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Sammanfattning 

Volvo Group är ett av världens ledande tillverkare av bland annat lastbilar, bussar, 

entreprenadmaskiner och motorer för marina och industriella applikationer. Volvo Group 

äger totalt 10 olika märken, dessa är: Volvo Trucks, UD Trucks, Renault Trucks, Mack 

Trucks, Group Trucks Asia & JVs, Volvo Construction Equipment, Volvo Bus, Volvo Penta, 

Volvo Financial Services och Governmental Sales. Initiativet till projektet togs av Metod och 

Processutvecklings avdelningen på Volvo Group Trucks Operations (GTO), som är den delen 

av Volvo Group som utför själva sammansättningen av lastbilar. 

 

Volvo GTO finns i flertal olika länder världen över vilket leder till att arbetsprocesserna kan 

skilja mellan länderna. För att kunna standardisera ett arbetssätt där konstruktören 

(komponent ägaren) tillsammans med geometri arkitekten kan göra en första ergonomisk 

analys på den berörda komponenten. För att detta ska vara möjligt så tog projektet fram en 

handbok på hur man som komponentägare skall gå tillväga för att få en så bra och korrekt 

analys som möjligt.  

 

I denna kandidatarbete tas det upp förslag på hur VR hade kunnat hjälpa till ett 

utvärderingsverktyg redan i konstruktionsstadiet när en ny produkt/komponent ska tas fram 

eller om det ska göras förbättringar på en befintlig komponent. Kandidatarbetet har valt att 

fokusera mest på hur konstruktören och geometri arkitekten ska kunna utvärdera de 

ergonomiska aspekterna med VR som hjälp. 

 

Projektet har undersökt två user case varav ett av dem presenteras i denna rapport. Detta 

gäller monteringen av värmeskydd. Anledningen till att just denna montering valdes är på 

grund av dess dåliga ergonomi och åtkomlighet. Projektet valde att göra både en RULA-

analys och PLIBEL-analys. RULA-analysen gav hög totalpoäng, 7 av 7 medan PLIBEL 

endast är en analys på arbetsplatsen vilket gav ett bra underlag för fortsatt arbete. 

 

Studien visade att VR är ett väldigt bra hjälpmedel vid analys av ergonomiska aspekter i tidig 

design fas. Det ger relevanta resultat och har potential för besparingar i resurser och 

kostnader inom utvecklingsprocessen.  

 

För att förbättra kandidatarbetes resultat har det gjorts besök på ESI-Group som har gått in 

med stöttning i form av VR utrustning och workshop. Detta gav projektmedlemmarna en 

inblick på möjligheterna man har med VR.  
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Abstract 

Volvo Group is one of the Worlds leading manufacturer in the categories trucks, busses, 

construction equipment and engines for the marine and industrial applications. Volvo Group 

consist of many different brands 10 in total, these are: Volvo Trucks, UD Trucks, Renault 

Trucks, Mack Trucks, Group Trucks Asia & JVs, Volvo Construction Equipment, Volvo 

Bus, Volvo Penta, Volvo Financial Services and Governmental Sales. The initiative for the 

project came from Method and Process Development within Volvo Trucks Tuve Plant, 

department at Volvo Group Trucks Operations (GTO), which is the part of Volvo Group 

performing the actual production of the trucks.  

 

Volvo GTO is located worldwide in several different countries, which leads to different work 

processes. To standardize a method where the designer (component owner) together with the 

geometry architect can make a first ergonomics analysis of the concerned component. To 

make this possible, the project presented a manual on how the component owner should 

proceed to obtain as good and correct analysis of ergonomics as possible. 

 

This bachelor thesis makes suggestions for how VR would be helpful in the design phase as 

an evaluation tool during development of a new product/component or whether 

improvements should be made to an existing component. The thesis has focused mostly on 

how the designer and geometry architect can evaluate the ergonomics aspects with VR as a 

help, already in the design phase. 

 

The project has investigated two user cases. One of them is presented in this report. This 

applies to the installation of heat shield, the reason that this particular assembly was chosen is 

due to its poor ergonomics and accessibility. The project chose to do a RULA-analysis and 

PLIBEL-analysis. The RULA analysis gave a high total score, 7 out of 7, while PLIBEL was 

an analysis at the workplace. Both proved to be a good basis for continued work.   

 

The study shows that VR is a great tool for analysis of the ergonomics aspects in early design 

phase. It gives relevant results and has the potential for savings in resources and cost in 

product development process. 

 

To improve the results of the thesis, there have been visits on ESI-Group which has 

sponsored the thesis in the form of VR equipment and workshop. This gave the project 

members an insight into the possibilities of VR. 
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Wordlist 

AR = Augmented reality 

Catia V5 = Computer-Assisted Three-Dimensional Interactive Application 

CAD = Computer Aided Design 

DCN = Design Change Notification 

GTO = Volvo Group Trucks Operations 

GTT = Volvo Group Trucks Technology 

IC.IDO = Software to Virtual reality 

LTS = Local Technology Specialist 

ME = Manufacturing Engineer 

MSM = Manufacturing Strategy Manager  

MTM = Manufacturing Technology Manager  

MTS = Manufacturing Technologic Specialist 

PE = Preparation Engineer 

PLIBEL = Plan for Identifying Load Factors that may adversely affect  

PM= Project Manager 

Protus = Error message, for example negative result from test, problems of the product in 

field 

SWOT= Strengths, Weaknesses, Opportunities and Threats 

TPE = Technical Preparation Engineer 

RULA= Rapid Upper Limb Assessment 

VB = Virtual Build  

VE = Virtual Environment 

VM = Virtual Maintainability 

VP = Virtual prototype 

VR = Virtual reality 
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1. Introduction 

Volvo’s founders Assar Gabrielsson and Gustaf Larson worked for SKF, the popular 

company that invented the self-aligning ball bearings. Volvo started as a subsidiary for SKF 

at 1927. The company Volvo got a good start and a way to grow up from an innovative, 

entrepreneurial and forward-thinking business environment. This is still a part of Volvo’s 

spirit and what they call for an essential part of Volvo “DNA”. Volvos front position in 

technology has taken Volvo to the leading position. Volvo Trucks writes in the information 

booklet: “Where we come from is the key to who we are” (Volvo Trucks Driving progress, 

2015). 

The history of Volvo Trucks is not just about the design/construction but also about the 

development of actual assembly of vehicles. There are many stories to be told such as that 

one specific story about their ground-breaking technologies, the innovations and the iconic 

models which made them come so far. It is a huge disparity to go from the old transport 

wagons to today's significant modes of transportation, which are trucks (Volvo Trucks, 

2018). At the end of 1926 Volvo started with their activities and at April 1927 started to 

prepare for production of cars. Production facilities within Volvo Group are in 18 countries 

with total of 95 000 co-workers all around the world. Volvo Trucks is globally stationed in 

190 markets (Volvo Group, 2018). 

First medium duty truck was produced in early December 1926 and was called ”Series 1”. 

The very first truck that was produced left the production factory in Gothenburg, Sweden in 

February 1928. During this time cars and trucks were produced on the same assembly line. 

After the high demand for trucks `Series 1´ Volvo produced `Series 2´. It was a full pressure 

on Volvo at that time, so it took time before they started to make new developments to Series 

2, to the first Volvo Truck that came out at year 1928 (Volvo Trucks, 2018).  

At year 1930 Volvo began to develop new trucks equipped with diesel engines. They 

replaced the wheels made of wood by wheels made of steel and the brakes were developed 

into hydraulically activated brakes. Eventually it is common to see Volvo´s heavy trucks out 

on Sweden´s roads. Volvo Trucks have produced many different truck models since their 

start 1926 such as: LV75 - LV79, TVC (World War II), FH and FM and VHD, VNL, VNM, 

VNX, (only North America). Volvo Group consist today of 10 brands: Volvo Trucks, UD 

Trucks, Renault Trucks, Mack Trucks, Group Trucks Asia & JVs, Volvo Construction 

Equipment, Volvo Bus, Volvo Penta, Volvo Financial Services and Governmental Sales.  

In the past engineers at Volvo have used different approaches to improve their processes 

within product development and production. 

Volvo tested also virtual reality (VR) in the development process, which gave a different 

review of the products being designed. In order to save time and costs for prototypes, testing 

and redesigns, virtual reality has been developed further and its usage will change the future 

ways of working for Volvo engineers.  
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2. Project background 

The background to the project is that Volvo Trucks wants to prevent unnecessary late 

redesigns as they are costly if initial, unsuitable for assembly design is discovered to late or 

even goes all the way to production. The cost of a redesign depends on the scale of changes 

that need to be done. A redesign can sometimes lead to the creation of new manufacturing 

tools at the supplier, which, if it is a casting tool, could cost several millions. Late redesign 

may also lead to necessary changes on surrounding components and repacking, thus more 

costs. In case redesign is not an option, it may lead to design of special tools for assembly and 

aftermarket in order to facilitate maintenance of the component in question. In order to avoid 

late redesigns due to ergonomic problems in the assembly, Volvo Trucks wants to introduce a 

standard for working with the ergonomics aspects in the design phase. The project work will 

facilitate preparation for mass production, GTO, series production, also to 

investigate/undergo all steps from construction to assembly for one product case. 

2.1. Aim of thesis 

The aim of this thesis is to map the ergonomic aspects during the design phase associated 

with virtual verification early in the assembly process. Also, to develop a foundation that will 

make it easier for the designer to make a first ergonomic assessment of the design already in 

the initial design phase. This will be done by making proposals for the tools which are 

already available and can be used to facilitate the work being carried out today.  

 2.1.1. Problem definition 

The problem definition for the project is the following: “What are the ergonomic aspects of 

assembly in the early stages of design?” 

2.2. Project scope and limitations 

The project consists of following: 

- Analysis of design of components included in the truck 

- Use of IC.IDO for VR simulation 

- Productions design 

- User case on today's truck components 

 

The limitations are: 

- No development of any new finished product 

- Ergonomic aspects like: Reachability, posture visibility, availability, load (weight), 

position  
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2.3. Individual responsibilities/efforts in the thesis work 

The project chose to divide the work from the beginning, the distribution was as follows: 

 

Ponthus: Project initiator, introduction, preface, abstract (Swedish and English), wordlist, 

problem definition, aim of thesis, project background, theoretical framework ergonomics, 

methods (Volvo standard, RULA, Brainstorming/Brainwriting), finding speaking partners 

within Volvo and overall booking of meetings and interviews. Developed interview 

questions, interviewer, wrote meetings and interviews notes, project scope and limitations, 

project checklist, developed method flow chart for the project, project description, part-time 

report overall, timetable (Gantt-schedule), template for the project, recording of VR 

simulations, RULA-analysis, PLIBEL-analysis, discussion of methods, conclusion, 

references, IC.IDO workshop, presentation of the project for supervisor and control group at 

Volvo Trucks, posters, sponsor fixer engaging ESI-Group, overall and final report 

composition, language check. 

 

Aya: Introduction, Theoretical framework, Method ( SWOT, PLIBEL, PLIBEL drawing and 

modelling/simulation and predication), Booking of meetings in the University and Volvo, 

Gantt-schedule, Presentations for the supervisor at University and control group at Volvo 

Trucks, Wordlist, helped each other to put together a template for the project, Project 

description, a small part of the part-time report, Notes at meetings, Process of data collection, 

Posters template, Project checklist, Training in IC.IDO, Recorded and took pictures for the 

project from the last day at ESI-Group, Modelling/simulation and prediction result and 

images, References, SWOT results, RULA results and analysis, PLIBEL analysis, Discussion 

of the results, Critical review, Posters.  
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3. Theoretical framework 

3.1. Ergonomics 

The term “ergonomics” is a part of engineering work, as it provides benefits and advantages 

for everyone in the product development and production systems. The stakeholders which are 

in the system are: the individuals, the company/organization and society. 

The benefits and advantages the different parts get from ergonomics are (Bohgard, Lovén, 

Karlsson, Mårtensson, Rose, Mikaelsson, Osvalder, Ulfvengren, 2015): 

● Individual level: Increased safety, decreased risk of accidents, satisfied users, less 

stress, less loss of health 

● Company/organization: Satisfied employee, faster product development, greater 

demand for products, increased productivity and quality, lower costs 

● Society: Increased competitiveness, batter economy, less absence, improved work 

environment, less costs for sick leave and rehabilitation 

 

In a study from Linköping University, Eklund (1995) highlights the importance of the 

relationship between ergonomics and product quality in the automotive assembly (Eklund, 

1995). The study uses many definitions where one of them is Juran (1974) definition of 

quality as “fitness for use”, which puts the emphasis on the consumer using the final product. 

The results from the study show that work with ergonomic problems was three times as 

common compared to the other tasks that had no ergonomic problems and as such leading to 

negative quality effects which were identified during the study. These were: 

● Discomfort from strained body parts 

● Organizational factors and time pressure 

The result also showed that the job satisfaction is an important factor for the workers to be 

able to perform their tasks with a high quality. With these results the study shows that a close 

relationship between ergonomics and quality will increase the ability to integrate change 

programs aimed at improving work quality during working conditions (Eklund, 1995). 

 

To understand the relationship between ergonomics and quality you need to know what each 

term stands for. The article mentions a definition of ergonomics made by The Nordic 

Ergonomics Society, the definition is following: “Ergonomics is an interdisciplinary field of 

science and application considering integrated knowledge of human requirements and needs 

in the interaction human-technology-environment in the design of technical components and 

work systems” (Ruth & Odenrick, 1994 pp. 16-21). 

Ergonomics is a topic that often emphasizes the design of the organization as well as the 

work process and technology. There are many different perspectives for how a company is 

organized regarding the interaction between people, technology, organization and work 

environment. Based on this approach ergonomics and quality have many similarities in terms 

of goals (Eklund, 1999). 
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The concept of ergonomics has the largest part of its scientific roots in the late 1940s. Over 

the last years, ergonomics has constantly increased by research that has given a great 

knowledge of how the tools and workstations should be designed in order to prevent workers 

discomfort, illness and absence. Research efforts have also contributed to improving 

productivity and product quality. Investment in improved ergonomics can be proven to be 

significantly profitable. 

As a result, tailored ergonomics programs are being developed for the company or groups 

within the company. Concerned groups within the company are for example: 

● White collar workers 

● Blue collar workers 

● Product designers 

These programs include guidelines for workload aspects such as work position, movements 

and lifting. The program also includes guidelines for working environment, product design, 

noise level, vibration, lightning, climate, safety and work organization. This kind of program 

can be chosen to be a separate program or be a part of a quality program (Wikström & Hägg, 

1999). Volvo, being on frontline of technology is always trying out new ways of working. By 

utilizing latest research, Volvo has been able to improve ergonomics aspects of development 

and production processes and by that improve health of employees. This thesis is a further 

step in this direction.  

3.2. Virtual reality 

According to Andersson and Andreasson (2017), virtual reality can be used to support the 

communication, accessibility analysis and CAD data analysis, which is being implemented in 

the development process (Andersson & Andreasson, 2017).  

In the article "Virtual build saves time and money" written by Marianne Labussiere (2013) it 

is written that the difference between virtual and manual build is that virtual build is 

economically satisfactory and takes less time. The article also mentions when Volvo Group 

started using CAD, which was in the late 1980s.    

 

Two researchers from Fraunhofer Institute for Computer Graphics in Germany have 

conducted research about ”Virtual reality as a tool for verification of assembly and 

maintenance process”. Nowadays the focus is on how to solve problems and fulfil 

requirements within automotive industry and the aviation industry. For example, product 

variants, reduction in product development time and cost. Gomes and Zachmann argue in the 

research how virtual reality (VR) could be applied for virtual prototyping (VP) to verify 

assembly and maintenance processes. The researchers had an overview of vehicle industry 

followed the overview there were discussions about today’s business process for vehicle 

industry that led to new demands concerning design quality through CAD-VR data. This 

research will present new interaction paradigms. Through this, engineers and designers can 

now do experiments in a natural connection to prototyping. Finally, a user survey evaluated 

requirements for acceptance and viability of VP for the product development process. The 

research result shows that VR will have a huge role for VP in the future (Gomes & 

Zachmann, 1999). Since then VR has developed into well-established methodology.
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In research done by Abidi, et. all, 2013 it is mentioned about how big the use of Virtual 

Reality is. Why has VR become so famous? It is because of VR decreases the need for 

production of the first physical prototype that can cost a lot of money and may require long 

lead time. To do ergonomic analysis for a virtual prototype of a car, virtual mannequins are 

needed. In this research work an ergonomic assessment has been done for the first known 

Saudi Arabian car. With help of CATIA V5, human building module has been developed 

based on data for American male 50th and 95th percentile, which was used to make an 

ergonomic analysis of the driver seats. The goal of the research is to enable designers and 

engineers to develop a virtual environment (VE), where the car is evaluated from the inside 

and the driver’s seat by making a digital prototype instead of building a physical prototype. 

The tools that have been used during the research of virtual reality are the following: 

1. Screen 

2. Rear Projector  

3. Hand Wand 

4. VR Hardware Controller 

5. Shutter glasses with head trucker 

6. AMX Controller 

 

 It is mentioned in the research that ergonomics has become a major factor in vehicle design. 

Therefore, it became very important to use powerful tools to perform all ergonomic analysis. 

(Abidi, El-Tamimi, Al-Ahmari, Darwish, Rasheed, 2013).  
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4. Methods  

During this thesis the project have used data collection process as describe in appendix 4. 

Following working methods were used: 

4.1. Volvo Trucks ergonomic standard (STD 8003,2) 

Volvo Trucks is following Volvo Group standard, which is a standard that all the group 

companies must follow. During thesis work it was used as reference for restricting the scope 

of the thesis. 

4.2. Brainstorming/Brainwriting 

Brainstorming is a method that is often used for idea generation. In projects idea phase for 

conceptualization, developed and elaborated in group. The characteristic of the method is that 

it has the purpose of generating as many ideas as possible to solve a specific problem. A very 

important rule when using this method is that no criticism of the proposed ideas is given, no 

negative comments either. This is important because it inhibits creativity. An evaluation of 

ideas is carried out after all ideas have come up (Karlsson, Rose, Osvalder, 2015). The 

brainstorming has been done during and after each interview by the project group and the 

interviewees to generate as many ideas as possible. The ideas were used as input to a new 

brainstorming and in this case about IC.IDO there the aim was to think of so many problems 

and opportunities as possible.  

4.3. SWOT 

Strengths, Weaknesses, Opportunities and Threats (SWOT). Such analysis can be used in 

strategic analyses. In this analysis there are opportunities and threats that are related to the 

external conditions especially relating to markets and to competitors, how they look like and 

how they grow (Jacobsen & Thorsvik, 2008). 
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4.4. PLIBEL Method 

PLIBEL stands for the identification of musculoskeletal stress factors which may have 

injurious effect. (Kemmlert, 1997:2) 

PLIBEL is a method that can help identify load factors and where there may be risks. This 

method has been created as a basis for discovering possible occupational health issues. 

Through the PLIBEL method solutions can be found for the stress disabilities in certain parts 

of the body such as neck and shoulder. There is also a possibility that it can be used for 

screening purposes. This method will not only help to consider the workers but also the 

working environment. In PLIBEL there are questions that can be asked about the work 

environment and the worker that later will show a complete picture of what causes these 

injuries (Karlsson, Rose, Osvalder, 2015). 

 
1. Neck/Throat /Back, 2. Arms / Hands, 3. Feets, 4. Hips /Knees, 5. Lower Back 

Figure 1: Different body parts, PLIBEL screening 

4.5. RULA 

RULA stands for Rapid Upper Limb Assessment. RULA is often used to analyse body 

positions and stress. This type of method only focuses on the upper body work, especially 

hand and arm intensive work. The position is assessed for seven different body segments with 

digit codes, these are: 

1. Upper arm 

2. Forearm 

3. Wrist 

4. Twists on the wrist 

5. Neck 

6. Chested 

7. Leg 

The assessment is done on both left and right arm/hand. A total score based on body segment 

assessment is calculated, the higher the score on the assessments, the greater the risk of injury 

(Karlsson, Rose, Osvalder, 2015). RULA was done by going out to the manufacturing factory 

and find the right engine where the heat shield can be attached. A RULA employee 

assessment worksheet was already printed for this purpose. Different positions for how to 

attach the heat shield were tested by following the 15 steps in the worksheet. They stand for 

upper arm position, lower arm position, wrist position, wrist twist, muscle use, force/load, 

neck position, trunk position and legs. There are steps for calculating the scores.
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4.6. Modelling, simulation and prediction 

For this project a tailored IC.IDO-workshop was organized by ESI-Group. 

The aim is to learn about IC.IDO how it works and what it does. The workshop lasted three 

days at ESI-Group where different people from different areas sat together and discussed 

around IC.IDO and VR. The first meeting was about introducing IC.IDO. At the second 

meeting discussions took place about Volvo GTOs and the projects user cases. It was 

discussed what the Volvo GTO organization needed and what to challenge for ME process. 

Defining new steps and engagement plans is the main reason. The two different use cases 

where also shown on the big screen and later incorporated into virtual simulations. 

Discussions and practicing in how to work with ergonomics evaluations which included body 

tracking for VR. Figure 2 shows the equipment used for this purpose.

 
Figure 2. VR equipment that were used during simulations 

4.7. Data collection methods: 

4.7.1. Interviews 

There are several types of interviews, these may be unstructured, semi structured and 

structured. A structured interview is to be preferred when searching for quantitative data, 

while unstructured interview works best when demanding qualitative data. During the project 

many interviews were conducted with different people. People we interviewed had roles like: 

TPE, Ergonomics, Designer, MTM, Service Engineer, Production Manager and Intro 

Engineer. The interviews have given us a great basis for the workflow for the first draft 

standard. The reason for conducting the interviews was to get a better overview of what is 

GTOs perspective regarding the ergonomic aspects. The type of chosen interview method 

was semi structured interviews. The reason for this type of interview was to start the 

interview with the same main questions and to adapt the interview with follow-up questions 

according to the candidate’s answers. 

4.7.2. Checklist 

● Feedback on VR simulation 

● Questions from the interviews 

● Meetings 

● Case for the project 

● IC.IDO Workshop 
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5. Results 

5.1. Brainstorming/Brainwriting results 

The brainstorming resulted in a short list of requirements: 

● Easy to lose information when the VR camera does not see the body tracker. 

● Would be good to see how the assembly worker moves compared to any ergonomics 

validations, methods such as like RULA, REBA, OWAS or NASA-TLX. 

● It is essential to make sure that IC.IDO and other systems at Volvo can be linked 

together.  

5.2. SWOT result 

The workshop in IC.IDO showed the project members the strength of using VR. It will make 

it easier for the designer to make a first ergonomic assessment of the design already in the 

initial design phase. Also, that Volvo Trucks will save a lot of money by skipping the first 

prototype. The weakness of VR is that it will need many different tools in order to perform 

the work and it will cost a lot.  

VR will give many opportunities. For example, the designers will see their product through 

the assembly workers eyes. It will also show the designers were the ergonomics should be 

improved and the way the assembly workers are going to work with their new product.  

Everything that is manufactured has threats. The threats of using VR is that there can come a 

person who will use VR simulations but does not have any experience on how to use IC.IDO. 

What it means is that the person that will use VR can make a simple fault and then getting 

wrong results without knowing it. One of the biggest threats is that it may create too much 

confidence in the tool. In such a case there is a risk of the hole analysis being without any 

value. 

5.3. PLIBEL Method results 

A PLIBEL analysis has been performed on the assembly of the heat shield. The result of the 

analysis gave a good overview of the complete mounting balance that performs the mounting 

of the heat shield. The analysis showed that current set up of the workstation has its issues but 

is still on accepted level from ergonomic point of view. The detailed result is presented in 

appendix 3.
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5.4. RULA results 

A RULA analysis has been done and the result was as expected. 

With the help of the steps the work positions that were made could be compared with the 

figures in RULA employee assessment worksheet. After comparing on each step of the 

analysis the scores were obtained. Note that scores for muscle use is 0 because strength was 

not needed.  

In RULA employee assessment worksheet there are steps to follow which are divided in two 

parts. Part A is for analysing the positions for arm and wrist, which later will give a score for 

each position. Part B analysis is for neck, trunk and leg. Below are the scores given by 

RULA. 

 

A. Arm and Wrist Analysis: Upper arm position (2), lower arm position (2), wrist twist 

(1), wrist (4), force/load for the heat shield (1) and muscle use (0), then calculating 

them together on table A. Table A gave a posture score (4). Score for wrist and arm is 

(5). 

B. Neck, Trunk and Leg Analysis: Neck (4), trunk (4) and leg (1). These parts were 

added together in table B that gave posture score (7) which was added with muscle 

use (0) and force/load for the heat shield (1). The final score for neck, trunk and leg is 

(8). 

 

The scores from A and B have to be merged in table C so that they will now give a total 

RULA score which is (7). Different scores have different meanings. For the RULA score (7) 

it means that the analysis indicates investigation and change implementation. Detailed 

information can be found under appendix 2. RULA-analysis of heat shield mounting.  

5.5. Interview results  

From the interviews that were conducted with the different roles, it has been shown that 

Volvo uses a plurality of different systems, see figure 3. Figure 3 shows how the data flow 

and data conversion from the different systems. At Volvo there are around 30 or more main 

systems, which are then divided into smaller systems. The system structure consists of main 

database, KOLA supported by PDMLink, Enovia and AVP. 

KOLA is a PDM (Product Data Management) system. It is used by Volvo Group mainly 

within product development, to document the product offering and design solutions. 

PDMLink contains a suite of functionalities. PDMLink is supported by Creo, which is a 

group of CAD tools. Enovia is used to create, manage and store parts information defined by 

V5 CAD data. The parts that is created in Enovia are registered in KOLA. Both systems 

jointly manage the components life cycle. The sections at Volvo Group that use Enovia are 

GTT and GTO Visual Manufacturing. AVP is a configurator taking information from KOLA 

and CAD system to generate a complete/subset of a product for use in for example 

packaging, production preparation or aftermarket analysis.  
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Figure 3. Volvo Groups data transfer & conversion 

From interviews with ESI-Group it appears that IC.IDO is a great tool that can be used for the 

project. The project (the thesis) managed to build up a start of a collaboration between Volvo 

Trucks and ESI-Group. The Volvo CE and ESI-Group have already had a collaboration, so 

the system is already in Volvo Group. This thesis project has helped Volvo Trucks to gain 

more motivation for use of VR and VP. During interviews, different people at GTO said that 

Volvo GTO have tried to use a technology called AR (Augmented reality) also called mixed 

reality. This technology is different from VR, the difference is that AR does not cut out the 

real world like VR does. The weakness GTO saw with AR is that the work instruction placed 

in AR world was disturbing the worker in the mounting work. It is also harder to do an 

ergonomics analysis in AR comparing to VR. In spite of the weakness with AR it is used to 

some extent in Volvo GTO. 

The goal with VR is to make the user feel as they are in the real world but in another place. 

This would be a big advantage when the designer needs to have a first preview of the 

component or if the ergonomics engineer needs to do an ergonomics validation analysis.  

5.6. Modelling, simulation 

A lot of information about how the IC.IDO software works and how to start a VR simulation 

was given at the workshop. Through VR simulations the user can see where there is a lack of 

ergonomics and also where the injuries come from. The two user cases that the thesis worked 

with were implemented in VR simulation. Case 1 “Assembly of heat shield and routing 

bracket” and Case 2 “Assembly bracket and fender to chassis”. The user case that was chosen 

to work with is Case 1 because it was difficult to attach the heat shield on the engine. The 

hope was that through the methods that were chosen in this project, better results will be 

reached. VR can not only simplify the work but also can minimize the injuries and shows it 

directly as demonstrated in figures 4 to 5. If a person uses VR and does a non-ergonomic 

move, then it will be shown on the computer screen.
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 Before using the VR, there are some settings that need to be customized by a knowledgeable 

person in ergonomics, human anatomy and IC.IDO to get the right result. When the red 

colours appear, it means that the person needs to take ergonomics and positions into 

consideration. 

The first simulation was added without loads it showed orange and yellow marks on the 

elbow, shoulder and lower back, see figure 4. Afterwards loads were added on the right hand 

1.00 kg, left hand 0.50 kg. This showed red marks on the elbow and orange on lower back, 

figure 5. Attaching parts on the component can cause damage.  

What also can be helpful in VR is that measurements of the whole body can be added to get 

the right mannequins. Measurements on fingers can also be done as the figure 6 shows. There 

are many other options for how the mannequins should look like. For example, there are 

many different types of handgrips for grabbing things and also different positions, figure 7. 

If someone with high percentile uses VR then someone else with low percentile may have 

difficulties in performing the analysis in VR. The low percentile person will not have the 

ability to see the hands or to see same way as a mannequin and not from inside of it, figure 8. 
 

 
Figure 4: VR-simulation on user case “Heat shield” without loads 

 

Figure 5: VR-simulation on user case "Heat shield" with different loads
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Figure 7: Adjusting settings for the Mannequin, different hands and body position 

 

 

 

 

 

 

 

 

 

 

 

Figure . Every time it is a tall human or a short human will use VR the 
mannequin measurements  therwise it will be difficult to see 
Figure 8. Every time it is a tall human or a short human who will use VR 
the mannequin has to change measurements. Otherwise it will be difficult 

to see 

Figure 6: How to make measurement of the real arm, hand and fingers in VR 
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6. Discussion  

6.1. Discussion of the results 

The thesis result shows that the designers at Volvo need to work with VR more. In that case it 

will make it easier for the designer and engineers to understand the product which is being 

designed. Just sitting in front of the computer screen does not give a good enough perception 

of the designed component. A good perception is when the design is being added in a VR 

environment. Here, the designer will see the product in scale 1:1 which will make it easier. 

The designers will be able to mark the errors on the product in VR and later correcting it. 

Thanks to VR there will be no need to do a first prototype unless it is a specific requirement. 

It will lead to reduction of redesign and prototyping. Today's problems at Volvo are time, 

money, redesigns and collection of/giving information. Virtual build (VB) will give the 

opportunity to get it right at the first time and to consider human factors. The difference 

between virtual and manual build is that virtual build is economically satisfactory and takes 

less time (Labussiere,2013). The use of VB will give quality, safety, less cost and save time. 

One of the features in VR is that when the designer is in the VR-world and wants to show or 

discuss the new design with a colleague, then there is an option to add people in to the VR. 

This is an exchange of information in a fast way in real time. Another advantage with VR is 

that it will give a good overview of ergonomics as the person testing the VR-system can 

experiment with different positions, tools, access angle etc. There is also a possibility to 

replay the entire session from a third person view to see themselves in action. The designer 

will take the role of an assembly worker. The designer will see and feel where the 

ergonomics is unsatisfactory by trying to attach components. Lesser ergonomics will bring 

more injuries and that will cost the company a lot of money.  

6.2. Discussion of methods  

During the thesis, several methods have been used to achieve as successful outcome as 

possible. Methods that were used during the data collection phase were brainstorming and 

interviews. The sessions generated very good ideas for the way of working and identification 

of suitable tools to be used in the continued work. The choice of using RULA as an 

ergonomics evaluation method for the mount ability of heat shield was proved to be right and 

showed results according to expectations. The reason for the result of RULA being as 

expected is because the mounting is placed under the engine which is below the level of 

knees, which causes the assembly worker to expose his or her body to uncomfortable 

positions. Both project members have used RULA as a method before and have good 

knowledge of how it should be used. The reason for choosing to have a workshop at ESI-

Group in the software IC.IDO was to learn the software that was used for VR simulations 

during the thesis. The workshop gave the project a new platform for using simulations to 

visualize how the mount ability would be in a “dream scenario”. Another method used during 

the thesis was the PLIBEL method. This method was used to give the project a good 

overview of the mount ability (clearance, clash) and ergonomics (reachability). 

Unfortunately, there was limited data in the area that the project should cover, therefore 

further ergonomics analysis could not be conducted. 
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6.3. Critical review  

From the very beginning the idea of including VR in the project has been there. In that way 

the project got evolved. Virtual reality gave the thesis a good push after few weeks of 

interviews with different people for understanding how GTO interacts with GTT. The tools 

that were borrowed gave the thesis a chance to see different environment and cases in VR.  

What should have been done to reach better result, is to look more at different methods that 

show even more reliable results. What could also make the assembly work better was to 

adjust the position of the engine when a RULA-PLIBEL analysis was made.  

 

Three important things must be discussed: environmental aspects, human aspects and last but 

not least the society aspects. Regarding the environment aspect there is nothing to worry 

about because there will not be much recycling. No unnecessary physical prototypes, no more 

recycling that will damage the environment. Thanks to the high level of technologies there is 

a chance to keep the World healthy.  

Being able to investigate the ergonomics aspects through VR is a fantastic progress for not 

only the humans in the industries but also for the humans that work in other places where 

good ergonomics may not exist, through visualization of the situation at hand. The society 

should take advantage of VR because VR simplifies the work for all workers and keep them 

satisfied and safe at their workplaces. For continuation of implementation of VR there is a 

need to develop software models. Modelling of workstations, mannequins and components is 

the main part in the VR system. 
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7. Conclusion 

The conclusion from this thesis is that the VR use during the design phase is growing. It can 

be a big help in identification of problems on for example ergonomics, packing and mount 

ability. By using VR, it is possible to develop a VP (Virtual prototype) to do an assembly 

simulation to evaluate the design of the component. The examination of parts and assemblies 

that VR can be used for are not only in the design phase of new products, but it can also be 

used by aftermarket for evaluation of maintainability of the truck. This would work in the 

same way as the mounting in VR but “backwards” as the aftermarket removes components 

instead of mounting them. The projects results have shown that virtual reality can be used for 

ergonomics, but that is just one of many user areas. Other areas where VR can be used are to 

get a first overview of the packing of the different components to make sure that it fits 

without any collisions, to make it as similar to the reality as possible, a VP must be used. The 

third area where VR can be used is to get a good overview of the mounting ability and 

accessibility.  

The project has achieved to give a basis for cooperation between Volvo Trucks Tuve and 

ESI-Group. Volvo Trucks will try out the same software and hardware this thesis work used, 

but now with their current user cases.  

The only obstacle for using VR on broader scale is the cost of the equipment, both hardware 

and software. Despite this we strongly advocate for its use as standard tool in ergonomics 

studies.  

 



 

 

 

References 

18 
 

References  

Internet / Volvo Intranet  

Labussiere, M. (2013). Virtual build saves time and money, Retrieved: 10 April 2018 from 

Volvo intranet 

 

Volvo Trucks (2018), Driving progress for decades, Retrived: 14 March 2018 from 

http://www.volvotrucks.com/en-en/about-us/history.html  

 

Volvo Group (2018), Från Hisingen ut i världen, Retrieved: 14 March 2018 from 

http://www.volvogroup.se/sv-se/about-us/history-and-r-d-milestones/from-hisingen-to-the-

world.html 

 

Volvo Trucks (2018). Back in the roaring ´20s, Retrieved: 14 March 2018 from 

http://www.volvotrucks.com/en-en/about-us/history/1920s.html  

 

Volvo Trucks (2018). Breaking new ground, Retrieved: 16 March 2018 from 

http://www.volvotrucks.com/en-en/about-us/history/1930s.html  

Literature 

Bohgard, M., Lovén, E., Karlsson, S., Mårtensson, L., Rose, L., Mikaelsson, L.-Å., Osvalder, 

A.-L., Ulfvengren, P., (2015) Arbete och Teknik på Människans Villkor (uppl. 3:1) (ss. 14 - 

15). Solna: Prevent ISBN: 978-91-7365-195-0. 

 

Bergman, B., Klefsjö, B. (2012) Kvalitet från Behov till Användning (uppl. 5:1) (ss. 162 - 

163). IBSN: 978-91-44-07825-0. 

 

Information booklet from Volvo Trucks. Driving Progress (2015) - Volvo Trucks, This is who 

we are.   

 

Jacobsen, D.I., Thorsvik, J., (2008) Hur Moderna Organisationer Fungerar (uppl.3:5)  

(ss.44-45) ISBN: 978-91-44-04780-5 

 

Karlsson, S., Rose, L., Osvalder, A.L. (2015) Arbete och Teknik på Människans Villkor (uppl. 

3:1) (ss. 554 - 555). Solna: Prevent ISBN: 978-91-7365-195-0. 

 

Karlsson, S., Rose, L., Osvalder, A.L. (2015) Arbete och Teknik på Människans Villkor (uppl. 

3:1) (ss. 542 - 543). Solna: Prevent ISBN: 978-91-7365-195-0. 



 

 

 

References 

19 
 

Previous work 

Abidi H, M., El-Tamimi, A.M., Al-Ahmari, A.M., Darwish, S.M., Rasheed, M.S. (2013), 

Virtual Ergonomic Assessment of First Saudi Arabian Designed Car in a Semi-Immersive 

Environment, Jurnal: Procedia Engineering No 64, pp 622-631 

https://ac.els-cdn.com/S1877705813016512/1-s2.0-S1877705813016512-

main.pdf?_tid=3837a2ff-69db-488b-84d0-

d17d02bbab1f&acdnat=1524675416_6a258bb361571325062f752b0741182e  

 

Andersson, P., Andreasson, J. Virtual Reality in Maintainability (2017), Gothenburg, 

Sweden: Chalmers University of Technology, 

http://publications.lib.chalmers.se/records/fulltext/250422/250422.pdf  

 

Gomes De.Sá, A., Zachmann, G. (1999), Virtual reality as a tool for verification of assembly 

and maintenance process, Jurnal: Computers & Graphics No 23, pp 389-403  

https://ac.els-cdn.com/S0097849399000473/1-s2.0-S0097849399000473-

main.pdf?_tid=59a99fca-193a-40be-8ce9-

3edfb633e83c&acdnat=1526402954_ffa47ee14421adbf77976b458c68bffe  

 

Eklund, A.E. J. (1995), Relationship between ergonomics and quality in assembly work, 

Journal: Applied Ergonomics Vol 26, No 1, pp15-20, https://ac.els-

cdn.com/000368709595747N/1-s2.0-000368709595747N-main.pdf?_tid=c30dc61e-1c2a-

45fc-8a28-121a8f6dcf7d&acdnat=1526403127_12d23a8730896190d6b8c03dedc26792  

 

Eklund, A.E. J. (1999), Ergonomics and Quality Management—Humans in Interaction With 

Technology, Work Environment, and Organization, International Journal of Occupational 

Safety and Ergonomics, 5:2, 143-160, DOI: 10.1080/10803548.1999.11076416 

 

Kemmlert, K. On the Identification and Prevention of Ergonomic Risk Factors (1997:2), 

Luleå University of Technology, 

https://gupea.ub.gu.se/bitstream/2077/4171/1/ah1997_02.pdf  

 

Wikström, B.-O., & Hägg, G. (19 – 20 March 1999). International Seminar on Corporate 

Initiatives in Ergonomics. Stockholm, Stockholms län, Sweden: National Institute for 

Working Life. https://gupea.ub.gu.se/bitstream/2077/4220/1/ah1999_10.pdf  



 

 

 

Pictures and Figures 

20 
 

Pictures and Figures 

Figure 1: “Different body parts, PLIBEL screening” - Own drawing, 26 March 2018 

Figure 2: “VR equipment that were used during simulations” 

Figure 3: “Data transfer & conversion” 

Figure 4: “VR-simulation on user case “Heat shield” without loads” 

Figure 5: “VR-simulation on user case “Heat shield” with different loads” 

Figure 6: “How to make measurement of the real arm, hand and fingers in VR” 

Figure 7: “Adjusting settings for the Mannequin, different hands and body position” 

Figure 8: “Every time it is a tall human or a short human who will use VR the mannequin has 

to change measurements. Otherwise it will be difficult to see” 
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Attachments 

Appendix 1. Interview questions 

Appendix 2. RULA-analysis of heat shield mounting 

Appendix 3. PLIBEL-analysis of heat shield mounting 

Appendix 4. Process of data collection 



Appendix 1 

 

Interview questions for Technical Preparation Engineer, Ergonomics, 

Tool Designer, Manufacturing Technology Manager, Intro Engineer, 

Service Engineer, Production Manager, Feature Leader 
 

1. When do you think the first approach to ergonomics aspect come into the product 

design process? 

2. Do you think AR/VR would help the designer to get an initial overview of the 

ergonomics of the construction? 

3. When you are the first GTO interface for GTT, what is your role? 

4. What do you think had been facilitated in the work of, for example, the designers 

regarding ergonomics aspects when assembling the construction, they have designed 

or are going to construct? 

5. Does Volvo use any system today to make early ergonomics analyses? 

6. How do you evaluate whether Volvo should use a new system or not? 

7. Previously, tests have been made to use AR in assembly, how was the result? 

8. How does your team work with ergonomics, how do you see as the production 

manager at the ergonomic aspects? 

9. Has there been any previous work in the field of ergonomics? 

10. Does GTT only look at the ergonomics aspects for the driver/user? 

11. Who is in charge for a design is ergonomically designed for mounting? 

 

 

 

Interview questions about the software, IC.IDO for ESI-Group 
 

1. Is it possible to “import” a factory environment into the VR environment? 

2. How is the evaluation system configured in the software, or does the operator need to 

do the analysis himself or herself? 

3. What sort of mannequin is used? 

4. Is it possible to do analysis for several people, (several percentiles, such as a whole 

family)? 

5. Is it possible to save the operation in VR to a movie format? 

6. Is it just a movie or is it also a simulation where adjustment is possible? 

7. Can the software include any ergonomics validations method like RULA, REBA, 

OWAS, NASA-OBI? 

 



Appendix 2 

 



Appendix 3

14. Is it any repetitions of following:

a. Same work movements?

b. Same work movements without comfortable reach?

15. Is it repetitive or longlasting manual work? Describe significant facts such as:

a. Work material respective tool weight

b. Work material respektive tool grippability

16. Is the work visually demanding?

17. Does the repeated work occur in forearm and hand in following ways:

a. Twisting movements?                    c. Uncomfortable handgrip

b. Power grip                                      d. key or keypads

1. Is the floor uneven, sloping, slippery or dumb?

2. Is there enough room for work movements?

3. Are the tools and other devices unsuitable?

4. Is the work heitht poorly adapted?

5. Is the work chair designed badly or poorly set?

10. How is the neck position?

a. Forward bent?

b. Bent to the side or slighty twisted?

c. Strongly twisted?

d. Backward bent?

11. Is there any manual lift of the following:

a. Repetitions                           e. Handling outside the forearm distance

b. Weight load                          f. Handling under knee height

c. Grippability                           g. Handling under axle height

d. Lifts

12. Repetitions, longlasting or uncomforable carrying, pushing or pulling of loads?

13. Does there exist longlasting work with forward or outward unsupported arm?

6. Is there any opportunity to sit and rest when standing work?

7. Does tricky pedal work occur?
8. Is tireding leg work done e.g?

a. Repetivite uprising of a stool or steps?

b. Repetivite jumps, longlasting squatting or knee-pounding?

c. Is one leg used more as a "support leg"?

9. Is the work preformed long time or repeated work with the back:

a. Moderately forward bent?

b. Strong forward?

c. Side elevation or moderately twisted?

d. Strongly twisted?

15. No tools needed

16. Yes, need to 

locate the 

component to 

mountly it correct.

15. No tools needed

17. a & c. To mount 

it is needed to do 

twisting 

movements in hand 

at the same time as 

it is in 

a uncomfortable 

handgrip. 

11. C. The component 

is not so grippfrendly 

becouse it is bigger 

then the hand.

F. The assembly 

worker need to bend 

the knees to get in the 

right position, gives 

stress in the limbar. 

G. The assembly 

worker need to bend 

forward with the 

upper body to come in 

the right posistion, 

gives stress in the 

limbar.

2. Both yes and no, 

the assembler 

needs to be lean 

forward  and that 

gives the lumbar a 

movement limit.

3. Lumber slitly 

forward bent and 

twisted

4. No, the work heitht 

is well adapted

5.No chair available or 

accepted in the 

mounting line.

6. No chair available 

or accepted in the 

mounting line.

2. Yes, there is space 

for movement of the 

hips and knees

3. No, tools needed

6. No chair available 

or accepted in the 

mounting line.

7. No
8. C. Left leg is used as 

a "support leg".8. c. Left leg is used as

 a "support leg". The 

ankle have a 

unconfortable position

8. C. Left leg is used as 

a "support leg".

The lumbar is a bit 

twisted.

9. C. Side elevation 

and moderately 

twisted, that gives the 

lumbar a 

unconfortable position

5. No chair available 

or accepted in the 

mounting line.

12. No, the assembly 

is not that common, 

it is a version on the 

engine

14. a. Yes the 

assembly needs to 

do on the both side 

of the engine

2. Yes, there is space for 

movement of the feet

3. No, tools using feet

 needed 

6. No chair available 

or accepted in the 

mounting line.

7. No

1. Yes, feet take up

 the force and  transfer 

to hips and knees

1. Yes, hips and knees 

take up the force from 

the floor

1. No

14. a. Yes the 

assembly needs to 

do done on the both 

side of the engine

2. No, it is crowded 

and difficult to 

access

3. Yes, Hand twists 

and pushes to 

mount the 

component

9. C. Side elevation 

and moderately 

twisted

10. B. the necks 

position is bent to 

the side and slighty 

twisted

11. C. The 

component is not so 

grippfrendly becouse 

it is bigger then the 

hand.

F. The assembly 

worker need to bend 

the knees to get in 

the right position. 

G. The assembly 

worker need to bend 

forward with the 

upper body to come 

in the right posistion

12. No, the assembly 

is not that

 common, it is a 

version on the engine

13. Yes, the arm does 

not have any 

support underneath 

to help it to hold up 

the comenent

2. No, it is not 

possible to

 raise the engine to 

get a comfortable 

working position

3. No, extrnal tools 

needed

4. No, the work 

height is well 

adapted.

Neck/Shoulders/

Thoracic

Elbows/Forearms/Ha

nds

Feet Hips and knees Lumbar



Process Start
Meeting with commissioned and supervisor at 

Volvo GTO
GANTT-schedule

Process of data collection

Introduction & Interviews
Start presentation for Volvo GTO

Interview with different people at GTO and GTT
Meeting with ESI-group

Specification
Define the user case for the project

Information collection
Researches in relevant areas (Ergonomics and VR) 

for theoretical framework

Preparation
Workshop in IC.IDO at ESI-Group

Critical review
Develop a foundation for designers at the first 

ergonomics assessment of the design

Appendix 4
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