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Abstract 

This thesis was performed in cooperation with Uniti Sweden, an emerging electrical 

vehicle manufacturer in Sweden. Uniti Sweden is developing a new vehicle, with a 

prototype slated for a Q3 2017 release.  

This thesis is about the driver's seat in the Uniti vehicle. The aim of the thesis was to 

develop the seat partly by creating a design manual for future use.  

Data for the project was gathered using triangulation, using interviews, 

benchmarking, literature searches from different perspectives. Six different aspects 

was studied, regulation, comfort and discomfort, aesthetics, biomechanics and 

ergonomics, design and anthropometrics. The seat was developed using QFD and 

discussions with Uniti personnel, however, the development part was put on hold due 

to Uniti's schedule, and greater emphasis was put on design manual. The design 

manual featured three parameters, fit, feel and support. 

The project concluded with a technical report, featuring the design manual, the 

results from the product development, a checklist and a thesaurus.  

Keywords: vehicle, seat, design, ergonomics, comfort 
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Terminology 

Anthropometrics The study of measurements of size, proportion and weight 

with regards to the human body 

BoM Bill of Material 

BMW Bayerische Motoren Werke, a car manufacturer 

CAD Computer Aided Drawing 

CAE Computer Aided Engineering 

Catia Catia V5, a CAD software used in the automotive industry  

CEO Chief Executive Officer 

CTO Chief Technology Officer 

DFA Design For Assembly 

DFE Design For Environment 

DFM Design For Manufacturing 

EU European Union 

FEA Finite Element Analysis 

FEM Finite Element Method 

FMEA Failure Mode and Effects Analysis 

g Standard acceleration due to gravity, approximately 9.81 ms
-2

  

ISO International Organization for Standardizations 

LCA Life Cycle Assessment 

Millenial Also known as generation Y, people born in 1980s-2000s 

MSDs Musculoskeletal diseases 

N Newton, a unit of force [kgms
-2

] 

Steer-by-wire Electronical steering via a computer 

QFD Quality Function Deployment 

Uniti Uniti Sweden AB 

VR Virtual reality 
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1 Introduction 

This chapter aims to present sufficient information needed for the understanding 

of the project as were given to the student, and in order to make sense the choices 

made and solutions ignored. 

1.1 Presentation of Uniti Sweden 

Uniti Sweden, henceforth Uniti, is an emerging electrical vehicle manufacturer in 

Sweden. Founded in late 2015, the company have since grown rapidly, offering a 

lot of work for students from around the world. No vehicle has been produced as 

of yet, may 2017, however, a prototype is due in the second half of this year. Full 

scale production is slated for a 2019 start.  

1.1.2 CEO's vision 

The vision for the Uniti vehicle as described by CEO Lewis Horne: 

The Uniti vehicle is designed to match user pattern, rather than pre-existing beliefs of 

how far and how many persons are travelling. On average, a car is used by 1.2 people 

at a time. The vehicle should be optimized with regards to complexity, weight and 

environmental factors. The vehicle should meet modern means of interaction and 

operation, meaning a greater emphasis on novel technologies than existing vehicles 

have as of yet. Instead of making a large vehicle with a mechanical engine, the Uniti 

vehicle is designed to better fit in modern society.  

The vehicle should be made with composites, not only carbon fiber, but diverse 

types. Materials should be sustainable and organic where possible. 

The mechanical connection to the road, the steering wheel is replaced with an 

electronic connection. This allows new ways of interaction with the driver. The 

vehicle should be able to communicate obstacles among other things to the driver 

without the need to change focus to the dashboard.  

The vehicle is intended to be used as a short to medium distance vehicle, with a range 

of up to 150 km. The range may however depending on the model, for a total of 400 

km. It is intended to be driven cities and on proper road.  

The vehicle is intended to be used as a second family car, or a car for millenials.  

1.1.3 The Uniti vehicle 

The closest existing object to the Uniti vehicle is a regular car. However, unlike a car, 

the Uniti vehicle does not feature a steering wheel, a gear box or pedals, bar a brake 

pedal. Most of the car is operated with a steer-by-wire interface, see Fig. 1.1 Other 

controls are incorporated on the wind screen, and is operated using hand movements. 
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The vehicle features one proper seat, placed in the middle of the vehicle, and a wider 

seat behind it. The wider seat gives the possibility to sit two behind the driver, for a 

total of three occupants.  

 
Fig. 1.1 - Conceptual design of Uniti's steer-by-wire system (Uniti Sweden, 2017) 

The windscreen features augmented reality, giving the possibility to communicate 

with the driver, and highlight obstacles, such as moose on the road.   

Specifications of the vehicle as stated on Uniti's website: 

 

 90 km/h – 120 km/h top speed depending on model 

 0 – 80 km/h < 3.5 seconds 

 15 kW rated hub motors (40 kW peak) 

 11 or 20 kWh Li-Ion battery 

 Induction or plug-in charge 

 400 kg weight 

 Carbon fiber and bio composite based 

 Electronic steering system 

 150 km – 300 km range depending on model 

 Full-screen augmented reality heads-up display 

 Autonomous driving features 

It is also stated that the price for this vehicle is aimed to be kept at 200 000 SEK, 

approximately € 20 800 as of May 2017. 

The Uniti vehicle is being developed using a design handbook called "H-Point - The 

Fundamentals of Car Design and Packaging." According to its vehicle definition, the 

Uniti vehicle is categorized as a micro vehicle. This is due to its small size, 2 780 mm 

long, and 1 290 mm wide. Comparably, most passenger cars are over 3 500 mm long, 

and 1 600 mm wide. Due to the size of the packaging, occupants sits in close 

proximity to each other, as shown below: 
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Fig 1.2 - Side and top view of Uniti's electrical vehicle showing passenger seating positions 

 

Furthermore, the Uniti vehicle features a low seat height. Its seat height is 220 mm, 

lower than other micro cars, that usually feature a seat height of 275 mm. (Stuart & 

Geoff, 2008) 

1.2 Aim of the thesis 

Initially, the aim of this thesis is to develop a lightweight, minimalistic, one size fits 

all seat for the driver position for the Uniti vehicle. However, the aim changed during 

the project, and a greater emphasis was put on creating a design specification 

containing information of ergonomics, regulations and actual measurements. 

Secondly to this, the development of the seat was to be addressed. 

1.2.1 Problem definition 

Uniti is developing a new kind of vehicle, and needs a new kind of seat. Existing 

seats are not satisfactory with regards to weight, shape and environmental factors. 

Uniti therefore needs a specially designed seat for its vehicle. The current seat is the 

Kepler pod, which is no longer a concept that is being developed. The Kepler Pod 

was developed using one single piece of literature in the field of anthropometry. Uniti 

lacks proper design guidelines for future seats. Uniti is producing a prototype by third 

quarter of 2017, and also needs a prototype for that vehicle. 

1.3 Deliverables 

After this project is concluded, a design specification is to be expected to be 

compiled with information gathered in this project. This will be presented in a 

technical report for Uniti, also containing other results in the project, such as the 

development of the seat. 

1.4 Limitations 

The Aesthetics and prototype building of the seat is primarily the task for others at 

Uniti. Any FEA/FEM-calculations will be non-comprehensive. Any LCA of the 

vehicle seat will be performed as an ECO-audit in Ces Edupack. Sub-systems for the 

seat will be purchased from other companies. Some tasks are optional, that might be 
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addressed if there is extra time, regarding the vehicle seat. These are; movement of 

seat during impact to absorb energy; concept for a back seat, similar to Renault 

Twizy, designed for 50th percentile man; and evaluation of user friendliness using 

ISO 20282, with regards to the seat. 

1.5 Study environment 

The thesis was completed at Uniti's office in Lund, Sweden. The student was part of 

the engineering team, and worked as an employee. The student was set as product 

owner, in the role of a product engineer, and therefore had to interact between 

different parties, such as the design team, structural team and prototype makers. 

Connection was also made with Va Automotive in Hässleholm, who assigned an 

employee of theirs to aid the development of the seat. Since work also was carried 

out at Halmstad University, different tools was used for communication, namely: 

Google, Slack and Trello. 

1.6 Assessment of previous work of driver's seat development  

Earlier efforts have resulted in two mockups for reference, The Kepler Pod, and 

another nameless seat. The Kepler Pod was part of an earlier concept of the Uniti 

vehicle. It was envisioned as a combination of seat, floor and steering. At Cebit 

2016, it was showcased in combination with VR in order for visitors to enter the 

car virtually by sitting in the pod while wearing the VR-headset.  

 
Fig 1.3 - The Kepler Pod concept in vehicle 

The Kepler Pod was developed using key measurements and angles in a simple line 

based concept, with measurements and angles collected from the anthropometrical 

book The Measure of Man and Woman (1993). However, the documentation for this 

is limited or lost, and thus measurements in this project will not be based on those of 

the Kepler Pod. This project might however use some of the previous work as a 

foundation and help for this project.   
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2 Method 
This chapter aims to bring transparency in how the project was carried out, what 

methods and tool that was used, the students interpretation of said tools and the 

process of finding information for the project. 

2.1 Discussion of methodology 

2.1.1 Product development 

Three different methodologies for product development was considered; David 

Ullman's methodology; Fredy Ohlsson's methodology; and Scrum. Methods like 

these are inherently similar, with only minor differences in terminology and what 

tools they utilize. The methodology chosen for this project was David Ullman's 

methodology for several reasons: 

 It is internationally recognized for product development 

 It is in English, so no awkward translations from Swedish is required (as 

would be necessary with Fredy Ohlsson's) 

 It is better known to the student than the others 

 It is known by supervisors at the University, unlike Scrum 

 It is explicitly for product development, unlike Scrum 

2.1.2 Data collection 

Alternatively to interviews, a survey or surveys could have been utilized as a data 

collection method. Surveys could have been sent out to car owners, to greatly 

increase the number of respondents. However, difficulties with surveys are, but not 

limited to: that a large number of e-mail addresses must be gathered; there need to be 

responses sent in; no assistance can be provided if there is ambiguity in the questions; 

difficulty of formulating one set of questions so that they are understood by all; 

generally slower; risk of wrong and unusable information; risk of missing insight 

from respondents. Generally, a survey is better used for collection of quantitative 

data sets, and qualitative data was needed for this project. (Osvalder, et al., 2010)  

2.2 Applied methodology - General for the project 

 
Fig 2.1 - Overview of undertaken methodology 
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The project was split up in two parts, to better explain how the work was carried out. 

The two parts are the design specification part, and the seat development part. 

Different methodology was applied for the different parts, most notably the seat 

development part, which followed David Ullman's mechanical design process. 

2.2.1 Planning - Work breakdown structure and Gantt 

At the start of the project, planning and allocating time was the first objective. In 

order to do this satisfactory, a work breakdown structure (WBS) with corresponding 

Gantt chart was made. WBS is a method  for breaking down a project in all its 

components, and thus building a structure for the project. This is useful for planning, 

delegating and to get a grasp of a project, and what to do. To visualize the different 

tasks, and to allocate time, a Gantt chart is useful, as its purpose is to illustrate where 

a task begins and ends, creating narrative in tasks and processes, and also to simplify 

visualization of project status. (Tonnquist, 2008) 

2.2.2 Triangulation 

Triangulation is the practice of having multiple, different types of sources to gather 

and confirm data (Wilson, 2014). According to Wilson, (2014), there are four 

different kinds of triangulation, data-, investigator-, theory-, and methodological 

triangulation. Data triangulation is the practice of using different kinds of sources for 

data. Investigator triangulation is the practice of several persons in gathering and 

analyzing data. Theory triangulation is the practice of looking at data with different 

perspectives. Lastly, methodological triangulation is the use of different methods of 

gathering data. (Wilson, 2014) 

Data-, investigator-, and methodological triangulation was used to create the QFD-

document, using benchmarking, interviews within Uniti and outside, and visits to car 

dealerships. Theory triangulation was used in the literature review, with both 

engineers, biomechanics and medical personnel as authors for the articles 

investigated. 

2.2.3 Brainstorming 

Brainstorming is a fundamental and well applied method used to generate ideas. This 

method can be applied for any given problem. The method is utilized by having a 

group sit down and write down every single idea they can muster on how to solve the 

problem. There shall not be any restrictions of ideas, silly, impossible, weird ideas 

may lead to a great solution by invoking a thought. The intention is to generate a vast 

number of ideas, and no evaluation is allowed. The method helps stimulate creative 

thought by exposing the participants with different words, ideas and associations. As 

Ullman, 2010, puts it: if you have one idea, odds are that that one is bad. If you have 

20 ideas, there might be a good one among them. (Ullman, 2010) 
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2.3 Applied methodology - Design specification part 

2.3.1 Literature search 

In order to build a foundation in vehicle seat design, articles within different subjects 

was searched for in a database provided by Halmstad University. The database 

"Science Direct" was elected, due to its contents of biomechanics and ergonomics. 

Different search terms touching upon different subjects important for a vehicle seat 

was entered into the database search field. Articles that seemed relevant for this 

project was then investigated by reading their individual abstracts. Finally, articles 

that was deemed relevant for the project were included into the theoretical 

background for this project.  

Table 1: Search terms and yield for the literature review 

Search terms Yielded number of results Investigated amout 

"car seat" 38,271 9 

"whiplash car" 1,290 5 

"sitting biomechanics" 7,812 4 

"head flexion" 54,178 0 

"neck flexion 32,812 0 

"car crash" 21,283 1 

Regarding the searches including "flexion", the relevancy of the results was rather 

low, and furthermore, these articles were published by purely medical journals and 

contained medical jargon that the student was unfamiliar with, and thus it was 

deemed too time consuming to include these kinds of articles into the project.  

Table 2: Articles chosen for the study basis 

Name of article Year 

published 

Articulation at shoulder level - A pilot experimental study on car seat 

comfort 

2012 

Driver sitting comfort and discomfort (part I): Use of subjective ratings 

in discriminating car seats and correspondence among ratings 

2008 

Effect of long term driving on driver discomfort and its relationship 

with seat fidgets and movements (SFMs) 

2017 

Factors influencing the occurrence and outcome of car rear-end 

collisions – The Problem of Whiplash Injury in the Netherlands 

2000 

Sensitivity of the human back and buttocks: The missing link in 

comfort seat design 

2017 

Sitting Biomechanics Part I: Review of the Literature 1999 

Sitting Biomechanics, Part II: Optimal Car Driver’s Seat and Optimal 

Driver’s Spinal Model  

2000 

The influence of car-seat design on its character experience 2012 

 

Additionally, searches on Google was performed. Information regarding lumbar 

support was found on Google Books. Furthermore, a technical report compiling the 
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results of a car seat study was found using a Google search. Authors of these pieces 

of literature were later also found featured in Science Direct. 

2.4 Applied methodology - Seat development part 

The seat development part followed Ullman's design methodology. However, due to 

changes during the project, and smaller emphasis on this part, it was not followed 

through. Therefore, only parts of his methodology is described. Three steps were 

utilized in this project: project planning, product definition, and conceptual design.  

2.4.1 Project planning 

The project planning step is about allocating time and resources into a project. This 

step is to be completed before the design process starts. This is to allow project teams 

to be created, and roles with responsibilities to be defined. However, Ullman (2010) 

acknowledges that this step is pure speculation, as it might be difficult or even 

impossible to know what resources and time every phase, step or method requires 

before the start of the project. A project plan was developed using Ullman's template, 

however, its usefulness was limited, as the projects focus and aim changed after the 

project had started.  

2.4.2 Product definition 

The product definition step is about understanding the problem, and laying a 

foundation for the project. While this might seem easy, Ullman (2010) writes, most 

projects are poorly defined, which makes it difficult to reach a successful conclusion. 

Moreover, it is important to know who the product's customers are, and find out what 

the customer want. However, usually the customer does not know what it wants, and 

therefore, Ullman (2010) advocates the use of Quality Function Deployment (QFD).  

For this project, a QFD was created and is described further in 2.4.3 Quality Function 

Deployment. 

2.4.3 Conceptual design 

The step conceptual design is about generating and evaluating conceptual solutions 

for a problem. These concept are usually generated with different methods. These 

concepts are based on functions, which needs to be understood clearly, so that the 

concepts can be kept simple. Ullman (2010) argues that for every problem, there 

needs to be several concepts generated. This is to make sure that the best ones are 

finally chosen. Ullman (2010) makes it clear that this step is supposed to be brief, so 

that more time and effort can be allocated in subsequent steps.  

2.4.4 Image board 

At the start of any project, inspiration is gathered. In order to visualize this, an Image 

board can be utilized. Generally, there are four kinds of Image boards: Lifestyle 
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board, Mood board, Styling/Theme board and Usage board. Depending on the 

purpose of the board, a different number of images are placed on it, usually, but not 

limited to, 10-20 images. The board is meant to portray the profile of the product, and 

it is vital that it is not compromised by using images not in line with the product. 

(University of Cambridge, u.d.) 

 

An Image board was created at the start of this project inspiration for the seat, with 

regards to shapes, material and simplicity.  

2.4.3 Quality Function Deployment 

Quality Function Deployment is a method for finding and understanding customer 

requirements. This method is useful for any project, as a thorough documents needs 

to be filled in. The QFD also helps the project team not to forget or oversee important 

aspects. The QFD gathers information from benchmarking, interviews and other 

observations. Its purpose is to translate vague customer requirements into engineering 

specifications, and thus be able to create a function analysis with strong connection 

with the customers. 

 

Interviews (semi-structured) 

Interviews are a way to gather information that otherwise might be difficult to assess 

and find. The use of semi-structured interviews is common among researchers, as 

data gathered is pre-defined, while still leaving room for wider answers. Thus, both 

quantitative and qualitative data can be collected using this type of interviews. Semi-

structured interviews combines simple answers with broader ones open for discussion 

and varies vastly from person to person, giving valuable insight that in quantitative 

questioning would not emerge. (Robert Wood Johnson Foundation, 2008) 

Semi-structured interviews was conducted to gain information about the CEO's 

vision of the Uniti vehicle, and also when interviews about car seats were carried out.  

Benchmarking 

Benchmarking is a method used to find and study existing products on the market. 

The products are generally competitors, but may be from other parties. This method 

also establishes a viewpoint of where a product is on the market, and where it must 

be competitive, while also highlighting strengths, usually other companies 

weaknesses or the lack of a feature. Market shares can be gained by identifying these 

weaknesses, by rising above other existing products. (Ullman, 2010) 

Benchmarking was used in this project by visiting a car dealership and evaluating 

existing car seats. Searches on the internet provided similar opportunities. 
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2.4.4 Patent search 

Patent searches is a vast source of inspiration and offers information on how a 

problem was previously solved. However, there might also be limitations on how a 

problem may be solved, as the solution might be patented. The patent search for this 

project was performed using two different databases, Swedish Patent Database 

(PRV), and World Intellectual Property Organization (WIPO). PRV was chosen since 

it contains every patent claim in Sweden, enforced or not, and also features patents in 

Swedish, which simplifies the process for the student. WIPO was since its 

perspective is vastly larger than PRV's. The patents was evaluated from their 

corresponding title, and if it was deemed relevant, the patent abstract.  

 
Table 3: Search terms and yield in the patent databases PRV and WIPO 

Search terms Yielded results 

(PRV) 

Yielded 

results 

(WIPO) 

Investigated 

amount (PRV) 

Investigated 

amount 

(WIPO) 

"car seat" 324 13,405 2 0 

"seat belt" 280 24,417 0 1 

"safety belt" 478 18,277 5 1 

"head restraint" 76 2,387 2 2 

"seat adjustment" 534 16,117 1 0 

"seat heating" 328 7,401 2 1 

"seat cooling" 280 5,251 0 1 

 

Patents SE2287049 T3, SE1337129 T3, SE1835786 T3, WO2017025499 (safety 

belt), WO2017025121 (seat heating), 09549617 (seat cooling) found interesting. 

2.4.5. Reverse engineering 

In addition to the QFD and patent search, reverse engineering was performed on a 

generic car seat. Reverse engineering is the decomposition of a product, performed in 

order to understand how it works, with an emphasis on function. (Ullman, 2010)  

2.4.6 Function analysis 

The function analysis is used to gather and generate functions for a product. The 

functions are classified differently, and labeled with: primary function (PF), 

necessary function (NF), desirable function (DF) and unnecessary function (UN). 

The primary function is the purpose of the product. Necessary functions are 

everything that is necessary for the product to fulfill its purpose. Desirable functions 

are functions that generates value, but is not necessary for the product or superfluous. 

Unnecessary functions are similar to desirable functions. Generally, they are 

superfluous, and does not generate the same amount of value as a desirable function. 

The functions should be expressed as functions, not solutions, and ideally rather 

vague. This allows greater creativity when generating concepts. (Bergman, 2013) 
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The function analysis was completed as the last step of the pre-concept generation 

phase. Functions was taken from QFD, reverse engineering, specification provided 

by Uniti, and brainstorming.  

2.4.7 Concept generation 

After a function analysis is completed, concepts can be generated. However, in order 

to boost creativity, some creative tools are generally utilized. 

2.4.8 Concept evaluation 

In order to choose a concept to further develop, some sort of evaluation needs to take 

place. One method for this is the decision matrix, also called Pugh's matrix. The 

Pugh's matrix is used to compare different concepts through a set of criterion. It sets 

one concepts as a datum, to which the other concepts are compared with. This 

method is quick, giving opportunity to try different concepts as datum, if not one 

obvious concept can be used. (Ullman, 2010)  

Pugh's matrix was used in order to evaluate different concepts for the head restraint. 

2.4.9 Pony tail measurement 

In order to make the concept with a head restraint with a hole for people wearing 

ponytails, measurements of pony tails needed to be collected. However, this data has 

to the students knowledge never been collected in a technical manner. Therefore, a 

small empirical study was needed in order to get measurements for reference. 

Thickness in pony tails likely varies with the following factors: the hair type, gender 

and ethnical background. Moreover, the type of pony tail matters, if it is a tail or 

folded. Folded pony tails are more compact and rigid. Folded pony tails might also be 

a bit more irregular, depending on the care given to it. Therefore, its size may appear 

larger due to splaying groups of hair. Thus, a model for pony tails was developed: 

 
Fig 2.2 - Pony tail measuring model  

Where A is the measurement closest to the head, where the pony tail is the most 

rigid, B, the middle measurement, and C, the measurement where the tails bends. The 

need for more than just one measurement comes from the flexibility of the pony tail, 

the closes to the head, the less flexible it becomes, and more uncomfortable to 

translate in a direction.  

The study was conducted at Uniti in Lund. This was due to convenience, and the 

diversity in Uniti employees.  
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3 Theory 

This chapter presents information needed for the design of a minimalistic seat.  

3.1 Vehicle seat aspects 

For this project, several aspects were to be taken into account:  

 Regulation 

 Comfort and discomfort 

 Aesthetics 

 Biomechanics and ergonomics 

 Design  

 Anthropometrics  

The following chapters addresses these aspects, and also anatomy and general design 

guidelines. 

3.2 Regulation 

3.2.1 Uniti vehicle classification 

In order to properly develop the seat, the vehicle class must be defined. According to 

EU regulation 168/2013, the Uniti vehicle is a L7e-A2 vehicle, meaning it is a heavy 

on-road quadricycle. EU regulation 168/2013 focuses on two-, three wheel vehicles 

and quadricycles in the European Union. 

In sum: The Uniti vehicle is classified as a L7e-A2 vehicle. 

3.2.2 Safety regulation 

Safety for a  L7e-A2, or simply L7e, is regulated by EU 3/2014. For this project, 

Annex XII and XIII are relevant, as the former lists requirements for safety belts, and 

the latter seats themselves. The relevant part of these annexes are featured as 

appendix 1. 

According to Annex XII § 1.1, a L7e vehicle with a mass greater than 270 kg must be 

fitted with safety belt anchorages and safety belt, given it features a seat, and not a 

saddle. The option for a saddle is not present for the Uniti vehicle, as described in 

Annex XIII, § 1.3: "Vehicles of categories L2e, L5e, L6e and L7e which are fitted 

with bodywork shall have seats." 

For the seat, several points must be defined by the manufacturer. The following 

images illustrates the different ones: 
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Fig 3.1 - Image indicating point and planes to be defined (Eu, 2013) 

 
Fig 3.2 - Image indicating point to be defined, (Eu, 2013) 

However, there will not be a deeper study into the regulations for the seat, such as 

describing testing and other aspects, as the focus of this project is to develop 

documentation for the design of the seat, with emphasis on comfort and ergonomics. 

When designing a vehicle seat, the H-point is the single most referenced point, and 

thus needs explaining. The H-point is defined as "pivot center of the torso and thigh 

of the 3-D H-point machine installed in the vehicle seat". It is required to be at least 

400 mm from the ground. (Eu, 2013)  
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Fig 3.3 - Position of the H-point (Stuart & Geoff, 2008) 

3.3 Comfort and discomfort 

Comfort and discomfort are determined from several factors. Rather than being 

singular entities, comfort and discomfort are two sides of a spectrum, as described by 

Kyung, et al. (2008): 

 
Fig 3.4 - Overview of comfort spectrum (Kyung, et al., 2008) 

According to Kyung et al. (2008) these should be studied as complementary entities, 

not opposites of each other. Partly related to comfort and discomfort is well-being. 

Postures that humans sit in is regarded potentially unhealthy, and while it might 

cause discomfort and temporary pain in the short term, it is also one of the bigger 

contributor for musculoskeletal disorders, such as lower back-, neck- and shoulder 

pain (Kyung, et al., 2008). Because of an increased sitting in human lives, sitting 

comfort is increasingly important issue. This creates a need for ergonomic design in 

both chairs and seats.  

However, there is a difference in sitting in a chair in an office and being seated in a 

vehicle while driving. According to Harrison et al. (2000), many researchers fail to 

recognize this, and thus applies knowledge in a less than satisfactory manner. Being 

seated in the driver's seat restricts the posture in a fixed, limited space, and unlike 

being seated in a non-vehicle setting, it is not possible to rise and take a few steps or 

even stretch properly (Kyung, et al., 2008). It has been observed by Branton, (1969) 
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that people sitting often extends their legs and crosses their ankles. This is thought to 

reduce tissue ischemia. (Branton, 1969) from Harrison (1999) These movements are 

more difficult for a driver to perform in their limited space. Similarly, O'Sullivan, et 

al. (2006) found that humans does not sit in the same position for an extended period 

of time due to discomfort. This same fact is supported by Sammonds, et al. (2017), 

who found in their study that seat fidget movements (SFMs) and discomfort rating 

both increase with time. 

Sammonds, et al. (2017) states that one of the major phenomenon that causes seat 

discomfort in a vehicle is vibration, and that this aspect must not be disregarded in 

driving trials. The subject of vibration will be discussed later in 3.6.5 Vibrations. 

Overall, people who is driving for more than four hours every day has doubled the 

likelihood of suffering from back pain compared with people who are working 

stationary the same amount of time (Gyi, 1996).  

One of the difficulties when it comes to measuring sitting comfort is that it cannot be 

measured directly. Despite this subjective nature, Harrison et al (1999) presents three 

measurements for determining comfort: 

"(1) the fit of the chair to the subject’s body type, (2) the 

subject’s performance or behavior while seated, and (3) the 

subject’s assessment of his or her state of comfort (or 

discomfort)." 

 

In a study by Kyung et al. (2008) concludes problems with subjective ratings of 

comfort, as it appeared as factors such as aesthetics of other parts in the vehicle was 

used in determining the vehicles comfort, although not the aesthetics of the seat itself 

which had an insignificant effect on perceived comfort. This finding indicates that 

seat comfort is only a part of overall vehicle comfort. Indeed, other vehicle factors 

not limited to the seat, such as on-road performance, functions, thermal aspects and 

aesthetics were indicated to have an effect on overall vehicle comfort. (Kyung, et al., 

2008) 

In a paper by Sammonds et al. (2017) it is presented that seat comfort reviews usually 

are too brief, as seats that are considered comfortable at first becomes more 

uncomfortable with time. The time required for a seat to become uncomfortable 

varies depending on seat, but trials by Porter et al. (2003) have found that this time 

might be as short as 15 minutes. This stands in contrast with Helander, (2003) who 

argues that unless a seat design is fundamentally flawed, there will be no complains 

of discomfort. This implies that there will be no initial complains of seat discomfort, 

however, given time, any seat will eventually become uncomfortable for the one who 
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is seated. This is the same conclusion reached earlier in this chapter, supported by 

both Branton (1969) and O'Sullivan (2006). 

In sum: Comfort and discomfort is two sides of a spectrum. Sitting comfort is 

different in a chair, and a vehicle seat. This is due to factors such as the restriction to 

a limited space in a vehicle, and vibrations. It has been suggested that seat comfort is 

only a part of overall vehicle comfort. 

3.4 Aesthetics 

As discussed in the previous chapter, aesthetics may be important for the comfort, 

indicating that a less comfortable seat may be perceived as more comfortable in an 

aesthetically pleasing environment. This notion is supported by Vink (2014) in Vink 

& Lips (2017), as it is argued that aesthetics is more important than comfort the first 

40 minutes of driving. The same idea is presented by Helander (2003) where the idea 

that the chair design and the biomechanics of sitting is not too important, unless the 

user has a bad back; the design of the chair is too small or large for the user; or it in 

violation of fundamental design criteria, such as sharp edges. Furthermore, Helander 

argues that comfort and aesthetics are more important than ergonomics, as they are 

difficult for the human body to perceive. It was shown that test subjects could 

distinguish between aesthetics and comfort, but had trouble distinguishing between 

different ergonomic features. Therefore, he argues that customers are more attracted 

by aesthetics than ergonomics. (Helander, 2003)  

In sum: Aesthetics may have an impact on perceived comfort, and are reportedly 

more important than comfort for the first 40 minutes of driving. It is argued that 

unless a chair is poorly designed, it will not be uncomfortable, and thus, greater 

emphasis should be put on the appearance, as customers are attracted by aesthetics. 

3.5 Anatomy 

In order to fully comprehend the human body, biomechanics, and the biomechanics 

of sitting, some background information of human anatomy is required. Therefore, 

background on the human spine is given..  

3.5.1 The vertebral column 

The vertebral column, also called the spinal column or simply spine, is the vertical 

bone structure in the human back. It consists of 26 irregular bones, progressively 

smaller the closer to the neck. The bones are connected so that they are flexible and 

curved. One of  its purpose is to transmit the weight of the trunk to the lower limbs. 

Furthermore, it also protects the spinal cord and provides as a attachment point for 

the ribs.  
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The spine is about 700 mm in length in an adult, and has five regions. The 26 

vertebrae is divided into these different regions. The neck consists of seven bones, 

the cervical vertebrae, C1-C7. Below those are the twelve thoracic vertebrae, T1-T12, 

and under them are the lumbar vertebrae placed, L1-L5. The last two regions consists 

of the sacrum and the coccyx, which both are made of fused vertebrae, effectively 

being one larger vertebrae each.  

Between the vertebrae, are the intervertebral discs. They are serving as cushions for 

the bones, and consists of two parts. These discs gives the spine the ability to move 

as it does. The inner part of the disc, nucleus pulposus, act similar to a rubber ball, 

giving elasticity to the disc. Surrounding this part is the strong ring called anulus 

fibrosus. This ring constraints the elasticity of the nucleus pulposus.   

The discs and the vertebrae is supported by strong ligaments and trunk muscles in 

order to be erect. The ligaments also prevents the spine from being extended or 

bended too far. 

 
Fig 3.5 - The human vertebral column (Marieb & Hoehn, 2010) 

In sum: The vertebral column consists of 26 vertebrae in five different categories, 

cervical, thoracic, lumbar, sacrum and coccyx. These categories give the vertebrae 
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their names. Between the vertebrae, there are elastic discs that gives flexibility for the 

entire column.  

3.6 Injury prevention 

3.6.1 Sensitivity of back and buttocks  

The back and buttocks are reportedly the areas of the human body most frequently 

experienced to be uncomfortable by drivers. (Schneider & Ricci, 1989) 

However, the back and buttocks does not have a uniform sensitivity, as found by 

Vink & Lips (2017). They conducted a study on seated individuals. Laterally from 

the spine, sensitivity is increased, with the most sensitive parts at shoulder level, 

when compared to the lumbar area. Regarding thighs, sensitivity is increases the 

closer you get to the knee. (Vink & Lips, 2017). It was also found that pressure 

sensitivity laterally from the spine was not symmetrical, one side was generally more 

sensitive than the other. That finding is supported by previous research conducted by 

Hanson et al. (2006) in Kyung et al. (2008), as they found that preferred driving 

postures are not bilaterally symmetric, or that ratings of comfort varied for different 

body parts depending on what side is evaluated. Kyung et al. (2008) suggested that 

this phenomenon may be related to how the vehicle is operated, for instance, where 

pedals are placed. 

In sum: Sensitivity of back and buttocks vary depending on area, the most sensitive 

area is laterally from the spine, and the thighs close to the knees. It has been observed 

that sensitivity regions is not symmetric, and that it might be due to driving position. 

3.6.2 Back injury prevention 

In order to prevent musculoskeletal disorders (MSDs) in the back, different supports 

can be used. MSDs are injuries or pain in the joints, ligaments, muscles and tendons 

that support the back, neck and the limbs. Preventive supports are typically integrated 

in the seat back, to better follow the curvature of the spine. (Kyung, et al., 2008)  

Lumbar support 

Lumbar is the part of the spine where the vertebrae are named L1-L5, and the lumbar 

region is located in the lower back in a human. Due to the curvature of the human 

spine, the lumbar region is strongly strained by forces caused by sitting. The forces 

vary depending on the angle the person is sitting in. If a person sits straight up, 90 °, 

the discs between the vertebrae are strained the most. In order to reduce the strain, 

back rest may incorporate lumbar supports. In a study performed by Anderson and 

Örtengren  (1974), presented by Helander (2005), it was discovered that angle and 

lumbar support lessen the strain significantly. Forces applying to the spine with a 

back rest angle of 90 degrees was 670 N, and when adjusted into a higher degree, the 
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force was reduced linearly. The study concluded at a back rest angle of 120 °, and at 

that angle the force was 370 N. The back rest angle of 120 ° is optimal for sitting in a 

chair, according to Harrison, et al., (1999). When a lumbar support of 5 cm was 

introduced, the force on the spine was lowered, from 670 N to 470 N and 370 N to 

120 N respectively. Therefore, it would seem as a lumbar support arguably has a 

positive impact on the spine, and Helander, (2005) argues that the ability to adjust 

lumbar support is one of the most important functions on a chair. However, Helander 

(2005) acknowledges that most people do not sit in a chair with their backs pressed 

against the back rest because, ironically, it is less comfortable. He states that it is 

mostly people who have a bad back who uses the lumbar support. This idea is 

supported by O'Sullivan et al. (2006), who found that only people with training in 

how to sit sat in a biomechanically good posture, but even they were unable to 

maintain that position for any extended periods. However, Harrison, et al. (2000) 

writes about an alternative for adjustable lumbar support, a pulsating lumbar support. 

Harrison, et al. (2000) refers to a study by Reinecke, et al. (1994), who studied 

drivers who drove more than two hours every workday. It was found that drivers 

who's seats was equipped with a pneumatically pulsating lumbar support experienced 

less back pain and stiffness.  

In sum: Lumbar support has a positive effect on reducing strains in the intervertebral 

discs and thus reducing back pain. It is best to have an adjustable lumbar support to 

better fit the occupant. However, it has been observed that the lumbar support is 

rarely used, as occupants are uncomfortable in that position.   

Shoulder level support 

In an attempt of reducing discomfort and also protect from whiplash injuries, a small 

study was conducted by Coelhos & Dahlman (2011) at Autoliv in Sweden.  They 

added a support at shoulder level, in order to better follow the curvature of the spine. 

Test subjects who were short to medium of length reported a decrease in discomfort, 

and tall people were equally comfortable with the articulation as without. However, 

additional research is needed in order to draw any conclusions, as the test was small 

scale, and also only evaluated comfort/discomfort in the parts of the back directly 

affected by the support, which the authors also acknowledges.  (Coelho & Dahlman, 

2011) 

In sum: Support at shoulder level has been tested, and its results was inconclusive, as 

too little data is present. The test indicated that it might have a positive effect on 

reducing discomfort.  

3.6.3 Head flexion 

Neck pain is directly linked to head flexion, which strains the spine that is part of the 

neck, the cervical region, containing vertebrae C1-C7 (Harrison, et al., 1999). Desk 
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workers, typists and drivers are fields where head flexion is found, and while they 

might use ergonomic chairs and seats, it is difficult to eliminate this kind of flexion. 

In order to prevent this, Harrison et al. (2000) argues that suggested inclination 

angles for the seat back and seat bottom, 120 ° and 15 ° respectively, is a poor choice 

of angles for a vehicle seat. This is because these angles causes an unnatural 30 ° 

neck flexion when the driver assumes the necessary gaze position. In order to reduce 

neck flexion, it is suggested to use a seat back inclination of 100 ° and seat bottom 

angle to 5 °. This reduced the head flexion from 30 ° to 10 °. 

 
Fig 3.6 - Recommendations for seat angles to improve sitting posture (Harrison, et al., 2000) 

 

In sum: Head flexion is a direct cause for neck pain, and the use of ergonomic seats 

are not enough to eliminate this. In order to combat this, it is recommended to change 

the angles for a car seat to a seat back inclination of 100 ° and seat bottom angle of 5 

°. 

3.6.4 Head restraint and whiplash prevention 

Head restraints are placed on vehicle seats to reduce whiplash injuries [says who?]. 

According to Harrison, et al. (2000) the head restraint have since its first appearance 

been designed poorly due to a lack of biomechanical understanding. A head restraint 

that forces the head to be pushed forward is uncomfortable, and will also result in 

harmful neck flexion. Harrison, et al. (2000) recommends therefore that the head 

restraint is adjustable both vertically and horizontally, and also for it to have a convex 

surface similar to the lumbar support.  

The aspect of too low head restraints is also brought up by Harrison, et al. (2000). It 

is explained that during whiplash the vertical vector component of force translate the 

head above the head restraint and then be left unprotected to shear forces and 

traction. When the head then accelerates into the opposite direction, the upper part of 

the head has a higher acceleration and the anterior compression is greater. It is 

recommended to have head restraint that is extended above the occupants head. This 

problem was also noted by van Kampen, 2000, who wrote that particularly Dutch 

males were insufficiently protected, due to limitations with the height of the head 
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restraint. The problem was that not the head restraint could not physically be 

translated higher. He pointed out a problem with the regulation, as the head restraints 

did comply with the EU regulation.  

Harrison, et al. (2000) reports that one of the major concerns is that the headrest only 

contributes a small percentage of successful injury prevention to vehicle occupants 

during rear impacts, about 11-14 %, while indicating that it ought to be higher. It is 

explained by the fact that 83 % of occupants does not or fail to adjust the headrest 

properly. Another reason is that it is difficult to design seats for the majority of 

occupants, the 50th percentile man being the usual go-to stature, meaning that taller 

persons are unprotected if the headrest is left in its standard position.  

It is acknowledged by Harrison, et al. (2000), that drivers are not always positioned 

with their body right up against the back- and headrest. This increases the distance 

between the head and body to the rests. This is amplified also by the seat back 

inclination. Upon rear impact, if the occupant is positioned in this manner, he or she 

will more violently hit the seat back and thus have a higher risk of injury. (Harrison, 

et al., 2000) 

It has, according to Harrison, et al. (2000) been debate by authors whether a stiff or a 

flexible seat back is the best option for potentially prevent whiplash injuries. 

Harrison, et al. (2000) refers to a human volunteer crash test study by Ono, et al. 

(1997) that concluded that a stiff seat back results in greater compressive forces in 

the cervical spine, while a flexible seat back results in greater shear stress in the same 

area of the spine. Based on knowledge Harrison, et al. (2000) possesses, a stiff seat 

back is preferred, as the human neck is more resilient to compression than shear.  

In sum: The purpose of the head restraint is to protect the occupant from whiplash 

injuries. However, due to poor design and human behavior only a small percent of 

injury prevention is accomplished. Failure to adjust the head restraint is the primary 

cause of this. It is recommended to keep the head restraint over the occupants head 

altogether. Occupant seating position is also a cause for whiplash, as they might be 

positioned far from the protecting restraint. Whiplash may also be prevented by the 

seat back, and a stiff seat back is preferable over a soft one.  

3.6.5 Vibrations 

As mentioned earlier, a key difference from chairs and vehicle seats are the 

vibrations the vehicle generates. The vibrations cause the human spine resonate, 

which is one of the causes for lower back pain in drivers (Harrison, et al., 2000) and 

can also lead to higher risk of developing MSDs (Kyung, et al., 2008). The 

frequencies that cause the human spine to resonate while sitting was pinpointed in 

1982 by Wilder et al. to be: 4.75 Hz, 9.5 Hz and 12.7 Hz, with 4.75 Hz being the 
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worst frequency, from a biomechanical viewpoint. In 1980, it was reported by Pope 

et al. that most vehicles vibrate in the range of 3.0 to 6.0 Hz. It is however unclear 

how an electricity powered vehicle would vibrate.  

In sum: Vehicle vibration is a cause for back pain and musculoskeletal diseases. 

Vehicle vibrate with different frequencies and some are worse than others.  

3.7 Seat design 

3.7.1 Recommendations from a biomechanical perspective 

It has already been established that chairs and vehicle seats are different. However, 

aspects found in designing a chair may also be useful when designing a vehicle seat. 

Recommendations for chair design have been presented in the past, and in 1953, 

Keegan presented a list with eleven important aspects for chair design:  

1. Lumbar support 

2. Minimum 105-degree tilt angle of backrest 

3. Open space for posteriorly projecting sacrum and buttock 

4. Convex thoracic support with height to lower scapulae 

5. Shoulder support at 105 degrees 

6. Any adjustable tilt of seat back pivoted on a point in line with the hip joint 

7. Maximum length of seat bottom ([40.64 cm]) 

8. Seat-bottom height above floor ([40.64 cm]) 

9. Seat bottom curved down under back of knees 

10. Free space for feet under seat bottom 

11. Upward tilt of seat bottom of 5 degrees for maintenance of back against back 

support 

  
Fig 3.7 - Recommendations for chair angles for optimal posture (Harrison, et al., 2000) 

 

Similarly to Keegan in 1953, Harrison et al. presents a list of recommendations for 

seat design, however, this list is about car seat design. Harrison et al. (2000) 
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acknowledges that the recommendations might be costly, but refers to the ethical 

dilemma of the impossibility to put a price tag on life itself: 

1. All automotive front seats should be damped, at least in the three resonant 

frequencies of the human spine, with shock absorbers. 

2. Dense foam be used in the seat bottom cushion. 

3. The backrest must be adjustable in the incline angle. 

4. Backrest must have and adjustable lumbar support (up-down translation and 

in-out translation). 

5. Seat height must be adjustable 

6. Seat bottom incline must be adjustable 

7. Seat bottom linear translation for shorter persons to reach [the pedals] 

8. Seat back be linearly adjustable (forward-backward) to the seat bottom (for 

shorter and taller persons). 

9. Bilateral adjustable arm rests are needed. 

10. Adjustable steering wheel (forward tilt rotation and forward-backward 

translation are needed) 

11. Seat back incline is recommended to be maintained at a 100° angle to reduce 

the risk of rising up this ramp during cervical acceleration-deceleration 

injuries. 

12. Seat back must be damped to absorb some of the compression forces applied 

to the torso during rear-end impacts 

13. Pulsating lumbar supports should be made available on car seats to reduce 

static load, and therefore, perhaps low-back disorders. 

It should be noted that these recommendations are made by sources from a medical 

background, and have a rather vague connection to vehicles and engineering. The 

recommendations made by Harrison et al. (2000) are also not verified more than in 

the study itself. The recommendations by Harrison are mostly functions, and does not 

give and values. Recommendations by Keegan also are limited in values. 

Harrison, et al. (2000) compiles a list of to optimize the design of the seat with 

regards to rear-impacts: 

1. A seat back of mid-range stiffness. 

2. A method of dampening such that a controlled rearward motion of the seat of 

up to 3 cm is possible, with a minimal rebound (i.e., a coefficient of 

restitution approaching 0. 

3. A  head restraint that is tuned to the seat back (i.e., one that possesses similar 

mechanical properties of restitution) and mutually supports both the head and 

neck. 
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4. A head restraint with enough adjustability to allow for minimal backset over 

a broad range of occupant statures. 

5. A mechanism for locking the head restraint in position once adjusted 

6. A seatpan designed to deform under loading conditions to reduce vertical 

occupant motion (ramping). 

7. A belt and shoulder harness pretensioner system with rear array actuation 

8. A torso seat back element designed to deform under loading conditions to 

reduce straightening of the thoracic kyphosis with contributes to ramping and 

compression of the spine. 

3.7.2 Recommendations from an engineering perspective 

In order to get recommendations from engineers, a report by Reed et al. (1994) was 

studied. This report was the result of an extensive survey on the subject of car seats, 

and giving recommendations on how it should be designed. Moreover, they also 

provide actual measurements for the seat. Reed, et al. (1994) divided the seat design 

into three major parameter groups: fit, feel and support parameters. Fit parameters are 

about how the sitter fits the seat. This parameter handles measurements primarily. 

Feel parameters are parameters that are closely tied to comfort, and the interface 

between the sitter and the seat. Support parameters are parameters intended to 

influence the sitting posture of the occupant.  

While there are many recommendations for measurements readily available, there is 

no consensus for the values. Reed, et al. (1994) proposed, and used, a methodology 

for deciding measurements for the fit parameter: 

1. Identify the members of the population who represent the extreme of the the 

accommodation range (e.g., small women) 

2. Select the relevant anthropometric values 

3. Determine appropriate value for the selected anthropometric measurements 

4. Provide for at least that level of accommodation 

Table 5: Recommendations on measurement determination 

Object Constraint Anthropometrical 

segment and cited 

value 

Recommendation 

Seat 

bottom 

cushion 

width 

The largest 

sitting hip 

breadth, 

with extra 

room for 

clothing 

and 

movements 

95th percentile 

woman. 432 mm 

hip breadth. 

"Seat [bottom] cushions should be a 

minimum of 432 mm wide, with 500 mm 

minimum clearance 

at the hips. The front of the cushion should 

be a minimum of 500 mm wide to allow for 

comfortable leg splay" 

Seat The 5th percentile "The cushion length, measured along the 
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bottom 

cushion 

length 

shortest 

buttock-to-

popliteal 

length of 

the 

population 

woman. 440 mm 

buttock-to-

popliteal length 

thigh line, should not exceed 440 mm from 

the depressed backrest, or 305 mm from 

the H-point. An adjustable-length cushion 

could be used to provide more under-thigh 

support for larger people, but only a small 

range of adjustability is needed. The 95th-

percentile-male buttock-to-popliteal length 

is 545 mm, 105 mm greater than the 5th-

percentile-female length, so a seat-cushion 

length increase of 105 mm should be 

considered the maximum necessary. For 

sitters with long legs, the cushion may feel 

too short if the thigh angle relative to the 

horizontal is substantially greater than the 

cushion angle, so that only the buttocks are 

in contact with the seat. These sitters will 

be accommodated better by an adjustable 

cushion angle than by a greater cushion 

length." 

Backres

t width 

The largest 

back width 

of the 

population 

95th percentile 

man. 360-456 mm 

wide (due to 

shape of back) 

" The backrest should be a minimum of 

360 mm wide at a point 220 mm above the 

H-point along the manikin back line, and a 

minimum of 456 mm wide at a point 3 18 

mm above the H-point. There should be no 

lateral clearance restrictions (i.e., no side 

bolsters) extending more than 288 mm 

above the H-point." 

Backres

t height 

Regulations 

for the 

specific 

region 

Acromial 

(shoulder height) 

" The backrest should extend 410 to 550 

mm above the H-point, measured along the 

manikin back line." 

 

The subject of the feel parameter is not as straightforward as the fit parameter, and 

thus, Reed, et al. (1994) notes that recommendations here should be treated as 

guidelines more than absolute fact. Nevertheless, recommendations are provided: 

I) Pressure and shear 

1) Pressure from the edge of the seat to 200 mm from the H-point should be 

minimize. The pressure gradient should be reduced if possible.  

2) Backrest pressure distributions should have peaks in the lumbar area. 

Pressure peaks of circa 2.5 kPa have previously been judged as comfortable.  

3) Pressure distribution test should be performed on lean subjects, as humans 

with a high amount of physiological padding is more likely to experience the 

seat as comfortable.  

4) The use of too much padding is likely to cause discomfort by restricting 

movements. Therefore, the seat should be design to allow transitions between 

postures.  
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II) Temperature and humidity 

1) "Body heat and water vapor must be allowed to pass through the seat. Seat 

coverings that substantially impede heat of water vapor transfer are to be 

avoided." This is due to discomfort of sitting in a wet environment, a sticky 

sensation if warm, a clammy one if cold. 

2) "The total heat flux through the seat, including heat transfer due to 

evaporation, should be about 75 W/m
2
. Perforated cover materials are 

desirable because of reduced resistance to water vapor diffusion." 

3) ""Bottoming out" of foam padding should be avoided because of large 

increase in resistance to water vapor diffusion that occurs when foam 

compression exceeds 80 percent. Careful investigation of areas where 

padding is thin, for example in the lower back region, should be made to 

ensure that acceptable vapor permeability is maintained under a wide range of 

sitting conditions." 

The final parameter defined by Reed, et al. (1994), the support parameter, is also 

less straightforward than the fit parameter, and the aspects of these parameters 

heavily depend on the vehicle size and design. Reed, et al. (1994) also notes a lack 

of consensus. Recommendations for the support parameter: 

Lumbar support should be padded, but firm. An adjustable lumbar support is to 

prefer. Adjustments should be from flat to a convex up to 50 mm prominence, 

with a radius adjustable from 250 to 450 mm. Its vertical position should be 

adjustable from 100 to 200 mm above the H-point. If a non-adjustable lumbar 

support is chosen, a prominence of 20 mm, a radius of 300 mm, and an vertical 

position between 105 and 155 mm above the H-point. However, these values are 

for seats higher than 240 mm. Seats that are lower than that should have a 

minimal curvature.  

Body joint angles should be kept closely to the passive range of motion of the 

joint. Reed, et al. (1994) does not provide any actual angles, however, they cite 

previous research for these angles. 

 
Fig 3.8 - Recommendations for angles of body parts with regards to car driver (Reed, et al., 1994) 
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3.7.3 Lightweight seat design comfort 

Similarly to the task of this project, a lightweight seat design project was developed 

by BMW in Germany. This new seat concept was studied by Kamp (2012), in order 

to determine if a seat like this could score similarly in comfort as a conventional seat. 

The seat was developed to fit the human contour, and to reduce weight as much as 

possible, by stripping usual features such as wings. 

 
Fig 3.9 - Lightweight design concept by Bmw (Kamp, 2012) 

The study by Kamp (2012) involved the new seat and two others. The seats was 

covered by a sheet, in order to hide their appearance to better evaluate comfort 

without the influence of aesthetics. It was found in the study that this new seat scored 

well, and while not the best of the three seats, participants was positive to the seat. 

Participants was asked to rate the seats, and the highest mark was 7.5 of 10, while the 

new seat scored 6.8 of 10. Additionally, the seat was rated well on the aspect of 

experienced relaxedness. This indicates that a simple seat is a viable option in a 

vehicle.  

In sum: A concept of a lightweight design seat was evaluated for comfort during a 

blind test with two conventional seats. It was found that comfort ratings was lower 

for the lightweight seat, but not significantly lower than the highest-scoring seat. 

3.7.3 Anthropometrics 

When designing an object, the user and the object must have compatible 

measurements. Anthropometrics refers to human measurement. Anthropometrical 

measurements from antropometri.se, provided by Skövde University in Sweden, due 

to data had been collected in 2009, somewhat recently and with a Swedish 

perspective.  

Table 6: Anthropometrical measurements from Skövde University (2009): 

 5th percentile 

woman 

50th percentile 

man 

95th 

percentile man 

ID Measurement Value [mm] 

A Sitting height 843.78 944.16 1004.01 

B Eye height 711.63 814.47 878.36 

C Cervicale height 591.41 675.27 736.36 
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D Shoulder height 526.60 607.62 661.17 

E Shoulder-elbow height 308.17 370.49 402.89 

F Elbow height 193.89 239.76 285.08 

G Lower leg length (popliteal 

height) 

401.16 485.55 537.81 

H Elbow-wrist length 217.61 283.89 317.55 

I Forearm-fingertip length 394.45 484.24 528.41 

J Thigh clearance 122.44 156.95 184.01 

K Buttock-abdomen depth  194.35 262.50 364.09 

L Abdominal depth 172.89 250.31 325.22 

M Buttock-popliteal length 427.84 495.74 543.36 

N Buttock-knee length 540.61 613.36 665.38 

O Knee height 470.96 554.42 605.26 

P Shoulder (bideltoid) breadth 386.85 476.43 520.57 

Q Shoulder (biaromial) breadth 326.12 396.13 433.31 

R Hip breadth 363.55 391.39 448.75 

S Head breadth 139.16 153.88 164.75 

 
Fig 3.10 - Explanation of anthropometrical measurements 

Table 7: Additional anthropometric measurements gathered: 

ID 95th percentile man 

S Body breadth [mm] 325.39 

T Body length [mm] 1907.01 

U Body mass [kg] 100.26 
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4 Results 

4.1 Planning 

The project started with planning. WBS with corresponding Gantt chart was made, 

and are featured as appendix 2. Furthermore, a document with Ullman's project 

planning was made, featured as appendix 3.  

4.2 Product definition 

Since the subject of the vehicle seat had been addressed before, but put on hold, it 

was necessary to make an assessment of what had been done earlier. Data was 

located on different places, as the data for the seat and packaging had once been 

started in one system (Dropbox) but later, Uniti had moved on to use Google Drive 

instead. From the material found, it was found that there was a lack of fact behind 

decisions, and that most of the measurements and angles had been taken from a 

single source, The Measure of Man and Woman. However, there were some previous 

work that was deemed useful, such as the function analysis performed for the Kepler 

pod.  

Another important aspect of the seat development was to have a manufacturer tied to 

the project. Uniti got in contact with Va Automotive in Hässleholm, Sweden, who 

later assigned their own product developer to this project. Va Automotive provided 

expertise in the field of seat development, and was set as the preliminary 

manufacturer of the seat.  

4.2.1 Company requirements 

At the start of the project, an interview with the CEO of Uniti was held. The 

interview is featured as appendix 4. After that, a product requirement matrix with was 

developed together with the student's supervisor, the CTO of Uniti. 

The one-size-fits-all aspect of the project is referring to the idea of eliminating the 

adjustment of the angle between the seat back and seat bottom.  

Aesthetics are a driving factor for the Uniti vehicle as a whole, and the designers are 

primarily designing an aesthetically appealing seat. 

The initial product requirements for the seat was developed, and featured as appendix 

5: It was made clear to the student that this specification was not final, and things 

might change as the project was ongoing.  

4.2.2 Quality Function Deployment 

In order to hear the voice of the customers, a QFD was put together. Interviews were 

therefore held for the external customers. The interviews are featured as appendix 6. 
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In order to compare existing seats with the requirements from the customers, a car 

dealership in Halmstad was visited. There, different seats was evaluated. The results 

of the dealership visit is featured as appendix 7. The results from the interviews, 

company specification and the benchmarking was finally put together in the QFD-

document. The document is featured as appendix 8.   

4.2.3 Function analysis 

Following the QFD, a function analysis was put together with the results, in order to 

be able to generate concepts. However, first a reverse engineering document was 

created, looking at a generic seat, as to not forget functions for the function analysis. 

The reverse engineering document is featured as appendix 9, and the function 

analysis is featured as appendix 10. 

In addition to the function analysis, an image board was put together as a source of 

inspiration, see appendix 11. Images for the board was found on the internet. One 

source in particular was interesting, a concept car developed by Volvo, called Volvo 

YCC. This is a car developed by an all-female engineering team, and the seat 

featured a head restraint in two parts, in order to be more comfortable for people 

wearing their hair in a pony tail. This concept was investigated further in concept 

generation.   

4.2.4 Product specification 

Finally, a product specification was to be put together. It was made together with the 

Uniti CTO. It compiled functions from the QFD, initial Uniti requirement list, and 

recommendations for seat design found in the literature review. The product 

specification is featured as appendix 12. 

However, for the prototype due the third quarter of 2017, fewer functions are needed, 

and others are to be added on in time. The functions needed for the prototype and 

initial run of the vehicle are; up-down adjustment; forward-backward adjustment; and 

tilt function. 

The other function was at the time of the project less prioritized, as the need for a 

poorer prototype quickly was greater than having the perfect seat. 

4.3 Concept generation 

4.3.1 Safety belt concept 

As decided before, the Uniti vehicle will feature three point belts. According to the 

regulation EU 3/2014, three different possible cases are to be investigated: 

 Configuration 1: Safety belt is anchored on vehicle floor and wall 
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 Configuration 2: Safety belt is anchored on two points on vehicle floor and 

one on the seat 

 Configuration 3: All safety belt anchor point is placed on seat 

The seat must withstand the forces involved. According to the regulation, the seat 

must be able to withstand 20 g in 0.2 seconds. The seat was modeled schematically, 

the following forces apply for each case: 

 
Fig 4.1 - Applied forces for the different configuration 

Forces calculated using anthropometric values of 95th percentile man, with 

approximated directions. The seat was given a weight of 20 kg. The calculations are 

appended in appendix 13 

According to Va Automotive, there is also a need for testing the strength of the     

seat due to displaced luggage in the back seat. However, according to 

ECE/TRANS/WP.29/78/Rev.3, vehicles of type L7 are excluded from this regulation. 

The placement of the seat in the Uniti vehicle was estimated to be as the following: 

 
Fig 4.2 - Position of seat on vehicle floor 

Given this seat placement, the belt anchorages must be placed as the following:  
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Fig 4.3 - Seat belt configuration (unfastened) 

 
Fig 4.4 - Seat belt configuration (fastened) 

The choice went to configuration 3, belt-in-seat. 

4.3.2 Head restraint concept  

Since the aesthetics and design of the seat is the job of the design team at Uniti, 

the concepts for the seat are made according to their schedule. However, there is 

still a need to investigate different concepts for a head restraint designed for 

improved comfort for people with their hair in a pony tail. Therefore, concepts 

were generated. Concept generated featured below  

 
Fig 4.5 - Generated head restraint concepts 

 

In order to evaluate which of these concepts that are the best, a decision matrix 

with fitting criterion was developed. The "Split"-concept was evaluated to be the 

best candidate. The decision matrix is featured as appendix 14 

In order to supply the design team with measurements for the gap in the head rest, 

measurements was collected using the developed pony tail measurement model. 

The following measurements was collected: 

Gender A [mm] B [mm] C [mm] 

M (folded) 30 50 60 

F (regular) 40 50 80 
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M (folded) 35 40 50 

4.3.3 Development put on hold 

At this stage, the seat development part of this project was put on hold. The 

emphasis was to be put on the theory, and making a good foundation for Uniti to 

continue the development in the future. The following chapters are parts 

completed for that foundation, and was eventually put together into a technical 

report. 

4.3.4 Regulation requirements 

In order to better understand the regulation, a thesaurus was put together, intended 

to be a part of the technical report delivered to Uniti. The thesaurus is featured as 

appendix 15. According to EU No 3/2014, different points, planes and areas 

regarding safety belt anchorages needs to be defined by the manufacturer. These 

were compiled into a checklist, intended to be included in the technical report. 

The checklist is featured as appendix 16. 

4.4 Design manual 

The primary goal of the project was to compile a manual for how to design the seat, 

in terms of fit, feel and support parameters. The manual was compiled, and is 

featured as appendix 17. 

The following matrix contains data about measurements for the seat. They are 

compiled and set with background on the theory included into the project.  

4.5 Discussion 

The planning of the project, and the documents were not followed, as the project 

focus changed. This is due to Uniti's plan to purchase a complete seat for their initial 

prototype series, as they opted to put the development of their own seat on hold.  

Material concerning previous seats was located in both Uniti's Dropbox, and Google 

Drive. Thus, it was difficult to reach them, and some information was missing. 

Likely, there was no proper documentation for the design recorded.  

Seeing how the belt is schematically mounted for a seat placed in the middle of the 

vehicle, configuration 1 and 2 seem awkward and to offer less protection. This was 

the driving factor to choose configuration 3, belt in seat. According to Va 

Automotive, this is common in vehicles today. However, due to the slim nature of the 

seat, the belt roll must be fitted beneath the seat. 

Regarding the evaluation of the head restraint concept, the two highest scoring 

concepts (Split and Ridge) was compared. Split yields better comfort, 
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manufacturability, one size fits all and weight/mass efficiency than Ridge. Ridge is 

only better due to it being a better held together piece of material, although the 

concept might not be all that much better than Split. The datum, Conventional seems 

also as a good candidate. Split was deemed the best, however for the design manual, 

split, ridge and conventional was set as options. This is because this function as a 

whole is not a very important function, and if the design team could not get this 

function to be aesthetic, the function was to be scrapped. 

Regarding the hole in the head restraint, it was essential to make the hole at least as 

wide as measurement A. In order to have some margin, the value of B was chosen to 

be the base measurement for the hole width. Having it as wide as C was deemed 

unnecessary, as hair at this line is not as uncomfortable to narrow. However, there 

might be a need to have it wider than B, if there is a chance of the hair and therefore 

head of getting obstructed when attempting to check the blind spot. This might also 

be an incentive to scrap the idea all together.  

According to Va Automotive, the seat will be fastened in a standard angle, circa 70-

75 degrees on its frame. Regulations on the subject are slightly unclear, as it is stated 

only that the design torso line should be placed as close to 20-25 degrees as possible. 

Studying the results of the QFD and the feature recommendations provided by 

medical personnel, there is a clear discrepancy. Features such as arm rests, adjustable 

seat bottom length, and a adjustable, pulsating lumbar are absent from the voice of 

the customer. Therefore, it would seem that these features have limited value for the 

customer. Adding these functions to the seat for Uniti's vehicle seems superfluous, as 

the intention is to have a optimized, minimalistic seat. Moreover, functions such as 

arm rests and seat bottom length adjuster might be harmful for the aesthetics of the 

seat. As discussed in the literature review, aesthetics have an influence on overall 

vehicle comfort. The aesthetics factor are especially important for shorter rides, 

which the Uniti vehicle is essentially made for. Following the recommendation by 

Helander, (2005) to focus on comfort and aesthetics over ergonomics, as no occupant 

will complain about discomfort unless they have a bad back seems reasonable in this 

case. Another aspect of choosing not to have too many features in the seat is that 

every seat, no matter how great, will eventually become uncomfortable. Another 

aspect for comfort is the ability to move. The seat fidget movements have been 

observed, and restricting any movement seems to have a negative influence of 

comfort. Armrests and seat bottom length adjustor have the potential to restrict 

movements. Lastly, it have also been observed that it is difficult to maintain postures 

while sitting, clearly indicating that movements are very frequent. This is also an 

incentive to not have functions that are in the way. Furthermore, it was revealed in 

the interviews that most people only adjust what they have to in order to properly 
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operate the vehicle, such as length to pedals. They tended not to adjust things such as 

the head restraint or seat back to bottom angle. This is also an incentive not to include 

functions for these adjustments. 

The comfort function of having a split head restraint differs from other functions, as 

this function is designed into the seat itself, and does not have its own cost in 

manufacturing. This is an incentive to evaluate it, despite not being a part of the voice 

of the customer. Having the head restraint split will also potential save material and 

will arguably lower the weight of the seat, both attractive properties for Uniti.     

The fit parameter measurements chosen for the manual differ from the 

recommendations by Reed, et al. (1994). This is due to their use of anthropometrics 

data collected in America, and also, as they are older than the ones provided by 

Skövde University. Nevertheless, the same logic of how to chose measurements was 

applied, but values was changed to better fit a Swedish market. 

In the material by Reed, et al. (1994) it was made clear that, regarding the lumbar 

support, many researchers seems to ignore that seat height is an important factor. 

Reed, et al. (1994) recommends that for a seat as low as Uniti's, should not feature a 

lumbar support at all. This gives an incentive not to bother with it. However, 

instructions was still given, as the height of the seat might change, and a lumbar 

support might still be featured.  

Concerning cancelling vibrations in the seat, it is as previously stated, unclear in what 

frequencies an electrical vehicle vibrate in. However, according to Va Automotive, 

conventional seats with springs counter vibrations. Whether this is true or not are not 

clear, and further research needs to be performed.   
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5 Conclusions 

5.1 Conclusions 

 The design and aesthetics have now a greater scientific foundation than of 

The Kepler Pod. 

 The development of the seat is in good hands, as Va Automotive has assigned 

a developer of their own to the project. 

 The developed seat, made essentially in one piece fulfills the lightweight, 

minimalistic and one size fits all aim of the thesis. 

 The idea of having minimal functionality and adjustments of the seat have a 

base in the literature 

 The split head restraint might be able to influence engineers in the future of 

how greater comfort can be achieved. 

 The contact with Va Automotive will help Uniti get a seat for the prototype 

due 2017. 

 The checklist for seat anchorages will help Uniti verify the seats legal 

compliance. 

 The checklist and thesaurus will simplify work for the upcoming seat 

developer at Uniti. 

5.2 Recommendations for future work 

Since the conclusion of this project delivered a design specification, it is now time to 

address the development of the seat once again. As mentioned earlier, it is unclear 

how an electrical vehicle would vibrate. There might be a need for additional 

dampening due to this, or there is a possibility to remove some unnecessary 

dampening. The recommendation here is to investigate how an electrical vehicle 

would vibrate. When developing the seat, test needs to be run to determine comfort 

while in a vibrating vehicle, as comfort in a seat that is essentially a chair likely gives 

an askew result. If Uniti decides to make a seat with a head restraint adapted for pony 

tails, then they should make a more extensive study of their width, as only three 

people were measured in this project. Moreover, since a pony tail adapted head 

restraint is thinner or has gaps, those concepts needs to be tested for safety, as the 

head might not be properly protected from shear forces As noted in the literature 

review, shoulder level support needs more research. It would be simple enough to 

integrate this type of support into the seat back, however sufficient evidence of its 

positive effects and testing needs to be verified. The test Va Automotive mentioned, 

regarding displaced luggage is probably good to have the structure resist, and the test 

should be conducted regardless of what the regulations says, as this proves the 

structural integrity of the seat and floor of the Uniti vehicle  
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6 Critical review 
Critical review of the project with regards to the environment, society and human 

safety and well being. 

6.1 Environment 

The seat is to be developed and manufactured in Skåne, Sweden in cooperation with 

Va Automotive. This ensures shorter transports, which is better for the environment. 

The seat will feature systems already existing, meaning no new parts needs to be 

developed, tested and manufactured. The seat is arguably simpler than existing 

counterparts, making it lighter and thus making the vehicle as a whole more efficient. 

Since it is part of an electric vehicle, there is no conventional fuel consumption and 

hopefully the seat help the battery to last longer. All these aspects reduce emissions, 

and the CO2 foot print. 

6.2 Society 

As mentioned earlier, the seat is going to be manufactured in Sweden. This stimulates 

the Swedish economy, and creates job opportunities in Sweden, as Uniti needs to hire 

manufacturing personnel for their factory.  

6.3 Human safety and well being 

One major concern about electrical cars is range. Making a lightweight seat 

contributes to having a longer range on the vehicle, and thus increasing the likelihood 

that  the vehicle gets used. This contributes to less emissions and cleaner air in cities. 

Looking at the recommendations by Harrison, et al. (2000), there are many ignored 

aspect for the seat, that might have had a positive impact on health and well being for 

occupants. However, many of these suggestions are not economically feasible in a 

vehicle minimized for cost. Many of the suggested functions does not exist in other 

seats either, and there seems not to be a demand for it. In addition to that, it is likely 

that the aesthetics of having for instance bilateral arm rest are difficult, and might 

alienate potential customers. The omission of airbag in the seat might potentially be 

harmful for occupants. However, there are other safety systems, including airbag, to 

be integrated in other parts of the vehicle. Moreover, the omission of airbag in seat is 

for the moment in the initial seat for the prototype, and this might change in the 

future. Having a hole in the head restraint might be harmful for occupants, as 

different parts of the skull would be able to travel further than other in an accident. 

This might generate harmful shear in the skull. However, as mentioned earlier current 

head restraints are not very successful in whiplash prevention either, and a high head 

restraint might increase their efficiency. One way of limiting the shear forces 

described is to have a narrower hole. Therefore, pony tail measurement C was not 

used, as the hole would be too wide. 
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Appendix 1 - Annex XII and XIII of Eu No 3/2014 

Annex XII Part 1 

1.1. Vehicles of categories L2e, L5e, L6e and L7e with a mass in running order > 270 kg shall 

be fitted with safety belt anchorages and safety belts on seats (i.e. not required in case of 

saddles), complying with the requirements of this Annex.  

1.2. Vehicles of categories L2e, L5e, L6e and L7e with a mass in running order ≤ 270 kg may 

be fitted with safety belt anchorages and/or safety belts, provided that these comply with the 

requirements of this Annex.  

1.3. The number of safety belt anchorages provided shall be sufficient to facilitate the correct 

installation of the mandatory, voluntary or optionally installed safety belt on any given seat.  

1.4. Safety belt anchorages shall conform to the 7/16-20 UNF 2B thread size and tolerance 

specifications.  

1.4.1. However, if the vehicle manufacturer has fitted safety belts as standard equipment to 

specific seating positions, the safety belt anchorages for those seating positions may have 

characteristics different from those specified in point 1.4. 

1.4 Safety belt anchorages shall conform to the 7/16-20 UNF 2B thread size and tolerance 

specification. 

1.5. It shall be possible to remove a safety belt without any remaining damage to the safety belt 

anchorage point.  

1.6 The R-point of a seating position shall be determined as follows:  

1.6.1 The R-point of a seat shall be established in accordance with the provisions in appendix 3 to 

part 2 of Annex VII to this regulation 

Annex XII Part 2 

1.1 Safety belt may be incorporated within the chassis, bodywork, seat or any structure of the 

vehicle 

1.3 The permitted locations of the effective safety belt anchorage points for all seating positions 

are indicated in figures 11-P2-1 and 11-P2-2 and clarified below 

1.4 Position of the lower effective safety belt anchorages: 

1.4.1 The 1 and 2 angles shall lie between 30° and 80° in all normal positions of use of the 

seat 

1.4.2 If seat are fitted with an adjustment system and the manufacturer's declared torso angle is 

less than 20°, the 1 and 2 angles may lie between 20° and 80° in all normal positions of use of 

the seat. 

1.4.3 The distance between the two vertical planes parallel to the longitudinal median plane of the 

vehicle and passing through each of the two lower effective anchorages L1 and L2 of the same 

safety belt shall not be less than 350 mm. This may be reduced to 240 mm in the case of a centre-



 

 

row rear seating position. The longitudinal median plane of the seating position shall pass points 

L1 and L2 at no less than 120 mm from those points. 

1.5 Location of the upper effective safety belt anchorages 

1.5.1 If a strap guide, D-ring or similar device affecting the position of an effective safety upper 

anchorage is used, that position is determined in a conventional manner by considering the 

position of the anchorage when the safety belt is worn by an occupant, represented by a 50th 

percentile male manikin, with the seat adjusted to the design position as specified by the vehicle 

manufacturer. 

1.5.2. Points J 1 and J 2 shall be determined as follows:  

point J 1 is determined in relation to the R-point by means of the following three segments:  

— RZ: segments of torso reference line measured from the R-point upwards over a length of 530 

mm;  

— ZX: segment perpendicular to the longitudinal median plane of the vehicle measured from 

point Z in the direction of the anchorage and having a length of 120 mm;  

— XJ 1 : segment perpendicular to the plane defined by segments RZ and ZX measured from 

point X forwards over a length of 60 mm;  

point J 2 is determined by symmetry with point J 1 about the longitudinal plane vertically 

crossing the torso reference line of the relevant seat.  

 

1.5.3. A single upper effective safety belt anchorage point shall comply with the following 

requirements:  

 

1.5.3.1. The upper effective safety belt anchorage point shall lie below the plane FN that is 

perpendicular to the longitudinal median plane of the seating position and forms an angle of 65° 

with the torso reference line. For rear seats, this angle may be reduced to 60°. The plane FN may 

therefore not be perfectly horizontal and shall intersect the torso reference line at a point D so 

that:  

DR = 315 mm + 1,8 S.  

However, if S does not exceed 200 mm:  

DR = 675 mm.  

 

1.5.3.2. The upper effective safety belt anchorage point shall also lie behind plane FK 

perpendicular to the longitudinal median plane of the seat and intersect the torso reference line at 

an angle of 120° at a point B so that:  

BR = 260 mm + S.  

If S is not less than 280 mm, the vehicle manufacturer may opt to use:  

BR = 260 mm + 0,8 S  

 

1.5.3.3. The value S shall not be less than 140 mm.  

 

1.5.3.4. The upper effective safety belt anchorage point shall also be located behind a vertical 

plane that is perpendicular to the longitudinal median plane of the vehicle and passes through the 

R-point.  



 

 

 

1.5.3.5. The upper effective safety belt anchorage point shall also be located above the horizontal 

plane passing through the point C.  

Point C is located 450 mm vertically above the R-point.  

However, if distance S is 280 mm or more and if the vehicle manufacturer did not opt to use the 

alternative formula for BR in point 1.5.3.2, the vertical distance of 500 mm between point C and 

the R-point shall apply.  

 

1.5.3.6. More than one actual upper safety belt anchorage point may be fitted, provided that all 

resulting effective safety belt anchorage points meet the requirements of points 1.5.3 to 1.5.3.5.  

 

1.5.3.7. If the height of the upper safety belt anchorage point is manually adjustable without the 

use of any tools, all selectable upper safety belt anchorage point positions and the resulting 

effective safety belt anchorage points shall comply with the requirements of points 1.5.3 to 

1.5.3.5. In this case, the permitted area as defined above may be enlarged by shifting it 80 mm 

upwards and downwards in the vertical direction; however, the permitted area remains bounded 

by the horizontal plane passing through point C (See Figure 11-P2-1). 



 

 

 

 
2. Strength of safety belt anchorages  

 



 

 

2.1. Each safety belt anchorage point shall capable of withstanding the tests provided for in 

points 3 to 3.5.1. Permanent deformation, including partial rupture of an anchorage or the 

surrounding area, does not constitute failure if the required force is sustained for the specified 

time. During the test, the minimum distances for the lower effective safety belt anchorage 

points set out in point 1.4.3 and the minimum height of the upper effective safety belt 

anchorage points set out in point 1.5.3.5 shall be maintained.  

2.2. Displacement systems fitted to seats shall be capable of being manually activated once 

after the tractive force is no longer applied. 

 

3. Testing provisions  

3.1. General testing provisions  

3.1.1. Subject to the provisions set out in points 3.2 to 3.2.3 and in line with the 

manufacturer’s request:  

 

3.1.1.1. The tests may be carried out on either a vehicle structure or a fully finished vehicle.  

 

3.1.1.2. The windows and doors may be installed and placed in the open or closed position.  

3.1.1.3. Any normally fitted component which is likely to contribute to the overall structural 

integrity of the vehicle may be installed.  

 

3.1.2. All seats shall be adjusted to a position of use for normal driving, as selected by the 

technical service responsible for carrying out the type-approval tests, and it shall be ensured 

that the least favourable (i.e. worst-case) positions of the seats are assessed during the tests.  

 

3.1.2.1. The position of the seats shall be accurately recorded in the report. If its angle is 

adjustable, the backrest shall be locked in position in accordance with the manufacturer’s 

instructions or, in their absence, in a position corresponding to a torso angle as close as 

possible to 25°.  

 

3.2. Provisions for securing and restraining the vehicle during the test  

 

3.2.1. The method used to restrain the vehicle during the test shall not have the effect of 

reinforcing the anchorage or anchorage areas, or interfere with the normal deformation of the 

structure.  

 

3.2.2. The method used to restrain the vehicle during the test is considered satisfactory if it 

has no effect on an area extending throughout the width of the structure and if the vehicle or 

structure is locked or attached at the front at an overall distance of at least 500 mm from the 

actual anchorage point to be tested and held or attached at the rear at an overall distance of at 

least 300 mm from the actual anchorage point to be tested.  



 

 

3.2.3. It is recommended that the structure rests on supports directly below the wheel axles or, 

if this is not possible, directly below the wheel suspension points. 

 

3.3. General test requirements  

 

3.3.1. All the anchorages within the same group of seats shall be tested simultaneously.  

 

3.3.2. The tractive force shall be applied forwards at an angle of 10° ± 5° above the horizontal 

in a plane parallel to the longitudinal median plane of the vehicle.  

 

3.3.3. The loading shall begin as quickly as possible. The anchorages shall withstand the 

specified load for at least 0,2 seconds.  

 

3.3.4. The traction devices to be used for the tests described in points 3.4 to 3.4.5.2 shall 

comply with the specifications laid down in Annex 5 to UNECE regulation No 14 ( 1 ). The 

width of the traction device shall be selected so as to correspond with, or be as close as 

possible to, the design value of the width between the lower effective safety belt anchorages.  

 

3.3.5. Safety belt anchorages for seats fitted with upper anchorages shall be tested under the 

following conditions: 

3.3.5.1 Outboard front seating positions: 

In the case of safety belts incorporating a inertia reel retractor attached to a separate lower 

side anchorage point:  

— the anchorages are subjected to the test laid down in points 3.4.1 to 3.4.1.3 in which the 

forces are applied to them by means of a device reproducing the geometry of a three-point 

belt incorporating an inertia reel retractor attached to a lower side anchorage and a D-ring 

acting through the upper anchorage.  

In the case of safety belts not incorporating a inertia reel retractor attached to a separate lower 

side anchorage point:  

— the anchorages shall be subjected to the test laid down in points 3.4.2 to 3.4.2.2. in which 

the forces are applied to them by means of a device reproducing the geometry of a three-point 

non-inertia reel belt;  

— the lower anchorages shall in addition be subjected to the test laid down in points 3.4.3 to 

3.4.3.1 in which the forces are transferred to the lower anchorages by means of a device 

representing a lap belt;  

— the two tests may be carried out on two different structures at the request of the 

manufacturer.  

If the height of the upper safety belt anchorage point is manually adjustable without the use of 

any tools, it shall be set in the least favourable (i.e. worst-case) position as decided by the 

technical service.  



 

 

In the case of multiple upper safety belt anchorage points for use with a special-type (e.g. 

harness-type) safety belt, these shall all be subjected to the test required in points 3.4.5 to 

3.4.5.2, in which the forces are applied to them by means of a device reproducing the 

geometry of the type of safety belt intended to be attached to those anchorages.  

 

3.3.5.2. Rear outboard seating positions and/or centre seating positions:  

In the case of three-point safety belts incorporating a inertia reel retractor attached to a 

separate lower side anchorage point:  

— the anchorages are subjected to the test laid down in points 3.4.1 to 3.4.1.3 in which the 

forces are applied to them by means of a device reproducing the geometry of a three-point 

belt incorporating an inertia reel retractor attached to a lower side anchorage and a D-ring 

acting through the upper anchorage.  

In the case of three-point safety belts not incorporating a inertia reel retractor attached to a 

separate lower side anchorage point:  

— the anchorages shall be subjected to the test laid down in points 3.4.2 to 3.4.2.2 in which 

the forces are applied to them by means of a device reproducing the geometry of a three-point 

non-inertia reel belt;  

— the lower anchorages shall in addition be subjected to the test laid down in points 3.4.3 to 

3.4.3.1 in which the forces are transferred to the lower anchorages by means of a device 

representing a lap belt;  

— at the request of the manufacturer, the two tests may be carried out on two different 

structures.  

If the height of the upper safety belt anchorage point is manually adjustable without the use of 

any tools, it shall be set in the least favourable (i.e. worst-case) position as decided by the 

technical service. 

 

In the case of multiple upper safety belt anchorage points for use with a special-type (e.g. 

harness-type) safety belt, they shall all be subjected to the test required in points 3.4.5. to 

3.4.5.2., in which the forces are applied to them by means of a device reproducing the 

geometry of the type of safety belt intended to be attached to those anchorages.  

3.3.6. Safety belt anchorages for seating positions not fitted with upper anchorages shall be 

tested under the following conditions:  

3.3.6.1. Outboard front seating positions:  

In the case of two-point or lap safety belts:  

— not permitted.  

3.3.6.2. Rear outboard seating positions and/or centre seating positions: 

In the case of two-point or lap safety belts:  

— the lower anchorages shall be subjected to the test laid down in points 3.4.3 to 3.4.3.1 in 

which the forces are transferred to the lower anchorages by means of a device representing a 

lap belt.  

3.3.7. If the safety belt systems to be installed in the vehicle require the use of specific 

equipment such as brackets, rollers, additional anchorages or guides, without which the 

testing straps or cables cannot be attached directly to the anchorages, such equipment shall be 

mounted and used during all tests as appropriate.  



 

 

3.4. Specific requirements for the tests to be carried out on vehicles having a mass in running 

order ≤ 600 kg  

3.4.1. Test in three-point belt configuration incorporating a retractor having a D-ring, pulley 

or strap guide at the upper actual safety belt anchorage  

3.4.1.1. A reverser, pulley or guide for the cable or strap with the characteristics needed to 

transfer the forces from the traction device is attached to the upper anchorages. A normal 

safety belt system may be used instead.  

3.4.1.2. A test loading of 675 daN ± 20 daN shall be applied to a shoulder belt traction device 

attached to the belt anchorages by means of a cable or strap reproducing the geometry of the 

upper diagonal strap of the corresponding safety belt.  

3.4.1.3. At the same time, a tractive force of 675 daN ± 20 daN shall be applied to a lap belt 

traction device attached to the two lower anchorages.  

3.4.2. Test in three-point belt configuration without a retractor or with a retractor mounted 

directly to the upper actual anchorage point  

3.4.2.1. A test loading of 675 daN ± 20 daN shall be applied to a shoulder belt traction device 

attached to the upper anchorage and to the opposite lower belt anchorage of the same safety 

belt using, if fitted as standard equipment by the manufacturer, a retractor fixed at the upper 

actual safety belt anchorage.  

3.4.2.2. At the same time, a tractive force of 675 daN ± 20 daN shall be applied to a lap belt 

traction device attached to the two lower anchorages.  

3.4.3. Test in lap-belt configuration  

3.4.3.1. A test loading of 1 110 daN ± 20 daN shall be applied to a lap belt traction device 

attached to the two lower anchorages.  

3.4.4. Additional test requirements in the case of safety belt anchorage points located wholly 

within the seat structure or dispersed between the vehicle structure and the seat structure  

3.4.4.1. The three specific safety belt configuration tests in points 3.4.1, 3.4.2 and 3.4.3 shall 

be conducted while an additional force, as specified below, is exerted for each seat and/or 

each group of seats.  

3.4.4.2. The additional longitudinal and horizontal force shall be equal to ten times the weight 

of the complete seat and applied directly to the centre of gravity of the seat structure in 

question through a separate force application device. 

 

3.4.5. Test in special-type belt configuration (other than those for three-point belt or lap-belt)  

3.4.5.1. A test loading of 675 daN ± 20 daN shall be applied to a shoulder belt traction device 

attached to the belt anchorages meant for a special-type safety belt, by means of cables or 

straps reproducing the geometry of the upper diagonal strap or straps of the corresponding 

safety belt.  

3.4.5.2. At the same time, a tractive force of 675 daN ± 20 daN shall be applied to a lap-belt 

traction device attached to the two lower anchorages.  

3.6. If an ISOFIX anchorage system or a system which resembles ISOFIX is fitted optionally 

to the vehicle, all relevant location, marking and strength requirements for such systems in 

UNECE regulation No 14 shall be met.  

3.6. Test report requirements  



 

 

3.6.1. The deformation of the safety belt anchorage points and the load supporting structures 

resulting from the application of the loads as specified in points 3.4 to 3.5.1 shall be 

accurately recorded after the tests and included in the test report. 

Annex XII Part 3 

1. In the absence of specific requirements for vehicles of categories L2e, L5e, L6e and L7e in 

UNECE regulation No 16, vehicles of those categories which are fitted with safety belts shall 

meet all relevant requirements of that regulation as prescribed for vehicle category N 1 , as well 

as the following:  

1.1. Without prejudice to the requirements of points 1.1 and 1.2 of Part 1, concerning the mass in 

running order, safety belts shall be fitted to all seating positions consisting of seats.  

1.1.1. The driver’s seating position (including where this is central) shall in this case always be 

fitted with a three-point or harness-type safety belt.  

1.2. Vehicles of categories L7e-A2, L7e-B2 and L7e-C shall be fitted with three-point or harness-

type safety belts on all seating positions, regardless of the vehicle mass in running order.  

1.3. Any reference in UNECE regulation No 16 to UNECE regulation No 14 shall be understood 

as a reference to Part 2, where appropriate.  

1.5. All safety belts shall be type-approved and fitted in accordance with the safety belt 

manufacturer’s specifications. 

Annex XIII 

1.1 § Vehicles shall be fitted with at least one seat or saddle 

1.1.1 § All seats must be forward-facing 

According to 1.3 § L7e vehicles with bodywork must be equipped with seats 

 

1.4. The R-point of a seating position shall be determined as follows:  

 

1.4.2. The R-point of a seat shall be established in accordance with Appendix 3 to Part 2 of 

Annex VII to this Regulation.  

1.5 § All seats must have a seat back 

1.5.1? The procedures for either 1.5.1.1. or 1.5.1.2. must be carried out in order to comply with 

this Annex 

1.5.1.1. The procedure for the determination of the H-point following the prescriptions in 

Annex 3 to UNECE regulation No 17 shall be carried out successfully (i.e. not taking into 

account any exemptions provided for in that regulation). 

1.5.1.2. Where the procedure of point 1.5.1.1 cannot be carried out correctly for a specific seat, 

this shall be demonstrated satisfactorily and subsequently a 50th percentile male manikin (i.e. 

Hybrid III anthropomorphic test device) may instead be placed on the seat, which shall be 



 

 

adjusted to the design position as specified by the vehicle manufacturer. In this case, the R-point 

of the seat in question shall be taken as declared by the vehicle manufacturer and duly justified by 

means of appropriate vehicle design criteria taking into account the characteristics of a 50th 

percentile male manikin and its hip pivot point. The technical service shall provide clear 

justification for the judgment criteria in the test report 

1.7 § The height of the R-point of the seating position of the driver or rider shall be >= 400 mm 

for a L7e vehicle, as measured from the ground 

According to 1.8 § in Annex XIII, the seat must be able to withstand a 10 g load over 20 ms 

without breaking 

1.8.1 Compliance with point 1.8 shall be demonstrated as follows: 

- by submitting representative parts of the vehicle to a deceleration of 10 g in forward 

direction for at least 20 ms or  

— by performing the test in points 3.4.4 to 3.4.4.2 of Part 2 of Annex XII, 
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Appendix 3 - Initial project planning document 

Project Planning 

Design Organization: Uniti Sweden  Date: 2017-02-07 

Proposed Product Name: Car seat  

Task 

1 

 

 

Name of Task: Preliminary study and planning 

Objective: Analyze biomechanics involved while sitting; ergonomics; whiplash 

injuries and planning for design 

Deliverables: Foundation for car seat design 

QFD-document 

 

Decisions needed: 

Decision: What to include in foundation 

 

 

Time estimate  Total hours: 40 50 % Lapsed time(include units): 2 

weeks 

Sequence: Predecessors: n/a Successors: Task 2 

Start Date: 30/1 Finish Date: 13/2 

Costs: - 

Task 

2 

 

Name of Task: Design of car seat 

Objective : To generate a concept of the car seat 

Deliverables: Concepts 

Visualizations 

Mock-ups 

Pugh's matrix 

Decisions needed: 



 

 

Decision 1: What concept to choose 

 

Personnel needed 

Title: Student Hours: 80  Percent full time:50 % 

Title: Design engineer Hours: 10  Percent full time: 10 % 

Time estimate  Total hours: 80  Lapsed time(include units): 4 

weeks 

Sequence: Predecessors: Task 1 Successors: Task 3 

Start Date: 14/2 Finish Date: 14/3 

Costs:  Capital Equipment  

Task 

3 

 

 

Name of Task: Concept refinement 

Objective: To refine chosen concept into a manufacturable product 

Deliverables: CAD-model 

Drawings 

Visualizations 

FMEA 

BoM 

LCA 

FEM-model 

Mannequin analysis 

Cost analysis 

 

Decisions needed: 

Decision: Material choices, manufacturing process 

 

 

Time estimate  Total hours: 120 50 % Lapsed time(include units): 6 

weeks 



 

 

Sequence: Predecessors: Task 3 Successors: Task 4 

Start Date: 15/3 Finish Date: 25/4 

Costs: - 

Task 

4 

 

Name of Task: Prototyping 

Objective : To build a full scale prototype of the car seat 

Deliverables: Prototype 

Decisions needed: 

- 

Personnel needed 

Title: Student Hours: 80  Percent full time:50 % 

Title: Design engineer Hours: 10  Percent full time: 10 % 

Time estimate  Total hours: 40          50 % Lapsed time(include units): 2 

weeks 

Sequence: Predecessors: Task 1 Successors: Task 3 

Start Date: 26/4 Finish Date: 10/5 

Costs:  Capital Equipment  

Team member: HJ 

 

Prepared by: HJ 
 Checked by: HJ  

 Approved by: HJ 
The Mechanical Design Process                                              Designed by Professor David G. Ullman 

Copyright 2008, McGraw Hill                                                     Form # 10.0 

 

  



 

 

Appendix 4 - Paraphrased interview with CEO Lewis Horne 

Tell me about you vision for the Uniti car 

The car is designed to match user pattern, not a pre-existing belief of how far are you 

travelling or how many are traveling. The car should be optimized with regards to complexity, 

weight and environmental factors. The car should be updated to meet modern means of 

interaction and operation. Machine should match available technology, instead of making a 

large car, made for a mechanical engine, it is designed to fit needs and technologies. The car 

should be made of composites, diverse and novel kinds of combinations (not just carbon fiber, 

which will only be used where needed). Others materials should be sustainable, organic 

composites. Free the driver from mechanical connection to the road, replace that with 

electronic connection, new forms of interaction. The car is designed around the user and 

driver. Heads up display, shows you direction, the ability to get information without changing 

focus to dashboard, the ability to highlight elk and other hard to see objects in order to prevent 

car crashed and impacts. Essentially, not to blindly follow what has been done for a century. 

We believe in logic and rational but want to transgress boundaries, to make a nice, 

minimalistic approach. We do not start with the conventional but might end up there. We need 

to be weary of people's needs to detect pattern, and we want to deviate from the expected. 

Think as if Apple had made a car, we follow their approach. 

Regarding the seat, I envision a cellulose material for the seat, an organic material made 

locally [read Sweden]. Two sides of shell embedded together can make it stable, I don't want 

any steel springs. Investigate the possibility to keep angle between seat and back rest fixed as 

an "L"-shape. Seat can still move sideways like an office chair, but the fixation of the angle 

will make it a lot more simple. 

What will the car be used for? 

Driving in cities, short to medium distances, it has a 150 km range, but it can go up to 400 

km. 

Where will it be used? 

Cities, proper roads (not an off-road vehicle). 

Who will use it? Is it for professional use only, like the postal service? 

No, the car is intention to be a second family car, or a car for millennials. However, it might 

be used by the postal service in the future. 

Today, it is intended to be driven mostly for shorter distances, often for less 30 minutes at a 

time. Are there any plans to increase this?  

Yes, range up to 400, just a matter of how many people are in the car and its load. 

  



 

 

Appendix 5 - Initial product requirements from Uniti 

Category ID Criteria Comments 

Requirements 

A Fitting for everyone 95th percentile man for driver's 

seat, 50th percentile man for back 

seat. 5th percentile woman also 

needs to be able to reach 

B Electrical seat adjustments   

C Environmentally friendly   

D Low cost   

E Innovative   

F Comparably lighter and slimmer 

than other on the market 

  

G Easy to assemble   

H Airbag  

Desirables 

I As simple as possible Few parts, easy to manufacture, 

assemble, low number of 

functions and adjustments 

J Seat moves during crash to 

dampen 

  

K Ability to fold seat   

L Integrate seat belt into seat  

M Ability to move seat during 

impact to lessen forces on driver 

This will allow energy absorption, 

and is similar to whiplash 

prevention 

 

 

  



 

 

Appendix 6 - Phone interviews 

Interview questions 

1. How important is the seat when you are purchasing a car? 

2. What is the most important to be able to adjust when you are in the driver's seat? 

3. Do you prefer mechanical or electrical adjustment of the seat 

4. How often have you felt that you must adjust the seat once you have seated yourself inside 

the driver's seat? 

5. In that case, what do you want to adjust? 

Respondent 

(age/sex) 

Q1 Q2 Q3 Q4 Q5 

51 Male Important 

4/5 

Lumbar support is 

missing in current 

car (has a bad 

back). Everything 

is important, has 

long arm, often 

needs to adjust. 

Mechanical, 

but electrical 

with 

memory is 

also good 

Every time Back rest 

angle, 

distance to 

pedals 

49 Male Very 

important 

4/5 

Distance to pedals 

and steering wheel 

Electrical Pretty 

often, I 

have short 

legs 

Position of 

seat (pedals) 

35 Male Very 

important if 

not 

comfortable, 

not buying 

car 

Position of seat  No 

difference 

Pretty 

much 

every time 

Position of 

the seat in 

relation to 

the steering 

wheel 

53 Female Somewhat, 

3/5, does not 

drive very 

far 

Forward backward, 

up down, angle of 

backrest 

Electrical, 

given 

memory 

Every time Position of 

seat 

25 Female Important 

but not a 

deal breaker 

last time, as 

they were 

very good 

(had, seat 

fans and seat 

heat) 

Forward/backwards 

and up/down. 

Lumbar support as 

well 

Electrical Most of 

the time 

Position of 

seat (pedals) 

49 Female Important 

4/5 

The back rest and 

forward/backward 

Electrical 

(with 

memory) 

Every time Distance to 

pedals, 

sometimes 



 

 

the back 

25 Female Depends on 

what the car 

is used for, 

more 

important if 

you're 

traveling far 

with it 

Distance to steering 

wheel and pedals 

No idea, 

have never 

tried 

electrical 

Every time Distance to 

pedals, 

otherwise 

tries to 

respect 

settings 

 

  



 

 

Appendix 7 - Car seat study 

Date 1/2 2017 

Car Mercedes CLA 250 SB, 2016 

Comfort 4/5 

Seat settings Mechanical, 4 options in 2 locations on the 

seat 

Lumbar  support 2/5 

Seat hardness Hard 

Airbag Yes 

Seat heat/cooling Heat 

 

Location Hedin Bil Halmstad 

Date 1/2 2017 

Car BMW 435i xDrive Coupé 2016 

Comfort 5/5 

Seat settings Mechanical, 5 options in 3 locations on the 

seat (1 being ability to fold seat for access to 

back seat 

Lumbar  support 4/5 

Seat hardness Hard 

Airbag Yes 

Seat heat/cooling Heat 

 

Location Hedin Bil Halmstad 

Date 1/2 2017 

Car Toyota Aures Hybrid 2016 

Comfort 3/5 

Seat settings Mechanical, 3 options in 2 locations on the 

seat 

Lumbar  support 2/5 

Seat hardness Soft 

Airbag Yes 

Seat heat/cooling Heat 

 

Location Hedin Bil Halmstad 

Date 1/2 2017 

Car Kia Sorento 2016 

Comfort 2/5 

Seat settings Electrical, 4 options in 1 locations on the seat 

Lumbar  support 2/5 

Seat hardness Hard 

Airbag Yes 

Seat heat/cooling Heat 

 



 

 

Location Hedin Bil Halmstad 

Date 1/2 2017 

Car Nissan Juke DIG-T 2016 

Comfort 2/5, small seat 

Seat settings Mechanical, 3 options in 2 locations on the 

seat 

Lumbar  support 2/5 

Seat hardness Somewhat soft 

Airbag Yes 

Seat heat/cooling Heat 

 

Location - 

Date 1/2 2017 

Car Renault Clio 2001 

Comfort 2/5 

Seat settings Mechanical, 4 options in 3 locations on the 

seat 

Lumbar  support 1/5 but adjustable 

Seat hardness Soft 

Airbag No 

Seat heat/cooling Heat 

 

 



 

 

Appendix 8 - QFD-document 

 



 

 

Appendix 9 - Reverse engineering 

 

Reverse Engineering For Function Understanding 

Design Organization: Uniti Sweden Date: 2017-02-08 

Product Decomposed: Car seat  

Description: The product will be the first car seat for Uniti Sweden   

How it works: It serves as a seat for the driver or passenger in a car 

Interfaces with other objects:  

Part # Part Name Other object Energy flow Information Flow Material Flow 

1 Head restraint Back rest - - Ability to slide head rest up 

and down 

2 Back rest Seat bottom - - Ability to adjust angle 

between back and bottom 

3 Seat bottom Car floor - - Ability to seat bottom's 

position on the car floor 

4 Airbag Back rest Energy from airbag bang 

breaks out of seat 

- Airbag balloon expands 

rapidly inside car 

5 Sensor Airbag - Sensor activated airbag - 



 

 

6 Seat belt 

holder 

Car bottom plate/seat 

bottom 

Takes up energy during 

impacts 

 Seat belt buckle is inserted 

into holder 

7 Seat heat 

element 

Seat bottom Heat is transferred from 

heating element into the 

seat bottom 

  

8 Seat cooling Seat bottom Fans cool air in vicinity to 

seat 

  

 

Flow of Energy, information and materials 

Part # Part Name Interface part  Flow of energy, information, material Image 

2 Back rest Angle 

adjustment 

When adjusted, the angle between seat bottom 

and back is changed 

 

2 Back rest Lumbar 

support 

adjustment 

When adjusted, lumbar support is changed 

3 Seat bottom Position 

adjustment 

When adjusted, position on floor is changed in 

one direction 

3 Seat bottom Height 

adjustment 

When adjusted, height of the bottom is changed 

 



 

 

 

Team member: HJ 

 

Prepared by: HJ 

Team member: HJ 

 

Checked by: HJ 

Team member: HJ 

 

Approved by: HJ 
The Mechanical Design Process                                              Designed by Professor David G. Ullman 

Copyright 2008, McGraw Hill                                                     Form # 17.0 

 



 

 

Appendix 10 - Function analysis 

ID Function Type  Notes 

1 Offer Comfort NF Ergonomics 

2 Offer Impact protection NF - 

3 Offer  Place to sit NF Holder 

4 Offer Lumbar support DF Tie-in with function 1 

5 Simplify  Cleaning DF - 

6 Offer Driver protection NF Use of seat belt 

7 Offer Safety belt connection NF - 

8 Prevent Misuse DF User-friendliness ISO 

20282 

9 Simplify Packaging DF - 

10 Simplify Assembly DF DFA 

11 Offer Seat heating DF - 

12 Offer Seat cooling DF/UF - 

13 Offer Passenger entrance NF - 

14 Hold Driver/passenger PF - 

15     

 

(PF = Primary function, NF = necessary function, DF = desirable function, UF = unnecessary 

function) 



 

 

Appendix 11 - Image board 

 



 

 

 

Appendix 12 - Product specification 

Function Comment 

All automotive front seats should be 

damped, at least in the three resonant 

frequencies of the human spine, with 

shock absorbers 

 

According to Va Automotive, this is 

accomplished with springs, that is used 

in most conventional seats. 

Dense foam be used in the seat bottom 

cushion 

This property is kept as a guideline 

Backrest adjustable in inclination angle This function was deemed unnecessary, 

as similar adjustment can be 

accomplished with a seat tilt   

Backrest must have adjustable lumbar 

support (up-down translation and in-

out translation) 

Was deemed unnecessary for the Uniti 

vehicle, as it is intended to be used in 

shorter time frames 

Seat height must be adjustable Yes, as the driver must be able to see 

out of the vehicle 

Seat bottom incline must be adjustable This function was deemed unnecessary 

Seat bottom linear translation for 

shorter persons to reach [the pedals] 

This function is kept, in order to ease 

entering in the back seat 

Seat back be linearly adjustable 

(forward-backward) to the seat bottom 

(for shorter and taller persons 

This function was deemed unnecessary 

Bilateral adjustable arm rests are 

needed 

This function was deemed unnecessary, 

and would also increase difficulty of 

entering the vehicle 

Seat back incline is recommended to be 

maintained at a 100° angle to reduce 

the risk of rising up this ramp during 

cervical acceleration-deceleration 

injuries 

The incline will not be adjustable, but 

made into this angle or similar 

Pulsating lumbar support This function was deemed unnecessary 

Mid-range stiffness of seat back This property is kept as a guideline 

A method of dampening such that a 

controlled rearward motion of the seat 

of up to 3 cm is possible, with a 

minimal rebound (i.e., a coefficient of 

restitution approaching 0 

This function is investigated 

Head restrain tuned to the seat back Yes, they will be fused into one sigle 

part, along with the seat bottom 

Head restraint with adjustability to fit a 

broad range of occupant 

The head rest will be unadjustable, but 

high 

Seat tilt This function is needed 

Seat heat This function must be investigated 

The ability to turn the seat for ease of 

entering the vehicle 

This function must be investigated 

Blind spot indicator This function must be investigated 



 

 

Seat cooling This function must be investigated 

Seat adjustment memory This function must be investigated 

Belt in seat configuration This function must be investigated 

Fold seat This function must be investigated 

Three point belt There is two options for the Uniti 

vehicle according to the regulation, 

three point belt and harness type belt. It 

was decided that three point belt is the 

arguably most common one, and would 

therefore feel more familiar to the 

driver. Belt in the back seat will also 

feature three point belts. 

Ease of entering Due to there being limited space in the 

back seat of the vehicle, there needs to 

be leg room, especially if there are two 

back seat occupants 

Electrical seat adjustments This function is preferred 

Low cost As low as possible 

Easy to assemble As easy as possible, fewer parts 

accomplishes this 

As simple as possible This property is kept as a guideline 

Fitting for everyone This property is kept as a guideline 

Environmentally friendly As environmentally friendly as 

possible 

Innovative As innovative as possible 

Comparably lighter and slimmer than 

other seats on the market 

As slim as possible 

Airbag This function must be investigated 

Head restraint adapted for ponytails This function must be investigated 

 

 

 

  



 

 

Appendix 13 - Seat force calculations 

95th percentile man weight: 100.26 kg 

Estimated generic car seat weight: 20 kg 

Load case: 

Acceleration of 10 g under 0.2 s. 

Forces generated by 95th percentile man:  

                       

Forces generated by the seat itself: 

                   

These forces are very general, and only intended to be some sort of reference. 

  



 

 

Appendix 14 - Pugh's matrix 

 

Issue: Choose a head restraint concept 

 

C
o
n
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en
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N
et

 

 

Weight 

     Comfort 15 

D
at

u
m

 

1 1 1 0 

Safety 30 -1 0 -1 -1 

Ridgidness 15 -1 0 -1 -1 

Manufacturability 15 -1 -1 1 -1 

One-size fits all compatibility 15 0 0 1 0 

Weight/mass efficiency 10 1 1 1 1 

       

 

Total -1 1 2 -2 

 

Weighted total -35 10 10 -50 

 

 

 

  



 

 

Appendix 15 - Thesaurus for seat development 

Term Definition 

3-D H-point machine "Device used for the determination of 

H-points and actual torso angles" 

H-point "Pivot center of the torso and thigh of 

the 3-D H-point machine installed in 

the vehicle seat" 

R-point (also referred as seating 

reference point SgRP) 

"Design point defined by the vehicle 

manufacturer for each seating position 

and established with respects to the 

three-dimensional reference system" 

Torso line "The central line of the probe of the 3-

D H-point machine with the probe in 

the fully rearward position 

Actual torso angle "Angle measured between a vertical 

line through the H-point and the torso 

line using the back angle quadrant on 

the 3- H-point machine. The actual 

torso angle corresponds theoretically to 

the design torso angle" 

Design torso angle "The angle measures between a vertical 

line through the R-point and the torso 

line in a position which corresponds to 

the design position of the seat-back 

established by the vehicle 

manufacturer" 

Central plane of occupant (C/LO) "The median plane of the 3-D H-point 

machine positioned in each designated 

seating position; it is represented by the 

co-ordinate of the H-point on the Y-

axis. For individual seats, the center 

plane of the seat coincides with the 

center plane of the occupant. For other 

seats, the center plane of the occupant 

is specified by the manufacturer" 

Three-dimensional reference system Reference system that corresponds to 

ISO 4130:1978 

Fiducial marks "Physical points (holes, surfaces, marks 

or indentations) on the vehicle body as 

defined by the manufacturer" 

Vehicle measuring attitude "The position of the vehicles as defined 

by the co-ordinates of fiducial marks in 

the three-dimensional reference 

system" 

 

 

  



 

 

Appendix 16 - Checklist for points and planes 

ID Notes Value 

H Height must be at least 

400 mm from ground 

 

R Same as SgRP, must be 

within +-25 mm of H 

point 

 

J1 RZ: 530 mm over R-

point along torso line 

ZX: 120 mm lateral from 

the longitudal median 

line of the seat 

XJ1: 60 mm forward 

from torso line 

 

J2 Symmetry with J1, with 

mid line as reference  

 

C 450 mm vertically of the 

R-point. If S > 280 mm, 

and alternate formula for 

BR was not used, C is 

500 mm above the R-

point 

 

L1 Lower anchorage, must 

be 350 mm from L2 

 

L2 Lower anchorage, must 

be 350 mm from L2 

 

1 20-80° or 30-80° 

depending on torso angle 

 

2 20-80° or 30-80° 

depending on torso angle 

 

Location of upper 

anchorage 

See 1.5.1 part 2 Annex 

XII 

 

Torso reference line Annex 3 EU no 17  

B Point above R-point of 

along the torso reference 

line 

 

D Where the torso line 

intersects with plane FN 

 

Longitudal median plane The plane that intersects 

the vehicle on the 

symmetry line, or in the 

middle of the vehicle in 

the facing direction 

 

Plane FN Forms and angle of 65 ° 

with the torso reference 

line at point D, so that 

DR = 315 mm + 1.8 S. 

 

If S < 200 mm, use  

 



 

 

 

DR = 675 mm  

Plane FK Forms an angle of 120 ° 

with the torso line at a 

point B, so that  

 

BR = 260 + S 

 

If S > 280 mm, opt to 

use:  

 

260 + 0.8 S 

 

F Where plane FN and FK 

intersect. If belt 

anchorage is manually 

adjustable in height, add 

two points 80 mm 

vertically up and down 

from this point and use 

that as a new permitted 

area for the anchorage. 

However, the anchorage 

point must still be above 

plane CY. 

 

CY Horizontal plane that the 

upper anchorage point 

must be above  

 

S > 140 mm from 

longitudal median plane 

 

 

 

  



 

 

Appendix 17 - Design manual 

Fit parameter: 

ID Part Measure Constraint 

M1 Seat bottom length 420 mm (285 mm 

from H-point) 

No more than: 5th 

percentile female 

Buttock-popliteal 

length = 427.84 

mm. Should not be 

more than 305 mm 

from the H-point 

on the thigh line. 

M2 Seat bottom width (back) > 450 mm 95th percentile man 

hip width = 448.75 

mm. Might need to 

be a bit wider 

accommodate older 

population and 

weight differences. 

May be lower in 

order to allow leg 

room for back seat 

M3 Seat bottom width (front) > 500 mm Survey 

recommends this 

 
M4 Backrest width waist level > 360 mm 360 mm (220 mm 

above h point or 

315 mm above seat 

bottom) (backline) 

M5 Backrest width above waist 

level 

> 435 mm No less than: 95th 

percentile man = 

433.31 mm, 318 

mm above h-point 



 

 

(backline). May be 

shorter if there is 

need for additional 

leg room for back 

seat 

M6 Backrest width below waist 

level 

- No support for this 

part is possible, 

however, keeping a 

support on par with 

the human body 

will reduce shear 

stress on the body 

M7 Backrest height 550 mm  95th percentile man 

acromial height 

(basically back 

length) (Must 

legally be 450 mm 

vertically above the 

R-point) 

 
M8 Head restraint width >180 mm 164.75 mm 95th 

percentile man 

head breadth 

M9 Head restraint height 270 mm 120 mm from 

vehicle roof 

(Kepler Pod), 95th 

percentile man 

neck + head length 

= 267.64 mm 

M10 Head rest hole width ~50 mm Pony tail width at 

head, ~30-40 mm 

M11 Head rest hole length - Needs to be 



 

 

modeled in a FEA 

environment 

M12 Head rest hole depth May be all the 

way through, 

depends on 

concept 

Needs to be 

modeled in a FEA 

environment 

 
 

Feel parameter: 

The seat should be designed to allow some freedom of movement, and to allow SFMs. The 

padding should be semi hard, with continuous surfaces. 

The seat padding must not bottom out. 

The material of the seat must allow water vapor and body heat to pass through it. This is to 

prevent discomfort from sitting in a wet environment. 

Pressure on the distal part of the thighs (Forward part of seat bottom (200 mm from h-point and to 

end)) should be minimal. This means that this part should be rounded down for this part, and also 

strongly curved under the knees. Seat wings are optional, and without them some material and 

space can be saved, as they are not necessary for comfort.  

Support parameter: 

L1 Vertical position 105-155 mm 

above h-point 

along torso line 

 

L2 Prominence 20 mm Only for seat 

heights of 240 mm, 

other cases, keep it 

nearly flat or skip 

lumbar support 

entirely (seat height 

approx 220 mm 

according to 

packaging) 

L3 Radius 300 mm  



 

 

 
ID Angle Value 

A1 Seat bottom seat back 90 ° 

A2 Seat back Head restraint 170° (Head restraint 

should be 90° to 

horizontal axis) 

A3 Seat bottom vehicle floor 10 ° (Thus forming a 

100° back inclination 

with regards to vehicle 

floor) 

 
 

Additional comments:  

Continuous cushioned surfaces, as to allow a wider range of postures, and fidget room. 

Whole seat as one single continuous part.    



 

 

Packaging constraints apply for items that have no fixed value. 

If split head rest does not look nice, scrap that idea. 

Due to the belt-in-seat configuration, there will be a need for a hole in the seat back as well. 

There is a need to allocate some more leg room for the back passenger on either side. Therefore, 

keep the seat back breadth low. The actual room in the vehicle for the back seat passengers will 

be tested, as it is difficult to model beforehand.  

Laterally from the longitudal median plane, the anchorage must be placed at least 140 mm 

away. Height of it is allowed within the field FNYB. 
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