
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Active and Passive Safety for Ultra 
Light Roof Models 

 
IVSS Project Report 



The IVSS Programme 
 
The IVSS programme was set up to stimulate research and development for the road 
safety of the future. The end result will probably be new, smart technologies and new IT 
systems that will help reduce the number of traffic-related fatalities and serious injuries.  

IVSS projects shall meet the following three criteria: road safety, economic growth and 
commercially marketable technical systems. 

 

Three interacting components - for better safety, growth and competitiveness: 

The human being 

Preventive solutions based on the vehicle’s most important component. 

The road 

Intelligent systems designed to increase security for all road users. 

The vehicle 

Active safety through pro-active technology. 

 

• Injury prevention 
• Crash avoidance 

• Business growth 
on a global market 

• Product excellence 
• Premium requirements 
• Cost 

IVSS 
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1. Summary 

This project aims to study the possibilities of a modularized light weight design of an 
upper body structure, produced in a cost effective way that fulfils future demands in 
active safety (vision, vehicle dynamics) and passive safety. The project has focused on 
three areas; Improved vision, improved vehicle dynamics and modularized upper body 
structure. 
 
The reference car of this project has been a Volvo V50. All structural changes have been 
adjusted to fit surrounding structure.  
 
To increase the field of vision for the driver, the structure of the upper body pillars and 
surrounding components were optimize with regards to vision and passive safety. 
To evaluate the results two numerical (objective) and one subjective method were used. 
In both objective and subjective tests the projects solution show great improvement in the 
drivers vision field and perceptiveness compared to V50. 
 
Improvement in vehicle dynamics is obtained by reducing weigh in the upper body 
structure since lowering the cars centre of gravity results in a reduced risk of roll-over 
accidents and better handling of the car. To reduce the weight in the upper structure both 
the roof and the body side were investigated. The total weight saving were 16 kg per 
upper body.  
Both a static and a dynamic test were done to evaluate the weight reductions influence on 
vehicle dynamics. These tests are the same as NTHSA (National Highway Traffic Safety) 
uses.  In the static roll over test the weight saving lead to an increase in rating from 4 to 5 
stars. In the dynamic handling test was no improvement notified. 

The pillars and body side outer were modularised in the upper body structure to make it 
more cost effective to produce. This would facilitate the production of more car model 
variants from the same platform; it would enable more design freedom and more upper 
body variants to a lower cost. Both a business case study, a design study and a painted 
reinforcement study supports these conclusions. 
 
Overall are the results very positive but more process verification and tolerance studies 
needs to be performed in order to come to a decision of industrialisation.  
 



2. Sammanfattning 

Detta projekt syftar till att studera möjligheten till en kostnadseffektiv modulariserad 
lättviktskonstruktion av en bils överbyggnadsstruktur som uppfyller framtida krav på 
aktiv säkerhet med avseende på sikt och fordonsdynamik samt på passiv säkerhet. 
 
Projektet har arbetat med tre huvudmål; ökad sikt, förbättrad fordonsdynamik och 
modulariserad överbyggnad. Volvo V50 har varit referensobjekt. 
 
Genom att optimera A-stolpen och omkringliggande struktur emot sikt och passiv 
säkerhet har siktfältet för föraren kunnat utökas. Två numeriska (objektiva) och en 
subjektiv utvärdering av siktresultaten har genomförts. I alla utvärderingar har projektets 
konstruktionslösning fått betydligt högre rating än V50. 
 
Förbättrad fordonsdynamik fås genom lättare överbyggnad. Viktminskning i 
överbygganden genomfördes genom att ändra material i takpanelen och ersätta dagens 
helsida yttre med tre lösa artiklar. Total viktnedgång var 16 kg. Både NTHSA:s (National 
Highway Traffic Safety) statiska och dynamiska prov utfördes på konstruktionen. 
Resultatet för det statiska provet blev en förbättring från 4 stjärnor (V50) till 5 stjärnor i 
roll-over rating. Ingen förbättring kunde uppmätas på det dynamiska provet. 
 
Kostnadseffektivisering kan fås genom en modulariserad struktur som har högre andel 
gemensamma artiklar och bättre materialutnyttjande. Stolparna och yttre helsidan 
utreddes med avseende på modularisering. Att frångå en helsida ger ökad designfrihet, 
bättre sidokrocksprestanda, bättre materialutnyttjande och lägre verktygskostnader. 
Dessutom kommer fler modeller från varje plattform att kunna produceras. 
 
Generellt är resultaten bra men process konsekvenser och toleransstudier måste 
genomföras mer grundligt än vad som är möjligt i detta projektet. 
 
 



3. Project results 

3.1. Par tners 

The project consisted of three partners: Volvo Car Corporation, Finnveden Metal 
Structure and Caran.  

This project started in June 2005 and finished in May 2007. It was divided into three 
phases 

Phase 1. Concept generation. Brainstorming and information gathering. Forming 
measurable goals for sight, weight and modularization. 

Phase 2.Concept ver ification. Construction solutions verify towards passive (crash) and 
active (sight, weight) safety. 

Phase 3. System development. Process and production verification. Design and business 
case study.  

3.2. Introduction 

A lot of work has been carried out in the area of passive safety (passenger belts, airbags, 
energy absorption etc) and active safety/active systems (ABS, DSC etc). The increased 
strength of the structure has resulted in increased passive safety, but also in increased 
weight which affects the centre of gravity of the car. The structural components tend also 
to occupy more space which affects the possibilities of good vision. 
The traditional way of building car bodies in high volumes (spot welded monocoques in 
carbon steel) limits the possibilities to introduce new materials and new manufacturing 
processes. Further this also limits the possibility to, in a cost efficient way, meet the 
market demands of new variants (SUV, cabriolets, FUV, glass roof etc). 
This project aims to study the possibilities of a modularized light weight design of an 
upper body structure, produced in a cost effective way that fulfils future demands in 
active safety (vision, vehicle dynamics) and passive safety.  
 
The reference car of this project has been a Volvo V50. All structural changes have been 
adjusted to fit surrounding structure.  

3.3. Vision - active safety 

The aim was to increase the field of vision for the driver by optimize the structure of the 
upper body pillars and surrounding components. The following changes were made: 



·  Reduce and sight optimized the structural part of upper A-pillar. Adjusting front 
door ring frame. 

·  Change door sealing concept 
·  Move outer rear-view mirror  
·  Reduce the black off and fade off area on the windscreen  
·  Reduce the trim panel of the upper B-pillar 
 

To evaluate the results, two numerical (objective) and one subjective method were used. 
Monocular  Analyse is performed in a horizontal plane 360° around the drivers centred 
eye position. The result is displayed in ° of hidden areas (pillars) and sight openings. 
Ambinocular  analyse is a projection from the eye position to a sphere outside the car. 
Hidden areas create blank fields and all, for the driver, visible areas are divided into 
colourer coded fields.  All together this gives a rating of the driver sight filed. 
 
 
 
 
 
 
 
 
 
 
 
 
Sight simulation analyse was performed by 15 test persons in VCC:s ergonomic 
department. The test panel compared the new construction to the V50 in a virtual small 
town environment. The test was focusing on forward, sideways and rearward sight and all 
test persons were both a short and a tall person during the simulation.  
 
In both objective and subjective tests the projects solution show great improvement in the 
drivers vision field and perceptiveness compared to V50. 
 
For the construction changes in the A-pillar and door ring frame it exist verified CAD 
models. The door sealing concept is well known. The movement of rear view mirror and 
the reduced black off is only verified for vision, not production. 

3.4. Vehicle dynamics – Active safety 

The aim was to reduce the weight of the upper structure which would lower the cars 
centre of gravity, which would result in a reduced risk of roll-over accidents and better 
handling of the car. The following actions were made: 

·  Reduce today’s body side outer 
·  Change material of the roof 

Figure 1 Monocular  analyse, blue angels are hidden areas. Ambinocular  analyse picture. Sight 
simulation sideway sight 



 
The total weight reduction of reducing the body side outer was 10 kg per vehicle. To 
improve crash worthiness to future passive safety demands was the reinforcement side 
structure reconstructed in high strength boron steel. This added 2 kg per body. The total 
weight reduction was 8 kg per upper structure.  

If aluminium should be used in the roof panel it should save 8 kg in total. This projects 
construction solution allows the roof panel to be fixated to the roof structure with a 
variant of different joining methods since the roof ditch is covered by the cant rail panel.  

Magnesium was also investigated for the roof panel. It is clear that the shape must change 
and become much easier to form in order for magnesium to be an option.  

Both a static and a dynamic test were done to evaluate the weight reductions influence on 
vehicle dynamics. These tests are the same as NTHSA (National Highway Traffic Safety) 
uses.  

The total weight reduction was 16 kg per body resulted in an increase in rating from 4 to 
5 stars the static roll over test. In the dynamic handling test was no improvement notified. 

3.5. Modular ised upper  structure – cost efficiency  

The aim was to modularised the upper body structure and make it more cost effective to 
produce. This would facilitate the production of more car model variants from the same 
platform. It would enable more upper body variants to a lower cost which would 
influence positive on the companies’  competitiveness and growth. The following actions 
were made: 

·  Introduce divided tool which enables common lower B- and C-pillars for the 
whole platform and unique upper pillar for each model.  

·  Reduce the body side outer 
 
A study of B-pillars in different cars showed that it does not differ so much in the lower 
part of the pillar. The largest different was in the pillars position on the sill (variations in 
x) and the length of the pillar (variations in z) 
 
By using a divided tool with exchangeable upper part it is possible to have flexibility in 
the pillar design without a weld of any kind in the pillar that would reduce the structural 
strength and though the crash behaviour. By having a sill with constant cross section the 
pillar is flexible in x-position. By using different inserts in the tool the upper part can 
vary in length (z) and in form. The divided tool will save investment cost. Instead of 
producing a new tool for each pillar only a smaller upper tool insert needs to be produced 
for each unique pillar. In this project both B-pillar and C-pillar have been investigated 
and found feasible for divided tool. 



Reduced body side outer has many advantages with regards to modularisation and cost 
reduction. There will be reduced tool cost and material cost and increased possibilities for 
commonality and design freedom. The drawbacks investment in the weld shop and 
change B-pillar reinforcement concept. 

A business case study was performed and the result was positive. 

3.6. General ver ification 

All CAD models produced in this project have been verified towards passive safety, 
forming simulation and production feasibility. All issues are not completely solved, but 
that is not possible in this stage. It has been verified that all proposed solutions can be 
implemented. 
 
A surface quality study for painted reinforcement parts has also been produced. 
Reinforcements in boron steel fulfil the optical quality for door opening areas which is a 
requirement for reduced body side outer. 
 
To ensure that the reduced body side outer is commercial acceptable a design study was 
made. A VCC designer created a family of cars which all had visible division lines 
(reduced body side) and to a large extent common lower pillars, doors and overhangs.  

3.7. This projects contr ibution to IVSS objectives 

3.7.1. Traffic safety 

Giving the driver larger vision field improves the possibility to see and interpretate the on 
going traffic situation. This project has pointed out different actions that will increase the 
vision field but also how design driven changes will effect the driver’s vision field.  
 
Reducing the weight in the upper body structure will influence positively and reduce the 
vehicles roll-over tendency. 
 
Removing the body side outer panel from door opening area enables the reinforcements 
to have more effective cross sections and react faster in a side crash situation. Side 
crashes are among the deadliest accidents and being able to “move out”  reinforcement 
articles a number of mm and involve the door structure more will influence crash 
performance very positively. 

3.7.2. Global business growth 

If the outer panels are moved to the assembly shop it will be possibly for subcontractors 
to produce these panels in a variety of different materials and colures. 



3.7.3. Competitiveness 

It will be possible to produce more car models from the same platform to a lower cost 
than today. By increasing the commonality between different car models and at the same 
time allow more design freedom and possibility to visually differentiate these car models 
will enable shorter developing phase and more car models to a lower cost. 
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