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Abstract 

With an increasing globalization, companies are forced to develop new products. 

That is why product development process is successfully used in companies all over 

the world. The main reason is to stay ahead of the competitors and continually 

improve the products to more competitive prices.  

The number of wheelchair users is continually increasing all over the world and the 

same increase occurs in Sweden. For this reason the Swedish social board stated The 

Swedish disability policy, which aim is to minimalize differences between people 

with disabilities and people without. One part, which is emphasized, is transportation. 

To reach independence, the possibility to drive a car and bring the wheelchair 

without assistance is of vital importance.  

This thesis consists of two main parts – theory and its application. The first part is 

mainly theory regarding a systematic engineering process as well as a part based on 

empirical research. It contains information related to the topic of the thesis, which are 

gathered through observation and interviews rather than acknowledged facts. The 

second one is the implementation of the theory during development of a wheelchair 

loading device, which are based on customer requirements. 
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1. Introduction 

Product development processes are widely used in large companies all over 

the world, it is a systematic mean to stay ahead of competitors and keep 

improving the products [1]. Investments to improve product development 

processes costs are high, for instance in 2003, Ford invested close to $100 

million to improve product development and procurement costs [2]. 

Even though such an investment would be significantly less for a small 

enterprise, it requires large amounts of time and money committed, usually 

too much for a small company. This causes smaller companies, usually less 

structured way of developing new products. 

The number of individuals who is dependent on a wheelchair is steadily 

increasing all over the world. The same statistic occurs in Sweden. To this 

date there are 130000 people using a wheelchair in Sweden [3], some 

completely unable to walk, while others are able to walk short distances. The 

inevitable consequence of this is that individuals with disabilities need to 

function in today’s society as independently as possible. To reach this 

independence, the possibility to drive a car and bring the wheelchair without 

assistance is of vital importance.  

Bilinredarna is a company that adjusts cars for special situations. The 

company has worked with several different customers; however the most 

frequent case is that their customers are bounded by wheelchair and desire to 

drive a car and bring the wheelchair in the car. There are several different 

solutions to this problem and which method that is chosen is dependent on 

the needs of the customer.  

1.1 Background 

Bilinredarna works today with a prototype of a loading device that can be 

mounted in the trunk or the backseat of the car. This device should be able to 

load a manual wheelchair into the car, and the person who is using the 

wheelchair should be able to maneuver the device solely. 

There are other companies manufacturing and installing similar devices. In 

difference to these companies, Bilinredarna puts a larger focus on the price; 

a part of Bilinredarna’s vision is “The customer should be able to buy a 

suitable solution to a reasonable price” [6]. 

Recently, there has been a significant amount of research regarding 

decreased cost for new products. Shinn-Jong L. et al. reports that with the 

increasing globalization today, companies are forced to develop new 

products to more competitive prices [4]. 
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Kampker. A. et al. reports in 2012 that many companies today are faced with 

the problem of simultaneously meeting individual customer’s demands, 

along with global price competition [5]. 

The prototype at Bilinredarna is not an optimized one, the main properties 

that could be improved is: price, simplicity and esthetics. Furthermore, risk 

analysis for the prototype and other possible designs are desirable to ensure 

that the device is not hazardous in any way. 

1.2 Aim and Purpose 

The main aim of this project is to present a product development process, 

well-suited for designing a loading device for manual wheelchairs. The aim 

is divided into research questions: 

 Is a well-structured product development process applicable for a 

small company such as Bilinredarna? 

 How can the development process be implemented, in this study for 
a wheelchair loading device? 

o What improvements can be made without significantly 

affecting the price? 

o Which design attributes are needed to fulfill the safety 

requirements? 

o Which design attributes are important to the customer to be 

able to maneuver the device in a satisfying way? 

The purpose of this study is to propose a more price worthy and competitive 

concept to the wheelchair loading devices on the market today, but still meet 

customers’ expectations. 

1.3 Limitations 

The loading device will be designed for a wheelchair-bounded customer and 

a large car model. However it will have the possibility to be adjusted for 

different cases.  

The development of the device will be based on the company’s prototype. 

Regulations for transportation and adjustments to cars therefore will only be 

considered partly. 

Within this study no prototype will be constructed, therefore manufacturing 

processes will not be established unless it has a high impact on the cost. 
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1.4 Reliability, validity and objectivity 

The study is conducting a process of product development, applying a 

systematic approach. This process is general and can be applied to other 

product development missions. Therefore the reliability is considered high. 

Within this thesis, the possibility of loading manual wheelchairs will be 

studied. The main focus in this project is to present a process of developing 

new products. The validation of the process is in one way based on the 

developed product. However a final product that is not satisfying does not 

automatically mean that the process is bad. A good final developed product 

does, in the same way, not automatically mean that the process was good. 

Due to this, the validation of the process is not guaranteed. 

The safety standards are the main decisive guidelines for the design of the 

loading device, and therefore the study will be objective in this matter. 

Additional guidelines will be the voice of the customer, the functional and 

non-functional requirements. These will be obtained through interviews; this 

will result in somewhat compared objectivity due to that all customers 

having different demands. 
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2. State of the art 

With an increasing globalization, companies are constantly forced to 

develop new products, to more competitive prices [7] are reported in the 

Journal of American Academy of Business, 2005. It caused increasing 

popularity of the field of ‘Design Theory and Methodology’, which focuses 

more on design process than products [8]. As a result a lot of new different 

theories were created.  

The most often used and taught theories are: Pahl and Beitz, Pugh method, 

Ullman, Ullrich and Eppinger. 

The approach of the process created by Pahl and Beitz is the most known 

and used in industry and education [9]. It is divided into four main stages: 

planning and clarification, conceptual design, embodiment design, detail 

design [8].  

In first one planning makes reference to project planning and clarification 

focuses on gathering information about product, such as requirements list, 

product situation and future developments [9]. Conceptual design concerns 

the principle solution, recognizes problems, establishes function structures, 

identify the suitable working principles and finally, combining them in 

working structure. Embodiment design starts with the principle solution, 

determines so called spatial constraints and constructs the structure (overall 

layout). The definite layout eliminates weak spots and disturbing factors. It 

provides information about strength, compatibility and financial viability. 

Detail design results in specification of production [8]. 

Total design of Pugh also called Pugh analysis or decision matrix method is 

simple and easy to use compared to other methodologies. This method is 

used in many companies because of the general applicability in product 

development process [8]. 

It can be used in three different ways. It is used to choose between 

alternatives and evaluate them against baseline. It can be also used in a case 

of only one solution. Then the Pugh method is used to choose the optimal 

alternative of this solution. The third way of using the matrix method is to 

find the best aspects of the different concepts. It allows create a hybrid, 

which consists of the best solutions.  Designers decide on the comparison 

criteria. All alternatives are assessed against these criteria. The baseline’s 

scores are always 0 and alternatives’ score are evaluated depending they are 

much worse, worse, better or much better than the same aspect in baseline 

[8, 10]. 



 

5 

Niklas Svensson, Anna Kowalska 

The main difference between Ullman’s approach and other solutions is in 

practical application.  

Ullman starts with planning stage, which is an important background of 

product development. In this part the main focus regard organization and 

coordination of work. The next, important part is to understand the problem, 

define customer requirements and transfer them into engineering 

requirements. In this stage competition benchmarking should be done, which 

investigates market opportunities. Concept generation and concept 

evaluation are stages, where many product development tools can be 

applied. In concept generation – functional decomposition and generating 

concepts from functions are used to meet the functional requirements. 

Concept evaluation can be based on the decision-matrix method (Pugh’s 

method) [11].  

In Ullrich and Eppinger’s approach the development process consists of 6 

phases: planning, concept development, system-level design, detailed 

design, testing and refinement, and production ramp-up.  

Planning is a zero phase, as it premises the actual work. The expecting 

output is mission statement. In concept development phase, concepts have to 

be created and evaluated; one of them should be chosen to further work. It is 

the place for competition benchmarking as well. Next phases are system-

level design and detailed design. System-level design focuses on subsystems 

and components and first design of most important components. While the 

detailed design concentrates on completed geometry and dimensions of 

components. The aim of this phase is to obtain all the documentation of the 

product. Last phases are testing, refinement and production ramp-up. The 

testing and refinement phase uses two kinds of prototypes – alpha and beta. 

Alpha is used to assess whether the product is going to work in satisfying 

way for the customers. Beta is not assembled with the final assembly 

process; beta prototype is used to assess the reliability of the existing 

product. Production ramp-up is the last stage and the product is produced in 

intended for it way [12]. The aim of this stage is to check a production 

process and assess commercial and technical perspectives of a product. 
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3. Theory 

The theory in this study will consist of two parts, firstly the product 

development part which contains theory regarding the systematic 

engineering process. The other part is complementary theory that regards 

theory connected to the wheelchair loading device.  

3.1 Product development process 

In general, the product development process consists of many steps, starting 

with defining a problem and interviewing customers. In the case of this 

study, most of the pre-work is already made by the company, therefore more 

focus are directed toward conceptual design. 

 

3.1.1 Define the problem 

Within this study a “bottom-up” approach is at hand, meaning the basis of 

the work is a solution. An original product is at hand, which is functional, 

but it is considered not to be the best solution. To define the problem, the 

original product shall be studied along with features it contains. 

Consequently, the expectations of the new product can be clarified [13]. 

 
3.1.1.1 Identify stakeholders 

One important aspect while identifying the problem is to identify the 

involved entities in the system. There are many different techniques to do 

this; within this thesis a context diagram will be used. The context diagram 

simply places the stakeholders in different boxes in space with lines 

connecting them to create a network system (see figure 3.1). 

 

Figure 3.1: Context diagram [14] 

As seen in figure 3.1 the different external entities are connected to the 

process or product in the middle. The connection does not have to be in both 
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directions, and there can also be connections between different external 

entities that are relevant to show in the context diagram [14]. 

To clarify further a description of the relationship can be written next to the 

connecting arrows. This can be helpful to understand what the 

product/process should do, e.g. the process entertain external entity, 

“entertain“ is written next to the arrow that connect process and external 

entity [13]. 

 

3.1.2 Comments from involved entities 

It is important to gather information from both users and individuals that 

work within the field every day, at an early stage. Comments from involved 

entities help the designer to quickly get a view of the field and what is 

important for the different entities. These comments can decide where the 

designers shall put their efforts [13]. Comments are gathered through the 

entire design process at start, at end-part of validation and also during any 

suitable times. 

 

3.1.3 Functional requirements 

The comments obtained from users, experts etc. are valuable but they need 

to be processed to become useful guidelines for designing. The comments 

are studied and summarized into design statements. The functional 

requirements can be derived from these statements. One functional 

requirement can satisfy several design statements.  

Use cases can be used as a part of deriving the functional requirements, for 

better structure. A use case describes how the product is supposed to act in a 

certain situation. The use cases can be ordered in as chronological steps that 

the system behaves to fulfill its purpose [13]. 

 
3.1.3.1 Functional decomposition 

The aim of the functional decomposition is to clarify the problem.  

The defined customer needs and the preliminary product specifications are 

the input for this analysis. The first step is to do problem decomposition, 

where the problem is divided into sub-problems. The problem is easier 

handled as several smaller problems compared to one large problem.  

The problem decomposition is made through the single black box diagram, 

which represents the general problem (see Figure 3.2).  
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Figure 3.2: Black box model [15] 

 

In the base of the black box model the functional decomposition is created. 

It is done by division of the problem (see figure 3.2) into sub-functions. The 

result can be seen in the glass box model, figure 3.3.  

 

 

Figure 3.3: Glass box model [15] 

 

In the case of this work the functional decomposition is created to better 

understand the problem. The functional requirements should satisfy the 

functional decomposition.  

 
3.1.3.2 Customer objectives 

K.T. Ulrich and S.D. Eppinger present a five-step method to identify 

customers’ needs [12]. They start by collecting the raw data from the 

customers and explain it in the terms of customer needs. The data gathering 

can be done in three different ways: interviews, focus group or observing the 

product in use. The most important rules for translation of customers’ 

answers are to express the need in the terms of what the product is expected 

to do. It is also important to explain the need as specifically as the raw data. 

In case of the detailed needs it is difficult to work with them; next step is to 

group these needs into a hierarchy of primary and secondary needs. 

Furthermore relative importance of the needs has to be established. The last 

step is to reflect on the results [12].  
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3.1.3.3 House of Quality 

The House of Quality (HOQ) is a part of the Quality Function Deployment 

(QFD) and it helps the designers to translate the customer objectives into 

technical terms (Engineering characteristics). In the HOQ the customer 

objectives is cross-referenced with the engineering characteristics and given 

values (in field 4 in figure 3.4) depending on the strength of the relations 

[13]. 

 

Figure 3.4: House of Quality [16] 

Customer needs are in this thesis, considered the same as the customer 

requirements. To establish the customer requirements it is necessary to know 

who the customers are. Usually this is more than one group of people. The 

customers can also include sale staff, manufacturing and service personnel 

and the designer’s management. Besides these, standards organizations 

should be considered as customers, as they have many requirements for the 

product [11]. The list of customer requirements should include information 

what is needed. How to obtain the customer requirements was discussed in 

chapter 3.1.3.2 Customer objectives. 

Importance rating of each of the requirement has to be evaluated. It is done 

by generating a weighting factor. The factor gives an idea how much has to 

be done to achieve each requirement [11]. There is a lot of different ways to 
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do the rating, but the easiest one is to interview customers and base the 

rating on their answers. 

Competitive Analysis can be called competition benchmarking. The 

competitive products are compared with the customer requirements. It gives 

an idea about already existing products on the market and what opportunities 

of improvement that is possible. The competitive analysis is an extra add-in 

to the HOQ, it is not necessary.  

Technical requirements (also referred to as engineering or quality 

characteristics), the goal here is to establish the engineering specifications. 

They are used to measure the customer requirements. It is important to find 

as many as possible ways to measure each customers’ requirement. In case 

when there are no measureable engineering parameters, the problem is not 

understood.  

Correlation matrix shows internal relations between engineering 

characteristics, it is established whether they affect each other in negative, 

positive way or no correlation at all. 

Relationship matrix shows how the engineering parameters relate to the 

customer requirements. For better understanding different values of the 

relations (strong, weak and moderate) can be used. 

The main results obtained through the HOQ are the targets (field 6 and 7 in 

figure 3.4) which describes the importance of each engineering 

characteristics. Target values have to be decided for each technical 

requirement. They are important as they are used to evaluate the customer 

satisfaction. 

 

3.1.4 Explore design space 

Exploring the design space focuses mainly on creativity and engaging 

everyone in a team. Before brainstorm and research the problem has to be 

clarified. During brainstorming everyone in the team should be equally 

involved. The more ideas there are, the better it is. The aim of this is to find 

creative solutions, which are discussed further to choose the realistic 

solution. Research done on the competitors’ market and conversations with 

experienced customers are good source of inspiration as well [13].  

It is advised to work with different concepts chosen with the morphological 

box or in case when the time is limited with the most suitable one. Good 

idea is to work on integrated design concepts, which consist of parts from 

different approaches [13]. 
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3.1.4.1 Morphological box 

The Morphological box is used as a creativity method in design process. The 

first step of this analysis is to create a list of sub-functions. Next, all the 

design solutions (concept fragments) have to be established to fulfill these 

sub-functions. It is advised to have more than only one solution for one sub- 

function. When the morphological box is filled up, the next step is to choose 

concept variants. The more of them, the better is it. This tool allows 

analyzing a problem from different approaches. It can be used to choose the 

best solution or to reject the bad solution [12]. 

Table 3.1: Morphological box example 

 
Sub-functions 

1 2 3 4 

Concept 1     

Concept 2     

Concept 3     

     

In the columns under the sub-functions (1-4) there are several concept 

fragments to choose from. Concept 1 can be established by following the red 

line; sub-function 1 is satisfied by concept fragment 3, sub-function 2 is 

satisfied by concept fragment 4 and so on. 

 
3.1.4.2 Analysis Synthesis Alternation 

Liu A et al. reports about a new method for generating concepts, Analysis 

Synthesis Alternation (ASA). ASA is a way to transform the functional 

requirements to design properties.  

ASA is based on design-propositions from the designer that satisfy certain 

functional requirements, then an iteration process starts, the “first 

proposition” is refined. ASA is an effective way to help the designer to 

generate new concepts in a systematical manner. Within their work a test 

was made, to compare the ASA-method to classic brainstorming, showing 

that ASA performs better in novelty and functionality [17].  

Completed ASA concept generation consists of four steps [17]. 

The first step is to divide main functional requirement into sub-functional 

requirements. Usually, the functional requirement is general, but for the 

analysis it is necessary to use more specified functional requirements (FRs) 

for more details.   

The second step is to connect the sub-FRs to sub-design parameters (DPs). 

Here all the concepts are created, so the vital role is creativity. It is advised 

to use creative thinking techniques to find more solutions. In case of 

commitment, different team members are able to obtain many good and 
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surprising solutions as everyone has different approaches. All the ideas have 

to be organized in order to make it easier to follow. 

The next step is multiple analytic propositions. It is done in reverse direction 

– from sub-DRs to a main DP. The design team has to establish how many 

combinations of sub-DPs can create main DP. 

The last step is a validation of relationship between DP and FR. It is made in 

reverse direction. The aim of this step is to justify the obtained DP. 

 

3.1.5 Choosing concept 

To choose the final solution the method Pugh concept selection (Pugh 

analysis) is used. The Pugh analysis is usually carried out through two 

matrices to obtain clear structure in the process; the concept screening 

matrix and the concept scoring matrix [18]. In case of limited time, these 

two matrices can be merged, basically meaning that only concept scaring 

matrix is used. 

3.1.5.1 Concept screening 

The first matrix is the concept-screening matrix, where the concepts 

obtained from the morphological box are listed in the top row of the matrix. 

Selection criteria are listed in the leftmost column based on the customer, 

user and enterprise needs. These criteria’s are, in this matrix, without 

weights, therefore it is important to use equally important criteria.   

One concept is chosen as reference concept, in case of a development 

process, where an original product already exists, it is suggested to be used 

as reference. The other concepts are compared to the reference concept in 

aspect of the listed criteria. It is the easiest way to find out which concepts to 

continue with, due to the possibility to compare one by one to the reference 

concept. This is more reliable than grading solutions in an absolute scale 

[13, 18]. 

The grading system is suggested to be simple within this matrix, for instance 

a simple +, 0, – -system can be used. In other words each concept is either 

better than (+), equally good (0) or worse than (-) the reference concept in 

aspect of each criteria. The scores are then summarized, reference concept 

score is zero. The concepts obtaining a score of zero or higher can be chosen 

to continue work with. Other alternatives are to readjust a concept or 

combine two concepts into one [18]. 
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3.1.5.1 Concept scoring 

At this point some concepts are pruned, to find out which of the remaining 

concepts to work with, criteria weight is added. The weight of the attributes 

should be determined by the design team or by the company, or together. 

The weights are based upon customer and user needs but also on the needs 

of the enterprise [18]. 

The concept-scoring matrix is the second matrix within the Pugh analysis 

which is similar to the concept-screening matrix. The differences are that 

weights have been added to the selection criteria, contains fewer concepts 

and a wider scoring range is used [18]. 

The scoring in the concept-scoring matrix is suggested to have at least five 

levels (compared to three in the concept-screening matrix). For instance; 

Much worse (--), worse (-), equal (0), better (+) or much better (++). The 

scoring will be made in the same way, by comparing each concept to a 

reference concept [13]. 

The scores are calculated with respect to weights of criteria and a weighted 

score is obtained. The concept with the highest weighted score will be the 

concept to continue working with [18]. 

 

3.1.6 Competitive benchmarking 

Benchmarking is a systematic method used to measure and compare 

companies’ performances against each other in different categories [19]. It is 

very useful as it shortens the product development cycle, reducing costs and 

improving design quality. Usually the benchmarking process consists of four 

phases: planning, analysis, integration and action.  

In first phase identifying what is to be benchmarked is necessary as well as 

identifying competitors. Before the stage called analysis customer needs can 

be defined and divided into primary, secondary and tertiary levels. In the 

second stage comparison process is conducted. Performances of the best 

solutions available on the market are measured. Categories in which they are 

compared should be based on customer needs. Integration phase is a time for 

rethinking and redesigning the concept of the company that does the 

benchmarking research process [20]. The decomposition of the products 

allows for better understanding the customers’ needs. After the three first 

steps a new, better model can be created as it is the fourth stage of the 

competitive benchmarking process, called action. 

In this work the competitive benchmarking process is used to compare 

solutions of other companies, find their advantages and disadvantages. 
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Special attention is placed on the price of the products as no cost analysis of 

the chosen concept is included within this thesis.  

 

3.1.7 Optimization of final concept 

When the most suitable concept is determined it might need optimization. 

Until now, each concept has been given limited amount of time, which is 

motivated while working with several concepts simultaneously. However 

now only one concept is remaining and all efforts can be to improve it [13]. 

To ensure that all involved entities perceive the concept equal, a thorough 

explanation of the concept including all features is helpful to start the 

optimization process.  

 
3.1.7.1 Optimization parameters 

To improve the chosen concept, it can be divided into a suitable number of 

parts, and each part can be studied separately. Each part are signed certain 

parameters which are adjustable (lengths, angles, geometry, etc.). To find 

out which parameter values resulting in the best design, all involved entities 

must be considered [13]. 

 
3.1.7.2 Vee-model 

To validate the design in structured manner the Vee-model or Vee-diagram, 

can be implemented, see figure 3.5. 

 
Figure 3.5: Vee-diagram [10] 
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The Vee-diagram show certain steps in the design process, and it follows a 

timeline from left to right in the shape of  a V. Arrows linking back from the 

right side to the left side of the V represent the consequences if the 

verification or validation fails. A failed verification, meaning a failure at the 

“Test” stage, suggests going back in the process to the “Engineering Design” 

stage [13]. 

A failure in the stage “Post-Engineering Test”, meaning a failed validation, 

implies that the process starts over from the “Pre-Engineering Design”-

stage. 

There are many different embodiments of the Vee-model with much more 

information and steps, this is the basic model. The Vee-model can be 

implemented in many fields of research, not only product development [13]. 

Within this study no prototype will be constructed, instead, models will be 

created in 3d-modelling software (Solidworks 2014/15 and Inventor 

Mechanical). The model is presented to the company and/or users and 

feedback is received and design changes can be made to satisfy all entities. 

The optimization parameters are used as base for the feedback. 

 

3.1.8 Validation and verification 

To ensure that the right product is built the design needs to be validated; this 

is partly made throughout the entire design process. However a structured 

validation of the final product is preferable. First a final validation by 

interviewing the company about the final design is recommended. 

Furthermore a risk analysis is carried out to ensure that a safe product is 

developed. 

 
3.1.8.1 Failure mode, effects and critical analysis (FMECA) 

A FMECA (earlier FMEA) analyzes the different failure modes that can 

occur when the product is used, in proper way, but also in an unpredicted 

way. 

The FMEA consider the likelihood of failure occurrence, the likelihood of 

the failure being detected before damage of any kind occurs, and the severity 

of the effects following the failure [13]. 

The critical analysis follows a four-step method. The first step is to identify 

the function affected. All the functions of each element should be listed as 

well as the results in case of failure of these functions. The next step is to 

recognize the effect of failure on other parts of the system as most of the 

functions are not independent. It means making connections between 

failures from the first stage with other possible failures. The third stage is an 
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identification of the failures which affects the functions. They are divided 

into three groups: design and manufacturing errors and operational changes. 

The last step is to identify the corrective action. The aim of this step is to 

find a possible solution which can prevent the unwanted failures [11]. 

 

3.2 Complementary theory 

This chapter treats the additional theory that is required to carry out the 

development of a wheelchair robot. The main part of this theory regards 

knowledge connected to the field of wheelchair transportation. 

 

3.2.1 Wheelchair usage 

The Swedish social board stated in 2009 that “The cornerstone of Swedish 

disability policy is the principle that everyone is equal value and has equal 

rights” [22]. In 2011 the Swedish Government activated a new plan, which 

aim is to decrease differences between people with disabilities and people 

without. One of the parts, which are emphasized, is transportation.  

The country’s municipalities have been instructed what changes should be 

initiated, for instances: make stops and means of transport more reachable 

for wheelchair users as well as schools, universities, works places and all 

cultural centers. 

 
3.2.1.1 Transportation hazards 

Almost 30 % (28.7 %) of wheelchair users have suffered from accidents in 

the last three years using vehicle transportation [23, 24].  More than 60 % of 

them required medical attention. Almost 90 % of the wheelchairs were 

properly secured, but only 40 % of the users used belt or restraint system 

correctly [25, 26].  

Statistics also show that “small things unsecured in your car can turn into 

life threatening projectiles” [27]. Typical deceleration in a severe crash 

makes the potential impact of an object 20 times its weight. That is why it is 

advised to keep most of the objects in trunk or behind fitted cargo barrier. 

A vehicle seatbelt is the primacy of the occupant security. Their efficiency is 

about 40% - 50% in decreasing crash accidents. However the seats are really 

important as well. Unfortunately most of the wheelchairs’ users are not able 

to use the manufactured protection due to their level of the disability.  
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3.2.2 Standards 

There are several standards regarding wheelchair transportation, here the 

standards that can affect the design process are treated. Increasing awareness 

of the health and risks during transport caused creation of safety standards.  

 
3.2.2.1 Standard WC19 

Standard WC19 is providing most of the guidelines needed for designing an 

approved wheelchair robot ”WC19, is a voluntary industry standard that 

establishes minimum requirements for wheelchairs used as a seats in motor 

vehicles” [28]. Two organizations RESNA (Rehabilitation Engineering and 

Assistive Technology Society of North America) and ISO (International 

Organization of Standardization) created together specific standards for 

Wheelchair Manufacturers in US and the rest of North America. Similar 

standards are in practice in Sweden. 

WC19 is based on federal motor vehicles safety (test equipment in way of 

adjustment in all vehicles, conduct dynamic testing) as well as basic rules of 

occupant protection (provide attachment of the seat independently, which is 

done by four – point, strap – type tie-downs, frontal crash protection should 

constitute primacy, using upper and lower belt restraints). 

WC19 established some additional rules [29]: 

 maximum weight of the wheelchair is 181 kg  

 the angle of the back is 30° or less to vertical  

 avoid edges less than 2 mm or use energy – absorbing cover 

 a pelvic belt and a shoulder belt can be connected, but pelvic belt is 
attached to a wheelchair and shoulder belt is attached to vehicle 

 it is necessary to have the possibility of belt adjustment 

 
3.2.2.2 Additional standards 

Above information are mostly related to the usage of wheelchairs instead of 

seats. However most of the requirements have to be fulfilled during 

redesigning cars for disabled people to provide them the same level of 

safety. ECE standards are standards established by World Forum for 

Harmonization of Vehicle Regulations. It works on regulations regarding 

vehicle safety, energy efficiency, environmental protection and theft-

resistance. ISO – the International Organization for Standardization is an 

independent, nongovernmental membership organization and the world’s 
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largest developer of voluntary International Standards. There is a list of 

punched standards which have to be considered during the design process. 

 

1. ECE R13, Uniform provisions concerning the approval of vehicles of 

categories M, N and O with regard to braking. 

2. ECE R14, Uniform provisions concerning the approval of vehicles with 

regard to safety-belt anchorages, ISOFIX anchorages systems and 

ISOFIX top tether anchorages. 

3. ECE R16, Uniform provisions concerning the approval of: (I) safety-

belts, restraint systems, child restraint systems and ISOFIX child 

restraint systems, (II) vehicles equipped with safety-belts, safety-belt 

reminder, restraint systems, child restraint systems and ISOFIX child 

restraint systems. 

4. ECE R17, Uniform provisions concerning the approval of vehicles with 

regard to the seats, their anchorages and any head restraints. 

5. ECE R79, Uniform provisions concerning the approval of vehicles with 

regard to steering. 

6. ISO 10542-1, Technical systems and aids for disabled or handicapped 

persons – Wheelchair tie-down and occupant restraint systems – Part 1: 

Requirements and test methods for all systems. 

7. ISO 7176-19, Wheelchairs – Part 19: Wheeled mobility devices for use 

as seats in motor vehicles. 

8. ISO 7176-21, Wheelchairs – Part 21: Requirements and test method for 

electromagnetic compatibility of electrically powered wheelchairs and 

scooters, and battery charges. 
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4. Empirical findings 

This part of the thesis is based on empirical research. It contains information 

related to the topic of the thesis, which are gathered through observations, 

company experience, homepages, rather than acknowledged research.   

4.1 Data gathering 

Within this study the customers are in focus and their opinions and 

comments need to be considered. To gather their comments mainly 

interviews will be performed with voluntary present customers to the 

company. Additional interviews will be carried out with the other involved 

stakeholders and with the CEO and employees at Bilinredarna. The 

interviews with CEO and employees will be thoroughly executed, due to 

their wide expertise within the area, while a customer is generally only 

expert in their own specific case. 

Interviews with customers are made in a complementary fashion. Their 

comments are mostly evaluated to weight the results from interviews with 

CEO and employees. In other words, the attributes that are important to the 

customer are vital for the design. 

A simple questionnaire is made as preparation for the interviews, but also to 

be handed to persons that are not able to participate in an interview. The 

questionnaire will be mainly used for customers. The questionnaire can be 

viewed in Appendix 1. 

4.2 Prototype description 

The wheelchair robot prototype made by Bilinredarna is under development, 

and depending on special needs and the car it is to be installed in, it varies in 

appearance. However here follows a rough description of how it works in 

general. 

The main objective for the robot is to load the wheelchair into the car, 

imagine the darker part of the device (see figure 4.1) being fastened in a car, 

replacing two of the three backseats or in the trunk. 
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Figure 4.1: Prototype, unloaded state 

This is the state the device is within when the user usually moves from the 

wheelchair to the driving seat, which is done in different ways, depending on 

the user’s handicap. The most common situation is that the driving seat is, 

by electric motors, turned and moved outside the car to ease the transfer of 

the user from the wheelchair to the driving seat. 

The next step for the user is to manually push the wheelchair on to the 

loading device, fastening a rib on the back of the back support of the 

wheelchair to the click-lock on the device. The wheelchair is now also 

resting on the four ribs pointing towards the wheelchair in figure 4.1. The 

wheelchair is now attached to the device, illustrated in figure 4.2. 

 

Figure 4.2: Wheelchair attached to prototype device 

All the manual work is now done for the user. The user now grabs the 

remote control, which has two different controls, forward and backwards. 
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The prototype device is driven by three electric motors, the first motor (or 

last) moves the lowermost plate, with the wheelchair attached, upwards. 

When the plate reaches its top position, see figure 4.3, a micro-switch is hit 

by the plate. 

 

Figure 4.3: Prototype loading procedure, first step 

When the first micro-switch is hit the first motor stops moving and the 

second motor start, which, through hinges, rotates the plates and the 

wheelchair, to the position seen in figure 4.4. 

 

Figure 4.4: Prototype loading procedure, second step 

After full translation and rotating approximately 90° another micro-switch is 

pressed upon, leading to the second motor cease rotation, and the third motor 

starts. 
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The work of the third motor is simply to move the three plates, with the 

wheelchair attached into the car, so the door can be closed. When the device 

is in its fully loaded state, see figure 4.5, it is automatically locked in 

position to provide sufficient safety. At the end a third micro-switch is 

triggered which stops the motor. 

 

Figure 4.5: Prototype, loaded state 

To unload the device, the user simply presses the other button on the remote 

control, and all the steps explained previous is executed in reversed order. 

Note that there are different micro-switches that are triggered when 

reversing. This means that there are three micro-switches triggered for 

loading and another three while unloading, a total six micro-switches is 

needed. 

 

4.3 Market research of loading devices 

A wide range of loading devices allows meeting every customer 

expectations. In case of wheelchair users the most important thing is to fit 

characteristics of the device to the motor abilities, strength and dexterity of 

users to provide them possibility of transportation independently. 

Most companies can offer unit production or redesigning ready products to 

satisfy the customers. Short research of products available on the market is 

presented here. Devices intended for loading wheelchairs can be divided into 

four main categories: lifts, hoists, ramps and toopers. 
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4.3.1 Platform wheelchair lifts for not foldable wheelchairs 

These lifts can be distinguished lifts installed for rear (Figure 4.6.a) or side 

access (Figure 4.6.b), occupied and unoccupied wheelchairs, installed inside 

a car (Figure 4.6.c) or used as an external lift (Figure 4.6.d). They ensure 

proper visibility for drivers and some of them do not take space inside.  

The most important feature is to provide the transport safety and to be 

convenient for the occupant. They are usually powered by electric motors 

and controlled by pushbuttons, usually remote controls are used.  

Some of these models are equipped with safety features (roll-off safety flaps, 

hazard warning lights). They are easier in usage than hoist (explained in 

4.3.3 hoists), because there is no need to dismantle a wheelchair as they are 

designed for bigger cars and a user does not have to have the same strength 

or dexterity. 

  

a) b) 

 
 

c) d) 

Figure 4.6: Different platform wheelchair for not foldable wheelchairs, a) lifts for rear side [33], b) 

for side access [34], c) inside car [35], d) used as external lift [36]. 
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4.3.2 Lifts for foldable wheelchairs 

Lifts designed for foldable wheelchairs are usually used in smaller cars as 

they can be installed between the seats. There is a possibility of installation 

in the rear side of car as well. They are powered by electric motors and 

steered from the driver’s seat.  Models which use a cable-pull mechanism 

(Figure 4.7.a) and rail between seats by an arm jib (Figure 4.7.b) can be 

distinguished.  

  

a) b) 

Figure 4.7: Examples of lifts for foldable wheelchair, a) with cable – pull mechanism [37], b) with rail 

between seats [38]. 

 

4.3.3 Hoists 

Nowadays on the market, there are two different types of hoists for 

wheelchair loading: “two-way” (Figure 4.8.a), which lift up/down and “four-

way” (Figure 4.8.b and Figure 4.8.c), which moves up and down and outside 

and inside of the trunk, usually powered from vehicles battery and steered 

by pushbuttons.  

Suppliers provide a lot of different hooks – open or closed, which attached a 

hoist to a wheelchair. It have to be customized to the user taking into 

consideration his/hers grip and dexterity.  

Other difficulties in using it may occur, because operator need both hands 

during disassembling a wheelchair (Figure 4.8.b) or securing it before 

loading as well as after placing in a car and has to be able to stand without a 

support. 
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a) b) 

 

c) 

Figure 4.8: Different hoists a) two – way hoist [39], b) and c) four – way hoists [40], [41]. 

4.3.4 Ramps 

Ramps are the simplest device for transporting a wheelchair; on the other 

hand they require the highest level of movement ability to compare with 

solutions presented earlier. The main advantage is the price, because it is 

relatively cheap. They are usually quite long due to the gentle uplift. There 

is a wide range of different models: portable (Figure 4.9.a) and permanent, 

telescopic (Figure 4.9.b), with possibility of folding.  

A ramp model should fit to a wheelchair or scooter’s needs, for instance for 

wheelchairs the channel ramps are used, for a three-wheeled scooters wide 

ramp is more suitable. Before purchasing it is necessary to check if the sides 

of the ramp are big enough to prevent a wheelchair or scooter of falling 

down. 
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a) 

 

b) 

Figure 4.9: Examples of ramps: a) portable [42], b) telescopic [43]. 

4.3.5 Wheelchair tooper  

The tooper is the device intended for transportation of foldable manual 

wheelchairs in storage placed on the roof of the car (see Figure 4.10). If the 

user is able to stand/walk for a short while the tooper can be a good solution. 

Consequently it provides free space for passengers inside the car, when no 

installment in backseat or trunk is required. The loading device can fold, lift 

and store the wheelchair within 30 sec without any damage to the 

wheelchair. The tooper is weather-resistant to protect the wheelchair during 

transport. There is a possibility of installing the loading arm in driver- or 

passenger-side.  

 

 
 

Figure 4.10: Wheelchair tooper [44] 
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4.4 Sub-systems 

A wheelchair robot consist of parts which are outside the scope of the 

design, these sub-systems will be chosen and ordered as they already exist of 

sufficient functionality. However installation of these parts is still needed. 

 

4.4.1 Locks 

To fulfill safety requirements and provide the safety during loading and 

unloading a locking system is needed. It is known that the loose objects in 

cars in case of a car accident may cause serious injuries or death. On the 

market there are several different options. 

 
4.4.1.1 Rubber locks 

Rubber lock is a cheap solution and it is simple to use, the wheelchair is 

locked in position by simply pushing the wheelchair into the grip of the lock. 

The wheelchair can be released by pulling it out of the grip with some force.  

The main disadvantage with the rubber lock is the stability and reliability. It 

can be dangerous to use it without any other lock due to the possibility of 

self-releasing during driving [6]. The rubber lock can be seen in figure 4.11. 

 

Figure 4.11: Rubber lock 

4.4.1.2 Manual restraint systems 

Another solution is manual restraint system, which is the most common. 

That is a four-point system with four belts, which attach a wheelchair to the 

car floor (Figure 4.12). To lock it properly an accompanying person is 

needed as it is not really possible that the wheelchair user can do it 

independently. 
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Figure 4.12: Manual restraint system [30] 

 
4.4.1.3 Docking systems 

The docking system, also called the electric restraint system, is a fastening 

device, mounted on the floor of the vehicle. It is connected with the bottom 

part of the wheelchair (see Figure 4.13). When it is locked the user can hear 

a click to make sure that the wheelchair is placed and secured properly. New 

models can contain lights or buzzers to inform if the wheelchair is not 

locked. These systems are commonly used in public transportation [6]. 

 

Figure 4.13: Docking system [31] 

 

4.4.2 Fail-safe 

The most common problem for wheelchair loading systems today is when 

one of the motors moving the wheelchair suffers a short circuit. In the case, 

when there is no manual way to fold the loading device the users risks being 

stranded somewhere after such a breakdown. Without help from mechanics 

they cannot move to another place.  

The device is intended for disabled people to provide them possibility of 

transportation independently. It is significantly helpful to make it possible to 

fold the device by hand when an unexpected breakdown occurs. A fail-safe 

is a solution e.g. a sprint that can be removed to loosen the device and 

unlocking a manual way to operate the service [6]. 
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4.4.3 Electric motors 

In the prototype, three standardized electric motors are used. They are 

connected to the battery of the car. Preferably this kind of basic motor is 

kept, however one alternative would be to use a step motor. The rotor of a 

step motor can occupy several stable modes, meaning it can be programmed 

through a microprocessor. 

Depending on the designs, a motor that provide higher torque can be needed. 

The disadvantages are that a stronger motor takes more space, weigh more 

and cost more [6, 47]. 
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5. Application 

In this study a qualitative method will be used, due to the wide range of 

different situations that the product are meant to be used in. It is not possible 

to predict the customer requirements that will appear in future projects. The 

design of the product will be based on the present and the past customer 

requirements. Simplifications by using numerical values will be implied; 

however it is not a mathematical study [45, 46]. 

 

5.1 Design parameters 

To establish the wanted design parameters, users and the company represent 

the base; their needs are the base of the design. Through several steps their 

needs are transformed into functional requirements, which are preferred to 

continue the development process with. 

 

5.1.1 Context diagram 

At first the stakeholders connected to the product are established through a 

context diagram seen in figure 5.1. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: Context diagram for wheelchair loading device 

The relations can be seen clearly in figure 5.1. However, note that some 

stakeholders have more than one relation in the same direction, e.g. 
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“Bilinredarna adjust wheelchair loading device” but also “Bilinredarna 

install wheelchair loading device”. 

 

5.1.2 Required steps of robot 

The prototype show clearly which steps that are required for a wheelchair 

robot, these are the use cases. However certain alternative products can work 

without following the same steps. The primary use cases for the prototype 

are presented in table 5.1. 

Table 5.1: Primary use cases for the robot 

Use case User maneuvers device to… 

1 Move outside of car 

2 Rotate attachment to correct angle (if not correct from beginning) 

3 Move attachment downwards to correct height 

4 User attach wheelchair 

5 Move wheelchair inside of car (step 1-3 reversed) 

6 Move wheelchair robot inside of car 

Note that in table 5.1, use case 4 is shaded, this indicates a manual action, 

differencing from the other use cases that are remotely controlled. 

 

5.1.3 Questionnaire results 

The crucial part in product development process is to conduct research to 

find out the customers’ needs. Within this study a questionnaire is used. The 

questionnaire for the prototype of the loading device can be seen in 

Appendix 1. It contains 17 questions related to the prototype and other 

devices available on the market.  

The results will eventually be used as input in both, Pugh decision matrices 

and House of Quality. However the results need to be processed first. In case 

of the decision matrix, customers’ and employees’ answers will be used. In 

the base of them the most important features of the loading device were 

chosen. All the results will be used in House of Quality as well. In case of 

this tool, the characteristics were divided into two groups – customer 

requirements and quality characteristics, also called engineering 

characteristics, which consist of answers from Bilinredarna’s employees. 
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5.1.4 Customer requirements  

The customer requirements are derived from the interviews, and this is the 

input in this matrix.  

The customer requirements are of different importance, therefore weights 

are used. The customer requirements and the assigned weights are listed in 

table 5.2.  

The weights are also derived partly from the interviews, but also through 

reasoning by the designers. 

Table 5.2: Weighted customer requirements 

# Weight Customer requirement 

1 5.0 safety 

2 4.0 unlikely to fail 

3 3.0 easy to use 

4 5.0 
possibility of using without 

assistance 

5 4.0 fail-safe option 

6 1.0 easy controlling system 

7 2.0 light weight 

8 2.0 operating speed 

9 3.0 price 

10 4.0 
suitability, 

universal 
  

11 3.0 convenient locking 

Weight 5. The customer requirements which are most important 

(importance 5 out of 5) for the customers are safety and possibility of using 

without assistance (see table 5.2). The device is, after all, intended to 

provide disabled people the possibility of moving independently, while of 

course providing sufficient safety. 

Weight 4. Following, the requirements; unlikely to fail, fail-safe option, 

suitability and universal got value 4 in importance.  

The problems with the loading device being stuck in an unwanted position, 

resulting in the user not being able to drive the car is critical. A fail-safe 

option provides the possibility to fold the device inside the car in a manual 
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way, in case of malfunction. The prototype does not have the fail-safe option 

and this problem have occurred.  

Suitability and universal mean that the same device can be used in different 

cars, different positions or with different wheelchairs. This widens the range 

of possible customers, to be able to meet their needs. 

Weight 3. The requirements easy to use, price and convenient locking are 

assigned value 3 in importance.  

The device is not really complicated and customers do not complain that it is 

difficult to use, however it is important to keep the maneuvering simple. 

The price is not often of customers concern as they usually get funded by the 

government. But they emphasize if they will have to pay for it, they would 

consider the device as too expensive. The government shows more and more 

interest regarding price of the device, so they would prefer cheaper solutions 

soon. 

The lock used in the prototype today needs improvement, because it does 

not provide enough safety. It can get loose during loading, unloading or 

transport. It is important to the user that the lock does not only provide 

enough safety, it should also give a very safe impression. It is also important 

that there is no possibility of locking the wheelchair in improper way, 

without detecting it easily. 

Weight 2. The requirements, which were chosen as less important are: light 

weight and operating speed.  

Every car has certain weight that can be loaded inside it. When the device is 

heavier, the car can be loaded with less other objects, due to the allowed 

maximum total weight of the car.  

Operating speed is rarely important to users of wheelchair robots. 

Occasionally the loading takes place in extreme weather, when a long 

loading time can be wearisome. 

Weight 1. Easy controlling system is set to the lowest value of importance, 

because it is very simple to make it suitable. No customer has reported 

issues with controlling be too complicated. 

 

5.1.5 Engineering/Quality characteristics 

The engineering characteristics are determined by the design team mainly, 

along with some influences of the CEO and employees at the company. The 

customer requirements will later be transformed into quality characteristics 

in the House of Quality. 
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The focus when choosing the quality characteristics has been to make it 

easily determined how well they are satisfied by different concepts. The 

chosen quality characteristics are: easy to assemble/install, easy to 

maintain/repair, dismantling capabilities, cost of parts and material, 

universal, holding strength and number of motors. 

One additional thing needs to be considered before proceeding to the house 

of quality, how difficult each quality characteristic is to accomplish. The 

difficulty is ranked with a value (1-10) where a value of 1 means very easy 

to accomplish, a value of 10 means extremely difficult to accomplish. The 

characteristics with given values, and whether they preferably are increased 

or decreased, can be seen in table 5.3. 

Table 5.3: Quality characteristics with difficulty to accomplish  

# Quality characteristic Direction of 

improvement 

Difficulty value 

1 Easy to assemble/install increase 7 

2 Easy to maintain/repair increase 6 

3 Dismantling capabilities increase 3 

4 Cost of parts and material decrease 7 

5 Universal increase 6 

6 Holding strength increase 3 

7 Number of motors decrease 9 

Value 9. Number of motors is the characteristic hardest to improve, to lower 

the number of motors gives huge improvement to the product. However it 

requires a mechanical solution that directs the power from the motor to work 

in different directions. This is critical to the product and improvements must 

be thoroughly reflected upon, difficulty value is 9. 

Value 7. The characteristic easy to assemble/install is hard to improve, 

because adjustments to the car are necessary. A device that would not 

require many adjustments to the car is inevitable compared in other qualities, 

therefore easy to assemble/install in given difficulty value 7 in table 5.3. 

Cost of parts and material is hard to improve, due to the company working 

with pre-ordered parts today. To find a solution that would cost less and still 

keep the functionality of the original is hard. Rational design changes would 

be needed. Therefore cost of parts and material is given difficulty value 7. 
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Value 6. Easy to maintain/repair is also difficult to achieve. Designing a 

product with simple maintenance/repairing possibilities require standardized 

parts, e.g. screws and nuts. Some adjustments can usually be made on the 

final design, to make the product better in this aspect, e.g. replacing a 

welded joint with a screw joint. 

Universality is also rather difficult to achieve, designing one device for a 

wide range of cars and wheelchairs complicates the situation. This 

possibility is connected very much to the design; some designs are simply 

adjusted to any car or any wheelchair, while others are design for more 

specific cases.  

Value 3. One characteristic, rather simple to improve, is the dismantling 

capability, which suggests the possibility to dissemble the device and move 

it inside the car manually. This can be made by adding e.g. a removable 

sprint that is pulled out in case of malfunction. The dismantling option does 

not need to be reachable for the disabled person, however it is preferable.  

Holding strength is mainly dependent on lock option chosen, which can 

easily be alternated without affecting other parts. Therefore holding strength 

is given difficulty value 3. 

 

5.1.6 House of Quality 

The House of Quality is used to transform the customer requirements to 

quality characteristics (see figure 5.2). The weighted customer objectives are 

used in the house of quality as input. 
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Figure 5.2: Wheelchair robot - House of quality 

The quality requirements, along with their relative weights are extracted 

from figure 5.2. The characteristics are ordered after importance in table 5.4. 

Table 5.4: Quality characteristics with relative weight 

# Quality characteristic Relative weight 

1 Number of motors 27.5 

2 Holding strength 23.0 

3 Dismantling capabilities 18.5 

4 Cost of  parts and material 13.5 

5 Easy to assemble/install 12.2 
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6 Universal 4.5 

7 Easy to maintain/repair 0.9 

The higher value of the points, the more important characteristic is.  

Number of motors is the most important, focus will be on decreasing the 

amount of motors in the product. Next is holding strength to make a device 

unlikely to fail. The aim is to increase it. The dismantling capabilities are 

important in order to provide fail-safe solution in a case of short circuit. 

 

5.1.7 Functional decomposition 
 

Taking into consideration quality characteristics from House of Quality the 

basic model of functional decomposition was created. The inputs are: 

maneuvering, electricity and wheelchair. The outputs are: energy, 

loaded/unloaded wheelchair and signal. This simple model is called ‘black 

box model’ (see figure 5.3), which gives the general information about the 

problem.  

 

 

 

 

 

 

 

 

 

 

Figure 5.3: Black box model for the loading device 

The next step is to develop the model and focus on detailed description of 

device’s functions. The aim of this process is to establish the functional 

requirements of the product. 

The model, which can be seen below is called ‘glass box model’ (see figures 

5.4a and 5.4b) and consists all the stages during loading and unloading a 

wheelchair. The inputs are: maneuvering, electricity and loaded/unloaded 

wheelchair. The output is loaded wheelchair (in loading) and unloaded 

wheelchair (in unloading), along with energy and signal for both procedures. 

A signal initiates the motor, which is driven by electricity, it moves the 

device outside of the car. The direction of movement is changed to rotational 

movement, if needed (depending on the concept). After rotational movement 

LOADING 

DEVICE 

MANEUVERING 

ELECTRICITY 

WHEELCHAIR 

LOADED/UNLOADED 

WHEELCHAIR 

SIGNAL 

ENERGY 
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(or directly after moving outside of occur), direction of movement is 

changed again, this time to downward movement.  

The two boxes with the dashed lines are optional whether they are carried 

out or not depend on the way each concept perform the work. Meaning, if 

the rotational movement is going to be made or not.  

The big box called ‘failure occurrence’ is a solution in case of a short circuit 

or similar failure. The fail-safe option allows for e.g. removal of a sprint to 

unlock the possibility of powering the device manually. 

A lock secures the wheelchair and holds it in position during loading and 

unloading, so that the wheelchair moves along with the device.
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lock secures wheelchair 

wheelchair moves 

along with device 

lock holds the device in 

position during unloading 

wheelchair is 

released 
FAILURE OCCURENCE 

MANEUVERING 

ELECTRICITY 

LOADED 

WHEELCHAIR 

initiates 

motor(s) 

device moves 

outside of car with 

wheelchair 

drives motor(s) 

converts rotational 

movement to 

translational 

movement 

direction of 

movement is 

changed 

device with 

wheelchair moves 

downwards to 

ground level 

device turns 

to correct 

angle 

direction of 

movement is 

changed 

UNLOADED 

WHEELCHAIR 

short circuit fail-safe option 
manual 

power 

Figure 5.4:a) Glass box model in case of unloading 

UNLOADING 
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Figure 5.4:b) Glass box model in case of loading 

LOADING 
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5.1.8 Functional requirements 

The functional requirements describe the systems desired way of operating 

in expected procedures; the functional requirements are listed in table 5.5 in 

expected order. 

Table 5.5: Functional requirements 

FR.1 The system shall detect the wheelchair in correct 

position 

Detect 

FR.2 The system shall secure the wheelchair properly Secure 

FR.3 The system shall hold the wheelchair safely during 

loading 

Hold 

FR.4 The system shall detect the command to load/unload 

the wheelchair 

Detect 

FR.5 The system shall have the possibility to be 

disconnected and maneuvered manually in case of a 

failure (e.g. short circuit) 

Fail-safe 

FR.6 The system shall stay in position, with the wheelchair 

attached during transport. 

Stay 

These functional requirements are derived from quality characteristics 

(House of Quality output) and functional decomposition, which can be seen 

above.  

The most common problem mentioned in interviews are the first locking 

moment. The problems vary a little depending on which device the customer 

have used, however the most important features of the locking mechanism is 

described in FR.1, FR.2, FR.3 and FR.6. 

FR.4 describe the main function, to load and unload, representing the choice 

of controlling. 

FR.5 represents the fail-safe option, which is a wanted feature for all kind of 

wheelchair robots. If there is a problem with electricity, a motor or a failure 

of any kind, it is beneficial if the user is able to manually load the 

wheelchair, get back in the driving seat and drive to a workshop or similar. 

The situation where the robot is stuck in the unloading position outside the 

car, and the user is stranded in e.g. a parking lot is of course unwanted. 

 

5.2 Concepts 

The main objective of this study is to develop a better design for the product 

in focus. This will be made by a step-by-step method within the field of 

product development. There are certain tools that, in a structured way, help 

the researchers to make the key decisions. Morphological box, Vee-model, 

and Pugh analysis are used within the study. 
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5.2.1 Concept fragments 

To satisfy the functional requirements, the system is divided into six 

fragments, which can be satisfied in a few different ways. This can be seen 

in table 5.6 were the top row is showing the six different fragments, and 

below each fragment, suitable options are listed. 

Table 5.6: Concept fragments 

Driven by Locking Control aids Fail-safe 

option 

Position Loading 

mechanics 

1 electric 

motor 

Plastic-

rubber-lock 

Micro-switches None Trunk Long screws 

and gears 

2 electric 

motors 

Snap-lock No control aids Removable 

sprint 

Replacing 1 

backseat 

Cable-pulling 

3 electric 

motors 

Belt-locking Programmed Extra cable 

(winch) 

Replacing 2 

backseats 

Arm jib 

 Docking  Switch 

fuses 

Edge 

position 

Chains 

    Universal  

 

The six fragments represent the main features in the device. “Driven by” is 

the option what components that will do the actual work. In other words, 

what component(s) will be used to transform electricity to mechanical work? 

Locking is the component that locks the wheelchair in place and also holds it 

in place during loading, transportation and unloading. Plastic rubber lock is 

the lock used today in Bilinredarna’s prototype. 

Control aids mean in what way the device is controlled. Micro-switches are 

used in the prototype today. They cause that the motors stop or start working 

with correct timing. 

The fail-safe option means what method that is chosen to be able to load the 

wheelchair and robot inside the car manually if there is a failure occurrence. 

Position represent where the robot will be designed to fit; in the backseat 

only, the trunk only or universal (adjustable to fit trunk or backseat). This 

fragment also include if the robot are to replace two backseats or only one. 

Edge position means that the device is placed at the edge of the backseat, 

allowing all thee backseats to remain. 

Loading mechanics represent what mechanical components that will be 

connected to the “Driven by” components. The robot, with the wheelchair 

attached, need to be lifted, rotated and moved inside the car. This fragment 

basically means how the (1, 2 or 3) motors rotating movement is translated 

to this 3-step loading procedure. The method used in the prototype today is 
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long screws where the three electrical motors move along (one motor per 

screw). 

 

5.2.2 Combining concept fragments 

The different options for the concept fragments (table 5.6) can be combined 

to different concepts. Theoretically there are 2880 possible combinations, 

however not all of these combinations are reasonable in reality, most of the 

options are not compatible with each other. The chosen combinations can be 

seen by following the lines of different colors in the morphological box 

(table 5.7). 

Table 5.7: Morphological box 

Driven by Locking Control aids Fail-safe 

option 

Position Loading 

mechanics 

1 electric 

motor 

Plastic-

rubber-lock 

Micro-switches None Trunk Long screws 

and gears 

2 electric 

motors 

Snap-lock No control aids Removable 

sprint 

Replacing 1 

backseat 

Cable-pulling 

3 electric 

motors 

Belt-locking Programmed Extra cable 

(winch)  

Replacing 2 

backseats 

Arm jib 

 Docking  Switch 

fuses 

Edge 

position 

Chains 

    Universal  

Note in table 5.7 that the light blue colored line connects two different 

options of loading mechanics, it will consist of both “Long screws and 

gears” and “Arm jib”. 

The different combinations are referred to as concepts and the chosen ones 

are listed in table 5.8. 

Table 5.8: Combined Concepts 

 Driven 

by 

Locking Control aids Fail-safe 

option 

Positioning Loading 

mechanics 

ref. concept 

green 

3 electric 

motors 

Plastic-

rubber-lock 

Micro-switches None Universal Long screws and 

gears 

Concept 1 

dark blue 

1 electric 

motor 

Snap-lock No control aids None Universal Long screw and 

switching rails 

Concept 2 

black 

2 electric 

motors 

Belt-locking Micro-switches Removable 

sprint 

Universal Long screws and 

gears 

Concept 3 

red 

1 electric 

motor 

Snap-lock No control aids Extra cable 

(winch) 

Universal Cable-pulling 

Concept 4 

purple 

2 electric 

motors 

Plastic-

rubber-lock 

Micro-switches None Replacing 1 

backseat 

Arm jib 

Concept 5 

orange 

2 electric 

motors 

Snap-lock Programmed None Universal Arm jib 
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Concept 6 

light blue 

2 electric 

motors 

Snap-lock Micro-switches Removable 

sprint 

Universal Long screws + 

Arm jib 

Six new concepts are obtained; these are considered not too much alike. 

These concepts are not locked as they are presented at this stage, e.g. the 

locking can be changed at a later stage. The concept that proves to be the 

best of these six alternatives is not necessary the ultimate concept. 

The reference concept is representing the prototype developed at 

Bilinredarna, explained in chapter 4.2. The other six concepts will be 

weighed against the reference concept to investigate if there is a more 

suitable concept. These six concepts are explained below. 

 
5.2.2.1 Concept 1- Switching rails robot 

This concept is driven by one electric motor, which pushes the plate that the 

wheelchair is attached to. The first part of the sliding grooves is static and 

linear as seen in Figure 5.5. The second part of the sliding grooves is pushed 

down by the small sliding wheels connected to the plate, when it reaches the 

leftmost position in Figure 5.5. The sliding grooves are then turned down, 

opening the path for the plate to rotate and slide down to ground level, 

making it possible to attach the wheelchair. 

With the wheelchair attached to the plate, the loading can start; driving the 

motor in reverse will move the plate (with the wheelchair attached) up and 

rotate it. The sliding grooves will be pushed back to the original position 

(seen in Figure 5.5) inside the car, and finally moving linearly further inside 

the car. 

 

 

Figure 5.5: Switching rails robot 

5.2.2.2 Concept 2 – Dual motor screw robot 

This concept is an improved version of prototype. It consists of two electric 

motors instead of three. It has long screws and gears. The first motor, which 

moves the plate inside or outside of the car, is most likely to break, so fail-



 

45 

Niklas Svensson, Anna Kowalska 

safe option has been added. In case of short circuit it is possible to remove a 

sprint and load or unload the wheelchair manually.  

The lock has been changed. As the rubber lock did not provide enough 

safety, it was substituted with belt locking system which is commonly used 

in wheelchair transportation. The device is controlled by switches installed 

on the dashboard. This concept can be placed either instead of two backseats 

or inside the trunk. The dual motor-driven screw robot is illustrated in 

Figure 5.6. 

 

Figure 5.6: Dual motor screw robot 

 

 
5.2.2.3 Concept 3 – Cable-wheeled robot 

This concept is driven by a single electric motor that wheels in a cable, 

which is connected to the wheelchair. Grooves or similar is needed to direct 

the wheelchair along the desired path. An additional safety cable can be 

attached to the platform in case of failure; this cable can be driven manually 

by the user and a detachable crank arm. The lock is chosen as a snap-lock 

solution which provides sufficient safety while loading the wheelchair. 

A figurative sketch of the principle with the cable-wheeling robot can be 

seen in Figure 5.7. It shows a cross-section view of the car with the robot 

installed. There is a motor, in the ceiling of the car (black box in Figure 5.7) 

that wheels the cable. The cable runs along a pulley. 



 

46 

Niklas Svensson, Anna Kowalska 

 

Figure 5.7: Figurative sketch of cable-wheeling concept 

 
5.2.2.4 Concept 4 - Arm lifting robot 

This solution can be used in small cars, however if used in a small car, only 

foldable wheelchairs are possible to load. It is driven by two electric motors 

and it is controlled by micro switches. It is controlled by a remote control 

with two buttons. It is shorter than other devices so that it replaces only one 

backseat in the car; however it is not possible to place this concept in the 

trunk.  

The first motor moves the device linearly inside or outside of the car. The 

second motor rotates the arm which provides the lifting moment. Concept 4 

is illustrated in Figure 5.8. 

 

 

Figure 5.8: Arm lifting robot 
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5.2.2.5 Concept 5 - Programmed arm lifting robot 

This concept got the advantage that it can be placed on the edge of the 

backseat, only one seat cushion need to be removed (not the entire seat). It 

can be installed in the trunk as well. It works in a simple way with a two-

segment-arm lifting the wheelchair from the ground to the inside of the car. 

It is driven by two electric motors that are programmed to run in a certain 

order to obtain an optimized loading procedure. 

Simple sketches of the robot in different positions can be seen in figure 5.9. 

The main advantage is that the arm is divided into two parts and each part 

can move independently. This solution provides a shorter arm length when 

folded; leading to more free space in the car (can be seen in the Figure 5.9). 

 

a)   b) 

 

c) 

Figure 5.9: Programmed robotic arm, a) Unloaded position, b) First step in loading procedure,  

c) Loaded position 

 
5.2.2.6 Concept 6 Sliding – arm lifting robot 

Concept 6 is a combination of concept 4 and 5, where one or two backseat 

are replaced by the robot. The device slides in grooves inside and out, driven 
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by a motor moving along a screw. The second motor powers a lifting arm 

which lifts the wheelchair from the ground to suitable height. Finally the 

first motor moves the arm with the wheelchair attached back inside the car. 

The operating procedure of this concept can be seen in figure 5.10. 

 

a) 

 

b) 

 

c) 

Figure 5.10: Arm lifting robot, a) position ready for loading, b) arm in lifted position, c) Fully loaded 

position 
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5.2.3 Concept generation through ASA 

ASA method is implemented by reviewing all the previously generated 

concepts and the functional requirements. An interview is carried out with 

the supervisor who is also an experienced product developer, Klas 

Qvarnström (see appendix 6). 

The main idea that K. Qvarnström had was to combine the upward 

movement and turning movement into one. This could be done with the help 

of a rotating arm with a large radius and a low center of rotation.  

The main obstacle with this idea is that a rotation with a large radius makes 

the wheelchair go a high distance of the ground, this need to be compared 

for. Concept 5 is a good example of this, it has a joint in the middle of the 

arm to be able to work with a large radius, but still it can fold to decrease the 

height in the vertical position. Concept 5 is a programmed arm, with two 

electrical motors, which increases costs significantly. However, if this is 

made in a mechanical way, with only one motor, the price could remain low. 

A mechanical solution can be seen in concept 1, where several movements 

of the device are achieved, with only one motor. By combining these 

concepts, a new concept can be created, however it must still be cross-

referenced to the functional requirements. 

The idea is to make an arm with a joint that can reach outside the car and 

down to appropriate height above ground. It needs to “fold” before reaching 

vertical position to avoid collision with the ceiling of the car. 

A more detailed concept is described in 5.2.3.1 ASA-Concept. 

 
5.2.3.1 ASA-concept – mechanical steered jointed lifting arm 

The ASA-concept consists of a lifting arm along with two link arms that 

provide the mechanical “programming” of the device, see figure 5.11. 



 

50 

Niklas Svensson, Anna Kowalska 

 

Figure 5.11: Sketch of ASA-concept 

The blue colored part represents the cross-section of the car (seen from 

behind). The two main movements of the device are marked with red 

arrows. The red points in figure 5.11 represent that the joint is free to rotate 

around these points. 

The motor (close to the center of the car) rotates the screw, causing a pulling 

mechanism on the arm driving the main movement, the rotation of the arm. 

At the same time the other main movement, linear movement pulls the plate 

causing it to fold, and decreasing the height. The rotation continues until the 

device is folded within the car, see figure 5.12. 

 

Figure 5.12: Sketch of ASA-concept inside car 

One problem with this concept is that the two parts that is pulled towards the 

motor along the long screw need to move in different velocities. To achieve 

the folding mechanism with correct timing, the rightmost part connected to 
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the screw in figure 5.12 needs to move faster than the leftmost part. This can 

be solved by installing another screw so the two parts move along different 

screws that rotate with different speeds. The different speeds can be obtained 

either with another motor or with a gear transmission; however this will 

increase complexity of the device severely. 

 

5.2.4 Selection of concepts 

To choose the best concept the Pugh decision matrix is used. It is a product 

development tool used to evaluate various alternatives against a baseline. It 

can also be used to find the best aspects of all ideas and produce a hybrid, 

which consists of all best aspects. The prototype is a baseline and the 

concepts are compared to it. 

The most important characteristic is “reliability”, which got 4 out of 4 points 

in weight. Next, “universality” and “simplicity” got 3 out of 4 points. The 

characteristics “priceworthy”, “easy to install” and “self-locking” received 2 

out of 4 points. These values are based on the weights of the quality 

characteristics derived in the HOQ. 
 

Table 5.9: Pugh decision matrix 

Criteria Weight Prototype Concept 

1 

Concept 

2 

Concept 

3 

Concept 

4 

Concept 

5 

Concept 

6 

ASA- 

concept 

Reliability 4 0 + + 0 0 + + + 

Universality 3 0 0 0 0 - - 0 - 

Priceworthy 2 0 + 0 + - -- - + 

Easy to 

install 
2 0 - 0 - - ++ + -- 

Simplicity 3 0 0 - + - 0 - - 

Self-locking 2 0 0 0 -- 0 0 0 0 

Score  0 1 0 0 -4 0 0 -3 

Weighted 

score 

 0 +4 +1 -1 -10 +1 +1 -4 

Rank  5 1 2 6 8 2 2 7 

 

The weighted score is calculated by multiplying each plus or minus sign 

with the weight of the affecting criteria and adding them together column by 

column. 

As seen in table 5.9, concept 1 is the best concept to continue working on, 

Concept 2, 5 and 6 also scored positive results. In other words, these 

concepts are better than the prototype considering these criteria, however 

with only +1. Due to these results it is reasonable to continue work upon 

concept 1 while considering which criteria that made the other concepts 

better than the original prototype, and whether features from these concepts 

can be applied to the final concept. 



 

52 

Niklas Svensson, Anna Kowalska 

Concept 2 scored better than the prototype due to considered possessing 

improved reliability. This decision was mainly based on that it was driven 

by two electric motors instead of three. However concept 1 is driven by only 

one electric motor, therefore this technique is already applied and there is no 

need to consider concept 2 further. 

Concept 5 and 6 positive score depend mainly on that it is easy to install, 

this can be hard to apply to concept 1, however not impossible. The criteria 

“easy to install” is not of vital importance in the design, though it should be 

understood that decreased installation time leads to lower price. 

The ASA-concept scored -4, mainly because of the complexity following the 

design, the purpose was to generate a concept with all the best thoughts from 

the other concepts, however it backfired and the design became too 

complex. 

 

5.2.5 Competitive benchmarking 

The chosen concept was compared with other available products on the 

market products by competitive benchmarking. The criteria for the 

comparison are based on the customer requirements. This method helps to 

estimate if the product can be successful on the market. 

A high number of received ‘dots’ correspond to greater satisfaction of the 

customers. The competitive benchmarking can be seen in table 5.10.
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Table 5.10: Competitive benchmarking 

No. Criteria 

Switching 

rails robot 

 

Wheelchair 

loading arm 

RCC205 

KIVI 

Chair 

Topper 

Autoadapt 

Programmed 

robot 

Anpassarna 

Carolift 

6000/6900 

Autoadapt 

Lifter 

Model 

AWL-

150 

Bruno 

AL 570 & 

AL570XL 

Outside Lift for 

Power Chairs 

Harmar 

1 Fits a wide variety of 

cars and wheelchairs 
●● ●● ●●● ●● ●● ●●●● ●●●●● 

2 Is easy to install ●●● ●●● ●● ●●● ●●●● ●●●● ●●●●● 

3 Can be easily accessed 

for maintenance 
●●●● ●●● ●●● ●● ●●●●● ●●●●● ●●●●● 

4 Is safe in 

loading/unloading 
●●● ●●● ●● ●●● ●●● ●●● ●●● 

5 Is safe during driving ●●●● ●●● ●●●● ●●● ●●●● ●●●● ●● 

6 Provides possibility of 

using without 

assistance 

●●●● ●●●● ●●● ●●●● ● ● ● 

7 Fail-safe possibilities ●●●● ● ●●● ● ● ● ● 

8 Is affordable for the 

customers 
●●●●● ●●● ● ● ●●● ●●● ●● 

9 Has easy controlling 

system 
●●●● ●●●● ●●●● ●●●● ●●● ●●● ●● 

10 Has convenient 

locking 
●●● ●●● ●●● ●●● ●● ●● ● 

11 Has a possibility to be 

placed in different 

places 

●●●● ● ● ●●●● ● ● ● 
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The most important result from table 5.10 is that the product is affordable 

for the customer. This is the main strength of the device and corresponds 

well with the philosophy at Bilinredarna.  

Other criteria are important as well, the criteria where the switching rails 

robot have lowest grade is “Fits a wide variety of cars and wheelchairs”. 

This is unfortunately, however more focus has been placed on the price. A 

small company cannot focus on all customers on the market. It is suggested 

that the device is developed for fewer customers, but with higher 

satisfaction. 

The remaining criteria are equal or high compared to other products on the 

market, therefore it is considered that the device fulfill these criteria 

sufficiently. 

 

5.3 Switching rails robot 

At this point it is more or less that the work shall be continued upon concept 

1 – the switching rails robot. At first a thorough explanation shall be made 

for this concept regarding all the function and detailed explanation of how it 

works through the entire procedure. After this, the optimization of the 

product can start to eventually reach the final design. 

 

5.3.1 Thorough explanation 

The switching rails robot is driven by one single electric motor, represented 

by the small black box in the right end of figure 5.13. The motor drives 

along the screw it is fastened to, and pushes the plate in front of it. 

 

Figure 5.13: Starting position 

The plate will move linearly along the rails until it reaches the position seen 

in figure 5.14. 
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Figure 5.14: Initiating rotation of moveable sliding grooves part 

Figure 5.15 show a close up on the vital parts at this stage. It can be seen 

that the two sliding cylinders, connected to the plate, which is moving 

forward, comes into contact with the rotating part of the sliding grooves 

here. 

 

Figure 5.15: Close up, point of rotation 

The sliding cylinder is still forced forward, which will cause the rotating part 

of the sliding grooves to rotate in counterclockwise direction. The joint, 

which this part rotates around are the red-marked pin in figure 5.15. The 

grooves are pushed to the position seen in figure 5.16, opening a new path 

for the sliding wheels to move along. 
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Figure 5.16: Moveable sliding grooves in unfolded position 

At this point (figure 5.16) the sliding grooves have been pushed into the 

unfolded position and the plate are free to move outside the car. The plate 

will keep moving linearly an additional distance, to move outside the car see 

figure 5.17. 

 

 

Figure 5.17: Initiating plate rotation 

When the plate is at the point seen in figure 5.17 it is outside the car and it 

will automatically, due to the sliding path, start to rotate. It will rotate to a 

vertical position and continue along the sliding path downwards, until it 

reaches appropriate height for attaching the wheelchair to the plate. The end-

position, when ready for attaching the wheelchair, can be seen in figure 5.18. 
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Figure 5.18: End-step, unloaded state 

On this plate, the suitable equipment for attaching the certain wheelchair the 

customer uses can be mounted. Figure 5.19 show a full view of the robot in 

an unloaded state. 

 

Figure 5.19: Full view – unloaded state 
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When the wheelchair is attached to the plate, the steps described above are 

reversed by simply running the electric motor in reverse direction. The plate 

is dragged up, rotated and moved inside the car. At the point it is going 

inside of the car it will again push the rotating part of the sliding grooves 

back, folding these grooves inside the car again, see figure 5.20.  

 

Figure 5.20: Close-up, folding mechanism 

The rightmost sliding cylinder is forcing the sliding grooves to rotate 

clockwise, being folded inside the car and moving these grooves back to the 

position seen in figure 5.14. After this the plate simply moves linearly 

further inside the car until the desired position, which is the origin position 

(see figure 5.13). 

 

5.3.2 Optimization parameters 

The chosen concept has proven to be the most suitable one of the considered 

concepts within this report. However, chances for this concept to be optimal 

at this early stage are slim; therefore possibilities to improve this concept 

will be investigated. 

The switching rails robot consists of three major parts, the static sliding 

grooves, the switching grooves and the sliding component (plate, arm and 

motor). These parts are listed in table 5.11 with possible associated 

optimizing parameters. 
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Table 5.11: The switching rails robot divided into parts 

Part Description See in 

figure 

Measurement Optimizing parameters 

1 Static 

sliding 

grooves 

5.21 1a Horizontal length of static sliding 

groove 

1b Material width 

1c Material thickness 

2 Switching 

grooves 

5.22 2a Switching grooves angle 

2b Switching grooves height 

2c Switching grooves base length 

3 Sliding 

component 

5.23 3a Length between motor and plate 

3b Arm attachment height on plate 

3c Distance between sliding wheels and 

bottom of plate 

3d Distance between plate and sliding 

wheels centers 

3e Distance between sliding wheels 

3f Angle between sliding wheels 
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Figure 5.21: Part 1 – Static sliding grooves 

 

Figure 5.22: Part 2 - Switching grooves 
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Figure 5.23: Part 3 – Sliding component (plate, arm and motor) 

 

 

5.3.3 Company feedback 

Employees from Bilinredarna liked the general idea of the new concept; 

however they had some doubts and advices regarding the construction of the 

device. 

The first thing was the unwanted lever arm on part 3– distance 3d in figure 

5.23 is too long and in the case of a long lever arm, forces become too heavy 

for the wheels. The situation is not good for bringing the load up. It causes 

too high loads for both the sliding wheels and the motor.  

The company acknowledged a possible self-locking mechanism when angle 

2a in figure 5.22 is too small (between 90°-110°). They advised to use 

rounding instead of the angle. In that case the loads acting on the motor and 

wheels will decrease, especially during the loading up. A larger angle would 

also provide lowered loads, however it would require more space. 

To be able to close the door of the car (when device is folded), and still the 

device to reach over the threshold (unfolded), 150 mm reach-out distance is 

required. 

The company also advices the use of sprints or similar in two points, which 

are shown in figure 5.24. In case of short circuit, it provides the possibility 

of dismantling the device and fold it manually, a fail-safe feature. 

 

 

Figure 5.24: Positions of sprints 

Additional, it is necessary to find a locking solution in folded position to 

prevent the switching grooves from tipping over during transport. This lock 

would need to open automatically when unloading the device. 
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Summarizing, Bilinredarna think the idea can work with some geometry 

changes, which are discussed further on. 

 

5.3.4 Optimized design of part 1, static sliding grooves 

The static sliding grooves are basically satisfactory the way they were 

originally designed. The method used to manufacture these grooves should 

be water-cutting or laser-cutting in about 10mm thick steel plates. Therefore 

the thickness is set to 10 mm. 

The spacing between the grooves, where the sliding wheels are sliding is 

adjusted to fit the wheels, which are set to 20 mm in diameter. 

The total length (distance 1a in figure 5.21) is not of great importance, due 

to the different situation in every single car. An arbitrary distance of one 

meter is chosen. 

The distance between the grooves is set to 500 mm to leave sufficient space 

for the plate and the wheelchair; all determined measurements can be seen in 

figure 5.25. 

 

Figure 5.25: optimized design part 1 

 

5.3.5 Optimized design of part 2, switching grooves 

The switching grooves need some redesigning; the 90 degree angle in the 

original design creates an unwanted self-locking mechanism in the first 

moment during loading, when lifting the wheelchair upwards. There are 

basically two ways of solving this problem, either with a decreased angle, or 
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with a circular geometry, or a combination of these two options (see figure 

5.26). 

 

Figure 5.26: a) option 1  Figure 5.26: b) option 2 

Bilinredarna had several comments regarding these two options (see 5.3.3 

Company feedback), and in their opinion, option 1 is more suitable. It is 

therefore decided to continue work with the rounded solution; however the 

lowermost part can still be angled since the plate does not need to reach a 

full vertical position. The rounded option also provides a smoother work-

cycle for the motor. 

Furthermore the distance needed to reach outside the car is 150mm, meaning 

that the device must go 150 mm further out when it is unfolded. A 

preliminary sketch of the solution with this distance marked can be seen in 

figure 5.27. 
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Figure 5.27: Distance to reach outside of car 

Another distance that need to be considered is how far down the device 

should go to obtain a sufficient height for fastening the wheelchair. This 

height is unnecessary large in figure 5.27. When considering both these two 

distances, a minor change in the geometry can lead to the optimal shape. 

When increasing the distance marked in figure 5.27 and at the same time 

decreasing the height, the optimized design is reached (see figure 5.27). 
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Figure 5.28: Optimized design part 2 

Note that the lowermost part of the sliding grooves are not vertical, it has a 

10 degree angle to prevent occurrence of self-locking. The height distance of 

120 mm is sufficient for most cars, since the plate will reach further down, 

and the back of the wheelchair which is fastened to the plate is a significant 

distance above ground level. 

 

5.3.6 Optimized design of part 3, Sliding component 

At first, the angle 3f in figure 5.23 is unnecessary; at the fully unloaded 

state, the plate does not need to reach a full vertical position which was why 

the angle was considered in the first place. In other words, angle 3f is set to 

zero. 

There is especially one part of the sliding component that will be subjected 

to heavy loads, the sliding wheels, especially during the lifting and turning 

phase. In figure 5.29 the forces that acts on the wheels at the beginning of 

the loading phase is shown. The wheels will be subjected to opposite forces, 

which will cause a self-locking mechanism. However this problem is mainly 

solved by changing the geometry on the switching grooves, for this case a 

circular geometry is the preferable solution. 
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Figure 5.29: Forces acting on sliding wheels when loading is initiated 

To further prevent this self-locking mechanism the length of the lever arm 

can be decreased without affecting the design. To obtain this the “distance” 

shown in figure 5.29 can be minimized. 
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Another problem with the original design is the angular moment, which 

causes heavy lifting for the motor, and also subjects the sliding wheels to 

unwanted loads. In figure 5.30 the loads are illustrated. 

 

Figure 5.30: Forces illustrated during rotational phase 

With the circular geometry that the sliding grooves were changed to, this 

angular moment phase is spread out over a longer time period, which lowers 

the load for the motor. Another thing that can lower the load further is to 

decrease the length of the “lever arm” marked in figure 5.30. Meaning that 

the sliding wheels are moved closer to the center of the plate, however this 

distance cannot be decreased much without affecting other features. 

After evaluation of company feedback (see 5.3.3 Company feedback), the 

distance between the center of the plate and the center of the wheels is set to 

90 mm. The plate size is preliminary set to 350 times 480 mm; however the 

plate will be alternated for different wheelchairs in size, geometry, etc. The 

distance between the wheel centers is set to 30 mm, the distance cannot be 

larger because of the space when the wheels is pushing the sliding grooves is 

limited. Finally the arm length is set to 300 mm, which is the minimum 

possible length to reach the end position. All the measurements determined 

can be seen in figure 5.31, which also show the optimized design of part 3. 
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Figure 5.31: Optimized design part 3 

 

5.4 Subsystems 

To present a complete solution to the company, certain subsystems were set 

aside, e.g. the electric motors. In addition, along with the chosen concept, 

one new subsystem that needs to be considered arose. This was a fastening 

lock for the switching grooves in the folded position. All the considered 

subsystems are: 

 Electric motor 

 Fail-safe options 

 Wheelchair lock 

 Switching grooves lock 
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5.4.1 Electric motor 

The original prototype was driven by three electric motors; the new concept 

is driven by only one electric motor. The entire loading/unloading procedure 

is made by one motor, constantly rotating in the same speed. In case of the 

turning phase, the motor is subjected to higher loads than the linear moving 

phases. 

The easiest way to avoid problems would be to use a step motor; however 

the company prefers to use a standard electric motor, which cost less and is 

more reliable. 

By using a larger standard electric motor that provides higher torque, the 

problem is solved as well. However with a higher torque motor follows 

higher risks for crushed fingers etc. since the overload fuses would still 

release at the same percent based overload. 

The answer to which motor that is most suitable can easiest be found 

through building and testing. This is outside the scope of this thesis. If a 

suitable balance for a standard electric motor can be found. The torque need 

to be high enough to drive all the movements of the device, even when some 

contamination increases the load. At the same time the torque must be low 

enough so that the fuses can blow before e.g. a finger is crushed. 

 

5.4.2 Fail safe option 

The fail safe option was automatically established during one of the 

interviews held at the company (see 5.3.3 Company feedback). The two 

joints connecting the pushing arm in the sliding device (the arm between the 

motor and the plate) should consist of removable sprints. In case of a motor 

malfunction, the sprints can be removed and the device can be manually 

pushed inside the car. 

 

5.4.3 Wheelchair lock 

In the original prototype a rubber lock was used, this lock is cheap and 

functional. However it can be unreliable, the locking mechanism is based 

solely on the friction of the rubber. A large shock in an unwanted direction 

may cause the wheelchair to be released.  

A lock providing full fixation is better in aspect of safety, however it is 

inconvenient to release the wheelchair for the user. 

The solution for this is to choose a lock that the specific user is comfortable 

with. A user with relatively low movability might not be able to open a 

fixating lock, and a rubber lock might be the better solution. 
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5.4.4 Switching grooves lock 

The switching grooves lock need to be a fully fixation lock, it cannot be 

based on friction because that would require to high force from the motor to 

release it. The lock should open automatically when the sliding device is 

initiating the pushing down movement of the switching grooves. 

Two rotational springs, one on each side is used to push the lock in the 

correct locking position when the switching grooves are folded within the 

car. The springs prevent self-releasing of the lock due to vibrations or 

centrifugal forces incurred during driving. 

The locks are fastened on the static sliding grooves, which need some minor 

modification, see figure 5.32. 

 

Figure 5.32: Modification of static sliding grooves for locking solution 

A triangular piece is fastened to the sliding grooves that the switching 

grooves can rest upon. When resting upon the diagonal surface, the 

switching rails are inside the car with some marginal. This piece provides a 

more stable situation when the device is folded. Furthermore there is a cut-

out in the triangular piece that guides and supports the locking piece. Finally 

there is a pin that the locking piece is fastened to and rotates around. In 

figure 5.33 the locking piece is added (the locking part is blue in figure 

5.33). 
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Figure 5.33: Locking part 

The locking part is pushed inwards by the rotational springs placed at the pin 

(not visible in the figure). When the switching grooves are about to turn 

down, the plate come in contact with the inside of the locking piece and 

releases the lock. This can be seen more clearly from above, in figure 5.34. 

 

Figure 5.34: Plate forces lock to release 

Note that in figure 5.34 it is shown that material is removed from the 

rectangular piece to avoid colliding with the switching grooves. 
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When the plate is moving back inside the car, with the wheelchair attached, 

it pushed the switching grooves back up which forces the lock to open. The 

plate keeps the lock open until it reaches the position seen in figure 5.35, 

followed by the spring forcing the lock back, securing the switching grooves 

in position. 

 

Figure 5.35: Lock securing the switching grooves 

 

 

5.4 Risk analysis 

Safety is of vital importance for the design, to ensure good safety in the 

design, the standardized risk analysis tool, FMECA is used. 

The main components where failure modes can occur are: electric motor, 

switching grooves, sliding grooves and remote control. 

One of the potential failures is not functional electric motor, which can be 

caused by a short circuit or battery discharge. As an effect, user can be stuck 

with unloaded or loaded device.  

Another source of failure is in case of the electric motor stops because the 

overloaded fuses blow. The overload can be caused by e.g. contamination. 

Most of the failure modes are connected to the switching grooves. Because 

of incautious handling the wheelchair might free-fall during unloading, in 

worst-case scenario - on the user. It can cause damage to the device or/and 

the wheelchair and also minor injuries to the user. 



 

73 

Niklas Svensson, Anna Kowalska 

Because of aggressive driving and the possibility of that the lock might self-

open, the wheelchair can tip over during driving. As an effect the wheelchair 

can damage the car or/and the device. 

Incautious handling of switching grooves and sliding grooves increase the 

risk of getting fingers/hand stuck which might cause broken 

fingers/damaged hand.  

Accidental unloading during driving may occur when the driver 

unintentionally presses the remote control. This would rouse damage to the 

device or/and the wheelchair or/and the car.  

The RPN index needs to be calculated, on base of which it is decided 

whether recommended actions are necessary or not. A value is obtained by 

multiplication of values for severity, probability and probability of detection. 

Low value of the severity index corresponds to minor inconvenience for a 

user, when higher values refer to injuries for a user. A value of probability 

means how likely the failure mode is to occur. In case of probability of 

detection, the index is high when it is difficult to detect before the failure 

occurs. 
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Table 5.12: Failure mode, effects and critical analysis (FMECA) 

Item / function Potential failure Potential effects 

S
ev

erity
 

Potential causes 

P
ro

b
ab

ility
 

P
ro

b
ab

ility
 

o
f d

etectio
n
 

RPN Recommended 

actions 

Electric motor Motor not 

functional 

User stuck with unloaded 

device 

2 Short circuit, battery 

discharged 

1 8 16  

Electric motor Motor not 

functional 

User cannot unload 

wheelchair 

1 Short circuit, battery 

discharged 

1 8 8  

Electric motor Micro-switches not 

functional 

Blown fuses 1 Contamination, 

overloading 

2 10 20  

Switching 

grooves  

Free-falling during 

unloading 

Damage to device or/and 

wheelchair 

5 Incautious handling 4 4 80 Add damper 

Switching 

grooves 

Free-falling during 

unloading on user 

Minor injuries to user 8 Incautious handling 2 4 64 Add damper 

Switching 

grooves 

Tipping over 

during driving 

Damaging car or/and 

device 

6 Lock self-opens + 

aggressive driving 

1 2 12  

Switching 

grooves 

Risk of getting 

fingers/hand stuck 

Broken fingers/damaged 

hand 

7 Incautious handling 3 3 63 Overload relay 
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Table 5.12: Continuation 

Item / function Potential failure Potential effects 

S
ev

erity
 

Potential causes 

P
ro

b
ab

ility
 

P
ro

b
ab

ility
 

o
f d

etectio
n
 

RPN Recommended 

actions 

Sliding 

grooves 

Risk of getting 

fingers/hand stuck 

Broken fingers/damaged 

hand 

7 Incautious handling 3 3 63 Overload relay 

Remote 

control 

Accidental 

unloading during 

driving 

Damage to device or/and 

wheelchair or/and car 

6 Lock self-opens + 

aggressive driving 

3 4 72 Door-

connected 

relay 
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On the base of the RPN index magnitude has been determined whether it is 

necessary to find solutions which prevent unwanted failures. When the RPN 

index is low, there is no need for recommended actions. However when the 

RPN index is high it is advised for the company to consider recommended 

possibilities. 

To prevent the failure modes “free-falling during unloading” and “free-

falling during unloading on user” adding a damper should be considered.  

To avoid the risk of getting fingers/hand stuck in switching grooves and 

sliding grooves overload relay can be installed. 

Other source of high RPN index is remote control, which can be turned on 

accidentally and caused damaged to a car/wheelchair/device. In order to 

avoid it a door-connected relay can be added. 
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6. Results and analysis 

This chapter concerns the results obtained within the thesis, results 

connected to the specific case of the loading device are presented and 

analyzed.  

The initial task for the study was to implement a product development 

process to a product made at the company Bilinredarna. The original 

prototype worked, but it was not optimal and it contained to many possible 

failure sources [6]. A suggestion from the company and the way chosen to 

obtain this was to reduce the number of motors. Several concepts were 

generated and evaluated to investigate what features that could make a 

loading device successful. 

Through a Pugh decision matrix the concepts were compared (see table 5.9), 

resulting in the switching rails robot being the concept for continued work. 

The concept was presented to Bilinredarna and feedback was given, several 

parts needed optimization. After each part had been optimized and validated 

again the main parts of the product were finished. Furthermore the 

subsystems was considered, adjustments to the subsystems to fit the new 

product were established. 

The developed concept of the loading device fulfill the requirements from 

Bilinredarna, it conforms well to their targets. However other companies 

constructing similar devices with different customers and targets might not 

be beneficial of this study. 

As the device has not been constructed, it has not been tested in reality; the 

models help us to see direct errors only, collision between parts etc. For 

instance, if minor contamination in the device lead to malfunction cannot be 

known for sure before the product is constructed and tested. 

The final product achieved within this study is presented below (6.1). 

 

6.1 Switching rails robot 

The case study, the wheelchair loading device have been developed to 

satisfy customers and the company. The device that has proven to be most 

satisfactory is shown in figure 6.1-6.9. 
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Figure 6.1: Starting position of the final loading device 

Note that the plate is modified to fit the certain wheelchair that was used in 

the simulation. In reality this modification is made in different way, to fit the 

wheelchair and be maneuverable for the unique user. 

Figure 6.2 shows that the plate is by mechanical contact forcing the locks 

(marked blue) to open, releasing the switching grooves. 

 

Figure 6.2: Plate force lock to open and turning phase initiates 

In figure 6.3 the plate has pushed the switching grooves down, opening the 

path for the sliding part to move outside the car. 
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Figure 6.3: Switching grooves fully turned 

Figure 6.4 show the device in its fully unloaded state, ready for attaching the 

wheelchair to it. 

 

Figure 6.4: Device unfolded 

Note that the smaller plate keeps the wheelchair at a suitable distance to 

prevent the wheelchair to collide with the device. As mentioned earlier this 

plate is suitable for this specific wheelchair. 

Figure 6.5 illustrates the device with a wheelchair attached to it. The rib is 

fastened to the lock, and the seat of the wheelchair rest on the plate and the 

supporting pillars. 
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Figure 6.5: Device with wheelchair attached 

As the wheelchair is attached, the loading of it can start. The motor operates 

in reverse direction and pulls the plate and the wheelchair inside the car. In 

figure 6.6 it can be seen how the plate initiates the returning of the switching 

grooves. 

 

Figure 6.6: Device initiating returning of switching grooves 

The locks are forced to open by the switching grooves, allowing them to fold 

fully to their original position. This reopens the original pathway of the 

sliding device, allowing it to move, with the wheelchair attached, inside the 

car again (see figure 6.7). 
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Figure 6.7: Switching grooves fully returned to original position 

The plates continues its path inwards, allowing the locks to smoothly snap 

back, securing the switching grooves in folded position (see figure 6.8). 

 

Figure 6.8: Lock securing the switching grooves 

The sliding device moves inwards to the position it originally started at, now 

with the wheelchair loaded inside the car. 

The locks secure the sliding grooves to prevent tipping over during 

transport. The wheelchair is secured by the lock on the plate and the support 

equipment installed on the plate. The plate is secured through the self-

locking mechanism of the screw. The fully loaded wheelchair can be seen in 

figure 6.9. 
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Figure 6.9: Fully loaded and secured wheelchair 

 

6.2 Company validation 

To validate the product, one final interview with the company was held. 

Several questions regarding the final design were asked. This validates 

whether the design is satisfying or not. 

Questions: 

Do you think the product will work in reality? 

Will you construct the product, or another - with this product as a base? 

How well do you think this product will compete with other loading devices 

on the market? 

Answers: 

If the product were constructed, we definitely think it will work; some minor 

changes might be needed that is found out during the construction. 

The product will most likely be built, through us, however we will probably 

use an external manufacturer to construct most of it for us. We will focus 

more on the installing. Most likely we will contact the company Autopilot to 

investigate cooperation opportunities. 

The product is absolutely interesting on the market, not only in Sweden. The 

price and the simplicity will be the deciding factors. 
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In summation the company is very satisfied with the product. Before they 

will construct the device, further investigations need to be made, however, 

for now the future for the device look bright. 
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7. Discussion 

In this chapter it is discussed how well the aims of the study were fulfilled. 

The main aim of this project is to present a product development process, 

well-suited for designing a loading device for manual wheelchairs. 

In order to fulfill the aim of the project research questions were defined. 

There were two main questions. The first refers to the possibility of applying 

the product development process in small companies. The second refer to 

the wheelchair loading device. In order to fully answer the second question, 

sub-questions were established. These questions concern the price, safety 

requirements and design attributes. 

 

7.1 The product development process 

Is a well-structured product development process applicable for a small 

company such as Bilinredarna? 

The well-structured product development process is widely applicable in big 

companies in order to avoid chaos. The process systematizes the work and 

makes it much easier. The project is detailed planned from the beginning 

and work is divided through all team members. Everyone is responsible for 

and focused on small part of the whole project.  

In small companies it is a bit different. The teams are usually much smaller 

and all members have meetings every day. During these meetings, everyone 

can discuss problems; this probably causes the feeling that systematization is 

not needed.  

The product development process can be applied in small companies if they 

have resources. It is seemingly time-consuming and at the beginning it does 

require some time, though this time is saved later on. The product 

development process organizes and plans work clearly, leading to many 

mistakes being avoided at an early stage.  

A good alternative for small companies can be the ASA method, which 

focuses on decomposition of problems and composition of solutions. It has 

also been called the natural way of engineering thinking. This method is also 

implemented within this thesis. It can be seen in chapter 5.2.3 Concept 

generation through ASA. The concept generated by the ASA-method turned 

out to be unsatisfactorily in this study. However the process worked 

smoothly and it could easily be implemented to any product development 

process.  

Depending on the current workload at the company the product development 

process can be implemented in two ways. With sufficient available time, all 
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the product development tools; House of Quality, Morphological Box, Pugh 

decision matrix etc. can be used. The other way is to pick one, or a few, 

arbitrary tools, e.g. only the ASA-method and Pugh analysis. 

 

7.2 Development of the loading device 

How can the development process be implemented, in this study for a 

wheelchair robot/loading device? 

In this thesis the product development tools were used in every step of the 

process. By implementation of the context diagram all the relations between 

the stakeholders were defined. From the questionnaires the customer 

requirements were derived. After the interviews with the users and the 

employees at the company, the wanted engineering (quality) characteristics 

were chosen.  

Further on the weights of the customer requirements were transferred to 

weighted quality characteristics in the House of Quality. These were used in 

the functional decomposition, which was carried out through the black box, 

and glass box models. As an output of the two box models a detailed 

description of the necessary functions of the device was obtained, the 

functional requirements. The functional requirements were then satisfied by 

different concept fragments, where different combinations of these lead to 

several concepts. In this way the six first concepts were obtained. Finally 

one additional concept was obtained through the ASA – method.   

To investigate how well the product development process worked for the 

loading device, three sub-questions were used throughout the study. 

1. What improvements can be made without significantly affecting the 

price? 

The main thing was to decrease the number of the motors. This affects the 

entire construction, calling for radical design changes. To decrease the 

number of motors in the device, two movements were composed 

(downwards and turning) into one. In the final concept only one motor is 

used and consequently, the number of micro-switches is decreased. 

The final design is validated and all issues could be counteracted, however it 

is not a final product yet. In the future when the device is constructed, new 

obstacles will probably occur. Our main concern is if a suitable motor can be 

found to a good price. 

In the final concept, switching grooves lock was added. It is necessary to 

provide security and avoid unwanted accidents. The thing which probably is 

more expensive than in the prototype is the way of manufacturing the rails 

as they have to be water-cut or laser-cut.  
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2. Which design attributes are needed to fulfill the safety requirements? 

To fulfill the safety requirements the wheelchair locking system and the 

switching grooves lock have to be sufficient.  

Regarding the wheelchair locking system it was found out that the most 

suitable option is dependent on the specific user. The lock which bases on 

friction of the rubber may be unreliable in cases of a shock in an unwanted 

direction. A lock which provides full fixation might cause difficulties in 

closing and releasing a wheelchair when the user does not possess enough 

strength or dexterity. In order to choose the best lock for the customer, 

certain tests need to be conducted. 

3. Which design attributes are important to the customer to be able to   

maneuver the device in a satisfying way? 

In case of maneuvering, the first thing that needs to be considered is the 

locking system. However this was discussed more detailed within the part 

regarding safety requirements. The length of the switching grooves is 

important; it cannot be too long as it causes difficulties with locking and 

releasing. The remote control should be installed and placed near the driver 

seat in the car. There is a possibility of installing control buttons on the 

dashboard, this is a customer decision as it causes increased price. 
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8. Conclusions 

The product development process is a perfect way to plan and organize a 

design process, which takes time to implement, but allows to save it later on 

and avoid mistakes and wastes. 

The product development process can profitably be used at small companies; 

however the advantages are less than those at larger companies. In case of 

small companies, the ASA method can easily be implemented. 

The product development process can easily be used and implemented 

during working on wheelchair loading device.  

There is a way to improve the device without significantly affecting the 

price (which is already lower than other devices available on the market) and 

still provide required safety and comfort of utilities. 

The device can use only one motor. It is possible, when the rotation and 

downwards movements are combined into one movement, which uses the 

rails with big radius. 
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APPENDIX 1: 1(1) Customer questionnaire 

Questionnaire for customers / users 

 

1. Which different loading devices have you used / been in contact with? 

 

2. For how long have you been using loading devices? 

 

3. Where is your loading device placed in your car? Backseat, trunk? 

 

4. Are you using the loading device all by yourself, or does someone usually assist 

you? 

 

5. What device are you using today? Do you consider it satisfying? What could be 

better? 

 

6. Do you know of any other devices? Do you think they are better than the one you 

got today? 

 

7. What price do you consider as reasonable for a loading device? 

 

8. How important are the price for you, when choosing a loading device? 

 

9. What do you think of prices for products on the market today? 

 

10. Do you think the loading device provide enough safety? During driving and 

loading / unloading? 

 

11. What features do you feel is most important when choosing a loading device? 

 

12. Is there any feature you feel is unnecessary with any loading device you know of? 

 

13. What do you like most about the new prototype? 

 

14. Are there any changes you would like to do with this prototype? 

 

15. Are there features of similar products from other companies that you are missing 

in this prototype? 

 

16. Would you recommend others to use this product? What would you say to them? 

 

17. Other comments? 
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APPENDIX 2: 1(1) User comments 

Interview 1 - Comments from interview with Karl-Ivar, 2015-04-15 

 

I use a wheelchair robot (from anpassarna in Hedemora), located in the trunk of a 

Volvo XC70. 

I have been using it almost every day since I got it 3 month ago. 

I use it all by myself and it works well except the locking of the wheelchair which is 

a bit inconvenient. 

There is usually limited space while unloading, which makes it harder, but usually I 

manage in some way. I have heard that others, using the same model, had problems 

with the electronic failures. 

The price is not really of my concern; my device was paid through contributions 

from the state. However when I heard that the price of the robot is over 200.000 SEK 

I was shocked. I think 50.000-60.000 SEK would be a reasonable price. 

The device was selected for me, I did not really get to choose, but I never thought of 

it either. Consequently I do not know much about prices for similar products from 

other companies. 

I think the device provide very good safety, both while loading/unloading and 

transportation. One time the wheelchair got loose while I was driving, but I know it 

was because I did not lock it properly. 

I control the device completely by a switch located on the dashboard. 

The device provides everything I need, and there are no excessive functions in my 

opinion. 

I would absolutely recommend this product to others, if they do not need to pay for it 

themselves. 
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APPENDIX 3:1(1) Bilinredarna’s employee comments 

Interview 2 - Fredrik, comments from employee at Bilinredarna- 2015-04-17 

 

I have been a part of the installment crew for 4 similar versions of the new prototype 

from Bilinredarna. 

The customers usually have had a loading device before, usually after 9-10 years 

Försäkringskassan will pay for a new car adjustment. 

The customer has a choice of which car adjustment company to hire, however 

Försäkringskassan usually recommend the geographically closest one. 

Usually the customer gets help from a friend or relative the first few times they use 

the product, and after that they use it all by themselves.  

Occasionally there is a short circuit or a blown fuse, this in usually because of 

misusage, e.g. a strap that is hanging loose and getting pinched and the motor gets 

overloaded and the fuse is blown. 

The best thing about other devices on the market is that they seem to be smoother to 

use. There are fewer moments for the user to execute. 

The customers I have met does not care about the price. 

There are risks of fingers getting stuck in between when loading/unloading the 

device. It would be good to add pinch protections. However, to my knowledge it has 

not happened yet. 

How easy the robot is to use is probably the most important property for the 

customer. 

The device needs a manual fail-safe in case of failure for the big motor. 

The best feature about our new product is that there is a low risk of failure, and the 

price is low. 
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APPENDIX 4: 3(1) Bilinredarna’s employee comments 

Interview 3 - Jim, comments from employee at Bilinredarna- 2015-04-17 

 

I have been installing the wheelchair robot in cars for about 8 month at Bilinredarna. 

The robots have been installed 50-50 in backseats/trunks of cars so far, but we 

suppose that the most common choice is to place it in the backseat. 

The customers use it all by themselves, they are doing their very best to learn to use 

it independently. 

The device could operate faster, especially the first motor (when loading). The device 

could also weigh less, in aluminum perhaps. The new weight of the car gets 

registered and with a lighter robot installed, the customer would be allowed to load 

more other things in the car. 

I know about several other devices, the Robo-in device is one I think of especially, it 

can be installed in normal cars, and it seem very smooth. This device does however 

need one of the doors to be changed to an electrical maneuvered sliding door. This 

device is quite expensive, but it has some advantages. 

I also like the robot 200 model which is very convenient but it is quite advanced 

which leads to many sources of possible failures. This device is also pretty 

expensive. 

I think the prices for products today are too expensive, but it is understandable, I do 

not think the companies are overpricing. 

There are risks of pinching with Bilinredarnas robot at the moment. There are also 

risks of insufficient fastening of the wheelchair, since the device need to be lowered 

to a perfect height. However if the wheelchair is fastened in incorrect manner, it is 

usually noticed. 

The most important property when choosing a loading device is that it provides all 

the help that the customer need, and it is a smooth way to operate it. The space in 

trunk or backseat is a common thing the customer discusses; therefore it is 

advantageous that there is an option to place the device in the backseat or in the 

trunk. 

It would be good if our device also could be placed in a small car, but it is a question 

about price. 

We have been trying to make a robot operated by only 1 or 2 motors, but we did not 

find a good solution, but I still think it is possible. If we could make a robot with 1 or 

2 motors, we would improve the model significantly; less weight, lower price and 

less failure sources. 
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Appendix 5: 1(1)Bilinredarna’s customer comments 

Interview 4 - comments fromcustomer at Bilinredarna- 2015-04-17 

 

There are two other wheelchair robots on the market, both which I consider too 

expensive. The price for these is between 150.000-200.000 SEK excluding VAT. 

This will be my first wheelchair robot and it will be placed behind the driver seat, 

replacing two of the standard seats in the back. 

Now I can start using my car independently, before I had to rely on people helping 

my load and unload the wheelchair. 

My robot was founded by Försäkringskassan, but for my own conscience I consider 

the price to be important. I think the price of such a product should be below 100.000 

SEK. The other products are made too complicated in my opinion, which is probably 

why they are more expensive. 

I have not used my device yet, but I trust in Bilinredarna, that they have made a 

product that fulfills all the requirements needed. 

The most important aspect for me when I choose a robot is that it suits me and my 

certain disability. 

When considering other products today, I wonder if it really have to be computer-

controlled, seems like they make it unnecessary complicated. 

The best thing about Bilinredarna’s new robot is the simplicity; it is also easy to use 

and understand. However I think the design could be more appealing. 

I would absolutely recommend this product to others, it is easy to learn how to use 

the robot, and it is a very large step for a disabled person to function independently. 
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Appendix 6: 1(1) Interview with Klas Qvarnström 

Interview 5 - with University supervisor - 2015-05-19 

 

Do you think systems engineering tools presented here in this thesis are suitable for 

small companies as Bilinredarna? 

Small companies use a setup of “ad hoc” methods that are hard to systematize. 

Sometimes they can use parts of systems engineering tools but not always. Normally 

they work very close to each other, workers, engineers and management; they talk 

every day about all problems, so they do not feel any need for systematization. 

There is one exception, in this thesis what you call ASA-method. I think this method 

of composition and decomposition is a natural way of thinking for an experienced 

engineer, this is the way you work with a technical problem inside your head, 

compose and decompose, over and over again, and backwards over and over again. If 

you are not so experienced I think it is more like brainstorming inside your head with 

hundreds of wild ideas and no order. Experience gives you the possibility to be 

creative in a more ordered and faster way. 

What ASA-method gives us, and other systems engineering methods, is an 

opportunity to be creative in a bigger of group of engineers, in a ordered way. 

Unordered brainstorming can also be very creative, but normally it takes more time 

to sort out unusable ideas and come to the clue. 

Any advice to Bilinredarna? 

I think group meetings and ASA-method could be suitable for small companies. But I 

think the scientific article you refer to is nothing you can present outside university 

world. It is very hard to read and understand. For example the authors mix in a wrong 

way the language constituents “subject and predicate” with the scientific meaning of 

predicate. For wider use the method must be presented in a popular science way. 

And about the technical challenge? 

For me as a senior mechanical engineer with many year of experience it would be a 

challenge and interesting task to solve the goal with only one electric motor. I have 

been thinking of the problem and also looked at your solutions. And as I said before, 

in my mind I mainly use ASA-method, but no one can see it from outside. I have one 

idea to compose two of the movements, upwards and turning to one, to just turning in 

a big radius, were the center of the radius is very low. This single turning also moves 

the wheel chair upwards but probably is inwards moving necessary also. This idea 

derives from your sketches and ideas in the thesis.     

What is your experience of product development in small companies? 

Small companies can often do their product development work very fast. The whole 

company is often involved and decisions can be taken immediately. It is inspiriting 

and you can learn a lot in different topics when working with product development in 
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small companies. The disadvantage is that if you want to reach a real high level in 

technology it is normally a lack of money and knowledge in the small company. 

There is a kind of roof that they cannot break through. 

Big companies can easier reach the state of art technology level because they have 

the resources. But every decision takes time in all the management levels it has to go 

through. Therefore the big companies sometimes starts their own venture company or 

department besides the traditional company structure so the employee can have the 

feeling of working in a small company. The latest example of that what I have read 

about is Ericsson that started "Ericsson Garage", where the employee can work very 

freely for 9 months with new ideas, together with students and scientists from 

different universities. 
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