-link.htm#usb-kws-hconnectorload
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3 Results and Discussion 
In this section results are discussed and presented in figures and tables. 

3.1 Assumptions and simplifications 
When studying a complex system as a truck or its frame it is important to make relevant 
simplifications and assumptions. In this thesis a lot of simplifications have been made, all 
the simplifications contribute to the distance between model and reality. 

3.1.1 Dynamic versus quasi-static versus static loading 
The test rig Ramriggen applies all load quasi-statically, both loads that are true quasi-
static from measurement but also dynamic loads. Some aspects in dynamic loading are 
impossible to describe statically or quasi-statically. The magnitude of the load might be 
equivalent but there are other mechanisms. For example a transient load excites all 
frequencies of a structure; this might lead to propagation of transverse and shear waves in 
the frame beams (8). These waves give stresses that not show in quasi-static testing or 
analysis. 

3.1.2 Linearization 
The load cases used yield deformations on the frame that can be considered as small in 
comparison to the overall size of the frame. Due to this the entire model was considered 
linear and was therefore linearized in order to lower the time needed for computation and 
allowing for convergence. However the suspension is deformed too much for small angle 
approximation to be valid, but for simplicity reasons that was accounted for by stiffening 
it. The bump stop in the suspension was neglected by the stiffening of the suspension, but 
this introduces an error since the front axle load in the vertical load case is large enough 
to engage it. When the bump stop is engaged a lot of force is transferred through it into 
the frame, which induces bending of the side member beams. The linearized model was 
considered a good approach due to the study being conceptual and comparative between 
models. 

3.1.3 Synthetic load cases 
The load cases were designed with the behaviours of vertical load and frame twisting in 
mind as these were the load cases causing the misallocation of the loads in the current rig 
setup. The load cases are synthesised from certain obstacles on the Scania Test Track that 
yield the behaviours that was to be studied. The forces applied on the ST were peak 
values in the signal over the obstacles. These peak values do not necessarily coincide at 
the same instance due to inertias but they occur within a short period of time. Thus as a 
simplification for static loading, the peak values were applied as one load. 
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3.2 The concept configuration 
The final concept evaluated is shown in Figure 32. 

 

Figure 32 – The finished concept setup. The arrows represent actuators. The red arrows 1-16 are for 
axle loads, the blue parallelogram at the front represents the engine mock-up, with the 
orange actuator C5, the cab mock-up is represented by the green parallelogram and 
supported by the four orange actuators C1-C4. 

3.3 The stress distribution 
The stress distributions from the different load cases are shown below, the location of the 
parts of interest is shown in Figure 33 and Figure 34 
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Figure 33 – Image that shows the zoom in area of the engine cross beam. 

 

Figure 34 – Image that shows the zoom in area of the engine cross beam and base mounts. 
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3.4 Stress relations 
The differences in stress are shown numerically in Table 5. 

Table 5 – The increase or decrease of stress, comparing the current setup with the 
STMO. 

𝑚𝑒𝑎𝑛(𝐶𝑢𝑟𝑟𝑒𝑛𝑡)
𝑚𝑒𝑎𝑛(𝑅𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒)

 
Vertical load Frame twist A Frame twist B 

Engine cross beam ×1.4 ×0.4 ×0.7 
Base mount - ×2.5 ×1.7 

3.5 Simplified truck model 
The ST where the load cases was determined, used wheel forces from the measurements 
and forces acting on the cab and the engine was calculated from accelerometers and their 
mass centre points respectively. The twisting forces were then iterated in the advanced 
model in order to achieve the same twisting angles on the frame as in measurements. Due 
to the boundary conditions on the rear axles used in the models, the forces from the 
measurements and models differed. The forces applied and the accelerations were within 
reasonable limits compared to the measurements. The simplification made when applying 
load in the centre of mass is considered as an educated guess. 

The ST is a simplified model of the reality and it was used as a reference for calculation. 
It is limited by the fact that the truck has many masses and inertias which is not taken into 
account. This works well for static and quasi-static loading but when it comes to dynamic 
loading applying a point force to account for the mass and inertial effects for a single 
component introduces an error. 

From the stress distributions in Figure 35, it can be noted that for the vertical load most of 
the stress is situated in the engine cross beam where the engine is mounted to. For the 
frame twisting load cases it can be observed in Figure 36 and Figure 37 that most of the 
stress is situated around the engine cross beam and the anti-roll bar. A small amount of 
stress is also located in the base mounts behind the cab mounting holes. 
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Figure 35 – The stress distribution in the engine cross beam of the ST. 

 

Figure 36 – The stress distribution in the base mounts and engine cross beam of the ST. 
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Figure 37 – The stress distribution in the base mounts and engine cross beam of the ST. 

3.6 Current rig setup 
Comparing the current rig setup to the ST for the vertical load case it can be noticed in 
Figure 39 that the stress distribution in the engine cross beam is bigger. This is also 
supported by the stress relations that can be seen in Table 5 that the engine cross beam 
has a mean stress level that is 1.4 times larger than the ST. 

For the frame twisting load case A it can be observed from the Figure 40 that there is a 
bigger stress concentrations in the base mount compared to the ST. Also the engine cross 
beam has lower stress concentration. The same trend can be observed in the frame 
twisting load case B in Figure 40. In Table 5 it can be noted that in the base mounts the 
mean stress level is 2.5 times higher in frame twisting case A and 1.7 times higher in 
frame twisting case B. In turn the engine cross beam has lower mean stress levels of 0.4 
times frame twisting case A and 0.7 times in frame twisting case B. 

The reason for the higher stress in the engine cross beam during the vertical load is due to 
the engine rod absorbing almost the entire vertical load which can be seen in Figure 38. 
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Figure 38 – The reaction forces in the current test rig, R1, is the reaction force of the engine 
rod and was quantified to 0.93. 

The high stress in the base mounts for the frame twisting load cases is most likely due to 
the stiff anti-roll bar that is used in the model. When subjected to twisting, the anti-roll 
bar causes the base mounts to bend and twist due to its construction. Because the anti-roll 
bar is stiff, it also decrease the load in the engine cross beam. In the test rig the anti-roll 
bar is not infinitely stiff which it is in the model. 

 

Figure 39 – The stress distribution in the engine cross beam of the current rig. 
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Figure 40 – The stress distribution in the base mounts and engine cross beam of the current rig. 

 

Figure 41 – The stress distribution in the base mounts and engine cross beam of the current rig. 

3.7 Concept rig setup 
Comparing the reaction forces and the stress distributions in the current setup in Figure 
38, Figure 39, Figure 40 and Figure 41 and the concept in Figure 42 Figure 43, Figure 44 
and Figure 45 and it can be observed that the stress and the reaction forces are lowered 
quite a bit. The stresses are moved backwards in the model and distributed over all the 
four cab mounts and the four engine mounts. 



Degree project in solid mechanics 

33 

 

Figure 42 – The reaction forces in the concept test rig where R1 is the reaction force of the 
engine actuator and R2, R3 and R4 are the reaction forces of the cab actuators. 
Where R1=0.63, R2=R3=0.09 and R4=0.14. 

For the vertical load case the stresses on the engine cross beam has lowered in the concept 
rig setup compared to the current rig setup. For the frame twisting load cases with the 
elastic anti-roll bar the stresses on the base mounts has diminished and the engine cross 
beam now absorbs more load. 

Overall the stress distributions coincide with the ST, but further studies have to be made 
in order to investigate that the concept setup can simulate these movements in real life. 
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Figure 43 – The stress distribution in the engine cross beam of the concept rig. 

 

Figure 44 – The stress distribution in the base mounts and engine cross beam of the concept rig. 
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Figure 45 – The stress distribution in the base mounts and engine cross beam of the concept rig. 
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4 Conclusions 
• The stiff anti-roll bar of the current rig setup model leads to: 

o Increased stress in the base mounts 
o Decreased load of the engine cross beam during frame twisting 

• The stiff engine rod leads to overloading of the engine mounts in the model 
• The cab introduced in the concept rig setup: 

o Distributes the cab loads evenly over the cab mounts 
o Decreased load in the base mounts during frame twisting 
o Decreased load in the engine cross beam during the vertical load case 
o Decreased load in the engine mounts 

• The cracks in the tests cannot be verified by the calculations 
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5 Suggestion of further studies 
Further studies have to be made after this thesis in order to provide sufficient background 
material as base for building a new rig setup. Ramriggen is used as a reference for chassis 
service life and redesigning it would mean that a lot of new testing has to be done. The 
thesis has led to a lot of interesting issues and ideas, suggestion of  

• Manufacturability 
o Investigate the possibility of manufacturing the rig setup 

• Study the frame and base mounts of ND 
o The truck where the problems with cracks have occurred is a ND and the 

model used was NGS, the geometry difference between them might lead to 
other problems and should be studied. 

• Use proper models and measurements 
o Model the same truck from which the data were acquired. The data used 

came from measurements on a 4x2-truck but the model was a 6x4 and a 
different frame generation.  

• Refine load cases 
o Multidirectional loads. During this thesis only vertical loads have been 

studied, when driving over the different obstacles loads from other 
directions are also encountered.  

o Signal analysis of load signals, to understand the loading better of a truck 
the measurement signals should be analysed further. 

o Account for inertia for more components, such as fuel tanks etc. 
o Derive loads from multibody dynamics (MBD) simulations. 
o Account for non-linearities geometries and materials. 

• Testability 
o Controllability and maintenance. When building a test rig it has to be 

controlled. Different principles for controlling the actuators have not been 
investigated.  

• Boundary conditions on other parts of the frame 
o If to include other components with boundary conditions. 

• Verify with testing 
o Run the R19 test again with the new concept boundary conditions. 
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Appendix A Details of models 
The parts bellow was used in the beam model. 

 

Appendix figure 1 - Image of the modelled engine dummy 

 

 

Appendix figure 2 – The front suspension 
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Appendix B Elements used 

Table 6 – Table of the elements used. 

Element type Description 
B31 Linear 3D 2-node beam element 
B31OS Linear 3D 2-node beam element with open 

section 
C3D6 Linear 3D 6-node triangular prism element 
C3D8I Linear 3D 8-node brick element with 

incompatible modes 
C3D10I 3D 10-node quadratic tetrahedron element 

with improved surface stress visualization 
C3D10M 3D 10-node quadratic tetrahedron element 

with hourglass control 
C3D20 3D 20-node quadratic brick 
CONN3D2 3D 2-node connector element 
MASS Point mass element 
S3R 3-node shell element with reduced 

integration  
S4 4-node shell element 
S4R 4-node shell element with reduced 

integration 
S8R 8-node shell element with reduced 

integration 
SPRING2 2-node spring element acting in a fixed 

direction 
SPRINGA 2-node spring element acting in an axial 

direction 
STRI65 6-node triangular shell element with 5 

DOFs per node 
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Appendix figure 3 - The elements used in the advanced model. 

 

Appendix figure 4 
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Appendix C Concepts not studied 
In the process of generating concepts three other concepts could be of interest for further 
investigation. 

Concept 2 – The cab anti roll bar 
The idea behind concept 2 was to integrate the cab anti-roll bar to the rig. The stiff anti-
roll bar currently used would then be replaced with the regular cab anti roll bar on trucks. 
In the front cab mounts the cab is attached to the frame with a suspension and anti-roll 
bar. The anti-roll bar is able to twist and is weaker than the stiff anti-roll bar mock-up.  

Concept 3 – Introduction of engine torque 
The most powerful Scania engine is the 16 litre V8 with up to 3500 Nm (9). This torque 
is geared up almost 17 times (10) by the transmission and transferred to the drive shaft. 
This is supported by the frame and would be interesting to introduce somehow. 

Concept 4 – Advanced engine rig setup 
The idea behind this concept is to construct a similar rig setup for the engine as for the 
cab that can simulate the pitch, roll and yaw of the engine. 

 





 

1 

Appendix D The concept generations 

Vertical load 
The concepts were first evaluated towards the vertical load case because of the fact that 
the frame twisting load case is a combination of the twist and vertical load case itself. 

The concepts were evaluated against the simplified truck model in terms of deformation 
of components and the von Mises stress distribution in the frame. 

 

Appendix figure 5 – Deformation plot of the simplified truck model during vertical load (reference). 
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Appendix figure 6 – von Mises stress plot of the simplified truck model during vertical load (reference). 

Generation 1 
The first generation featured the same configuration as the current rig with the exception 
of a stiff rear cab rod that is mounted on the cab mock-up between the rear cab mounts. 
The rear cab rod is linked at both ends to allow the twisting movements from the cab roll 
load cases. The idea with this evolution was to unload the engine by allowing the rear cab 
rod to absorb some of the load from the front axle vertical actuators. 

Comparing the deformation plots between generation 1 (Appendix figure 7) and the 
simplified truck model (Appendix figure 5) it can be noted that the deformation of the 
engine is bigger and that the deflection of the entire frame is smaller. This is most likely 
due to the stiff engine rod absorbing the majority of the vertical force and displacing the 
engine from its mounts. The rear cab mounts has a smaller displacement compared to the 
simplified cab model case which. Observing the von Mises stress plots (Appendix figure 
6 and Appendix figure 8) there is almost no stress on the second cross beam in generation 
1 however there are large quantities of stresses in front of it and on the first cross beam. 
This was, as stated earlier due to the engine mounts absorbing the total front axle load. As 
can also be observed there is a stress concentration in the main members around the 
fourth cross beam due to the rear wheel suspension being mounted in that position and a 
bending moment is induced due to the frame deflection causing the springs to deform and 
twist the mount. 



 

3 

 

Appendix figure 7 – Deformation plot of the generation 1 model during vertical load. 

 

Appendix figure 8 – von Mises stress plot of the generation 1 model during vertical load. 

Generation 2 
In the second generation a connector element with an elasticity was placed in the same 
spot of the engine rod. The idea now was to investigate if the movements of the engine 
could be reduced by allowing it to absorb less of the vertical load. 

Comparing the deformation plots (Appendix figure 5 and Appendix figure 9) with the 
simplified truck model, the deflection of the frame is significantly larger due to the engine 
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rod being elastic. However the engine displaces almost equally as in generation 1, but the 
cab rear mounts in generation 2 displaces more meaning that the cab rear rod now absorbs 
more load than in generation 1. In the von Mises plots (Appendix figure 6 and Appendix 
figure 10) it can be concluded that the stresses has diminished in the engine mounts and 
has increased in the cab rear mounting towers. The main members in the fourth cross 
beam still have a large stress concentration. 

 

Appendix figure 9 – Deformation plot of the generation 2 model during vertical load. 
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Appendix figure 10 – von Mises stress plot of the generation 2 model during vertical load. 

Generation 3 
For the third generation measures were taken in order to support the frame from having 
large deflections, therefore two hydraulic actuators were introduced in form of connector 
elements and placed at the front cab mounts. The connector elements of type axial were 
placed as rods and linked in both ends and loaded with a force in order to act as real 
actuators. The results (Appendix figure 5 and Appendix figure 11) shows that the 
deflection of the frame has diminished compared to generation 2, however there is almost 
no displacement in the engine mounts meaning the engine rod is absorbing very little of 
the vertical force. 

Observing the von Mises stress plots (Appendix figure 6 and Appendix figure 12), there 
are improvements as stress has been introduced in the second cross beam and has 
diminished in the main members around the fourth cross beam. Stress has also been 
introduced in the main members at the front suggesting that the front cab actuators and 
the vertical axle force introduces a bending moment on that part of the frame. There is 
also an area of increased stress near the rear close to the fifth wheel mounts. 
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Appendix figure 11 – Deformation plot of the generation 3 model during vertical load. 

 

Appendix figure 12 – von Mises stress plot of the generation 3 model during vertical load. 

Generation 4 
In the fourth generation the rear cab rod was moved to the centre of the cab in order to 
investigate the effects of that particular placement of the rod. The deformation plots 
(Appendix figure 5 and Appendix figure 13) shows that frame deflection diminishes and 
the rear cab supports deforms more in the vertical direction than in previous generations. 
However due to the placement of the cab rear rod being close to the engine rod, the 
engine deforms little from its mounts and thus does not compare to the reference. 
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In the von Mises stress plots (Appendix figure 6 and Appendix figure 14) it can be noted 
that there are large concentration of stresses in the entire region from the first to third 
cross beams which is not consistent with the reference. 

 

Appendix figure 13 – Deformation plot of the generation 4 model during vertical load. 
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Appendix figure 14 – von Mises stress plot of the generation 4 model during vertical load. 

 

Generation 5 
In this generation the cab link was replaced with an axial connector element in order to 
simulate an actuator similarly to the ones at the front that were introduced in generation 3. 
From the deformation plots (Appendix figure 5 and Appendix figure 15) it can be noted 
that the engine still does not deform enough from its mounts but the deformation of the 
rear cab mounts are almost identical to the reference. 

Observing the von Mises stress plots (Appendix figure 6 and Appendix figure 16) the 
stress distribution has diminished significantly compared to generation 4 but still there are 
large concentrations of stress in the main members at the front and the second cross beam. 
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Appendix figure 15 – Deformation plot of the generation 5 model during vertical load. 

 

Appendix figure 16 – von Mises stress plot of the generation 5 model during vertical load. 

Generation 6 
For generation 6 the elastic engine rod was replaced by an axial connector element loaded 
with a connector load instead. This was done in order to control the axial load or 
displacement directly instead of the elasticity. Observing the displacements plots 
(Appendix figure 5 and Appendix figure 17) one can note that the displacements of 
generation 6 coincide very well with the reference. For the von Mises stress plots 
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(Appendix figure 6 and Appendix figure 18) generation 6 and the reference coincide very 
well in terms of distribution, the numerical values differ slightly. 

 

Appendix figure 17 – Deformation plot of the generation 6 model during vertical load. 

 

Appendix figure 18 – von Mises stress plot of the generation 6 model during vertical load. 
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Frame twisting load case 
The adaption to vertical loads ended at generation 6, for the next two generations that is 
to be presented generation 6 was used as a stepping stone in order to derive the 
displacements and von Mises stresses for frame twisting case A. For frame twisting case 
A the displacements from the reference cases were used in order to simulate the 
movement of the actuators in their direction. The movements were examined by the 
displacement in each direction and the von Mises stress plots. 

 

Appendix figure 19 – Deformation plot in the y-direction of the simplified truck model during frame 
twisting load case A (reference). 
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Appendix figure 20  – von Mises stress plot of the simplified truck model during frame twisting load case 
A (reference). 

Generation 6 
In generation 6 the same setup was used for this load case as for the vertical load. With 
the reference displacements added one can note that the displacement in both the x and z 
direction fields corresponds well with the reference but in the y-direction the reference 
has bigger displacements than generation 6 (Appendix figure 19 and Appendix figure 21). 
In the von Mises stress plots (Appendix figure 20 and Appendix figure 22) the reference 
plot have stress concentrations underneath the left cab mounting tower that are not 
present in generation 6. 
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Appendix figure 21 – Deformation plot in the y-direction of the generation 6 model during frame 
twisting load case A. 
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Appendix figure 22 – von Mises stress plot of the generation 6 model during frame twisting load case A. 
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Generation 7 
For generation 7, the single rear cab actuator was put back and the two other rear cab 
actuators removed. A horizontal actuator was connected on the left side of the cab node in 
order to induce the side movement of the cab node in that place. The deformation plots 
show an improvement in the y-direction. The von Mises stress plot also shows an 
improvement due to the presence of stresses underneath the left cab mount now being 
present as in the reference model. 

 

Appendix figure 23 – Deformation plot in the y-direction of the generation 7 model during frame 
twisting load case A. 
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Appendix figure 24  – von Mises stress plot of the generation 7 model during frame twisting load case A. 
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