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Abstract  
Present thesis will concentrate on the attention to reduce the input of whole-body vibrations 

transmitted to test drivers in durability tests. On behalf of Volvo Cars, the purpose has been to 

develop a concept solution on the driver's seat. Solving this problem is significant due to test 

driver’s safety and theirs ergonomically conditions. This project is conducted as a Bachelor of 

Science thesis for the Innovation & design engineer program at Karlstad University.  

 

The assignment is in collaboration with the research and development department Proving 

Ground Testing Group located outside Borås on their test facility, Hällered Proving Ground 

(HPG). Where they perform endurance tests on rough roads with complete vehicles. The main 

goal of this project is to increase the time drivers can actively drive the test cars each day, as 

well as reduce the exposure of whole-body vibration transmitted to test drivers. 

 

The project has been carried out through the Engineering Design Process, which is a 

substantial model for working with creativity during product development. The report consists 

of a pre-study in areas like dynamic systems of vibration, ergonomics, previous research, 

benchmarking and seat structure. This was achieved by identifying the problem areas in an 

early stage. 

 

A number of concepts solutions were evaluated and compared according to implementability 

and realizability. The final decision was made on a concept, resulted in changing the current 

foam in the seat. Thereafter, it presents the evaluation of materials throughout the material 

database CES EduPack and through product research.   

 

The last part of the report presents results from laboratory testings and a field test. The 

objective was to determine which arrangement provided the best isolation throughout 

different combinations of materials/products and material thicknesses.  

 

The result of the test showed that an increase of material thickness was the optimal solution. 

Polyurethane (PUR) foam is best suited for this and factors such as material properties and 

combination of materials has less or none impact on reducing whole-body vibrations. 

Therefore, the current foam can maybe be enough, but it needs to be evaluated further. This 

solution doesn't do any major changes to the cars specification and therefore the cars can be 

evaluated as before. 

 

Further development is to build a prototype with thicker dimensions and implement it in a test 

vehicle. Subsequently verifying a decrease of exposure from whole-body vibrations, in the 

form of a real-life test.  

 

The solution is intended solely for test vehicles at Volvo’s endurance track facility at 

Hällered. The assignment was to facilitate working conditions for test drivers and make the 

work more efficient. The thesis purpose was to achieve a sustainable solution, according to 

Volvo Cars` requirements to reduce exposure from whole-body vibrations and this project is 

therefore fulfilled. It was important that the solution was easy to implement and can be 

applied on all platforms, correspondently be used on future test cars from Volvo.  

 

  



 

 

Sammanfattning  
Denna rapport redovisar ett produktutvecklingsprojekt fokuserat på reducering av 

helkroppsvibrationers till testförare under uthållighetsprov. På uppdrag av Volvo Cars har 

syftet varit att ta fram en konceptlösning på förarstolen. Att lösa detta problem är angeläget 

med hänsyn till testförarnas säkerhet och ergonomiska förhållanden. Projektet är ett 

examensarbete för Högskoleingenjörsprogrammet inom Innovationsteknik och Design vid 

Karlstads universitet. 

 

Uppdraget är i samverkan med utvecklingsavdelningen Proving Ground Testing Group som är 

belägna utanför Borås på deras testanläggning, Hällered Proving Ground (HPG). Där utför 

Volvo Cars uthållighetstester på tuffa banor med kompletta provbilar. Målet för detta projekt 

är att öka den dagliga aktiva körtiden, perioden då testförarna kör provbilarna, samt minska 

exponeringen från helkroppsvibrationer till förare.  

 

Projektet har genomförts genom den ingenjörsmässiga designprocessen, som är en modell för 

att arbeta med kreativitet inom produktutveckling. Rapporten inledande del består utav en 

förstudie inom områden som dynamiska vibrationssystem, ergonomi, tidigare utfört arbete, 

benchmarking och stolskonstruktion. Detta utfördes för att identifiera problemområdena i ett 

tidigt skede i processen. 

 

Ett antal konceptlösningar utvärderades och jämfördes enligt faktorer som implementerbarhet 

och realiserbarhet. Det slutgiltiga konceptvalet föll på att byta ut materialet i den nuvarande 

stolsdynan. Vidar presenteras en materialutvärdering i materialdatabasen CES EduPack och 

produktanalys. 

 
Rapportens sista del presenterar resultat från laboratorietester och ett fältprov. Målet var att 

bestämma vilket upplägg som gav bästa vibrationsisolering genom kombinationer av 

material/produkter och materialtjocklekar. 

 

Resultatet av testerna visade att en ökad materialtjocklek isolerar vibrationerna avsevärt. 

Polyuretanskum (PUR) passar bäst för detta och faktorer som materialegenskaper och 

materialkombinationer har mindre eller ingen påverkan för att minska helkroppsvibrationer. 

Därför är det möjligt att det nuvarande skummet är tillräckligt bra. Denna lösning gör inte 

några stora förändringar av bilens specifikationer och bilarna kan därför utvärderas som 

tidigare.  

 

Vidareutveckling är att bygga en prototyp med tjockare dimensioner som kan implementeras i 

förarsätet. Sedan verifiera att det sker en minskning av exponering från helkroppsvibrationer, 

i form av ett riktigt prov på provbanan. 

 

Denna lösningen är endast avsedd för provbilar på Volvos provbana på Hällered. Uppdraget 

var att förbättra arbetsförhållandena för testförare och göra arbetet mer effektivt. Syftet var att 

uppnå en hållbar lösning genom att minska exponeringen från helkroppsvibrationer enligt 

Volvos krav och önskemål. Projektet anses därför vara uppnått då lösningen är enkel att 

implementera och kan användas på nuvarande plattformar, samt kunna användas på framtida 

provbilar från Volvo.  

  



 

 

Glossary of terms 
 

A(8)  Daily vibration exposure. Measure of a predicted vibration exposure for an 

eight-hour workday  

VDV  Vibration Dose Value 

VPT  Volvo Passenger car durability Test 

VCG  Volvo Car Group 

WBV  Whole-Body Vibration 

HAV  Hand-Arm Vibration 

HPG  Hällered Proving Ground 

ELV  Exposure Limit Value - For daily vibration exposure, A(8)-value that 

would not be exceeded  

EAV  Exposure Action Value - Obligations from the employer is required if  

A(8)-value if exceeded 

SDOF  Single Degree Of Freedom 

SPA  Scalable Platform Architecture - Volvo’s own car platform 

RMS  Root Mean Square - Frequency weighted acceleration magnitude 

FPF  Flexible Polyurethane Foam 

SWEA  Swedish Work Environment Authority (Arbetsmiljöverket)  

   

   

   

 
  



 

 

Glossary of words  
 

Frequency Is number of oscillations per second and is measured in the unit Hertz 

(Hz) 

Amplitude The maximum displacement of a vibrating body from the original 

position 

Free vibration No external force existing, the system vibrates because of its own 

elastic properties 

Forced vibrations  The system vibrates with the influence of an external force 

Resonance Occur when the external force frequency is equal to the natural 

frequency of the system. The amplitude of vibration amplifies at 

resonance frequency 

Damping The resistance of motion of a vibrating body 

Car platform A base for a set of products to exploit shared resources 

Exposure 

 

Being exposed to vibration 

Design thinking 

methodology 

A method for solving complex problems with a creative approach. This 

approach is particularly suitable for questioning conventional ways of 

thinking and seeing new opportunities in strategic contexts. 

Concept Is an idea of an intended solution to the problem 

Concept 

generation 

Is about developing ideas for solutions. In the idea generation phase, 

methods are used to create a variety of ideas with as many angles of 

view as possible 
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1. Introduction  
This study is a final project that summarizes the Innovation and design engineer program at 

Karlstad University. The work was performed in spring 2017 within the course Degree of Bachelor 

of Science in innovation and design and included 22.5 credit points. The foundation on the 

assignment is to find a solution that reduces whole-body vibrations during durability tests.  

 

The work is conducted in collaboration with Volvo Car Group (VCG). Most of the work occurred 

in Gothenburg, in Hällered and Karlstad University. 

 

1.1 Background 
The increasing diversity of vehicle usage and peoples´ travel needs have contributed to the 

development and improvement of different public transportations. How people choose to travel is 

affected by several factors which may include safety, ease of use, design, social status, comfort, etc. 

Many of these factors are linked to the car. Thus, the car is identified as one of the means of 

transportation (Places 1999).  

 

Volvo Car Group (Volvo Cars) is one of the world´s requested and best-known car brand. The 

Swedish car manufacturing company has manufacturing facilities in Sweden, Belgium and China 

have sales in over 100 countries and produces a range of cars, as sedans, wagons, Cross-country 

cars, sports wagons and SUVs (Volvocars, 2016a). Volvo Cars´ vision is to achieve global success 

and become people's most desired and progressive premium car brand. This entails that the 

company continuously produce vehicle solutions for people that make their life less complicated. 

As well, the company continuously strengthen their commitment to reduce the environmental 

impact, reinforce their quality and safety (Volvocars, 2016b).  

 

Furthermore, Volvo Cars vision for 2020 describes as: 

"Our vision is that by 2020 no one should be killed or seriously injured in a new Volvo 

car." by Håkan Samuelsson, President and CEO, Volvo Cars. (Volvocars, 2016b). 

The safety and quality of the cars play a vital role in Volvo Cars vision. Thus, the company 

constantly performs test drives to ensure that Volvo´s model range meets the highest safety 

standards in the world. Hällered Proving Ground (HPG) is Volvo Cars´ vehicle test facility in 

Sweden, located outside Borås that provide the company´s cars to be tortured through 

extraordinarily tough conditions. Employees in the facility prepare test vehicles, perform test drives 

and laboratory tests and evaluate the result. Each vehicle is thoroughly and roughly tested in a few 

months period so that they became equally old and worn out as the vehicles should be during their 

entire life in normal traffic. Consequently, this also affects the employees that are driving the cars in 

the test facility. A whole work day contains bumpy roads and rough conditions which cause a high 

amount of whole-body vibrations (Volvo Car Sverige AB 2010).  

 

Due to the durability tests employees are exposed to different forms of vibrations that can lead to 

long-term ergonomically injuries. Primarily on the neck, shoulders and lower back (Hägg et.al 

2015). To minimize the employee´s risk of being exposed to whole-body vibration during work, the 

Swedish Work Environment Authority (SWEA) introduced in 2005 regulations on vibration known 

as AFS 2005: 15. It is based on the European Union (EU) legislation, called the EU Directive 

2002/44 / EC. The regulation entails that the employer should investigate the working conditions 

and assess the risks that may occur from the exposure to whole-body vibration at work 

(Arbetsmiljöverket 2015). VCG need to accommodate to this regulation and now wants to reduce 
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Whole-Body vibrations (WBV) for test drivers when performing durability tests on the test track 

and therefore intends to increase the test time drivers can spend driving their cars each day. Today 

the drivers work in pairs in every test vehicles to reducing the stress on the body from vibrations 

and ensure they are not subjected to injuries. The assignment from Volvo Cars consisted of 

developing an innovative solution to the seat design to reduce WBV1. 

 

1.2 Problem definition 
A preliminary problem definition was written during the start-up of the project. It was based on an 

interpretation of the problem area as formulated by the client. The initial formulation of the problem 

was:  

 

• To investigate whole-body vibration on test drivers and present a design solution to reduce 

vibrations on test drivers while driving on the durability test track.  

Further, into the project, it considered that the formulation of the problem was needed redrafting to 

a more substantially description. Like the previous problem definition, the formulation becomes: 

 

• How to address the reduction of whole-body vibration transmitted to test drivers from car 

seat throughout the design process. 

1.3 Purpose 
The purpose of the thesis is to achieve and exceed Volvo Cars requirements and preferences. To 

find a construction solution on the driver seat that reduces the input of whole-body vibrations on 

test drivers at Hällered Proving Ground. The solution should not cause any major changes to the 

existing construction/specification of the cars. But solely find a better solution than the previous 

design with a seat pad that Volvo Car Group uses today. Furthermore, the construction solution 

should provide ergonomic improvements. Important is also that the solution will meet the target 

groups wishes and provide ergonomic improvements. The project description from the company 

can be seen in Appendix 1.  

 

Significant is as well to pursue an independent project in an engineering manner with the 

knowledge that was learned during the education. As well implement the design processes and 

achieve the goals that’s expected. 

 

1.4 Objective  

Following are the objectives of the work: 
 

• Present a possible solution that can increase the time test drivers can use the cars each day.  

• Design a construction that can be implemented on different platforms and does not make 

major changes to the car specifications. 

• Test the selected construction and collect measurements for verification of the 

improvements. 

• The proposal for a possible solution must be presented so that the company can develop and 

then implement the solution in a test car. 

• Reduce the value of the A(8)-value which the test drivers are exposed to during a working 

day. 

• An additional goal is to compare the existing seat pad solution with the new concept and see 

if improvements are found.  

                                                 
1 Stefan Magnusson, Manager at Volvo Cars. Hällered proving ground 19 january 2017. 
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1.5 Delimitation  
This project analyzes only the technical design constructions effectiveness to reduce WBV when 

test drivers perform durability test on complete vehicles. Further, analyzes on how vibrations affect 

other parts of the human body will not be investigated. However, worth mentioning is that Volvo´s 

previous research has shown no risk in hand-arm vibrations (HAV)2.  

 

Furthermore, the project will be conducted at Hällered Proving Ground. This choice was made 

because it is Volvo´s facility for testing their vehicles. Volvo conducts durability test by following a 

durability test program which is separated in Volvo Passenger car durability test 1(VPT1) and 

Volvo Passenger car durability test 2 (VPT2). This project investigates only VPT1 since it involves 

the test drivers to drive the vehicles through rough roads and cause heavy loads and stress on the 

cars as well as the drivers. Thus, the VPT1 is an optimal location to measure WBV. The VPT2 is a 

less strenuous test program and will therefore not be used for testing and evaluate the WBV.  
 

Since the project will consist of implementing for cars at Hällered Proving Ground, it has 

contributed to some adaptations and predetermined requirements for the project structure, 

examinations and techniques. Firstly, the examination will be based on the frequencies in the range 

of 2-20Hz, which is the frequencies that occur on the track and are most harmful to humans. 

Secondly, there is a limitation on the scope of the project regarding time and complexity. As well as 

it is a requirement of the project commissioner, which the new design solution should not differ 

significantly from the existing seat and should be easy to implement in the driver's seat. Thus, the 

design solution will not include changes in the steel structure of the seat. Moreover, the project will 

also focus on seats from the SPA platform, which includes cars available from the 60-range and 90-

range. This report only allows to investigate and change the driver's seat, due to final evaluation on 

the cars.  

  

                                                 
2 Carolina peters, Manager Durability Proving ground testing, private communication. 
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2. Methodology  
In the methodology the reader will gain an understanding of how the work proceeds and see the 

steps involving in the product development process. The process takes into account the design 

thinking methodology with respect to user-centered design and ergonomics. It involves identifying 

the needs and requirements that have been described by the employer and is the basis for this 

project.  

 

2.1 Project plan  
According to Johannesson et al. (2004) it is essential to establish a well-structured process plan at 

the beginning of a project. Thus, the project started with a pre-study phase in order to perform a 

detailed planning structure. Secondly, a project plan was established accordingly to, Eriksson & 

Lilliesköld (2005) theory, which is a document written for describing and structuring what to do and 

when to perform the various activities in the development process.  

 

The project plan is also the foundation for the entire work and illustrates a clear understanding of 

the process and the background. Here the background is described where the problem is presented. 

It explains why the project started and what lies at the foundation of the problem. Being able to see 

why this is so important and what the improvements can help to change the way it’s like today. In 

addition to the background, the project plan addresses the areas of goal, problem formulation, 

organization, constraints, project model, time management, comments on the time schedule, risk 

assessment and documentation. 

 

2.1.1 Time management  
The following section contains a further discussion regarding the time management and its 

importance when planning and structuring a time depending project. It includes project model and a 

Gantt-chart. 

 

Project model 
A project model can be used for any types of projects. This because it´s the tasks described in the 

model that are used for steering the work towards the predefined goals and for simplifying control 

of the work. More specific, it is a timetable with different phases, such as milestones and tollgates. 

According to Johannesson et al, (2004), a thorough timetable is essential to keep up with everything 

that was promised at the beginning of the project and not end up in a situation with a tail-heavy 

process with much stress at the end of the project. A project model is carried out where there are 

start and end dates of various activities. Milestones explain when different stages of the process 

should be finished and is a tool for the project participant to maintain the work. Tollgates describe if 

the project will continue in the same direction or if adjustments or rework needs to be done. 

Tollgates are monitored by the supervisors and examiner which approves the work together with the 

project participants (Eriksson & Lilliesköld, 2005).  

 

Gantt chart  
A Gantt-chart gives a clear graphical picture of how the work of the project is expected to proceed. 

It shows the duration and the timeframe for different project phases and is one of the scheduling 

methods described in Johannesson et al. (2004). It is shown in a coordinate system where the phases 

represent the y-axis and the timeframe on the x-axis. In this way, it can easily be visualized how 

much each activity prolong compared to each other.  
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2.1.2 Activities  
The following section describes two tools, which are used for identifying and presenting various 

activities. These are the Work Breakdown Structure and Pert chart, which according to Eriksson & 

Lilliesköld 2005 is essential to break down activities into smaller pieces and identify dependencies. 

 

WBS 
To identify the various activities in the project a Work Breakdown Structure (WBS) is performed. 

Here the project phases are broken down into smaller and smaller pieces and give understanding 

about what works lies ahead. A WBS is performed to identifying individual tasks in a so-called tree 

structure (Eriksson & Lilliesköld 2005). The tasks could subsequently be structured and handled in 

manageable parts. Based on the WBS that is made, a Pert chart can then be created. 

 

Pert chart  
With the WBS information, a Pert chart (Program Evaluation Review Technique) can be created 

accordingly to Eriksson & Lilliesköld 2005. A Pert chart is used to graphically present different 

activities and their dependencies in relation to each other, in a network diagram. Activities can take 

place sequentially or in parallel depending on the orientations of the activities. 

 

The rectangles represent each activity and the lines show the relationships between them. Activities 

that have a connection with a line between themselves have a dependence and that the first activity 

must be completed before the next can begin.  

 

2.2 Theory  
A pre-study is carried out to obtain the theory and background of the project. The aim is to get a 

better understanding of what vibration is and what risks are involved. Through previous studies and 

information gathering is it possible to acquire a safe and stable basis for what the thesis at Volvo is 

based on.  

 

2.2.1 Dynamic systems of vibrations  
The study begins with theoretical foundations of dynamics with emergencies from vibration. An 

investigative work of scientific facts to create favorable conditions for the project. Mechanics and 

movements of oscillation is a complex phenomenon. This chapter describes both basic facts about 

movements in a system and different damping characteristics. 

 

2.2.2 Whole-body vibration 
Ergonomics is an important aspect that needs to be taken seriously both in everyday life and in the 

workplace. Whole-body vibration is one of many risk factors in ergonomics and should be taken 

seriously and be evaluated (Arbetsmiljöverket, 2015). In the project, the focus lies on whole-body 

vibration, the effects of vibration on the human body and legislations in the workplace.  

 

2.2.3 Durability tests 
At Hällered proving ground tests are performed to verify the endurance of a complete vehicle. The 

aim is to get an individual overview of the test programs that are carried out over the endurance 

track, like the one shown in Figure 2.1 (Volvo Car Sverige AB 2010).  
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 Figure 2.1. Test vehicle driving at Hällered Proving Ground (Volvo Car 

Group Global Newsroom 2010). 

 

 

2.2.4 Seat structure and seated position 
To go into the actual problem within the project, with vibrations that come from driving on the test 

track in Hällered, it acquires knowledge in seat design and construction. Since this area represents 

the largest part of the work, research needs to be achieved. Such as gather scientific papers, perform 

test drives and evaluate the test track when driving on the durability track. The great part is to get 

knowledgeable information through interviews, where meetings needs to be held with the 

ergonomics seating and comfort department and the front seat department. Then it´s possible to get 

more accurate construction details and knowledge on seat specifications. 

 

2.2.5 Previous research and work 
A review of previous work and investigation is necessary to become familiar with what is already 

known and what is carried out by Volvo with respect to today’s problems. Therefore, obtain 

fundamental data as a reference makes it possible to compare improvements of the project (Hägg 

et.al 2015). Previously research has been carried out by Volvo Cars after the regulation came into 

force by the Swedish Work Environment Authority on vibrations (AFS 2005:15). Therefore, in this 

section the current solution is described and the outcome of previous work done by Volvo. 

 

2.2.6 Benchmarking  
Benchmarking is performed to gather information and find out what's available on the industry 

today. Also, evaluate included dampening components that is used in others competitive companies. 

Various products that are retrieved should excel in some degree opposed to each other and also 

towards the existing products in order to evaluate them properly. By weighting the various 

structural elements, they can be identified by advantages and disadvantages relative to one another. 

Benchmarking is carried out to get an overview of what the market offers (Löfgren, 2002). 

 

Competitive analysis 
An investigation is performed to see what is used today in various industries. Various automotive 

industries use different kinds of damping systems, where there is the possibility of both active, 

passive and semi-active damping (Braghin et al. 2011). The research is done with the help of 

literature and surveys to examine which products are the most popular and useful for eliminate 

vibrations. Focus areas in this analysis is functionality and implementation regarding complexity. 
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Absorbing materials 
Fields studies needs to be carried out on absorbing materials. To evaluate if it may help the WBV 

problems. By focusing on health-related research and their accomplishment about muscles stability 

and verifying a connection. An evaluation and comparison on other work-related professions who 

have problems with HAV. To see and discover if there are links and similarities that can 

correspondingly be solved for WBV. 

 

2.2.7 Interviews 
Interviews and discussion dialogues are the most ultimate method of gathering information and 

opinions about what people think and consider about things. It is an opportunity to collect 

information about views, experience and knowledge (Löfgren, 2002). Therefore, interviews and 

dialogues need to be performed with people who are well versed in the subject. Meetings is 

essential to create a clearer understanding of how the seat construction is edified and get 

information about the reconstruction conditions to solve the problem. Also, to get a better insight 

into the company seat market and previous work. The purpose of the interviews is to respond to the 

market and obtain information of current seat construction. Also, to receive requirements and 

wishes from the different seat departments. 

 

To perform interviews not too formal, the approach is more semi-structured, where more discussion 

or dialogues emerge in the conversation. This arrangement means that the query area is planned, but 

the possibility of new approaches may arise and that a more dialogue-related interview can be 

created with discussions on general themes (Bohgard, et al. 2008). 

 

2.3 Concept generation  
In the design process, it is important to have a holistic approach of working. Which means that you 

have a comprehensive view of the task. In concept generation, it´s therefore significant to see the 

whole problem area and relationships between the task to be solved and the surrounding factors. 

Concepts defines as innovative ideas of possible solutions of how something can look or work that 

is tailored to the customer needs. 

 

This phase represents a way to find as many solutions as possible through various creative methods 

with respect of the identified need described earlier. Concepts are generated by sub-functions and 

support functions that form a composition of solution ideas for the design. The purpose of the 

methods is to generate as many proposed solutions as possible in a way that no concept solution is 

left out and articulated (Johannesson et al. 2013). 

 

Concept generation is divided into two parts with first an idea generation within a group and 

secondly, an individual idea generation. 

 

2.3.1 Idea generation in group 
Concept generation in group should preferable consist of individuals that offer different interests 

and skills. It is important that the atmosphere is positive and relaxed. The key is to break away from 

the limitations and habitual thinking. Otherwise, the idea generation is hampered. Innovative and 

odd ideas are preferable and no criticism is allowed in any form. Members of the group should feel 

free to share their thoughts without fear of criticism. Spontaneity is encouraged because all ideas are 

good ideas. In a later state, a brilliant idea can arise from an idea that does not seem to be right from 

the beginning (Johannesson et al. 2013). All ideas are documented in writing, recorded, or sketched 

down immediately to not to be forgotten. 
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The thesis manager is interested in the idea generation and what the use of methods can do to 

enhance creativity in a group have always been essential. Therefore, the methods are chosen to 

align a group of individuals who have different backgrounds and experiences. That way they can 

complement each other in creating solutions and innovative ideas. The idea solutions that develops 

is accomplished with the help of the below-described methods. 

 

Six thinking hats 
The first method is based on six thinking hats which symbolize different ways of thinking. By using 

this method, the developed proposal solutions is attacked from six different perspectives. The six 

hats have different colors and are either mentally or physically. The white represents facts and 

information. Yellow symbolizes positivity and brightness. Black have the negative point of view. 

Red express likes and dislikes through emotions. Green give new ideas and concepts. Least of all 

the blue hat manage the thinking process and keep the discussion going (Pezo, Lejla; Brasch 2008). 

 

Negative idea generation / Reverse thinking 
Johannesson et al. (2004) explain that the approach aims to encourage criticism, to answer the 

question "In how many ways can this idea fails?" The principle is the same as brainstorming but to 

come up with as many negative thoughts as possible. The aim is to find faults and weaknesses of 

the existing solution. Negative brainstorming serves as an excellent complement to finding other 

idea concepts and it is a critical way of thinking. Afterward, it is a great compliment to change these 

assumptions to solutions through other methods. 
 

6 - 3 - 5 technique 
The 6-3-5 method is performed in a group of six people that sketches tree ideas individually on an 

paper for five minutes. After the time expires everyone sent the paper with ideas to the next team 

member and develop all three ideas. The papers will continue to be send forward until all papers 

have been sent around to every group member. By using the 6-3-5 method, it is possible to obtain as 

many approaches to the problem as possible. With this method, the aim is to develop ideas that can 

be combined or be complements to new ideas. Also, that all the participants will formulate and 

enhance each other's ideas (Pezo, Lejla; Brasch 2008). 

 

2.3.2 Individual idea generation 
The process proceeds into a modified brainstorming that´s performed individually. With the 

direction to create realistic concepts. New solutions can be brought up with correlation with 

previous research and the idea generation in group.  

 

Brainstorming  
The most important quality of a brainstorming session is its openness. No criticism allowed in any 

form, as this may inhibit ideas. It´s important to not unlock ideas and solution that can be a winning 

concept (Pezo, Lejla; Brasch 2008).This idea generation took into consideration both the overall 

construction, existing solution and absorbent materials. 

 

2.3.3 Evaluation of concepts 
It's essential to evaluate every concepts that´s being created. To see its value and quality in relation 

to the requirements and requests that’s set in the project. Then comparing the different concept 

solutions with each other and evaluate which characteristics are of greatest importance. The aim is 

to choose the concept that meets the criteria best and then proceed to detailed development. It´s 

vital to have a foundation when explaining which concepts that are considered to have value or 

quality (Johannesson et al. 2004).  
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The screening of the concepts from the group and individual generation is compared and evaluated 

toward achievability depending on time management, knowledge, the extent of reconstruction and if 

it´s possible to implement. The method for concept selection is arranged throughout four columns 

with the categories, will work, maybe, question mark and doesn’t work. This process of evaluation 

is an approach when the concepts are sorted and evaluated throughout implementability and 

achievability. The final decision is going to be in collaboration with the supervisors at Volvo. 

 

2.4 Detailed concept  

After a concept selection is being made, furthered development and investigation needs to be 

carried out on materials and on specific damping components from benchmarking. Consideration on 

further details on current seat construction and on the dimensions of the material. As well as contact 

with different companies that’s knowledgeable within the area. Attention is also paid to the existing 

seat were the new solution would fit in without making too much of changes. 

 

2.4.1 CES EduPack 
To get an idea of  possible material candidates, an evaluation in the material database CES EduPack 

is essential (Granta Design Limited 2016). Both level two and three is achieved due to a better 

overview of materials. To know the damping characteristics the mechanical loss-coefficient, η is 

used, which is a dimensionless quantity. It is also known as the damping coefficient and it measures 

the degree to which a material dissipates vibration energy. It is likewise a measure of the difference 

between energy that’s lost when a material is loaded and unloaded. The damping coefficient is used 

in correlation to young´s modulus, E in the CES EduPack diagram. Young's modulus is a measure 

of the stiffness and is also known as the elastic modulus. With these parameters, materials can then 

be found and evaluated throughout a plotted diagram (Ashby 2010b).  
 

2.4.2 Selected materials 
The materials needs to be chosen according to its approximate material properties and cell structure 

that was evaluated through CES EduPack. What also matter in selecting materials is based on the 

availability of materials from companies, the time it would take for delivery and restrictions in the 

budget. Therefore, various companies which seems suitable will be contacted. 

 

2.4.3 Testing methods 
The next part of the project is to evaluate the received materials. According to Johannesson et al. 

(2004) it is the stage of prototype testing. Which means that when a concept has been formed, an 

evaluation is carried out by testing, to see if a solution has been found. Which here, in this case, 

were a kind of function test of the final concept. Evaluation and testing different materials is the 

main reasons for selecting the optimal material or combination of materials due to the materials 

nonlinearity characteristics (Alzoubi et al. 2011). Tre test is executed in order to check the 

attenuation. 

 

Tests on the Hexapod 
In this test, material combinations will be excluded that does not fit depending on whether the A(8)-

value increases or decreases compared with the reference value of today’s foam. The equipment 

used is the Hexapod, a shaker table, which is a test method for evaluating shaking and fatigue. On 

the table, a test object can be mounted for evaluation and in this project, it consisted of the XC90 

front comfort seat. Vibration exposure measurements are performed according to the standard ISO 

8041 and this defines the requirements for a vibration measurement equipment when evaluating 

human response to vibration. For this test, a tri-axial accelerometer vibration analyzer, nor 133 are 

used, which is placed between a dummy and the test materials as shown in Figure 2.2.  
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It can measure and record three independent vibration signals simultaneously. The PC processing 

program Nor1038 – NorVibraTesty then analyses the signals and measure the A(8)-value on each 

test runs. Through this value, it shows the exposure time when the action value (taction) is reached 

and when the time limit value (texpose) is reached. They explain how long the exposure time may be 

in one day. The whole setup is described in Figure 2.3. Additional to test evaluation on the material 

combination and material thicknesses, tests are carried out on various recline on the backrest. To 

evaluate if it has an influence on the result. The simulation sequence performed on the Hexapod is 

based on the critical parts of Hällered's endurance track. 

 

     
Figure 2.2. Accelerometer vibration 

analyzer setup. 

 Figure 2.3. The whole setup of Hexapod. 

 

  

Transmissibility test 
A car is designed to suppress disturbance frequencies and in this test, the materials are tested for its 

capability to isolate the vibrations. The test arrangements consist of a hydraulic cylinder with an 

aluminous plate on top, the sweep of frequencies is between 2-25 Hz and is performed from the 

cylinder. On top of the plate, the materials samples are places in between the plate and the mounted 

dummy of 53kg. In Figure 2.4 the setup is shown. Two sensors accelerometers, Entran 10G is used 

to determine the frequency response of the material (Figure 2.5). One accelerometer is placed on the 

plate and is compared to the one on the dummy, after that the differences in acceleration ratio is 

analyzed in the evaluated program “VIS Evaluation Program using Matlab.” The response would 

result in transmissibility graphs on each test, which shows the frequency at which the material gets 

resonance for a certain material thickness. As well get information about the material's own 

frequency and see the frequency at which the material begins to isolate vibrations. 

 

     

Figure 2.4. Whole setup in transmissibility 

in transmissibility tests. 

 Figure 2.5. Sensors accelerometer, 

Entran 10G.  
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Field test  
To evaluate an comparison with the existing seat-pad, a field test needs to be achieved on Hällered 

Proving Ground endurance track. The route that’s driven is similar to the simulation sequence in the 

Hexapod. Therefore the route consists of the track parts Belgian Pavé, Corrugation and Silver 

Creek. The vibration exposure is measured at the seat-driver interface using the tri-axial 

accelerometer seat pad with the portable vibration monitors, nor 133. The pad is placed between the 

buttocks of the operator and the material that’s evaluated, as seen in Figure 2.6. Four tests are 

performed, on Star Starlocker, the gel pad, current seat pad solution and without any additional 

material.  

 

 
             Figure 2.6. Vibration accelerometer on the seat in tests. 

 

2.4.4 Test evaluation  
The tests evaluation is analyzed and summarized in Excel sheets. Data is fetched through the PC 

processing program Nor1038 – NorVibraTesty. Both on the hexapod benchmark and on the 

endurance track at Hällered. In the transmissibility test, the data is evaluated through Matlab and 

graph shows the result through Excel sheets. This is necessary to see a comparison of performance 

of the conducted data, both individually in each test and the correlation between them. 
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3. Result  
This chapter presents both the results of the project process, the theory and the completed solution 

developed during this project. The subsection is described and explained earlier in the method 

chapter. 
 

3.1 Project plan 
To get a good foundation and structure for future product development, a project plan was created, 

which included among other things planning, aims, objectives and organization of the project team. 

The project plan proved to be of great importance during the project regarding planning and 

supervision. To be able to set limitations based on the time during the project. The project plan can 

be seen in Appendix 2. 

 

3.1.1 Time management  
Great importance was to see how the work was expected to proceed and see the duration and the 

timeframe for different project phases. This was executed throughout variously method such as 

Gantt-chart and project model with defined milestones and tollgates, it can be seen in Appendix 2. It 

was based on information from supervisors at Volvo Cars and the project description. 

 

3.1.2 Activities  
With a well performed WBS in the beginning of the project, it was easier to keep track of various 

activities that was needed to be taken into consideration during the course of the project. These 

activities could then be evaluated (Figure 3.1) It was a good tool to see what had been done and 

what remained. Every activity hasn’t a direct reference or is mentioned in the report, such as 

presentation and opposition. It has as well been additions or adjustments of certain activates during 

the thesis work. 

 

 
     Figure 3.1. Work Breakdown Structure (WBS) with various activities.  
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Due to a cooperation work with a project associate a Pert-chart were achieved. It can be seen in 

Appendix 2 and presents the different activities graphically and their dependencies in relation to 

each other, in a network diagram. The work resulted in individually activities in pre-study, project 

process but with collaboration and discussion within the subject area. The project manager 

performed the work according to the design process, within the design thinking methodology. 

Which is a method for solving complex problems with a creative approach. This method is 

particularly suitable for questioning conventional ways of thinking and seeing new opportunities in 

strategic contexts. 

 

3.2 Theory 
The theoretical background aims to inform the reader about Volvo Cars work at Hällered Proving 

Ground (HPG). To get an understanding on WBV and the durability test track with complete 

vehicle, were previous research and evaluation of the company is brought up. Which is described 

below. 

 

3.2.1 Dynamics systems of vibrations  
A vibration is a movement that takes place back and forth in a mechanical system in relation to an 

equilibrium position. A mechanical structure is needed if vibrations shall be generated and whether 

a mechanical coupling is missing or not, the vibrations cannot propagate. The components that 

consist of a vibratory system is the mass, the damper, the spring and the excitation as shown in 

Figure 3.2 below, which is visualized as a Single Degree Of Freedom (SDOF). SDOF means that 

the structure is allowed to move only in one direction and is locked in all other directions. The 

excitation force is applied to the mass in the system and the displacement changes and creates 

oscillation. The mass is a rigid body that executes the vibrations in the system, it gives or loses 

kinetic energy that forms movements which can be described by displacement (m), velocity (m/s) or 

acceleration (m/s2). In Newton's second law of motion, it states that the product of the mass and its 

acceleration is equal to the force. See Equation (3.1) (Meriam et al. 2016).  

 

 𝐹 = 𝑚𝑎 (3.1) 

 𝑚𝑢 ̈ + c�̇�  +  𝑘𝑢 =  𝑓(𝑡) (3.2) 

 

The variables are:  

𝑓(𝑡) = applied force 

m = mass [kg] 

c = viscous damping coefficient [N · s/m] 

k = stiffness [N/m] 

u = displacement [m] 

�̈� = acceleration [m/s2] 

�̇� = velocity [m/s] 

 

The damper c exists only if a force is relative to the opposite force at the other end and its 

coefficient is measured in force per unit velocity. It has neither mass or elasticity and its function is 

to convert the generated energy in the system into thermal energy. The spring k is intended to 

deform elastically to absorb variety or store energy and it exists if it is deformed in extension or 

compression. The Equation 3.1 can therefore be rewritten as shown in Equation 3.2 and it shows a 

second order linear differential equation with constant coefficients. The elements of a vibratory 

system are shown in Figure 3.2.  
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Figure 3.2. Elements of a vibratory system. 

 

Free undamped vibrations 
When an elastic system vibrates with only internal force and when no external force is applied, it is 

called free vibration. Motion in a system will be established by an initial disturbance and its known 

as undamped vibrations due to the absence of resistance or damping within the system. If the force 

𝑓(𝑡) and the damper C is equal to zero in Newton´s law of motion the result will become as 

Equation 3.3 and consists only of mass and spring. 

 

  𝑚𝑢 ̈ + 𝑘𝑢 = 0 (3.3) 

 

This results in a continuous oscillatory motion with a constant amplitude and it means that the 

system vibrates freely and without deceleration (eFunda 2017a). 

 

Free damped vibrations 
In reality, there is always some damping or resistance in a vibrating system that allows the 

amplitude of the oscillation to decrease with time. As for the vibrating system that’s dampening the 

general equation of motion can be rewritten as Equation 3.4 and is a viscous damping i.e. the 

created damping force is proportional to the mass rate (eFunda 2017b).  

 

 mu ̈ + cu̇  +  ku =  0 (3.4) 

 

For a free-swinging system, the amplitude will reduce due to thermal energy. In vibrating systems, a 

dampening process is performed due to loss of mechanical energy from friction. Damping would 

usually be expressed as a percentage of critical damping cc. The critical damping is a slow returning 

process that finally returns to its equilibrium position and is described as the lowest viscous. The 

damping coefficient, ζ, describes how frequently any system can reduce the amplitude (strength) of 

the oscillation over a certain time and are also defined as the ratio of damping to critical damping. 

The damping ratio and a vibration system can be described according to Equation 3.5 and is vital 

when studying in control theory (Chandramouli 2017). 

 

 
=  

Cv

CC
 

(3.5) 

 

Moreover, the corresponding critical damping coefficient is described in Equation (3.6) and then the 

result of the damping ratio coefficient become as Equation 3.7 (Jenkins & Khanna 2005). 

 

 Cc = 2√km (3.6) 

 

 
=

Cv

2√km
 

(3.7) 

 



 

23 

 

Transmissibility 
Transmissibility is how much vibration is transmitted between two systems and determine whether 

vibrations should be damped or isolated. Transmissibility of a system therefore indicates the 

effectiveness of the attenuation in the system. It depends on the weight that the isolator is exposed 

to. Also, the stiffness and the damping coefficient of the isolator and is compared to the systems 

disturbance frequency fd. Resonance occur when the disturbance systems input and the isolation 

system (fn) frequency is equal to one i.e. when the system have the same frequency as the isolators 

natural frequency and can be calculated by Equation 3.8. The transmissibility can then be evaluated 

throughout a transmissibility curve as shown in Figure 3.3. A system can either amplify the 

vibrations or decrease dependent on the frequency of the system. Therefore it´s important to select 

the right suspension for a specific system. This is based on linear parameters and is therefore 

misguided for viscoelastic materials which are non-linear (dB Engineering 2015).  

 

 
𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑟𝑎𝑡𝑖𝑜 =

𝑓𝑑

𝑓𝑛
 

(3.8) 

 

 
        Figure 3.3. Transmissibility curve for  

        a system (dB Engineering 2017). 

 

3.2.2 Whole-body Vibration  
A vibration is a movement that takes place back and forth in a mechanical system in relative to an 

equilibrium position. Vibration can be transmitted through vibrating tools or a supporting surface 

and the kinetic energy of the vibrated source is then transferred into the human body. Whole-body 

vibration (WBV) is when the vibrations transmitted throughout the whole human body. Prolonged 

continuous exposure of WBV can cause risks of getting ergonomically injuries. The levels of 

vibrations that is harmful depend on resonance frequencies in different parts of the human body and 

vary from different individuals (Bohgard. M 2008). Vibration strength depends on the orthogonal 

directions, on frequency, intensity and the exposure time. If the duration of the exposure of 

vibrations is during short times or if it occurs repeatedly is essential. Today people are exposed to 

different forms of vibrations sources that can lead to long-term ergonomically injuries and the 

injuries occur primarily on the neck, shoulders and lower back (Arbetsmiljöverket 2015). 
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Effects of vibration 
Vibrations can provide not only long-term damage, but also cause physical and mental effects such 

as fatigue, nausea, and decreased performance. Prolonged exposure to WBV has adverse effects on 

the human musculoskeletal system, in particular on the lumbar spine, and can lead to permanent 

damage (Linderholm, Leif; Bengtsson, Johanna; Backström 2006). Vibrations also affect the joints, 

tendons and discs in the spinal column that provokes the symptoms of injuries. Long term or 

permanent injury that associates with exposure to WBV is pain localized to the back, shoulders and 

neck. Such problems cannot with certainty be attributed solely to the influence of vibration. Other 

causes such as inappropriate body posture, seating position and if it is a poor ergonomic work 

environment can produce similar symptoms. A combination of exposure from vibration and 

ergonomic deficiencies can increase the risk of disorders and injuries. The longer you are exposed 

and the higher the level of exposure from whole-body vibration, the greater the chances of injury. It 

is important that operators maintain a high level of physical fitness, it strengthening the human body 

(Bohgard. M 2008). 
 

Resonance of the human body 
People are sensitive to certain frequencies in various parts of the human body. The frequency of 

these is in the range of 3 Hz to 8 Hz and it is in these areas that the highest vibration levels occur 

when using different vehicles (Brandenburg, Dale C; Binder 1999). The body acts as a mechanical 

system consisting of spring and damping where certain frequencies are either strengthens or 

attenuated. The resonance frequency is when the vibrations are amplified and is something that 

should be avoided. Different parts of the body have different resonant frequencies and vary 

depending on individual factors. Exposure to whole-body vibration in these areas around the 

resonance frequencies, the effects are reinforced. The back has a resonance at 4-8 Hz and the shaft 

portion 4-6 Hz (Marul & Karabulut 2012)(Le & Ahn 2011). However, around 4-5Hz the human 

body has a natural frequency in the spine, stomach and heart and has also a low tolerance for 

amplitudes between 0.5-1.5 RMS of the effective value in vibration acceleration i.e. the root-mean-

square value (RMS) (Klooster 2004).  

 

Legislation and measurements of vibrations 
Swedish Work Environment Authority (SWEA) introduced year 2005 vibration at work regulations 

AFS 2005: 15 which is based on the European Union (EU) legislation, EU Directive 2002/44 / EC 

from year 2002. It states that the employer has responsibilities and obligations to evaluate and 

examine risks of vibrations at work. To take into consideration what adjustments need to be done to 

reduce the exposure of vibration for workers and what information and education are needed to 

mediate to employees. The employer must also provide medical inspections for employees that are 

exposed to WBV when exceeding the Exposure Action Value (EAV). Correspondingly when the 

EAV are not exceeded, but when it may be reasons to suspect the risk of health effects. The 

legislation aims to protect workers from health hazards in the form of vibrations at work 

(Arbetsmiljöverket 2015). 

 

Measuring vibrations do accordingly to SS-ISO 2631-1 standard and can be measured within a 

frequency range from 0.5 Hz to 80 Hz (Arbetsmiljöverket n.d.). To investigate vibrations an 

exposure value, A(8)-value is used, which indicate an average exposure dose during an eight-hour 

working day. This value considers the magnitude of the vibration and the exposure time. There are 

two levels of vibration exposure values and the individual exposure dose A(8) may never exceed 

the Exposure Limit Value (ELV), which is the highest level of exposure before all activities 

regarding vibrations must be canceled. This level of a daily exposure dose is 1.1m/s2. The lower 

vibration exposure dose has a limit on 0.5m/s2 and is the Exposure Action Value (EAV).  
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When EAV is reached, the level of vibration exposure has started to approach a dangerous level and 

is when the employer must initiate actions and prevent or minimize vibrations at work. 

Measurement of vibration acceleration is only measured in one direction and therefore it consists of 

three vibration magnitudes RMS (root-mean-square frequency-weighted acceleration magnitude). 

That is in the directions of x (forward/backward), y (lateral) and z (the vertical) and is shown in 

Figure 3.4. It's measured in the vehicle on the supporting surface (European Commission 2002).  

 

 
                  

 Figure 3.4. Directions of measurement for whole-body vibrations  

(Vägverket Publ.nr 2000:31). 

 

The frequencies that are considered important for whole-body vibration ranges from 2 Hz to 20 Hz. 

With vibrations, it develops different kinds of levels of frequencies that depends on directions. 

Humans are sensitivity in different frequencies and therefore the vibration exposure is weighted in 

different directions as shown in Figure 3.4. This weighting (W) factor is used to obtain the sum of 

the frequency-weighted acceleration (𝑎𝑤) and is expressed in units of m/s2. For WBV its two 

weighting factors (Wd and Wk) for calculating the frequencies. On the x-and y-axis the Wd 

weighting is applied and the Wk weighting is for the z- axis. To measure the RMS acceleration the 

Equation 3.9 is used (Bohgard, et al. 2008). 

 

 
𝑎𝑤 =  √∑  (𝑊𝑎)2 

 

(3.9) 

 

The frequency-weighted acceleration is then multiplied with a K-factor and has a value of either 1.4 

for x and y-axis, due to the more sensitive direction, or 1.0 for the z-axis, i.e. in the vertical 

direction. The highest value obtained in any of the three main directions are used to assess how long 

a day an employee can work without risk of injury. The daily vibration exposure value A(8) is 

measured in proportional to time, therefore the exposure time also has a crucial role in the 

calculations in Equation 3.10 and is measured in hours (Bohgard, et al. 2008). 

  

 

𝐴(8) = 𝑘𝑎√
𝑇

8
 

 

(3.10) 
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Whole-body vibration measuring equipment should comply with the specifications of EN ISO 

8041: 2005. Measurement of vibration occurs in the driving seat of the vehicle and is made by using 

a thin and soft flat rubber plate, in which the three accelerations is measured. The plate is placed on 

the seat and then secured with the help of a few straps or by an driver sitting on the plate (European 

Commission 2002). 

 

3.2.3 Durability tests 
The endurance test is performed on the durability test track on HPG as shown in Figure 3.5 below. 

There the vehicles are exposed to a 17 weeks’ durability test with 400 cycles in each track and with 

a final mileage of 62 000 miles after it ultimately gets an inspection at dismantling. The aim is to 

evaluate the damage between components and system and look at functionality over time with 

hopefully no signs of problems. During this week´s, the cars are aged as much as its estimated life 

time in normal traffic.  

 

 
                        Figure 3.5. Aerial shot of Hällered Proving 

  Ground (Volvo Car Group Global Newsroom 2010). 

 

VPT1 test program consists of different parts that are more or less critical to exposure from 

vibrations. Today, the Belgian Pavé and Silver Creak are the most crucial part of the endurance 

track and have the highest response of the frequency-weighted acceleration, the RMS value. Based 

on a Computer- Aided Engineering (CAE) two Frequency graphs is represented below and describe 

the frequency response from a Volvo XC90 at the middle of the car, on both Silver creek (Figure 

3.6) and Belgian Pavé (Figure 3.7). It describes a specific value of frequency that has the highest 

rate of amplitude and response on the two tracks. The most exposed frequencies are around 10Hz 

and are therefore needed to be taken into consideration in the evaluation. The disturbances caused 

by vibrations from the road most of the vibrations are suppressed by the car suspension, but also the 

car seats suppress some vibrations3. 

 

  
Figure 3.6. Frequency response on 

Silver creek. 

 Figure 3.7. Frequency response on 

Belgian pave. 

                                                 
3 Carolina Peters, Manager Durability Proving ground testing, private communication.  
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The amount of exposure from vibrations to the driver depends on a number of factors. Road 

surfaces are the essential factor, as well as driving speed, tire dimensions. Also the suspension and 

damping of the chassis and the driver's seat are the contributing factors (European Commission 

2002). This report only allows to investigate and change the driver's seat.  

 

3.2.4 Seat structure and seated position  
The damping material currently used in the seat is a standard polyurethane foam of a density of 

about 60 kg/m3. The full name is Flexible Polyurethane Foam (FPF) - D35150. A key factor in the 

selection of foams is its hardness. The evaluation shows that the present foam has a hardness of 

about 5 kPa and it has a requirement called M2M, which defines the minimum thickness of the 

foam material. This is done with the essential seat reference point (SRP). The requirement says that 

a 75 kg standard dummy must be used in the tests and the thickness of the foam should be at least 

40mm from seat reference point. This requirement does not apply to this project and for the 

selection of materials or solution, since Hällered Proving Ground doesn’t need to take this into 

consideration4. The design of the driver´s area and the selection of seat suspension system can 

significantly affect the driver’s exposure to vibration and can potentially reduce injury outcomes 

associated with WBV exposure. To optimize the seat construction, it is crucial to consider the entire 

design and take into account the shape, the width, height of the seat pan, backrest, materials and the 

seat trim. All these are characteristics that can affect the comfort and the impact from vibrations 

(Beard & Griffin 2016). It’s also important to take consideration to the posture when evaluation 

vibrations. It has been shown to have a significant effect on the WBV exposure to drivers. But this 

is difficult to control in real world settings. Additionally, the placement and adjustment of foot 

supports and backrest angles and dimensions can have a significant effect on the absorption of 

WBV for seated drivers. When seated the lumbar back support should have an even pressure along 

your back all the way from buttocks to shoulders. The backrest should have the function to support 

the back when driving and therefore a 10 – 20-degree vertical angle is an optimal rate and this 

decreases the pressure on the discs in the lower back. It’s also important to avoid pressure points 

and caps to get fully support and comforts. When seated the tale-bone should also be as far back to 

the seat as possible. The seat pan should also be tilted in the way that the knees are slightly lower 

than the hips. The seat pan would be tilted around 5 to 10 degrees to fully support the entire thigh 

without specific pressure points. This can decrease the vibrations exposure due to even distribution 

of pressure. If it´s unevenly it can restrict circulation to the back and cause discomfort in the legs 

and increases pressure on the lower back. Variants of seat design and shapes can have different 

input on pressure points and ergonomic advantages and disadvantages (PhysioMed 2017). 

 

There is two forms of hardness for the foam used today. Therefore, the seats in production have a 

little different material properties and are called comfort seats and sports seats. These seats can be 

equipped with seat extensions as well. In sports seats, they are a bit tougher stuffing and therefore 

have higher hardness and can experience stiffer. The dimensions have similar layouts except for the 

bolster on the sports seats, where the foam on the sides is larger. This project will be based on the 

comfort chairs, because it is more common in production and that the sports chairs only are an 

optional package when ordered5. 

  

                                                 
4 Tommy Apell, Attribute Leader Seating comfort, Ergonomics. At Volvo in Torslanda 16 februari 2017. 
5 Carolina peters, Manager Durability Proving ground testing, private communication. 
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3.2.5 Previous research and work 
After the regulations from the Swedish Work Environment Authority on vibrations (AFS 2005: 15) 

came into force, Volvo Cars made many changes in 2006. Several measurements and calculations 

were performed on WBV on the test track and resulted in an exposure level over the Exposure 

Action Value (EAV) in many cases. The employer is therefore required to provide medical controls 

for employees exposed to WBV and therefore Volvo Cars contacted the company Feelgood, which 

provides health services to businesses (Feelgood 2017). They have performed medical controls 

three times since 2006 with three years’ intervals. In addition to offering the test drivers medical 

services, there were actions on getting down under the EAV. This was done by reducing the active 

driving time and now the cars are shared by two drivers during a working day. There were also 

measurements in terms of ergonomics and health maintenance in form of driver's meeting protocol 

for maintaining exercises outside work. The measurements that was executed also showed that the 

result of exposure depends on the weight of the driver. A tiny small driver is more exposed for 

vibration rather than a heavier driver. It also depends on which tires that’s used and on the car 

chassis where it´s better with big heavy cars and soft chassis. 

 

Today a seat pad is used that reduces the WBV level in different parts of the track (Figure 3.8). This 

design construction is not optimal due to complaints from drivers. They tend to come to high up in 

the seat and therefore miss the lateral support on the armrest and the lumbar support. Secondly they 

may also touch the ceiling when driving. Therefore, some drivers don’t use it. The seat pad consist 

of a three layers of 19 mm foam which consist of the material Flexible Polyurethane Foam (FPF)6. 

It’s a material that is commonly used in the transportation industry in the interior of vehicles as a 

result of its light weighted features and also sound-and vibration absorption characteristics (Housel 

2004). 

  

 
       Figure 3.8. Current solution with the seat pad. 

 

3.2.6 Benchmarking  
There are a number of solutions on the market regarding suspension in the driver area. Described 

below are different types of suspension systems that can be used to attenuate vibrations in the 

vehicle industry. As well the competitor’s solutions that feels relevant to evaluate in the project is 

described. The analysis has been limited to apply to various competitors that might be suitable 

looking into. 

 

                                                 
6
 Stefan Magnusson, manager at Volvo Cars, private communication. 
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Types of Seat Suspension Systems 
Several passive, semi-active and active seats have been designed and produced to reduce whole-

body vibrations in all kind of vehicles.  

 

Passive suspension 

Passive suspension reduces the vibration of the operator’s seat with a springs or materials. This 

system is the most common and effective to implement in allot of vibrations affected environments. 

It´s also the easiest to implement and cheapest compared to other suspensions systems. The problem 

with this is that frequencies specifically in-between the range of 1 to 7 Hz cannot attenuate WBV 

(Klooster 2004). This is due to the amount of travel of the system necessary to cancel the vibration. 

Passive systems are used when no requirement of power is needed and is applied with damping 

techniques such as magnetics, viscous fluids and viscoelastic materials (Steffen Jr et al. 2000). 

 

Semi-active suspension 

Beside passive suspension systems, there are semi-active and active systems for improving the 

reduction of WBV and increase the comfort when driving. These systems are especially used in 

heavy vehicles that are subjected to severe vibrations and shocks. On the other hand, they are more 

expensive and more complex. The Semi-active suspension gives a better result against vibrations 

then a passive suspension due to energy dissipation, but it can’t create energy compared to active 

suspension. The damping ratio can also be adjusted and detected based on the measured data from 

sensors. Compared to active damping the semi-active is easier to control, easier to install, is usually 

smaller, have lower implementation cost and power consumption. But the disadvantage is the 

limitations of the force range and the performance is not as good as an active system. In the range of 

1-7 Hz, it can’t fully attenuate vibrations (Klooster 2004).  

 

Active suspension 

The active suspension system has a disadvantage with increased energy and fuel consumption, but 

can completely suppress vibrations, even in the frequency range of 1-7 Hz. This is achievable as a 

result from the active actuators that can create and dissipate energy, which results in cancellation in 

the low-frequency range. Compared to the other suspension systems it has a wider range of force, 

no constraints for force-velocity and better performance in vehicle dynamics. The disadvantage is 

the costs, needs of major modification before installing into an existing vehicle and higher weight to 

power ratio (Tomlinson et al. 1998). 

 

Competitive analysis 
Bose Ride is a corporation specialized in manufacturing high-performance vehicle suspension 

systems. Air suspension seat relay only on passive damping and has not the same suspension 

reduction compared to Bose Ride system, which is a semi-active suspension. This system cancels 

vibrations because of detecting road imperfection immediately and counteract the movement before 

it reaches the driver. This is possible due to a truck raid computer that controls the rugged linear 

motion and then compensating for the shakings. This technologic is not yet available for cars today, 

but with a meeting with a representative7 from Bose Ride Corporation says it can be an opportunity 

in the future. This is similar to most common semi-active and active suspensions on the market and 

that it can be hard to implement in an ordinary car due to small spaces. The disadvantage with 

automobile cars is the small space and that the seat is almost on the floor. Bose Ride and similar 

systems are too big to fit and when the floor goes down in a bumpy road the seat moves up a little, 

(Figure 3.9). Therefore, it´s necessary with a bit of space and cars is too small in this area in 

comparison to trucks. Volvo trucks use this today but it´s not ready for the automobile industry yet. 

Hopefully years from now they may fit, but not today. 

                                                 
7 Representative at Bose Ride Corporation, telephone meeting 21 march 2017. 

http://tyda.se/search/competitive+analysis?lang%5B0%5D=en&lang%5B1%5D=sv
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               Figure 3.9. Bose Ride suspension system (Bose Ride 2017). 

 

Absorbing materials 
Vibration dampening gloves 

In the industry where hand and arm vibrations are at risks, it is 

common to use anti-vibration gloves (Figure 3.10). The gloves 

are available in a number of models and are used depending 

on the tools the operator work with. These models have 

different characteristics and are based on the exposed 

frequency level which depends on the task. However, there is 

a risk that some gloves may have the opposite effect and can 

make more harm than good if the operator is exposed to the 

wrong frequency (Flinks Järn AB 2017).  

 

Knitting and weaving artificial muscles. 

A research has been performed on artificial muscles, made in collaboration between researchers at 

Linköping University and the University of Borås. They made use of fabrics, stitched together from 

cellulose yarns, articulated polymer (CP) and polypyrrole (PPy). This polymer deforms when 

subjected to electrical stimulation. Through this special coating, the power of the "textile muscles" 

then occurs. When a weak voltage is applied to the fabric it changes the electro-active material 

volume and the yarns or threads extends. The specific fabric properties are edified by the way 

weaving and knitting is constructed. This is similar to the skeletal muscles in the human body and 

allows to strengthen the human body (Maziz et al. 2017).  

 

3.2.7 Interviews 
One of the key moments of a development process is to involve the right people in the project. 

Therefore, different interviews were performed and especially with people within competence and 

knowledge about seats. Described below is the outcome of the conversations and the possibilities.  

 

After the interview with Apell8 at the ergonomics seating and comfort department (Appendix 3), it 

emerged that it would not be difficult to change the material/foam in the seats. It would definitely 

be possible with not so much changes in the production. It is also difficult to isolate frequencies 

passive. Therefore Apell thought it would be good to also look at active damping where the whole 

seat is included. Then also look at the suspension and a new material within the seat construction.  

 

The seat structure consists today of a spring mat with steel springs. On top is the foam and is a 

damping material for comfort. The spring mat is today in a horizontal position, but a bit shaped and 

is subjected to bending and torsion. 

 

 

                                                 
8 Tommy Apell, Attribute Leader Seating comfort, Interview 16 february 2017. 

     Figure 3.10. Vibration gloves 

     (Flinks Järn AB 2017). 
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In the interview with the front seat department (Appendix 4), the technical Expert in seats also 

explains, when a new seat is developed, they look solely into comfort. The spring is constructed by 

the extent of the room and accessibility of space. The springs should also be as flexible and rigid as 

possible. The aim is to have as much foam as possible into the construction, but that it’s limitations 

underneath the seat. 

 

The interviewed individuals in the front seat department also said that there is no more damping 

then the foam in the current design. It is important whan you sit in the seat that there will be a 

combination of spring damping from the foam and the spring mat, as shown in Figure 3.11. But it´s 

important that parts can’t be destroyed underneath the seat when driving in rough terrain. This has 

earlier been tested with sandbags of 200 kg in the seat and later looked at the amount of deflection 

in static mode. But one idea would be to try to make a new spring mat for the tests in Hällered and 

that certain parts underneath the seat aren't needed. The problem with various components in the car 

is that they need to be packed somewhere and today every millimeter of space is important. On 

Hällered they can however maybe remove components i.e. the amplifier which would not be needed 

in that position.  

 

Underneath the chair is also the engine for raising and lowering the seat and also the length adjuster. 

It´s possible to remove the length adjuster by implementing mechanical adjustment. Also cables, 

amplifiers and safety doses exist. What should be taken into consideration is the front metal part at 

Figure 3.11. In case of a crash or accident, it has the function of collapsing downwards in a way that 

the driver doesn’t get hurt. There are also safety aspects that need to be protected such as airbag and 

belt stretcher which is central to the chair. 

 

 

 
        Figure 3.11. Front seat, with and without foam. 

 

After the interview, it occurred that it´s a lot of options that can be taken into consideration. To 

evaluate this a Pugh matrix was performed according to Johannesson et al. (2004), to see which 

concept is the most appropriate (Table 3.1). Solution 1 is the previously concept where the existing 

pad should be modified. It consists with passive damping and works on all platforms. It is also easy 

to implement into every car. However, the problem was that drivers end up in a high position in the 

driver seat and here it´s not possible to exclude certain frequencies. Method 2 is concentrated 

toward active damping and take into consideration the entire seat structure and considers both, 

materials, suspension and upholster. These concepts were then compared with a reference, which is 

the existing seat in the XC90 cars at the Spa platform. The result shows that both concepts need to 

be evaluated further. 
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    Table 3.1. Pugh matrix 

 

3.3 Concept generation  
Concept generation was executed individually and within a group. Individual session was executed 

because the first idea generation in group was widespread. But it resulted in many new approaches 

that could be taken into consideration in the individual idea generation. Then compile the solution 

alternatives to more realistic and describing concepts. 

 

3.3.1 Idea generation in group 
To avoid inhibitions the eight participating team members were not familiar with the subject. 

Almost all members had a slightly different background, which was an advantage to produce as 

many approaches in different perspectives. There were three engineers, where one was a bachelor 

and two were master students. It was also a traveler, student in Master of Science in Business and 

Ergonomics, an automation technician student, a taxi driver and an application specialist at Centiro 

Solutions. What came up during the session are summarized and the methods are described below.  

 

Six thinking hats 
Concept generation started with the method six thinking hats, which created a discussion session 

with different inputs of perspective. This resulted in a number of ideas that would later be evaluated 

in the screening process. The discussion had primarily in mind the current seat construction, but 

also the existing solution with the pad. It developed ideas regarding wishful solutions where the 

entire seat structure must be changed. Another thing that was brought up was different kind of 

materials which would be best suited to reduce vibration within the seat. Some of the ideas that 

emerged from the session are presented below. 

 

• Seat with several layers of damping material.  

• Work attire or a concept regarding absorbing pants. 

• Use lumps of jelly, or a similar viscous material in the seat. 

• Hammock construction, with suspension from the ceiling and the floor. 
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Negative idea generation 
The next method is directed primarily against negative criticism were problems with a solution to 

the existing seat construction. What emerged can be seen in the Table 3.2 below.  

 

             Table 3.2. Result of concepts from negative idea generation 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6 - 3 - 5 technique 
With negative brainstorming in mind, the 6-3-5 technique was later executed. Here new ideas were 

developed and the 6-3-5 method is a way to further develop each other's ideas as far as possible. 

This method resulted in a number of ideas that could later be developed or merged with other 

similar ideas. Examples of ideas that were created were: 

 

• Trampoline principle, with a damping material underneath. 

• Tight seat belt that allows the backrest to relieve the vibrations instead of the seat and also 

strengthens the back. 

• Layer upon layer of different materials, with springs, foam and jelly. 

• A solution like a water mattress. 

• Suspension brackets instead of steel were the seat is attached to. 

• S-shaped seat with only one bracket. 

 

3.3.2 Individual idea generation  
The individual idea generation led to greater clarity and solutions on concepts that would be more 

realistic than the previous session. This was performed individually by brainstorming, where as 

many ideas were brought up as possible. Here the previous concepts were considered, as well as 

newfound concepts and competitor solutions. The concepts were written down and added in the 

three main categories, materials, whole new seat construction and partial modification of the 

construction (Figure 3.12).  

  

Poor room for new solutions Create a new better seat pad  

The seat contributes too much 

vibrations 

Change the construction  

Poorly adapted for different 

anthropometric conditions 

Implement active damping 

Inflexible chair design and little space 

to move 

Put in a smaller seat 

Untried method with several materials Use only one or two materials 

The seat helps different against 

vibration, depending on weight, 

individualized 

Hire individuals with the optimal 

criteria  

Operators comes too high up in the seat Remove unnecessary materials or parts 

underneath / in the chair and submerge 

it.  
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                    Figure 3.12. Individual brainstorming. 

 

Description of concepts 
Alternative 1 is to implement damping between the rails 

and the chassis as shown in Figure 3.13 (red arrow). The 

advantages are that it remains the seat structure without 

modifications i.e. the seat is included in the endurance test. 

Also, that the front seat construction department is not 

excluded during the endurances test evaluation. The 

disadvantages are that the seat will be further up, but it will 

not give this feeling of an external pillow attached to the 

seat. This could be arranged with a specific material, engine 

cushion, honeycomb or a press air suspension. A press air 

suspension can vary in direction and it´s easy to buy in a 

store. A possibility was also to lock into a reconstruction for 

the mount between the rails and the steel construction and 

see if it was possible (blue arrow).  

 

Alternative 2 is to replace the material in the foam. The advantages are that it maintains the height 

of the seat, the steel frame and the springs remains the same as before. One possibility would be to 

use hybrid materials or mixing various materials in layers, for example jellies and foams. The 

feeling of an external pillow and the problems that go with it disappear. The disadvantages are that 

it´s not individualized due to body types as a result of the passive attenuation. This concept also 

results in carrying out tests on different material for the vibration dampening characteristics. 

 

Alternative 3 would be to replace the spring in the seat 

(Figure 3.14). Here it may also be possible to 

simultaneously change the material of the foam at the same 

time. The positive is that it can provide more damping 

properties than alternative 2, but it´s unclear in relation to 

alternative 1. It can be difficult to change the foam when 

the spring mat has the function to support and stabilize the 

foam. One option is to create a concept similar to a 

“trampoline” mat. If the only change would be made on the 

springs it may be an unreliable concept for reducing the 

vibrations on a larger scale. This would also bring major 

changes to the seat construction which can be difficult to 

implement due to cost and development. 

Figure 3.13. Alternative 1. 

Figure 3.14. Alternative 3. 
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Alternative 4 is to implement a concept with working clothes, mainly on trousers. As mentioned 

before there are absorbent materials on the market suited for vibrations dampening for hand-and 

arm vibrations and use this in this area (Flinks Järn AB 2017). The advantage is that no construction 

changes are needed in the car and it does not affect the assessment of the test car on the endurance 

tracks. The essential hardest part with this concept would be getting employees to change into 

working clothes. The problem with this kind of solution is that the materials absorb different 

amounts in different frequencies and this concept may not produce the estimated effect to reducing 

vibrations.  

 

Alternative 5 would be to use the same absorbent material from the pants to change the trim of the 

seat. This would lead to seat construction changes with the exception of the foam and the spring. 

The height of the seat would not cause any noticeable changes depending on the thickness of the 

material. Changes are not needed from the drivers, but the complications is the same as alternative 

4. That this concept might not result in such large changes in absorbing vibrations.  

 

Alternative 6 has taken inspiration from the powerboat industry where a lot of shock and vibration 

occurs. It´s a semi-active seat mitigation system that changes the attenuation characteristic with a 

liquid when a sensor detects the road conditions. The research is collected from the company Shoxs 

(Shoxs 2017). The idea is that the damper spring characteristic should sit in the back of the 

backrest. The seat construction would then be held up by a cradle that swings vertically in two rails. 

The big advantage is the impact of reducing the vibration. It also considers all frequencies and is 

suitable for all possible weights. What is more complex is that an entire seat must be implemented 

and that it would take too much space. Moreover, it is unclear whether the possibility of vertical 

movement is possible in the front seat, both in terms of long driver risking hitting the ceiling and 

knees hitting the steering wheel. 

 

Alternative 7 deals with the implementation of an air suspension within the seat construction. Here 

the idea is to take away the spring mat and partial sections of the steel frame of the seat and put 

inside an air suspension within the steel frame. On top of the suspension, it consists of a thinner 

layer of cushion for the operators to not get too high in up in the seat. The advantages are that there 

is high attenuation characteristic. Though, it may be difficult to implement due to the need of 

modifying the steel structure by cutting material and that there are risks of hitting the remaining 

steel frame when driving. 

 

Alternative 8 is to improve the current solution with the seat pad, with a different design for better 

comfort and experience. Also, to change the materials and fastener on the seat. The advantage is 

that it can encourage drivers to want to use the pad more and that it can be implemented on all 

platforms. Less good is that the existing problems maybe still exist and the uncertainty of how big 

improvement that can be accomplished. 

 

Alternative 9 is based on contributing absorbing material around the seat belt as shown in Figure 

3.15 below. To reduce the damping on the way up when subjected to vibrations and shocks. This 

result in no changes in the car specifications and it doesn’t affect the test cars. The problem can be 

that this concept might not result in such large improvements in absorption.  

  

Alternative 10 is to change the seat form like a child seat, where it is elevations on both sides and 

between the legs. Which create damping from the sides (Figure 3.16). A complement will be a 

fastening belt with an absorbing material on top, that’s strapped to the seat and is formed by the 

legs. This result in a fastened position that damper in all directions. The problem with this concept 

is a deconstruction on the seat design and therefore a new covering trim needs to be constructed.  
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3.3.3 Evaluation of concepts  
In this stage, it occurred that the project had become too extensive due to the diverse implementing 

opportunities and approaches. First, many different elements could be accounted for. Second, it is 

unclear in what way the entire seat structure could be altered or not. Therefore, a status report was 

performed that can be seen in Appendix 5, where the current problems were brought up and how it 

could be solved. Also described was to answer what to do next in the project. To deal with the 

challenges, it required a detailed study on what kind of opportunities was available to solve the 

problem and then make boundaries of what is reasonable in comparison to the time. And later to 

focus on that track and follow a specific concept area. 

 

Delimitations is in this stage too vague and extensive. For this project to be achievable, there need 

to be more delimitations. The first thing to do is to look into the focus areas that is associated with 

the thesis. Which are the material, damping/springs and construction (Appendix 6). 

 

Also, evaluation if concepts would involve on the driver or seat. If a concept includes damping 

material on the driver or on the coating trim, it´s not certain that big changes of reducing vibrations 

will have a great improvement. Therefore, the direction is to concentrate on the seat construction 

and primarily optimize it. After contact with representative9 at the company Berger & CO. AB that 

produces the anti-vibration gloves. It was stated that the gloves unfortunately can´t or by slight 

manage to dampening over the elbows. Also, that the gloves can´t manage frequencies below 30 

Hz, which can be a problem because the frequencies that emerge from the chassis to the seat is 

around 10 Hz.  

 

Furthermore, is to make a list of concept areas and evaluate how achievable they are for the project. 

Here achievability, take consideration to the time management, knowledge, how much remodeling 

needs to be done, the technology and how difficult it is to implement. The concept areas are listed 

below in Table 3.3 with realizability in mind.  

  

                                                 
9 Co-owner of Berger & CO. AB, Telephone interview 29 march 2017.  

    Figure 3.15. Alternative 9.      Figure 3.16. Alternative 10. 
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Table 3.3. Screening of the overall concept areas 

 

This evaluation results in an initial limitations of concept areas that are not going to be evaluated 

further. Concept areas that will take too much unnecessary time from the project and result in 

delays or in extreme case break down the project. The concept areas that was eliminated were 

number 4 due to its complexity and lack of knowledge. It´s going to be too hard to dive into. 

Number 5 takes too much time and can be hard to implement in a car due to its construction 

characteristics. Also, number 7 is eliminated because it’s not realistic for this thesis to implement a 

competitive seat from another company or remodel the whole seat. 

 

Sorting the concepts from brainstorming 
To evaluate the concepts that were brought up in the brainstorming session, the concepts were 

evaluated according to the four categories regarding if it´s achievable (Figure 3.17). The categories 

were; will work, maybe, question mark, doesn’t work. The result is listed in Appendix 7 with a 

comment for every concept. The row with the question mark was needed to be discussed with the 

supervisors at Volvo Cars and see if it is achievable and appropriate.  

 

 
                                     Figure 3.17. Sorting of concepts. 

 

# 

 

Concept description 

 

Achievable 

 

 

1 

Material – Make an external solution with a belt and consider 

changing the shape of the seat or pad. 

It should work. 

2 Material - Change the material in the foam and also potentially apply 

material on the seat surface or change the upholster. 

It should work. 

3 Material - Mix materials in layers or sectional within the seat. This 

concept involves friction and hollows within the materials. 

It can work, but can be difficult to 

calculate the different material 

characteristics in proportion to each 

other.  

4 Material - Hybrid material  Possible. But it´s going to take allot 

of research to investigate the 

possibilities.  

5 Damping/springs - Active or semi-active damping, that consists with 

sensors.  

 

Time consuming and difficult to 

implement. Beyond my education. 

The technology isn’t there yet.  

6 Damping/springs – Passive damping with changes on the springs. Possible, can be hard to calculate 

different effectiveness of the springs. 

It can also be hard to combine with 

the foam.  

7 Construction – Change the whole seat and consider different 

benchmarking solutions. 

Difficult to find a seat that can be 

implemented in a car.  
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Sorting of concept was based on how complex the concepts is to implement and if huge changes 

needs to be done to the construction. Also, the incomplete technical knowledge compared with the 

time management for this project was a vital role. What also mattered was if it affects the test cars 

and the evaluation of the endurance tests. The screening process therefore evaluated the solutions 

after the largest reconstruction on the seat and was therefore eliminated from the screening process. 

Too much was taken into consideration in the construction. Also eliminated was the benchmarking 

solutions with semi-active and active suspension systems due to its complexity. These concepts take 

too much space for an automobile car and today the technology is not there yet.  

  

The solutions that were evaluated further and was brought up and discussed with the supervisors at 

Volvo Cars was therefore the concepts with passive solutions and more directed on materials. The 

concepts are summarized more in detail and evaluated below, and are also described earlier in 

chapter 3.3.2 in section “Description of concepts”. 

 

Alternative 2. Changing the foam within the seat with one or maybe a few different materials. It 

can be hard to combine materials and se which combinations that are most advantageous for 

reducing the vibrations. In the interview with the Co-owner of Berger and CO10, the producers of 

the vibration dampening gloves, it discussed that a solution could be to tear out the foam in the 

chair and put the softest and thickest material in form of foam or rubber material (Appendix 8). On 

top, you will put a heavy liquid madras and that the density should be as high as possible. This was 

evaluated throughout a highly-simplified calculation program to find materials.  

 

Alternative 1. Damping between the rails and the chassis or between rail and steel construction, 

E.g. with an engine, honeycomb or a press-air suspension. This alternative has the disadvantage of 

adding height and it needs to take into consideration the strength. But it´s easy to implement with 

longer screws and it’s a question about finding the right suspension component on the market that’s 

the most appropriate for the task. This concept compared to alternative 2 may not give that much 

effects. 

 

Alternative 9. Absorbing material around the seat belt can easily be implemented in the car and it 

doesn't affect the test cars. But it´s a risk that it doesn’t give much effects and therefore can be a 

complemented solution to combine with another concept.  

 

Alternative 10 were the seat design is deconstructed with dampening lateral support and belt 

construction. This also doesn’t affect the test car. It can also give more damping reduction than with 

only the changes of the exciting belt concept. In comparison, the disadvantage is the changes of the 

seat.  

 

Alternative 8. Improve the existing solution with the pad. Alternatively take out more foam in the 

seat and put on the seat pad, to exclude the problem to come high up in the seat. This result in the 

same problems for alternative 10. But if only changing the pad design, maybe a honeycomb cushion 

can be a solution (Balanceseat 2017).  

 

Alternative 3 is based on replacing the springs in the chair and if possible the foam. This concept 

will change the spring mat, but doesn't make any changes for the steel construction. It can be hard 

to find the right material for suspension and if it gives the effect that’s needed if only changing the 

springs compared to only change the material in Alternative 2.  

 

                                                 
10 Co-owner of Berger & CO. AB, Telephone interview 29 march 2017. 
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Conclusions of sorting the concepts  
The concept evaluating and screening process have led to delimitations in the project and that it’s 

the material that’s the direction to be evaluated further. Dampening materials is taken into account 

in every concept, except for alternative 1 and everyone needs to be tested for verifications. But in 

alternative 1 it was also needed more benchmarking and feedback from the supervisors if it´s 

achievable. Because of the passive system, it is needed to customize the damping individually. 

Which is the biggest problem in WBV. The isolating foam or damping mechanisms must consider 

the individual's weight and it´s important to focus on a specific frequency. The representative at 

Berger and CO explains that by just turning or changing the material thickness, the softness and the 

loss factor it´s possible to customize it allot for individuals. If it´s possible to press together the 

material or release some of the underlying springs you have the possibility to affect the resonance 

frequency. The frequency is then always known and it´s easier to find a material for it. The 

conclusion with less exposure on heavier drivers, one solution could be to implement a softer seat 

and increase the weight on the test driver. A possibility is to implement a heavy vest, or a G-suit 

which pilots uses. The important thing with this is that the weight is associated with the driver. 

Otherwise, it will be a system of two weights that swings.  

 

The decision on the placement on the dampening changes in alternative 1 was determined due to 

minimal changes that had to be done on the construction and also the minimal implementation 

options. The seat assembly is connected to the chassis by screws and is attached through the rails 

(Figure 3.18). In between these components, it consists of a floor mat which is shown in Figure 

3.19. The difficulty with this is that no construction is impossible underneath the mat. This is due to 

complications in reconstruction and that the modifications needs to be handled at the chassis 

manufacturing department. Which can cause changes in the production line.  

 

At the partial presentation at Volvo, it was also a discussion regarding the seat heightener 

underneath the rails. When looking at the chair in different cars, there is a seat heightener that has 

the function to raise the chair in the bigger cars. It was discussed that it could be taken away and 

therefore earn a space of 30-40mm. Then instead have the opportunity to put in a spring or damper. 

The people involved agreed that the safety aspect was an important factor and that in a severe 

collision it could cause the springs to shear of. Instead, it could be possible to move down the seat 

and implement thicker material in the seat. The disadvantage with this idea is that it can´t be 

implemented in the smaller cars. The positive is that only the big cars are driving on one of the most 

vulnerable track, Silver creek. 

 

       
Figure 3.18. Seat construction throughout 

CAD. 

 Figure 3.19. The front seat in XC90.              
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Concepts evaluated by supervisors 
The next step in the evaluation of concepts was also to let the remaining concepts be evaluated with 

the supervisors at Volvo so that further screening may be done. This resulted in a discussion with 

advantages and disadvantages with each concept that is shown in Figure 20 below. What came out 

from the meeting was that concept 9, with moderation in the belt should be excluded. As it will not 

help quite much from vibrations. Also, that the alternative 10 would mean implementation 

difficulties due to different body builds on the operators. The supervisors also thought that it would 

be time-consuming to replace the spring mat in the chair. What would be examined further was 

primarily areas around concepts 1 and 2. A good idea was to look more into honeycomb and 

different kinds of springs that can be implemented in the seat construction. Also, to be evaluated 

was a different kind of materials that has the best absorbing characteristics to reduce vibrations. The 

advice from the interview with the representative at Berger and CO was that with a light weighted 

foam and a viscous liquid material is used and that this would be taken into further consideration.  

 

                            

                     Figure 20. Concept description evaluated by supervisors at Volvo. 

 

Here it was also performed a modified relative decision matrix in which the supervisors at Volvo 

ranked the concepts by criteria. This was carried out to get a different point of view regarding the 

production of concepts and benefits. In the relative decision matrix, the concepts is weighed against 

criteria associated with implementations potentials. The concepts are ranked by the number of 

points each concept got. In Table 3.4 below, it is shown that the priority alternative would be 

concept 3 with the changes of the spring mat. This concept was however a time-consuming 

alternative and therefore not priority. Therefore, focus should be on concept 3. It´s also the best 

alternative accordingly to suggestions from the supervisors. 

  

Concept description  

1. Implement damping between the rails and the chassis also/or a reconstruction 

for the mount between the rails and the steal construction. 

2. Replace the material in the foam with one or two materials. (i.e. heaviest 

liquid madras and the softest foaming or rubber material that goes with it). 

3. Replace the spring in the chair. It may also be possible to simultaneously 

changing the material of the foam at the same time. 

8. Improve the existing seat pad with a different design for better comfort and 

dampening. 

9. Absorbing material around the seat belt. 

10. Deconstructed on the seat design with dampening lateral support and the 

new belt construction. 

 

http://tyda.se/search/lateral+support?lang%5B0%5D=en&lang%5B1%5D=sv
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                 Table 3.4. Modified relative decision matrix 

 

Volvo Car Group 

 

Modified Relative decision matrix 

Issued by:  

Malin Fellenius 

 

Created: 03-03-29 

Modified:  
Version 1.0 

 

Criteria  

Concepts 

1 2 3 8 9 10 
Easy to manufacture 2 5 5 3 6 4 
Realizability 2 6 6 4 7 4 

Achievability  5 6 6 4 7 4 
Implement ability  6 7 7 5 4 4 
Innovative  6 6 6 4 4 6 
Costs 5 6 6 5 4 4 
Long Term benefit 6 6 6 5 3 4 
Available of Resources 5 4 4 4 5 4 
Efficiency 7 6 6 5 1 6 
Time dependent / frame 6 6 6 4 5 4 
Ergonomically 1 8 8 5 1 6 

SUM 51 63 66 48 47 50 

Order of priority 3 2 1 5 6 4 

 

3.4 Detailed concept  
The concept that best fulfilled the requirements and was approved by the client in concept screening 

process proceed to detailed concept. Here it takes into consideration both the damping materials and 

product solutions available on the market. Material suggestions were performed with the assistance 

of the material database CES EduPack 2016 that was available at Karlstad University (Granta 

Design Limited, 2013). Also described is its approach to the final material selection and to the 

materials that were ordered. Described is as well the final products that were ordered from the 

wheelchair industry.  

 

Evaluation and testing were made on two tests performed in the facility in Torslanda. One was a 

Transmissibility test and another test in the shake table, Hexapod. The final test was performed on 

Hällered proving ground durability track where the exposure and risk assessment of the A(8) value 

was evaluated on the materials combinations compared to the most vulnerable signals of the track. 

 

3.4.1 CES EduPack  
To get an idea of the possible candidates of the material for the construction a diagram in CES 

Edupack was carried out. Level 2 was first performed due to a better overview of materials. The 

chart resulted in guidance in selecting material for high damping materials. This can be evaluated 

through a target value of the mechanical loss coefficient η on the Y-axis and the young modulus E 

that represent the x-axis. Since the construction consisted of an absorbing material, the search area 

would be especially on elastomers. Thereafter, a constant C that represents a guideline were plotted 

and can be described as Equation 3.11. The constant increases when the line moves to the upper 

right area as shown in Figure 3.21 (Ashby 2010a). This also indicates that the higher the mechanical 

loss factor is, the more damping is contributed to the system (Ashby 2010b).  
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 𝐸η = C (3.11) 

   

   

 
          Figure 3.21. Level 2 in CES EduPack. 

 

By clicking on the particular materials, it allows to read and see the pictures of what material that 

can be used. This made the materials metals, glasses and aluminum to be ruled out as a result of 

their characteristics. The graph shows that the flexible polymer foams are the optimal choice of 

material and would be evaluated further, due to its complexity, variety of features and range of 

properties. Therefore, a Level 3 chart were created with the same parameters and is shown in Figure 

3.22.  

 

 
        Figure 3.22. Level 3 in CES EduPack. 
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According to the diagram it is shown that the polyurethane foam is the best suited material. This 

material is also most known and is in most situations used in padding designs for damping 

characteristics in automobile industries. As a result, from its mechanical attributes properties such 

as low density and stiffness. However, it´s the ability to absorb the strain energy that’s the most 

significant (Prime et al. 2016). Absorption of energy and damping occur during compression and 

expansion of the porous material structure when subjected to a load. The damping characteristics 

depend on both the pressure, cell size and the capability of transfer rate and flow of air between the 

cells. The open cell structure in polyurethane gives a larger mechanical damping due to the friction 

of air that occurs freely between the cells within the foam. Compared to the closed cell structure 

that’s more hardened. Closed cells are surrounded by solid material and therefore it´s possible it can 

reduce its capability over time, due to leakages and diffusion of air within the material. For this 

reason, it can change its characteristics over time (Bartlo 2014). The open cell structure also 

depends on the number of cells within a given area and the more cells the more damping occur. 

(DAHİL 2016).  

  

3.4.2 Selected materials 
Several companies were contacted that is expert within different materials and damping products. 

However, it was four companies that were available and wanted to sponsor against result in return. 

Those were Trelleborg Industri AB that is a specialist within sealing and attenuation in exposed 

critical environments (Trelleborg 2017). Also, the company Salubrious were contacted due to its 

ergonomic point of view in the wheelchair industry within health care. The third company was 

Vibratec and is specialist in products and materials in many different applications that attenuate 

shock, noise and vibration. (Vibratec 2017). Least of all Christian Berner AB that works within 

Vibration and noise absorbing materials, as well as filters applications and process engineering 

(Christian Berner AB 2017). 

 

The materials that are ordered have today different properties. The essential difference in 

characteristic of the material is due to the variation in stiffness of the foam. Stiffness varies with the 

applied force and with a specific thickness. The damping capacity of the foam is also differently at 

different frequencies. Damping and stiffness can be determined only by experiment. This is due to 

the fact that the materials are nonlinear and therefore it´s impossible to know the exact natural 

frequencies of the material. Every system will have numerous natural frequencies. This is due to the 

fact that materials depend on thickness, humidity, temperature and density of the system. The 

material was polyurethane foams with open cells structure and had some difference in properties 

and characteristics. These are named Sylomer SR11 EN and Regufoam Vibration 150 Plus. Each 

material consisted of four pieces with the dimensions 300 x 300 mm and a thickness of about 

12,5mm. 

 

The material needed to be chosen because of its approximate material properties and characteristics. 

What also mattered in selecting materials was based on the availability of material from companies, 

the time it would take for delivery, and that there were restrictions in the budget.  

 

To evaluate additional potential materials that can be combined in layers, two other rubber materials 

was ordered. These materials were also within the search area in CES EduPack level 2. Rubber is 

often used for seals and as anti-vibrations mounts and therefore a protential candidate (Granta 

Design Limited 2016). The materials Trelleborg natural rubber and Trelleborg butyl rubber was 

recemented from the company Trelleborg Industri AB. (Trelleborg 2017). Which consisted of a 

thickness of 5 and 10 mm each. The reason for this is their character attenuation ability in industrial 

environments. The polyurethane foam that is used today in the XC90 cars is the reference material. 
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Other test components 
In the medical industry polymer and especially polyurethane with open cell structure is used. This is 

a result of its damping characteristics that prevents injuries and maintain individual’s well-being in 

everyday life. The material and the open cells structure also provide ventilation within and let the 

material breathe (Jenkins & Khanna 2005). Therefore, research was evaluated in the wheelchair 

industry. Here individuals in everyday basics is exposed to vibrations and challenging condition due 

to a continuously sitting position. Here it´s important to take into consideration both the seating in 

motion and in stationary conditions (Chaney 2016). The industry needs to work with allot of 

evaluations of ergonomic conditions and therefore the company Salubrious were contacted.  

 

Salubrious works within healthcare products and is a salesman and a distributor to medical 

attendances and also to private customers. They focus on ergonomics and to prevent different 

stresses on the human body (Avanza 2017). Salubrious was contacted and they recommended three 

products for whole-body vibrations exposure. Two cushions described below are used primarily in 

the wheelchair market. The aim is also to combine the gel mat with another material and was 

something that was recommended earlier to be tested, therefore it was also ordered. 

 

Relax easy 

Art.nr: RE005-145D 

Measurement: 26x40x6 (cm) 

 

Consist of a combination of foam and gel. Available in 

different sizes, but for this test the measurements were 

chosen to a width of 26cm, length 40, and a height of 6cm 

(Figure 3.23). It consists of an anti-slip coating, which 

prevents movement in the seat, which is an improvement 

compared to the existing pad. It can’t be placed wrong in 

the chair as it has no specific direction on the location. It is 

also a pressure distribution pad and fits up to a maximum 

weight of 130kg. 

 

Star Starlock 

Art.nr: SL2 1513-1 

Measurement: 40x36x5 (cm) 

 

Star Starlock consists of the material neoprene rubber and 

has continuous channels that are filled with air from a 

valve as shown in Figure 3.24. It can therefore be 

customized depending on weight due to different air 

pressure. It’s also easy to adapt to individual conditions. 

This due to the possibility to change air flow between 

different cells and can therefore, be adjusted for users 

with different body types. The Star Starlock is used for 

ergonomic positioning, to stabilize, it have a pressure 

relief ability and it has great customization. 

 

  

Figure 3.23. Relax easy. 

Figure 2.24. Star Starlock 
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Gel mat, Gel Ovation 

Art.nr: 14145D 

Measurement: 36x36x13 (cm) 

 

Gel ovation consists of a silicon-based gel plate that is pressure 

relieving (Figure 3.25). The idea is that this product should be 

combined with other materials to give pressure relieving 

distribution between the driver and the foam and therefore 

provide extra damping. This product can be cut to the desired 

size if it´s needed during implementation. Today it is used for 

addition increased comfort and ergonomics in a practical chair. 

 

3.4.3 Testing methods  
Practical tests were required because of the materials nonlinear properties. To get an overview of 

how different materials will behave and to get an exclusions method as a direction to choose the 

ideal solution for this project. The examinations were performed using different test procedures 

described below.  

 

Tests on the Hexapod 
One of the tests were evaluated through the shake table, Hexapod at Research & Development at 

Volvo in Torslanda. This helped to predict the performance of the material combinations. 

 

Preparation 

Before startup, a meeting with the respective responsible for the Hexapod. Here the participants 

reviewed what the required material was and when the test would occur. This is explained more in 

Appendix 9. Before the testing, an executed Excel sheet was written down that consisted of a 

performance sequence of material combinations and can be seen in Appendix 10. It describes a list 

of different combinations of materials and thicknesses that were tested. The ordered foam material 

had different thicknesses. Four pieces with a thickness of about 12.5mm and the Regufoam 

vibration with an extra piece of 50 mm. The Star Starlock and Relax easy were tested individually 

and with different combinations. Also, combinations of foam with the gel mat and the rubber 

materials. This resulted in a total of 109 test runs that were executed. 

 

The exposure and risk assessment of the A(8)-value was evaluated on the materials combinations 

compared to the most harmful simulation of the track. The materials were put on top of a seat 

without existing foam, that had been brought out from an XC90 car seat, configured as comfort seat 

model. The seat was then mounted to a unidirectional shaker. On top of the foam, a mass was 

placed consisted of a dummy of 75 kg. The vibration accelerometer monitored movements between 

the mass and the material. Then the acceleration is analyzing over the given range of simulation 

from the tracks. This resulted in comparison with all the tests on the RMS acceleration in the z-

direction. Then the A(8)-value would be evaluated throughout the computer PC processing program 

Nor1038 – NorVibraTesty. 

 

The whole setup is shown in Figure 3.26 with al materials and surrounding components. It was vital 

that the dummy was strapped around its waist, neck, feet and also that the arms were clamped to the 

body as a result of the hard shakings that emerged. 

 

Figure 3.25. Gel Ovation 

javascript:void(0);
javascript:void(0);
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              Figure 3.26. Whole setup on Hexapod including 

              test materials. 

 

Test run 

The signal (i.e. test time) in the Hexapod took 2 minutes and 10 seconds at each test. The setup time 

took approximately 6 minutes in average, including reloading and replacement of the material 

combinations, as well as any delays. The chair was not needed to be remounted after each change. It 

was just needed to add or changing material combinations as time went along.  

 

The difficulty was to have all the different components in the same position during all tests. Here 

the material samples, chair, accelerometer, and the dummy needs to be placed in a certain position 

without slipping or changing position. A major challenge was if the position with the foam in the 

chair gave a correct result compared to the existing foam. Due to the differences in dimensions of 

the test pads and that it isn’t optimal for the steel construction it can differ in measurements. The 

dimension on the seat is different compared to the test pads square blocks. The tests were an first 

screening and therefore an 80% correctness on the calculations would also be a very good result. 

Therefore, the aim was to see the damping characteristics of material combinations. The test gave a 

selection of optimal material solutions that could then be evaluated further and be tested with the 

right dimensions.  

 

The plan was to run as many different foam thicknesses and material combinations as possible and 

then get a few options that could be evaluated further. This was a sorting stage to get both the 

optimal thickness and the best material properties of the material.  
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Result 

When comparing different thicknesses of foam, the result showed that a greater thickness increased 

the weighted RMS acceleration aw by the x-and y-axis, but it decreased in the z-axis. However, the 

z-value is still higher and is used to calculate the A(8)-value. By reducing the acceleration in the z-

axis, it shows that the result of the A(8)-value also decreases and that an increased thickness of the 

foam increases the damping. In this test the rubber materials and the gel mat in combination with 

foam did not produce as good results as with foam alone. However, natural rubber showed the 

better character as butyl rubber.  

 

The best result showed Vibration 150 plus and Reference V526 (SPA-seat) with a total thickness of 

148mm. Giving an A(8)-value of 29 minutes before the action value is reached. Close behind is a 

combination of Regufoam Vibration 150 plus and Sylomer SR EN 11. Giving a A(8)-value of 

29minutes with the same thickness. Third is Star starlocker with a A(8)-value of 27 minutes. 

 

This shows that the material tests with the thickest thickness with foam material showed similar 

values. Not a great difference was shown between the foam materials. If comparing 50mm 

thickness the reference foam showed less god result compared to the ordered foams. The whole test 

description is described in Appendix 10, where execution is explained with a chart that shows a 

comparison between A8-value and total thickness for every test. Also, a table with other data that 

was measured, such as acceleration in different directions (x, y, z) and signal simulation etc.  

 

Evaluation on the backrest angle showed that a greater recline resulted in higher exposure. The 

angle of 40 degrees from the vertical plane in these tests was not as good as a lower angle. The 

angle between 10 and 20 degrees showed the best result and gave the optimal conditions. At deep 

recline, the backrest takes up parts of the weight from the operator and not the pad, which means 

that the pad can’t perform according to its function in dampening vibrations. This can be compared 

to the difference between light weighted and heavier drivers. The vibration is the same and 

therefore also the force applied. If the mass decreases the acceleration amplifies according to 

Newtons second law of motion.   

 

Vibration isolation test  
In this examination, only vibration isolation was assessed and not the simulation signal. The 

isolation is quantified in percent and is based on transmissibility. Here, not as many tests were 

performed as a result of the previous test in the Hexapod. A total of 13 test configurations were 

executed. These tests had larger thicknesses and was on the high ranked material combinations from 

the previous test. Each sample took 17 minutes to execute and were performed three times on each 

material combination. During this time, it starts with frequency 2 Hz and ends with 25 Hz in 

constant acceleration. This gave an average of the result that was plotted in graphs for each 

combination of materials and documented through the VIS Evaluation Program using Matlab. 

Between each sample, the material had to recover for 25 to 30 minutes because of its compression 

characteristic. In compression and without recovery, the material would become stiffer and would 

result in false results of the measured values. This is an effect from the viscoelastic properties of the 

material that make it recover slowly. 

 

The dummy weight was 53 kilos and this is because the test method is based on calculations where 

certain parts of the body are not included. The back is not included because the backrest takes up 

the mass and that the legs are based on the floor. In order to get the transfer function, the values 

were measured with an accelerometer from the plate to the dummy to another accelerometer and 

then see the difference between them.  
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Result  

With the vibration isolation test it was possible to examine the transmissibility graphs in 

comparison to each other. The graphs and the material sheet can be seen in Appendix 11 with every 

graph for each test. Here it is possible to see the material's own frequency and when resonance 

occurs. As well as see what frequency the material begins to isolate vibrations.  

 

The result showed that a combination with the gel pad did not make such a big difference. The 

positive was that the foam underneath had a faster capacity to recover. The two purchased cushions 

did not give enough good values. But Starlocker showed a better result than Relax easy. The 

conclusion of this test is the importance of the thickness of the foam. The thickest material with 

Sylomer SR11 EN and Regufoam vibrations 150 plus of 148mm made the best result. Reference 

materials of 50mm also gave good results, a bit better than the other foam materials for the same 

thickness. In Figure 3.27, the best result is shown. It´s around 10Hz it starts to isolate vibrations and 

all higher frequencies are therefore being isolated. The optimal result would be if the transmission 

curve should be as close as possible to the y-axis.  

 

 
         Figure 3.27. Transmissibility graph for Sylomer and Regufoam. 

 

This is due to when the transmissibility is less than zero the vibrations is isolated and does not 

affect the body. Isolation begins where the curve is passing zero. The result shows that with an 

increase of thickness the resonance frequency decreases. In the graph the resonance is moved to the 

left and therefore the resonance then occurs at a lower frequency. Fn is the material natural 

frequency and Fd is the disturbing frequency as explained earlier in section 3.2.1 “transmissibility”. 

Fd was here transmitted between 2-25. Moreover, when that quota gets bigger than the root of two 

in the equation 3.8 in the same section, it starts to isolate. If this happens at 10hz as in this test, all 

frequencies between 1-10 are harmful, while all above is isolated. It is most harmful at the peak 

when resonance occurs at 7Hz. The worst frequencies of the track is between 3-15Hz and therefore 

this is an improvement. Also, that the worst frequency is at 10Hz and with this test it start to isolate 

at the same frequency. The lower the natural frequency is of the material, the more it isolates and it 

was in this test the thickest material.  
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Field experiment  
The field experiment on Hällered Proving Ground showed that the Star Starlocker had the best 

results, but had microscopic improvement compared to the existing pad solution. The gel pad had 

worse characteristics in comparison but still had a slight improvement than if there were no 

additions of materials. These tests were solely a comparison on the existing pad solution and the 

seat itself. This because the seat construction was intact and that the current problem with limitation 

in space remains, which can be seen in Figure 3.28. The rout that was driven was on the critical 

parts of the track and similar to the simulation in Hexapod, in order to make a comparison between 

the various tests. 

 

 
 Figure 3.28. Assessment at Hällered.  

   

3.4.4 Test evaluation 
The tests that were carried out was depended on each other. This is because when a high A(8)-value 

is developed it usually is shown that the material gets resonance at a certain frequency. It is mostly 

the materials own natural frequency that affects whether A(8)-value increases or decreases. If the 

critical frequencies are avoided to transmit into the seat, then it´s possible to keep the A(8)-value at 

a low level. Because of difficulties to evaluate the material's characteristics and behavior on 

different thicknesses, therefore it was crucial to look at dampening capacity to see when it began to 

provide isolation in the material. 

 

The result in the Hexapod showed that foam had a better result than the material combinations. This 

may be since the materials work in different phases and that they then break apart at certain points. 

The significant factor in reducing the exposure is above all to implement the thickest thickness as 

possible with the same characteristics of Polyurethane foam. With the best result on a total 

thickness of 148 mm foam and with the signal and cycle time that were evaluated, it’s possible to 

drive constantly in 29 minutes before the action value is reached. It is also shown that this test with 

a 148mm foam thickness will still reduce vibrations exposure compared to the existing seat with 86 

mm foam. With current seat and present solution with the pad it would result in a thickness of 

142mm and it showed that the action value is reached in 23 minutes. Only the seat itself the action 

value would be reached in 16 minutes and is an improvement of 81 percentage. A more accurate 

comparison would be between the total thickness of 148 mm foam and the reference material of 86 

mm where the action value was reached at 20 minutes. This shows that an increased foam thickness 

of 62 mm gives 45% longer driving time according to the test settings.  
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The tests with material combinations consisted with gel or rubber showed less good values than the 

reference material. As well relax easy, due to it similar behavior as memory foam which is typified 

by its slow recovery after compression. Even though the solution haw now increased the thikness 

compared to the current seat and pad, the drivers don’t get the feeling with an external pad.  

 

The conclusion is based on the assumption to see the pattern in the results of the various tests, 

where it can also be seen that material recovery has a major impact on the result. The assumption is 

therefore that it´s an increased thickness that is significant if the material is attenuating vibrations or 

not. It would also be as large as possible. It is not the material properties of the foam that are 

decisive and it does not have to be the foam that showed best result in the individual tests that was 

the best one. Different polyurethane foams with different characteristics therefore need to be 

evaluated further.  
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4. Discussion 
Only correct measurements can be done on a given vehicle, driven by a specific driver on a given 

surface. It also depends on the driver’s performance according to posture, torsion, stretching, stress, 

health, temperature and the car specifications. Only with all of these parameters, it allows the exact 

result of the vibration exposure level affecting the driver, without any assumptions. To evaluate 

different foam types and its thickness was the most significant conclusion to evaluating the optimal 

resolution.  

 

It's hard to draw any conclusions on which of the polyurethane foams that´s the optimal material 

choice. The acceleration of the transmissibility test is much lower than the accelerations of the 

Hexapod, i.e. the simulation on Belgian Pavé, Corrugation and Silver Creek. If comparing the foam 

tests individually, the possibility is that the reference material is more suitable for lower 

accelerations than higher. However, this is difficult to determine because of the numerous 

parameters that are vital and may have affected the outcome of the results in the tests. The 

conclusion states that it’s not the materials characteristics that are essential, it´s the thickness of the 

foam. 

 

What could also cause the result to be misleading could be, among other things, when the samples 

were replaced between each test. Components could end up in changed positions in different tests 

runs. What also matters is the contact interference between all the elements within the seat, due to 

friction. This occurs between various components, either the spring mat and the foam padding. 

However, it also happens when the trim is in contact with the foam. To evaluate different 

thicknesses and material combinations, it required layers upon layers that essentially produced more 

friction. This may also have affected the characteristics and behavior of the outcome compared if it 

were solid. These tests cannot achieve the exact result as the final seat design, due to other 

dimensions. However, it was a good and equal way to proceed and evaluating a possible solution. 

Because it would be time consuming to test all the material combinations adapted to the final chair 

construction which the engineering design process dissuade. The influence of friction phenomena 

and the non-linearity characteristics of the materials influence the result that’s been carried out. The 

performance should have been executed throughout automatization, then the test would have been 

achieved exactly the same way. Important is also to take recovery into consideration after each 

configuration because this was the most apparent difference between tests in the Hexapod. The 

calculations can therefore be misguided, but either way, the tests performances led to improvements 

and in this case an optimal solution to accomplish a final result. This way, it was possible to get a 

first evaluation before prototype implementation.   

 

The most significant that could be misleading in the Hexapod test was preparation of trials and 

components. How tight the belt was attached to the dummy after each test and as mentioned before, 

the materials ability to recover after compression could have shown the difference in results. The 

optimal assumptions were therefore needed as an entirety of all of the different tests, where it was 

possible to see a comprehensive picture of all the various material combinations issued.  

 

In the transmissibility test, the result might be different if a car seat were used. This was done 

purely in static mode to see how efficient the material was. When the seat is excluded, the steel 

frame and the springs do not contribute in the evaluation. 

 

In practical applications concerning flexible structures with a large number of positions in attention 

to reducing the frequency range, it is possible that different techniques must be used 

simultaneously. To combine passive and active damping would result in cancellation of all 

frequencies. Even the most innovative passive suspension systems can only isolate for a relatively 

narrow range of frequencies. The most optimal solution is a material that has a low own natural 
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frequency as possible. The natural frequency can be reduced, either by increasing the mass, the 

thickness or reducing the stiffness. However, if there is too little stiffness, there is a risk that the 

chair would collapse if there were a heavier driver. The higher isolation of the material, the more it 

doesn’t matter what frequency it is. 

 

Although the result showed an increase of the thickness and a better result compared with the 

existing seat and the seat with the pad, the driver also does not get the feeling of an external pad or 

maby the feeling of getting too high up within the seat and losing the lateral support. As well as 

giving the driver a better back support and body position. The lumbar back support should get an 

even pressure along the back, all the way from the buttocks to the neck. Here the tailbone also will 

be as far back as possible and the legs get an even pressure. However, it also depends on the 

formation and design of the new seat. A disadvantage with this assumption is that this doesn't affect 

the measurements on the RMS acceleration or the driving time, but can prevent injuries from 

whole-body vibrations to test drivers.  

 

One other factor that’s important to take into consideration is the backrest angle. Here the RMS 

value can differ, but it can instead make discomfort for drivers if it's not a comfortable position. 

Which tends to give more harm than good. It's also not optimal that the employer can determine and 

claim a certain sitting position when driving. 

 

Because it doesn’t matter if it's a combination of different foams or if it's an individually foam sort, 

the economic option is to take one of the PUR materials and implement it into the seat. More tests 

on various material properties should be done as the test could be misleading as a result of error 

cases. It would be interesting to see the outcome on a further increase in thickness and how much it 

would make an even greater improvement. The objective is to have the materials natural frequency 

as low as possible which allows more isolation in the frequency range and a decrease of 

transmissibility. This happens at increased thickness and even greater thickness than 148mm would 

probably show better results. However, the isolation should not be proprietary with increased 

thickness. Therefore, the damping should decrease completely at a certain thickness. Therefore, 

tests should be performed and see where this happens and where the optimal thickness occur.  

 

The optimal solution would be to use a unique chair that solely is used for test cars at Hällered. To 

remove the foam and the cover and make and implementing with thicker foam. Also by placing the 

spring mat in a deeper position. The spring mat needs to be adjusted and reconstructed so that it is 

positioned further down. This will cause more foam to fit in the seat. Theoretically, this would be 

achievable, but it would involve many special features. It is also important to take into account the 

components under the seat. Although other rules and requirements apply to Hällered, the security 

aspect is an important part to consider and evaluate. The current problem with test drivers end up in 

a high position in the driver seat will dissolve with this solution. This due to when the spring mat 

goes down more foam fits without implementing additional height.   



 

53 

 

5. Conclusion  
The aim of the project was to improve the existing solution concerning the external pad and the 

problems that go with it. Correspondingly reduce the impact of whole-body vibration transmitted to 

test drivers in such a way that no major changes were required on the car's specifications. In 

addition, this would increase the time the drivers can used the car more every day, without reaching 

the exposure limit value.  

 

When a study of the current solution had been completed and the groundwork of detail concepts and 

material selection have been obtained, tests could thereafter be evaluated. A new concept solution 

has been presented that then can be further developed and implemented in the driver's compartment. 

Therefore, the goals are considered to be fulfilled and that the problem formulation has been 

answered. 

 

The final resolution presented provides a simple and clearer guide to what is needed to address 

today's problematic. Instead of issuing different cushions or other hand-crafted solutions in the 

driver area, this can easily be implemented without changing too much of the car´s specifications 

and the steel construction. Just by implementing thicker foam padding without too much of 

evaluating on other components that is associated with the seat.   
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6. Recommendations for continued work 
The project has been performed for creating a more ergonomic environment for operators and 

improving the driving time while decreasing the exposure from vibration. As well as to use this 

report as a source for work improvement in the near future. 

 

Recommendations needed for continued work in the project should be to perform reality-based 

tests. To mold a prototype with a larger-sized foam with an increased thickness and compare it with 

the current solution. These tests that have been carried out are not based on optimal conditions and 

dimensions and was only an examination on approximation and comparison between material 

combinations. The final conclusions are therefore not sufficient enough for evidence to be 

substantiated. The tests carried out within the project are firmly in the theory of experiments, and 

trials are conducted under controlled conditions in a test center. Conclusions are drawn and 

therefore do not have sufficient evidence to be substantiated in reality. Therefore, it is necessary to 

evaluate tests conducted under actual use conditions with the right dimensions by implementing 

thicker foam in the seat construction. 

 

A recommendation should also be to mold the chosen material concept and apply it in a test vehicle 

in combination to changes in the spring mat. To evaluate whether an implementation of using a 

manual adjusted chair, since they lack electrical components within the seat. Here it needs to 

evaluate if also other components can be excluded underneath and therefore give more space for the 

spring mat to be reconstructed. A solution where the spring mat therefore can be placed lower in the 

seat construction. This would lead to an opportunity to accomplice a greater thickness of material 

within the seat construction and therefore give higher isolation characteristic. As mentioned before 

the problem when drivers get to high up in the seat may not exist. 

 

Another option should be to remove the seat heightener underneath the rails, which has the function 

of raising the seats in the larger cars. This would result in that no changes would be needed to be 

done on the spring mat, but it does not help in all Volvo´s Cars. Also, perform test with and without 

trim and evaluate if it would make any difference. It's just a short-lived solution with thicker foam 

within the seat. Therefore, in the future, it may also be possible to evaluate whether there is a 

possibility of autonomous driving in the critical parts of the track. As well as implement active or 

semi-active attenuation when the technology is available. 

 

It would also be necessary to evaluate more test on different polyurethane foams with different 

material characteristics to see what’s best suited for the task with the right dimensions in real life 

settings. Also evaluate if an increasing thickness then the measurement of 148mm would result in 

an better isolation. To then find the optimal thickness needed for isolating as much of the frequency 

range.  
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Project description 

 
Job category Students & Graduates 

Form of employment - 

Location  Boras 

Country  Sweden 

 

Thesis Work: Reduce the input of whole body vibration in durability test VPT (Complete 

vehicle). 

 

At Research and Development, you will be a key contributor to the next generation 

outstanding luxury cars from Volvo. Together with other engineers around the world, you and 

your team will create innovative human-centric car technology that makes life less 

complicated and more enjoyable for people. Are you interested in design and connected car 

technology? Do you share our passion for people, the environment and our urge to create a 

superior driving experience? Research and Development is the place for you to prosper. 

 

Background 

The Proving ground testing group are located outside Boras on Hällered Proving Ground 

(HPG). We perform durability test on complete vehicle. Analysis deviations and reports back 

to the project for decision. A part of the testing is locating on our durability test track and give 

problem with whole body vibrations. The legislation concerning worker's protections regulate 

how long time the test drivers can drive the car over the disturbance. The drivers work two 

and two on each car for reduce the vibration and use the car more. 

 

Scope 

• The purpose is one investigation how to reduce the whole-body vibration in complete 

vehicle in the way that we not do any major changes on the cars specification.  

• Investigate the world around if any technical solutions are available.  

• Design a construction as purpose to reduce the whole-body vibration  

• Test the selected construction in car and collects measurement for verification the 

improvements.  

• The construction increases the time the drivers can used the car.  

 

Profile 

The thesis is suitable for a group of two engineering students, preferably with a background in 

machine and / or textile engineering and/or driving dynamic. We are searching for ambitious 

and team-minded students with excellent academic records.  



 

ii 

 

Application 

We would like you to use the electronic link further down in this ad.  

Please apply with: CV, cover letter, grades, and references. 

 

Duration 

Proposed the thesis work period 

Estimated start date: 2017-01-09 

Estimated end date: 2017-06-02 

Suitable for two students 

ECTS, Academic Credits 30 ECT. 

 

 

Last application date: 2016-12-15 

 

 

Contacts: 

 

Stefan Magnusson  

  

Carolina Peters  

  

VCG Provbanan Hällered  

Trollsås, 504 91 Sandhult  
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                   Version 1.0  

      
     2017– 02- 06 

 

 
Project plan  
 
 

Reduce the input of whole body vibration in 
durability test VPT 

 

Malin Fellenius 
 
 
 

1. Background  
Volvo Car Group (Volvo Cars) is a car manufacturing company and has created a global 

brand known around the world. Although Volvo Cars have a large quantity of sales and is a 

leading company on the market, they have great vision and objectives for the future. Located 

outside Borås is the proving ground testing group where they perform durability test on 

complete vehicles. Hällered Proving Ground (HPG) let the worker´s drive the cars over their 

durability test track in rough condition and let testing cars endure roads that in just a few 

months’ cars are aged as much as theirs anticipated lifetime. 

 

Volvo Car Corporation wants to investigate how to reduce whole-body vibration (WBV) in 

complete vehicles and regulate how long time the test drivers can spend driving the cars over 

the durability test track. Today the drivers work two and two in each car to reducing the stress 

on the body from vibrations and ensure they are not subjected to long-term ergonomic 

injuries.  

 

Previous research in ergonomic analysis has been presented where they came to a solution 

that is used today. It has been an ongoing project over the years since The Control of 

Vibration at Work Regulations 2005 came into force. It protects and prevents workers to end 

up in un-ergonomically risks, that result in problems especially from neck, shoulders and 

lower back. Today an air-filled seat pad is used and it reduces WBV in different parts of the 

track. For all individuals, this is not sustainable and can´t be used because drivers do not get 

enough space and a new concept needs to be constructed. For that reason, they want to create 

an new design solutions in a way that does not make any major changes to the vehicle and 

works on different platforms. 
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Solving this problem is significant due to test driver’s safety and theirs ergonomically 

conditions. The Work Environment Authority has legislation on vibrations (AFS 2005: 15) 

and is based on the European Union (EU) Directive 2002/44 / EC. It states that you as an 

employer have responsibilities to investigate working conditions and protect your employees 

from risks of vibration at work. For evaluation of risk of injury due to vibration, the 

international standard ISO 2631-1 is used and it´s a standard for measuring vibrations. It can 

be investigated on an exposure dose A(8)-value and is a value of the amount of vibration you 

are exposed to during a day. There are two levels of vibration values and the individual 

exposure dose A(8) may never exceed the Exposure Limit Value (ELV). When the Exposure 

Action Value (EAV) is reached, the level of exposure is approaching a dangerous level and 

that the employer must initiate action to prevent or minimize vibrations. After previous 

research and investigations of the company, they are now below the EAV level for each driver 

and is performing regular supervisory control. This is possible due to regulating on how long 

time the test drivers can drive the car each day and today the drivers work two and two in 

each car to reducing the vibration. Volvo wants to find a suitable construction solution to 

increase the time the drivers can use the car.  

 

Reference documents:  Reference document 1. Project description (Appendix 1) 

  Reference document 2. Detailed course syllabus 

 

2. Goals  
The objective of the project is to meet Volvo's requirements and preferences regarding a 

solution on whole-body vibration and to reduce the input of vibration. The aim is to live up to 

the project description (Appendix 1) and Volvo's goal with the assignment.  

 

The project is estimated to take 600 hours and will be completed in 7 June 2017, when the 

final report will be represented on Karlstad University. 

 

2.1 Purpose and problem formulation 
The purpose of this thesis is to investigate whole-body vibration on test drivers and present a 

design solution to reduce vibrations on test drivers while driving on the durability test track.  

 

2.2 Aims of thesis work and Thesis Objectives 
Following are the objectives of this work: 

 

• An understanding of the structure and function of the cars at Volvo.  

• Investigate the world around if any technical solutions are available.  

• Investigate if there is an existing solutions on the market that can be implemented in a 

vehicle. 

• Present a possible solution that can increase the time the test drivers can use the cars 

each day.  

• Design a construction that can be used on different platforms and does not make major 

changes to the car. 

• Manufacturing the final concept and build in the solution in the appropriate test object.  

• Test the selected construction in a car and collects measurement for verification of the 

improvements. 
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2.3 Delimitations  
The project includes only to determine its effectiveness in reducing WBV when test drivers 

perform durability test on complete vehicle. The previously executed investigations from the 

company as shown no risk in hand-arm vibrations and will not be evaluated further. 

  

On Hällered Proving Ground (HPG) the Volvo Passenger car durability Test (VPT) is divided 

into two parts. VPT1 consists driving on rough roads and causes heavy loads and stresses on 

the drivers. VPT2 is however a testing with high-speed driving and consist of hard 

acceleration/breaking and maneuvering events. VPT2 is a less strenuous track and therefore 

tests and evaluations will be made only on VPT1.  

 

There are two ways to measuring WBV according to ISO 2631-1 standards and in this 

assignment, only the A(8) value will be used and not the Vibration Dose Value (VDV). This 

is due to if one value decreases the other follow. 

 

 

3. Project organization 
 

     

3.1 Contact information:  
    

 

Volvo Car Corporation  

VCC Provbanan Hällered  

Trollsås, 504 91 Sandhult  

 

Supervisor Volvo Cars 

Stefan Magnusson   

Carolina Peters    

 

Supervisor Karlstad Universitet 

Lennart Wihk 

 

Examiner Karlstad University 

Leo J De Vin     

 

Project Associate 

Arez Mohideen   

 

Project Manager   

Malin Fellenius                    Figure 1. Organization for the project 
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4. Project planning 

Well performed planning before startup is crucial to the success of the assignment. Therefore, 

the project started with a pre-study phase in order to perform a detailed planning structure. A 

project model was then created were the phases is associated with milestones and tollgates. 

This project model is presented in Table 1 and gives a clear picture of the different phases and 

deadlines. 

 

All members of the project organization (Figure 1) will execute meetings every Thursday and 

a placeholder has been presented with an agenda. The meetings address matters that ensures 

that the project goes along according to plan, what’s accomplished and what need to be done 

next. This can be seen as milestones where members can mediate information. 

 

Table 1. Project model to the assignment   Version 1.0 

Project Phase Milestone Tollgate Start date End date 

Pre-study   2017-01-19 2017-02-02 

Project 

planning 

Project plan 

finished 

 2017-01-28 2017-02-06 

  Project plan 

approved 

  

Report writing Report finished   2017-02-01 2017-06-07 

  Report 

approved 

  

Concept 

generation 

Concept 

introduces  

 2017-02-06 2017-04-30 

  Concept 

approved 

2017-04-30  

Opposition Execute 

opposition 

 2017-02-20 2017-02-25 

Mid-project 

presentation 

Submission of 

Methodology  

 2017-02-12 2017-03-20 

  Methodology 

approved 

2017-03-20 2017-02-20 

 Presentation  2017-03-23 2017-03-23 

Design of the 

final concept 

 Concept 

approved 

2017-04-30 2017-05-07 

Manufacturing 

/ construction 

 Approval from 

Volvo 

2017-05-05 2017-05-20 

Test 

verification of 

concept 

  2017-05-20 2017-05-25 

Project 

presentation 

 Approval from 

KAU 

2017-05-29 2017-05-29 

Opposition  Approval from 

KAU 

2017-06-7 2017-06-7 
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The project consists of two students working in parallel toward the same solution. Reports 

will be written separately but can use each other’s results in order to come up with a design 

solution. Tasks can cooperate between associates where different operations are done 

individually or together. To identify directions a Pert chart (Program Evaluation Review 

Technique) was created as shown in Figure 2 and also a Work Breakdown structure (WBS) to 

describe all activities throughout the assignment (Figure 3). The project associate will firstly 

be focusing more on the mechanical area in the assignment and consider simulation. Secondly 

try to validate the results by calculating programs before testing. While the scriber of this 

report will be focusing more on the design concept phase and on materials, seat pad - and 

clothing design. As well elaborate what’s the most effective alternative.  

 
    Figure 2. Pert chart with organized tasks within the project. 

 

 

 
 

Whole body vibration in durability test VPT 

Pre-studie

Previous research

Vibrations

Ergonomic

Design review

Benchmarketing

Project plan

Laws and directives

Meetings and 
administration

Tests

Measurements on 
the A8 value

Viscoelastic
vibration 

calculation

Observations 
during test driving

on VPT1

Evaluation current 
system

Simulation 
calculation program

Concept phase

Clothes design Seat pad design

Explore the ability 
the alredy develop 

existing solution

Mecanical solution Material

CES EduPack

Arrange meeting 
with textile expert 
or ergonomic chair 
developer at VCC

Detailed 
construction

Implementation

Test the selected 
construction

Measurements on 
the new A8 value

Evaluation & 
calculations

Compilation of data

Manufacturing / 
construction

Report

Report writing

Opposition

Interim report

Presentation 
preparation

Presentation

Exhibition

Submission of
report

Version 1.1

Figure 3. Work Breakdown structured (WBS) with activities 

Version 1.0 
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To clarify the process a Gantt chart (Figure 4) was created where the different phases of the 

project are recognized in relation to the planned time. This was carried out in liaison with a 

project associate because certain parts require cooperation.  

 

 
Figure 4. Gantt chart with time management. 

 

5. Comments to time and resource plan 
The project plan is the foundation for the project and will be updated if necessary. In addition 

to the project plan, consulting meetings will be performed ongoing with thesis advisor at 

Karlstad University.  

 

To maintain the time frame and project plan, resources is needed from Volvo Cars. Access to 

the facilities in Hällered and Torslanda, as well as a working computer with specific resources 

is needed. Furthermore, cars to perform test driving and measuring equipment for evaluation 

of vibrations are also required, as well as previous research and valuations required to achieve 

the expected result.  

 

The resource plan ranges from v.4 to v.22 where the concept phase is the dominant part. A 

detailed planning needs to be designed and also opportunity for continuously literature studies 

throughout the assignment.  

 

  

19-jan 08-feb 28-feb 20-mar 09-apr 29-apr 19-maj 08-jun

Pre-study

Project planing

Report writing

Concept phase

Evaluation and selection

Manufacturing / construction

Testing phase

Project presentation

Gantt Chart

Star date Days to complite Star date Days to complite

Version 1.0
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6. Risk assessment 
Risks that may occur in the project may hamper the work schedule and cause complications 

later in the project. An analysis of the risks has been created and will be updated during the 

project when new risks are found. The risks are presented in Table 2, where those with 

highest Risk factor (R) represent the greatest risks and what the adjustments can be.  

 

Table 2. Risk analysis 

 

 

 

 

 

P: Probability 

C: Consequence 

R: Risk factor (S x C) 

  

Risk analysis 

 

P  C R Adjustments Version 1.0 

Absence due to illness, delays in work 2 5 10 Adjustments in time 

management and project plan. 

Cannot perform tests on cars, due to bad 

weather conditions. 

1 2 2 Plan visits for tests on Hällered 

by weather conditions. 

Sensor equipment out of service  2 4 8 Borrow equipment from 

Feelgood or contact staff at 

Volvo Torslanda. 

Contacts at Volvo is absent 1 3 3 Contact other employees at 

Volvo 

New laws or stricter requirements 

introduced for vibration 

1 3 3 Perform new concept phase or 

modify the selected solution. 

Give suggestions for further 

work. Pre-study about future 

regulations. 

Access to test cars and track for measuring 

data or test concepts. 

2 5 10 Visits to the test track should 

be adapted to working 

schedule. 

Different views about the project's focus 

and content. 

 

1 3 3 Discussion with colleagues, 

employees and teachers to find 

a solution. 

To similar approach in the project without 

parallel processes. 

3 4 12 Discussion with people 

involved. Perform a new WBS 

with various activities and 

divide the work. 
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7. Document managements  
During the project, several documents need to be handled. Therefore a detailed plan on how 

the documents are stored, how they are referenced, how version management is handled and 

how the documents are reported is essential. To do this a project diary will be kept and 

updated continuously during the project. The project diary will contain time and date for each 

update. Each update will be added at the end of every work day and will be documented in 

writing due to the practicality of being able to take notes in meetings or other situations.  

 

Because of the project's academic requirements, reports and articles need to be referred 

properly, therefore the program Mendeley will be used continuously. Mendeley is a desktop 

and web program for managing and sharing research papers, discovering research data and 

keeps the references with dates. 

 

All storage of documents will primarily be on a computer and on Google Drive. Backups will 

be taken continuously and stored on a physical hard drive. This is just in case any of the three 

options would have a technical failure. 

 

Documents will be stored in two folders, project documents and working documents. Project 

document contains documents that will belong to the final report while working documents 

are documents that are used internally in the project. Documents will be stored in subgroups 

and assigned a reference code when being saved. The reference code in this case will be, 

“Project plan v1.0”. 
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Appendix 3  

      
           2017-02-16  
 

 
 
Meeting / Interview 

 

Interview with Tommy Apell - Attribute Leader Seating comfort, 

Ergonomics, chair development  
 

 

Apell works with comfort and ergonomics and explores how people experience the seating. In 

Hällered comfort is measured by internal customers when carrying out test runs for 20 

minutes on the track. Then they answer a questionnaire. They take into account the 

anthropocentric people which focus on the 95 percentiles. They do not consider requirements 

on the frequency and do not look into natural frequencies. 

 

Apell examines statically and dynamically right comfort where he breaks down the 

requirements and watches the vibrations and construction. The material used in the seat is 

now a standard polyurethane foam of about 60 kg/m3 in density, and the full name is the 

Flexible Polyurethane Foam (FPF) - D35150. A key factor in the selection of foams is its 

hardness. Tests show that the presently used foam has a hardness of about 5 kPa and it is a 

requirement called M2M which defines the minimum thickness of the foam material. This is 

done with the requirement seat reference point (SRP). The requirement says that a 76kg 

standard dummy must be used in tests and the thickness of the foam should be at least 40mm 

of seat reference point. You also need to demonstrate to the authorities that they comply with 

it. This requirement does not apply to this project since the choice of material or solution 

don’t apply for vehicles at Hällered Proving Ground and therefore does not need to take this 

into consideration. 

 

It is difficult to isolate certain frequencies passively by making a new pad and find a material 

to it. Apell thinks it would be best to implement active damping and also purchase different 

materials and test them. The biggest problem with the seat area is that it´s narrow between the 

floor and the chair and that can cause problems with implementing active damping. We 

should not change the steel structure in the seat construction. It’s easier to change the foam 

and would not make such a huge problem. Not change the structure, but instead change the 

foaming or upholstery, which they can mill in the concept workshop here at Volvo. A 

suggestion was also that we should look at what frequencies that need to be tackled and find 

the materials for it. Another idea was to look at active textile widening by expansion and 

compaction and to examine the spring mat in the front seat. One solution could also be to look 

at the coil springs in the seat and then another foam/material that can quench frequencies. If 

locking on active damping in the chair, an alternative would be gas springs or oil dampers. If 
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this would result in producing a chair, it would only take ten minutes to change and switch 

chairs, because it only has four screws attached to the chassis. 

 

Continue studies 

Now we need to look at how the parts of the chair are organized in relation to each other to 

see where the springs and the foam is. Also, consider if the upholstery is important to 

dampening vibrations. It is necessary to know how much space we have to work with within 

the seat and what components needs to be there. A lot of components is within the chair and 

some dosnt need to be there. 

 

Also, see what altitude it is from the floor to the top of the chair and watch which chair design 

we should evaluate and exanimate. The cars have different platforms and on every platform 

the design is different.  

 

A good idea is to look into the material like memorial foam, which is very good material for 

cushioning but very unpredictable in cold temperatures. At low temperatures, the material 

becomes hard and the therefor the chair department only look at temperatures between 75 to 

minus 30 degrees. 

 

Questions that came up 

• To what extent can we change the futures of the chair, what counts as a change? 

• With passive damping you can´t escape some frequencies, therefore we might need to 

look at active damping. 

• Is it possible to develop a seat for the test phase? This would provide great potential in 

terms of evaluating various foam materials, foam thicknesses, chair clothing harnesses 

and seat springs. 

• Which of the current components used in today's seats would need to be included in a 

test seat? Can we remove something? 

• How much higher can the test seat be? i.e. how much can we build on the height if 

different foam thicknesses are evaluated? 

• How much space is under the seat?  

• How are the results affected if a test seat is introduced? What uncertainties do we get? 

Can we test the current seat at the system level rather than on the whole car? 
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Appendix 4   
 

 

   2017-02-02 
 

 
 
 

Meeting / Interview, Front seat department 
Interview with: 

 
- Technical Expert, seat structure, comfort systems. 

- SA, Front Seat  

- SA, Seat structures, front seat  

 

With passive damping without censors it´s significant to select a material/foam with 

insulation properties. Or combine a new suspension and/or some sort of damper configuration 

with a selected material.  

 

The chairs in the SPA platform is designed with Seat Reference point (SRP) method and is 

used as a position from which measurements are calculated to determine the size and 

proportions of a seating device. Which is a vehicle design standard known as the Society of 

Automotive Engineers (SAE) J1100 Interior Measurement Index. It´s based on an equation 

that is calculated from the heel point to a curve that determines how high you are seated in the 

seat.  

 

SRP take into account the 95 percentiles and is calculated on men in the 50 centuries. In the 

height direction, there is no recommendation and obligations, but Volvo works after a 

measurement of 32.5 mm upwards and downwards, that is a total movement of 65 mm in 

height direction in the front seat. The problem, in this case, is that there is an external cushion 

which makes the operators hit the head in the ceiling. Therefore, our calculation and 

investigation must be on the longest driver in Hällered. However, this also increases the SRP 

with an external cushion. One solution would be to lower the seat in the lowest position and 

insert the pillow. And if we could use the spring in this scenario as well, we must take in 

precaution that with a non-rigid spring, it can cause parts braking when the seat hits the 

bottom. With this concept, it is necessary to evaluate the entire chair structure. 

 

They asked if the vibrations were so large that our own driver can’t even drive the car, how is 

it then with our end customers? The answer is that they can drive the car. But Hällered and 

tests in VPT1 have limited the number of hours of operation due to extreme shock and 

vibrations. They only want to accomplice longer driving hours due to legal requirements. 

 

The chair today consists of a structure and consist of a spring mat with steel springs. On top is 

the foam and is a damping material for vibration isolation. The spring mat is today in a 

horizontal position, but a bit shaped and is subjected to bending and torsion. In the 
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manufacture of a new chair, they look solely into comfort and the spring is constructed by the 

extent of the room and accessibility of space. The springs could also be as flexible and rigid 

as possible because they wanted to be able to have more foam into the construction and they 

have limitations underneath the seat. 

 

One idea would be to try to make a new spring carpet for the tests in Hällered. There is no 

more damping in the pillow in the current design. It is important when you sit in the chair that 

there will be a combination of spring damping from the foam and the spring mat. But if you 

drive in rough terrain, it´s important that parts can’t be destroyed underneath the seat when 

driving. This has been tested with sandbags of 200 kg in the chair and later looked at the 

amount of deflection in the static mode. 

 

In the chair, certain parts are not needed, but the components in the car must be packed 

somewhere and today every millimeter of space is important. On Hällered they can however 

maybe remove components i.e. the amplifier which would not be needed in that position. It´s 

also an air outlet underneath the seat, but it does not take up much space. 

 

Memory foam is a potential material but becomes hard when they're cold. Maybe it can be 

managed in a way, but it is also nonlinear and therefore very difficult to model and see how 

absorbing it is with calculations. It’s difficult to quantify any attenuation coefficient, which 

can result in the need to purchase different foams and test their characteristics. 

 

There were companies in England which were specialized in these sorts of materials and in 

high attenuation polyurethane foam. But when it comes to such low frequencies, there is no 

material that gives the desired damping effects from passive damping. Many car companies 

will probably soon use active suppression. 

 

A problem for the seat department is that the chair construction can also suffer from fatigue 

and cracking when implementing a new seat. This can be tested in the laboratory, but for 

backup, they use the results from the tests in Hällered as undercoating materials. 

 

They were worried that they would not be able to get this information if we changed the seat 

construction far too much. Therefore, they recommended some chairs would be original and 

others would be modified. They do not design the chairs for the durability test today but rather 

wants to customize the design for the customers. Customers should not have to pay for a more 

exclusive seating that can handle tough terrain, but there’s focus lay on weight reduction and 

comfort. Normal clients drive on normal road and in not long periods, but they point out that 

they may be those who do. The seat and the car will of course not break down, but they need 

to adapt to the normal customer. 

 

The easiest way to handle the assignment and the most grateful design for the seat department 

is to delimitate to merely changing the foam. The steel construction is of course still a bit 

affected if we were to change the foam. The thickness of the foam also affects and today it 

consists of thin foam except underneath the butt.  

 

A proposal was also to look at bicycle saddles in a jelly material, or to maybe implement 

some sort of viscous liquid in combination with the foam. Might even be able to cut off the 

bottom of the foam carpet and replacing it with a lump of jelly. Also, put a rubber mat in 

between the materials for it to not be worn against the springs. 
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2017-03-19 

 

 

 

Status report, w.11 

 

 

Status report  
Have written on the project report and obtained knowledgeable information about the project 

organization, vibration, resources on the market and concepts solutions. Concept generation in 

group and individually was performed earlier. This resulting in different assumptions and 

solution options. 

 

Resources  
The project is constantly in the back of my mind, and I think about it at all hours every day. 

This has affected negatively and goes out on my work. I have devoted full time to the project, 

where every day has been included in the schedule. As well as work on some weekends. So 

far, the work has lasted for 40 hours every week during these 6 weeks. 

 

Problem 

I don’t know if I have what I should have in the report. If something is missing or needed to 

bring into the thesis. Also, if the structure is properly disposed and if the language is written 

correctly. I don’t know what to do to continue the work, this is because the project deals with 

so many areas, and the solution can be done in so many different ways. I also do not know 

how much I can change in the seat construction or in what way I'm going to focus on the 

different concepts directions. A problem is also that I need to have more contact with my 

supervisor at Hällered and that it’s difficult to have a contact with the supervisor on Kau. 

 

Writing and translating from Swedish to English takes a lot of time and feels ineffective. To 

write the report in English overall is time-consuming. 

 

Action proposal 

 

• The Action proposals will be to perform delimitations. 

• To detail plan the remaining phases, especially the concept phase. 

• Write in English primarily and stop writing in Swedish overall.  
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Risks  
That I get stuck in the project and can’t go on, this because I didn’t focus on a specific 

direction. 

 

Also, that guidance from Volvo has a bigger impact than I thought. The same applies to the 

supervision from Kau. 

 

Action proposal 

Need to make delimitations and focus in one concept area. I´m going to contact the supervisor 

at Volvo and Kau about more meetings. At the meeting, the problem areas are addressed and I 

also need to receive guidance in the project, how to aim and get inputs of the concepts that’s 

been developed. 

 

The problem area is currently that the project is too extensive and that I have no guidance. 

Guidance is important in this project, and once I got it, it will lead to fewer issues that can 

later be broken down and solved. 

  

Project changes in relation to the project plan  
The opposition and mid-project presentation were made other days than described, and also 

that work has been broadened out to cover a larger scale than in the beginning. Now I take 

into account to change the whole chair and not only apply to do a complementary solution. 

 

Action proposal 

I'll be sure to obtain clearer delimitations which I will bring up with Stefan and Carolina for 

approval. The problem for this is that the time is limited compared to the scope of the project 

and also whether it is achievable. My journal of the project must also be more detailed, to then 

be able to set up sub-targets. 
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Appendix 6  

 

   Version 1.0  

                                2017-03-20 

 

 

Delimitations 

 
 

 

Delimitations today:  

 

• Risks in hand-arm vibrations will not be evaluated. 

• Tests and evaluations will be made only on the VPT1 track. 

• Only the A(8)-value will be used when measuring vibrations. 

 

 

 

Delimitations process:  

 

Delimitations today is too vague and extensive. For this project to be achievable, there need to 

be more delimitations. The first thing to do is to look into the focus areas that is associated 

with the thesis.  

 

• Material  

• Damping/springs 

• Construction  

 

Also, evaluate if concepts would involve on the driver or seat. If a concept includes damping 

material on the driver, it´s not certain that big changes of reducing vibrations will have a big 

impact to this thesis. Therefore, the direction is to concentrate on the seat construction and 

optimize it. 

 

Furthermore, is to make a list of concept areas and evaluate how achievable they are for the 

project and the time management. To consider if it´s achievable compared to the time. The 

concept areas are listed below with its realizability.  
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# 

 

Concept description 

 

Achievable 

 

 

1 

Construction - A whole new concept 

is developed, where a new chair is 

constructed. 

It’s going to take too much time, if this is 

going to be implemented at the end of this 

semester.  

2 Material - Change the material in the 

foam and also potentially apply 

material on the seat surface or change 

the upholster. 

It should work.  

3 Material - Mix materials in layers or 

sectional within the seat. This concept 

involves friction and hollows within 

the materials. 

It can work, but can be difficult to get the 

right calculate the different material 

characteristics in proportion to each other.  

4 Material - Hybrid material  Possible. But it´s going to take a lot of 

research to investigate the possibilities.  

5 Damping/springs - Active damping, 

that consist of sensors.  

 

Takes too much time and difficult to 

implement. It’s also beyond my education. 

The technology isn’t there yet.  

6 Damping/springs – Passive damping 

were the seat changes the springs 

Possible but can be hard to calculate the 

different effectiveness of the springs. Also 

hard to combine with the foam.  

7 Construction – Change the whole seat 

and consider different benchmarking 

solutions 

Difficult to find a seat that can be 

implemented in a car.  

 

 

This valuation in the table above results in an initial delimitations of concept areas that’s not 

going to be evaluated further. Concept areas that will take too much unnecessary time from 

the project and result in delays or in extreme chase break down the project. The concept is 

number 1, because to much part components that must be considered and which then must be 

assembled together. Number 4 is also eliminated due to its complexity and lack of knowledge. 

It´s going to be too hard to dive into. Number 5 takes too much time and can be hard to 

implement in a car due to its construction characteristics. Also number 7 is eliminated because 

it’s not realistic for this thesis to implement a competitive seat from another company.  

 

New delimitations:  

 

With the new delimitation, I can easier focus on finding a solution to the problem and 

implement the final concept for production and solve the issue with vibrations. The new 

delimitation is: 

 

• Only presuppose from the existing frame structure and focusing on materials and 

potentially change the design of the springs. 
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                         Version 1.0 

                                   2017-03-26 

 

 

Sorting the concepts from brainstorming 

 

Works

1.1 Damping between 
the rails and the 

chassis as shown. E.g. 
engine cushion 

1.2 Honeycomb 
damping

1.3 Absorbing 
material around the 

seat belt

1.4 The seat as a 
child seat with a 

fastening damping 
belt on top

1.5 Improve the 
existing solution 

with the pad

1.6 Replace the 
springs in the chair 
and if possible the 
foam (trampoline)

1.7 Replace 
materials partially 
or fully in the seat.

Maybe

2.1 Reconstruction of 
all the mounts between 
the rails and the steal 

frame 

2.2 Recontruct the 
mounts only in 

the back

2.3 Silicone lump 
with springs  

within

2.4 Memory foam

2.5 New seat belt like 
a sling, where the 

driver is pressed into 
the seat.

2.6 Vibration 
damping material 

in pants

2.7 Use a viscous 
material, for 
example gel

?

3.1 Air suspension 
inside the steel 

structure, with a thin 
cushion on top

3.2 Layer upon 
layer of different 
materials and a 
different spring

3.3 Vibration-
damping material 

in the trim

Don´t work

4.1 Bose ride 
(benchmarking)

4.2 Shackle 
mount in the 

ceiling

4.3 Shoxs 
(benchmarking)

4.4  S-shaped chair 
with damping under 

the butt 

4.5 Artificial 
material 

(benchmarking)
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Descriptions about the concepts  

 

 

1.1 Adds height. Easy to implement with longer screws. Material question. 

1.2 Depends on strength. Find the right one on the market. 

1.3 Does not affect the test cars. Easy to implement. 

1.4 Same as 1.3 but changed the foam and the shape of the seat. 

1.5 Easy to evaluate. Construct another design. 

1.6 Cloth instead of feathers. Does not affect the test cars. But it’s a special chair. 

1.7 Material question. 

2.1 Adding height. Construction issues. 

2.2 Same as 2.1. 

2.3 It is not sufficient for vibration damping. 

2.4 Memory foam affect the material properties. Can’t be in the cold. 

2.5 New construction of the seat belt. Attachment points can be a problem. 

2.6 May not have much effect from vibrations. Does not affect the test cars. Frequency 

dependent. 

3.1 takes up too much space in the driver position. Is it sufficient enough to reduce vibrations? 

3.2 Hard to know and solve the combinations of materials. Is it going to help? In the seat or in 

the pad. 

3.3 Depends on the frequency. Otherwise a good compliment. 

4.1 Through contact: it can’t be implemented in an automobile. 

4.2 Affect the evaluation of the test vehicle. 

4.3 Require larger space. Assembly complications. 

4.4 Too much changes in the construction. 

4.5 Are in the initiated research stage. 
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Appendix 8 

 
                              2017-03-29 

 
 
Telephone Meeting/interview 
 

 
Interview with Co-owner of Berger & CO. AB and producers of the 

vibration dampening gloves 
 

In the beginning of the conversations the thesis project was represented and that it´s not a 

problem with hand-and arm vibrations. Explained was my interest in his product and the 

material characteristic of damping vibrations. He sounded enthusiastic about the project and 

explained that he didn’t know much about WBV but that it´s similar to HAV.  

 

He explains that the first thing is to look at the body, a solid body. The problem is to 

implement the gloves material into pants or changing the trim, is that the butt is not 

completely fixed to the skeleton, and all individuals have different bodies, with weight and 

other characteristics. 

 

The frequencies will therefore behave very differently in the body. Heavier people are not 

exposed as much to vibrations. If it assumes that the hands and arms are solid bodies, and that 

energy is distributed evenly over the parts, the frequencies will be around 200-300 Hz. This 

will tend to create resonance. It will occur resonance in the wrist and lower palm of about 30 

Hz and at 10 Hz deliverers the worst resonance to the shoulders and the handheld tool hits 

hardest the neck around 5-6 Hz. The rate influences a lot and depending on what part of the 

body that is exposed. If you look at the seat and a passive solution, the isolating foam must 

take into account the individual's weight and focus on a specific frequency. 

 

I explain that it applies to all materials and what you really want is to implement an active 

system which is not possible in an automotive car. Therefore, I want to look at materials, but 

here you need to customize it individually, which is the biggest problem in WBV. I declare 

that I have been thinking about to deploy their materials in the gloves and implement it in a 

solution with trousers or in the upholstery. What he then proposes is to determine the hardness 

of the chair by weight and that there would be a smooth solution and determine the material 

after it. Here you look at the modulus and the loss factor. The higher the loss factor is, the 

lower the protection become, but that the negative resonances are reduced. 

 

By just turning or changing the material thickness, the softness and the loss factor it´s possible 

to customize it a lot. If you in a chair yourself then could press together the material or release 

some of the underlying springs you have the possibility to affect the resonance frequency. 

Then you know what frequency you have all the time and perhaps fix a material for it. I 

explained that it´s not possible to tension springs in the chair when they are packed within the 

foam. I also explained that the frequencies were about a little below 11Hz from the seat to the 
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driver. He thought that was really low frequencies compared to HAV. But on the other hand, 

we have opportunities for thicker material in the chair. 

 

They had in their company a proprietary, highly simplified calculation program to find 

materials. We tried to put an approximate value of the weight, the thickness of the material, an 

approximate value of modulus and also which body that’s vibrating. He thought It would be a 

pretty soft material I would lock into, that the module should be about 0.3Mpa and that the 

thickness of the material carries at least 50 mm isolation. We also tested a quite vibrant and 

fast fabric with latex. Therefore, the added mechanical loss factor could be 0.3Gpa. This test 

run resulted in a resonance frequency of 32 Hz, but he was not sure if the weight was right 

added. 

 

I asked if they had the information about the thickness and weight, would it be possible to 

figure out the best choice of material. He did not really know, maybe and said the calculation 

is not so complicated. It´s like calculating out the resonance frequency throughout a one-

dimensional system with the weight, the thickness of the material, modulus and the 

dampening factor and then you can get a resonant frequency. He thought that the guard from 

vibrations, the transmission factor should be below 1. It starts first when the root of 2 over the 

resonance frequencies. Therefore, it has to go down if I’m going to get a great dampening 

different and therefore it must be decreased to a resonance frequency of 6 Hz. With this 

frequency, it needs a really soft material. It is important to think about how soft and thick the 

material can be. Another thing he found interesting was vhests with water, which is used in 

sailing laser, thus wests increases the weight of the individuals. He can also imagine that the 

driver can apply sitting in a metal chair to make people heavier. Having a softer seat and then 

raise the weight of the test drivers. The important thing with this is that it requires that there is 

associated with the driver. Otherwise, it will be double system of two weights that swings. 

The alternatives were to have a heavy chair, a vest, or a G-suit which pilots uses. 

 

I also asked what would happen if you buckled in the driver with the seat and what would 

occur then. He said that it provides energy within the body and the bones is clamped in with 

muscles and then the vibrations flow in the body. But if you sit in a heavy chair he thinks it 

will benefits vibrations over a larger part of the body. He says that with lower frequencies the 

larger pieces of the body shake together.  

 

Another thing I should be researching is the principle with a water mattress that sits on top of 

a foaming material. A solution could be to tear out the chair and put the softest and thickest 

material and put a heavy liquid madras on top. It can be filled with a liquid material with a 

density of about 2.5. The density should be as high as possible. The more you push up the 

mass, the more it reduces the angular velocity of the resonance frequency of the square root of 

k and m. When doubling the mass, it decreases the resonance frequencies with approximately 

1 through 1.4. Then the resonance frequency has dropped to 6 Hz. From 11 to maybe 6-7. It is 

pretty much and you could have a liquid density of about 2.5 -3. One tip was to take the 

heaviest liquid madras and the softest foaming or rubber material that goes with it. This 

solution might result in pushing up the weight by 25 kg and that it will distribute the pressure 

evenly over the body. 
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   2017-04-25 

 
 

Meeting about test on rig  
 

Attendant individuals and their occupation/professions 

 

- Analysis Engineer, mechanical testing body and trim  

- Test coordinator, durability lab 

- Technical expert, endurance attribute & chassis CAE 

- Analysis Engineer, durability lab 

We have executed a plan for the rig and the tests we want to perform. This is shown in an 

Excel sheet which is based on a previous Excel layout performed on Hällered. This can be 

seen in Appendix 10, and have emanated with planning and structuring so the workflow goes 

as smooth as possible. This describe the different combinations of materials and also tests on 

different thicknesses. If the tests will be done, it will take 8 hours and 48 minutes where the 

adjustment time with changes are included. The signal in the rig will take 3 min and 12 

seconds at every test and it will take approximately 5 minutes, including reloading and 

replacement of the material combinations, as well as any delays. The chair doesn’t need to be 

remounted after each change, it just needs to add or changing material combinations as time 

goes by. What will take time is to lift the dummy and put it in the right position. What is also 

crucial for the time management is how the test rig is constructed. 

 

Most of the test pads will be in the dimensions of 300 x 300 mm with 4 blocks of a height of 

12.5 mm each. We will build up different thicknesses to see how it affects the damping, as 

well as different material combinations in different layers. The starting point for the tests is to 

have a chair and change material and make measurement after each round. This will result in 

a comparative of all tests. Today, Belgian Pavé, Corrugation and Silver Creek are the critical 

part of the endurance track, and therefore only surveys be performed on these signals from 

these parts will be investigated in the rig. The advantage is that the tests already have been 

performed on these parts of the endurance track and that these signals are already within their 

system. 

 

What we will get from the tests on the rig is an accelerometer and that these calculations are 

based on a rigid body. We will put this up by having a chair and then having rails to support 

the right angles in proportion to the rig and keep it in the right position. What gets difficult is 

to raise the chair on the rails and to keep the accelerometer and the dummy in the same 

position during each test. The tests are a first screening and therefore an 80% correctness on 

the calculations would also be a very good result. Then a selection of the materials or material 

combinations will be carried out, which will then be further investigated, and may also be 

milled in the right sizes and tested on Hällered's test track. To here do an exclusion test 

method and wipe out what does not work at all. You could also compare the response of the 

different cars and their seat acceleration to each other. This is possible due to tests that was 

previously performed. If there are big differences then we should consider how to make 
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changes of the setup. But if they are similar and as good as each other we can see the trends 

and see how the signals are built up. 

 

To maintain the position of the dummy it is easiest to calculate only the z direction of the 

acceleration. This is very beneficial as it is this direction that is the most critical to humans 

and therefore we have delimitations to only lock at the z value. A major challenge will be to 

fix the foam in the chair because the dimensions of the test pads isn’t optimal for the steel 

construction. The dimension on the seat is different compared to the test pads square blocks. 

Some things are important and the most one is what signals to run.  

 

The plan is that we run as many different foam thicknesses and material combinations and 

then get two or more options that can be evaluated further and be molded. This is a sorting 

stage where we want to get both the optimal thickness and the best material properties of the 

material. The materials that have been ordered have today different properties. 

 

The A(8)-value is ordinary calculated during a working day and we can get an assumption 

similar through these tests. Transmissibility can be obtained by doing another test on the 

KSK2 vibration test section at Volvo. However, this will be done another day. If we get a 

signal on the rig, we can here get an A(8)-value. Here you get the values on the 

accelerometer, i.e. the acceleration. We get the similar samples as the previous tests on 

Hällered except that only the critical part of the parts is calculated. 

 

We have now 109 variations of combination samples. The traverse can be used to lift the 

dummy to reduce the lead time between the tests and the dummy will have a weight of 75 

kilos. Nothing will never be as planned, so one advice from the team is to perform tests before 

the real calculations. The reason for this is that cause of error can occur if the dummy is 

placed in different positions or if something fails between the tests. The important thing is to 

think about the layout from the outset, so we do not have to repeat a large number of test 

lather in the process. To take it carefully from the beginning and see that´s everything goes 

throughout the plan and meanwhile keep track of the signals. We may also notice early that 

the foam that has only a thickness of 12.5 millimeter is not optimal and then instead focus on 

a more thicker thickness.  

 

Fitting the foam can either be made with adhesive tape or Velcro strap in each corner of the 

foam. Self-adhesive tapes may however affect the test result, but the most important thing is 

that the foam covers the entire seat pad and that the accelerometer can be placed within the 

range of the test pieces. In the chair, we have to keep the springs and remove the foam where 

the dummy is being places and replace it with the test materials. However, the foam of the 

backrest will remain. The question is whether to take off the existing foam or if we mold the 

material later in the process. The dummy should also be gently tensioned with some kind of 

clamping strap to be held in place. It is important that the dummy is tied up in exactly the 

same way during all tests to get a good result and to make an evaluation of the comparisons. 

Instead of having an external pillow it would be better to look and investigate what would 

happen if you had the foam at a higher altitude. What can also be difficult is that a car seat 

steel structure is angled and the tests can be complicated to arrange. 

 

After the tests have been carried out and the material combinations have been chosen, it 

should not be difficult to mill the foam. We also want to test pieces on the currently material 

in the chairs and have it as a reference, otherwise it will not give a representative image. The 
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result will not be fair if we perform the tests with the current foam in the chair and the test 

pieces on it, therefore preparation and setup are important. 

 

We have also tried to get a test chair from the XC90 cars on the SPA platform. In the chair 

repository, they are cleaning out seats, but that there are mostly old chairs. One possibility is 

if there is a possibility of getting a chair from Hällered. The difference between the chairs 

today is that there is a pill extender and that this should be evaluated in the tests. The 

important thing is however, where the dummy is seated and that the measuring plate is 

attached between the sample material and the underside of the dummy. 

 

The tires also play a big role in vibration exposure, as well as the design of the chassis and the 

car size. But should not be evaluated here, the only focus is within chair structure and the 

material. 

 

The test time will take several days, maybe 4 days. We start by setting up chairs and 

evaluating how the measurements will take place. Best is to see that everything works and to 

perform a day of pre-testing one day. Right now, the rig is in service, but that we can start 

looking at the setup and execute the process lather this week. We also will borrow a dummy 

for two weeks, I will contact them today. It does not really matter if we take a man or woman 

regardless if they have different weights and that a female dummy would result in greater 

stresses from vibrations. It should be promptly motivated to choose the female dummy, but 

the standard for the tests has a value of 75kg which is on the 95 percentiles. Therefore, the 

male dummy will be used. We will use XC90 as a final test car, with 20 inch tires. 
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Hexapod evaluation 
 
This document shows the final results and data from the hexapod evaluation. It is divided in 

two parts, chart and raw data.  

 

Execution 

On the rig, a test object can be mounted which consisted of the XC90 front seat, without 

current foam. Vibration exposure measurements are performed according to the standard ISO 

8041 with a tri-axial accelerometer vibration analyzer, nor 133, which is placed between a 

dummy and the test materials. The PC processing program Nor1038 – NorVibraTesty 

analyses the signals and measure the A(8)-value on every test. The simulation sequence 

performed on the rig is based on the critical parts of Hällered's endurance track. 

 

The test evaluation consisted of 109 tests on material combination and different material 

thicknesses. Four tests were carried out on various degrees recline on the backrest. Additional 

4 test comparisons were executed at Hällered Proving Ground to measure products from the 

market and evaluate real-life results. 

 

Chart 

The chart shows a comparison between A(8)-action value and total thickness and 

combinations. The column graph shows every test materials A(8)-action value, measured in 

minutes. The line graphs show the test materials total thickness, measured in millimeters. 

Adding a line graphs makes the possibility to get an overview on how important thickness 

effects the A8-value, rather than mixing materials and in different layers.  

 

The best result was with a combination of:  

Regufoam Vibration 150 plus + Reference V526 (SPA-seat)  

Giving a A8-value of 29 minutes and a total thickness of 148 mm.  

 

Second best: 

Regufoam Vibration 150 plus + Sylomer SR EN 11 

Giving a A8-value of 29 minutes and a total thickness of 148 mm. 

 

Third best result was: 

Star starlocker 

Giving a A8-value of 27 minutes and a total thickness of 50 mm.  

 

Raw data 

Other data that was measured, such as acceleration in different directions (x, y, z), signal 

simulation, test time and seat back support angle are considered as raw data and can be shown 

lower down.
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Transmissibility test  
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