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Abstract 
The purpose of this thesis is to, on Volvo Truck’s account, look at a new concept for the 
construction ingress used on construction vehicles which have a higher ground 
clearance than ordinary trucks. The high ground clearance makes it hard for the driver 
to reach the first instep and therefore a construction ingress is assembled below the 
stationary insteps. It is designed in a way that avoids damage if colliding with objects. 

The present construction ingress used is too expensive, too complex and a bit unsteady 
to climb on. There is also a new construction vehicle being developed and the old 
ingress might not fit the new truck. 

The concept generation is carried out using systematic concept development. There are 
many demands and requests for the ingress and these are summarized in a design 
criterion list. All wished-for properties can not be fulfilled for the simplest ingress 
designs since they conflict with each other, for example flexibility and stability. 

The concepts that are generated are evaluated and selected through different matrices 
until one concept is found to be the most promising. Different designs of this concept 
are discussed and one is chosen as the most suitable. The chosen concept design is 
already used by at least two competitors and that confirms its suitability. 

The detailed design presented is only a suggestion for a new construction ingress. 
Before manufacturing the design needs to be analysed more accurately and the strength, 
material and cost need to be optimized. The analyses made in the project only show that 
the design is realistic and that it is worth further work. The final design is promising 
since it is stable to use, consists of only a few simple parts and will be cheap to 
manufacture. 
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Sammanfattning 
Syftet med detta examensarbete är att, för Volvo Lastvagnars räkning, titta på ett nytt 
koncept för det anläggningsinsteg som används på anläggningsfordon som har en högre 
markfrigång än vanliga lastbilar. Den höga markfrigången gör det svårt för föraren att 
nå det första insteget och därför monteras ett anläggningsinsteg under de fasta instegen. 
Detta konstrueras på ett sätt som gör att skador undviks vid kollisioner med främmande 
objekt. 

Det anläggningsinsteg som används idag är för dyrt, för komplex och lite ostadigt att 
kliva på. Det är också ett nytt anläggningsfordon under utveckling och det finns risk att 
det gamla insteget inte passar på den nya lastbilen. 

Konceptgenereringen utförs med hjälp av systematisk konceptutveckling. Det finns 
många krav och önskemål på insteget och dessa är sammanfattade i en 
konstruktionskriterielista. Alla önskade egenskaper kan inte uppfyllas för de enklaste 
instegskonstruktionerna eftersom de motverkar varandra, till exempel flexibilitet och 
stabilitet. 

De genererade koncepten utvärderas och väljs ut med hjälp av olika matriser tills ett 
koncept visar sig vara det mest lovande. Olika utföranden av det valda konceptet 
diskuteras och ett väljs ut som det mest lämpliga. Det valda konceptet används redan av 
minst två konkurrenter vilket bekräftar dess lämplighet. 

Den presenterade detaljkonstruktionen är bara ett förslag på ett nytt anläggningsinsteg. 
Innan tillverkning måste konstruktionen analyseras mer noggrant och dess hållfasthet, 
material och kostnad behöver optimeras. De analyser som är utförda i projektet visar 
bara att konstruktionen är realistisk och att den är värd ett fortsatt arbete. Den slutliga 
konstruktionen är lovande eftersom den är stabil att använda, består av få enkla delar 
och kommer vara billig att tillverka. 
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1 Introduction 
This chapter presents Volvo AB, Volvo 3P and construction vehicles in general. It also 
covers the aim and purpose of the thesis and presents an overview of the methodology 
used during the project. 

1.1 The Company 

The first Volvo car was produced in Gothenburg in 1927 and the following year the first 
truck was introduced. The Volvo Group is now one of the world’s biggest 
manufacturers of trucks, busses and construction equipments with over 100 000 
employees, production in 19 countries and sales departments in 180 countries. 

Volvo 3P is a subsidiary company of Volvo AB. It is a worldwide business unit with a 
purpose of supporting the four truck companies in the Volvo Group; Volvo Trucks, 
Mack Trucks, Renault Trucks and Nissan Diesel. The business started in 2001 and 
currently has 4 500 employees in 9 different sites all over the world. Volvo 3P is 
working with product planning, purchasing, product development and product range 
management. 

Volvo 3P Product Development is an organisation with the main aim to ensure the 
delivery of competitive products to the truck companies. It is a global organisation with 
one of its main locations in Gothenburg. The department in Gothenburg is working with 
heavy duty cab development. 

The thesis was carried out in the Cab Exterior division which is responsible for parts 
such as chassis fairings, mirrors, sun visors, wiper system, globetrotter signs, 
grills/emblems and exterior accessories. 

1.2 Construction Vehicles 

Volvo mainly sells its two biggest types of trucks, FH (Front High) and FM (Front 
Medium). The FH-trucks are mainly used for long-haul while the FM-trucks are more 
flexible. They are, among other things, used for local distribution, refuse collection and 
tank transports. 

FM-trucks can also be designed to be used in construction sites, building sites and 
mines. These are called construction vehicles and are suitable for transport of excavated 
material, stone, soil, sand and minerals. They have to be hard-wearing, reliable and 
flexible with an effective traction capacity. They also need to have a high ground 
clearance and a big approach angle in the front since they operate in areas where the 
ground is uneven and where material and objects often are in the way. These factors 
could otherwise easily damage the lower parts of the truck. 
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1.3 Aim and Purpose 

To make it possible for the driver to enter the truck, even with the high ground 
clearance, all Volvo Trucks construction vehicles have a construction ingress assembled 
below the ordinary insteps. The ingress used today is an old solution with the big 
disadvantage of being too expensive, too complex and a bit unsteady to climb on. The 
existing construction ingress might not fit on the new heavy duty construction vehicle 
that is being developed for the moment and therefore the aim of this thesis work is to 
look at a new concept for a construction ingress. The project is to start with 
benchmarking of the competitors’ solutions and the present solution on the Volvo 
trucks. Different alternative concepts should be presented and compared with each 
other, with aspect to prize, function, quality, production and maintainability. The most 
suitable concept should be analysed more closely and a detailed design with cad-models 
and strength calculations should be presented. 

In capacity as a compulsory thesis work the purpose is to give an insight into how a 
project is performed in a big company. It allows scope for methodical work and 
advanced report writing and acts as a proper end to the university education. 

1.4 Limitations 

The thesis only deals with the construction ingress and the assembly of it will only be 
mentioned shortly, since the FUPS (Front Underrun Protection System, see Chapter 2.2) 
that the ingress will be assembled to is to be redesigned in a later project. It is also 
possible that the distance from the ground to the mount will be changed, which might 
lead to a necessary change in the dimensions of the ingress. The ingress is not to co-
operate with any other parts of the truck. 

1.5 Methodology 

The work starts with defining the task in “Chapter 1 - Introduction”. The functions and 
problems of the ingress are described in “Chapter 2 - Background” together with an 
overview of Volvo’s present solution. In “Chapter 3 - Systematic Concept 
Development” the theory used in the thesis is described. 

In “Chapter 4 - Concept Generation and Selection” benchmarking is done and all design 
criteria are specified, before a function analysis of the ingress is made. Concepts are 
then generated and developed before the most suitable one is chosen. The chosen 
concept is designed on a concept level in “Chapter 5 - Concept Design”. The final 
concept is designed in detail in “Chapter 6 - Detailed Design” and FEM-analyses are 
made. The final product is presented in pictures of the CAD-model. 

The method is visualized in Figure 1. 
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Analysis and 
Evaluation 
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Choose Concept 

Generate Concepts 

Specify Design Criteria 
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Define the task 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. The method used during the product development. 

There are two main phases in the design process according to Ulrich and Eppinger [4]. 
From the beginning up to the concept generation the number of solutions will diverge 
and all possible solutions to the problem will be taken into account. After this the 
potentially good solutions have to be sifted out to be developed more thoroughly. This 
is done by throwing some solutions away and at the same time find some new. The 
number of solutions is now slowly converging. The procedure is shown in Figure 2. 

 

 
Figure 2. Divergence and convergence in the design process. 

CONVERGENCE DIVERGENCE 
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2 Background 
This chapter covers the background to the thesis. It describes the function and 
environment of the construction ingress and the problems that can occur when the truck 
is used. It highlights the properties that the ingress should have according to sale, 
assembly and ergonomics. It also contains the existing rules and regulations and shows 
the present Volvo construction ingress and its function. 

2.1 Construction Ingress 

2.1.1 Function 

Construction vehicles need to have a higher ground clearance and a bigger approach 
angle than ordinary trucks since they operate in areas where the ground is uneven and 
where material and objects are often in the way. To give the truck a higher ground 
clearance tyres with bigger diameter are used and the frame is moved upwards in 
relation to the wheels. This leads to an increased distance between the first instep of the 
cab and the ground. To make it possible for the driver to reach the cab in an easy, 
ergonomic and comfortable way, a construction ingress is assembled under the first 
instep. 

The problem with the construction ingress is that it is hanging down under the truck 
and, since there are regulations regarding the ground clearance and approach angle 
(Chapter 2.1.6), it has to be able to move in some direction not to interfere with the 
regulations. This is also necessary to avoid damage when driving on bumpy roads or 
hitting objects on the ground. 

 

 
Figure 3. Construction ingress on a Volvo truck [8]. 
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2.1.2 Environment 

Construction vehicles are mainly used in construction sites, building sites and mines. 
They are often used for transporting a lot of heavy and dirty material shorter distances. 
In this environment the driver will climb up and down the cab many times during a day 
and this demands comfortable and safe insteps that reduce the risk of accidents. The 
ingress has to stand the wear caused by the driver’s shoes and the dirt that is brought 
with them. It has to operate in bad weather and the ingress should not get slippery when 
it is raining or snowing. 

2.1.3 Degrees of freedom 

The construction ingress has three degrees of freedom when placed under the cab, 
which means that it could move or swing in six directions. The directions are named x, 
y and z (positive or negative) and are defined according to the picture below. 

 
Figure 4. The degrees of freedom on a truck [8]. 

2.1.4 Sale 

During 2007 approximately 30 000 FM-trucks were sold and 6 600 of them had a 
construction ingress. According to Jonas Wising [18], approximately 28 000 of all FM-
trucks sold until today have a construction ingress but during 2007 only 80 ingresses 
were sold as spare parts, which means that it is not very common that the ingress is 
totally broken and needs to be replaced. This also implies that some driver do not 
replace it after it is broken, since they find the construction ingress unnecessary and 
uses only the ordinary insteps instead. 

x

z 

y 
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2.1.5 Assembly 

According to Göran Levin [19], it is important that the construction ingress is pre-
assembled and only needs to be attached to the lower front in the assembly line. Since 
most of the trucks (≈75%) do not have the construction ingress it is important that the 
usual flow is not interrupted, which means that the assembly has to be easy and quick. 

To make it easy for the assembly workers the ingress should be as light as possible and 
preferably only have one point of attachment, instead of two as the present ingress. 

2.1.6 Rules and Regulations 

The Official Journal of the European Union (OJEU, former OJEC) is a collection of 
contracts from the public sector. In these collections EU-regulations regarding this 
project can be found. 

Directive 2007/46/EC [6] is establishing a framework for the approval of motor vehicles 
and their trailers. Here the following requirements for off-road classification can be 
found: 

 
The ground clearance under front axle must be at least 250 mm. 

 
The ground clearance between axles must be at least 300 mm. 

 
The approach angle must be at least 25 degrees. 

Figure 5. Regulations for off-road classification [6]. 
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Commission Directive 98/90/EC [7] is relating to the doors of motor vehicles and their 
trailers, where the following requirements for insteps on off-road vehicles can be found 
(dimensions according to Figure 6): 

• The distance (A) from the ground to the upper surface of the lowest step shall not 
be more than 700 mm. 

• The distance (B) between the upper surfaces of the steps shall not be more than 
400 mm. 

• The vertical distance between two subsequent steps shall not vary by more than 
100 mm. 

• Minimum geometrical specifications: 

Step depth (D): 80 mm 

Step clearance (E) (include step depth): 150 mm 

Width of the lowest step (G): 200 mm 

Transversal offset between steps (H): 0 mm 

Longitudinal overlap (J): 200 mm 

• If the lowest step is designed as a rung its depth (R) shall be at least 20 mm. 
Rungs of round cross section are not permitted. 

• The upper surface of the steps shall be non-slip and if the steps are exposed to the 
weather and the dirt during driving they should have adequate run-off (draining 
surface). 

 
Figure 6. The truck cab with defined dimensions [7]. 
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According to Lina Andersson [20], Volvo also has internal demands for insteps but 
none has yet been created specifically for the construction ingress. The following rules 
apply to the ordinary insteps on the FH-truck but may serve as a guide. Only demands 
that differ from the legal demands are listed. 

• The vertical separation between steps (B) shall not be more than 380 mm (see 
Figure 6). 

• The vertical separation difference between two following steps shall be 
maximum 50 mm. 

• The clearance volume for feet above steps shall be min 100 mm at toes and min 
150 mm at min 90 mm from step edge (see Figure 7). 

• Step depth (D) shall be minimum 200 mm (see Figure 6). 

• The vertical inclination (from lowest step to third step) shall be 6,8º (but the 
truck in total may not be wider than 2 500 mm) (see Figure 8). 

 

 

 

 

 

 

 

 

 

Figure 7. Clearance volume for FH-instep.  Figure 8. Vertical inclination 
    on FH-truck. 

2.1.7 Ergonomics 

From an ergonomic point of view it is not ideal to have a step that is moving up and 
down while standing on it, according to Lina Andersson [20]. Injuries associated with 
falling while climbing out of the cab are quite common even without the construction 
ingress and to add an unstable step could cause even more injuries. Many drivers climb 
out with the back against the cab and when they reach the lowest step they do not have 
anywhere to hold their hands and this may cause lack of balance. The ingress may be 
springy but should not sag more than 10-20 mm while climbing on it 

Movement in the x-direction (see Figure 4) while climbing on the ingress is allowed to a 
certain limit. The present solution is moving somewhat without causing any problems. 

The vertical inclination is important in order to make it possible for the driver to see the 
next step while climbing down and not step next to it. The construction ingress may be 
placed straight below the lowest instep but not further in under the cab. The driver could 
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otherwise hurt the small of the leg. This could also be a problem if the ingress can move 
in the y-direction. 

In order to avoid the ingress getting slippery by snow and ice it has to have drain holes, 
where water and snow can go away, as well as anti-slip protector. It is also important 
that the ingress does not collect dirt that could get onto the driver’s clothes. 

2.2 The Volvo Construction Ingress Today 

The Volvo construction ingress that is used today was designed in 1995. It consists of 7 
big parts, a spring and some washers and pins. The right ingress is a mirror-inverse of 
the left and the attaching plates are the only parts that differ. The foot plate is hanging 
approximately 230 mm below the FUPS (Front Underrun Protection System) and the 
distance between the construction ingress and the first instep is approximately 350 mm. 

The foot plate is made of steel, is hot dip galvanized to avoid getting rusty and stamped 
to achieve the anti-slip protector. The other parts are painted black. 

 
Figure 9. The Volvo construction ingress used today. 

The ingress is assembled to the FUPS with screws and the nuts are welded on the inside 
of the FUPS. 
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Figure 10. Ingress assembled to the truck. 

To avoid being affected by collisions the ingress can swing back and forth. This is 
practically possible since the side brackets are jointed up and down. For the purpose of 
not swinging while the driver is climbing on the ingress a spring and two spring 
retainers (the green parts) have been used. 

 
Figure 11. The back of the ingress with spring and spring retainers. 

FUPS 
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3 Systematic Concept Development 
This chapter describes the theory used in the thesis. It explains the systematic concept 
development in general and the methodology of brainstorming. The matrices that are 
used in the thesis are described and some criticism of the methods is discussed. It also 
gives a short explanation of the finite element method. 

The product development process extends over everything from examining the needs 
and possibilities for a new product to the product manufactured, delivered and sold. 
Concept development is the part of this process that deals with how to develop 
concepts. This part takes place in the beginning and is very important. According to 
Liedholm [1] a bad concept will not lead to a very good final product and therefore the 
concept phase is important since it has a big impact on the total cost. 

The systematic concept development can be divided into three parts, Phase 1 to Phase 3, 
according to Liedholm [1]. These three parts are described in the following chapters. 

3.1 Phase 1 – Design Criterion List 

The goal with the first phase is to create a design criterion list. This is a way to 
determine the purpose of the product and what properties it needs to have to fulfil the 
goals. This phase can be divided into four parts: 

1. Examine the problem critically 

2. Analyse state of the art 

3. Analyse technical/economical practicability 

4. Create a design criterion list 

The problem can be examined critically by answering five questions: 

• What is the problem? 

• Who has the problem? 

• What is the goal? 

• What side-effects should be avoided? 

• What limits are there for solving the problem? 

When analysing state of the art both external and internal sources should be used, such 
as literature, patent databases, old solutions, competitor’s solutions and products from 
different fields. 

The technical and economical practicability should be analysed both early on and in the 
course of the project. The issues that are to be considered are if the available staff and 
equipment is enough and if the knowledge in the company is sufficient. 
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The design criterion list will contain the properties that the product needs to have and all 
properties should be marked with D (demand) or R (request). The list will not be fixed 
in the beginning but will change during the process when the knowledge of the product 
increases. To avoid forgetting some important properties a checklist can be used: 

• FUNCTION 

What is the purpose of the product? 
What extra functions should it have? 

• FUNCTION DETERMINING PROPERTIES 

What performance should the product have? 
Does the weight or size of the product need to be limited on account of 
manufacturing, installation, distribution or use? 
What dimensions should the product have? 
Etc. 

• PROPERTIES FOR WORKING LIFE 

In what environment will the product be used? 
What is the product’s life? 
Is maintenance necessary and possible? 
Etc. 

• MANUFACTURING PROPERTIES 

Will the product be manufactured in the existing machine park? 
Should the manufacturing be done at another factory? 
Etc. 

• DISTRIBUTION PROPERTIES 

What transport is needed during and after the manufacturing? 
Will the product be stored? 
Etc. 

• DELIVERY AND PLANNING PROPERTIES 

How many products will be produced? 
Etc. 

• SAFETY/ERGONOMIC PROPERTIES 

• AESTHETIC PROPERTIES 

• LEGAL PROPERTIES 

What laws and standards does the company have to follow? 
Etc. 

• ECONOMICAL PROPERTIES 

What manufacturing cost is allowed? 
What will the selling price be? 
Etc. 

• RECYCLING PROPERTIES 

• ENVIRONMENTAL PROPERTIES 
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3.2 Phase 2 – Function Analysis 

The second phase will make clear what the product should do, find the functions of the 
product and establish a number of means/principles to realise the functions. The 
function analysis is carried out in four steps: 

1. Establish black-box model 

2. Establish technical principles 

3. Establish transformation system 

4. Establish function/means-tree 

The core of the problem can be described with a black-box. A black-box consists of a 
main function, an operand, input and output. 

The main function can be found in the design criterion list. The operand is the object 
that should be transformed by the product, e.g. material, energy and information. The 
input and output are the states that the operand is in before and after the main function. 

 

Unpainted wall Painted wall 
 

Figure 12. Example of a black-box. 

Establishing technical principles is one of the most important phases in the product 
development process. It starts with generating technical principles, which is done by 
studying similar products on the market and existing principles and using idea 
generating methods like brainstorming (see Chapter 3.4) and the analogy method (in 
which you create ideas by thinking about if the problem exists at a larger or smaller 
scale in another field and if there is a natural or biological analogy to the problem). All 
the technical principles found are to be evaluated and the ones that are obviously bad 
should be dropped. 

For each technical principle a transformation system should be establish, which shows 
the transformations that the operand has to go through. This is not applicable in the 
project, since the product does not actively perform something, and will therefore be left 
out. 

 

Paint a wall 
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The function/means-tree shows the functions that the product should have and different 
means to realize them. 

 
Figure 13. Main principle of a function/means-tree. The grey boxes represent a chosen 

concept. 

The means should be generated in the same way as the technical principles and means 
that are apparently not economically or technically suitable should not be used in the 
tree. 

If the function/means-tree grows too big and gets difficult to grasp a morphological 
matrix can be created for the lowest functions and their means. This is a clearer way to 
arrange the possible alternatives. 

Function ↓ Means → 

Transport goods Ship Truck Train 

Store goods Pallet Box Bag 

Figure 14. Example of a morphological matrix for transporting goods. 

3.3 Phase 3 – Establish Concepts 

In the third phase the function/means-tree is used to establish concepts that are to be 
used in the subsequent development. The phase can be divided into four parts: 

1. Choose means and create concepts 

2. Examine and improve the concepts 

3. Evaluate and choose concepts 

4. Plan the subsequent development 

The concepts are created by choosing suitable means from the function/means-tree and 
create a basic arrangement. It is desirable to generate a big number of concepts but only 
realistic combinations of means are to be considered. 

Main function from 
black-box model 

Technical principles 

Technical principles 

Functions
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All the concepts that are generated should be examined and described in words and 
advantages and disadvantages should be listed.  If the concept has many disadvantages 
it should be improved, if possible. 

The evaluation of the concepts can be performed in three steps: 

• Examine if the concepts fulfil the design criterion list, otherwise reject the 
concept or adjust the design criterion list. 

• Compare the concepts with each other in an evaluation matrix. The result only 
acts as guidance. 

• Choose a few concepts for subsequent development. 

The last step is to plan the rest of the project, both on a short-term and long-term basis. 

3.4 Brainstorming 

Brainstorming is a way to create new ideas using a group of people. According to 
Österlin [2] the group should consist of three to six people with different interests and 
knowledge. The notice to attend the brainstorm, with a definition of the problem, should 
be sent out at least one day in advance so that the participants can start work 
subconsciously. 

During the meeting it is important that everyone get to talk and criticism is forbidden. A 
big amount of ideas, both realistic and wild, are desired. The participants should help 
each other to combine and supplement the ideas. The brainstorm should last about one 
hour and one person should write down all ideas. 

3.5 Evaluation matrices 

3.5.1 Concept Screening Matrix 

According to Ulrich and Eppinger [4] the so called “Pugh concept selection” is a good 
way to quickly narrow the number of concepts. 

The first step is to create a matrix with the concepts along the top of the matrix and the 
criteria along the left-hand side. The criteria are based on customer and company needs 
and in this case the criteria can be found in the design criterion list. One concept is 
chosen to become the reference concept (Ref), usually the concept used today. 

In each cell of the matrix a score is placed; “better than” (+), “same as” (0) or “worse 
than” (-). The score shows how each concept is rated against the reference concept. The 
scores are added up and the sum is written in the lower row of the matrix. 
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It is also possible to weight the importance of each criterion in order to get an even 
more accurate result. The weight (for example 1 to 3) is then multiplied with 1 if “+” 
and -1 if “-“ before adding up the scores. 

 Concepts 
Selection Criteria Ref 1 2 3 
Low cost 0 0 - + 
Ease of manufacture 0 + - - 
Ease of use 0 + + + 
     
Net score 0 2 -1 1 
Ranking 3 1 4 2 

Figure 15. Example of a concept screening matrix. 

This type of matrix shows the concepts that are most promising but it does not show 
how good the concepts actually are. 

3.5.2 Concept Selection Matrix 

According to Johannesson, Persson and Pettersson [3] the Kesselring method is a way 
to score the concepts by using criteria weighting. The basic idea is that weighting 
factors are introduced in the concept screening matrix 

The weighting factors that are to be used are generated through a criteria weighting 
matrix. The criteria are placed in the rows and columns of a matrix and are compared in 
pairs. The two criteria share the value 1 and the most important criterion gets 1 and the 
least important 0. If they are equally important they both receive 0,5. The values are 
summed up in rows and the criterion with the largest sum has the highest weight. The 
normalised values are shown in the last column. 

Criterion A B C Sum Sum/Tot 
A - 1 0 1 0,33 
B 0 - 0,5 0,5 0,17 
C 1 0,5 - 1,5 0,50 
      
   Tot 3 1,00 

Figure 16. Creating weighting factors. 

Both the sum and the relative sum can be used as weighting factor but it is more 
common to use a scale from 1 to 5 or 1 to 10. If using a scale from 1 to 5 the relative 
sum values are divided with the largest relative sum value and multiplied with 5. 

Criterion  Scale 1-5 
A 0,33/0,50 x 5 3 
B 0,17/0,50 x 5 2 
C 0,50/0,50 x 5 5 

Figure 17. Creating scaled weighting factors. 
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Unlike the Pugh concept screening matrix the concepts are compared to an ideal 
fictitious concept instead of an existing product. Each concept is given a value (v), 
which shows how well it fulfils each criterion, and this value is multiplied with the 
weight (w). The scale should be the same as the one used for the weighting factors. 

Criterion  Ideal Concept A Concept B Concept C 
 w v t v t v t v t 
A 3 5 15 1 3 3 9 4 12 
B 2 5 10 5 10 4 8 1 2 
C 5 5 25 2 10 2 10 1 5 
Tot   50  23  27  19 
   1,00  0,46  0,54  0,38 
Ranking   -  2  1  3 

Figure 18. The Kesselring criteria weighting matrix. 

The concept with the largest sum, after the ideal concept, will now be ranked number 
one, but the result should be evaluated critically since the differences between the 
concepts might be small. 

This matrix shows, not only the best concepts, but also how good the concepts are 
compared to an ideal solution. 

3.6 The Finite Element Method 

The finite element method (FEM) is a method to compute the strength of mechanical 
constructions. The construction is divided into a number of simple parts called finite 
elements and these elements are connected to each other in points called nodes. When 
some nodes have been locked and some have been exposed to forces, the properties of 
the whole construction can be described by looking at the movement in the thousands of 
nodes. Both stresses and strains can then be computed. 

The FEM application in CATIA V5 is called Generative Structural Analysis and is used 
for all analyses in this thesis. 

To divide the construction in elements is called “to mesh” and the mesh elements can 
have different shapes. In this thesis parabolic elements with 10 nodes (instead of linear 
elements with 4 nodes) have been used since that gives a more exact result. 

 
Figure 19. A rod with finite elements. 
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The most difficult thing when performing a finite element analysis is to choose 
boundary conditions between the different parts in an assembly and to the surroundings. 
It is important to estimate them as realistic as possible in order to achieve a reliable 
result. 

After a computation has been made, the stresses and strains can be visualised in 
different colours to make the result easy to understand. [5] 

3.7 Method criticism 

The systematic concept development, according to Liedholm [1], is most suitable for 
mechanical and mechatronical products that actively perform something. The 
construction ingress is a passive product and therefore no transformation systems can be 
established. The function-means trees might be considered having too few levels but are 
anyway a clear way of showing the different functions and means available. 

The concepts generated in Phase 3 are not completely developed since they do not 
include any possible technical solutions for the functions. Therefore the selection 
matrices have to contain estimations of the scores, since there could be both good and 
bad solutions to each concept. 

The matrices are in general very subjective and the comparison is mainly based on 
opinions, not facts. The concepts are not comparable in exact units like length, weight 
and strength due to the fact that they are only concepts and therefore the results should 
only be used as a guidance. 

The finite element analyses are only used as a help when designing the product since 
more advanced software and more knowledge would be needed to perform accurate 
computations. 
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4 Concept Generation and Selection 
This chapter describes how the systematic concept development was performed in the 
thesis. It starts with an examination of the problem and a summary of the competitor’s 
solutions and solutions from other fields. After this a design criterion list is created and 
from a function analysis a number of concepts are generated. These are briefly 
described in words and evaluated in different selection matrices. The most promising 
concepts are developed further and described in words and pictures and finally one 
concept is chosen as the most suitable. 

4.1 Phase 1 – Design Criterion List 

4.1.1 Critical Examination of the Problem 

What is the problem? 
The ingress that is hanging under the front of the truck has to make it possible for the 
driver to enter the cab in a comfortable way but it must not be affected if the truck is 
colliding with objects on the ground. The ingress used today is too expensive, too 
complex and a bit unstable. 

Who has the problem? 

The main problem is that Volvo finds the product too expensive to manufacture which 
is a problem for Volvo but also for the customers that need to pay more for their trucks. 
Another problem is that it is a bit unstable to climb on and this is a problem mainly for 
the user. 

What is the goal? 

This is a preliminary study with the aim of finding a suitable concept for a cheaper and 
more stable ingress that is easy and comfortable for the driver to use and that is not 
affected by collisions. 

What side-effects should be avoided? 

The product should not be heavier than the present solution and it should not have a frail 
appearance. 

What limits are there for solving the problem? 

The ingress will be assembled to the front of the cab and therefore has to have suitable 
dimensions to fit the rest of the design. It should not depend on any other parts of the 
truck except the one it is assembled to. 
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4.1.2 Benchmarking Trucks 

There are a few different ingress concepts used by other truck manufacturers. What 
most of them have in common is that the design is simple with one or two sides and one 
footstep, they are all hanging under the truck and some of them can move forwards and 
backwards. 

Ingress with solid sides 

Some companies use construction ingresses with solid sides. The sides are made of 
plastic and will therefore be slightly moveable in the x-direction at a collision and when 
climbing on them, but there are no hinges either at the top or at the bottom. The whole 
upper end of the side is assembled to the truck and this gives good stability. The Scania 
ingress is a bit flexible in the y-direction too. 

 

 

  

 

 

 

 

 

 Figure 20. Ingress with solid sides, Scania. Figure 21. Ingress with solid sides, 
   Iveco. 
 

 
 Figure 22. Ingress with solid sides, MAN. Figure 23. Ingress with solid sides, 
   Renault. 
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Ingress on a rod 

Some ingresses are assembled to a movable rod. They are flexible around the point of 
attachment and will move in a circle backwards and upwards. They are stable in all 
directions when climbing on them. 

 
 Figure 24. Ingress on a rod, BMC. Figure 25. The ingress mechanism, 
   BMC. 

 
 Figure 26. Ingress on a rod, Iveco. Figure 27. The ingress mechanism, 
   Iveco. 
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Ingress jointed at the top and at the bottom 

Construction ingresses that are jointed at the top and at the bottom can also be found on 
the market. These are made of metal and can move forwards and backwards at a 
collision. If they are not equipped with a mechanism to keep them in position when 
climbing on them, they are unsteady. The ingress is assembled to the truck either at one 
end of the side or at the whole upper end of the side. 

 

 

 

 

 

 

 

 

 Figure 28. Ingress jointed at the top and Figure 29. Ingress jointed at the top 
  at the bottom, Mercedes [9]. and at the bottom, Renault [9]. 

 

Ingress jointed at three places 

Mercedes also has a design that is jointed both at the top, at the bottom and in the 
middle. This makes the ingress more moveable at collisions, and more unstable to climb 
on. It is made of metal and assembled to the truck at one end of the side. 

 
Figure 30. Ingress jointed at three places, 

Mercedes. 
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Stationary ingress 

Some truck manufacturers have assembled stationary ingresses below the lowest 
ordinary instep, which are not movable at all. The one from Scania is asymmetrical and 
its lowest step consists of two parts. Kamaz has an ingress designed as a rung. The 
ingress on Mitsubishi Fuso is hold up by a bar. 

 

 

 

 

 

 

 
 

Figure 31. Stationary asymmetrical ingress, Figure 32. Stationary ingress, 
 Scania [9]. Kamaz [9]. 

 

 

 

 

 

 

 

 

Figure 33. Stationary ingress, 
Mitsubishi Fuso [9]. 
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4.1.3 Benchmarking Other Vehicles 

Volvo Construction Equipment 

Volvo Construction Equipment also has a need for an ingress that is hanging under the 
lowest stationary step. Figures 34-36 show some examples. Only the ingress in Figure 
35 is movable in all directions. 

 
Figure 34. Insteps on a wheel loader [8]. 

 

 
 

 

 

 

 

 

 

Figure 35. Insteps on an articulated hauler [8]. 

 

 
Figure 36. Insteps on a pipe layer [8]. 
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Forest machines 

Most forest machines have a big ground clearance and therefore have the same type of 
problems as the trucks. It is very common in this field to have ladders leading up to the 
cab. Some are firm, some are movable and some have a piston that controls the position 
of the ladder. 

 
Figure 37. Ladder on a Caterpillar forwarder [10]. 

 

 

 

 

 

 

 

 Figure 38. Ladder controlled by 
 a piston on a John Deere 
 forwarder [10]. 
 

Figure 39. Ladder on a Gremo forwarder [10]. 
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Motocross 

The footpeg used on motocross are jointed and will therefore move in one direction if 
needed. These are used in a dirty environment and suffer great physical wear and 
therefore act as a good source of inspiration. 

 
Figure 40. Footpeg on a motocross [11]. 

 
Figure 41. Two footpegs for motocross [12]. 
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4.1.4 Design Criterion List – KKL 

The design criterion list is created with the legal demands, Volvo internal demands and 
ergonomics in mind. 
 Demand/Request 
Function 
Make it possible for the driver to transport himself/herself 
 from the ground to instep two  D 
Not be affected by collisions  D 
Not interfere with the approach angle  and ground clearance   D 
 

Function determining properties 
Lower weight than the present product (≤4 kg)  R 
Size of the step due to Volvo internal demands (≥200x200 mm)  D 
Distance from ingress to ground due to European law (≤700 mm)  D 
Distance between steps due to Volvo internal demands (≤380 mm)  D 
Strong enough to hold a driver without breaking (≥200 kg)   D 
Little sag (≤10 mm)        R 
 

Properties for working life 
Manage wet, dirty and rough environment with high wear  R 
Manage to be used many times every day, all year around  R 
Life as long as the life of the truck (=10 years)    R 
 

Manufacturing properties 
Manufactured by subcontractor  R 
Tested in lab         R 
 

Distributing properties 
Transported and stored on pallet until assembled to truck  R 
Assembled at Volvo Trucks Tuve, or other assembly plants   R 
 

Delivery and planning properties 
Will be manufactured in big batches (≈6 600 pcs./year and side)  R 
Will be manufactured continuously      R 
 

Safety/ergonomic properties 
Stable to stand on  R 
Not slippery         R 
 

Aesthetic properties 
Stable and rough look        R 
 

Legal properties 
Dimensions according to European law     D 
 

Economical properties 
Production cost lower than present (≤315,15 SEK (order prize))  R 
 

Recycling properties 
Easy to dismantle  R 
Easy to divide into fractions when recycling  R 
 

Environmental properties 
No ecologically harmful materials      R 

Figure 42. The design criterion list. 
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4.2 Phase 2 – Function Analysis 

4.2.1 Black-Box Models 

Two black-box models can be made, one for each of the two main functions of the 
ingress. 

 

   Driver on the ground         Driver on step two 

 

 

Figure 43. Black-box model of function 1. 

In this case the main function is to move the driver from the ground to instep two and 
the operand is the driver. 

 
   Ingress before collision         Ingress after collision, 

                   no damage 

Figure 44. Black-box model of function 2. 

In this case the main function is to not be affected by collisions and the operand is the 
ingress. 

4.2.2 Establish Technical Principles 

Technical principles for solving the problem were generated in a brainstorm session 
where both experienced and inexperienced design engineers participated. The first part 
of the session covered the first main function in the design criterion list and generated a 
lot of ideas of how to move the driver from the ground to step two. After a short 
evaluation, that made it clear that the object probably will be assembled under the 
lowest stationary step, the second part of the session could start. This part generated 
ideas of how the ingress can avoid being affected by collisions.  

The third main function in the design criterion list was ignored since this demand will 
be automatically fulfilled by some of the concepts that can handle collisions. 

The present solution (found in Chapter 2.2), solutions from other truck manufacturers 
and other fields (found in Chapter 4.1.2 and 4.1.3) and new solutions were discussed in 
the session. 

Make it possible for the driver 
to transport himself/herself 

from the ground to instep two 

 

Not be affected by collisions  
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4.2.3 Establish Function/Means-tree 

The ideas that were generated in the brainstorm session are summarized in two 
function/means-trees (Appendix 1 and 2), for the first and the second main function in 
the design criterion list. 

4.3 Phase 3 – Establish Concepts 

4.3.1 Choose means and create concepts 

In Appendix 1 the technical principles for moving the driver from the ground to instep 2 
is presented. The principles of elevator, escalator, vertically adjustable chassis and 
vertically adjustable seat will all need some kind of motor and co-operation with other 
parts of the truck. This will be expensive and heavy and the device will be sensitive to 
shocks and other physical damage that can occur in the environment of the ingress. The 
air balloon will be expensive and a bit unnecessary for the short distance that the driver 
needs to be transported and using a springboard could be dangerous. To climb a rope is 
hard work and if the rope is to be assembled under the truck to step on, it is better to use 
chain/cable. The principles that are marked grey are the ones that are technically and 
economically suitable and will be taken into account in future discussions. 

In Appendix 2 the technical principles on how to avoid the ingress being affected by 
collisions can be found. To fulfil also the third main function, “Not interfere with the 
approach angle and ground clearance”, four technical principles can be left out and the 
ones remaining are marked grey. 

All realistic means for the two functions are summarized in the following morphological 
matrix, created according to Johannesson et al. [3]. 

Function ↓ Means → 
Transport the 
driver from 
ground to 
instep two 

Stirrup Stationary 
step Ramp Chain/cable Unfixed stool

Not be 
affected by 
collisions 

Changes 
properties 

before or at 
a collision 

Hidden 
while 

driving 

Unattached 
step, removed 
before driving 

Movable 
step 

Step placed 
without risk 
of collision 

Figure 45. Morphological matrix of all realistic means. 

Concepts are generated by combining one solution to the first subfunction with one to 
the second, in other words one solution from each row. 

25 concepts could be created from the matrix but only the ones most suitable and likely 
to work have been listed below. The solutions “Unfixed stool” and “Unattached step, 
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removed before driving” have been left out since it is unpractical to handle detachable 
objects and the “Stirrup” has too many similarities to the “Chain/cable”. The solution 
“Hidden while driving” has been divided into one automatic and one manual solution. 

 

Concept 1: Stationary step – Changes properties before or at a collision 

Concept 2: Stationary step – Hidden while driving (automatically) 

Concept 3: Stationary step – Hidden while driving (manually) 

Concept 4: Stationary step – Movable step 

Concept 5: Stationary step – Step placed without risk of collision 

Concept 6: Ramp – Hidden while driving (automatically) 

Concept 7: Chain/cable – Changes properties before or at a collision 

Concept 8: Chain/cable – Hidden while driving (automatically) 

Concept 9: Chain/cable – Movable step 

Concept 10: Chain/cable – Step placed without risk of collision 

4.3.2 Examine and improve the concepts 

All ten concepts generated are briefly described in Appendix 3 with the advantages and 
disadvantages listed. The concepts only cover the different functions of the ingress and 
not the technical principles that they are based on. Therefore there are possibilities to 
create both good and bad solutions to each concept. 

4.3.3 Evaluate and choose concepts 

In order to sift out the concepts that are to be developed further a concept screening 
matrix is created according to Ulrich and Eppinger [4]. The ten concepts are scored 
relatively to the present Volvo construction ingress (Ref) with + for “better than”, 0 for 
“same as” and - for “worse than”. The selection criteria are the most important criteria 
from the design criterion list. The net score and rank shows which concepts are most 
promising. 

Since there are many different designs possible for each concept, the scoring is only an 
estimation of how successful the concept could be. For each concept the most promising 
design, that is still realistic, has been though of. Even though this will result in a 
subjective result the matrix is nevertheless a clear way of examining the concepts. 
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 Concepts 

Selection Criteria Ref 1 2 3 4 5 6 7 8 9 10 

Stable to climb on 0 + 0 0 + 0 + + - - - 
Not affected by 
collisions 0 + + + 0 + + + + + + 

Manage environment 0 0 + + 0 0 + 0 + 0 0 

Low weight 0 0 - 0 + 0 - + 0 + + 

Low cost 0 0 - 0 + - - 0 - + - 

Long life 0 - - 0 0 + - - 0 0 + 

            

Net score 0 1 -1 2 3 1 0 2 0 2 1 

Rank 8 5 11 2 1 5 8 2 8 2 5 

Figure 46. Concept screening matrix. 

The concept screening matrix can also be weighted, which means that the selection 
criteria are weighted 1 to 3 in order to show the importance of each criterion. The 
weight is multiplied by the score (“+” = 1 and “-“ = -1) and all scores are added up. The 
weighted matrix gives a more exact and fair ranking and in this specific case it is easier 
to choose an appropriate amount of concepts since their scores differ more. 

  Concepts 

Selection Criteria Weight Ref 1 2 3 4 5 6 7 8 9 10 

Stable to climb on 2 0 + 0 0 + 0 + + - - - 
Not affected by 
collisions 3 0 + + + 0 + + + + + + 

Manage environment 1 0 0 + + 0 0 + 0 + 0 0 

Low weight 2 0 0 - 0 + 0 - + 0 + + 

Low cost 3 0 0 - 0 + - - 0 - + - 

Long life 1 0 - - 0 0 + - - 0 0 + 

             

Net score  0 4 -2 4 7 1 0 6 -1 6 1 

Rank  8 4 11 4 1 6 8 2 10 2 6 

Continue?  N Y N Y Y N N Y N Y N 

Figure 47. Weighted concept screening matrix. 

The weighted concept screening matrix shows that the concepts to be developed further 
are 1, 3, 4, 7 and 9. The concepts that are very similar are combined into one, which 
means that concepts 1 and 7 are combined and named A and 4 and 9 are combined and 
named C. Concept 3 is named B. 
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4.3.4 Plan the subsequent development 

The three chosen concepts are now to be developed more thoroughly. The concepts still 
only give an idea of what the ingress should perform but not how it should be solved 
technically. Possible technical principles are to be found and they have to be evaluated 
according to cost, weight and complexity before a suitable solution can be selected. 

4.4 Develop the chosen concepts 

Technical solutions for the three concepts were generated in a series of brainstorm 
sessions with different design engineers participating. 

4.4.1 Concept A 

 

Figure 48. Concept A in the FM-tree. 

Concept A is based on an ingress that is hanging in cables, chains or stationary sides 
that can change properties depending on the property needed at a specific time. The 
ingress could either be stiff all the time and only get limp when the ingress is hit by 
something or be stiff when the driver is climbing on it, and get limp as soon as the 
driver leaves the ingress. Both ways are good solutions since they make the ingress 
flexible in all directions while driving on bumpy roads and stable when the driver 
climbs on it. 

 

Step hidden 
during driving

 

Step that changes properties 
before or at a collision
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This principle is inspired by the classic dog from BRIO®. When you press the bottom of 
the cylinder the dog’s legs and tail get limp and when you release the pressure they get 
stiff again. 

 
Figure 49. The dog Sampo from BRIO® [13]. 

If the suspension works properly, concept A is a very good solution. The ingress will be 
totally stable in all directions when that is desired and totally flexible when driving the 
truck. The ingress in total will be light and could be cheap to manufacture. 

The drawbacks of this concept are that the suspension will be sensitive to physical 
damage, dirt, water, ice and snow. A small damage may lead to an ingress that is 
working bad or not at all. It could also be a problem to make the suspension work for 
people with different weight, if the stiffness is dependent on the load applied by the 
driver. Another aspect is that the ingress might rattle if it is too flexible. 

Sketches of concept A can be found in Appendix 4. 

4.4.2 Concept B 

Figure 50. Concept B in the FM-tree. 
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Concept B is based on a stationary step that is assembled to the truck and is manually 
hidden while driving. When the driver uses the step it is hanging down, and when the 
driver has entered the cab it is hidden. 

The ingress can be hidden in different ways. One possible solution is that a string is 
attached to the ingress and the driver pulls the string until the ingress gets stuck under 
the FUPS. When the driver is to climb down he kicks it loose again. This solution is not 
very handy since the driver always has to think about where he or she has the ingress 
and pulling the string is extra work that takes some time from the ordinary work. 

The ingress could also work as a step machine or be hanging in springs. This is a good 
solution for hiding the ingress while driving but it is a problem when the driver is to 
climb up to the cab since he or she has to pull the ingress down with the foot or by hand 
before climbing on it. 

Another principle is inspired by a blind. When the step is hanging down and the driver 
puts weight on it, it comes loose. When the weight on the step is reduced it follows the 
driver up and stays there while driving. When the driver is to climb out the step follows 
the foot down to its lowest position where it gets stuck. This concept only works if the 
driver uses the step both on the way up and down. 

 
Figure 51. A blind [14]. 

A disadvantage with all these solutions is that the ingress has to go somewhere when 
hidden and this might interfere with the ordinary steps or other parts of the truck. 

Sketches of concept B can be found in Appendix 5. 
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4.4.3 Concept C 

 
Figure 52. Concept C in the FM-tree. 

Concept C is based on an ingress that is hanging in cables, chains or stationary sides and 
can move when it collides with objects. Due to European law it is not approved to have 
only a chain or cable without a plate or rod to step on. 

One principle is inspired by a swing that is hanging in ropes or cables and that is 
flexible in all directions while driving. This is an optimal solution while driving since 
the ingress is not easily damaged but it is not stable to climb on and it therefore needs to 
be equipped with a mechanism that keeps it stable when the driver is climbing on it. 
Stiff cables that are jointed up and down will have the same properties. 

Another principle is inspired by a garden swing that has rigid sides that are jointed on 
the top and at the bottom. This kind of ingress can easily move forwards and backwards 
but not sideways at a collision, but will be unstable to climb on if no devise for keeping 
it stable is attached. Using chains such as bicycle chains in each corner of the ingress 
will give almost the same properties. 

  
 Figure 53. A swing [15]. Figure 54. A garden swing [16]. 

Both solutions above are rigid and not easily affected by dirt and bad weather and they 
can be design to withstand physical impact. They do not have to be expensive and 
heavy. 
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Disadvantages are that they will probably rattle if they are not firm enough and if they 
are to be flexible while driving they are not stable to climb on. 

Sketches of concept C can be found in Appendix 6. 

4.5 Concept selection 

4.5.1 Opinions from people in contact with construction ingresses 

According to truck-drivers, that have given their opinions on the Truckstop Forum [17], 
it is important that the ingress is wide and easy to keep clean from ice and snow. When 
climbing up and down the cab many times a day it is good if the step is hanging close to 
the ground. 

A thing that sometimes happens when driving construction vehicles is that the truck 
sinks down in material, for example in a dump, and to avoid the ingress getting stuck or 
break it should easily flex vertically. Some drivers also want the ingress to be flexible 
sideways. The type of unstable ingress that is hanging in cables or chains is not optimal 
since the driver has to stretch the legs in order to keep the balance. 

The idea of having an ingress that is lowered (or folded out) when the door is opened 
and raised when the door is closed is suggested. There have been many air-operated 
solutions like this during the years, on trucks, refuse lorries, dumpers and lumber cars. 

According to Martin Elmgren [21], who repairs Volvo trucks, the present construction 
ingress on Volvo trucks is not often broken due to collisions with material during 
ordinary work, which shows that the solution is good and reliable. Most of the ingresses 
that have to be replaced at his repair shop have been damaged in collisions with cars or 
other trucks. They do not repair any ingresses since it is cheaper to replace them. 

Bertil Andersson [22], who has four Volvo FM-trucks in his company, also finds the 
present construction ingress good and not easily broken. The drivers find the ingress 
stable and easy to climb on. One improvement that could be made is to make the ingress 
movable inwards (positive y-direction, see Figure 4) so that it does not break when for 
example reversing the car towards a wall. 

4.5.2 Weighting of the degrees of freedom 

The most common problem while driving a construction vehicle is collisions with 
material from the front and therefore most present construction ingresses are designed to 
move in the positive x-direction. There could also be collisions in the negative x-
direction, with for example branches, when reversing the truck. 

It is desirable that the ingress can move upwards, in the positive z-direction, if the truck 
sinks down in material such as a dump. If it can not move in this direction it is more 
likely to get stuck and damaged. 
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The truck might also collide with objects from the side, in the positive y-direction, when 
it turns and there is material too close to the truck. 

The importance of the collision directions for the left side ingress (directions defined in 
Chapter 2.1.3) are listed below, according to the probability of each type of collision. 
The three directions ranked as number 2 could not be distinguished further since 
different drivers and environments have different demands. 

Ranking Collision direction 

1 pos. x 

2 
pos. z 
neg. x 
pos. y 

3 neg. y 

4 neg. z 

Figure 55. Weighting the degrees of freedom. 

4.5.3 Concept Selection 

The three generated concepts A, B and C differ a lot when it comes to simplicity, cost, 
reliability for the user and durability. To be able to find the most suitable concept a 
Kesselring selection matrix is created according to Johannesson et al. [3]. 

The following criteria are being used in the selection matrix. 

Criterion Description 
A Stable to climb on 
B Not affected by collisions 
C Stand the environment without being damaged 
D Cheap 
E Easy to use 
F Functioning even when damaged 
G Low weight 
H Long life 

Figure 56. Criteria used in the selection matrix. 
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The criteria are ranked in the matrix below. 

Criterion A B C D E F G H  Sum Sum/Tot
A - 0,5 0,5 1 0,5 1 1 1  5,5 0,20 
B 0,5 - 1 1 0,5 0,5 1 1  5,5 0,20 
C 0,5 0 - 1 0,5 0,5 1 0,5  4 0,14 
D 0 0 0 - 0 1 1 1  3 0,11 
E 0,5 0,5 0,5 1 - 1 1 1  5,5 0,20 
F 0 0,5 0,5 0 0 - 0,5 0,5  2 0,07 
G 0 0 0 0 0 0,5 - 0,5  1 0,04 
H 0 0 0,5 0 0 0,5 0,5 -  1,5 0,05 
            
         Tot 28 1,0 

Figure 57. Ranking the criteria used in the selection matrix. 

Each criterion will be scored 1 to 5. 

Criterion  Scale 1-5 
A 0,20/0,20 x 5 5 
B 0,20/0,20 x 5 5 
C 0,14/0,20 x 5 4 
D 0,11/0,20 x 5 3 
E 0,20/0,20 x 5 5 
F 0,07/0,20 x 5 2 
G 0,04/0,20 x 5 1 
H 0,05/0,20 x 5 1 

Figure 58. Scoring the criteria used in the selection matrix. 

The Kesselring matrix can now be created with the result from the ranking of criteria. 

Criterion  Ideal Concept A Concept B Concept C 
 w v t v t v t v t 
A 5 5 25 5 25 5 25 5 25 
B 5 5 25 5 25 5 25 3 15 
C 4 5 20 2 8 3 12 4 16 
D 3 5 15 3 9 2 6 4 12 
E 5 5 25 4 20 2 10 5 25 
F 2 5 10 1 2 2 4 3 6 
G 1 5 5 3 3 3 3 3 3 
H 1 5 5 2 2 2 2 4 4 
Tot   130  94  87  106 
   1,00  0,72  0,67  0,82 
Ranking   -  2  3  1 

Figure 59. The Kesselring selection matrix used on concepts A-C. 

The Kesselring selection matrix shows that the final concept should be concept C. The 
three concepts A, B and C are also discussed and evaluated by the brainstorming group 
and the result from that session is the same. 

The next chapter develops concept C further and compares different concept designs. 
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5 Concept Design 
This chapter contains further development of the chosen concept. It discusses different 
functions and designs and in the end of the chapter a final concept design is chosen. 

5.1 Possible Designs of Concept C 

The basic idea with concept C is that the ingress is to move in some direction when 
colliding with an object. According to European law and internal Volvo demands there 
has to be a rectangular foot plate for the driver to stand on but the suspension devices 
could be designed in different ways. 

 
Figure 60. Concept C in the expanded FM-tree. 

The four possible means from the expanded FM-tree are described by sketches and 
discussed in the following chapters. The sketches show the ingress from the side. All 
sketches can be found in Appendix 6. 

5.1.1 Telescopic Function 

A telescoping function can be used both vertically and horizontally. If using vertical 
telescopic tubes the ingress will only move upwards at a collision if joints are not being 
used, and then the telescopic function is unnecessary. 
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A telescopic function horizontally will be suitable for collisions from the front but not 
from below and the left suspension has to be flexible. The right picture shows what a 
foot plate with telescopic function could look like from above and from the side. 

 
Figure 61. Possible solutions with telescopic function. 

One disadvantage with using a telescopic function is that it is very sensitive to external 
damage. Dirt or small buckles from collisions will prevent the parts from moving and 
this will be expensive and difficult to repair. Another disadvantage is that the parts have 
to be very strong to manage the weight of the driver and this will lead to a very heavy 
product. 

5.1.2 Sliding Function 

This ingress has the suspension rod in the middle of the long side and the ingress can 
slide up and down on the rod. The foot plate is angled so that it is forced up at collisions 
from the front and from behind. 

 
Figure 62. Possible solutions with sliding function. 

The problem with this solution is that if the suspension rod is not jointed at the top it 
will always be in vertical position and collide with objects from all directions.  

5.1.3 Two Jointed Suspensions 

If using solid suspensions there has to be joints up and down on each side in order to 
make the ingress movable. There has to be a device that keeps the ingress in its lowest 
position when the driver is climbing on it and prevents it from being unstable. 
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The sides may also have a joint in the middle in order to make the ingress even more 
flexible. 

 
Figure 63. Possible solutions with two sides and joints, without and with a person’s 

weight applied. 

The present Volvo solution uses jointed suspensions with joints up and down. This is a 
steady solution that is not very sensitive to external damage and it is easy to 
manufacture. One disadvantage with this solution is that it can not be made totally 
stable to climb on and at the same time flexible at a collision. 

5.1.4 One Jointed Suspension 

It is also possible to have only one jointed suspension that makes the ingress rotate. It 
could be placed in the middle of the long side and if more stability is needed there could 
be two suspensions next to each other. This kind of ingress will move at all collisions 
except straight from below. This solution needs to be stabilized in its lowest position to 
make the climbing comfortable. 

The suspension could also be jointed in front of the ingress and swing upwards and 
backwards at a collision from the front and from below. 

 
Figure 64. Possible solutions with one side and a joint. 

One advantage with these solutions is that they are simple and consist of few parts. The 
first one will probably be too unstable to climb on. The second solution is more 
promising. It is always stable in its lowest position and may therefore be very flexible at 
collisions without having effect on the stability. If the back of the foot plate is angled, 
collisions from behind will force the ingress up. A cable will reduce the stress in the 
joint. 



Concept Study of Construction Ingress  Concept Design 

_____________________________________________________________________________________ 

_____________________________________________________________________________________ 

42 

5.2 Design Selection 

The four conceptual designs described above are compared in a Kesselring matrix, 
using the same criteria and scores as in 4.5.3. 

The following criteria are being used in the selection matrix. 

Criterion Description 
A Stable to climb on 
B Not affected by collisions 
C Stand the environment without being damaged 
D Cheap 
E Easy to use 
F Functioning even when damaged 
G Low weight 
H Long life 

Figure 65. Criteria used in the selection matrix. 

The most promising of the two alternative designs in each chapter above have been 
thought of in the matrix. 

Criterion  Ideal Telescopic 
function 

Sliding 
function 

Two jointed 
suspension 

One jointed 
suspension 

 w v t v t v t v t v t 
A 5 5 25 4 20 5 25 3 15 5 25 
B 5 5 25 2 10 1 5 5 25 3 15 
C 3 5 15 1 3 2 6 4 12 4 12 
D 3 5 15 2 6 2 6 4 12 4 12 
E 5 5 25 4 20 4 20 4 20 5 25 
F 2 5 10 1 2 2 4 4 8 4 8 
G 1 5 5 2 2 3 3 3 3 3 3 
H 1 5 5 2 2 3 3 4 4 4 4 
Tot   125  65  72  99  104 
   1,00  0,52  0,58  0,79  0,83 
Ranking   -  4  3  2  1 

Figure 66. The Kesselring matrix used on four concept designs. 
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The Kesselring matrix shows that the concept design with one jointed suspension is the 
most suitable, closely followed by two jointed suspensions. Since the present Volvo 
construction ingress has two jointed sides and a new design is desired more than an 
improvement of the old one, an ingress with only one suspension is to be discussed 
further in the next chapter. 

 
Figure 67. The chosen concept design. 
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6 Detailed Design 
This chapter focuses on the concept that was chosen as the most suitable. It contains 
suggestions for design details such as dimensions and materials and a final design is 
presented. 

The concept to be developed further is based on a rod that can carry the load of the 
driver and that is assembled with a joint to the FUPS. The joint makes it possible for the 
ingress to swing backwards at a collision from the front. The joint is designed to incline 
the rod inwards in order to make the ingress swing also when colliding with objects 
from the side. An exchangeable foot plate is assembled to the rod and can be replaced if 
worn out or damaged. 

 
Figure 68. Simplified picture of the ingress. 

The following chapters contain suggestions for the design of the ingress. 

6.1 Dimensions and Angles 

The height (h, see Figure 69) of the ingress should be the same as the height of the 
present ingress, since this has been suitable for the trucks so far and the rules and 
regulations have not been changed. The height from the top of the foot plate to the 
FUPS is approximately 225 mm. 

There are two angles that are important for the function and appearance of the ingress; 
the rod angle (α, see Figure 69) and the angle of inclination (β, see Figure 70). 

The rod angle (α) has to be bigger than 90º to make the ingress swing at a collision in 
the positive z-direction. A too big angle will make the ingress long and this could cause 
a collision with the wheel. Appendix 7 shows some possible rod angles. 
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Figure 69. Principal sketch of the ingress viewed from the side, with rod angle (α). 

The function with inclining the joint is to force the ingress to swing inwards as well as 
upwards at a collision, in order to handle collisions from the side. In Appendix 8 and 9 
structural pictures of different angles of inclination (β) can be found and the swing 
directions for the rods can be compared. 

 
Figure 70. Principal sketch of the ingress viewed from the front, with angle of 

inclination (β). 

The analyses in Appendix 8 and 9 show that a suitable rod angle is 110º and a suitable 
angle of inclination is 106º. The rod angle will make the length of the ingress realistic 
and the appearance proper. The two angles together will make the rod swing well under 
the cab at a collision. 

   
Figure 71. The chosen rod angle and angle of inclination. 

h 
α

β 
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6.2 Rod 

6.2.1 Dimensions 

The rod is made of steel and is bent at an angle β=110º. Since the distance from the foot 
plate to the FUPS is to be approximately 225 mm, the rod is made 200 mm high in the 
analyses. The horizontal part of the rod is made 250 mm long to make sure that there is 
enough space for the foot plate, but it is shortened in the final design to fit the foot plate. 

It is desired to use a hollow material for the rod, to reduce the weight, but it has to be 
strong enough to hold the driver without sagging. A round cross-section is preferred 
since it, as opposed to a square cross-section, can carry loads in all directions. This is 
needed since the driver will not always tread the ingress straight from above, but a bit 
from the side. 

Appendix 10 shows some analyses of deflection for different rods, made with the FEM-
application in CATIA V5, and the corresponding weight of the rod. It also shortly 
describes how the analyses were performed. The analyses are not complete but will act 
as guidance. 

The round hollow cross-section with diameter 40 mm and a material thickness of 4 mm 
is estimated to be strong enough. It will flex 4,7 mm and the maximum Von Mises 
stress is approximately 290 MPa. The weight of the rod is 1,74 kg. 

 

 
Figure 72. Analysis of the rod with diameter 40 mm and thickness 4 mm. 
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6.2.2 Material 

A suitable material for the rod is shown in Figure 73. The yield strength of the material 
is higher than the maximum yield strength achieved in the analysis. 

 Volvo 
standard Material Yield 

strength 
Equivalent 

international standard 

Bar STD 1113,12 1312-06 370 MPa ISO 683/18 1996 C15 

Figure 73. A suitable material for the rod. 

The rod should be closed in the end to prevent dirt from getting stuck in it. It should be 
painted with a black antirust paint (STD 5751,5 Colour 1708 black). 

6.3 Joint 

The joint is important for the strength of the construction and can be design in different 
ways. Three possible joint concepts are presented below. 

6.3.1 Hinge 

The first joint concept is based on a hinge that allows the ingress to swing. Surface A is 
assembled to the FUPS and when the ingress is in its lowest position the gap between 
the two parts is closed. In order to avoid the ingress rattling while driving, a spring that 
keeps the ingress in its lowest position should be placed somewhere on the joint. The 
hinge needs to be very strong in order to stand the great forces. 

 
Figure 74. Joint design with a hinge. 

6.3.2 Universal Joint 

If a universal joint is used, the ingress will be able to move both upwards and inwards, 
and if necessary at the same time. The rigid sides are used to prevent movement in the 

A 
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direction where it is not desired. The concept is very sensitive to external damage since 
it consists of many parts and a little dirt will cause the joint to move stiffly. 

 
Figure 75. Joint design with a universal joint. 

6.3.3 Torsion Springs 

The third concept uses torsion springs on the transverse rod. The rod will rest on plate B 
and the torsion springs will keep the ingress down and reduce the rattle while driving. A 
solution with one torsion spring is also possible. 

 
Figure 76. Joint design with torsion springs. 

6.3.4 Final Joint Concept 

A solution with one torsion spring is estimated to be the most promising solution 
because of its simple design and rough appearance. It is not very sensitive to external 
damage and is easy and cheap to manufacture. 

B 
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Figure 77. Principal picture of the chosen joint design. 

The transversal rod (1) is stuck to the joint house (2) and the link (3) will rotate around 
the transversal rod. The torsion spring will be stuck to the link and the house and keep 
the link in its lowest position. The link will be fixed to the rod (designed in Chapter 
6.2). 

6.3.5 Detailed Joint Design 

The joint house can either be casted or made by bent sheet metal that is welded together 
and both these designs are analysed in the project. The joint house is assembled to the 
other parts of the joint, and to the rod, before analyses are made. Modifications are then 
made to increase the strength of the joint. In the FEM-analyses all parts have been 
assigned a steel material with a yield strength of 420 MPa. 

The transversal rod and the link have the same design and almost the same dimensions 
in both of the following models. More detailed pictures of the two joint models are 
found in Appendix 12. 

The analyses (found in Appendix 11) show that the joints are a bit too weak and the 
weakest part is the link. The strength of the link could most likely be raised by changing 
the material or the dimensions. Despite the too big stresses, the analyses show that it is 
possible to design a joint that is strong enough, with parts that are simple and not very 
expensive. 

In order to choose which joint design to manufacture, cost analyses need to be made in 
co-operation with subcontractors. More accurate FEM-analyses, material optimization 
and cost estimations on each part and the assembly also need to be performed before the 
final design of the ingress can be settled. 

2 

3 

1 
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Casted 

The casted joint house is made in one part with an average material thickness of 6 mm. 
It is 70 mm wide and ~75 mm high vertically. The weight of joint house, transversal rod 
and link is 3,4 kg. 

 
Figure 78. Joint with casted house. 

Welded 

The welded joint house consists of four steel plates that are 6 mm thick. Two of them 
are bent to achieve the correct dimensions and the other two are similar to reduce the 
cost. The joint is 70 mm wide and ~83 mm high vertically. The weight of the joint 
house, transversal rod and link is 3,3 kg. 

 
Figure 79. Joint with welded house. 
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6.3.6 Material and Assembly 

Because of the great loads that the joint is exposed to, there are big requirements for the 
material. The ingress has to manage a wet and dirty environment and has to be impact 
resistant. 

Figure 80 shows two suitable materials that can be used for the joint house, one for a 
welded and one for a casted house. 

 Volvo 
standard Material Yield 

strength 
Equivalent 

European standard 

Casted STD 310-0003 VSC700/10IS+QT 550 MPa EN 10293 
G26CrMo4+QT2 

Welded and 
bent STD 311-0003 VSHR420 420 MPa EN 10149-2 1995 

S420MC 

Figure 80. Two suitable materials for the joint house. 

The transversal rod will be 15 mm in diameter and slightly longer than the joint house to 
enable welding of the parts on the outside. Figure 81 shows a suitable material for the 
rod. 

 Volvo standard Material Yield 
strength 

Equivalent international 
standard 

Bar STD 1119,12 1912-04 410 Mpa ISO 683/9 1988 11SMn28C 

Figure 81. A suitable material for the transversal rod. 

The link is to be made of bent 6 mm sheet steel. Figure 82 shows a suitable material for 
the link. 

 Volvo 
standard Material Yield 

strength 
Equivalent European 

standard 

Welded and 
bent STD 311-0003 VSHR420 420 MPa EN 10149-2 1995 

S420MC 

Figure 82. A suitable material for the link. 

The joint parts should be painted with a black antirust paint (STD 5751,5 Colour 1708 
black). 
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6.3.7 Torsion Spring 

The function of the torsion spring is to reduce the rattle in the ingress while driving on 
uneven ground. The rattle will cause unnecessary noise and increase the exhaustion in 
the joint. 

The spring should not be too stiff since it is a big advantage if the ingress swings easily 
backwards at a collision but it is important that it is stiff enough to keep the ingress in 
its lowest position, ready for the driver to climb on it. 

The spring is to be fixed to the joint house and to the link. 

 
Figure 83. The joint with a torsion spring. 

6.4 Foot Plate 

To keep the characteristic features of all the ordinary insteps the foot plate is designed 
and styled the same way as them, just as the present Volvo construction ingress is. 

 
Figure 84. The first ordinary instep. 
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6.4.1 Dimensions and Material 

The Volvo internal demands state that the depth of the foot plate should be at least 200 
mm and according to European law the width should also be at least 200 mm. To make 
the anti-slip protection (Chapter 6.4.2) fit, the plate is made 220 mm wide and 200 mm 
deep. 

FEM-analyses show that a plate made of 2 mm steel plate is almost strong enough (see 
Appendix 13) and this thickness is chosen until more accurate analyses have been made. 
The plate is stamped into the correct shape and hot dip galvanized (Fe/Zn 25 STD 
5733,111) to give long-lasting endurance and protect the steel from rust. 

 Volvo 
standard Material Yield 

strength 
Equivalent 

international standard 

Sheet STD 311-0003 VSHR420 420MPa ISO 6930 1983 FeE420 

Figure 85. A suitable material for the foot plate. 

6.4.2 Structure and Assembly 

The foot plate is designed in a way that prevents dirt, snow and ice from getting stuck, 
since this could make the driver dirty or make the ingress slippery. The holes in the 
plate will drain off water and snow and the raised edges around the holes give good 
anti-slip protection even if the ingress is not totally clean. The square-shaped holes are a 
bit bigger than the ones on the ordinary insteps to reduce the weight a bit more and give 
more efficient drainage. The small round holes will make the grip better when putting 
up the foot. 

 
Figure 86. Final design of the foot plate. 

Two L-beam sections are welded under the foot plate to make it possible for the plate 
and the rod to be welded together. Together with the edges of the foot plate, this gives 
four areas of attachment. 
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Figure 87. The L-beams and four areas of attachment (in red). 

If the points of attachment are placed in the middle of the foot plate the foot plate will 
stick out too much from the truck. Therefore the foot plate is moved a bit inwards in 
relation to the rod. This distance is dependent on the dimensions of the rest of the 
ingress and the assembly to the FUPS. By changing the distance, the vertical inclination 
(see Chapter 2.1.6) can be changed and this is to be done when the rest of the design is 
settled. The distance also influences the material thickness and L-profiles needed. 

   
Figure 88. View from above. The foot plate placed in the middle of the rod (left) and 25 

mm inwards in relation to the rod (right). 
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6.5 Total Analysis 

 
Figure 89. The final ingress design. 

The joint house is assembled to the FUPS with four M8 screws. The nuts are welded on 
the inside of the FUPS which makes the assembly very simple. The house is designed to 
have enough space for an automatic screw driver to tighten up the bolts. 

The pictures found in Appendix 14 show that the ingress can swing 35º upwards 
without hitting the FUPS. Because of the inclination of the joint, the foot plate will 
disappear well under the cab at a collision.  

The total weight of the casted ingress is 4,6 kg and of the welded 4,5 kg, without the 
weld. 

Appendix 15 shows analyses of the two complete ingresses. The ingresses still have a 
few zones where the stress is too big, but this should be taken care of after more 
accurate analyses have been performed. The total deflection is less than 5 mm. 

There will probably be a price difference between the manufacturing of the casted and 
the welded joint houses and therefore both cost and strength should be compared before 
the final joint design is settled. Both the ingress with the casted and the welded joint 
house is however estimated by an experienced designer [23] to be cheaper than the 
present ingress, since it consists of only a few simple parts. 
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The ingress designed in this project will be placed on the left-hand side of the truck. The 
ingress on the right-hand side has to be a mirror image of this. This means that the joint 
house has to be manufactured in two variants, one left and one right, but all other parts 
can be the same on both the left and the right ingress. The fact that most of the parts 
only need to have one design will also lead to a decrease in costs. 

 
Figure 90. The ingress assembled to the truck. 
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7 Discussion 
In this chapter the final solution is being analysed according to the demands that were 
set on the product. The advantages and disadvantages are discussed in order to make 
the further development easier. 

The final solution presented in Chapter 6 is just one possible solution for a new 
construction ingress. In order to settle the final design more accurate analyses need to be 
done, concerning cost, weight and strength. It needs to be optimized in many ways 
before it can be ordered and manufactured. 

One thing that indicates that the chosen concept is a good one is that some competitors, 
for example BMC and Iveco, have this kind of ingress on their trucks. They have 
different joint solutions but the function and the principles are the same. 

The biggest problem when suggesting a design is that the other parts of the new 
construction vehicle have not been designed yet, for example the new FUPS, and 
therefore the mount and the dimensions might need to be adjusted. The mount is also 
different on the welded and the casted joint house, since the dimensions of the 
horizontal part of the joint houses differ. 

In the following chapters the properties of the solution from Chapter 6 are discussed 
with the design criterion list as a basis. 

7.1 Function 

The first three demands in the design criterion list have to do with the function of the 
ingress and are the main purpose of the product. 

 Demand/Request 
Function 
Make it possible for the driver to transport himself/herself 
 from the ground to instep two D 
Not be affected by collisions from the front or from behind D 
Not interfere with the approach angle and ground clearance D 
 

Figure 91. The first part of the design criterion list. 

The first demand is fulfilled only by assembling the ingress on the truck, and if the 
ingress is just strong enough the driver will be able to transport himself/herself to the 
next instep many times. 

The most common collision when driving a construction vehicle is collisions from the 
front. This type of collision is handled well by the ingress, since it easily swings 
backwards. The ingress also moves at collisions from below and probably from the side, 
due to the angle of inclination. One disadvantage is that it does not move at a collision 
from behind and this could cause the ingress to break if that happens. One solution to 
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this problem is to assemble a plate to the back of the foot plate that will force the ingress 
upwards at a collision from behind. 

 
Figure 92. Construction ingress with an extra plate assembled to the back. 

It is important to look at if the ingress fulfils the requirements for the approach angle 
(γ). In Appendix 16, pictures of the ingress mounted to the truck are found. The two 
wheels used in the pictures are the smallest and the biggest types used for construction 
vehicles. The wheel diameter is the diameter of the wheel while driving. 

FIH (Front Installation Height) is the distance from the frame down to the centre of the 
wheel and the two FIH-dimensions used for construction vehicles are called x-high and 
xx-high. X-high corresponds to FIH=300 mm, which gives the highest wheel centre, 
and xx-high corresponds to FIH=370 mm. 

 
Figure 93. Definition of approach angle, FIH and ground clearance. 

The analyses of the approach angle for different combinations of wheel diameter and 
FIH show that the approach angle is in some cases smaller than the required 25º. 
However it is only when using the smallest wheel and x-high that the ingress is in the 
way of the approach angle. In the other cases the FUPS is the problem, since a standard 

FIH

γ
ground 

clearance 
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FUPS is used in this model. This problem will be solved when the new FUPS for 
construction vehicles is designed. 

The sum of the analysis is that the ingress will, in almost all cases, not affect the 
approach angle. 

For all combinations of wheel diameter and FIH the ground clearance will be between 
1180 and 1220 mm, as shown in Appendix 16, when the ingress is angled 35º, and this 
is a lot more than the required 300 mm. 

7.2 Function Determining Properties 

The function determining properties give demands and requirements for the dimensions, 
weight and strength of the ingress. 

 Demand/Request 
 

Function determining properties 
Lower weight than the present product (≤4 kg) R 
Size of the step due to Volvo internal demands (≥200x200 mm) D 
Distance from ingress to ground due to European law (≤700 mm) D 
Distance between steps due to Volvo internal demands (≤380 mm) D 
Strong enough to hold a driver without breaking (>200 kg) D 
Little sag (<10 mm) R 

Figure 94. The second part of the design criterion list. 

The weight of the CAD-model of the ingress is ~4,5 kg, which is a bit more than the 
demanded weight. This problem might be solved if more accurate analyses are made 
and material optimization is being performed. It could also be a good idea to investigate 
if a lightweight material could be used. 

The foot plate is 220 mm wide and 200 mm deep. The distance from the ingress to the 
ground is, in the four extreme cases in Appendix 16, between 200 and 340 mm. The 
distance between the ingress and the first instep is 360 mm. In other words, all 
dimensions live up to the demands. 

The ingress needs to be strong enough not to break. The strength computations 
presented in Chapter 6 show that the ingress is almost strong enough for a load of 
2000N. Those analyses are though simplifications of the reality with a purpose of 
showing the realism of the design. More accurate calculations of strength need to be 
performed by experts before the final design can be established. 

The strain analyses in Chapter 6 show that the deflection is less than 5 mm which is a 
very good value. 
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7.3 Other Properties 

The materials and surface treatments chosen are suitable for outdoor use and are very 
hardwearing. The galvanization of the foot plate and the antirust paint on the rod and the 
joint will protect the steel from rust. 

The joint strength is in some way proportional to the life of the ingress and the life can 
therefore be increased by increasing the strength. The life could also be increased by 
avoiding weak points in the design. 

The whole ingress can easily be manufactured by a subcontractor and transported to the 
assembly line. The materials, the manufacturing processes and the surface treatments 
are commonly used and to find a suitable subcontractor should be easy. 

In order to make it comfortable for the driver to use the ingress to reach the next instep, 
the ingress has to be stable. The final design provides a very stable ingress, since it can 
not move at all in the negative z-direction and can not swing or move in any other 
directions while the driver is standing on it. This is important also from an ergonomic 
point of view, since the ingress should feel like just another stationary instep. The 
vertical inclination can easily be adjusted by moving the foot plate in or out in relation 
to the rod to avoid hurting the leg.  

The appearance of the ingress is rough and stable, especially the parts that are most 
visible. This will lead to a frequent use of the ingress which will increase the safety for 
the driver. 

The new ingress is estimated to be cheaper to manufacture than the present ingress, 
mainly because it consists of few and simple parts and because most of the parts can be 
used on both the left and the right ingress. 

The ingress is easily dismantled and the materials can be recycled. There is no risk of 
ecologically harmful material ending up in the nature while using the ingress, if it is 
taken care of when it is worn out. 
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8 Conclusions 
This last chapter gives a short summary of the conclusions that can be drawn from this 
project and the most apparent advantages and disadvantages with the suggested design. 

After generating a number of possible concepts, one has been selected as the most 
promising and has been designed in detail. The principles of the new ingress are settled, 
but some details might have to be changed. 

One advantage with the ingress is its simplicity. It consists of few parts and most of 
them have a very simple design. This leads to a solid product with few weak points and 
a product that is cheaper to manufacture. Another advantage is the stability that the 
ingress provides when the driver is standing on it. There is no possibility for the ingress 
to swing or move when a force is applied from above. 

The biggest disadvantage with the ingress is that it does not move at a collision from 
behind and this could cause the ingress to break. This type of collision is not the most 
common and hopefully the ingress will not be exposed to it very often. Some 
modifications in the design might be possible in order to force the ingress upwards at a 
collision from behind. It might also be possible to make modifications that lead to the 
ingress swinging even easier at a collision from the side.  

The conclusion of this project is that the final design established in Chapter 6 is the 
most promising of all generated concepts and provides a simple and strong product. One 
possible design is presented and it shows the realism of the concept. However, the 
design is not complete, and more improvements should be done when the new FM-truck 
is to be developed and more resources are available. 
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The ten generated concepts 
The ten generated concepts are described in words and some advantages and 
disadvantages are listed. 

Concept 1 
 
Concept 1 is based on a stationary step that is assembled to the 
truck and changes its properties before or at a collision. This 
means that the ingress is stable in all directions when the driver 
steps on the ingress and either gets movable (in one or more 
directions) when the driver leaves the ingress or when the 
ingress is colliding with something the first time. 
 
Advantages:  Is stable to climb on. 
  Could be movable in more than one direction. 
 
Disadvantages: The mechanism could be expensive and/or  
  brittle. 
 
Concept 2 
 
Concept 2 is based on a stationary step that is assembled to the 
truck but is automatically hidden while driving. The step is 
automatically hidden after the driver has climbed into the cab 
and emerges when the driver is about to climb down. 
 
Advantages: No risk of being damaged at any type of 
 collision. 
 
Disadvantages: Needs some kind of motor and sensors to be 
 reliable. 
 The step has to be rapid. 
 
Concept 3 
 
Concept 3 is based on a stationary step that is assembled to the 
truck but is manually hidden while driving. Either it emerges as 
a consequence of the driver putting weight on the step and is 
hidden as a consequence of the person reducing weight on the 
step or the driver has to hide it manually. 
 
Advantages: No risk of being damaged at any type of 
 collision. 
 
Disadvantages: Demands that the driver uses the step both on 
 the way into and out of the cab or performs an 
 action every time he/she uses the step . 
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Concept 4 
 
Concept 4 is based on a stationary step that is assembled to the 
truck but that can move when colliding with objects in order to 
avoid being damaged. 
 
Advantages: Easy mechanism. 
 
Disadvantages: May be unsteady to step on. 
 
Concept 5 
 
Concept 5 is based on a stationary step that is placed where 
there is no risk of collision. The step could be placed closer to 
the wheel in order not to interfere with the approach angle. It 
could also be placed somewhere else on the truck and enable the 
driver to get into the cab from the front, the back or the roof. 
 
Advantages: No risk of being damaged at any type of 
 collision. 
 
Disadvantages: A new entrance may be needed. 
 The driver will have to change his/her routines 
 if the entrance is moved. 
 Could be difficult from a legislation point of 
 view. 
 
Concept 6 
 
Concept 6 is based on a ramp that is hidden while driving and 
that is being lowered down so that the driver can walk down on 
it. It is raised again before driving. 
 
Advantages: Comfortable to walk down to the ground. 
 
Disadvantages: Needs some kind of motor and sensors to be 
 reliable. 
 Has to be big to reach the ground. 
 
Concept 7 
 
Concept 7 is based on a chain or cable that changes its 
properties before or at a collision. This means that it is stable to 
step on but flexible when driving. 
 
Advantages: Movable in all directions. 
 
Disadvantages: Could be weak if not very thick. 
 The mechanism can be expensive and/or 
 brittle. 
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Concept 8 
 
Concept 8 is based on a chain or cable that is mounted on the 
truck but is automatically hidden while driving. The step is 
automatically hidden after the driver has climbed into the cab 
and emerges when the driver is about to climb down. 
 
Advantages: No risk of being damaged at any type of 
 collision. 
 
Disadvantages: Needs some kind of motor and sensors to be 
 reliable. 
 The step needs to be rapid. 
 May be unsteady to step on. 
 
Concept 9 
 
Concept 9 is based on a chain/cable that is mounted on the truck 
but that can move when colliding with objects in order to avoid 
being damaged. 
 
Advantages: Easy mechanism. 
 
Disadvantages: May be unsteady to step on. 
 
Concept 10 
 
Concept 10 is based on a chain or cable that is placed where 
there is no risk of collision. The chain/cable could be placed 
closer to the wheel in order not to interfere with the approach 
angle. It could also be placed somewhere else on the truck and 
enable the driver to get into the cab from the front, the back or 
the roof. 
 
Advantages: No risk of being damaged at any type of 
 collision. 
 
Disadvantages: A new entrance may be needed. 
 The driver will have to change his/her routines 
 if the entrance is moved. 
 Could be difficult from a legislation point of 
 view. 
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Concept A 
 

Sketches and ideas of suspension devices that can change their properties are shown 
below. The suspensions are either movable in only one direction or get totally stiff when 
someone puts weight on the ingress. 
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Concept B 
 

Sketches and ideas of suspension devices that are movable vertically are shown below. 
They are moved manually by the weight of the person standing on the ingress. 
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Concept C 
 
Sketches and ideas of suspension devices that will swing or move at a collision are 
shown below. Most of the suspensions consist of joints. 
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Rod Angle, α 
 

The following pictures show ingresses assembled to the truck, with three possible rod 
angles. 
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120º 
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Angle of Inclination, β (α=110º) 
 
The following pictures show different angles of inclination for ingresses with 110º rod 
angle. The pictures show the ingress both in its bottom position and when it has rotated 
30º backwards. 
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Angle of Inclination, β (α=120º) 
 

The following pictures show different angles of inclination for ingresses with 120º rod 
angle. The pictures show the ingress both in its bottom position and when it has rotated 
30º backwards. 
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Analyses Cross-section 
 
All the rods are 200 mm high (vertically) and have a rod angle of 110º. The radius in the 
bend is 50 mm and the length of the horizontal part is 250 mm. They are loaded with 
~2000N vertically at a small area on the right end of the rod. The upper end of the rod is 
rigidly clamped. 
 
Round, hollow cross-section 
Ø40 mm, thickness 3 mm 
Total weight: 1,34 kg 
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Round, hollow cross-section 
Ø40 mm, thickness 4 mm 
Total weight: 1,74 kg 

 

 



Appendix 10 

 

 
Round, hollow cross-section 
Ø40 mm, thickness 5 mm 
Total weight: 2,11 kg 
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Round, solid cross-section 
Ø40 mm 
Total weight: 5,09 kg 

 

 
 
 



Appendix 11 

 

Analyses Joint and Rod 
 
Both ingresses are loaded with ~2000N vertically at a small area on the right end of the 
rod. The joint is rigidly clamped in the four screw holes. 
 
Casted 
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Welded 
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Pictures of the two Joints 
 
The following table shows the two joint models from different angles. 
 

View Casted Welded 

 

 

 

  

Top 
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Bottom 

 

 

Front 
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Back 

 

Right 

  

Left 
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Analyses Foot plate 
 
All analyses are performed with a load of ~2000N distributed on three of the small anti-
slip protections. The two L-beams and the circular holes in the plate are rigidly 
clamped. 
 
2 mm tjock 
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3 mm tjock 
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Ingress Assembled to the Truck 
 
The following pictures show the casted ingress assembled to the truck. They show the 
position of the ingress in its lowest position and when angled 35º. The welded ingress 
has almost the same dimensions and will therefore behave similarly. 
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Total Analyses 
 
The following analyses are made on the whole ingresses, rigidly clamped in the four 
screw holes and loaded with ~2000 N at three of the small anti-slip protections. 

 
Casted 
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Welded 
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Approach Angle and Ground Clearance 
 
The following pictures show the ingress assembled to the truck and angled 35º. The 
approach angle (γ) is 25º. The smallest and the biggest wheels and the two FIH:s that 
are available for construction vehicles have been used. 

Smallest wheel, Ø997 
FIH: x-high 
Ground clearance: 1180 mm 

 
 

Smallest wheel, Ø997 
FIH: xx-high 
Ground clearance: 1198 mm 

 

γ

γ
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Biggest wheel, Ø1134 
FIH: x-high 
Ground clearance: 1197 mm 

 
 

Biggest wheel, Ø1134 
FIH: xx-high 
Ground clearance: 1218 mm 

 
 

γ

γ
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