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Abstract 

This master thesis concerns a new retractable boarding step for the Crew Cab segment of Scania. 

Scania offers a retractable boarding step when easy ingress and egress are essential for the 

customer. A retractable boarding step makes it possible to exit the cab facing forward instead of 

climbing out backwards and does also fulfils the legal demands of vehicle width while driving. 

The current boarding step is not considered robust and dependable enough; therefore Scania 

would like to develop a new concept with focus on robustness and dependability.  

This thesis covers the Product Development process from requirement specification to a 

functional prototype. Information was collected from stakeholders from within and outside 

Scania to be able to make a detailed requirement specification. Several new concepts were 

developed within the project group of two students and in creative workshops with other master 

thesis students and engineers at Scania. All concepts were evaluated in an eliminations matrix 

and the best concepts were compared to each other in Pugh’s relative decision matrix [1].  

A final concept was chosen for further development and evaluation. Materials selections were 

made on new components in the concept using the materials selection methods from [2] and [3], 

together with the software CES EduPack [4].  

The result consists of a 3D design of the new concept, suggestions for materials selection of the 

components included and a prototype showing the function of the new concept. 

The new concept is based on a sliding mechanism, the lower step plate slides in and out on 

plastic bearings in rails. This concept was chosen because it is simple with few components and 

moving parts, this minimizes the risk of failure. An appreciable improvement of the 

dependability is that it will always be possible to get in and out from the cab even if the main 

function fails. To assure the robustness of the sliding mechanism testing in different weather 

conditions is required.  
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Sammanfattning 

Detta examensarbete behandlar konceptframtagning av ett nytt utfällbart insteg till Scanias 

Crew Cab lastbilar. Det utfällbara insteget är ett tillval som erbjuds när enklare in- och 

urstigning är viktigt för kunden. Ett sådant steg gör det möjligt för passagerarna att gå ut ur 

hytten framlänges istället för att klättra ut baklänges samtidigt som det uppfyller breddkravet på 

fordonet under körning. The nuvarande utfällbara insteget anses inte vara tillräckligt robust och 

tillförlitligt, därför vill Scania ta fram ett nytt koncept med fokus på dessa egenskaper. 

Examensarbetet omfattar produktutvecklingsprocessen från kravspecifikation till prototyp. 

Information samlades in från intressenter på och utanför Scania för att kunna sammanställa en 

detaljerad kravspecifikation. Ett antal nya koncept utvecklades med hjälp av olika kreativa 

metoder både inom projektgruppen, bestående av två studenter, och tillsammans med andra 

examensarbetare och anställda på Scania. Alla koncept utvärderades sedan i en eliminerings 

matris och de bästa koncepten jämfördes mot varandra i Pugh’s relativa beslutsmatris [1].   

Ett koncept valdes ut för fortsatt utveckling och validering. Materialval gjordes på de delar som 

var helt nya för konceptet med materialvalsmetoder från [2] and [3] och programmet CES 

EduPack [4]. 

Resultatet består av en 3D design av det nya konceptet, förslag på materialval på ingående delar 

och en prototyp som åskådliggör funktionen.  

Det nya konceptet bygger på en glidmekanism, det undre steget glider in och ut i skenor med 

plastglidlager. Konceptet valdes på grund av att det är enkelt med få komponenter och rörliga 

delar som kan gå sönder. En märkbar förbättring gällande tillförlitligheten är att det alltid är 

möjligt att gå ut och in även om glidfunktionen skulle fela. För att säkerställa att 

glidmekanismen är tillräckligt robust krävs testning i olika väderförhållanden. 

 

Nyckelord:  

Crew Cab, Insteg, Produktutveckling, Materialval, Konstruktion, Scania CV AB.  
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This chapter will give a short description of the company and background to the 

problem. Purpose and goals for the project will be defined followed by delimitations. 

The reader will be introduced to systematic Product Development and why it is 

preferable to use systematic methods. 

1.1 Background 

1.1.1 About Scania CV AB 

Scania as a part of Volkswagen Truck & Bus is one of the world’s leading manufacturers of 

heavy trucks and buses. Scania is also leading provider of industrial and marine engines. 

Service-related products account for a growing proportion of the company’s operations, 

assuring Scania customers of cost-effective transport solutions and maximum uptime.  

Scania has 45,000 employees and operates in 100 countries. The R&D (Research and 

Development) activities are mainly located in Södertälje, Sweden, with some 3,500 employees. 

Scania also has some Research and Development operations in Brazil and India [5]. 

This master thesis project will be performed at R&D at the group RTLZ. RTLZ deliver 

technical solutions for chassis components and installations and has worked with chassis and 

cab mounted components for low entry and crew cab trucks.  

1.1.2 Retractable boarding step 

Some customers have the need to carry extra passengers. For these customers Scania offers a 

truck featuring a crew cab, which is a longer cab with rear seats and rear doors. Crew cab is 

often used for fire and rescue vehicles, recovery vehicles and other public service vehicles. Easy 

access through the rear doors is essential for many customers that utilize this kind of cab and 

therefore there is an option of having a retractable rear boarding step. The retractable boarding 

step is a step that folds out for easy access when opening the rear door and is retracted while 

driving to make the truck fulfil legal demands for vehicle width.  

1.2 Problem definition 

The problem with Scania’s retractable boarding step is that it at rare occations does not folds out 

or retracts, see Chapter 2. For many customers using this kind of boarding step safety and 

dependability is of highest priority, therefore there is a need for Scania to develop a new 

concept for this product. This is of special importance for fire fighters on emergency mission 

where time is essential. Due to their heavy equipment they have the need to exit the cab 

forwards. Since the problem mainly concerns fire trucks the dependability is of high importance. 

If the function fails it may lead to injury for the crew involved as well as delay of extinguishing 

fire. This does not go well with Scania’s values.  

 

1 Introduction 
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The following parameters have to be considered throughout the thesis:  

 Dependability – the product shall be designed so that it is always possible to get in or 

out of the cab.  

 Robustness – the product shall be designed for continuous operation with low 

downtime, failure rate, variability and high insensitivity to a continually changing 

external environment. 

 Space limitations – the product shall be designed to fit in the same space on the truck 

as the current boarding step. 

 Legal demands – the product shall be designed to fulfil all relevant legal demands.  

 Ergonomics – passenger ergonomics shall be considered in the design.  

1.3 Purpose 

This project is performed by request of Scania CV AB, as a thesis work for the degree of Master 

of Science at Karlstad University, Department of Engineering and Physics, Mechanical and 

Materials Engineering.  

The purpose of the project is to analyse the current solution and with the Product Development 

process develop and evaluate a new concept for the retractable boarding step using scientific 

and structural methods. The concept should be evaluated with focus on function and high 

reliability, other properties vital to Scania such as modularization and cost must also be taken 

into account.   

1.4 Goals 

The goal of the project is to develop a concept for a new solution of the retractable boarding 

step that is more robust and dependability than today’s solution.  

The results of this thesis should provide: 

 A detailed design configuration for the final concept 

 Suggestions for materials of all components included in the concept 

 A functional prototype to show the concept  

1.5 Delimitations 

The project will be performed by a team of two students working in different areas. The scope 

of the project is set to 20 weeks (40 hours/week). This report will cover the overall product 

development process with focus on concept generation, selection of concept and materials 

selection. Another mater thesis by Möllberg [6] covers detail design and validations by FEM 

simulations with regard to the same product.  

The following delimitations are made: 

 The project will only cover the retractable boarding step and no other ergonomics in the 

ingress area such as safety handles.  

 The space will be limited to the current space on the truck; no large interface changes 

will be made in order to make room for the new boarding step. 
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 Only the boarding step on the left hand side of the truck will be designed in detail. The 

difference between the sides is suspension brackets and surrounding components. The 

left hand side is considered the worst case with regard to this.  

 European standards and regulations shall be met. 

 The interfacing systems, such as pneumatics or electronics, are not included regarding 

placement and dimensioning. However the realizability of different systems is taken 

into account in the design process. 

 CES EduPack [4], used for materials selection, only compares material cost and does 

not includes manufacturing cost. 

 No lifecycle analysis of the product is included. Recycling is considered in the materials 

selection. 

1.6 Why systematic Product Development? 

The use of systematic Product Development tools aims to increase the efficiency in the design 

work for new products. Until the 1960s industrial Product Development almost completely was 

based on experience and seen more as an art form than a scientific discipline. A turning point 

came when the Japanese industry began to compete on the world market. Some of the products 

outranked European products in both function and quality, and could also be sold for a lower 

price. It turned out that the Japanese companies worked in a much more systematic way with 

clearly defined processes and methods in the development process. The most outstanding was 

their way of focus on customer value already from the earliest phases in the development. This 

was strongly contributing to a change in the view on product development in the Western world 

[1].  

Today the PD process (Product Development Process) includes both synthesis and analysis. 

Synthesis in this context means to create new technical solutions from functional requirements 

by new combinations of know technologies, existing components, experience or intuition. 

Analysis means to use different methods, e.g. calculations, simulations or testing. Synthesis and 

analysis should be closely connected and used in an iterative process in three steps [1]. 

1. Identify and describe customer needs 

2. Create and describe possible solutions 

3. Analyse and evaluate with respect to needs 

The best solution that fulfils all needs and requirements will be chosen. If no such solution is 

found the process goes on until an acceptable solution is found. This synthesis-analysis-loop 

requires support methods in all three steps. These methods utilize development of products that 

is of high quality and value from a customer perspective and will contribute to increased 

competitiveness in the developing and manufacturing company [1].  

1.7 Product Development at Scania 

Scania’s PD process is a collection of different sub processes for the development of products 

which meet customer demands in terms of function and quality. Characterisation of the PD 

process is that it is cross-functional, scalable, flow-oriented, paced and property based. On a 

general level the PD process are divided into three sub processes called yellow arrow, green 

arrow and red arrow process, Figure 1.1. This thesis will be in the range of the yellow arrow [7]. 
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Figure 1.1 Scania's PD process consists of Concept Development, Product Development and Product Follow Up [7]. 

Concept development  

Yellow arrow deals with pre development at various levels. This includes research, advanced 

engineering and the cross-functional work with concept development projects [7]. 

Product development 

Green arrow progresses product development towards a promised market introduction time by 

means of a larger cross-functional project organisation. This involves a lot of cross-functional 

work and makes strict demands of delivery precision among everyone involved [7]. 

Product follow up 

Red arrow follows up, maintains and updates the current product range at Scania [7]. 

Learning organisation 

Lessons Learned is a method applied at Scania to ensure that knowledges from earlier products 

and assignments help to constantly improve the products, services and processes [7]. 

1.7.1 Property driven Product Development 

Trust, pride and confidence are values that Scania wants their customers and other stakeholders 

to feel when they come into contact with the Scania products and brand. Surveys of customer 

attitudes show that Scania are on top when it comes to image, and that the company has 

products to be proud of. Retaining and strengthening this position makes high demands [7].   

 

The product identity describes the perceived values, Figure 1.2, and technical properties, Figure 

1.3, these shall characterise Scania products. Given the direction which Scania has selected and 

the ambition level they have set up for their products, they have to acquire knowledge of the 

areas they need to prioritise and improve. This will be achieved by breaking down the perceived 

values and technical properties to vehicle properties and passing on knowledge and targets to 

everyone who has any form of influence over the product, to ensuring that all pull together in 

the same direction [7].  
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In order for Scania to achieve this, a structured working method is required – property driven 

product development [7]. 

 

 
Figure 1.2 Scania preceived values [7]. 

 
Figure 1.3 Scania technical properties [7]. 

PRESTIGE - perceived values

Respect Confidence Privilege

Professional attribute Retained value For the selcted few

Masculinity Superior reliability Price as such

Integrity Continuity

Legendary

PERFORMANCE - technical properties

Fuel economy
Load-carrying 

capacity

Repair- and 

maintanance cost
Uptime

Active safety Driver environment
Envirmonmental 

performance
Engine power
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In this chapter the current product is analysed with respect to function, material and 

fail causes. This was done by interviews with engineers at different departments at 

Scania and investigation of previous documents. A field visit at a fire station was 

done to gain understanding from a customer point of view. 

2.1 Function 

The existing solution of the retractable boarding step is activated by a sensor in the door. When 

the door opens a pneumatic cylinder unfolds the lower step, this creates a stair case effect that 

makes it possible for the passengers to exit the cab facing forward. When the door closes the air 

pressure is released and a spring retracts the lower step. In retracted position it is not possible to 

use the lower step. Figure 2.1 shows the current solution in unfolded and retracted position. An 

exploded view of ingoing components is show in Figure 2.2. 

 

Figure 2.1 The current design in a) unfolded position and b) retracted position 

2 Analysis of current design 
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Figure 2.2 Explode view of current design 

2.2 Materials  

The two fixed step boards are made of pressure die casted aluminium, EN AC-4430 DF. The 

foldable step board are made of sand casted aluminium, EN AC-43100 ST6, this is because this 

step is only used on the trucks where the customer has chosen a retractable boarding step and is 

therefore produced in a lower volume. Brackets and consoles are made of hot-rolled steel, STD 

755. The plastic panel and covers are made of polypropylene with 20% talc.
1
  

The cost of the retractable boarding step is confidential information and is therefore not 

presented in this report. 

2.3 Fail causes 

In the current design the hinge may stick due to corrosion and then the pneumatic cylinder is not 

strong enough to unfold or retract the lower step.  

 If the step does not unfold it is very hard to get in and out of the cab. If it is not detected 

by the person stepping out, for example a fire fighter with full equipment on, it may 

have catastrophic consequences – such as personal injury.  

 If the step does not retract it will not fulfil the legal requirement on vehicle width and it 

may be a risk that the step hit things while driving.   

                                                      
1
 Material information from component drawings by Filip Josefsson, Scania.  
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For development of the new retractable boarding step, the product development 

method described in [1] was used. Only the steps in the method considered relevant 

were used and some methods were modified to meet the need of this thesis. For 

materials selection the methods from [2] and [3] was used. The following section 

describes all methods used in the project. 

3.1 Identify customer needs 

Stakeholders in the product development context are all who in any way will be affected by the 

product during its lifecycle. It is important that requirements from all stakeholders are collected 

and taken into account in the requirement specification [1]. This was performed by field visits 

and interviews with possible stakeholders or internet search.  

3.2 Requirement specification 

The aim of requirement specification is to understand the problem and collect additional 

information that is not specified in the description of the assignment. With this information a 

specification of WHAT should be accomplished can be done. This will make the problem 

definition more concrete. The requirement specification is a living document developed and 

updated continually during the process as the knowledge about the product increase [1].  

The following requirements should be imposed on a requirement specification [1]: 

 Complete – all stakeholders and aspects of the problem should be taken into account 

 The requirements should be formulated solution independent and be clear 

 The requirements should be measurable and controllable 

 Every requirement should be unique 

 

Before the customer needs are inserted into the requirement specification they need to be 

translated to technical product requirements. The method used for this, QFD, is described in 

chapter 3.2.1. Product requirements can be divided into two main groups, functional and 

limiting requirements. Functional requirements are related to the expected function of the 

product and can be described as “verb + noun” e.g. “carry load” or “change direction”. Limiting 

requirements describes allowed limits for the solutions e.g. “max weight”, “max cost” or 

“Needs to fulfil Standard XX” [1]. 

A further division of requirements is to divide them into “demands” and “wishes”. Demands are 

requirements that must always be completely fulfilled while wishes can be more or less fulfilled. 

Since different wishes are of different importance it is common to assign them with weight 

factors from a suitable scale e.g. 1-5 [1]. 

3 Methods 
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3.2.1 QFD 

QFD, Quality Function Deployment, is a tool used to translate customer needs into technical 

product requirements. The information is submitted in a QFD matrix, also called House of 

quality due to its shape, according to Figure 3.1.  

 

Figure 3.1 The structure of the QFD matrix 

The rows in the matrix consist of customer needs, expressed as demands and wishes – WHAT 

does the customer want? Every wish will also be assigned a weight factor, importance rating, 

from 1-5, where 5 is of highest priority. The columns in the matrix consist of measurable 

product requirements – HOW can the customer needs be fulfilled? Target values for each 

requirement are specified below the matrix [1].    

The relationship between customer needs and product requirements is analysed in the 

relationship matrix. The connection is grade as followed [1]:  

 9 = Strong connection 

 3 = Medium strong connection 

 1 = Weak connection 

 0 = No connection 

In the top of the QFD matrix interrelationships between the product requirements is determined. 

(+) indicates positive interaction and (-) indicates negative interaction. Too many positive 

interactions suggest potential redundancy in product requirements. The focus on the negative 

interaction should be to consider concepts to overcome these potential trade-offs [1].  

The weighted rating or importance rating of each product requirement is calculated by 

multiplying the customer importance rating with the connection grade in each box. This is a 

help to identify the product requirements that are most important to meet the customer needs [8]. 
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3.3 Comparison with others 

To find inspiration for the concept generation phase a comparison with solutions from other 

truck manufacturers and other applications were made. This was done by studying previous 

benchmarking documents at Scania and internet search.  

3.4 Concept generation 

In the concept generation phase a number of concepts that fulfil the requirement specification 

should be produced. The functional requirements in the specification are the starting point for 

the work that will be performed in the following steps [1]: 

1. Give a broad, abstract and solution neutral formulation of the problem 

2. Perform a functional analysis and dived the product function into sub functions 

3. Find solutions to the sub functions  

4. Combine the alternatives to complete solutions 

5. Sort out potentially acceptable complete solutions 

3.4.1 Functional analysis 

The purpose of the functional analysis is to break down the complex design problem into 

smaller sub problems, which consist of finding concepts for each sub function. This is easier 

than finding a complete solution at once. The result of the function analysis is a structure where 

you can see how the complex total function is realized by the sub functions as they work 

together [1].  

The functions can be described in a function tree, in which connections between functions can 

be illustrated, Figure 3.2. In order to accomplish the main function other sub functions are often 

required. Sub functions work together to provide the main function. Another class of functions 

is support functions. These are not essential for the main function, but support or favor the use 

or raise the attractiveness of the product [9].  
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Figure 3.2 Example of function tree. 

3.4.2 Creative methods 

A number of creative methods are used to find as many solutions as possible. The methods used 

in the creative work are presented below.  

Brainstorming 

This is a creative method used in groups of 5-15 members with one leader. Group shall without 

evaluation of the result come up with as many ideas as possible; idea quantity is focus over idea 

quality in this method. The participants are supposed to develop new ideas from associations to 

the other’s ideas. There are four ground rules in brainstorming [1]: 

1. Criticism is not allowed 

2. Quantity is desired 

3. Think outside the box 

4. Combine ideas 

Variety is another good ground rule to keep creativity up. Vary between individual 

brainstorming and group sessions, tell and listen, stand up and sit down, sketch and write etc. 

[9]. 

Dark horse 

The term dark horse comes from the horse race context, where it is described as a horse you do 

not know much about and that you do not see as a winner. What is exciting with a dark horse is 

that it can show real potential and be the really a successful winner [9].  
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Dark horse can be used as a method to stimulate a traditional brainstorming session. The aim is 

to drive the participants to develop concepts which lie “outside the box”. After the session the 

participants are asked to present their ideas and argument for their dark horse [9].  

A “dark horse” is [9]: 

 An idea which seems “dark”, i.e. risky, radical or crazy. 

 An idea which are not in line with the goals of the project, but leads the work in a new 

direction.   

 An idea which requires comprehensive development and testing to be successful.  

 An idea which can be revolutionary if it succeeds in developing its full potential.  

Morphological chart 

Morphological chart is a method to come up with sub solutions based on sub functions 

identified in the functional analysis. This is a structural way to come up with a large amount of 

ideas in relatively short time.  

The method is performed in the following steps [9]: 

1 Make a list of functions based on a functional analysis. 

2 Write down all possible solutions for each function. 

3 Discuss how combinations of solutions for different functions can become complete 

solutions.  

4 Sketch the concepts.  

Figure 3.3 illustrates how the morphological chart is used.  

 

Figure 3.3 Example of morphological chart 

SCAMPER 

This is a method to use on the existing ideas when the brainstorming activity gets low or to 

improve the final concepts. A number of general questions, table 3.1, can be used on a proposed 



   

13 

 

concept. Ask one question at the time and follow every association even though it may seem 

unrealistic at the time [1]. 

Table 3.1 SCAMPER - categories and questions. 

Category Questions 

Magnify 
Add something? Higher frequency? Stronger? More components? Multiply? Add 

value? Etc. 

Reduce Remove something? Lower frequency? Lighter? Smaller? Slower? Divide?  

Replace Something else instead? Other time? Different process? 

Rearrange 
Other particular order? Different place? Different size conditions? Different 

sequence? 

Opposites Upside down? In the other direction? Inside out? 

Combine Mix? Combine ideas?  

Other uses Use in a new way? Other uses if changes are made? 

Process What is similar to this? Something to copy? What improvements can be done?  

Modify 
Change color? Movement? Sound? Shape? Weight? Structure? Add something of 

these?  

 

3.4.3 Creative workshops 

To find ideas from different point of views, two creative workshops were arranged.  

To the first one master thesis students from different areas within Scania were invited. The 

problem was described briefly and the participants were divided into groups of four. The groups 

were asked to come up with as many ideas as possible during a brainstorming session, present 

their best ideas and argue for at least one dark horse. 

The second workshop was performed with experienced engineers at Scania, who all had some 

kind of insight to the problem. The participants started with an individual brainstorming session 

and presented their ideas for the rest of the group. After that a discussion were held to improve 

the ideas and come up with new ones associated with the others ideas.   

3.5 Concept selection 

The concept selection is made by the following steps [1]: 

1. Concept screening with a elimination matrix 

2. Concept scoring with relative decision matrices 

3.5.1 Concept screening 

The first step in the evaluation process is to eliminate “bad solutions”. The possible concepts are 

evaluated with the elimination matrix in Figure 3.4. Only the concepts that fulfil all 

requirements in the matrix or concepts where more information is needed to make a decision 

will be further evaluated. Concepts that are decided to proceed with (+) go directly to the next 

evaluation step. If additional information is needed about a concept (?) it is further analysed 

until it is possible to make a decision [1].  
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Figure 3.4 Example of elimination matrix for concept screening [1]. 

3.5.2 Concept scoring 

The next step is to reduce the number of concept further by sorting out the worse option. This 

was done with Pug’s relative decision matrix, Figure 3.5. In a relative decision matrix the 

selection is based on the relative comparison between different concepts. There are some 

important aspects to consider when setting up the matrix [1]: 

 The requirements should be based on the requirement specification, wishes and 

demands that can be over fulfilled  

 All relevant aspects should be covered, but the critical problem that the product shall 

solve should be focus 

 Formulate maximum 15-20 requirements 

 Merge similar detail requirements into groups if necessary   

All the concepts are added into the matrix and one is chosen to reference. Either one of the 

concepts can be chosen as reference, but usually a well know concept such as the current 

solution is used. Every concept will be compared to the reference solution. For each requirement 

it will be evaluated if the concept fulfil the requirement better than (+), as good as (0) or worse 

than (-) the reference concept. When all the concepts has been compared to the reference, all +, 

0 and - will be summed up and multiplied with corresponding weight factor so that a total value 

can be calculated to rank the concepts according to Figure 3.5. Based on the rank and the 

relation between the total values, a decision about which concepts to proceed with can be made 

[1]. 
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Figure 3.5 Example of Pugh's relative decision matrix [1]. 

Before moving on to the next evaluation round it should be investigated if new stronger 

concepts could be created by: 

 modifying already existing strong concepts so that their minus assessments will be 

eliminated. 

 combination of concepts with different strong sides so that the combined concept gets 

mostly positive assessments. 

If a new good concept is found, it will be added to the matrix in the next round.  

A new relative decision matrix will now be created with a new reference. The concepts that 

were decided to proceed with plus any new concepts will be added to the matrix. The procedure 

will go on until it reaches convergence i.e. when the result does not change anymore [1]. 

3.6 Concept development 

The final design was made with the CAD software Catia V5. Existing components were taken 

from the current solution to the extent possible and modified to fit in the new design.  

FEM-simulations were performed to verify and optimize the design [6].  

3.7 Materials selection  

The method described in [2] and the software CES EduPack 2016 [4] was used for materials 

selection. The four main steps in the method – translation, screening, ranking and supporting 

information – are illustrated in Figure 3.6.   

1 (ref) 2 3 4 5

Wish A 4 0 + 0 -

Wish B 2 + + + +

Wish C 1 0 0 - -

Demand D 5 0 - - 0

Wish E 1 - + - -

2 7 2 2

10 1 4 5

1 5 7 6

0 1 2 -5 -4

3 2 1 5 4

yes yes yes no no

Requirement

D

A

T

U

M

Concepts
Weight

Sum +

Sum 0

Sum -

Total value

Ranking

Proceed with concept
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Figure 3.6 The strategy for materials selection. The four main steps are translation, screening, ranking and 

supporting information [2]. 

3.7.1 Translation 

The first step is to translate the design requirements of the component into a prescription for a 

material. Every engineering component has one or more functions, e.g. to carry a load or to 

transmit heat. This function must be achieved with respect to constraints, e.g. that certain 

dimensions are fixed or that the component must carry the loads without failure. When 

designing a component the designer has an objective, e.g. to make it as cheap or light as 

possible. In order to optimize the objective the designer has some free variables, e.g. 

dimensions that are not fixed in the design requirement and, most importantly in this case, the 

material. Function, constraints, objective and free variables, table 3.2, are boundary conditions 

in the materials selection process and needs to be clearly defined [2].  

Table 3.2 Definition of function, constraints, objectives and free variables 

Function What does the component do? 

Constraints 
What non-negotiable conditions must be met? 

What negotiable but desirable conditions…? 

Objective What is to be maximized or minimized? 

Free variables What parameters of the problem is the designer free to change? 
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3.7.2 Screening 

The next step, screening, is to eliminate materials that cannot do the job because one or more of 

their attributes lies outside the limits set by the constraints. For example if a requirement is that 

“the component must function in boiling water” it imposes an attribute limit of maximum 

service temperature [2]. The software CES EduPack 2016 [4] is used for screening among a 

large extent of bulk materials.  

3.7.3 Ranking 

The candidates that remain after screening need to be ordered according to how well they will 

do the job. To do this we need optimization criterions. Performance is sometimes limited by a 

single property, sometimes by a combination of them. The best materials for buoyancy are those 

with the lowest density, ρ. Those best for thermal insulation are the once with the smallest value 

of thermal conductivity, λ. Here maximizing or minimizing a single property maximizes 

performance. By following the method below it is seen that the best material for a light stiff tie-

rod are those with the greatest value of specific stiffness, E/ρ, where E is Young’s modulus. The 

property or property-group that maximizes performance for a given design is called material 

index [2].  

Method to develop material index [2]: 

1. Define design requirements 

a) Function  

b) Constraints  

c) Objective 

2. Define an equation describing the objective 

3. Define equations for the constraints 

4. Identify free variables 

5. Resolve the free variables from the constraints equation and insert in the objective 

equation 

6. Arrange the variables as 

𝑃 = (𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛) ∗ (𝐺𝑒𝑜𝑚𝑒𝑡𝑟𝑦) ∗ (𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙)  

7. Write down material index, M 

The material indices are used in CES EduPack 2016 [4] to rank the remaining materials after 

screening. 

3.7.4 Supporting information 

The outcome after the ranking step is a ranked short-list of candidates that meet the constraints 

and maximizes the desired performance. To make the right choice among the top-ranked 

candidates it is needed to seek for supporting information about them. This information is often 

found in handbooks and data sheets from suppliers [2]. 

3.7.5 Tribological materials selection 

Unlike regular mechanical and physical properties, the tribological properties cannot be 

described in numbers. Wear resistance and friction are not material properties that are valid for 

more than one specific tribological situation. The materials selection for the best tribological 

performance are therefore less quantitatively and more based on experience and theoretical 

reasoning than a materials selection for the best strength or fatigue properties [3]. 
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Like in all materials selection processes several of other restrictions, such as cost, strength, 

fatigue and corrosion resistance needs to be considered. These restrictions can often reduce the 

possibilities to find a good tribological material, but it may also eases the selection since the 

number of material candidates is reduced [3]. 

 

When facing the task of a tribological materials selection the workflow in Table 3.3 can be used. 

To identify all material requirements the questions in Table 3.4 can be useful [3].  

Table 3.3 Workflow for tribological materials selection 

1. Clarify tribological requirements and other requirements on material properties. (The 

questions in table 3.4 can be used as guidance). 

2. Compare the requirements with properties on material types that are normally used for 

similar applications.  

3. Consider the possibilities of unconventional solutions. Can a material from another 

material group be used? Is it possible to use another material with a surface treatment 

instead?  

4. Pick a small number of candidates. 

5. Investigate the tribological properties in simple lab tests.  

6. Pick the most promising materials.  

7. Do a final investigation of prototypes or simplified components in bench tests or field 

tests. 
 

Table 3.4 Questions for identification of tribological and other material requirements 

Tribological requirements Other material requirements 

What is the load? For what environment are corrosion resistance 

needed? What is the sliding velocity? 

Do hard particles occur? What is the service temperature? 

How big particles are acceptable? What are the strength requirements? 

Do external vibrations occur? Is the shape complex? Size? 

Is oil lubrication possible? Requirements on sound level? 

Is water lubrication possible? Requirements on shape stability? 

What friction is tolerated? Requirements on appearance? 

How much wear are tolerated? What is the weight requirement? 

What wear mechanism is expected? Are there any hygienic requirements? 

 What is the cost requirement? 

 

The usual way to do the tribological materials selection is to assume a metal option, and look 

for better options by asking questions such as [3]:  

 Can a plastic material be used instead? 

 Does a ceramic material meet the requirements better? 

 Are composites a possibility? 

 Can a surface treatment be used on a material that is out of question on its own? 



   

19 

 

3.8 Prototype  

To verify the function of the new concept a prototype was built. Drawings of each component 

were sent to the mechanical workshop at Scania for manufacturing. The assembly was done by 

the project team.  

The prototype was mounted on a truck to be able to test step on it. The sliding function was 

tested by pushing and pulling the step in and out. 

The following simplifications and changes were made on the prototype: 

 The lower step plate is a simplified step with no anti slip structure and a simplified 

pattern since it was water jet cut instead of sand casted. This makes it heavier than the 

actual step plate. 

 The sliding rails are machined instead of extruded.  

 The plastic cover is taken from the current boarding step and pieces are cut out to make 

the rails and the step fit.  

 The upper step plate is taken form an old version of the step and has a different pattern. 

 The plastic bearings are glued on to the aluminium rails with a two component adhesive 

that is not optimal for these materials.  
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In this chapter all results of the project is presented. This includes the requirement 

specification, concepts from the concept generation, the concept selection process 

and the final design and materials selections of the components included in the new 

concept. 

4.1 Identify customer needs 

Table 4.1 shows identified stakeholders, their input to the project and the method used to collect 

their requirements.  

Table 4.1 Project stakeholder, their input to the project and method used to collect their requirements 

Stakeholder Input Method 

RTLZ 
Project clients and knowledge about the 

current product 
Interviews 

Marketing Market and customer needs Interviews 

Fire fighters Customer needs Field visit and interviews 

Society Regulations by law Internet search, Scania documents 

Ergonomics Ergonomic requirements Interviews 

Calculation 
Knowledge about load cases and critical 

components 
Interviews 

Production Production related requirements Interviews 

Service  Service related requirements Interviews 

 

  

4 Results 
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4.2 Requirement specification 

The final requirement specification is presented below. Requirements marked with D are 

demands and requirements marked with W are wishes. Dimensions requirements are supported 

by Figure 4.1.  

Due to a confidential agreement with Scania the performance requirements are not defined in 

numbers in this report.  

Requirement specification for Retractable Boarding Step 
 

1 General 

 

Standard EN1846 regarding firefighting and rescue service vehicles – safety and 

performance shall be fulfilled [10]  D 

UN ECE Regulation No 61 regarding external projections shall be fulfilled [11] D 

Commission Regulation (EU) no 130/2012 regarding vehicle access shall be fulfilled 

[12] D 

Vehicle width demands according to Commission Regulation 1230/2012 shall be 

fulfilled [13] D 

2 Functions and Dependability  

The function shall allow egress facing forward D 

The design shall be dependable in all weather conditions D 

The design shall be robust D 

It shall always be possible to get in and out D 

Plan B if the function fails W 

The function shall work when the truck is not on D 

The time to function shall be minimized W 

Low risk of pinching if moving parts W 

The solution shall be slip resistant D 

3 Performance  

The design shall be able to carry a static load of Fstatic D 

The fatigue strength shall be C cycles at Ffatigue  D 

The design shall withstand temperatures between Tmin to Tmax D 

The structural stiffness shall be k N/mm  W 

4 General Design  

Ergonomically configured  W 

The solution shall not lead to altering of the interface W 

The design shall be simple e.g. simple geometries and as few pats as possible W 

No sharp corners or edges D 

The design shall be module based e.g. existing components shall be used if possible W 

Low weight  W 

Minimized sound from the function W 

Symmetric solution, the same solution shall be applicable on both left and right side of 

the truck W 
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No black listed materials [14] D 

No grey listed materials [15] W 

Cost effective W 

Quality and appearance that match with the interface and rest of the truck W 

Existing technical system shall be utilized if possible W 

  

5 Dimensions (see Figure 4.1)  

Horizontal distance c1≤150 mm, c2>150 mm D 

Height of first step from ground level, d≤550 mm D 

Height between steps, b1≤400 mm, b2≤450 mm D 

Depth of foot space, a1≥150 mm, a2≥150 mm D 

Step width≥300 mm D 

Step angle, α1≤65°, α2≤65° W 

Total size W 

Not exceed total vehicle width of 2500 mm D 

6 Assembly and Maintenance  

The design shall be maintenance free if possible W 

It shall be easy to perform service W 

Standard parts shall be used when possible W 

Number of components shall be kept low W 

The design shall be easy to assemble  W 

Not possible to assemble in a wrong way W 

 

 

Figure 4.1 Example of ingress to crew compartment - description of the dimensions in the requirement specification 

[10]. 
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4.2.1 QFD 

The final QFD matrix is attached as Appendix 1. 

The result from the QFD matrix shows that the fold out mechanism, materials and corrosion 

resistance are of highest importance in the design. All three of them correspond to safety, 

dependability, robustness and quality of the product. Another important feature related to 

dependability is to have a plan B if the main function fails. It can also be seen that the 

dimensions of the steps are of high importance, the legal demands needs to be fulfilled and the 

dimensions should be optimized to achieve good ergonomics.  

4.3 Comparison with others 

The result of the competitor comparison is presented in Appendix 2.  

4.4 Concept generation 

Description and sketches of the concepts that passed the first elimination and were further 

evaluated are presented below. All concepts that came out from the concepts generation phase 

are presented in Appendix 3. 

13. Single sliding step 
The upper step is fixed like it is today and the 

lower step slide out when the door opens to create 

a stair case effect and in when the door closes to 

fulfil the legal demands.  

 
14. The hammock 

The lower step is connected to the upper step with 

jointed struts. When the door opens the lower step 

swings out like a hammock. 

 

 
15. Accordion stair 

When the door opens the stair case unfolds like an 

accordion. When the door is closed the stair case 

is retracted to a compact unit. 
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19. Sliding stairs 
A stair unit slide out when the door opens and 

in when the door closes. A new battery box is 

designed to match the shape of the stairs. 

 
 

20. Double sliding steps 
When the door is closed the steps are in line 

with the cab to fulfil the legal demand for 

vehicle width. When the door opens both 

steps slides out to create a stair case effect for 

the passengers.  

 
23. Rotating step 1 

The upper step is fixed. The two lower steps 

are attached to each other with four jointed 

struts. When the door is closed the upper of 

the two lower steps rest on the lower one. 

When the door opens the step rotates upwards 

and out until it is in a parallel position with 

the other lower step.  

 
24. Rotating step 2 

This concept is similar to concept 27, but 

rotates with a smaller angle. In fold out 

position the two lower steps are in parallel 

and create a stair case. In retracted position it 

creates a ladder with three steps instead of 

two. 

 
25. Rotating step unit 

The lower step is a unit of two steps that can 

be used in either retracted or unfolded 

position. In retracted position the rotation is 

locked by a valve and in the outer position 

the rotation is locked by a mechanical stop. 
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26. Volvo steps 
This concept is inspired by Volvos retractable 

boarding step. In retracted position the whole 

step unit is tilted to fulfil the legal demand 

regarding vehicle width. When the door 

opens the step unit rotates to a position where 

the steps are horizontal and create a stair case 

effect. 

 
27. Foldable step 

This concept is similar to the boarding step 

that Scania use today, but the hinge is placed 

further back than today. This way the steps 

can still be used even if the fold out function 

fails. 

 
28. Semicircular steps 

The steps have a semicircular shape and 

rotates out from underneath the cab when the 

door opens. The upper step plate is smaller 

than the lower step plate to create a stair case 

effect. The rotation can be made either 

mechanically with the steps attached to the 

door or with a pneumatic or hydraulic 

cylinder.  

 
30. Changed direction 

A stair case placed on the side of the cab. The 

passengers walk along the side to get in or 

out. In this way all steps can be fixed and still 

meet the legal demands regarding vehicle 

width. 

 
34. Telescope stairs 2 

The lower step has a slightly smaller step 

inside it that can slide in and out to create a 

stair case effect. 
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4.5 Concept selection 

4.5.1 Concept screening 

In the first selection, Table 4.2, 38 concepts were narrowed down to 13 that were proceeded 

with.  

Table 4.2 Elimination matrix - selection 1 

 

Comment Decision

1 + - Not robust -

2 + + - Too large changes needed on the cab -

3 + + - It would be too time consuming to get in/out -

4 + + - The ramp needs to be 2 meters long -

5 + + - The ramp needs to be 2 meters long -

6 + - Not robust -

7 + - Not robust -

8 + - Not robust -

9 + + + + - -

10 + + + + + + - -

11 + + + + + + - -

12 + + - Not realistic -

13 + + + + + + + + +

14 + + + + + + + + +

15 + + + + + + + + +

16 + + - No such material known today -

17 + + - -

18 + - Not robust -

19 + + + + + + + + +

20 + + + + + + + + +

21 + + - Take up large space inside the cab -

22 + + - Not realistic -

23 + + + + + + + + +

24 + + + + + + + + +

25 + + + + + + + + +

26 + + + + + + + + +

27 + + + + + + + + +

28 + + + + + + + + +

29 + + - Not realistic -

30 + + + + + + + + +

31 + + - Too large interface changes needed -

32 + + + - -

33 + + - -

34 + + + + + + + + +

35 + - -

36 + + + + + + - -

37 + - Large area is needed around the truck -

38 + + - Take up large space inside the cab -

Decision:

(+) Proceed with concept

Elimination matrix for: Retractable boardning step Elimination requirements: 

(+) Yes

(-) No

(?) Not enough information
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4.5.2 Concept scoring  

After eliminating the “bad” concepts that did not passed the elimination matrix the remaining 

concepts were evaluated against each other in relative decision matrices. In the first round 

Scania’s existing design was made reference since it is a known solution that was easy to 

compare with. Similar concepts, such as 13, 19, 20 and 34, were put together in this round keep 

the number of concepts down. The four concepts or concept groups that were ranked higher than 

the current solution were proceeded with to the next round. Table 4.3 and Figure 4.2 display the 

second selection. 

Table 4.3 Relative decision matrix - selection 2 

 

Among the sliding concepts 13, 19, 20 and 34, only concept 13 was chosen to proceed with. All 

the four concepts use the same principle and will give the same result, two steps and a stair case 

effect. Concept 13 is the simplest one since it is only one step that slides in and out and 

therefore it is also considered to be most dependable, cost effective and lighter than the other. 

This concept were divided into 13 a and 13 b, Figure 4.3. 

Among concept 23 and 24, concept 23 were chosen to proceed with and two different concept 

were developed called concept 23 a and b, Figure 4.4.  

Concept 28 were also divided into two sub concepts, 28 a and 28 b. 28 a was a mechanical 

solution where the steps were attached to the door and turned out mechanically. 28 b was a 

solution with a pneumatic or hydraulic cylinder pushing the steps out. 

 

Scania 

(ref)
28

13, 19, 

20, 34
14 15

23, 24, 

27
25 26 30

Robustness 5 + 0 0 - 0 0 0 0

Safety 5 + 0 - 0 0 0 - -

Ergonomics 4 0 0 0 - 0 0 - +

Withstand environment 4 + 0 0 0 0 0 + +

Plan B if function fails 3 + + + 0 + + + 0

Quality 3 0 + 0 - 0 0 0 0

Time to function 3 + 0 0 0 0 0 0 0

Maintenence 3 + 0 0 0 0 0 0 0

Simplicity 2 + 0 0 0 0 + 0 -

Modularized 2 - + 0 0 0 0 0 0

Weigth 2 0 0 0 - 0 0 0 0

Cost 2 0 0 0 - 0 0 0 -

Total size 2 - - 0 0 0 0 0 0

Easy to assemble 2 - 0 0 + 0 + 0 0

Easy to perform service 2 0 0 0 + 0 0 0 0

Apperance 1 - + 0 - 0 - 0 -

25 9 3 4 3 7 7 8

13 34 37 24 42 37 29 27

7 2 5 17 0 1 9 10

0 18 7 -2 -13 3 6 -2 -2

5 1 2 6 9 4 3 6 6

No Yes Yes No No Yes Yes No No

D

A

T

U

M

Concepts

Requirement Weight

Sum +

Sum 0

Sum -

Total value

Ranking

Proceed with concept
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Figure 4.2 Concepts that were evaluated in the second selection. The concepts marked with green were proceeded 

with to the next selection. 

 

 

Figure 4.3 Concept 13 a, b and c in that order. In concept 13 a and b the step slides with wheels in the rails while in 

concept 13 c the step itself slides on a low friction material in the rails.  
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Figure 4.4 Concept 23 a and b in that order. Concept 23 a is the original concept 23 and in concept 23 b the whole 

step plate rotates in and out. 

At this point further investigations and calculations were made on the concept for a more 

accurate comparison. This information is summarized in Appendix 4. Concept 23 a was 

excluded due to too high stresses in the design.  

In the third selection, Table 4.4 and Figure 4.5, concept 27 were separated from concept 23 and 

made reference. Concept 27 is similar to the current solution and therefore the most known 

concept, which made it a good reference.  

The three top ranked concepts, concept 23 b, 27 and 28 a, had a very similar total value and 

were all chosen to proceed with. Also concept 13 b was considered to have potential and were 

taken on to the next round, but since it had a lower value than the other concepts it was further 

investigated and a new concept called 13 c were developed, see Figure 4.2.  

Table 4.4 Relative decision matrix - selection 3 

 

27 (ref) 13 a 13 b 23 b 25 28 a 28 b

Robustness 5 - - - - + 0

Safety 5 0 - 0 - - -

Ergonomics 4 0 0 0 0 + -

Withstand environment 4 - - + - + 0

Plan B if function fails 3 0 0 0 0 - 0

Quality 3 0 + 0 0 0 -

Time to function 3 0 0 0 0 + 0

Maintenence 3 0 0 0 - 0 0

Simplicity 2 - - 0 - 0 0

Modularized 2 0 + + 0 - -

Weigth 2 - - - - - -

Cost 2 - - + - - -

Total size 2 - - - 0 - -

Easy to assemble 2 0 0 0 - 0 0

Easy to perform service 2 0 0 0 0 0 0

Apperance 1 + + + 0 + -

1 6 9 0 17 0

27 17 27 20 12 24

17 22 9 25 16 21

0 -16 -16 0 -25 1 -21

2 4 4 2 7 1 6

Yes No Yes Yes No Yes No

D

A

T

U

M

Concepts
Requirement Weight

Sum +

Sum 0

Sum -

Total value

Ranking

Proceed with concept
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Figure 4.5 Concepts that were evaluated in the third selection. The concepts marked with green were proceeded with 

to the next selection. 

The evaluation of the four concepts from selection 3 and the new concept 13 c are shown in 

Table 4.5 and Figure 4.6. The new concept 13 c got the highest ranking and proceeded to the 

final selection together with concept 23 b and 27. 

Table 4.5 Relative decision matrix - selection 4 

 

 

23 b 

(ref)
13 b 27 28 a 13 c

Robustness 5 0 + + +

Safety 5 0 0 - 0

Ergonomics 4 0 0 + 0

Withstand environment 4 - - + 0

Plan B if function fails 3 0 0 - 0

Quality 3 + 0 - +

Time to function 3 0 0 + 0

Maintenence 3 0 0 0 0

Simplicity 2 - 0 - +

Modularized 2 0 - - 0

Weigth 2 0 + - +

Cost 2 - - - +

Total size 2 0 + - 0

Easy to assemble 2 0 0 - 0

Easy to perform service 2 0 0 0 0

Apperance 1 + - + +

4 9 17 15

33 27 5 30

8 9 23 0

0 -4 0 -6 15

2 4 2 5 1

Yes No Yes No Yes

Concepts

Total value

Ranking

Proceed with concept

Requirement Weight

D

A

T

U

M

Sum +

Sum 0

Sum -
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Figure 4.6 Concepts that were evaluated in the fourth selection. The concepts marked with green were proceeded 

with to the next selection. 

After four iterations with the relative decision matrix concept 13 c was selected for further 

development, Table 4.6 and Figure 4.7.  

Table 4.6 Relative decision matrix - final selection 

 

 

13 c 

(ref)
27 23 b

Robustness 5 - -

Safety 5 0 0

Ergonomics 4 0 0

Withstand environment 4 0 0

Plan B if function fails 3 0 0

Quality 3 - -

Time to function 3 0 0

Maintenence 3 0 0

Simplicity 2 - -

Modularized 2 0 0

Weigth 2 - -

Cost 2 0 -

Total size 2 + 0

Easy to assemble 2 0 0

Easy to perform service 2 0 0

Apperance 1 - -

2 0

30 30

13 15

0 -11 -15

1 2 2

Yes No No

Concepts

D

A

T

U

M

Sum +

Sum 0

Sum -

Total value

Ranking

Proceed with concept

Requirement Weight
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Figure 4.7 Concepts that were evaluated in the final selection. The concept marked in green was chosen for further 

development. 

The concept 13 c is chosen because it is: 

 Robust  

This concept is considered to be the most robust since it consists of few components 

and moving parts, this minimizes the risk of failure. The linear motion of the step is 

easier for a pneumatic cylinder to handle than the angular motions needed for other 

concepts.  

 

 Safe 

A safety improvement from the current boarding step is that the new solution provides a 

lower step even if the function fails, which makes it possible to get in and out without 

staircase effect. The new step has a texture and anti-slip pattern as the current Scania 

steps, which provide a safe foothold and let dirt, rain and snow through.  

 

 Ergonomic 

A stair case effect with a step angle of 60° will be achieved. The advantage with this 

concept over the others is the large clean step surface where no holes for cylinders or 

struts take space from the actual step area. 

 

 Quality 

This concept consists of only one lower steps which gives an impression of quality. A 

smooth linear motion will also add to the quality impression. 

 

 Simple 

Since the concept only consists of one lower step plate and less parts in total than the 

concepts it was evaluated against it is considered simple. The total number of 

components has been reduced from 17 in the current design to 12 in the new concept 

(screws, nuts and washes not included). The step also slides in a simple linear 

movement. 
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4.6 Concept development 

In the following chapter the final concept and components included are described. Figure 4.8 

shows the new concept in its outer and retracted position. The new boarding step will fit in the 

same space on the truck as the current boarding step. The same brackets can be used for 

suspension. In retracted position the lower step plate collisions with a fuel tank filter that needs 

to be relocated. A new plastic cover needs to be designed; this is left for future work by the 

styling department at Scania.  

 

Figure 4.8 CAD model of the final concept. a) outer position, b) retracted position. 

 

4.6.1 Upper step plate 

The upper step plate, Figure 4.9, is taken from the current boarding step.  

 

Figure 4.9 CAD model of the upper step plate. 

 

 

 



   

34 

 

4.6.2 Lower step plate 

The lower step plate, Figure 4.10, is an extension of the upper step plate. To be able to create 

the required stair case effect the total depth of the plate is 340 mm. The step plate in Figure 4.10 

is a simplified version and needs to be further developed.  

 

Figure 4.10 CAD model of a simplified lower step plate. 

 

4.6.3 Sliding rails 

The lower step plate slides in and out in two sliding rails, Figure 4.11. The sliding rails consist 

of an aluminium profile with plastic sliding bearings glued to the inside to allow easy sliding 

against the step plate. The asymmetrical shape of the rails is due to the higher load acting on the 

lower flange than the upper. The holes are positioned diagonal to resist the momentum that 

occurs when loading the step. 

The sliding material is not only function as a low friction material for easy sliding. The friction 

force is preferred to be high enough to keep the step from sliding when loaded with the load of a 

person. Therefore a coefficient of friction of 0.3 on the sliding material sliding against 

aluminium is wanted, see calculations in Appendix 5.  

 

Figure 4.11 CAD model of sliding rail with sliding material. 
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4.6.4 Side brackets 

The upper part of the side brackets is the same as the brackets in today’s solution to match the 

holes in the upper step plate and to be able to use the same suspension to the battery box. The 

lower part of the new brackets is designed to match the sliding rails. Both side brackets are 

shown in Figure 4.12.  

 

Figure 4.12 CAD model of side brackets. 

 

4.6.5 Lower bracket 

In order to keep the sliding rails in place when the step is loaded a lower bracket, Figure 4.13, is 

added. This bracket will also hold the pneumatic cylinder. Suspension of the cylinder was left 

for future work.  

 

Figure 4.13 CAD model of lower bracket. 
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4.6.6 Pneumatic cylinder 

A pneumatic cylinder is chosen to drive the sliding mechanism, since pneumatic is used for the 

retractable boarding step today and is available on the truck it was the natural choice. 

To achieve the desired stair case effect the lower step needs to slide 190 mm and since the 

cylinder is parallel to the step plate a stroke of 190 mm is needed too.  

A single acting cylinder with spring return was chosen to make sure that the step always retracts, 

even if the pneumatic system loses pressure. By integrating the spring in the cylinder the total 

length increases but it is still preferable before having them next to each other to avoid drawer 

effect.  

Spring and cylinder calculations are shown in Appendix 6.  

4.7 Materials selection 

In this chapter the materials for each component in the new concept are presented. For 

components that are new for this concept thoroughly materials selections have been mad, this 

work are also presented below.   

4.7.1 Upper step plate 

The upper step plate is taken from the current design and no new materials selection will be 

made on this component. 

4.7.2 Lower step plate 

The lower step plate will, like the foldable step in the current design, be sand casted since it is 

produced in a lower volume than the upper step plate. No new materials selection will be made 

on this component. 

4.7.3 Sliding rails 

Function, restrictions, objectives and free variables for the sliding rails are listed in Table 4.7. 

The environmental aspect is important for Scania, therefore two documents called Scania Grey 

list [15] and Scania Black list [14] must be a part of the materials selection. Scania Grey list 

deals with materials with limited use – that should be avoided. Scania Black list deals with 

materials which must not be used. Other restrictions are taken from the requirement 

specification or calculated for the particular load case.  

To estimate the required yield strength and fatigue strength a FEM analysis was made, the 

results are shown in figure 4.14 and 4.15. The rail used in the analysis is made of aluminium. 

The red/yellow areas in the analysis are concentrated around sharp edges that will not exist on 

the actual component. The green /yellow areas are considered relevant for materials selection; 

this implies that a yield strength of 200 MPa and fatigue strength of 120 MPa are needed. The 

boarding step shall be designed for C fatigue cycles. In CES EduPack 2016 the fatigue strength 

refers to the stress that the material can take in 10
7
 cycles, therefore a percentage of the fatigue 

strength needed is used as input in the program.  

After the first screening was made with respect to fatigue strength, yield strength, minimum 

young’s modulus and service temperature materials from the groups; Technical ceramics, 

Metals and Alloys and Composites remains.  
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Table 4.7 Function, Restrictions, Objectives and Free variables for sliding rails 

Function Carry load 

Restrictions Stiffness – minimize deflection, E>60 GPa 

Fatigue >120 MPa at C cycles 

Service temperature from Tmin to Tmax 

Yield strength >200 MPa 

No black listed materials 

No grey listed materials 

Objectives Minimize cost 

Minimize weight  

Free variables Material 

Thickness, h 

 

 

Figure 4.14 FEM analysis of static case.  

 

Figure 4.15 FEM analysis of fatigue case. 
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Material index 

Two material indexes were derived to be able to rank the materials with respect to the objectives. 

M1 minimize cost and maximize stiffness and M2 minimize weight and maximize stiffness. All 

variables used in the calculations are defined in Appendix 7. In order to get an equation for the 

deflection the flanges of the rail are approximated to a beam, Figure 4.16 and Equation (4.1), 

(4.2) and (4.3), with formulas for beam deflection from Table 32.1 in [16].  

 

Figure 4.16 Beam approximation of sliding rail. 

 
𝑑 =

𝑄𝑏3

8𝐸𝐼
 (4.1) 

 

 
𝐼 =

𝑙ℎ3

12
 (4.2) 

 

 
𝑑 =

4𝑄𝑏3

3𝐸𝑙ℎ3
 (4.3) 

 

 
ℎ = (

4𝑄𝑙

3𝐸𝑏𝑑
)

1 3⁄

 (4.4) 

 

Minimize cost 

The free variable, h, Equation (4.4), are inserted in the cost equation, Equation (4.5), to get a 

material index depending on the material parameters for both stiffness and cost. 

 𝐶 = 𝑏ℎ𝑙𝜌𝑐𝑚 (4.5) 

 

 

𝐶 = 𝑏𝑙𝜌𝑐𝑚 (
4𝑄𝑙

3𝐸𝑏𝑑
)

1
3⁄

 (4.6) 

 

Equation (4.6) is divided into function, geometry and material to be able to derive the material 

index M1, Equation (4.7). 

 
𝐶 = ((

4𝑄

3𝑑
)

1/3

) ∗ (𝑏2 3⁄ 𝑙4 3⁄ ) ∗ (
𝜌𝑐𝑚

𝐸1 3⁄
) (4.7) 
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The material part in Equation (4.7) is inverted to get a material index that should be maximized, 

Equation (4.8). 

 
𝑀1 =

𝐸1 3⁄

𝜌𝑐𝑚
 

 

(4.8) 

Figure 4.17 shows that the best materials selection according to material index 1 are the 

materials to the left of the line with slope 3.  

 

Figure 4.17 Material index 1 - minimize cost and maximize stiffness [4]. 

Minimize weight 

The free variable, h, Equation (4.4), are inserted in the mass equation, Equation (4.9), to get a 

material index depending on the material parameters for both stiffness and mass. 

 𝑚 = 𝑏ℎ𝑙𝜌 
 

(4.9) 

 

 

 

𝑚 = 𝑏𝑙𝜌 (
4𝑄𝑙

3𝐸𝑏𝑑
)

1
3⁄

 

 

(4.10) 

 

Equation (4.10) is divided into function, geometry and material to be able to derive the material 

index M1, Equation (4.11). 

 
𝑚 = ((

4𝑄

3𝑑
)

1/3

) ∗ (𝑏2 3⁄ 𝑙4 3⁄ ) ∗ (
𝜌

𝐸1 3⁄
) 

 

(4.11) 

 

The material part in Equation (4.11) is inverted to get a material index that should be maximized, 

Equation (4.12). 
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𝑀2 =

𝐸1 3⁄

𝜌
 

 

(4.12) 

Figure 4.18 shows that the best materials selection according to material index 2 are the 

materials to the left of the line with slope 3.  

 

Figure 4.18 Material index 2 - minimize weight and maximize stiffness [4]. 

Trade-off 

The materials in Figure 4.19 passed both the first stages. A trade-off was made between the two 

goals, minimize weight and minimize cost, to make a selection among the remaining materials. 

The materials closest to the dashed trade-off line in Figure 4.19 are the materials that have the 

best combination of price and density. 
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Figure 4.19 Trade-off between weight and cost [4]. 

Epoxy SMC is not a suitable material for Scania since it is not recyclable; epoxy is therefore 

grey listed by Scania and not a possible candidate.  

The aluminium alloys near the trade-off line are from the 2000-series and 6000-series. Two 

alloys from each series were chosen for further investigation. It was chosen to pick alloys from 

the Swedish standard that Scania uses; Aluminium and aluminium alloys - Extruded rod/bar, 

tube and profiles [17] to get alloys suitable for extrusion. 

Supporting information 

Properties for the four different aluminium alloys are listed in Table 4.8.  

Table 4.8 Properties - Aluminium alloys 

 Aluminium, 

2014, T4 

Aluminium, 

2014, T6 

Aluminium, 

6005A, T6 

Aluminium, 

6063, T6 

Young’s modulus
2
 

(GPa) 
73-77 72-77 68-71 70-73 

Yield strength
3
 

(MPa) 
230 370 215 170 

Tensile strength
3
 

(MPa) 
370 415 260 215 

Hardness – Brinell
3
 

(MPa) 
110 140 85 75 

Fatigue strength at 

10^5 cycles
2
 (MPa) 

195 180 180 120 

Corrosion 

resistance
4
  

Poor Poor Good Good 

                                                      
2
 Values from the CES EduPack 2016 database [4]. 

3
 Values from the Swedish standard SS-EN 755-2:2016 (min values, open profile) [17]. 

4
 Information from The Aluminium Association [28]. 
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Aluminium, 2014 

Aluminium 2014 is one of the strongest commercially available aluminium alloys, widely used 

in the aerospace industry. It provides excellent strength with good machinability. However, its 

corrosion resistance is limited and it should be clad with pure aluminium for protection. 

Aluminium 2014 is typically used for forged aircraft parts such as landing gears and hydraulic 

cylinders [18] and [19]. 

Aluminium, 6005A, T6 

6005A aluminium alloy is a medium strength, heat treatable alloy with excellent corrosion 

resistance. 6005A are often used in sections were greater strength is needed than given by 6063. 

Typically applications are intricate extrusions like; tubing for furniture, railway and bus profile 

structures and portable ladders. The T6 temper is the most commonly supplied [20]. 

Aluminium, 6063, T6 

6063 aluminium is a medium strength, heat treatable alloy often referred to as an architectural 

alloy and is used in the production of intricate extrusions. It has aesthetically pleasing finish and 

high corrosion resistance. The T6 temper is the most commonly supplied. Typical uses for 

aluminium, 6063 are architectural applications, extrusions, doors, window frames and shop 

fittings [21]. 

Recommendation 

It is recommended to go with Aluminium 6005A, T6 or Aluminium 6063, T6. They have lower 

strength and hardness than Aluminium 2014 but will still meet the requirements. The aluminium 

from the 6000-series does not need any clad for corrosion resistance, which will be more cost 

effective.  

A final selection should be made in consultation with the supplier. 

4.7.4 Sliding material 

The method for tribological materials selection is used for the selection of sliding material. 

Tests of the material are not in the time scope of this thesis, a materials selection will be done 

based on theory and testing will be left for future work. Table 4.9 states the material 

requirements for the sliding material. Also in this case grey and black listed materials are 

avoided due to environmental aspects. 

Table 4.9 Tribological and other material requirements for sliding rails 

Tribological requirements Other material requirements 

Low sliding loads  Compressive yield strength >14 MPa 

Low sliding velocity Fatigue strength >8.5 MPa 

No lubrication possible Service temperature from Tmin to Tmax 

Sliding against aluminium Low water absorption 

Friction coefficient of ̴ 0.3 No black listed materials 

Dirty environment with hard particles No grey listed materials 

Abrasive wear are expected and should be 

minimized 

Avoid scraping noise 

Minimize cost 

 Minimize weight  
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A metal is not a good selection in this case since the sliding material will be sliding against the 

step plate made of aluminium. Aluminium is less noble than most metals and can therefore be 

subjected to galvanic corrosion because of its electronegative character. Especially steel and 

copper should be avoided near aluminium [22]. 

Instead the choice falls on a polymer. Another reason for this choice is to get a soft sliding 

without scraping noise. Polymer materials that are normally used in tribological applications are 

[3] and [23]: 

 Polyethylene, PE 

 Polyamide, PA 

 Polytetrafluorethylene, PTFE 

 Polyacetal, POM 

One plastic from each group are selected for comparison, Table 4.10, Ultra high molecular 

weight polyethylene (UHMW PE), polyamide 6 (PA 6), polytetrafluorethylene with 15% glass 

fiber (PTFE) and polyacetal copolymer (POM). 

Table 4.10 Properties – Tribological plastics 

 UHMW PE PA 6 PTFE (15% 

glass fiber) 

POM 

(copolymer) 

Compressive 

yield strength
5
 

(MPa) 

26-33 42-46 19-24 105-116 

Fatigue strength 

at 10^7 cycles
5
 

(MPa) 

15-20 14-15 8-9.7 22-26 

Hardness
5
 (HV) 6.4-8.3 12.4-13.7 5-5.8 17.2-21.5 

Service 

temperature
5
 (°C) 

-89-110 -64-130 -268-290 -50-97 

Water absorption 

@ 24 hours
5
 (%) 

0.005-0.01 2-3 0.009-0.011 0.2-0.22 

Friction against 

steel without 

lubrication
6
 

0.2-0.3 0.38-0.45 0.18-0.23 0.32-0.4 

Abrasion relative 

to pressure
6
 

((µm/km)/MPa) 

35 9.5 420 54 

Recyclable
5
  Yes Yes No Yes 

 

  

                                                      
5
 Values from the CES EduPack 2016 database [4]. 

6
 Values from Kern technical data sheets [29].  
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Supporting information 

Ultra high molecular weight polyethylene, UHMW PE 

UHMW PE is a low cost and low density plastic. Its ability to resist very high impact loads, 

excellent chemical resistance and resistance to extreme abrasion makes it a very good all-round 

product for diverse engineering applications with a long wear life. Typical applications for 

UHMW PE are pump and valve parts, gaskets, glide profiles and part for the food industry [24]. 

Polyamide, PA 6 

PA 6 is tough, ridged, have high tensile strength and good resistance to creep, excellent abrasion, 

chemical and heat resistance and a low coefficient friction. The limitations with PA 6 are its 

high moisture absorption, high shrinkage, low resistance to oxidizing agents and strong acids 

and bases. PA 6 is used in many structural applications because of its good mechanical strength 

and rigidity. It is used in bearings because of its good wear resistance [25]. 

Polytetrafluorethylene, PTFE (15% glass fiber) 

PTFE is a soft, low friction fluoropolymer with outstanding chemical and weathering resistance 

and it is often used in high temperature environments. PTFE also has excellent electrical 

insulating properties. Glassed filled PTFE has enhanced strength and stiffness [26]. 

Polyacetal, POM (copolymer) 

Acetals are tough, resilient materials and exhibit good creep resistance, dimensional stability, 

surface hardness, lubricity and impact resistance even at low temperatures. Homo-polymers 

have better tensile strength, fatigue resistance and hardness but are difficult to process. 

Copolymers have better thermal stability, chemical resistance and are easier to process. Both 

homo-polymers and copolymers are crystalline and have low moisture absorption. The 

limitations with POM are its low resistance to acids, flammability and difficulty to bond. 

Typical applications for POM are bearings, gears, conveyor chains and housings. Automotive 

applications include door handles, ventilation and cooling system parts and fuel system 

components [27]. 

Trade off 

Figure 4.20 shows a trade-off between material price and density, which should both be 

minimized. UHMW PE has both a lower price and density than the other and PTFE lays 

considerable higher regarding both price and density. 

https://www.curbellplastics.com/Research-Solutions/Chemical-Resistance-of-Plastics
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Figure 4.20 Trade-off between weight and cost [4]. 

PTFE is eliminated due to the fact that glass fibre reinforcement is needed to meet the strength 

requirement, this makes the material more expensive, heavier than the others and not recyclable.  

Since the boarding step are placed on the outside of the truck and exposed to different weather 

and wet environments PA 6 does not seems like a good choice due to its high moisture 

absorption.    

Recommendation 

Ultra high molecular weight polyethylene is recommended due to its low cost and density 

compared to the other materials. It has excellent abrasion resistance and very low moisture 

absorption.  

Testing is needed to make sure that UHMW PE is suitable for this particular application and if it 

turns out to not meet the requirements the stronger and harder polymer POM should be tested.  

4.7.5 Brackets 

Most parts of the brackets are taken from the current design and no new materials selection will 

be made on these components. 
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4.8 Prototype 

The prototype of the new concept is shown in Figure 4.21 and 4.22.  

 

Figure 4.21 The prototype of the new concept in a) outer position and b) retracted position. 

 

 

Figure 4.22 The prototype of the new concept mounted on a truck. 



   

47 

 

The lower step plate slides easily in and out on the UHMW PE bearings. The design feels stiff 

and stable when stepping on it, Figure 4.23. 

 

Figure 4.23 Stepping test on the prototype of the new concept. 

 

 

  



   

48 

 

In this chapter, the justness of the result is discussed and suggestions for future work 

are made. A discussion is also held around the methods used in the project. 

5.1 Final concept 

The new concept is considered to be more robust and dependable than the current solution and 

meets the functional requirements set in the QFD, Appendix 1.  

The ergonomics is assured by the dimensional requirements and an advantage is that the lower 

step plate has a large clean step surface where no holes for cylinders or struts take space from 

the actual step area. Risk of pinching is minimized since there are no rotating parts in the new 

concept. 

An appreciable improvement of the dependability is that it will always be possible to get in and 

out from the cab even if the main function fails.  

The materials chosen meet Scania standards and are corrosion and temperature resistant within 

the range specified. According to [6] the design can handle the loads it will be exposed to. The 

concept consists of relatively few components and moving parts, which minimize the risk of 

failure. The total number of components has been reduced from 17 in the current design to 12 in 

the new concept.  

However, the robustness of the sliding function needs to be tested in different weather 

conditions to assure that the mechanism does not fail due to contamination. A possible 

improvement to avoid contamination is to make the sliding system more open with holes where 

the dirt can get through to prevent clogging.  

5.2 Materials selection 

Materials selection was made on the components that were completely new for this concept. 

The components taken or partly taken from the current design were chosen to keep in the same 

material as in the current design. The materials selection method from [2] worked well for the 

rails. The advantages with this structural working method is that materials that do not fulfil all 

requirements are eliminated early and focus are put on finding the best material among these 

who meets the set requirements.  

However, it is hard to keep the process completely objective and some approximations needs to 

be made. The result depends on how far to the upper left the material index lines are placed in 

Figure 4.17 and 4.18. To get a more accurate result, methods with weight factors could be used 

[2]. In this case the fastest method with stepwise applied material indexes was used.  

To derive material indexes for materials selection of the sliding rails the flange of the rail was 

approximated to a beam. This is a rough approximation since the “beam” is short and wide. To 

5 Discussion 
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get a more accurate equation for the deflection more advanced formulas must be used. But since 

the indexes are used for comparison between materials it is considered good enough in this case.    

Materials are compared to each other with regard to material cost, in CES EduPack [4]. The 

program only compares material cost and does not include manufacturing cost, which can give a 

misguiding result of the total cost.  

Like mentioned in the method for tribological materials selection tribological properties such as 

friction and wear resistance is not material properties but differs from case to case. This makes 

the materials selection for such components more based on experience and theories than for 

components with for example a load carrying function. The material chosen for the sliding 

materials in the rails are typically used in similar applications but needs to be tested to assure 

the function of this concept. Testing time was outside the scope of this thesis.  

Due to the limited time of the thesis, no materials selection was made on components taken or 

partly taken from the previous design. Even though these components works well a new 

materials selection could have been favourable to save weight or cost of the new design.  

5.3 The steps in the Product Development process 

It was good to follow a structured working method with clear steps during the Product 

Development process. However, as in most projects, the time was limited and some methods 

require many iterations to get the best result out of it, this was not always possible. In order to 

keep the time schedule some decisions were made after only one or two iterations.        

Requirement specification 

In the beginning of the project, a lot of time was spent in finding requirements and finalize a 

requirement specification. The time was well spent since the requirement specification made 

was detailed and clear. The document was then a good support during the whole project.  

Competitor comparison 

The competitor comparison was made only by looking at pictures of other designs. If more time 

were available it would have been preferable to see some of the solutions live to gain a deeper 

understanding of the mechanisms.  

Concept generation 

In the creative workshops a big difference was seen between the two groups. The group of 

experienced Scania employees was much more focused on the limitations and realizability 

already from the start. This group had difficulties to come up with new ideas and more focus 

was put on improving the existing solution and solutions from other truck manufacturers. While 

the group of master thesis students was very creative and a lot of concepts from outside the box 

were created. The problem with many of these ideas was to get them realizable within the cost 

frame and the limited space on the truck. Therefore a combination of these two groups would 

have been preferable. 

Concept selection 

It was hard to be completely objective during the concept selection process. The relative 

decision matrices were a usable tool but they do not completely remove personal evaluations.  
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Another difficulty during the concept selection was to evaluate the concept compared to each 

other even though they were not fully developed.  

5.4 Prototype 

The result of the prototype was successful. The lower step plate slided easily in the sliding rails 

and a test of climbing the step showed that the coefficient of friction was good enough to keep 

the step on place. The boarding step felt stable and stiff when standing on it.  

A pneumatic cylinder was ordered but due to long delivery times it did not arrive on time. 

Therefore the sliding mechanism was tested only by pushing and pulling the step in and out by 

hand. It was seen that there is a risk for drawer effect and to test if the step will slide sufficiently 

straight a cylinder is needed. To avoid that the step sticks it can be a good idea to have a plastic 

bearing also on the rail walls, not only on the top and bottom.  

5.5 Future work 

Activities outside the time scope of this project that are recommended for future work in order 

to optimize the design are listed below: 

 Functional tests in different weather conditions needs to be done to assure the 

robustness and make improvements if necessary. 

 Tribological tests needs to be done on the sliding material to verify the tribological 

behaviour.  

 The lower step plate needs to be finally designed by the styling department. 

 The plastic cover needs to be modified by the styling department to fit the new 

components.  

 Choice of pneumatic cylinder needs to be further investigated to optimize function and 

size.  

 Suspension of the cylinder needs to be designed; this might leads to modifications of 

the lower bracket.  

 Cost calculations needs to be performed on the new concept. 
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In this master thesis project a new concept of a retractable boarding step for Scania Crew Cab 

has been presented. Focus was on robustness and dependability, but space limitations, legal 

demands and ergonomics were also considered throughout the process. Improvements made in 

these areas are presented below:  

 Dependability 

An appreciable improvement of the dependability is that the new concept has a plan B if 

the main functions fails and it will always be possible to get in and out from the cab.  

 

 Robustness 

The lower step moves in a linear direction, this makes it easier for the cylinder to push 

out the step. The concept consists of relatively few components and moving parts, 

which minimize the risk of failure. According to (6) the design can handle the loads it 

will be exposed to. The materials chosen are corrosion and temperature resistance 

within the specified range.   

 

However, testing time was outside the scope of the thesis and the sliding function needs 

to be tested in order to assure the robustness of this mechanism.  

 

 Space limitations 

The new boarding step will fit in the same space on the truck as the current boarding 

step. The same brackets can be used for suspension. In retracted position the lower step 

plate collisions with a fuel tank filter that needs to be relocated.   

 

 Legal demands 

All relevant legal demands will be fulfilled with the new concept. 

 

 Ergonomics 

A stair case effect with a step angle of 60° was achieved. The advantage with this 

concept over the current retractable boarding step is the large clean step surface where 

no holes for cylinders or struts take space from the actual step area. 

 

6 Conclusions 
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Appendix 1 : QFD matrix 

Column #

Product Characteristics 

("Functional requirements 

or "Hows")

Customer Requirement 

("Whats")

1 5 Fulfil safety standard EN1846

2 5 Fulfil ECE R61 External Projections

3 5 Fulfil Commission Regulation (EU) No 130/2012

4 5 Fulfil vehicle width demands

5 5 High safety

6 5 Always possible to get in/out

7 5 No black listed materials

8 4 No grey listed materials

9 4 Robustness

10 4 Ergonomics

11 4 Withstand envrionment

12 3 High quality

13 3 Time to function

14 3 Maintenence free

15 2 Simple

16 2 Modularized

17 2 Low weigth 

18 2 Fit in the current space

19 2 Easy to assemble

20 2 Easy to perform service

21 2 Low cost

22 1 Apperance

Target or Limit Value
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Scania/Rosenbauer 

Figure 1 shows a retractable boarding step on a Scania truck made by the body builder 

Rosenbauer. The boarding step has two retractable steps that are integrated in the side skirt and 

therefore utilizes the total width of the cab and at the same time uses minimal space. The 

construction is attached to the fuel tank.  

 

Figure 1 Retractable boarding step from Rosenbauer on a Scania truck. 

Advantages and disadvantages with this concept are listed in Table 1.  

Table 1 Advantages and disadvantages with the boarding step in Figure 1  

Advantages Disadvantages 

 Takes up minimal space 

 Wide steps 

 Fits well to the interface  

 The step remain clean during driving  

 No steps if the function fails 

 No anti-slip surface 

 Sharp edges 

 Closed system can make the steps 

very hot 

 Need change in interface to be 

implemented on Scania trucks 

Appendix 2: Competitor comparison 



   

 

 

Mercedes Atego 

Figure 2 shows a retractable boarding step on a Mercedes Atego truck. This is a step unit that 

constitutes the side skirt. It has two retractable steps and the folding mechanism is concealed 

inside the module which makes the step surface large and clean. 

 

Figure 2 Retractable boarding step on a Mercedes Atego truck. 

Advantages and disadvantages with this concept are listed in Table 2.  

Table 2 Advantages and disadvantages with the boarding step in Figure 2 

Advantages Disadvantages 

 Large and clean step boards 

 Fits well to the interface  

 Access to components behind the 

step without removal 

 No steps if the function fails 

 The steps are not centred to the door 

opening 

 Closed system can make the steps 

very hot 

 

 

  



   

 

 

Mercedes Atego 

Figure 3 shows a Mercedes Atego truck that is not a Crew Cab but the crew compartment is 

added behind the cab by a body builder. The boarding step is integrated in the side skirt that is 

attached to the door. This is a mechanical solution and the function will always work without 

delay when the door opens. 

 

Figure 3 Door integrated boarding step on a Mercedes Atego truck. 

Advantages and disadvantages with this concept are listed in Table 3.  

Table 3 Advantages and disadvantages with the boarding step in Figure 3 

Advantages Disadvantages 

 Mechanical solution – the function 

will always work 

 No delay of function when open the 

door 

 Large step surfaces 

 The step position fits the door 

opening  

 Fits well to the interface 

 Takes up a lot space under the cab 

 No anti-slip surface 

 Difficulties with interactions with 

surrounding components if the steps 

have the same suspension as the cab 

 

 

  



   

 

 

Volvo 

Figure 4 shows a Volvo truck with their solution of a retractable boarding step. This boarding 

step has two fixed steps boards with an angle. When the door opens the whole step is pushed out 

so the steps get in horizontal position. This solution makes it possible to use the steps even if the 

function fails.  

 

Figure 4 Pushed out boarding step on a Volvo truck. 

Advantages and disadvantages with this concept are listed in Table 4.  

Table 4 Advantages and disadvantages with the boarding step in Figure 4 

Advantages Disadvantages 

 Possible to get in or out even if the 

function fails 

 Takes relatively little space 

 Same solution on left and right side 

 Clean step boards  

 Does not match the interface 

 Different angle of the steps in closed 

and opened position 

 Unsafe if the function fails when 

standing on the steps 

 The whole step needs to be removed 

to perform service 

  



   

 

 

1. Transformer door 

From a push of a button the door will transform into a stair case.  

 

2. Lower cab 

The rear cab will be lowered so that no steps are 

needed. Everything that normally is mounted 

under the cab will be moved to the roof of the 

truck.  

 
3. Chins machine 

The step works as a chins machine at the gym. 

When someone stands on the step it will slowly 

go down to the ground.  

 
4. Split door 

The upper part of the door opens as normal, while 

the lower part falls down as a ramp.  

 

Appendix 3 Concepts  



   

 

 

5. Ramp 

The whole door will fall down as a ramp when 

someone opens it.  

 
6. Inflatable slide 

The passengers will slide out from the cab on an 

inflatable slide.  

 
7. Shoes 

Instead of steps special designed shoes, such as 

telescopic shoes or spring shoes, will be used to 

get in and out from the cab. 

 
8. Magnetic shoes 

A magnetic plate will be mounted on the side of 

the truck and the passengers can walk in and out 

of the cab with special designed magnetic shoes.  

 

 
 

9. Jump! 

The passengers jump out from the cab and land on a mattress or a trampoline.  

 



   

 

 

10. Climbing rope 
The passengers will use a harness and a climbing 

rope to get in and out from the cab. A hook will 

be mounted inside the cab in which the rope can 

hang. 

 
11. Fire bar 

A fire bar will be attached to the door and folded 

out for a quick and easy egress from the cab. Fire 

fighters are a large target group for this concept 

and they are used to use this kind of bar. 

 
12. Zipline 

The passengers slide out from the cab on a 

zipline. 

 
13. Single sliding step 

The upper step is fixed like it is today and the 

lower step slide out when the door opens to create 

a stair case effect and in when the door closes to 

fulfil the legal demands.  

 
14. The hammock 

The lower step is connected to the upper step with 

jointed struts. When the door opens the lower step 

swings out like a hammock. 

 

 



   

 

 

15. Accordion stair 

When the door opens the stair case unfolds like an 

accordion. When the door is closed the stair case 

is retracted to a compact unit. 

 

 
16. Compressive material 

The steps are made of a material that expand to create the stairs and compresses to fulfil the 

legal demand while driving. 

 

17. Pressure dependent elevator 

With this concept you get in on one side of the 

truck and out on the other side. The elevator on the 

left hand side moves up when a load is applied on it 

and you can get in. The elevator on the right hand 

side moves down when a load is applied on it and 

you can get out.  

 
18. Double foldable steps 

Both steps are foldable. When door opens the upper 

step rotate upwards and the lower step rotate 

downwards to create a stair case.  

 



   

 

 

19. Sliding stairs 
A stair unit slide out when the door opens and in 

when the door closes. A new battery box is 

designed to match the shape of the stairs. 

 
 

20. Double sliding steps 
When the door is closed the steps are in line with 

the cab to fulfil the legal demand for vehicle width. 

When the door opens both steps slides out to create 

a stair case effect for the passengers.  

 
21. Fold out door 

This concept is similar to concept 5, but instead of a 

ramp a stair case is attached to the inside of the 

door.  

 
22. Narrower cab 

Make the cab narrower so that the stairs can be fixed outside the cab without exceeding  

the legal demands for total width.  

 



   

 

 

23. Rotating step 1 
The upper step is fixed. The two lower steps are 

attached to each other with four jointed struts. 

When the door is closed the upper of the two lower 

steps rest on the lower one. When the door opens 

the step rotates upwards and out until it is in a 

parallel position with the other lower step.  

 
24. Rotating step 2 

This concept is similar to concept 27, but rotates 

with a smaller angle. In fold out position the two 

lower steps are in parallel and create a stair case. In 

retracted position it creates a ladder with three steps 

instead of two. 

 
25. Rotating step unit 

The lower step is unit of two steps that can be used 

in either retracted or unfolded position.  

 
26. Volvo steps 

This concept is inspired by Volvos retractable 

boarding step. In retracted position the whole step 

unit is tilted to fulfil the legal demand regarding 

vehicle width. When the door opens the step unit 

rotates to a position where the steps are horizontal 

and create a stair case effect. 

 
27. Foldable step 

This concept is similar to the boarding step that 

Scania use today, but the hinge is placed further 

back than today. This way the steps can still be 

used even if the fold out function fails. 

 



   

 

 

28. Semicircular steps 
The steps have a semicircular shape and rotates out 

from underneath the cab when the door opens. The 

upper step plate is smaller than the lower step plate 

to create a stair case effect. The rotation can be 

made either mechanically with the steps attached to 

the door or with a pneumatic or hydraulic cylinder.  

 
29. Squat 

The truck will be able to squat to let passengers in and out like a city bus at bus stops. 

 

30. Changed direction 
A stair case placed on the side of the cab. The 

passengers walk along the side to get in or out. In 

this way all steps can be fixed and still meet the 

legal demands regarding vehicle width. 

 
31. Stairs inside the cab 

The cab floor will be redesigned to have the stair 

case start inside the cab. The first step will be 

placed inside the door and the second step will be 

fixed outside.  

 
32. Sliding battery box 

The battery box will be redesigned so that it has the 

shape of a stair case and can take the required load. 

The whole box can slide in and out. 

 
 



   

 

 

33. Telescope stairs 1 
The struts connecting the steps have a telescopic 

function that enables the stairs to be ejected and 

create a stair case effect.  

 
34. Telescope stairs 2 

The lower step has a slightly smaller step inside it 

that can slide in and out to create a stair case effect. 

 
35. Change the legal demands 

The legal demands for total vehicle width will be change so that a stair case can be  

attached to the truck without need for retraction. 

 

36. Elevator 
A step that can go up and down as an elevator. Only one step and no stair case effect is  

needed. 

 

37. Sliding ramp 
In retracted position the ramp lies under the cab. 

When the door opens the ramp slides out 

horizontally until it tilts over. It is retracted again 

with a wire.  

 
38. Hanging stair case 

This stair case is mounted to the cab in a rotational 

joint. While driving the stair case is placed inside 

the cab. When the passengers want to get out they 

opens the door and kicks out the stair case.  

 

 



   

 

 

Definition of variables in Appendix 4 

All variables used in the force calculations in Appendix 4 are listed below.  

𝐹S: Step load 

𝑅𝐴.𝐵.𝐶.𝐷.𝐸.𝐹.𝐺: Reaction forces in point A, B, C, D, E, F or G 

𝑀𝐵: Momentum in point B 

𝐹𝑤ℎ𝑒𝑒𝑙: Force on one wheel 

𝐹𝑠𝑡𝑟𝑢𝑡: Force on one strut 

𝐹45: Force 45 degrees from 𝐹𝑠𝑡𝑟𝑢𝑡 

𝑀0: Momentum in point 0 

Q: Uniformed distributed force 

q(x): Uniformed distributed force at distance x 

l: Length of the locking pin in concept 25 

x: Distance from origin in the x-direction 

r: Radius of the locking pin in concept 25 

s: Distance from point 0 to the locking pin hole in concept 25 

τxz: Shear stress 

T(x): Shear force 

 

The step load, FS, is not defined in numbers due to a confidentially agreement with Scania. 

  

Appendix 4: Concept investigation and calculations 



   

 

 

Concept 13 a 

Figure 1 shows a simple CAD model of concept 13 a.  

 

Figure 1 Simple CAD model of concept 13 a. 

Force calculation 

Figure 2 shows the load case of concept 13 a. 

  

Figure 2 Load case of concept 13 a. 

The reaction forces RA and RB are calculated from a force balance and a momentum balance 

with Equation (1) and (2).  

 ↑ : −𝐹𝑆 + 𝑅𝐴 − 𝑅𝐵 = 0 (1) 

 

 𝑀𝐵: 𝐹𝑆 ∗ (0.19 + 0.12) − 𝑅𝐴 ∗ 0.12 = 0 (2) 

 

 ∴ 𝑅𝐴 = 2.58 ∗ 𝐹𝑆   

 

 ∴ 𝑅𝐵 = 1.58 ∗ 𝐹𝑆  

 

The force on one wheel is half of RB, Equation (3). 

 
𝐹𝑤ℎ𝑒𝑒𝑙 =

𝑅𝐵

2
 (3) 

 

 ∴ 𝐹𝑤ℎ𝑒𝑒𝑙 = 0.79 ∗ 𝐹𝑆  

 

Rollco (1) offers wheels and U-rails who can handle these forces.  



   

 

 

Table 1 shows estimated weights of ingoing components and total weight of concept 13 a. The 

weights are estimated by comparing the new components with components in the current design 

and with information from Rollco [1]. No pneumatic cylinder is included in the weight 

estimation.  

Table 1 Estimated weight of concept 13 a 

Component Estimated weight [kg] 

Upper step plate 2.85 

Lower step plate 5.7 

Support plate 2.5 

Lever incl. stop 2.3 

Rails 2.12 

Wheels 0.71 

Total 16.22 

 

Table 2 shows pros and cons with concept 13 a that are taken into consideration in the concept 

selection.  

Table 2 Pros and cons with concept 13 a 

 + - 

Robustness  Risk for dirt in the wheels 

Both rails and struts – motions 

in more than one direction 

Many components that needs 

to work 

Safety  Risk of pinching 

Ergonomics   

Withstand environment Concealed cylinder Risk for dirt in the wheels/rails 

Plan B Plan B exists   

Quality Only one lower step plate Sound when the step hits the 

support plate 

Time to function   

Maintenance Lifetime lubricated wheels Bearings 

Simplicity  Many components 

Modularized Identical solution L/R Many components 

Weight    

Cost  Expensive wheels and rails 

Total size  Space needed under the cab 

Support plate is needed 

Easy to assemble  Rails 

Easy to perform service  Needs to be disassembled to 

perform service on wheels 

Appearance Only one lower step plate  

 

  



   

 

 

Concept 13 b 

Figure 3 shows a simple CAD model of concept 13 b.  

 

Figure 3 Simple CAD model of concept 13 b. 

Force calculation 

Figure 2 shows the load case of concept 13 a. 

 

Figure 4 Load case for concept 13 b. 

The reaction forces RA and RB are calculated from a force balance and a momentum balance 

with Equation (4) and (5).  

 ↑ : −𝐹𝑆 + 𝑅𝐴 − 𝑅𝐵 = 0 (4) 

 

 𝑀𝐵: 𝐹𝑆 ∗ (0.215 + 0.095) − 𝑅𝐴 ∗ 0.095 = 0 (5) 

 

 ∴ 𝑅𝐴 = 3.26 ∗ 𝐹𝑆  

 

 ∴ 𝑅𝐵 = 2.26 ∗ 𝐹𝑆  

 

The force on one of the front wheels is half of RA, Equation (6). 

 
𝐹𝑤ℎ𝑒𝑒𝑙,𝐴 =

𝑅𝐴

2
 (6) 

 

 ∴ 𝐹𝑤ℎ𝑒𝑒𝑙,𝐴 = 1.63 ∗ 𝐹𝑆  

 



   

 

 

Rollco [1] offers wheels and U-rails that can handle these forces.  

Schneeberger [2] offers linear bearings on profiled guideways that also could be used in this 

application.  

Table 3 and 4 shows estimated weights of ingoing components and total weight of concept 13 b 

with wheels or linear bearings. The weights are estimated by comparing the new components 

with components in the current design and with information from [1] and [2]. No pneumatic 

cylinder is included in the weight estimation.  

Table 3 Estimated weight of concept 13 b, with wheels 

Component Estimated weight [kg] 

Upper step plate 2.85 

Lower step plate 5.7 

Levers 0.4 

Rails 3.18 

Wheels 1.5 

Total 13.63 
 

Table 4 Estimated weight of concept 13 b, with linear bearings 

Component Estimated weight [kg] 

Upper step plate 2.85 

Lower step plate 5.7 

Levers 0.4 

Rails 2.38 

Wheels 2.8 

Total 13.63 

 

Table 5 shows pros and cons with concept 13 b that are considered in the concept selection. 

  



   

 

 

Table 5 Pros and cons with concept 13 b 

 + - 

Robustness  Risk for dirt in the wheels 

Many components that needs 

to work 

Risk for drawer effect 

Safety  No locking mechanism if not 

in outer position  

Ergonomics   

Withstand environment Concealed cylinder Risk for dirt in the wheels/rails 

Plan B Plan B exists   

Quality Only one lower step plate 

Sliding motion 

Clean step 

Slides back at locking 

Time to function   

Maintenance Lifetime lubricated wheels Bearings 

Simplicity  Many components 

Modularized Identical solution L/R Many components 

Weight    

Cost  Expensive wheels and rails 

Total size  Space needed under the cab 

Support plate is needed 

Easy to assemble  Rails 

Easy to perform service  Needs to be disassembled to 

perform service on wheels 

Appearance Only one lower step plate 

Linear motion 

 

 

  



   

 

 

Concept 23 a 

Figure 5 shows a simple CAD model of concept 23 a. 

 

Figure 5 Simple CAD model of concept 23 a. 

Force calculations 

Figure 6 shows the loads acting on the step plates and struts in concept 23 a. 

 

Figure 6 Load case of concept 23 a, where 1 the step plate, 2 is the upper lever and 3 is the lower lever. 

Reaction forces in the step plate, 1, are calculated in Equation (7)-(9). 

 ↑ : −𝐹𝑆 + 𝑅𝐴 = 0 (7) 

 

 ∴ 𝑅𝐴 = 𝐹𝑆  

 

 𝑀𝐴𝐵: 𝐹𝑆 ∗ 0.087 − 𝑅𝐶 ∗ 0.011 = 0 (8) 

 

 ∴ 𝑅𝐶 = 7.91 ∗ 𝐹𝑆  

 

 → : 𝑅𝐵 − 𝑅𝐶 = 0 (9) 

 

 ∴ 𝑅𝐵 = 7.91 ∗ 𝐹𝑆  

 

 



   

 

 

Reaction forces in lever number 2 are calculated in Equation (10). 

 → : 𝑅𝐶 − 𝑅𝐷 = 0 (10) 

  

∴ 𝑅𝐷 = 7.91 ∗ 𝐹𝑆 

  

 

Reaction forces in lever number 2 are calculated in Equation (11)-(13). 

 ↑ : −𝑅𝐴 + 𝑅𝐸 − 𝑅𝐹 = 0 (11) 

 

 𝑀𝐸: 𝑅𝐴 ∗ 0.07 − 𝑅𝐹 ∗ 0.01 = 0 (12) 

 

 ∴ 𝑅𝐹 = 7 ∗ 𝐹𝑆  

 

 ∴ 𝑅𝐸 = 8 ∗ 𝐹𝑆  

 

 → : −𝑅𝐵 + 𝑅𝐺 = 0 (13) 

 

 
  

 ∴ 𝑅𝐺 = 7.91 ∗ 𝐹𝑆  

 

Table 6 shows estimated weights of ingoing components and total weight of concept 23 a. The 

weights are estimated by comparing the new components with components in the current design. 

No pneumatic cylinder is included in the weight estimation.  

Table 6 Estimated weight of concept 23 a 

Component Estimated weight [kg] 

Upper step plate 2.85 

Lower step plate 5.7 

Levers 1.6 

Total 10.15 

 

Table 7 shows pros and cons with concept 13 b that are considered in the concept selection. 

  



   

 

 

Table 7 Pros and cons with concept 23 a 

 + - 

Robustness  Several movable suspension 

points 

Safety  Risk of pinching  

Ergonomics  Different step height in 

unfolded and retracted position 

Withstand environment Insensitive folding mechanism   

Plan B Plan B exists   

Quality  Double step plates 

Time to function  Long folding way 

Maintenance  Bearings 

Simplicity  Different step plates 

Modularized Identical solution L/R  

Weight    

Cost No “special” components  

Total size No space needed under the cab  

Easy to assemble  Struts on the inside 

Easy to perform service   

Appearance   

  



   

 

 

Concept 23 b 

 

Figure 7 Simple CAD model of concept 23 b. 

Force calculation 

Figure 8 shows the load case of concept 23 b. 

 

Figure 8 Load case of concept 23 b. 

Reaction forces RA and RB are calculated in Equation (14) and (15).  

 ↑ : −𝐹𝑆 + 𝑅𝐴 − 𝑅𝐵 = 0 (14) 

 

 𝑀𝐵: 𝐹𝑆 ∗ (0.19 + 0.14) − 𝑅𝐴 ∗ 0.14 = 0 (15) 

 

 ∴ 𝑅𝐴 = 2.36 ∗ 𝐹𝑆  

 

 ∴ 𝑅𝐵 = 3.36 ∗ 𝐹𝑆  

 

The force on one strut is half of RB, Equation (16). 

 
𝐹𝑠𝑡𝑟𝑢𝑡 =

𝑅𝐵

2
 (16) 

 

 ∴ 𝐹𝑠𝑡𝑟𝑢𝑡 = 1.68 ∗ 𝐹𝑆  

 

  



   

 

 

The force F45 in Figure 9 is calculated with Equation (17). 

 

Figure 9 F45 is the force parallel to the strut. 

 
𝐹45 =

1.68 ∗ 𝐹𝑆

sin 45°
 (17) 

 

 ∴ 𝐹45 = 2.38 ∗ 𝐹𝑆  

 

Table 8 shows estimated weights of ingoing components and total weight of concept 23 b. The 

weights are estimated by comparing the new components with components in the current design. 

No pneumatic cylinder is included in the weight estimation.  

Table 8 Estimated weight of concept 23 b 

Component Estimated weight [kg] 

Upper step plate 2.85 

Lower step plate 5.7 

Support plate 2.5 

Lever incl. stop 2.3 

Lever 1.56 

Total 14.91 

 

Table 9 shows pros and cons with concept 23 b that are considered in the concept selection. 

  



   

 

 

Table 9 Pros and cons with concept 23 b 

 + - 

Robustness Support plate in both unfolded 

and retracted position 

Several movable suspension 

points 

Safety  Risk of pinching  

Ergonomics   

Withstand environment Insensitive folding mechanism   

Plan B Plan B exists   

Quality  Sound when the step hits the 

support plate 

Time to function   

Maintenance  Bearings 

Simplicity Few components  

Modularized Identical solution L/R 

Few components 

 

Weight    

Cost No “special” components  

Total size  Space needed under the cab 

Support plate is needed 

Easy to assemble   

Easy to perform service   

Appearance Only one lower step plate  

  



   

 

 

Concept 25 

Figure 10 shows a schematic picture of concept 25. In retracted position the rotation is locked 

by a valve and in unfolded position the rotation is locked by a mechanical stop. 

 

Figure 10 Schematic description of concept 25. 

Force calculations 

 

Figure 11 Load case of concept 25 in unfolded position with a) a mechanical stop on the lower step, and b) a 

mechanical stop on the upper step. 

Reaction forces for load case a) are calculated with Equation (19)-(20). 

 𝑀𝐵𝐶 : 𝑅𝐴 ∗ 0.15 − 𝐹𝑆 ∗ 0.34 = 0 (18) 

 

 ∴ 𝑅𝐴 = 2.27 ∗ 𝐹𝑆  

 

 ↑ : −𝐹𝑆 − 𝑅𝐵 + 𝑅𝐴 ∗ sin 60° = 0 (19) 

 

 ∴ 𝑅𝐵 = 0.96 ∗ 𝐹𝑆  

 

 → : 𝑅𝐴 ∗ sin 60° − 𝑅𝐶 = 0 (20) 

 

 ∴ 𝑅𝐶 = 1.96 ∗ 𝑅𝑆  

 



   

 

 

Reaction forces for load case b) are calculated with Equation (21) and (22). 

 ↑ : −𝐹𝑆 − 𝑅𝐵 + 𝑅𝐴 = 0 (21) 

 

 𝑀𝐵 : − 𝐹𝑆 ∗ 0.34 + 𝑅𝐴 ∗ 0.15 = 0 (22) 

   

 ∴ 𝑅𝐴 = 2.27 ∗ 𝐹𝑆  

 

 ∴ 𝑅𝐵 = 1.27 ∗ 𝐹𝑆  

 

To assure that the intended locking mechanism is strong enough, shear stress calculations were 

done on the locking pin. Figure 12 shows the load case of concept 25 in retracted position and 

relevant dimensions. Figure 13 shows the load case of the locking pin.  

 

Figure 12 Load case for concept 25 in retracted position. 

The momentum around the point 0 is calculated in equation (23). The momentum M0 is used to 

calculate the uniform load on the locking pin, see Figure 13.  

 𝑀0 = 0.16 ∗ 𝐹𝑆 (23) 

 

 

Figure 13 Load case on the locking pin in concept 25. 



   

 

 

Shear stress in a circular cross section is calculated in Equation (24), formula from [3]. 

 
𝜏𝑥𝑧(𝑥, 𝑧) =

4 ∗ 𝑇(𝑥)

3 ∗ 𝜋 ∗ 𝑟4
(𝑟2 − 𝑧2) (24) 

 

The shear force, T(x), is calculated from a force balance from the section in Figure 13, Equation 

(25) and (26).  

 
↑ : −𝑇(𝑥) −

𝑀0 ∗ (𝑙 − 𝑥)

𝑠 ∗ 𝑙
= 0 (25) 

 

 
∴ 𝑇(𝑥) = −

𝑀0 ∗ (𝑙 − 𝑥)

𝑠 ∗ 𝑙
 (26) 

 

The maximum shear force, Tmax, is obtained when x=0, Equation (27).  

 
𝑇𝑚𝑎𝑥 = −

𝑀0

𝑠
 (27) 

 

Equation (28) is inserted in Equation (24) to obtain the maximum shear stress, τxz.max.  

 
𝜏𝑥𝑧,𝑚𝑎𝑥 =

4 ∗ 𝑀0

3 ∗ 𝜋 ∗ 𝑠 ∗ 𝑟2
 (28) 

 

 
∴ 𝜏𝑥𝑧,𝑚𝑎𝑥 =

0.07 ∗ 𝑀0

𝑠 ∗ 𝑟2
  

for different s and r.  

Table 10 shows estimated weights of ingoing components and total weight of concept 25. The 

weights are estimated by comparing the new components with components in the current design. 

No pneumatic cylinder is included in the weight estimation.  

Table 10 Estimated weight of concept 25 

Component Estimated weight [kg] 

Upper step plate 2.85 

Lower step unit 8.55 

Lever incl. stop 3.1 

Total 14.5 

 

Table 11 shows pros and cons with concept 25 that are considered in the concept selection. 

  



   

 

 

Table 11 Pros and cons with concept 25 

 + - 

Robustness   

Safety  Risk of pinching  

Locking tolerances 

Ergonomics   

Withstand environment   

Plan B Plan B exists   

Quality  Does not give an quality 

impression 

Time to function   

Maintenance  Bearings 

Valve 

Simplicity  Many different components 

needed 

Modularized Identical solution L/R  

Weight    

Cost  Valve 

Double step plates 

Total size   

Easy to assemble   

Easy to perform service   

Appearance  Does not give an quality 

impression 

 

  



   

 

 

Concept 27 

Figure 14 shows a sketch of concept 27. 

 

Figure 14 Sketch of concept 27. 

Table 12 shows estimated weights of ingoing components and total weight of concept 27. The 

weights are estimated by comparing the new components with components in the current design. 

No pneumatic cylinder is included in the weight estimation.  

Table 12 Estimated weight of concept 27 

Component Estimated weight [kg] 

Upper step plate 2.85 

Lower step plate 5.7 

Lever incl. stop 3.1 

Levers 0.4 

Total 12.05 

 

Table 13 shows pros and cons with concept 27 that are considered in the concept selection. 

  



   

 

 

Table 13 Pros and cons with concept 27 

 + - 

Robustness  Unprotected cylinder 

The current solution the hinge 

sticks 

Safety  Risk of pinching  

Ergonomics   

Withstand environment  Unprotected cylinder 

Plan B Plan B exists   

Quality   

Time to function   

Maintenance  Bearings 

Simplicity  Different step plates 

Modularized Identical solution L/R 

Existing components can be 

used 

 

Weight    

Cost   

Total size   

Easy to assemble   

Easy to perform service   

Appearance  Does not look good in retracted 

position 

 

  



   

 

 

Concept 28  

Figure 15 shows a sketch of concept 27. 

 

Figure 15 Sketch of concept 28. 

A FEM analysis was made on a conceptual structure of steel for the lower step plate. The result 

is shown in Figure 16.  

 

Figure 16 Simple FEM analysis of lower step in concept 28. Maximum stresses of 250 MPa. 

Table 14 shows estimated weights of ingoing components and total weight of concept 28. The 

weights are estimated by comparing the new components with components in the current design. 

No pneumatic cylinder is included in the weight estimation.  

  



   

 

 

Table 14 Estimated weight of concept 28 

Component Estimated weight [kg] 

Upper step plate 2.85 

Lower step unit 11 

Total 13.85 

 

Table 15 shows pros and cons with concept 28 that are considered in the concept selection. 

Table 15 Pros and cons with concept 28 

 + - 

Robustness Robust solution if the rotation 

occurs mechanically 

 

Safety   

Ergonomics  Different shape of upper and 

lower step if the upper step is 

fixed 

Withstand environment   

Plan B Plan B may exists   

Quality   

Time to function Fast if the steps are integrated 

in the door 

 

Maintenance  Bearings 

Simplicity A mechanical solution could be 

simple 

 

Modularized Symmetry L/R Not identical solution L/R 

Weight    

Cost   

Total size  Takes up a lot of space under 

the cab 

Easy to assemble   

Easy to perform service   

Appearance  Different upper and lower steps 

Different front and rear steps 
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Figure 1 shows the load case of the boarding step in its outer position with an angular step load, 

reaction forces from the rails and friction force between the step plate and the sliding material.  

 

Figure 1 Load case with step load, reaction forces from the rails and friction forces. 

Fx and Fy are the x- and y-components of the step load FStep and are derived in Equation (1) and 

(2). 

 𝐹𝑥 = 𝐹𝑆𝑡𝑒𝑝 ∗ sin 𝛼 (1) 

 

 𝐹𝑦 = 𝐹𝑆𝑡𝑒𝑝 ∗ cos 𝛼 (2) 

 

The reaction forces RA and RB are derived from a force balance in the y-direction and a moment 

balance around B, Equation (3)-(6). 

 ↑ : −𝐹𝑦 + 𝑅𝐵 − 𝑅𝐴 = 0 (3) 

 

 ∴ 𝑅𝐵 = 𝑅𝐴 + 𝐹𝑦 (4) 

 

 𝑀𝐵: 𝐹𝑦 ∗ 0.2 − 𝑅𝐴 ∗ 0.14 = 0 (5) 

 

 
∴ 𝑅𝐴 =

𝐹𝑦 ∗ 0.2

0.14
 (6) 

 

Equation (7) shows the equation for friction force, Ff, where FN is the normal force and μ is the 

coefficient of friction. The friction force Ff for this particular load case is derived in Equation 

(8). 

Appendix 5: Friction force calculations 



   

 

 

 𝐹𝑓 = 𝐹𝑁 ∗ 𝜇 (7) 

 

 𝐹𝑓 = (𝑅𝐴 + 𝑅𝐵) ∗ 𝜇 (8) 

 

Equation (1), (2), (4), (6) and (8) were used to calculate the forces at different step loads and 

step angles. Six different angles from 0° to 45° and 32 different step loads from 550 N to 2100 

N were used. This represents persons of different weight stepping on the boarding step with 

different angles.  

Figure 2 shows the difference between friction force and force in the x-direction, with a friction 

coefficient of 0.3. All values are positive and increases with increased step load. This proves 

that the friction force is enough to keep the step from sliding when loaded and no other locking 

mechanism are needed with this coefficient of friction. 

 

Figure 2 Difference between friction force and force in the x-direction depending on step load and step angle.The 

coefficient of friction is 0.3. The friction force are higher than the force in the x-direction at all step angles and 

increases with step load. 

Figure 3 shows the difference between friction force and force in the x-direction, with a friction 

coefficient of 0.25. With this friction coefficient the friction force are lower than the force in the 

x-direction at a step angle of 45°. The difference are 14 N at low step loads and up to 53 N at 

higher step load, this loads could be hold by the pneumatic cylinder.   

Figure 3 shows the difference between friction force and force in the x-direction, with a friction 

coefficient of 0.2. With this friction coefficient the friction force are lower than the force in the 

x-direction at a step angle of 40° and 45°. The difference at 45° is 89 N at low loads and 339 N 

at higher loads.  
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Figure 3 Difference between friction force and force in the x-direction depending on step load and step angle. The 

coefficient of friction is 0.25. 

 

Figure 4 Difference between friction force and force in the x-direction depending on step load and step angle. The 

coefficient of friction is 0.2. 
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Figure 1 show a spring in equilibrium, with a pre tension and, compressed. Lengths and forces 

used in the following equations are defined in the figure.  

 

Figure 1 a) Spring in equilibrium, b) Spring with pre tension in retracted position and c) Compressed spring in outer 

position. 

To be able to retracted the step completely and keep it in place while driving the pre tension 

force, F1, needs to exceeds the friction force, Ff, calculated with Equation (1).  

 𝐹1 > 𝐹𝑓 = 𝑚 ∗ 𝑔 ∗ 𝜇 (1) 

 

The spring constant, k, needed to achieve the pre tension force, F1, for a given length, x1, was 

calculated with Equation (2).   

 
𝑘 =

𝐹1

𝑥1
 (2) 

 

where x1 is the difference between the spring length in equilibrium and the spring length in pre 

tension. 

The total compression length of the spring, x2, was calculated with Equation (3).  

 𝑥2 = 𝑥1 + 𝑠 (3) 

 

where s is the stroke length.  

The force needed to compress the spring the total length, x2, with a given spring constant, k, was 

calculated with Equation (4). 

 𝐹2 = 𝑘 ∗ 𝑥2 (4) 

Appendix 6: Spring and cylinder calculations 



   

 

 

 

The cylinder needs to push out the spring and hold for any step load in the x-direction exceeding 

the friction force, see appendix 3. The total cylinder force is calculated with Equation (5). 

 𝐹𝑐𝑦𝑙 = 𝐹2 + (𝐹𝑥 − 𝐹𝑓) (5) 

 

The piston diameter, d, is calculated with Equation (6). 

 

𝑑 = √
4 ∗ 𝐹𝑐𝑦𝑙

𝑝 ∗ 𝜋
 (6) 

 

where p is the cylinder pressure. 

Figure 2 shows how the spring constant and the piston diameter should be dimensioned for 

different pre tension lengths.  

 

Figure 2 Spring constant and piston diameter depending on pre tension length. 
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M1: Material index 1 

M2: Material index 2 

d: Beam deflection 

Q: Uniformed distributed force 

b: Beam width 

E: Young's modulus 

I: Moment of inertia 

l: Beam length 

h: Beam height 

C: Material cost per volume 

ρ: Density 

cm: Material cost per kg 

m: Mass 

 

 

Appendix 7: Definition of variables in Material index 

calculations  


