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Executive Summary 

In this report is the outcome described of a bachelor level thesis in Mechanical Engineering. The 

task is executed by two international students from The Netherlands who study at the Linnaeus 

University, Växjö. The report describes the process to develop a universal mobile lifting device 

for a caravan. The customer uses currently an ordinary car jack together with a beam and a 

tractor to lift caravans. The main problem with this way of lifting is safety, because it is not safe. 

Therefore the customer wants a lifting device, for caravans, which is safely to use. Besides, the 

customer wants to store the device, the device has to be usable for different caravan sizes and the 

customer wants to use a hydraulic floor jack to lift the caravans. The purpose of the thesis is to 

develop and design a universal mobile caravan lifting device. 

 In order to develop a new product, a methodical design process is used. Not all steps of a 

product development process are executed. The development process consists of four steps, 

clarifying the task, developing concept, embodiment design and detailing the design. In the first 

step the objectives are defined which are that the device has to be movable, the device has to be 

adjustable and the device has to lift a caravan. In the second step the morphologic chart is 

developed and with this morphologic chart different concepts are developed. A decision making 

process is used to choose the best concept after which different variations are developed of the 

chosen concept. With the same decision making method is the best variation chosen and the 

result is the final concept. This concept is split in four sub-systems. In the detailing the design 

phase, different calculations are done to check if the different sub-systems have the required 

strength. The results are checked with a computer simulation. The calculations are done with 

three different materials, one aluminium type and two steel types. The complete design is 

checked with a simulation program to check if the movement is correct during the lift. 

 The result of the development process is a design which is validated by the simulation. 

The simulation shows that the device works well during the lift. Besides, the design meets the 

technical requirements, which is based on calculations and the dimensions of the device. 

Furthermore, the device is mobile, has an adjustable width for different caravan sizes and the 

calculations show that the device is stable. Some recommendations has been made for the usage 

of the lifting device. 
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Abstract 

The customer currently lifts caravans with an ordinary car jack in combination with a beam and a 

tractor. The customer wants to have a device which grants more safety and stability. The task is 

executed by two international students. In order to develop a new design, a methodical design 

process is used. This process does not contain all steps of a product development process and in 

consists in this case of four steps. The outcome of this product development process is a device 

which meets the technical requirements and which is validated by a computer simulation. The 

device is safe to use and stable. Besides, the device is mobile, thus storable, and adjustable, as the 

customer requested. Lastly, the students made some recommendations for using the device. 

 

Keywords: Design Hydraulic Floor Jack Concept Caravan Safety Lifting Device Universal 
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List of symbols, abbreviations and notations 

 

Units  Symbol Same as  Meaning  

mm     Millimetre   

kg     Kilogram 

N     Newton 

N/mm²  MPa   Newton per square millimetre 

MPa  
N/mm²   Mega Pascal 

˚  DEG   Degrees 

%     Percentage 

C  RAD   Radians 

 

Variables  Symbol Text  Meaning   Unit1 

A  -  Area    [mm²] 

b  -  Base width   [mm] 

c  -  Perp. dist. to neutral axis [mm]  

d  -  Diameter   [mm] 

E  -  Young’s Modulus  [MPa] or [
N/mm²] 

F  -  Force    [N] 

h  -  Height    [mm] 

I  -  Area moment of inertia [mm4] 

l (or x)  -  Length    [mm] 

M  -  Bending moment  [Nmm] 

SF  -  Factor of Safety  [-] 

y  -  Displacement   [mm] 

α  Alpha  Angle    [˚] or [DEG] 

σ  Sigma  Stress    [MPa] or [
N/mm²] 

τ  Tau  Strain    [MPa] or [
N/mm²] 

φ  Phi  Angular displacement  [C ] or [RAD] 

*x  -  Force in x-direction  [N] 

*y  -  Force in y-direction  [N] 

                                                 
1 Units are always written within brackets, for example 2000 Newton will be 2000 [N]. 
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Abbreviations  Abbreviation  Meaning    

   EEA   European Economic Area 

   FEA   Finite Elements Analysis 

   FEM   Finite Elements Method 

   FBD   Free Body Diagram 

   CE Mark  European Conformity Mark 

   Perp.   Perpendicular 

   Dist.   Distance



 

 
Page | 11  

1. Introduction 

The introduction describes the background of the project, together with the problem 

formulation, relevance of the project and the limitations which are set for the project. 

1.1 Background 

For the maintenance of caravans, technicians have to work underneath a caravan. Maintenance is 

keeping a defined object in a proper condition. Replacing a tyre is maintenance, but in this case 

also repairs, like a broken axle. This makes the usage of only an ordinary jack not possible, 

because this device lifts the caravan only on one side. Another way of maintaining caravans is 

with a special working floor. The caravan is placed on top of it and the technicians can work 

underneath the caravan, because of a hole in the ground underneath the caravan. However it can 

occur that this type of floor is not installed at the working spot or is not working, but in these 

cases maintenance still has to be done. When a caravan has to be lifted, it still has to be done in a 

safe way. A safe lift is when the operator of the lifting device lifts the caravan without any risk of 

getting injured. 

The company L-B:s Husvagnsservice is located in Växjö and provides service and 

maintenance for caravans and campers. They provide these services for caravans and campers 

with different sizes. Because of the different sizes, their work is sometimes difficult to execute. 

This is because the existence of helping tools for these vehicles is limited. 

1.2 Problem formulation 

For example, when a caravan has a broken axle this has to be repaired to get the caravan back on 

the road. The company does not have a special working space as described above. In this 

situation the company uses an ordinary hydraulic floor jack in combination with a tractor. The 

back of the caravan is lifted by the hydraulic floor jack with the usage of a single beam. When the 

back of the caravan is lifted, the front is lifted by a front-loader on a tractor. While lifting the 

back, the construction becomes unstable and there is high risk of damaging the caravan. Also the 

usage of the front-loader results in a high risk of damaging the caravan.  

The purpose of this thesis is to design a universal mobile lifting device for caravans. The 

lifting device will be designed for two main purposes. The first is that it has to lift caravans of 

different sizes and the second function is that the lifting device needs to be mobile so it can be 

stored when it will not be used. 
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1.3 Relevance 

Solving this issue will make it easier to work at places with limited working space. Besides, with 

solving this issue the risk of technicians working underneath caravans in these situations will be 

reduced. Working in these situations will be safer. When the problem is solved, it is not required 

to have a special working station anymore, which makes it for the company more flexible to 

move their working area. 

1.4 Limitations 

The main limitation for this project is the amount of detail in the final result. By this is meant that 

the final design will not include all fine details, like the positioning of bolts and 2D drawings of 

parts and assemblies. Time is the biggest reason for the limitations, since the project has to be 

finished in a limited amount of time.  

 Another limitation is that the project will exclude any electrical components or 

programming. During the project, only mechanical engineering related activities will be done.  

1.5 Requirements 

General requirements 

User friendly  The lifting device has to be easy to use. 

Low costs  The lifting device should be as cheap as possible to produce. The 

company prefers using equipment which is currently used by them. 

Easy to maintain The lifting device has to be easy for maintenance. This means that the 

components which are the most likely to fail have to be easy to replace. 

Safety The lifting device has to meet all the requirements according to the safety 

standards. 

Universal  The lifting device has to be able to lift all general sizes of caravans. This 

means caravans which are in general suitable for mass production and are 

affordable by people of the average living standard. 

Mobile The lifting device has to be able to move when it is not lifting a caravan. 

The lifting device can be stored in this way. 

Manual operation The lifting device needs at least one way to operate the lifting device 

manually in case of emergency if the initial design is driven electrically.  

Technical requirements 

Weight The lifting device has to be able to lift caravans, till a weight of 2000 [kg]. 



 
 

 Page | 13  
 

Dimensions caravan The lifting device has to be able to lift a caravan with a width of maximal 

2,2 [m]. 

Lifting height The height of the lifting device has to be maximal 200 [mm] in a folded 

state and has to reach at least an height of 700 [mm] in an unfolded state. 

Manual operation The maximal required lifting force for an operator operating the lifting 

device manually is 560 [N].2 

Safe operation During the lift the operator has to be in a safe position during the lift to 

ensure the operator cannot be wounded during operation. 

 

  

                                                 
2 Zanetti, E. M., Franceschini, G., & Audenino, A. L. (2014). Dynamic stability of under hoist transmission jacks. Safety Science, 68, 34-40. 
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2. Theory 

This chapter describes the theory of the project. The theory starts with describing the 

design process. Secondly, the theory about clarifying the task is given, after which the 

concept design phase is explained. After that, the embodiment design phase is briefly 

explained and lastly the detailed design phase is explained. 

2.1 Design process 

This paragraph describes the design process for the project. The steps of a product development process are discussed, 

after which the process is described. 

 

A design process can be used to development a new product or for redesigning an existing 

design. "Design is the act of formalizing an idea or concept into tangible information." (Mital, 

Desai, Subramanian, & Mital, 2014) This means, in engineering terms, that the knowledge of the 

engineer is used to come up with an idea that performs a specific function. It is possible that the 

ideas strongly vary, because it can be a small part or a whole production system. The meaning of 

the word is different for mechanical engineers, software engineers and industrial designers. "The 

outcome of the design process is the information that can be used to build it.” (Mital, Desai, 

Subramanian, & Mital, 2014) The information can be a complete set of drawings, blueprints or 

complete descriptions. 

2.1.1 Steps in a product development process 

The steps in the design process are not changed over the past years. Some processes use 

convergence and divergence to overcome the overall problem. The overall problem is divided 

into small sub-problems until the sub-problem can be solved. The sub-solutions can then be used 

to solve the overall problem. Almost all the different models use these basic steps from Hall3: 

 

 Problem definition: exploration and formulation of the needs for the system 

 Value system design: list the most important needs, objectives and functions 

 Systems synthesis: generate options for the specific system functions 

 Systems analysis: analyse the generated options and form concepts 

 Selecting the best system: rank the concepts  

 Planning for action: choose the best concept 

 

                                                 
3 Mital, A., Desai, A., Subramanian, A., & Mital, A. (2014). Product Development (2nd ed.). Elsevier Inc. p. 43-62 
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However, not all steps are useful for an individual project and therefore a product 

development process has to be tailored. Other reasons can be time or high costs which can result 

in the need to skip a certain part in the process. Tailoring the process is important to do, because 

the group might spend too much time on a certain step. However, this process has to be done 

carefully, because skipping one step too much can have negative results on the design process. 

Experience is the best tool to use in this step.4 

2.1.2 The process 

The actual used product development process is based on different methods. The process which 

is used in this report is based on the methods described by Jackson (2010); Mital et al. (2014) and 

Siers (2004). The process, shown in Figure 1, shows a tailored product development process by 

combining the mentioned different methods. The main steps are clarifying the task, developing 

concepts after which the subsystems of the final concept are defined in the embodiment design 

step. In the last step the whole concept is detailed with calculations and by taking safety 

regulations in consideration. 

 

 

Figure 1  Product development process structure 

  

                                                 
4 Jackson, P. (2010). Getting design right. Boca Raton, Florida: CRC Press. p. 19-20 

Task  

•Objectives of the project 

•Requirements 

Concept 

•Describing functions 

•Morphologic chart 

•Concept generation 

•Decision making process 

Embodi-
ment 

•Defining subsystems 

Detailing 

•Calculations and simulations 

•Safety and stability 

•Validating the design 

•Human limits and ergonomics 
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2.2 Clarifying the task 

In this paragraph the way of clarifying the task is described according to the project objectives which have to be 

accomplished, together with the formulation of clear requirements.  

An important factor of the product development process is to clarify the task clearly before 

actual starting the process. Therefore, it is important to have information about the requirements 

which have to be fulfilled. Besides, knowing the limitations and constraints of the product 

together with the importance of these factors is an important, according to Pahl et al. (2007). 

 The result of investigating the requirements and gathering information about the primary 

goal result the requirements for the product. The requirements have to be formulated in a clear 

way.5 

2.2.1 Objectives 

In a project the general objectives have to be accomplished in order to accomplish the project 

successfully. Pahl et al. (2007) describe that fulfilling technical functions, attainment of economic 

feasibility and observing requirements for safety can be considered as general objectives. These 

objectives have to be considered from a human and an environmental perspective. In addition, 

some constraints have to be taken in consideration. Pahl et al. (2007) write that primarily task-

specific constraints have to be taken in account. However, general constraints may not be 

neglected and therefore have to be taken in account as well, even though they are often not 

explicitly specified. Possible constraints are safety, ergonomic or production constraints. 6 

2.2.2 Requirements 

As written before, the requirements have to be written clearly, which can be done with the 

SMART methodology. Another important factor is to know the type of requirements. 

Requirements can be categorized and comparing these different categories is difficult.  

Types of requirements 

The requirements are mainly based on what the customer requires and on safety regulations. 

Poulikidou et al. (2014) state that the customer needs in a designing process of a product has to 

be fulfilled. Besides, they mention that also other aspects and requirements have to be 

considered. Poulikidou et al. (2014) and Affleck et al. (2014) write that the requirements can be 

split in functional and non-functional. Functional requirements used to be the main requirement, 

but ignoring the non-functional requirements have led to project failure in the past.7 (Affleck, 

                                                 
5 Pahl, G., Beitz, W., Feldhusen, J., & Grote, K. (2007). Engineering Design: A Systematic Approach (3rd ed.). London: Springer-Verlag. p. 131 
6 Pahl, G., Beitz, W., Feldhusen, J., & Grote, K. (2007). Engineering Design: A Systematic Approach (3rd ed.). London: Springer-Verlag. p. 43 
7 Affleck, A., Krishna, A., & Achuthan, N. R. (2015). Non-Functional Requirements Framework: A Mathematical Programming Approach. The 

Computer Journal, 1122-1139. p.1122  



 
 

 Page | 17  
 

Krishna, & Achuthan, 2014) Capilla et al. (2012) state that non-functional requirements are 

quality attributes which can be reliability, performance, modifiability and usability.8 

Other terms which are used are usage and fabrication requirement. (Siers, 2004) Usage 

requirements are partially covered by the functional and fabrication can be partially covered by 

non-functional requirements.9 

Formulating requirements 

In order to formulate the requirements in a clear way, the SMART methodology can be used. 

Shahin, A & Mahbod, M. A. (2007) write that this way or formulating criteria is the most often 

used method. Describing a requirement or criteria in a SMART way means that the requirement 

is formulated based on five main cornerstones. The requirement is Specific, which means that the 

goal has to be clear. A requirement has to be Measurable, so you are able to check if the goal is 

achieved or not. The third cornerstone is Attainable, which means that the goal has to be 

reasonable, but it still may be a little challenging. The requirement has to be Realistic. A goal can 

be attainable, but has to be realistic as well in order to make it happen in a working environment. 

The last cornerstone is Time-sensitive, which means that the goal needs a certain deadline.10 

2.3 Conceptual design 

This paragraph describes the conceptual design phase of the product development process. First the product objectives 

are described after which the function decomposition and function description is described. Furthermore, the 

brainstorming step, development of the morphologic chart and the development of different concepts and variations 

are explained. Lastly, the decision making process is described. 

2.3.1 Product objectives 

The product objectives explain the goal of the product. Jackson (2010) describes with an example 

how the product objectives are formulated. The product objectives have to reflect the functions 

of the product. In order to check if the objective is accomplished, a way of measuring the 

objective has to be defined. 

2.3.2 Function decomposition 

A product has a main function and this function can be decomposed into different sub-

functions. Pahl et al. (2007) describe that an overall function can often be divided in sub-function 

                                                 
8 Capilla, R., Babar, M. A., & Pastor, O. (2012). Quality requirements engineering for systems and software architecting: methods, approaches, and 
tools. Requirements Engineering, 17(4), 255-258. p.255 
9 Poulikidou, S., Björklund, A., & Tyskeng, S. (2014). Empirical study on integration of environmental aspects into product development: 

Processes, requirements and the use of tools in vehicle manufacturing companies in Sweden. Journal of Cleaner Production, 34-45. p. 34 
10 Shahin, A., & Mahbod, M. A. (2007). Prioritization of key performance indicators. International Journal of Productivity and Performance Management, 

56(3), 226-240. p.227-229  
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which are related to different subtasks. The overall function together with its sub-functions forms 

the function structure. According to Pahl et al. (2007), it is useful to put the overall function 

together with the sub-functions in a block diagram, better known as a so called ‘black box’ which 

is shown in Figure 2. The main requirements are put on the input side. The black box contains the 

main function of the product and at the output side the required result is placed. As shown in 

Figure 2, the overall function is divided in different sub-functions which together result in the 

required output. 11 

 
Figure 2  Black box 

2.3.3 Function description 

According to Siers (2004) the definition of a function is the action or act in the technical system 

that helps to reach the end goal of the technical system. In this step the different functions have 

to be specified. These functions can be used later in the step where the morphologic chart is 

developed.12 

2.3.4 Brainstorming 

Brainstorming is a method for generating ideas. The outcome of a brainstorm session is a 

number of ideas that are worth some extra investment. Brainstorming is first used by Osborn. 

Osborn had some requirements and limitations for brainstorming. These are the requirements 

and delimitations:  

 There should be no criticism of the ideas generated; 

 Any idea is welcome; no matter how outlandish; 

 Adding to other ideas to improve on them is welcome; 

 The goal is to generate as many ideas as possible.  

 

                                                 
11 Pahl, G., Beitz, W., Feldhusen, J., & Grote, K. (2007). Engineering Design: A Systematic Approach (3rd ed.). London: Springer-Verlag. p. 31 
12 Siers, F. J. (2004). Methodisch ontwerpen volgens H.H. van den Kroonenberg (3rd ed.). Oldenzaal: Wolters-Noordhoff bv. p. 58 
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A brainstorm session starts with a meeting of group participants, mostly between six and eight 

persons. The meeting starts with the explanation of the rules and problem, where after all 

participants come up with ideas and provide them to the supervisor of the session. The following 

phase is to select the best ideas with all the participants together which are worth the 

investment.13 

2.3.5 Morphologic chart and concept development 

Morphology can be used while designing products. The first morphologic method was invented 

by Zwicky (Siers, 2004).A morphologic chart is used for Zwicky’s method. In this chart the 

functions of the product are vertically placed and in the horizontal axis the different solutions are 

placed. By connecting different solutions of different functions a variety of combinations is 

created. This method can create a variety of creative new solutions that were not obvious 

beforehand.14 

 These new solutions form different possible concepts. The different concepts are rated by 

the design team by using a decision making process, as described below. Firstly the initial 

concepts are rated with the decision making process whereupon a couple of variations will be 

made. The variations have to use the same principle of the concept, but they are executed in 

another way. The variations are rated with the same process. The variations are made to ensure 

that the best idea will be chosen.15 

2.3.6 Decision making process 

In the decision making process is a table used in which the requirements are set against the 

concepts. Requirements are determined measuring points, which are used to measure if a product 

is meeting the defined functions. Each concept is rated with a number between one (1) and four 

(4). Recommended is to use no scale of one (1) to five (5), because then you might give a safe 

score of three (3) when you doubt about a certain requirement according to Siers (2004). With a 

scale between one (1) and four (4) you always have to make a decision if the concept is meeting 

the requirement more or less. The total score of each concept is a sum of all individual scores and 

is compared with the ideal score, which is the maximum score for each individual requirement. 

 It is possible to use a factor of weight. A factor of weight is used to give priority to more 

important requirements. The concept rating is fairer in this way. However, Siers (2004) writes 

that research shows that a factor of weight has less influence when the number of requirements is 

bigger than the highest number of the factor of weight. 

                                                 
13 Mital, A., Desai, A., Subramanian, A., & Mital, A. (2014). Product Development (2nd ed.). Elsevier Inc. p. 71-72 
14 Siers, F. J. (2004). Methodisch ontwerpen volgens H.H. van den Kroonenberg (3rd ed.). Oldenzaal: Wolters-Noordhoff bv. p. 90 
15 Siers, F. J. (2004). Methodisch ontwerpen volgens H.H. van den Kroonenberg (3rd ed.). Oldenzaal: Wolters-Noordhoff bv. p. 74 
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 A method to determine a factor of weight is by using a table in which each independent 

requirement is compared to the other requirements. A value of one (1) is given when the 

requirement is more important than the other requirement. When the requirement is less 

important a value of zero (0) is given. The sum of all ones (1) shows the most important 

requirement. The requirement with the highest sum has the highest priority. Based on these 

values each requirement gets a factor of weight. The scale can differ, for example the lowest 

category gets a factor of weight of one (1) and the highest category gets a factor of weight of 

three (3).16 

The results of the table for the concept choice can be visualized by putting them into a 

column graph. This method gives you directly a view of the strong and weak points of each 

concept. A column graph can also be used to compare two different concepts with each other. 

As mentioned in paragraph 2.2.2, the requirements can be split in two categories, usage and 

fabrication requirements. The Kesselring-method is a method described by Siers (2004) and uses 

these two categories in a diagram called the S-diagram. This diagram shows the relation between 

these categories and shows directly if a concept might be easy to use and easy to manufacture or 

vice versa. The ideal line is the line where usage and fabrication are equally distributed. 

According to Siers (2004), Kesselring mentioned that factors of weight are not required when the 

number of requirements is bigger than ten (10) to twelve (12). When the difference between the 

first rated and second rated concept is bigger than 5% the result is acceptable. When the result is 

lower than 5%, the concepts has to be considered as equal. An S-diagram can be used to make a 

final decision.17 

2.4 Embodiment design  

In the embodiment design phase, the layout of the construction is defined. The construction 

structure of the final concept, which is developed in the concept design phase, is developed based 

on different subsystems. A subsystem is a combination of different elements which has its own 

function. (Jackson, 2010)18 According Pahl et al. (2007), the layout has to be developed up to a 

point where a check of function, production, assembly and costs can be carried out.19  

2.5 Detailed design 

This chapter explains steps in the detailed design process. First the safety is taken in consideration, after which the 

calculation and simulation methods are mentioned. Lastly, the human limits and ergonomics are discussed. 

                                                 
16 Siers, F. J. (2004). Methodisch ontwerpen volgens H.H. van den Kroonenberg (3rd ed.). Oldenzaal: Wolters-Noordhoff bv. p. 98-100 
17 Siers, F. J. (2004). Methodisch ontwerpen volgens H.H. van den Kroonenberg (3rd ed.). Oldenzaal: Wolters-Noordhoff bv. p. 100-104 
18 Jackson, P. (2010). Getting design right. Boca Raton, Florida: CRC Press. p. 122 
19 Pahl, G., Beitz, W., Feldhusen, J., & Grote, K. (2007). Engineering Design: A Systematic Approach (3rd ed.). London: Springer-Verlag. p. 132 
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2.5.1 Safety 

Safety of machinery is important for companies and employees. There is always a possibility that 

machines can fail. If machines fail it is important that they are safe. Companies do not want to 

lose money and employees, because lack of safety in the workshop. According to Macdonald 

(2004), machines need to have different types of safety, these are four safety types:  

 Physically safe: operator is for example protected against sharp edges, falling objects, 

explosions and radiation 

 Mechanically safe: machines cannot harm the operators by its moving parts. Prevention 

for moving parts can be area-sensing devices, locks and movable guards.  

 Electrically safe: operators cannot be hurt by electricity.  

 Functionally safe: Safety measurements must work properly to ensure the safety of the 

operators.20  

  European Union legal safety regulations are divided in two categories: design for safety 

and operate safely. Design and installation belong to the category design for safety. Operate 

safely stands for maintenance and modification of the system. Machine builders need to focus on 

both categories to guarantee the safety of the machine. Manufactures also need to fulfil the 

requirements of the regulation to distribute their product across the European Union. Companies 

within the European Economic Area (EEA) have to use the CE markings when selling their 

products to show the safety of their products. Companies have full responsibility for improper 

usage of the CE markings.21 

2.5.2 Calculation and simulation methods 

Calculations and simulations are required to do in the design process of the lifting device. These 

calculations and simulations have to show that the design has the right strength and will not fail 

during operation. The simulation program which will be used, SolidWorks Simulation, is a 

program which uses a Finite Elements Analysis (FEA) to calculate stresses and deformations. 

This method is one of the most effective tools and also accurate, according to Tabatabai (2004). 

Machine parts 

The elements of the construction are also calculated by hand in addition to the simulations. 

These calculations have to correspond with the results of the simulation. The calculations are 

made using the ISO standards and the formulas and used standards for machine parts, for the 

calculations which are made by hand, are described by Muhs et al. (2005).  

                                                 
20 Macdonald, D. (2004). Practical machinery safety. Amsterdam: Elsevier. p. 1 
21 Macdonald, D. (2004). Practical machinery safety. Amsterdam: Elsevier. p. 27-28 
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Castigliano’s Theorem 

The Castigliano’s theorem is used for the calculation of deflections and angular displacements for 

beams which are under action of a bending moment, torque, load or distributed load. (Hearn, 

1997) The results have to correspond with the related simulations.22 

 Based on Castigliano’s theorem it is possible to make a prediction of the direction of 

deflection or angular displacement. His theorem describes that the deflection or angular 

displacement is in the direction of force or moment, as long as the force is an external load or 

moment. The equation used for these calculations is shown in equation [1]. Elaborating on this 

main equation results in equation [2] and [3] for the vertical displacement and angular 

displacement.23 
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y   =  vertical displacement in [mm] 

M  = bending moment in [Nmm] 

F  = load in [N] 

φ  = angular displacement in [DEG] 

L (or x) = length in [mm] 

E  = Young’s modulus in [MPa] 

I  = area moment of inertia in [mm4] 

Force equilibrium 

Equation [4], [5] and [6] are used to calculate the forces in a static equilibrium. The equations 

describe the static equilibrium in x-direction, resp. y-direction and momentum in a certain point.  

 

           [ ] 

                                                 
22 Hearn, E. J. (1997). Mechanics of Materials 1: An Introduction to the Mechanics of Elastic and Plastic Deformation of Solids and Structural 

Materials (3rd ed.). Oxford: Butterworth-Heinemann. p.266-269 
23 Hibbler, R. C. (2006). Sterkteleer (2nd ed.). (L. R. Vertalingen, Trans.) Amsterdam: Pearson Education Benelux. p. 588-594 
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M  = bending moment in [Nmm] 

F  = load in [N] 

Area moment of inertia 

A standard equation is used to calculate the moment of inertia of a beam. The equation is given 

in equation [7]. This equation is used for a massive beam. When a hollow beam is used instead, 

the area moment of inertia of the inner part of the beam has to be subtracted from the area 

moment of inertia of the massive beam. This results in equation [8]. Figure 3 shows the meaning 

of the symbols ‘b’ and ‘h’. 

 

 

Figure 3  Area moment of inertia symbol explanation 
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I  = area moment of inertia in [mm4] 

b   = base width in [mm] 

h  = height in [mm] 

*m  = massive beam 

*i  = inner beam 
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Bending stress 

The equation of to calculate the maximal occurring bending stress is based on the maximal 

occurring moment. Equation [9] shows the equation which is used. 

 

  
   

 
     [ ] 

 

σ  = bending stress in [MPa]  

M  = bending moment in [Nmm] 

c  = perpendicular distance to the neutral axis in [mm] 

I  = area moment of inertia in [mm4] 

Shear stress 

The shear stress is calculated by using equation [10] which is based on a defined occurring load 

and the area of the element. The area for a pin is shown in equation [11]. 
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τ  = shear stress in [MPa] 

F  = load in [N] 

A  = area of the element [N] 

d  = diameter of the element in [mm] 

Factor of safety 

According to Juvinall et al. (2012), when the consequences for human safety increase, a higher 

factor of safety has to be chosen. They also describe to choose a higher factor of safety when the 

uncertainty related to material strength and applied loads increases. As shown in Figure 4 the table 

takes material and load uncertainty in consideration. 
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2.5.3 Validating the design 

When the final design is made, the design has to be validated. To validate a design a behavioural 

test methodology can be used, as describe by Jackson (2010). Jackson (2010) describes four 

approaches for this behavioural test which are denoted by the letters A, I, D and T. 

 

 ‘A’ stands for analysis. Computer simulation and engineering analysis are used to check 

the requirements in an early stage of developing the product.  

 ‘I’ means inspection and is the visual inspection of a product to check the requirements 

of the product. 

 ‘D’ stands for demonstration and is the development of a scale model, or prototype, of 

the product. A scale model is less expensive than a prototype. 

Figure 4  Factor of safety chart 
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 ‘T’ means a physical test which is almost the same as a demonstration. However, for this 

test is a full-scale prototype used.24 

 

SolidWorks Motion is a tool which can be used for a computer simulation to simulate the model 

and simulate how the model is working. 

2.5.4 Human limits and ergonomics 

Humans can carry and push a certain maximum load. The maximum push or pull load for an 

average male worker is maximal 560 [N] according to Zanetti et al. (2014). While designing a 

construction, it is important to take these limits in consideration. During maintenance of a 

caravan the worker sometimes lay down under the caravan or lifts parts. So the maintenance can 

be labour-intensive. Workers can be exposed to loads that can damage their body for the rest of 

their lives. Coenen et al. (2014) writes: “intensity and frequency of lifting were significantly 

associated with annual incidence of low back pain”. They state that workers who regularly lift 

loads above 25kg makes the amount of incidents increase by 4,32 [%] compared to workers who 

do not lift above this amount. Coenen et al. (2014) write that this is “a relative increase of almost 

25%.”25 

  

                                                 
24 Jackson, P. (2010). Getting design right. Boca Raton, Florida: CRC Press. p. 228 
25 Coenen, P., Gouttebarge, V., Burght, A. S., Dieën, J. H., Frings-Dresen, M. H., Beek, A. J., et al. (2014). The effect of lifting during work on 

low back pain: a health impact assessment based on a meta-analysis. Occupational and Environmental Medicine, 871-877. p.874-876 
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3. Empirical findings 

This chapter describes the empirical findings. Research for standards, caravans and ways 

of lifting are described. 

3.1 Caravans 

In general there are three types of caravans. The most common type is the single axle caravan, 

which is shown in Figure 5. The heavier version of the single axle caravan is the double axle 

caravan, which is shown in Figure 6. The third type is the foldable caravan, shown in Figure 7. This 

caravan has a foldable roof. Figure 8 shows the chassis of a single axel caravan. The chassis is an 

important part of the caravan for lifting, because the chassis is the strongest and most rigid part 

of the caravan. The letter ‘A’ points to the two chassis beams of the caravan. Letter ‘B’ shows the 

axle of the caravan. Often caravans often have supports for stability, Letter ‘C’ points to the 

supports. Caravans can be connected to the car with a hitch, shown with letter ‘D’. 

        

Figure 5  Single axle caravan 

 

 

Figure 6  Double axle caravan 

 

 

Figure 7  Folded caravan 
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Figure 8  Caravan chassis 

 

The dimensions of caravans vary strongly. For the width and length of a caravan are no specific 

dimensions. Also the width of chassis varies strongly. Figure 9 shows a caravan with the length 

and width designation. The light model is based on caravans of the brand KIP and heavy caravan 

model is based on the caravans of the brand Fendt.  

 

Light model (KIP, 2015): 

 Width = 1.8 [m] 

 Length = 5.5 [m] 

 Mass = 1000 [Kg] 

Heavy model (Fendt, 2015): 

 Width = 2.5 [m] 

 Length = 7.2 [m] 

 Mass = 2000 [Kg] 

 

 

Figure 9  Dimensions caravan 
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3.2 Ways of lifting 

There multiple ways of lifting a caravan. This paragraph describes five different ways which can be used for lifting.  

Jack  

This jack uses a spindle and electric motor to lift. The electric motor can be omitted and replaced 

by human power. A picture is shown in Figure 10. 

 

Figure 10  Car jack with electromotor and spindle 

 

Lifting platform 

The platform is lifted by hydraulic cylinders. This platform uses a vertical scissor construction. 

One side of the scissor construction is mounted to the floor platform and top platform.  A 

picture is shown in Figure 11. 

 

Figure 11  Lifting platform 

 

Hydraulic floor jack  

This jack uses hydraulic pressure for lifting. The pressure can be regulated by pumping and 

releasing. While lifting the jack rolls slowly backwards. A picture is shown in Figure 12. 
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Figure 12  Horizontal hydraulic floor jack 

Vertical hydraulic jack 

Also this jack uses hydraulic pressure for lifting. In essence the jack is the same as the hydraulic 

floor jack. Only this jack is telescopic. A picture is shown in Figure 13. 

 

Figure 13  Vertical hydraulic floor jack 

3.3 Standards 

The lifting device has to meet all safety regulations. SS-EN-1494+A1:2008 is a specific standard 

for lifting devices, which includes hydraulic floor jacks. This standard is used for the design 

process. The standard describes some safety features for a hydraulic floor jack that can be used 

for the safety of the lifting device. The important information from the standard is written down 

below.  

 

"Maximum load that a lifting equipment complying with the requirements of this standard is able 

to carry due to the setting of the load limiting device." 26 

 

This means that the load on the hydraulic floor jack is not allowed to be higher than the required 

load of the jack.  

                                                 
26 Swedish Standard Institute. (2009, January 13). SS-EN 1595+A1:2008. Sweden. Paragraph 3.5.2 p.12 
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"Jacks shall be designed or equipped in a way that the load can be restrained and held. 

Unintentional descent shall be prevented." 27 

 

The jack can hold the load on a specific height. It is not allowable that the jack can decent when 

it is not planned. 

 

"Hydraulic and pneumatic jacks with a rated load of more than 100 Kg and power driven 

mechanical jacks with at rated load or 1000 Kg at shall be fitted with security devices against 

overloading." 28 

  

                                                 
27 Swedish Standard Institute. (2009, January 13). SS-EN 1595+A1:2008. Sweden. Paragraph 5.1 p.17 
28 Swedish Standard Institute. (2009, January 13). SS-EN 1595+A1:2008. Sweden. Paragraph 5.4 p.18 
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4. Process application 

This chapter describes how the product development process is realized. Firstly, the 

product development process is described after which the approach for developing the 

final design is explained. 

4.1 Developing concepts 

The design process in this thesis is based on different styles of product development processes.  

In this thesis the process is tailored because of the duration of the project. The product 

development process consists of four main steps, clarifying the task, conceptual design, 

embodiment design and detailing the design.  

 The first step is clarifying the task. The requirements are determined for the product and 

the product objectives are determined. The following step is the decomposition of the functions 

to determine the sub-functions. Furthermore, the function description is given after which the 

brainstorming for the morphologic chart starts. With this chart different concepts are developed. 

The list of functions is also used for developing the morphologic chart. The concepts are 

developed by drawing lines between different options in the morphologic chart and combining 

these options into a concept. To choose the best concept, the Kesselring-method is used together 

with an S-diagram. These tools are explained in section 2.3.5. The result of the decision making is a 

concept which is used to develop different variations. With the same method as used for the 

concepts, the best variation is chosen which result in the final concept. Besides, of each concept 

and variation a 3D-model is made by using SolidWorks. These models are used in the decision 

making process in order to rate the different requirements.  

When the final concept is chosen, the embodiment design phase starts. In this phase the 

concept is divided in different subsystems which are used in the detailing design phase to finalize 

the design. 

4.2 Developing the final design 

Lastly, the design has to be detailed which is done in the last step. The calculations for different 

subsystems are made in order to define the dimensioning of the construction and to check if the 

construction is strong enough. Therefore the focus in this phase is calculating stresses in the 

design. Stress calculations are done using a Finite Elements Method (FEM) analysis tool in 

SolidWorks called SolidWorks Simulation and calculations by hand. An important part is to 

compare the results of the FEM-analyses and the calculations on paper to check the results. The 

smaller parts, like pins etc. are also calculated to check if the parts are strong enough. These 
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calculations are based on the equations by Muhs et al. (2005) which meet the ISO regulations. 

Design validation is done with SolidWorks Motion to simulate the movement of the model when 

the caravan is lifted.  
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5. Developing concepts  

This chapter describes the product development process. The process is given in section 

2.1.2.  

5.1 Constructing a morphologic chart 

A morphologic chart is constructed based on two steps. First the functions are defined and secondly the morphologic 

chart is constructed by using the functions. The functions are defined and explained. 

5.1.1 Product objectives 

The product objectives for the lifting device are defined. The objectives are explained in Table 1 

together with a measurement tool to check if the objective is accomplished. 

Table 1  Product objectives 

Objective Measurement 

The device has to lift a caravan The caravan can be lifted the required height 
The device has to be adjustable for 
multiple caravan sizes 

The width of the caravan is adjustable in order 
to fit different sizes 

The device has to be movable in order to 
store the caravan and place the device 

The caravan has to be movable by rollers, 
wheels, etc.  

5.1.2 Functions 

Figure 14 shows the black box diagram which is used to decompose the functions. The given 

inputs are the caravan, a required lifting height, storability of the device and the device has to be 

universal. The overall function of the device is to lift the caravan, but in order to lift the caravan 

the device has to be moved, or moved away, underneath the caravan, positioned underneath the 

caravan, adjusted to the right dimensions for different caravans, lifted to get the required height 

and lastly lowered again to remove the device. The output of this process is a caravan which is 

lifted to the required height, the device is adjusted to the right size and the device is movable and 

therefore storable. 

 

 

Lifting the caravan 

Caravan lifted on 

required height 

Adjustable device 

Movable device 

Caravan 

Required height 

Storable 

Universal 

Moving | Positioning | Adjusting | Lifting | Lowering 

Figure 14  Black box function decomposition 



 
 

 Page | 35  
 

Table 2  Function description 

Function Description 

Movable The lifting device has to be moveable. The 
device has to be placed underneath the caravan 
and has to be removed afterwards. 

Vertical lifting The lifting device has to lift the caravan in a 
vertical direction when it is placed underneath 
the caravan. 

Lifting power unit A power supply is required to ensure the 
vertical lift. 

Stabilizing During the lift the lifting device has to be 
stable to ensure the caravan cannot be damage 
due to unstable lifting, i.e. falling of the lifting 
device or the lifting device is falling over. 

Storable The lifting device has to be storable, because it 
has to be able to place it in a storage room 
when the lifting device is not in use. 

Clamping When the lifting device is placed underneath 
the caravan, the lifting device has to be 
connected to the caravan, i.e. to a beam. 

Control movement The movement of the lifting device has to be 
controlled. The way of driving the lifting 
device. 

Firstly, the functions for the caravan lifting device are determined. The functions cover every 

single activity the device has to execute during operation. In total the caravan lifting device has 

seven functions and these are given in Table 2. 

5.1.3 Morphologic chart 

A morphologic chart is constructed using the functions of section 5.1.2. Brainstorming resulted in 

a number of options for each function and these are shown in the morphologic chart, see 

Appendix I. Regarding the morphologic chart different concepts are constructed. The 

combination of different options of different functions will result in different concepts. 

5.2 Designing concepts 

This paragraph shows the developing process of the concepts and variations. Furthermore, the decision making 

process of the concepts and variations is described. 

A total of four concepts are developed with the morphologic chart which is given in Appendix II. 

In Appendix II are the concepts described together with the decision making process which is 

used to choose the best concept. Regarding the decision making process, the determination of 

the weight factors is covered and the application of these weight factors. 
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5.2.1 Concepts 

A total of four concepts are developed according to the morphologic chart which is shown in 

Appendix I. Table 3 shows the functions which are chosen from the morphologic chart. The 

concepts are named after colours. These colours correlate to the colours of the lines of the 

morphologic chart. In Figure 15 till Figure 18 are the different concepts shown. 

 

Table 3  Chosen concept function options 

Concept Chosen functions 

Orange Wheels – Cylinder – Hydraulic – Brakes – Telescopic / Folding – Claws – 

Manual  

Green Rollers – Telescopic – Hydraulic – Side Sponsons – Telescopic – Shape – 

Electrical  

Blue Wheels – Spindle – Electrical – Wheel Locks – Folding – Shape – Manual  

Purple Rollers – Cylinder – Manual – Wheel Locks – Folding – Shape – Manual 

 

Concept Orange 

The claws are clamped on the chassis of the caravan. Each cylinder is horizontally foldable. 

Brakes on the wheels create stability for the construction.  

 

 

  

Figure 15  Overview Concept Orange 
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Concept Green 

The construction with eight beams can be adjusted for different sizes of caravans. The wheels are 

foldable with springs. Telescopic cylinders lift the caravan.  Side sponsons are placed on the back 

and front of the construction for stability.  

Concept Blue 

The blue concept uses a spindle to lift the caravan. Both spindle are driven by an electric motor. 

The swindlers are connected with each other. For stability the wheel can be locked.   

 

  

Figure 16  Overview Concept Green 

Figure 17  Overview Concept Blue 
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Concept Purple 

This concept uses a hydraulic floor cylinder for lifting. Rollers are placed to make de construction 

movable and help the scissor construction for lifting.  

 

5.2.2 Decision making 

First the weight factors are determined. Developing weight factors is shown in Table 4 and Table 

5. This method compares each requirement with all the other requirements. If a requirement is 

more important than another, the value one (1) is given. If not, the value (0) is given. The sum of 

all the comparisons gives a value on which the weight factor of the requirement is based, which is 

shown in the last column of Table 4 and Table 5. 

 

 

 

Figure 18  Overview Concept Purple 

Table 4  Weightfactors general requirements  
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Table 5  Weightfactors technical requirements 

Table 6  Table of requirements concepts 
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The second step is rating the concepts in the table of requirements, which is shown in Table 6. 

Each concept is rated with the help of the requirements. The value differs between one (1) and 

four (4). The highest value four (4) is when the concept completely fulfils the requirement. The 

sum of all the values gives the overall judgment of the concept.  

In Figure 19 is the S-diagram shown, which is used for the decision making process. The 

diagram shows the general against the technical requirements and the boundary conditions for a 

good concept. The technical requirements correspond with the ability to realise the concept and 

the general requirements correspond with the usage requirements of the device. 

 

As mentioned in section 2.3.6, the grey line in the middle is the ideal ratio between the two 

different requirements. The black lines show the boundaries, which are set for the x-value and y-

value at 60 [%]. For the (x+y)-value, the boundary is set at 70 [%]. Siers (2004) advices to use 

values of 40 [%] for x and y and for the (x+y)-value is suggested to use 55 [%], but in that 

situation all concepts should be located between the suggested boundaries. Because of this is 

decided to choose higher values for the boundaries. In the diagram the purple concept, shown in 

Figure 18, is located inside the set boundaries and the blue concept is located on the border. The 

other concepts are not located inside the set boundaries. Even though the blue concept is on the 

border, it is closer to the ideal ratio between general and technical requirements. However, the 

purple concepts seems to meet the general requirements equally compared to the blue concept 

Figure 19  S-diagram for choosing a concept 
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but with better technical requirements. Based on this point, the purple concept is chosen and will 

be developed further in the variation process. 

5.2.3 Variations 

Variation one 

The construction of this variation, shown in Figure 20 and Figure 21, have to be placed on the 

work floor before the caravan is parked on the specific place.  For the different chassis sizes and 

number of wheels the side beams are adjustable in two directions. Hydraulic cylinders lift the 

caravan. Rollers make sure that the construction is mobile. 

  

Figure 20  Overview variation one 

Figure 21  Overview variation one, folded 
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Variation two 

The variation in Figure 22 uses two individual lifting parts. The lifting parts can be rolled with 

foldable rollers. Each lifting part can be rolled underneath the caravan close to the wheels. The 

lifting parts can be connected and lifted by the bar. The bar is quite long because of the different 

sizes of chassis and number of wheels. The bar is connected to the hydraulic floor jack and 

horizontal beam. This variation moves the caravan away from the hydraulic floor jack. The beam 

that is connected to the lifting bar has notch to compensate the moving of the whole 

construction. 

 

Variation three 

Variation three in Figure 23 uses also a hydraulic floor jack and movable bar like variation two. 

This variation does not use foldable rollers. This construction is permanently on rollers. The 

rollers have breaks in this variation because of the horizontal force that is created by the weight 

of the caravan. If the breaks were not placed the construction would move away from the 

hydraulic floor jack. The beam that is connected to the lifting bar uses also a notch to 

compensate the moving construction. This construction consists also of two lifting parts like 

variation one. 

 

 

Figure 22  Overview variation two 

Figure 23  Overview variation three 
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Variation four 

The construction in Figure 24 the hydraulic floor jack from variation two is used. The 

construction is constantly on rollers. The beam that is connected to the lifting bar is fixed on the 

ground. This is necessary because as mentioned before the created horizontal force. This 

variation has also two lifting parts like variation one.   

 

Variation five  

Variation five, shown in Figure 25 uses the hydraulic floor jack for lifting. The scissor 

construction can roll on the floor and horizontal beam top beam. The width between the lifting 

parts is adjustable. 

  

Figure 24  Overview variation four 

Figure 25  Overview variation five 
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Decision making  

After the development of the variations, the final variation has to be chosen. The best variation is 

chosen in the same way as for the concepts as described earlier in section 5.2.2. Values of the 

weight factor do not change for the variations. Table 7 shows the table of requirements. 

 Based on the S-diagram, shown in Figure 26, and the table of requirements, shown in Table 

7, the focus in the decision making process is between two different variations, the yellow and 

blue variation. The yellow and blue variations have the highest scores in the table. The diagram 

shows that the yellow variation scores higher regarding the technical requirements and the blue 

variation scores higher for general requirements. Both variations are potential solutions and the 

final decision is taken based on technical knowledge. This means that the final decision is taken 

based on how realistic the variation is in order to manufacture. This makes that the variation 

which represented by the yellow dot in the S-diagram in Figure 26 is the chosen variation. 

Table 7  Table of requirements variations 
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6. Finalizing the design 

In this chapter the construction and its calculations are mentioned. The individual 

elements of the construction are described and the second part contains the final design 

of the construction with a 3D-model. 

6.1 The construction 

The design consists of three main elements which are the base of this construction. Each part is 

individually analysed and calculated for occurring bending stresses. The elements are shown in 

Figure 27. This figure shows three different parts, the sub-systems, with the labels one, two and 

three. The top beam is labelled with label one. This beam supports the caravan while lifting and 

transfers the loads to the rest of the construction. The ‘scissor’ construction is the element with 

label two and label three is the side beam which connects both sides of the construction. Besides, 

this part of the construction is the connection for the hydraulic floor jack. This beam is 

adjustable, so the width of the construction is adjustable. Each single element is discussed in this 

chapter. The connections between the beams of the ‘scissor’ construction and the rollers are 

shown with label four. Besides, the connections between the ‘scissor’ constructions’ beams are 

shown with this label. The construction has a fourth sub-system, which is the hydraulic floor jack 

with label five. This sub-system is not designed, but will be bought from another company. 

 

 The construction is mainly made of aluminium. Aluminium has worse material 

specifications than steel, but is lighter. As mentioned in paragraph 2.5.3, a human is not able to 

push or pull more than 560 [N]. A construction made of steel would have been too heavy to 

move. The specific material is later on specified based on the calculations. The complete 

calculations of each element can be found in Appendix II. To specify, the calculations are made 

1

2

3

4

Figure 27  The elements of the construction 

5
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based on the folded situation, because the construction is calculated based on the most extreme 

situation. It occurs that in this situation the forces are higher than in the unfolded situation.  

6.1.1 Top beam 

As mentioned before, the top beam carries the chassis of the caravan. Both top beams lay on 

rollers that are connected to the scissor construction and are connected with a hinge to the side 

beam, label three in Figure 27. At this point the top beam is also connected with a hinge to the 

‘scissor’ construction instead of lying on top of a roller. The top beam is only able to move in one 

direction, because of the hinge connection with the ‘scissor’ construction. This connection 

prevents the beam to rotate horizontally. 

 In Appendix II is a calculation made of the top beam. In order to complete this calculation 

the Castigliano’s theorem, paragraph 2.5.2, is used. The reaction forces are used to plot a shear 

force and momentum diagram. The maximal momentum from the diagram is used to calculate 

the maximal occurring stress in the beam. The calculated forces and the calculated stress are 

checked with a simulation in SolidWorks. To calculate a factor of safety the material has to be 

defined. Therefore, an aluminium alloy 6061-T6 is used in order to complete the calculation. This 

material is chosen above the alloy 6061-T4, because of the occurring stress which gave a factor of 

safety which was not high enough.  

The outcomes of the calculations are that the final factor of safety is 2,2 [-] and that the 

dimensions of the beams are 60x40x4 [mm] which are made of 6061-T6. 

6.1.2 Scissor construction  

The ‘scissor’ construction is the element of the construction which has to support the whole 

caravan. This element makes it also possible to lift the construction vertically. Each beam is 

connection by pins to the rollers or to the other beams as described previously. The beam 

construction will have the same width as the top beam and will have a U-shape, because this 

makes it easier to mount the rollers. The dimensions for this beam are set on 100x60x4 [mm] and 

the material is defined to be 6061-T6. The beam is bigger than the top beam, so the top beam 

easily fit on the rollers in between the ‘scissor’ construction. A beam of the same size won’t fit.  

 In Appendix II is the calculation shown for this element. With this calculation the forces 

for the pin calculations are defined. In order to do this calculation, the construction is divided in 

four different beams which are considered individually. Besides, the method of joints is used.29  

                                                 
29 University of Memphis. (2013). Trusses - Method of Joints. Retrieved May 18, 2015, from The University of Memphis: Department of Civil 

Engineering: http://www.ce.memphis.edu/3121/notes/notes_03b.pdf 
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 The factor of safety will be defined for the beam with the highest load. For this beam a 

moment diagram is made as is done before with the top beam. The maximal moment of the 

beam is defined based on this diagram. As shown in Appendix II the calculated factor of safety is 

1,6 [-].The factor of safety is high enough, because the other beams are subjected to smaller 

forces, besides. When the beam starts to lift, the angle will become bigger which lowers the 

forces which results in a smaller occurring bending moment in the beam. 

6.1.3 Side beam 

The side beam is also made of the same material of the previously mentioned elements. The 

dimensions for the inner beam is set on 70x70x5 [mm] and the length in the widest set-up is 1375 

[mm]. The length is a combination of the inner and outer beam. The total length is mainly the 

outer beam, but the calculation is based on the inner beam to make sure that the whole beam is 

strong enough. 

 For the calculation, the beam is considered to be fixed on both ends. The beam is 

connected between two hinges which allow the beam to move in the horizontal plan, but not in 

the vertical plane. Therefore the beam is considered to be fixed, because the beam is loaded in 

the vertical direction. The complete calculation is shown in Appendix II and this calculation 

results in a factor of safety of 2,2 [-] for the beam. The outer beam will have the dimensions 

80x80x4 [mm] which makes that the clearance between the inner and outer beam is 1 [mm] on 

both sides. 

6.1.4 Pin connections 

There are two different pin sizes in this construction as explained previously. These are the pins 

which are subjected to high loads and therefore calculated. All pins will be locked so they are not 

able to come loose when the construction is in operation. The material is set to be steel instead of 

aluminium, because of the strength of the material. In order to prevent the construction from 

corrosion, the construction contains sliding bearings which are placed between the beams and the 

pins. Corrosion can occur due to a different electrical charge of the materials. 

 The pins are calculated based on the occurring shear stresses. The bending stresses are 

eliminated, because they occur to be very small. Appendix II shows why the bending stresses 

occur to be very small. The diameters of the shafts are also calculated in this appendix. A factor 

of safety of two is taken to guarantee safety for the pins. The diameter of the pin which is 

connected to the rollers is set on 15 [mm] and the other pin, which connect the beams, is set on 

24 [mm]. 
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6.1.5 Rollers 

The construction does not work if the rollers do not work properly. It is important to choose the 

right type of rollers. The construction uses polymer rollers with bearings inside. The exact plastic 

material is undefined because numerous types of plastic will meet the strength requirements. 

When selecting a roller, the width is important to take into consideration. The width of the roller 

has to be almost the same with as the inner width of the beam. This is necessary in order to 

ensure that the pin will not be subjected to bending stresses.  

6.1.6 Hydraulic floor jack 

The hydraulic floor jack has a key role in lifting the caravan. Lift capacity and lifting heights are 

the two properties that matter in choosing a specific type of hydraulic floor jack. The dimension 

of this construction could partly be decided by the type of the hydraulic floor jack. This approach 

is not chosen, because the customer has specific height requirements for the lifting device. This 

makes that the decision of the type is made after the calculations are made and the dimensions 

are defined. The requirements are that the hydraulic floor jack has to lift a capacity of at least 

2000 [kg], is able to use for a construction which is 200 [mm] when the construction is folded 

and which is able to lift the construction at least 500 [mm] up to a height of 700 [mm]. 

6.1.7 Safety 

The stability of the construction is important to guarantee safety for the user of the device. When 

the construction is placed under the caravan and the hydraulic floor jack is placed, an extra beam 

will be placed on the opposite side of the side beam. This extra side beam creates more stability 

in the horizontal plane of the construction. Besides, the construction is made to lift a caravan and 

after lifting the caravan the user has to place supports on the corners of the caravan after which 

the lifting device can be removed. 

Figure 28  Location issue of the caravan 
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The total length of the construction, defined by the top beams, is designed longer than 

the caravan. A reason for this is to be able to place the previously mentioned extra side beam on 

the end of the lifting device. However, the initial reason is to prevent an unstable situation. Figure 

28 shows two situations of the top beam were the displacement of the top beam is sketched. The 

arrows define the location of the caravan. In first situation the chassis is partly on the right side 

of point C placed. In the second situation the chassis is partly on the left side placed.  In the 

second situation roller B does not support and does not guide the beam anymore. This results in 

an unstable and dangerous situation when lifting the caravan. Therefore this situation has to be 

avoided. Based on the 3D-model, this length is required to prevent the situation. Important is to 

mention this in the user manual as well in order to prevent this situation. An extra safety feature 

is markers on the top beam were the chassis is not allowed to be placed. 

Safety features against unintentional descent are not built in this design. However, if the 

force from the hydraulic floor jack disappears, the scissor construction collapses and the caravan 

will fall. The pressure in the cylinder of the hydraulic floor jack can be lost due leakage for 

example. According to the standard, mentioned in paragraph 2.1, jacks have to be designed in a 

way or equipped with a device that restrains the load and prevents any unintentional descent. In 

other terms, based on the standard, a hydraulic floor jack has to have a safety system which locks 

the hydraulic floor jack when the oil pressure is omitted. Therefore the system does not have any 

safety system for this occasion.  

6.1.8 Stability 

Location of the centre of mass 

It can occur that somebody will lean to 

the caravan by accident. Figure 30 shows a situation that somebody is pushing against the caravan 

Figure 29  Accident situation 
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while lifting. In this figure it is assumed that the lifting device is fixed to the caravan. The 

maximal force which a human can push is disproportionate to the friction which occurs due to 

the weight of the caravan. This means that the caravan will not slide on the construction. Also in 

this figure is assumed that the lifting device is a rigid framework. The mass of the lifting device is 

neglected in this situation. 

 

Equation [12] is developed with the help of Figure 30. In equation [12] ‘B’ is the horizontal 

distance between point A and the centre of mass for the caravan. The height of somebody that is 

pushing is estimated at 1,5 [m]. According to Barlow (2011), the centre of mass is close to the 

wheels on the front side of the caravan, this is done because of safety reasons30. The moment 

around ‘A’ that is created by pushing against the caravan has to be lower than the moment 

around ‘A’ that is created by the centre of mass to prevent the construction from toppling 

according to equation [12]. Distance ‘B’ is critical when is it comes to stability. If the caravan is 

                                                 
30 Barlow, S. P. (2011). Caravan Chronicles. Retrieved May 29, 2015, from Understanding the dynamics of towing: 

http://caravanchronicles.com/guides/understanding-the-dynamics-of-towing/ 

Figure 30  Top view centre of mass 



 
 

 Page | 52  
 

misplaced, the moment created by the centre of mass is too small because of distance ‘B’.  For 

the calculating the minimum value of distance of ‘B’ the mass of a light caravan is taken. 

Calculating with a light weight caravan is done because the gravity force and moment will be 

smaller than a heavy weight caravan. The mass of a light weight caravan is estimated at around 

1000 [Kg] by the company. As mentioned before the maximum pushing force of a human is 

estimated at 560 [N]. 

 

                                  [  ] 

 

          
                

     
  
             

       
           [ ]  

 

Equation [13] is made by using equation [12]. The minimal distance ‘B’ is calculated with 

equation [13]. The distance between the scissor constructions can verify because of the usage of 

adjustable side beams. This distance is shown in Figure 31 by the letter ‘C’ and this figure shows 

the centre of mass for the caravan and the same distance ‘B’ as in Figure 30.  

To determine the centre of mass Figure 31 is used. This figure shows distance ‘S’ and ‘G’ , 

centre of mass and a load on the hitch. With the help of this figure, equation [15] can be made. 

The moment is calculated around the bottom of wheel. The distance ‘B’ can be calculated with 

equation [13]. Distance ‘S’ is calculated in equation [14]. The mass of the caravan is 10000 [N]. 

The load on the hitch is taken as 200 [Kg]. With a hitch load of 2000 [N] the maximal distance ‘S’ 

is 800 [mm].  

 

Figure 31  Side view centre of mass 
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             [  ] 

To prevent the caravan from toppling the back scissor construction has to be placed as close as 

possible to the wheels. The back scissor construction is shown in Figure 30 by the letter ‘D’. Figure 

32 shows the construction and wheel of the caravan. The red circle represents the wheel. 

Assumed in this figure is that the wheel height is not more than 700 [mm]. Distance ‘F’ in Figure 

32 is calculated with the minimal distance ‘B’ from equation [13]. The distance between the 

middle of the wheel and centre of mass is used from equation [15]. Distance ‘F’ is the minimal 

distance that is required to prevent toppling. The calculation of distance ‘F’ is shown is equation 

[16]. In this equation the value of equation [15] is used. Distance ‘E’ is the distance between the 

scissor constructions. 

 

    
          

 
               

   

 
        [  ]     [  ] 

 

This design can be used for single axel caravan with mass of more than 1000 [Kg] if it 

meets the following requirements: hitch load is not more than 200 [Kg], the distance from the 

hitch to the middle of the wheel is less than 4 [m] and the distance from the tyre to the front 

scissor construction is more than 550 [mm]. The high hitch load is chosen because customers 

have different cars. You can have different hitch loads with the same type of caravan because the 

hitch load is depending on the type of car.  

Figure 32  Position of the centre of mass with respect to the wheel 
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According to Barlow (2011) the centre of mass for a caravan with a double axel is 

between the two axels. Assumed is that the caravan is loaded correctly according to the safety 

regulations. A caravan with a double axel can always be safely lifted because the distance from the 

tyre and axel is always greater than the minimal distance calculated in equation [13]. This means 

that the distance from the centre of mass to the front scissor construction is always greater than 

84 [mm]. 

Besides, another aspect makes it less likely that toppling is possible. The chassis of the 

caravan is not straight behind the wheel, but a little slanting. However, in front of the wheel it is 

straight. This means that the caravan is not completely horizontal when lifted, but is hanging 

back a little. This moves the centre of mass a little more to the back which results in a better 

situation. This is not taken in account for the calculations. 

Stability of the ‘scissor’ construction 

In the situation described above is assumed that the scissor construction is a rigid framework. In 

Figure 33 is the construction shown. The framework might move when a horizontal load works 

on the construction and when the joint connections are not strong enough. The horizontal force 

can be created by a pushing person as mentioned before. The red lines in Figure 33 represent the 

moved frame work. The critical joints for horizontal loads in Figure 33 are shown by the letters 

‘A’ and ‘B’. Assumed is that the scissor constructions and side beams can be seen as a framework. 

The possible horizontal movement is shown in the figure where the displacement of ‘A’ and ‘B’ is 

shown. 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 33  Angular displacement situation of the construction 
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The pin connection between the side beam and scissor construction is shown in Figure 34. 

This connection prevents the rectangular framework from horizontal movement. In Figure 34 the 

letter ‘A’ represents the connection plate on the top beam, the letter ‘B’ represents the pin and 

the letter ‘C’ represents the connection plate on the side beam.  

6.2 Other materials 

The results of the calculations given in paragraph 6.1 are mainly based on the aluminium type 

6061-T6. However, other materials might give better results and therefore a comparison is made 

between different materials and the factors of safety for these materials for the different elements 

of the construction. The results are based on the developed excel sheet, briefly shown in 

Appendix III in Figure 59 till Figure 61, and on the calculation for the side beam, explained in 

Appendix II, by changing the values for the tensile yield strength, or as mentioned in the figures 

the ‘yield strength’. The material specifications are shown in Table 8 together with the results of 

the factors of safety for the different subsystems. The numbers behind the subsystems refer to 

Figure 27. 

Table 8  Material specifications overview 

 

Material 
6061-T6 SS2144-01 SS-2625-03  

Value Unit 

Young’s Modulus 69,8 * 103 2,1 * 105 2,1 * 105 [MPa] 

Tensile Yield Strength 290 360 670 [MPa] 

     

Top beam (1) 2,21 2,74 5,09 [-] 

Scissor construction 

single beam (2) 
1,60 1,98 3,69 [-] 

Side beam (3) 2,22 2,75 5,13 [-] 

Figure 34  Connection 'scissor' and side beam 
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6.3 The final design 

As described in the previous paragraphs the final design consist of two scissor constructions, a 

platform for the hydraulic floor jack three side beams and a hydraulic floor jack. Figure 35 shows 

the final design. The red beams represent the chassis beams of the caravan.  

The lifting procedure begins with placing the two scissor constructions. It is important to 

place the scissor constructions close as possible by the wheels. This has to be done because the 

centre of gravity of a caravan is close to the wheels. As mentioned before the chassis has to be 

placed on the right side of the end roller to prevent displacement of the top beams. The second 

step is placing the side beam on the floor. After the connecting the side beam with pins, the 

hydraulic floor jack can be placed on top of the platform. The hydraulic floor jack has to have a 

lifting height of less than 200 [mm]. Next step is placing a side beam on top of the hydraulic floor 

jack and connect the side beams to the scissor constructions. The last step before lifting the 

actual caravan, the third side beam has to be placed to ensure stability during lifting. When the 

caravan is lifted supports are placed under the caravan. 

6.4 Validating the design 

The design is validated with SolidWorks Motion. The 3D-model is tested with this tool in 

SolidWorks in order to check if the lifting principle is working. The output of this validation is a 

video which simulates the movement of the device. In Figure 36 is the begin situation of the video 

and the end situation shown.  

 

Figure 36  SolidWorks Motion video; begin- and end situation 

Figure 35  Final design 
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7. Discussion 

In our opinion, each concept that was conceived in the product development process has a 

potential to work if the design was optimized. The strict requirements of the company restricted 

us in choosing a creatively solution and therefore some of the concepts were not able to execute. 

The main issue in choosing the concept was the price as explained by the customer. The 

construction with a hydraulic cylinder had to be eliminated, because of the voice of the customer. 

The chosen design is initially the same, only the way of lifting the construction is different, one 

uses a hydraulic floor jack and the other one uses a hydraulic cylinder.  

The construction is easy to store, because the user is able to fold the construction, and it 

is quite easy to maintain, because the construction is quite open. Caravans of all sizes, sizes which 

were required by the customer, can be lifted because of the adjustable side beams.  We think this 

design is user friendly up to a certain point. The problem with this design is that the scissor 

constructions have to be rolled under the caravan before lifting. If there is not a lot of space on 

the side of the caravan, the scissor constructions have to be rolled underneath the caravan 

diagonally instead of rolling them perpendicularly under the caravan.  The angle of the scissor 

construction can of course be corrected but this takes extra effort. Connecting the side beams 

takes also some extra steps before lifting. We think these two extra steps are two downsides in 

our design. The effort to lift the caravan is small because of the hydraulic floor jack. The height 

can also be easily adjusted by the hydraulic floor jack. We think that the construction works 

better with a hydraulic cylinder compared to a hydraulic floor jack. The design with hydraulic 

cylinder cost more and takes more maintenance. 

When we compare our design to a stationary lifting device, we think that a stationary 

lifting device is a better investment if the stationary lifting device is adjusted to caravans and 

trailers. However, a stationary lifting device is not mobile and storable. A company that earns 

money by doing maintenance for caravans and trailers can better invest in a stationary lifting 

device than produce a prototype of our design despite the mobility.  

Stability of this design is important to guarantee safety. Misplacing the design can create 

dangerous situations. Instability can easily be avoided by placing the construction close to the 

back of the wheel and as far as possible to the front of the caravan, because the centre of mass is 

close to the wheels as described above. To check if the construction is stable, we have done 

research and based on the calculations we made we can say that the construction is stable. 

Important to mention is that user takes the boundary conditions for the usage the construction 

carefully in account. The construction will be wide enough to satisfy the boundary conditions, 

because the adjustable side beam makes it possible to make the construction wide enough. 
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In our opinion the design is user friendly, because the beams are fast adjustable due the 

pin connection and the distance from the back of the wheel to the front scissor construction can 

easily be measured. As mentioned before lifting the distance from the wheel and front scissor 

construction has to be measured.  

The safety of this construction can be guaranteed up to a point. For lifting devices we did 

not find a specific standard. Despite the fact that there was no specific standard used, we have 

calculated that the construction is strong enough to use safely. Besides, the usage of the standard 

for hydraulic floor jacks also contributes in order to assume this. The safety systems which are 

included in hydraulic floor jacks make the usage of the device safer, because unexpected decent is 

not possible due to the hydraulic floor jack. 

 This design can be made mainly from aluminium and steel. These materials are well 

recyclable and therefore we think that environmental issues will not occur. The usage of oil for 

greasing the rollers should be avoided because of leakage. We think that this construction is 

environment friendly because the recyclable parts and low usage of grease resources.  
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8. Conclusions and recommendations 

This chapter includes the conclusion of the product. The conclusion is mentioned and 

explained and afterwards the recommendations are mentioned.  

8.1 Conclusions 

The requirements are compared to with the result, the final design, and based on this comparison 

is concluded that the design meets the requirements and therefore that the objective is achieved. 

The working of the design is validated with a simulation. The simulation shows that the design 

works properly. The design meets the technical requirements based on the dimensions and 

calculations. The safety factors for the different parts are high enough according the used table 

for safety factors. All calculated safety factors vary between two (2) and two and a half (2,5). A 

hydraulic floor jack is easy to operate manually and is safe to use. A hydraulic floor jack meets the 

safety requirements of the international regulations based on the used standard. The safety 

features for hydraulic floor jacks are used for this construction to ensure safety. They are used to 

restrict the maximum load and to avoid unexpected decent.   

The design also meets the general requirements. The design is mobile, usable for different 

caravan sizes and manually operated. In the design process the human limits were taken into 

consideration to meet the requirements for a user friendly design. The design is easy to maintain, 

because the parts do not require lots of maintenance and to use the device no complex handling 

is required. Based on calculations we can conclude that the construction is stable, as long as the 

boundary conditions are taken into account. Despite these boundary conditions the design still 

meets the customer requirements for the different types of caravan. It is not possible to say if the 

design is as cheap as possible, because no cost calculation is made so no comparison can be made 

with other solutions.  

8.2 Recommendations 

Some recommendations are formulated, since it was not possible to do every single part of a 

complete design process. This design should be used with all three side beams to guarantee 

stability and a test has to be done with different caravan types to check the stability and to 

guarantee safety. Caravans with a weight of more than 2000 [kg] or less than 1000 [kg] cannot be 

used for this design because of the stability and strengthens of the construction. Caravans lighter 

than 1000 [g] and higher than 2000 [kg] were not required by the company. For light weight 

caravans with a weight of 1000 [kg], a hitch pressure of less than 200 [kg] and with a distance 

between the tire and hitch of less than 4 [m], the distance between the tire and scissor 
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construction has to be more than 550 [mm] due the stability of the construction. When the 

company wants to maintain a caravan lighter than 1000 [kg], a simple calculation must be done to 

guarantee stability. The calculation process for stability that has been used in this project can be 

used for these specific caravans.  Maintenance can be done when the supports are placed under 

the caravan after lifting the caravan. While lifting no additional devices, such as a tractor, have to 

be used with this device.  

The design is calculated to be strong enough to produce, however the 3D-model of the 

design is not completely up-to-date and production-ready. As a next step is suggested to work on 

the design to optimize it so it is production-ready. Besides, the calculations have to be checked 

for the optimized model and a check has to be done to ensure the optimized device meets the 

requirements from the standards. Besides, it is recommended to build a prototype to test the 

device.  

Furthermore, it is recommended to take a hydraulic floor jack from the company Bahco. 

The recommended type is BH13000 3T, which can list up to three tons and is able to list a 

maximal 552 [mm] where a lifting distance of 500 [m] is required. Besides, as explained in 

paragraph 1.5 it is required to have a minimal lifting height of 200 [mm] and this type has a 

minimal lifting height of 90 [mm]. Furthermore, some small elements are not dimensioned, like 

bearings and welding connections. These have to be dimensioned before the design can be made. 

Also the rollers are not defined, which has to be done before a prototype of the design can be 

made.  

The safety factors of the different parts were calculated with different types of material, 

but the material for the different parts was not defined. To determine which material to be taken 

for production the price, weight of the material, availability of the profiles has to be checked 

again and the exact safety factors for the different parts must also satisfy. The weight is important 

because a complete steel construction is about two to three times heavier than a construction 

with aluminium scissor constructions. To meet the requirement for user friendly, the scissor 

constructions should be made out of aluminium because of the weight. However, a construction 

made of steel is possible and can be considered. 

When the construction is lifted, it is recommended to locate supports underneath the 

caravan on each corner of the caravan to ensure stability while doing maintenance. The supports 

have to be strong enough to ensure that the construction can be removed safely. 
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Appendix I 

Table 9  Morphologic chart  
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Function 
     

Movable 
 

  

 

 

  
Wheels Rollers Crawler tracks Levitation 

Vertical lifting 
 

  

 

 

  
Cilinder Spindle Telescopic 

 

Lifting power unit 
 

  

 

 

  
Hydraulic Pneumatic Manual Electrical 

Stabilizing 
 

  

 

 

  
Gyroscope Wheel locks brakes Side sponsons 

Storable 
 

  

 

 

  
Telescopic Folding Demountable 

 

Clamping 
 

  

 

 

  
Claws Lashing Shape 

 

Control movement 
 

 

 

 

 

  
Manual Electrical Stroke engine 
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Appendix II 

Units  Symbol Same as  Meaning  

mm     Millimetre   

kg     Kilogram 

N     Newton 

N/mm²  MPa   Newton per square millimetre 

MPa  
N/mm²   Mega Pascal 

˚  DEG   Degrees 

C  RAD   Radians 

 

Variables  Symbol Explanation     Unit 

A  Area      [mm²] 

A4,x  Force in element 4 in x-direction  [N] 

A4,y  Force in element 4 in y-direction  [N] 

At,y  Force in top beam in y-direction  [N] 

Ar  Resulting force for single beam calculation [N] 

Ares  Resulting force for pin calculation  [N] 

b  base width     [mm] 

B1,x  Force in element 1 in x-direction  [N] 

B1,y  Force in element 1 in y-direction  [N] 

B3,x  Force in element 3 in x-direction  [N] 

B3,y  Force in element 3 in y-direction  [N] 

Bt,y  Force in top beam in y-direction  [N] 

c  Perp. dist. to neutral axis   [mm] 

Ct,y  Force in top beam in y-direction  [N] 

d  diameter     [mm] 

D1,y  Force in element 1 in y-direction  [N] 

E2,x  Force in element 2 in x-direction  [N] 

E2,y  Force in element 2 in y-direction  [N] 

E4,x  Force in element 4 in x-direction  [N] 

E4,y  Force in element 4 in y-direction  [N] 

Er  Resulting force for single beam calculation [N] 

F3,x  Force in element 3 in x-direction  [N] 
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F3,y  Force in element 3 in y-direction  [N] 

FBG,x  x-component of the force in direction BG [N] 

FBG,y  y-component of the force in direction BG [N] 

FBH,x  x-component of the force in direction BH [N] 

FBH,y  y-component of the force in direction BH [N] 

G1,x  Force in element 1 in x-direction  [N] 

G1,y  Force in element 1 in y-direction  [N] 

G2,x  Force in element 2 in x-direction  [N] 

G2,y  Force in element 2 in y-direction  [N] 

h  height      [mm] 

H3,x  Force in element 3 in x-direction  [N] 

H3,y  Force in element 3 in y-direction  [N] 

H4,x  Force in element 4 in x-direction  [N] 

H4,x  Force in element 4 in y-direction  [N] 

Hr  Resulting force for single beam calculation [N] 

Hres  Resulting force for pin calculation  [N] 

I  Area moment of inertia   [N] 

L  Length      [mm] 

l1  Half of the length of a single beam  [mm] 

ltot  Length of a single beam   [mm] 

M  Moment     [Nmm] 

Mmax  Maximal moment    [Nmm] 

Pc  Calculation force of the caravan  [N] 

SF  Factor of safety    [-] 

yA  deflection in point A    [mm] 

α  Angle      [˚] or [DEG] 

σyield  Tensile yield strength    [MPa] or [
N/mm²] 

σmax  Maximal occurring stress   [MPa] or [
N/mm²] 

τallow  Allowable strain    [MPa] or [
N/mm²] 

τmax  Maximal strain     [MPa] or [
N/mm²] 

φb  Angular displacement in point B  [C ] or [RAD] 

 

Calculations 
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The construction is divided in different parts for the purpose of calculating the reaction forces. In 

Figure 37 the division is shown. Section one is the top beam of the construction. Section two is 

the ‘scissor’ construction. The third section is the connection between the two parts and the part 

where the jack lifts the construction, the side beam and section four is the pin connection 

between the rollers and the frame. The last section, section five, is the connection between the 

beams. 

 The calculations are made for the expanded situation. Assumed is that this situation is the 

worst for the purposes of bending and stresses, because in the expanded situation the distances 

are bigger between the caravan and the rest of the construction which will result in a bigger 

momentum in the construction, which means an increase of the stresses caused by bending.  

Top beam 

The top beam exists of two individual beams 

which are connected by two pins to hold 

them together. For the purpose of the 

calculations assumed is that the beam is one 

part with a length of 3000 [mm]. This 

situation is worse than the actual situation 

when focussing on bending and stress, since the thickness of the beam is doubled at the point 

where the beams are connected. A rectangle beam is used with the dimensions 60x40x4 [mm] 

and is made of aluminium 6061-T6.  

 

Description Value Unit 

Material: Aluminium 6061-T6 

Young’s Modulus 69,8 * 103  [MPa] 

Tensile Yield Strength 290 [MPa] 

Figure 37  Calculation division of the construction 

Table 10  Specifications 6061-T6 

1

2

3

4

5
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Free body diagrams 

In Figure 38 is the Free Body Diagram (FBD) shown for the top beam. The construction has a 

hinge in point A and in point B and point C the construction is supported by rollers. The forces 

Pc are the forces caused by the caravan which has to be lifted. Since point A is a hinge it has also 

a force in the x-direction, but since there are no other reaction forces in this direction the force 

will be zero and therefore not drawn in the FBD. 

 The values of Pc are based on the required weight which the construction has to carry. 

The maximal required weight is mentioned in Paragraph 1.5 which is 2 000 [kg]. For the ease of 

the calculations is a force of 20 000 [N] used which is divided over four contact points which 

results in equation [17] for the force Pc. 

 

   
        
 

 
      

 
       [ ]     [  ] 

 

In Figure 39 a detailed FBD is shown. This figure is used for the purposes of the 

calculation of the reaction forces. In the diagram are the dimensions included. The reaction 

forces are calculated by assuming that the construction is static and therefore the sum in the x-

direction, y-directions and the sum of all moments in a certain point have to be zero. Besides, the 

Castigliano´s theorem is used to complete the calculation, since three equations are required to 

find three unknown values. 

Figure 38  Free Body Diagram of section 1 
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Calculations 

Equation [18] and [19.*] describe the sum of the forces in the y-direction and the moment in 

point A which both have to be zero. 

                       [  ] 

 

    (         )                         [    ] 

 

   
               

     
     [    ] 

 

A fourth equation is used to solve this statically indeterminate situation which is based on the 

Castigliano’s theorem. Point B contains an imaginary fixture and this fixture contains a certain 

angle φb. The situation is sketched in Figure 40. On one of point B the angle depends on the force 

Figure 39  Free Body Diagram of section 1 with dimensions 

Figure 40  Imaginary fixtures in section 1 
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in point C and on the other side the angle depends on the force in point A, but together they 

have to give the same angle. Equation [20] shows the relation between the angles in point B. 

Equation [21.*] and [22.*] describe the equations which are used to get the equations for the 

angles. Assumed is that the deflection in point A and C equals zero. 
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     [    ] 

 

These equations are combined to find the third equation to find the reaction forces in the points 

A, B and C. Equation [23] shows the result of equation [22.1] and [22.2] combined in equation 

[20]. 

 

            
      

      
         [  ] 

 

The equations [18] till [23] result together in the reaction forces in the points A, B and C. 

Equation [24] shows the combination of these equations. The force in point C is calculation by 

substitution of equation [19.2] and [23] into equation [18]. With this result equation [19.2] or 

equation [19.1] and equation [23] can be used to calculate the forces in point A and B.  
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           [ ]

     [  ] 
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The calculated forces are used to make a shear force and bending moment diagram. These 

diagrams are shown in Figure 42 and Figure 43. Equation [25] calculates the area moment of inertia 

of the beam, of which a section view is shown in Figure 41, which is used in equation [26] to 

calculate the maximal occurring stress in the beam. The bending moment diagram is used to 

determine the maximal bending moment in the beam. Figure 43 shows the location of the 

maximal moment and together with the equations used to construct this diagram the maximal 

moment is traced by using MS Excel, see Figure 59, which results in a maximal moment (Mmax,top) 

of 1,2  * 106 [Nmm]. The highest moment occurs in the folded situation, which is therefore used 

by determining the maximal moment. 

 

 

         
    

  
 
      

  
 
      

  
         [   ]     [  ] 

 

      
          

         
 
          

 

       
       [   ]     [  ] 

 

 

Figure 42  Shear force diagram of section 1 
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Figure 41  Section view top beam 
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Figure 43  Bending moment diagram of section 1 

The safety factor of the beam can be determined using the tensile yield strength of the material 

together with the calculated occurring stress. Equation [27] shows this calculation.  

 

   
      

    
 
   

     
      [ ]     [  ] 

 

Simulations 

The beam is simulated using the same specifications and dimensions which are also used for the 

previous described calculations. The beam is treated as a ‘beam-element’ in solid works instead of 

a ‘solid-element’. In Figure 44 is the beam shown with the reaction forces and supports and in 

Figure 45 are the stresses shown which are calculated by the simulation program. The simulation 

shows that the highest occurring stress is 131,5 [MPa]. This value is equivalent to the stress which 

is calculated above. The difference of 0,1 in the values is most likely caused by the different 

approaches. The simulation uses a finite elements analysis. The different analysis can result in 

small differences in the values. Therefore the value is seen as equivalent. 
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Figure 44  Simulated beam with fixtures and forces 
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Figure 45  Simulated stress in the top beam 

Besides, Figure 45 also shows that the location of the highest occurring moment is at the same 

point as shown in the moment diagram in Figure 43. 

 

‘Scissor’ construction 

The construction for section two of Figure 37, the ‘scissor’ construction, is made of the same 

material as section one, the top beam, aluminium alloy 6061-T6. The specifications of this 

material are mentioned in Table 10. The beams are made from an extruded U-profile with the 

dimensions 60x40x4mm. 

 

Free body diagrams 

In Figure 46 is the free body diagram of the overview of the ‘scissor’ construction shown. Besides, 

Figure 47 is based on the method of joints and is used to develop equations to calculate the 

reaction forces of the different elements. In Figure 48 are the free body diagrams of the individual 

elements shown. The reaction forces are used to calculate the pins which connect two beams 

together in point G and in point H. 

Figure 46  Free body diagram overview 'scissor' construction 
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 The force in point A is not used in this calculation. This force does not affect the 

construction, because the beam in section three of Figure 37 will completely absorb this force. 

The assumption is based on the fact that a force which applies on a hinge is unable to have any 

impact on the rest of the construction, because the deflection in this point will always be zero 

and the force is unable to result in a moment anywhere on the beam. Therefore the force is 

eliminated in this situation. Nevertheless, point B will have some reaction forces, caused by the 

fact that this point is a hinge. Besides, the reaction forces calculated for point B and point C are 

affecting the construction and are therefore put in the free body diagram as external forces. 

The forces in point D, point E and point F are also reaction forces. Point D and point E are 

rollers and point F is a hinge. 

 

 

 

 

 

 

 

 

 

The points G and H are placed in the middle of the beams. The total length of one beam is 

defined as ltot and the half of the length as l1. Furthermore, the angles are used to calculated the 

horizontal and vertical lengths if necessary.  

Figure 47  Method of joints 
for point B 
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Figure 48  Free body diagram of the 'scissor' constructions' elements 

 

Calculations 

The equations are determines by using the previously given free body diagrams. First the full 

equations, [28.*] till [34.*], are made up and later on the reaction forces are determined by using 

substitution. Equation [33.*] and equation [34.*] are based on the method of joints shown in 

Figure 47. 
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                [    ] 

 

                [    ] 

The substitution of equation [28.1] into equation [33.1] results in equation [35]. 

 

         
  

     
     [  ] 

 

The substitution of equation [33.2] and [35] into equation [28.3] is used to develop equation [36]. 
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Equation [29.2] can be rewritten as following.  

 

             [    ] 

 
The force in point D can be calculated by substituting equation [33.2] into equation [28.2] and 

result together in equation [37]. 

 

             
 

 
   

 

 
           [  ] 

 
Substituting equation [37] and the rewritten form of equation [29.2] in equation [32.3] results in 

the force in point F on the x-axis and is described in equation [38]. 
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The force on the x-axis for point H can be calculated by substituting equation [34.1], [35] and 

[38] into equation [30.1]. The result is equation [39].  
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For the force on the y-axis in point H are the equations [33.2], [34.1], [34.2] and [35] substituted 

into equation [30.3] and is resulting in equation [40]. 
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Substituting equation [33.2], [34.2] and [40] into equation [30.2] is resulting in equation [41]. 
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The forces in point A can be calculated with the above made equations. The forces in the x-

direction can be defined by combining equation [29.1], [35] and [39] with equation [31.1] which 

results in equation [42]. Equation [43] is developed by substituting equation [29.2] and [30.3] into 

equation [31.2]. 
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These equations are put in excel to calculate the values of the different points. Some values seem 

to be negative, which means that they are drawn in the wrong direction in the free body 

diagrams, see Figure 46 till Figure 48.  

The values of the forces of the folded situation are shown in Table 11 and the unfolded 

situation in Table 12. The folded situation has an angle of alpha of 4,85 [˚] and the unfolded 

situation an angle of 26,90 [˚]. The indicators for the forces are named after the elements. For 

example, A4,x means that it is the force Ax in element four. The values are in Newtons [N]. 
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Table 11  Reaction forces 'scissor' construction folded situation 

Force Value Force Value Force Value 

A4,x -56752 [N] E2,x 22293 [N] G1,y -1892 [N] 

A4,y 7739 [N] E2,y 4815 [N] G2,x 22293 [N] 

B1,x 22293 [N] E4,x 22293 [N] G2,y -1892 [N] 

B1,y 1892 [N] E4,y 4815 [N] H3,x -34460 [N] 

B3,x 22293 [N] F3,x -56752 [N] H3,y -2924 [N] 

B3,y 1892 [N] F3,y -1032 [N] H4,x -34460 [N] 

D1,y 0 [N] G1,x 22293 [N] H4,y -2924 [N] 

 

Table 12  Reaction forces 'scissor' construction unfolded situation 

Force Value Force Value Force Value 

A4,x -9492 [N] E2,x 3728 [N] G1,y -1892 [N] 

A4,y 7739 [N] E2,y 4815 [N] G2,x 3728 [N] 

B1,x 3728 [N] E4,x 3728 [N] G2,y -1892 [N] 

B1,y 1892 [N] E4,y 4815 [N] H3,x -5763 [N] 

B3,x 3728 [N] F3,x -9492 [N] H3,y -2924 [N] 

B3,y 1892 [N] F3,y -1032 [N] H4,x -5763 [N] 

D1,y 0 [N] G1,x 3728 [N] H4,y -2924 [N] 

 

The force in point D requires some further explanation. The force is equal to zero, because the 

force in point B is pointed downwards, as Figure 48 shows. Point G is a hinge and when a force in 

point B is pushing down, the beam on the other side of the hinge wants to go up. Point D is free 

to go up since only the floor is able to prevent point D from moving. Therefore there will be no 

force in point D. 

 

Free body diagram single beam 

To calculate the bending stress of a single beam of the ‘scissor’ construction the beam with the 

highest calculated forces is chosen, in this case this is element four. Figure 49 shows the free body 

diagram of a single beam. In the beam the forces are drawn perpendicularly on the beam. These 

values are determined by using the angle of the beam to calculate the component of the force 

which is perpendicular to the beam. The length of the beam is set on 1500 [mm]. The dimensions 

of each single beam are set on 100x60x4 [mm]. 
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Calculations single beam 

The first step in the calculations is to define the forces in each point. The forces are calculated in 

equation [44], [45] and [46]. The calculation is based on the forces of Table 11 and on the free 

body diagram of Figure 48 for element four. 

 

          ( )        ( )       [ ]     [  ] 

 

          ( )        ( )        [ ]     [  ] 

 

           ( )        ( )    [ ]     [  ] 

 

To determine the maximal moment, which is required in order to calculate the maximal bending 

stress, a bending moment diagram is made in excel. The diagram is shown in Figure 51 and shows 

the location of the maximal moment. The value is determined by using MS excel, see Figure 61, 

which results in a maximal moment (Mmax,beam) of 4,4  * 106 [Nmm], and is used in equation [48] to 

calculate the maximal occurring bending stress in the beam. Equation [47] calculates the area 

moment of inertia based on the section view shown in Figure 50. 

 

 

 

Figure 50  Section view single beam 

 

Figure 49  Free body diagram single beam 
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The factor of safety is calculated in equation [33]. The beam is also made of aluminium 6061-T6 

and therefore the material specifications from Table 10 are used to determine the factor of safety. 
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Figure 51  Bending moment diagram single beam 

Simulation 

 

Figure 52  Single beam with force and fixture 
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To check the determined maximal bending stress, a simple simulation is made. In Figure 52 is the 

simulated beam shown with the force and fixture. Because the force in point H is calculated to be 

zero, the force is not shown in the figure. In Figure 53 is the maximal moment in the beam 

shown. The simulation shows a maximal occurring bending stress of 181,6 [MPa]. This is slightly 

different from the calculated value, but the maximal moment is based on the exact force. The 

force in the simulation is a rounded value, which gives a small difference in the value. However, 

the value is almost equal and therefore the value is seen as equal for the same reasons as 

described previously for the top beam simulation. 

 

 

Side beam 

The side beam of the construction is the third section of Figure 37. Like the other beams the 

beam is made of the aluminium alloy 6061-T6 with the specifications of Table 10. The shape of 

the beam is a square extrusion profile with the dimensions 90x90x5 [mm].  

  

Figure 54  Free body diagram of 
the side beam 

Figure 53  Simulation maximal occurring bending stress single beam 
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The beam has a total length of 1375 [mm] when the construction has its widest set-up, 

which is a combination of the inner and the outer beam. As shown in the model, the beam is 

adjustable and the beam used for the calculation is the size of the smallest beam, the inner beam. 

Assumed is that the whole beam has this size, but practically the outer beam is bigger, which is 

the largest part of the construction. 

The force caused by the lifting of the caravan is assumed to be zero. The caravan is lifted 

slowly and therefore the acceleration speed will be close to zero, therefore there will be no force 

caused by the acceleration of the carjack while lifting. The factor of safety will take care of any 

small force that can occur due to acceleration of the carjack.  

 

Free body diagram 

In Figure 54 is the free body diagram of the side beam given. The beam is fixed on both ends of 

the beam and in the centre of the beam the carjack is connected. The carjack has to lift the force 

of the caravan, which is set on 20 000 [N], as explained before. The forces shown in the free 

body diagram correspond to the half of the weight of the caravan. As explained in previously, the 

force is equally distributed over the two sides of the construction. 

 

Calculations 

In equation [50] is the maximal occurring bending moment calculated and in equation [51] the 

area moment of inertia of the beam calculated. A section view of the figure is shown in Figure 55. 

 

Figure 55  Section view side beam 
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Table 13  Specifications C35 

The maximal occurring bending stress in the beam is calculated in equation [52] and based on an 

allowable bending stress of 290 N/mm², see Table 10, the factor of safety is calculated in equation 

[53].  
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       [ ]     [  ] 

 

The calculated factor of safety is almost two and therefore the beam is assumed to be strong 

enough. With the dimensions for the inner beam set on 70x70x5mm, the outer beam can be 

defined. The outer beam must have an inner diameter which is bigger than 70mm to fit the inner 

beam inside the outer beam. The chosen dimensions of the outer beam are 80x80x4mm. With 

these dimensions the inner beam has a clearance of one millimetre on both sides. This beam will 

be strong enough, because equation [54] shows that the area moment of inertia of the outer beam 

is bigger than the area moment of inertia of the inner beam.   
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       )          [   ]     [  ] 

Pin connection 

Section four of Figure 37 shows the 

connection between the rollers of the 

construction and the ‘scissor’ construction. 

The pins are made of massive steel and two 

synthetic sliding bearings are place to 

prevent any corrosion caused by a difference 

in the electrical charge of the different materials. The material which is chosen for the pin is steel 

C35. The specifications of the material are shown in Table 13. 

 The dimension of the pin is calculated based on the highest occurring resulting force, 

based on the forces calculated in for the ‘scissor’ construction. This can be in point A, B, C, D, E 

or F. For the ease of designing and production the other pins will have the same dimensions as 

the calculated pin. 

 

Description Value Unit 

Material: Steel C35 

Young’s Modulus 205 * 103 [MPa] 

Tensile Shear Strength 165  [MPa] 
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Free body diagram 

 

In Figure 56 is a section view shown of the roller with the pin in the construction. Between the 

pin and the construction are placed two sliding bearings and as shown on the pictures, the roller 

includes two bearings. The forces of the bearing are the reaction forces of the beam force. The 

beam forces correspond with the highest resulting force divided by two. The reaction forces are 

located at the position of the bearing, because the roller itself is not in contact with the pin. Figure 

57 shows the free body diagram of the pin situation. 

 

Calculations 

The highest stresses in a pin are caused by bending according to Muhs et al (2005) 31. However, in 

both situations the forces of the bearing are closely located to the forces in the beam which 

results that the bending moment is minimal and is eliminated. Therefore the shear stress is used 

to dimension the pin. A factor of safety of two is used to dimension the shaft. The highest 

resulting force in the shaft is in point A and is calculation with equation [55]. 

 

     √  
    

  √                     [ ]     [  ] 

 

                                                 
31 Muhs, D., Wittel, H., Becker, M., Jannasch, D., & Voßiek, J. (2005). Roloff / Matek Machineonderdelen (4th ed.). Den Haag, Netherlands: Sdu 

uitgevers bv. p.246 

Figure 56  Section view roller and pin 

Figure 57  Free body diagram of the pin 
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The dimension is calculated by rewriting a standard equation, which is shown in equation [57]. 

Equation [56] describes how the factor of safety relates to the maximal occurring shear stress. 

This equation is substituted into equation [57]. 

 

     
      
  

     [  ] 

 

     
 

 
 

    
 
 
     

         
→         √

         

         
     [  ] 

 

De minimal required diameter is calculated using this rewritten equation, where de diameter is 

written as a function of the allowable shear strength and the resulting force. 

 

  √
            

      
      [  ]     [  ] 

 

The minimal required diameter is calculated to be 14,4 [mm]. The calculated diameter is round up 

to an integer value, which makes that the final minimal required diameter of the pin is set on 15 

[mm]. The diameter is suitable for a sliding bearing, based on the product catalogue of IGUS.32 

 

Centre pin connection 

In Figure 37 is the location of the centre pin connection shown with label 5. This pin is made of 

the same material as the pin for the roller connection and therefore the material properties are 

also given in Table 13. The pin will also be placed with two synthetic sliding bearings. 

 The diameter of the pin is based on the highest resulting force in point G or H. Also in 

this situation both pins will have the same dimensions as done for the other pins. 

 

Situation sketch 

In Figure 58 is the situation sketch shown of the pin connection. The forces in caused by the left 

beam are equal to the forces caused by the right beam. Muhs et al. (2005)33 explains that the pin 

may be seen as fixed on both ends of the pin, because it is completely locked by the beam. 

                                                 
32 IGUS. (n.d.). Iglidur® X - The High-Tech Problem Solver. p.8 

33 Muhs, D., Wittel, H., Becker, M., Jannasch, D., & Voßiek, J. (2005). Roloff / Matek Machineonderdelen (4th ed.). Den Haag, Netherlands: Sdu 

uitgevers bv. p.246 
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Therefore the pin is not subjected to external loads and there will be no moment in the pin. The 

beams are placed close to each other, which will result in a shear stress in the pin. To sum, the 

bending stresses are eliminated and the pin is only subjected to shear stress. 

 

Calculations 

The highest resulting force occurs in point H. Therefore the resulting force in point H is 

calculated by using equation [58]. 

 

     √  
    

  √                      [ ]     [  ] 

 

Also for the determination of this diameter, equation [57] is used. This pin also uses a factor of 

safety of two, but in this equation Hres is used instead of Ares. 

       √
         

         
 √

            

      
      [  ]     [  ] 

 

The calculation shows a minimal required diameter of 23,1 [mm]. As done previously with the 

other pin, the value is round up to an integer value. The diameter of the pin will be set on 24 

[mm]. Considering the sliding bearing, the diameter is suitable. The material thickness of the 

bearing has a range between 1 – 1,5 [mm]. This will not affect the dimensions of the beam. The 

height of the beam is 40 [mm] and a clearance of 5 [mm] on both sides of the beam is considered 

to be enough. Using a product catalogue of IGUS, the total clearance will be between 6,5 – 7 

[mm] and therefore considered to be enough.34 

                                                 
34 IGUS. (n.d.). Iglidur® X - The High-Tech Problem Solver. p.8 

Figure 58  Centre pin connection situation sketch 
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Appendix III 

 
Figure 59  Calculation sheet top beam 
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Figure 60  Calculation sheet 'scissor' construction 
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Figure 61  Calculation sheet 'scissor' construction beam
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The calculations from Appendix II are used to develop the calculation sheets which shown in 

Figure 59 till Figure 61. However, to develop the moment diagrams some additional excel features 

are used and the maximal moments are based on these features. A search function looks for the 

maximal moment in the excel sheet. Equation [59] is used in the excel sheet to develop the 

moment line. 

 

   (   (            )     (   (          

 (       )) (      )       (   (    (       )   

 (           )) (      )     (   (       ))

      (   (    (           )   

 (               )) (      )     (   (       ))     (  

 (           ))       (   (    (               )   

 (                   )) (      )     (   (       ))    

 (   (           ))     (   (               ))

      (   (    (                   )   

      ) (      )     (   (       ))     (   (       

    ))     (   (               ))     (   (           

        ))       (                             )))))))     [  ] 

 

This equation is based on the IF-function in excel, the function looks up the boundary conditions 

in excel and matches them with the lengths of the beam. The lengths are based on Figure 62.The 

symbol l_6 in the equation is the length on the left of the beam, in Figure 62 this is 215, et cetera.  

  

Figure 62  Top beam excel lengths 
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The calculation support for the moment diagram, in which equation [59] is used, is shown in 

Figure 63. One row is used for each cell, which means that a lengths of 1500 [mm] uses 1500 cells.  

 

Figure 63  Calculation support 


