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Publishable summary 
 
The following report summarizes the results of activities dedicated to the definition, evaluation 
and finally selection of basic principles and design concepts applicable to side underrun 
protection (short SUP) in heavy vehicles. Suggestions for solutions of this kind were gathered 
during a brainstorming session. The principal aim of the systems is to protect passenger car 
occupants in lateral collisions with heavy vehicles. Both integrated and add-on systems are 
covered in the comparison. Definition, evaluation and selection of the concepts were done 
against two major accident scenarios, namely a perpendicular and a sliding impact. Criteria for 
the evaluation of basic concepts were established covering the aspects of cost and benefits. 
Among benefits, a distinction is made between the two accident scenarios. The evaluation itself 
was performed independently by the partners involved in the work package. It was based on 
comparison of various solutions with a reference system, namely the current lateral protection 
system - which is optimised to protect vulnerable road users only – strengthened to withstand a 
perpendicular collision with an average passenger car at an impact speed of 30 kph.  
 
As result of the evaluation, three concepts were selected for further study, including more detailed 
evaluation using FEM analysis. These are 
 

·  a design comparable to current legislation front and rear underrun protection moved to 
the side, covering the area between front and rear wheels (truck) or between tractor and 
semitrailer wheels) 

·  a deflection device 
·  an energy absorbing toolbox 
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1  Introduction 

1.1 Problem Definition 

 
The basic aim of APROSYS work package 2.2 is to improve the level of protection afforded to 
passenger car (PC) occupants involved in lateral collisions with heavy vehicles (HV). This added 
protection is to be realised on the side of the heavy vehicle alone. Measures aimed at adapting 
the crashworthiness of passenger cars are out of the scope of this task (so it will only address 
improvements to the trailer or heavy vehicle). On the part of the heavy vehicle, the focus is not 
restricted to passive safety. Also concepts that can be categorised as active safety were 
considered (e.g. by improving conspicuity). Active safety measures, however, were excluded from 
the benefit-analysis.  
 
Heavy vehicle types addressed by the concepts under study include trucks and semitrailers, but 
not buses or special types of heavy vehicles (e.g. heavy vehicles for use on construction sites, 
facing special restrictions due to their typical service conditions e.g. in terms of geometry which 
do not allow fixing of lateral protection systems). 
 
The general problem has several aspects, some of which are described in the following table. 
The third column gives an explanation of the keyword in column 2.  
 
 
Table 1: Explanation of terms related to problem de finition in the field of HV lateral 
protection 
No. Aspect Explanation/comment - 

Conclusion (scope of current study) 
1 underrun Due to a lack of compatibility between heavy vehicle 

(HV) side structure and passenger car (PC), the 
crush zone of the latter is usually inactive in side 
crashes in the area between the wheels of heavy 
vehicles. Instead, the PC’s A-pillars are often hit by 
the structural frame of the HV (see 6) – Solutions 
should consider geometric compatibility and structural 
interaction. 

2 intrusion of passenger 
compartment 

Since the crush zone of the PC is inactive (see 1), 
intrusions into the passenger compartment are more 
likely than in accidents with other PCs – Solutions 
should incorporate means to counteract intrusion. 

3 deflection In cases of sliding impact (small angle between 
longitudinal axis of PC and HV), deflection of the PC 
can avoid underrun, though secondary impacts may 
become a new concern – Deflection will be 
considered as viable means towards the aim of the 
project. Secondary impact risk will be taken into 
account. 

4 structural interaction The lack of sufficient structural interaction due to 
geometric/structural incompatibility (see 6) results in 
higher probability of underrun (see 1) and an 
increased risk of intrusion in PC vs. HV collisions – 
(see 6). 

5 trapping Trapping of the PC may be preferable to deflection 
(see 3) from the point of view of secondary impacts. 
In practice, trapping can occur in current accident 
scenarios when wheels are hit.  
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No. Aspect Explanation/comment - 
Conclusion (scope of current study) 

6 compatibility 
(mass, geometry, structure) 

The deficiencies in matching/lack of compatibility 
between HV and PC lead to several problems – 
geometric incompatibility allows underrun, the 
difference in mass renders deceleration a problem of 
the PC occupant, and due to lack of structural 
interaction, the PCs crush zone does not help him in 
coping with it – Since the mass issue cannot be 
addressed, special attention needs to be paid to 
assuring geometric compatibility and 
controlled/optimum structural interaction specifically 
involving PC deformation zones.   

7 deceleration Deceleration pulses acting on the PC occupants need 
to be limited to a sustainable level. Current HV 
structures hit by PCs are rigid and/or incompatible 
with PC crush zones (see 6) – Remedies can be to 
offer deformation zones on the HV or to make best 
use of PC deformation zones. 

8 materials Ideas for new/improved protection systems can also 
be based on alternative/advanced materials like 
composites, energy absorbing materials, etc. 
Intelligent/new combinations of standard materials 
are also to be considered.  

9 failure The failure of a system should be avoided, or, if not 
avoidable, it should occur in a predictable and/or 
harmless manner. 

10 scenario 
(speed, angle, impact location) 

Different accident scenarios are likely to require 
different protective solutions. Thus a limitation of 
scenarios covered is needed, which should be based 
on frequency of scenarios and severity of 
consequences – 90 degree (perpendicular) and small 
angle sliding impact will be considered.  

11 conspicuity There is a certain likelihood that many accidents 
might be avoided given a better conspicuity of HVs – 
Measures to improve conspicuity are included among 
the concepts and will be subject to evaluation. 
Results, however, need special attention in this case. 
Comparison of other systems is done assuming that 
an accident cannot be avoided. 

12 cost-benefit Cost pressure on HV and trailer manufacturers is very 
high, thus affordability of solutions needs to have a 
high focus. Due to gross weight limitations, weight is 
similarly critical, since additions in weight are 
accompanied by reductions in payload. From the 
society’s point of view, benefit of reduced 
fatality/injury numbers might justify regulations 
requiring HV side underrun protection. A balance has 
to be found. 

13 feasibility Viable solutions need to be technically feasible in 
themselves, and they need to comply with the 
boundary conditions that exist for the HV industry. 
This covers e.g. the conditions of use of the vehicles 
(e.g. problem of ferry passages and RUP), the 
compatibility with established manufacturing 
processes etc. -   



APROSYS Project                                                                                       AP-SP22-0018  
FINAL 

 8/30 

No. Aspect Explanation/comment - 
Conclusion (scope of current study) 

14 truck/trailer A difference needs to be made between truck and 
semitrailer truck configurations. This affects several 
points, including the frequency of specifc accident 
scenarios – Both types of HV will be considered in 
this subproject. 

15 Injury mechanisms Knowledge of injury mechanisms is a prerequisite to 
definition of injury level mitigation measures, and thus 
the most relevant injury mechanisms for the 
scenarios (see 10) considered need to be determined 
and taken into account when developing SUP (side 
underrun protection) systems – Limiting intrusion and 
deceleration will be considered as effective possibility 
to mitigate the major types of injuries seen in PC-HV 
accidents. Increase of conspicuity could also improve 
the situation. A study on influence of selected design 
concepts on injury mechanisms will be conducted 
following the general concept evaluation described 
here. 

16 add-on/integrated solutions Effective PC occupant protection can be achieved by 
systems that need a redesign of the HV and can thus 
only be realised in new products, or on solutions that 
allow retrofitting and can thus be applied to the 
existing HV fleet – Both types of systems will be 
considered and compared in terms of their expected 
effect. However, no class-champions will be selected: 
Integrated systems have to compete directly with 
add-on solutions.   

17 age of opponent cars The consequences of solutions may differ based on 
whether the opposing PC represents an older or 
newer technological standard, especially in those 
cases where protection is based on making better 
use of PC passive safety – Solutions should be 
adapted to today’s technological standard. However, 
it must be made sure that they do not have a 
dramatically negative effect on older PCs.  

 
Summing up, the evaluation of concepts will compare costs and benefits of various lateral 
protection system concepts. Add-on and integrated systems will be included in the comparison; 
however, the characteristic in itself is irrelevant for the evaluation. Concept definition will focus on 
two basic accident scenarios which were identified as most relevant in terms of frequency and 
severity. [5]. 
 

1.2 Accident scenarios 

As stated above, the two major accident scenarios have been identified as reference cases 
against which the performance of lateral protection systems is to be judged. These are [5]: 
 

·  A sliding impact with both vehicles travelling in opposite direction prior to the accident 
(rural scenario). The passenger car hits the heavy vehicle side under a small angle. The 
relative speed is high in this scenario. 

·  A perpendicular collision (urban scenario): The passenger car is impacting the side of the 
HGV perpendicularly. This scenario also includes accidents, where both vehicles were 
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proceeding in the same/opposite direction prior to the HGV turning to the left or right. The 
passenger car – not able to avoid the collision – impacts the HGV side.  

 
It should be stressed, that perpendicular (or sliding) accidents do not take place in urban (or rural) 
surroundings exclusively. It was, however, perceived that perpendicular (or sliding) accidents 
most frequently take place in urban (or rural) surroundings. 
 
 
Table 2 and Table 3 are briefly summarizing the two scenarios and their peculiarities. A detailed 
description of the accident analysis and the accident scenarios can be found in document AP-
SP22.0019 [5]. 
 
Table 2: Sliding Impact Scenario (Rural Scenario) [ 5] 

 

 
Priority 1st 
Description The PC is approaching the HGV under acute angle with a 

75th percentile velocity of 75kph. The HGV is travelling at 
40kph (75th percentile velocity). The direction of impact 
(short: DOI) with respect to the HGV most frequently is 11 
o’clock, while being 12 o’clock for the PC. 

Aim (1) deflect the PC, to prevent that vehicle tires catch 
each other 

(2) distribute load more equally over passenger car’s 
front 

(3) provide energy absorbing structure fixed to HGV 1 
Critical Areas Whole area ahead of last axle 
Type of Injuries (1) Injury risk due to intrusions into the footwell and into 

the near side roof.  
(2) Injury risk due to accelerations 

Accelerations Critical level of accelerations 
Energy Absorption HGV: none 

PC: near side wheelhouse, roof and footwell 
Loading PC load paths are unused 

Uneven loading over the vehicle width 

                                                      
 
 
1 Some of these accidents are characterised by a very small overlap. The loads either should be distributed 
over larger areas of the passenger car’s front, to avoid local loading, or the level of forces should be 
reduced by energy absorbing structures. 

� �� �����	
�

� ��� �
���	
�

�������������������������������
���������
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Table 3: Perpendicular Impact Scenario (Urban Scena rio) [5] 
 

 
Priority 2 nd 
Description The PC is approaching the HGV perpendicularly with a 75th 

percentile velocity of 65kph. The HGV is travelling at 40kph 
(75th percentile velocity). The direction of impact (short: 
DOI) with respect to the HGV most frequently is 3 o’clock, 
while being 12 o’clock for the PC. 

Aim Reduce intrusion  
Critical Areas (1) area between axles 

(2) area behind the rear axle 
Type of Injuries Injury risk due to intrusions into the roof 
Accelerations Uncritical level of accelerations 
Energy Absorption HGV: aggregates, fuel tank, longitudinal beam 

PC: engine hood, engine, roof 
Loading PC load paths are unused 

Even loading over the vehicle width 
 

� �� �����	
�

� ��� �
���	
�
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1.3 Current regulations wrt. sideguards and hypothe tic reference designs 

 
Lateral protection of heavy vehicles is addressed in the EC-directive 89/297/EEC [3].The primary 
aim in this case is the protection of vulnerable road users. In terms of the acting principles of the 
system, avoiding VRUs being overrun is a major focus. To do so, the systems fill the area 
between front and rear wheels of trucks and trailers or, for semitrailer trucks, the area between 
the semitrailer’s wheels and the tractor. Figure 1 gives an idea of the requirements of the 
regulation cited above. In addition, the main surface of the structure must be less than 120 mm 
inboard of the maximum width of the vehicle, and the rear wheels should not protrude more than 
30 mm at least compared to the rearmost 250 mm of the system.  
 
 
 
 
 
 
 
 
 
 
 
Sideguard dimensions for truck&trailer  
1 N2 and N3 �  300 mm O3 and O4 £ 500 mm 

2 �  350 mm 

3 �  300 mm 

4 �  550 mm 

5 �  300 mm 

6 N2 and O3 ³  50 mm N3 and O4 ³  100 mm 
 

 
 
 
 
 
 
 
 
 
Sideguard dimensions for semi-trailer  
1 �  250 mm 
2 �  350 mm 

3 �  300 mm 

4 �  550 mm 

5 �  300 mm; �  500 mm if steered wheel 

6 O3 ³  50 mm O4 ³  100 mm  

7 ³  2700 mm from centre king pin 
Figure 1:  Current regulation on HV lateral protect ion [2]. 
 
The requirements of the regulation include, besides the geometric relations depicted in Figure 1, 
the ability of the system to withstand a static force of 1000 N, showing only limited deflection. 
Testing to verify compliance with this requirement is done quasi-statically by applying the load to 
any part of the structure’s surface. The actual limits to deflection under this type of loading are 30 
mm over the rearmost 250 mm of the system and 150 mm in any other location. The regulation 
does not cover the exact way, in technical terms, following which these requirements are to be 
met. In particular, it leaves decisions like the selection of suitable materials and the choice of e.g. 
a panel, single or multiple rail concept or combinations of these to the designer. Practical 
solutions follow simple designs usually based on two longitudinal rails (extrusions) positioned one 
over the other and connected to the main longitudinal beams of the truck or semitrailer by means 
of two carrier beams. The EC directive represents a minimum standard.. 
 
The hypothetic system used as reference in the evaluation of concepts is of common 
fundamental design with current solutions as described by the regulation. This includes the basic 
elements forming the required flat surface and their connection to the truck or semitrailer frame, 
i.e. the two main longitudinals of the usual ladder frame design, using two or more carriers, as is 
usual in the practical realisation of such systems. However, in addition to this description, it is 
envisaged that the main elements of this system are strengthened to withstand a perpendicular 
collision with an average passenger car travelling at a speed of approximately 30 kph. Withstand 
means in this case that the system is able to prevent underrun under these conditions. The 
average passenger car is not defined in more detail: Evaluation of concepts is described in more 
detail in a later chapter. Since this action is based on the subjective opinion of work package 2.2 
partners, who use their expertise to judge the various concepts, a further quantification is deemed 
unnecessary. 
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2 Basic Principles and Design Concepts 

2.1 General remarks 

The following table lists and explains the different concepts which were suggested, discussed and 
accepted for the pre-selection of concepts. To facilitate interpretation of diagrams, some general 
remarks are shown below. 
 
Each concept is identified by a number in the first column. The second and third column are 
meant to indicate whether the system is supposed to be an add-on solution, or whether it has to 
be integrated in the HV/trailer structure (and then takes over additional roles with added benefits 
when designed in this way). The fourth column is meant to highlight links and similarities that 
exist between different suggestions, and thus contributes to the intelligibility of the description. 
The fifth column gives the “name” of the suggested principle. Finally, a verbal description of the 
proposition is given in the sixth column. 
 
For directional information used in the description of the concepts, a coordinate system is 
assumed in which the longitudinal axis of the heavy vehicle coincides wih the x-Axis. The y-axis is 
the horizontal direction perpendicular to this, i.e. the direction of impact of a passenger car in a 90 
degree lateral collision with the heavy vehicle. The z-axis is the vertical axis. A similar coordinate 
system is assumed for the passenger car. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Heavy vehicle, side view and section as d epicted in same. 
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Figure 3: Passenger car, side and top view. 
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2.2 List of suggestions 

 
 
Table 4: Overview of proposed design concepts for h eavy vehicle lateral protection 
ID Integr. Add-on Related 

to 
Title/Sketch Description 

1 X X 2, 3, 4 Wedge I (simple) 
 
 
 
 
 
 
 

A wedge-like structure mounted below the heavy vehicle/semi trailer frame 
which exerts a vertical force on the passenger car in a lateral collision 
(preferably 90 degrees or near to it), pressing it down onto the road. 

2 X X 1 Wedge II (active) 
 
 
 
 
 
 
 

A hinged structure is used which is automatically folded down in case an 
imminent accident is recognised. The geometry of the structure is such that in 
the “active position”, the wedge effect as described under “Wedge I” (i.e. 
suggestion no. 1) is achieved. 

3 X X 1 Wedge III (sliding) 
 
 
 
 
 
 
 
 
 

A “double-wedge” design as shown in the drawing with linear guiding in the 
contacting wedge surfaces enforcing downward movement of the outer wedge 
element in case of a collision, or more generally in case the y-component of a 
force exerted on the outer side of the outer wedge element is sufficiently high.  

F 

guiding enforcing 
movement along 
wedge surface 
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ID Integr. Add-on Related  Title/Sketch Description 
4 X X 1,3 Wedge IV (energy 

absorbing sliding) 
 
 
 
 
 
 

To the double-wedge design as described under 4, an energy absorbing 
element in form of a tensile bar is added which dissipates energy by plastic 
deformation (orientation somewhere between vertical and the orientation of 
the guiding).  

5  X 12 Protective Net 
 
 
 
 
 
 

Instead of a rigid structure, a net made e.g. of steel wire/rope covers the side 
of the heavy vehicle and catches cars in lateral collisions. 

6  X 7 FUP to Side Current legislation front underrun protection (FUP) is moved to HV side. 
7  X 6 RUP to side Current legislation rear underrun protection (RUP) moved to HV side. 
8 X X 28, 30 Framework/ 

bus structure 
 
 
 
 
 
 

A framework-type structure is mounted below the current heavy vehicle/semi 
trailer frame. The cross beams act as tensile bars for energy absorption. 
 

9 X X 8 Bus structure Instead of the currently used frame a reinforced framework (like the 
substructure of a bus) could be used (no. 8 except for the tensile bars).   

10  X 8 Energy absorbing toolbox Tool- and palette boxes that are generally situated below the level of the cargo 
compartment floor/structural framework and between wheels are redesigned 
to absorb impact energy. 

11  X  Airbag An airbag is activated once an imminent collision is recognised which 
counteracts or limits underrun.  

F 

tensile bar added for 
energy absorption 
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ID Integr. Add-on Related  Title/Sketch Description 
12  X 5 “Brazilian Solution” 

 
 
 
 
 
 
 
 
 

As shown in the sketch, a protective net is attached to the outer side of the 
HV’s/trailer’s structural frame, or to the side walls. The net is held at its lower 
edge by rods which extend to the main longitudinal beams of the trailer’s 
structural frame.    

13  X 26, 24 Tilting/adaptive 
Sideguard 
 
 
 
 
 
 
 
 

A sideguard attached to the HV’s main structural frame using hinges. This 
could either be a device which is moved to its position when it is needed, or a 
device which uses the “tilting” movement to absorb energy. The hinge itself is 
designed in a way that due to the deformation as much energy as possible is 
absorbed. Therefore the side guard beams need to transfer the bending 
moment to the hinge, where it acts as torsion moment. Then torsion bars 
could be used to dissipate the energy (e.g. like in belt load limiters ). 

14  X  Active Deformable Barrier  The barrier is stored flush with the side of the vehicle. When a sliding collision 
is detected the barriers are pushed outwards to create an offset barrier 
impact. 

15 X X  Beam Solution 
 

A beam along the side of the HV/trailer which covers areas between and 
behind wheels, and possibly the wheels themselves, too. Optionally, this 
beam can act as major or supporting structural member of the HV/trailer 
frame, too. 

16  X 6,7 Reinforced Conventional System The current system for the protection of vulnerable road users, which is 
usually fastened either to the longitudinal beams or the outer side of the main 
structural frame of the HV/trailer, is strengthened to withstand collisions with a 
PC (degree of strengthening is likely to differ depending on whether deflection 
or protection in case of 90-degree-impact is aimed at). 

safety net 

hinge 
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ID Integr. Add-on Related  Title/Sketch Description 
17 X X  Deflection Device 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A device which avoids trapping of an impacting passenger car by the 
axles/wheels using the principle of deflecting incoming cars by means of 
shape/geometry, possibly combined with a specific friction-reduced surface. 
The shape of the device and the angle of the device with respect to the HV 
longitudinal axis need to be optimised to achieve the sliding effect aimed for.  

18  X 16 Two-Beam to Panel Update of the current two beam solution to a panel-based system. 
19  X  “Pre-safe” Curtain 

 
 

A curtain-type device which drops down automatically once an imminent 
collision is recognised. Location of the device on the truck is as in many other 
cases, see e.g. 5 and 12. 

20 X   Smaller wheels Re-design of heavy vehicles to have more and/or smaller wheels to ensure 
structural interaction between the impacting passenger car and the heavy 
vehicle (Cargo compartment floor/main structural framework of HV/trailer is 
lower in this case than in conventional design). 

21 X X 16, 24, 26 Conventional System with Deformation 
Device 

An energy absorbing unit is added to an otherwise conventional system. A 
bending or hinged device may be used. For sketches see e.g. 16, 24, 26. 

22  X  Lights and Reflectors Lights and reflectors or similar measures specifically on the side of HVs aimed 
at improving their conspicuity and thus reduce accident numbers. 

x 

 

z 

 
y 

 

car trajectory 
after impact 

section view as 
shown below 

HV coordinate system 
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ID Integr. Add-on Related  Title/Sketch Description 
23 X X  Extended Side Walls 

(fixed or movable) 
 
 
 
 
 
 
 
 
 

The side walls of the cargo compartment are extended downward to cover the 
area between and behind wheels. Fixed as well as active/movable side walls 
are considered. The latter would only be moved downwards immediately 
before the impact. 

24 X X 26 Side panel with  
Crash Tube 
 
 
 
 
 
 
 
 

A side panel fixed to the outer elements of the trailer’s/HV’s main structural 
frame (using hinges or structural elements designed to allow deformation in 
bending) is connected to the longitudinal beams of this frame via a crash tube 
acting as energy absorber. 

25 X X 5, 12 Belt 
 
 
 
 
 
 
 
 
 
 

A belt surrounds the whole HV/trailer. In side impacts, a tensile load is exerted 
on the belt, which could be transmitted to structural elements like the RUP 
and/or FUP, and/or to specific energy absorbing elements. Belt materials can 
e. g. be textiles or steel wires (see 5,12).  

hinge 

crash tube 

section view as 
shown below 

x 

 

z 

 y 
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ID Integr. Add-on Related  Title/Sketch Description 
26  X 21 Hinged plate and Energy Absorber 

 
 
 
 
 
 
 
 
 
 
 

A solution similar to 31 and 34, with the distinction that in this case force 
transmission from the side panel is via a rigid rod which acts on a centrally 
placed energy absorber based on energy absorbing materials such as foams, 
or on fluids. Adaptivity may be added as additional feature. 

27  X  Strain-rate dependent SUP An SUP which reacts in different ways based on the strain rate it is subjected 
to. Possibly a basic solution incorporating adaptivity in the sense that amount 
of energy absorbed and/or force/deceleration exerted on opponent PC is 
dependent on crash conditions (“intrinsic” adaptivity). 

28 X  8,9 SAFELINER The frame of the SAFELINER is positioned at the outside edge instead of the 
centre of the vehicle. As a result, underrun is effectively avoided and in certain 
scenarios a sliding effect is achieved. The structure is rigid. 

29 X   Energy-absorbing SAFELINER The same concept as in the preceding case, but the external frame is 
designed to absorb energy in collisions. 

 
 
 
 
 
 
 
 
 
 
 
 

hinges 

energy absorber 
(conv. or adaptive) 
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ID Integr. Add-on Related  Title/Sketch Description 

30  X  Steel Cable-Reinforced Side-Underrun 
Protection  
 
 

Conventional side underrun protection panels (preferrably stiffened by using 
profiles) are interconnected by two or more bars at the lower edge of the left 
and right-side panel. Where panel and bars are joined a steel cable is 
attached The other ends of the cable are mounted to the chassis rails on the 
opposite side. In an impact, the forces introduced to the struck-side panel are 
also transmitted via the bar to the far side of the impact. On the far side, the 
steel cable becomes loaded under tension, thus preventing a parallelogram-
like deformation of the underrun protection device. The use of steel cables 
provides a certain elasticity and tolerance to impacts under different angles. 
The incorporation also of the chassis rails and distant parts of the protective 
structure the crash energy is absorbed by a larger portion of the HV. The 
kinematics of the device under impact are intended to “catch” the car front 
rather than forcing it down like in proposal no. 2. The access to any 
aggregates or anchor points (for securing vehicles on ferries) located behind 
the panels is still possible. 
 
 
 
 
 

31  X 21, 26 Underrun protection connected to energy 
absorbing damping unit 
 
 
 
 
 
 
 
 
 

Strengthened underrun protection (shield) connected to an energy absorbing 
damping system having an end position to limit maximum underrun depth. The 
damping system itself is connected to the main longitudinal beams of the 
truck/trailer. 
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3 Concept Evaluation 

3.1 Evaluation Criteria and Methodology 

Basic principles and boundary conditions of the evaluation performed are similar to those 
observed in the respective task in work package 2.1 [4]. In particular, the level of detail up to 
which the concepts can be described does not allow a quantitative analysis of their performance, 
and thus their merits and disadvantages: The effort to detail them all to the degree indispensable 
for such an approach is not justified at this early, pre-selection stage in design. 
 
Evaluation of the collected concepts has been done individually by the work package partners 
using their expertise in the field of vehicle passive safety. Their judgement is entirely subjective, 
the more so since no objective, quantitative criteria are available for this exercise at the moment. 
Soundness and quality of the overall results are enhanced by the number of researchers 
participating in the evaluation. In the present case, 11 evaluations have been received and 
included in the overall analysis. Of these, 8 covered the whole range of concepts and criteria, 
while 3 left out individual fields (only minor lack of data in one case). 
 
The evaluation criteria agreed upon are summarised and described in Table 5 (benefits) and 
Table 6 (costs). The subjective criteria are numbered and named and described in terms of their 
meaning. The applicability to the different accident scenarios is also given: The categories in this 
case include association to one scenario only (either “perpendicular” or “sliding”), separate 
evaluation for both scenarios needed (“perpendicular/sliding”) or general nature of the criterion 
(“general”). The range of grades to be awarded for each criterion is between “++” or “very good”, 
to which a numerical value of 2 is attributed, and “--“ or “very bad”, with an associated numerical 
value of -2. Good performance is seen wherever a concept performs in the desired way with 
respect to the criterion in question. Thus since low weight is aimed at, a low weight system gets a 
“good” or “very good” evaluation for the criterion weight, whereas low (or no) energy absorption 
finds its reflection in a “bad” or “very bad” evaluation. 
 
Table 5: Benefit criteria – weighting, applicabilit y to accident scenarios, explanation and 
examples of good and bad performance. 
Benefit Criteria

No. Name Weight [%] Appliccability 
to Scenarios

Description
++ --

1 intrusion limitation 38/33 perpendicular/ 
sliding

To what degree can the system limit intrusion on the side 
of the passenger car ? Evaluate the risk of injury due to 
intrusion.

small intrusion large intrusion

2 underrun prevention 25/10 perpendicular/ 
sliding

To what degree is the system capable of preventing 
underrun of a passenger car under the heavy vehicle ? 

no underrun 
occurs

underun not 
limited

3 secondary impact 10 sliding To what degree does the system reduce the risk of 
secondary impacts suffered by the passenger car ?

sec. impact 
risk eliminated

sec. impact 
promoted

4 energy absorption 
(EA)

13/30 perpendicular/ 
sliding

To what degree does the system contribute to energy 
absorption, i.e. how much of the total amount of crash 
energy is dissipatd on the truck's side ?

high level of 
EA on HV side

no EA on HV 
side

5 influence on HV 
safety

25/20 perpendicular/ 
sliding

What effect has the system on the safety of the 
truck/truck driver during an accident with a passenger car 
? Possible adverse outcomes could be a loss of stability 
on the part of the truck, rollover, or a disadvantageous 
post accident trajectory.

positive effect 
on HV safety

negative effect 
on HV safety

6 protection of VRU 33 general How does the system interfere with the fulfilment of 
current regulation with respect to lateral VRU protection ? 
Does it include the functionaliy (+), does it need (and 
allow) add-on of a system of the current type (0), does it 
render adding of such a sys

VRU 
protection 
improved

current 
legislation 
affords add. 
effort

7 other scenarios 33 general Does the system have a positive effect on accident 
scenarios other than the perpendicular and sliding impact 
considered here ?

positive effect 
on other 
scenarios

negative effect 
on other 
scenarios

8 reliability 33 general Will the system work at any time in any case, or is there a 
specific danger of ist malfunctioning ? For deployable 
systems, what happens if they do not deploy in an 
accident, and what happens if they deploy accidentally, 
and how big is the risk that eithe

high reliability great risk of 
malfunction

meaning of grades
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Table 6: Cost criteria – weighting, applicability t o accident scenarios, explanation and 
examples of good and bad performance. 
Cost Criteria

No. Name Weight [%] Appliccability 
to Scenarios

Description
++ --

1 weight 33 Effective weight change associated with the system, i.e. 
for add-on systems the weight added with installing the 
system, for integrated systems thebalance between 
weight of the system and weight that can be saved 
because the system may take over additiona

low weight 
increase

high weight 
increase

2 system costs 11 Cost of materials and manufacturing of the system, costs 
that are created due to lack of compatibility with current 
manufacturing processes, costs of the installation of the 
system. 

low costs high costs

3 maintenance costs 11 Cost of maintenance associated to the system and - to a 
lesser degree - increase in maintenance costs due to the 
position of the system.

low costs high costs

4 packaging 11 Spatial requirements of the system and possible resulting 
effects on arrangement of aggregates, palette boxes, etc. 
which are currently situated in the area to be covered by 
the system.

no 
changes/possi
ble 
improvements

new packaging 
concepts 
needed

5 manageability/ 
accessibility

22 Effect of the system on the driver's workload in daily use, 
e.g. in terms of access to aggregates or anchor points 
(for securing vehicles on ferries) on the HV chassis rails 
etc.

positive effect negative effect

6 influence on other 
systems

11 Effect of the system on other components of the vehicle - 
examples include the electromagnetic field or the 
SAFELINER concept, in which enclosure of wheels and 
axles may allegedly lead to reduced lifetime of 
components due to lack of cooling. 

other systems 
not or 
positively 
influenced

adverse 
influence on 
other systems

 
With respect to the weighting of the various criteria, what is given in the third column of Table 5 
and Table 6 is the relative importance of the criteria within their specific groups. In the case of the 
first criterion, “intrusion limitation”, in Table 5, the figures 38/33 mean that it contributes 38 % to 
the overall grade awarded for “benefits in perpendicular impact scenarios” and 33 % to the overall 
grade in the category “benefits in sliding impact scenarios”. Beside of this first level of weighting, 
another one has been introduced to describe the relative importance of the three groups of 
benefit criteria and thus to derive a weighted overall grade for the benefit of a system. Thus 
benefits effective in perpendicular impact scenarios contribute 33 % to the overall grade for 
benefits, “benefits in sliding impact scenarios” 50 % and “general benefits” 17 %. An example of a 
complete evaluation sheet is depicted in Table 7. 
 
For the final analysis, the scores of each concept have been merged for the cost and the benefit 
category, and, based on these categories, represented in a diagram in such a way that best 
performance in both categories (i. e. highest benefit and lowest costs) is equivalent to a position 
in the upper right corner. In some diagrams, the scatter observed when averaging the results over 
all evaluators has been included by associating the size of the circles representing the individual 
concepts with the value of the standard deviation. 
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Table 7: Example of a complete evaluation sheet. 
BENEFITS COSTS

Concept perpendicular sliding impact general Comments

No. Short Description
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1 wedge I (simple wedge)
2 wedge II (active wedge)
3 wedge III (sliding wedge)

4
wedge IV (energy abs. sliding 
wedge)

5 protective net
6 FUP moved to the side
7 RUP moved to the side
8 framework/bus structure
9 bus structure

10 energy absorbing toolbox
11 airbag
12 "brazilian solution"
13 tilting/adaptive sideguard
14 active deformable barrier
15 beam solution
16 reinforced conventional 

system 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17 deflection device
18 two-beam to panel
19 "pre-safe" curtain
20 more/smaller wheels
21 conventional system with 

deformation device
22 lights and reflectors
23 extended side walls
24 side panel with crash tube
25 belt
26 hinged plate and energy 

absorber
27 strain-rate dependent SUP
28 SAFELINER
29 energy absorbing SAFELINER

30 steel cable reinforced SUP
31 SUP connected to energy 

absorbing damping unit

 

3.2 Evaluation Results 

The results of the evaluation are shown in Table 10 in the Annex. Ordering the systems according 
to their expected performance leads to the ranking shown in Table 8. In addition to this overall 
rating, which was calculated by averaging the (weighted) grades achieved for benefit and cost, 
the table includes the individual grades for the three different benefit categories and the cost, 
again based on the weighting as described above. These are opposed to the respective 
unweighted figures. 
 
Based on this initial ranking, the following systems are pre-selected: 
 

·  lights and reflectors 
·  energy absorbing tool box 
·  deflective device 
·  energy absorbing SAFELINER 
·  FUP moved to the side 
·  RUP moved to the side 
·  conventional system with deformation device 
·  protective net 
·  SAFELINER 
·  framework/bus structure 
·  belt 
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All the solutions are believed to perform better in terms of costs and benefits than the reference. 
However, with the detailed study of concepts that is to follow the present exercise in mind, some 
of them can be ruled out and some combined. For example, the idea of transferring the current 
rear underrun protection (RUP) solutions to the side is not much different from doing the same 
with front underrun protection systems. The SAFELINER concept has already been demonstrated 
by Krone and even brought to the level of series production, thus a second development of this 
solution may be dropped, the more so when considering both the fact that other systems were 
evaluated better and the limited commercial success of the design. The energy absorbing 
SAFELINER faces similar concerns. Lights and reflectors is a solution which sticks out from the 
other concepts by addressing accident avoidance rather than mitigation of the consequences of 
an accident, therefore its evaluation against the selected set of criteria must be seen critically.   
 
Table 8: Summary of evaluation results 
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Figure 4 shows a Portfolio type diagram covering all suggested concepts in which the size of the 
circles is an indication of the standard deviation encountered when looking at the group of results 
as provided by the different experts. This is done individually giving a standard deviation value for 
each combination of criterion and concept. Of these standard deviations, the average is 
calculated. For reasons of completeness, the diagram includes all concepts. Figure 4 shows the 
position of the group of all concepts within the cost-benefit plane.  
Figure 5 is a magnification of the area of the diagram in which the results for all concepts are 
located. Again, all of them are included, but those that were pre-selected based on the overall 
performance are highlighted in red. In both diagrams the weighted evaluation is used to describe 
system performance. 
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Figure 4:. Positions of individual concepts in the cost-benefit plane - overview  
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Figure 5:  Positions of individual concepts in the cost-benefit plane - overview 
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The figures underline the choice of concepts made on the basis of the overall grade by showing 
that the respective concepts are in fact the ones nearest to or even within the rectangle 
representing best results. Next neighbours to the selected group cover a similar range in terms of 
benefits but are characterised by higher costs. Therefore including further solutions is not justified 
based on the diagram. Lights and reflectors obviously performs exceptionally good in terms of the 
costs, while the SAFELINER and derived or similar concepts come out as best solution in terms 
of benefits. The only two solutions which are actually located within the preferred rectangle are 
the energy absorbing toolbox and the deflection device. 
 
Both figure 6 and 7 show noticeable, but not extremely large differences in standard deviations. In 
fact the range of standard deviations encountered among the different concepts is from 0.44 to 
1.09 (with the exception of the reference system, where the standard deviation is 0 by definition), 
while for the combinations of concept and criterion the respective interval is from 0.33 to 1.66. As 
an indication towards a critical evaluation, table 6 lists the systems with the ten highest standard 
deviations found. As can be seen from the colour coding, three of the systems with highest 
evaluation results also appear in this list. In general, it is noteworthy that among the concepts in 
table 6, all systems based on flexible solutions such as nets, curtains or belts are found. The 
same holds true for the main innovative adaptive systems, namely the “pre-safe” curtain, the 
active deformable barrier and the airbag. 
 
Table 9: Systems with highest standard deviations 

System  Standard deviation Evaluation 

No. Description  Cost Benefit 

25 Belt 1.09 -0.26 0.28 

22 lights and reflectors 1.02 1.2 -0.46 

17 deflection device 1.01 0.23 0.08 

20 more/smaller wheels 0.98 -0.36 0.33 

5 protective net 0.96 -0.27 0.36 

19 "pre-safe" curtain 0.95 -0.28 -0.31 

12 "brazilian solution" 0.93 -0.44 0.05 

14 active deformable barrier 0.93 -1.19 0.72 

11 airbag 0.93 -0.53 -0.14 

1 wedge I (simple wedge) 0.91 -0.33 -0.26 

 
Looking at the same standard deviations not in the lines of the main evaluation table (see figure 4 
for reference), but in the columns, altogether 4 evaluation criteria can be found for which either 
the average standard deviation is exceptionally high, or the number of concepts for which this 
criterion showed exceptionally high values is quite large. These criteria are: 
 
 Benefits 

·  energy absorption in perpendicular impacts (standard deviation 0.82, 10 cases with a 
standard deviation > 1) 

·  protection of vulnerable road users (0.98, 16) 
·  reliability (0.94, 12) 

 
Costs 

·  packaging (0.87, 13) 
 
It is important to mention that it is not predominantly these criteria that establish criticality in the 
case of concepts.  
 
At first glance, from the point of view of concepts, the wide spread in evaluation results as 
expressed by the standard deviation may be understood as a hint towards high risks of the 
respective system.   
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3.3 Practical Constraints 

During concept development and definition of evaluation criteria, comments from partners were 
collected. These have been considered when determining both the evaluation criteria and their 
relative weighting. However, since among these comments, special significance is attributable to 
those received from the OEMs involved in the work package, namely DaimlerChrysler and 
Schmitz Cargobull, these are summarized below. 
 
In general, cost of systems is a very important issue for OEMs. Cost includes the actual 
manufacturing of the product, but obviously also the running costs. In both cases the system 
should not create additional costs, and it should not influence the current status adversely. Of 
similar importance is weight, since additional weight means reduced payload and thus a reduced 
chance of generating revenue. It is important to note in this respect that among the concepts 
which will be considered in more detail, there is no integrated solution, and thus weight is 
increased by definition. The pressure to realise the systems at lowest possible weight is therefore 
strengthened, and the need to minimise payload reduction can justify increased 
manufacturing/material costs of the system. All this is said under the boundary condition that the 
implementation of such a system is enforced by law and can thus not be avoided by the industry. 
The pressure is somewhat reduced, though not eliminated, if such a regulation includes clauses 
allowing increase in gross vehicle weight to compensate for the added safety systems.  
 
Activation or adaptivity of systems is generally seen as a problem because of reliability and 
consequences in terms of liabilities users have to face if a system misfires or fails to work. This 
problem is enhanced by the fact that trucks and trailers are designed for a service life between 20 
and 30 years. Functionality of the system thus either have to be guaranteed over this period, or a 
continuous maintenance cycle has to be put in place, or, in the worst case, replacement after a 
certain period of time is necessary. The point of long-term reliability and operativeness is stressed 
specifically in view of the different wedge designs, where DaimlerChrysler claims that experience 
with similar systems exists which blocked after a few years of service life. Obviously, the topic is 
of special relevance for all concepts that involve moving parts. Furthermore, these systems need 
fail-safe, reliable and fast sensors, associated evaluation systems and actors. 
 
With respect to the effects on other accident scenarios, especially the protection of vulnerable 
road users is seen critical in cases involving nets, since there is a possibility of accident victims 
getting entangled in these and pulled along with the heavy vehicle, thus increasing injury risk for 
them. Increased injury risks may also be induced by active systems which are activated in a non-
optimal manner. 
 
All systems involving additional components behind rear wheels are seen critical because of the 
need to maintain a certain level of ground clearance for operability in certain environments (ferrys 
where mentioned in some cases). Similar objections are to be observed with respect to concepts 
adding to the width of vehicles. Here, regulations on this characteristic also come into play. 
 
 
 
 
 



APROSYS Project                                                                                       AP-SP22-0018  
FINAL 

 28/30 

4 Conclusion 
 
Out of a considerable number of proposals, the evaluation itself delivered a limited number of 
concepts for further, detailed analysis. After consideration of some additional criteria, the 
concepts that have been retained are 
 

·  a design comparable to current legislation front and rear underrun protection moved to 
the side, covering the area between front and rear wheels (truck) or between tractor and 
semitrailer wheels) 

·  a deflection device 
·  an energy absorbing toolbox 

 
All systems perform well both in terms of benefits and costs, and all do not deviate too much from 
what is technologically state of the art to forbid their realisation. They are, however, add-on 
solutions and thus generate extra weight. Therefore a technical challenge will be to realise them 
at the lowest weight possible. The deflection device needs some additional consideration from the 
point of view of accident statistics and most common/severe accident scenarios, since by design, 
it fully covers only one of the scenarios initially defined (and thus saves weight). 
 
Of the concepts that were ruled out, the idea of adding “lights and reflectors” to the heavy vehicle 
sticks out, since here the approach is accident avoidance. Nevertheless this aspect should be 
considered, even though it may be out of the scope of APROSYS-SP2, since it clearly has 
benefits (even if a quantification of these may not yet be available) and only negligibly affects 
vehicle weight. 
 
A general aspect is that no convincing integrated solution, and thus no redesign of the entire truck 
or trailer/semitrailer structure having crashworthiness as target, as was done in the past with the 
SAFELINER concept, could be established.  
   
Besides, if further concepts are to be considered outside the scope of APROSYS, a closer look at 
belt or net-like solutions should be considered: In the current evaluation they score reasonably 
good and they have at least the potential for being realised with a limited weight penalty. 
However, the capabilities of such systems may not yet be clear, a possible explanation for the 
large scatter observed among evaluation results in this case. 
 
Finally, adaptive systems surely have, from a general point of view, a high potential for effective 
protection of passenger car occupants, and possibly even more so when systems are envisaged 
that address both this problem and the specific needs of vulnerable road users such as 
pedestrians and cyclists. Nevertheless, these systems face the problem of reliability, and since 
heavy vehicles are designed for long service life and on average face rougher service conditions 
than passenger cars, it is unlikely that the use of such systems can be realised in heavy vehicles 
at this stage of their development. 
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6 Annex 
 
Table 10: Summarized results of the evaluation 
CONCEPT BENEFITS COSTS EVALUATION
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Priority 3 2 1 2 3 1 1 3 2 1 1 1 3 1 1 1 2 1

Weighting 38% 25% 13% 25% 30% 10% 10% 30% 20% 33% 33% 33% 33% 11% 11% 11% 22% 11%
Priority
Weighting

10 energy absorbing toolbox 0,55 0,55 1,00 0,00 0,55 0,27 0,30 1,00 0,00 0,36 0,30 0,64 0,00 -0,50 -0,20 0,00 0,33 0,11 0,49 0,01 0,46 -0,04
29 energy absorbing SAFELINER 1,10 1,00 1,50 0,44 1,00 1,00 -0,11 1,33 0,56 0,80 0,40 0,40 -0,70 -1,22 -0,56 -0,38 -0,38 -0,50 0,86 -0,61 0,79 -0,62
6 FUP moved to the side 0,91 1,09 0,45 0,10 1,00 0,91 -0,10 0,00 0,20 0,36 0,30 0,55 -0,73 -0,30 0,10 0,00 -0,11 0,00 0,51 -0,29 0,48 -0,17

28 SAFELINER 1,10 1,10 0,20 0,56 1,20 1,20 -0,67 0,00 0,56 0,80 0,40 0,40 -0,70 -1,11 -0,44 -0,25 -0,38 -0,50 0,63 -0,57 0,57 -0,56
21 conventional system with 

deformation device 0,36 0,36 1,09 -0,10 0,55 0,18 0,40 1,00 0,10 0,18 0,10 0,09 -0,45 -0,50 0,00 -0,33 0,00 0,00 0,40 -0,24 0,36 -0,21
8 framework/bus structure 1,00 1,09 0,55 0,30 1,09 0,91 -0,10 0,50 0,20 0,36 0,40 0,82 -0,82 -0,90 -0,10 -1,00 -0,33 -0,44 0,65 -0,62 0,59 -0,60

22 lights and reflectors -0,89 0,00 -1,56 0,63 -1,33 -0,44 -0,13 -1,67 0,50 -0,11 1,13 0,67 1,89 1,63 0,63 1,00 0,57 0,71 -0,46 1,20 -0,27 1,07
9 bus structure 0,91 0,91 0,45 0,20 1,00 0,91 -0,10 0,30 0,20 0,45 0,50 0,64 -0,82 -1,00 -0,20 -0,44 -0,67 -0,56 0,57 -0,67 0,53 -0,61
7 RUP moved to the side 0,27 0,09 0,18 -0,10 0,55 0,36 0,00 0,20 0,00 0,27 0,20 0,64 -0,27 0,10 0,10 0,11 0,00 0,11 0,23 -0,04 0,22 0,02

14 active deformable barrier 0,91 1,09 1,45 -0,10 1,09 1,09 0,30 1,50 -0,10 0,55 0,30 -0,55 -1,09 -1,30 -1,10 -1,33 -1,33 -1,00 0,72 -1,19 0,63 -1,19
17 deflection device -0,82 -0,73 -0,91 0,00 1,00 0,64 -0,20 0,20 0,30 0,73 -0,30 0,36 0,27 0,00 0,10 0,33 0,33 0,11 0,08 0,23 0,02 0,19
25 belt 0,09 0,09 0,27 -0,20 0,80 0,70 0,10 0,20 0,00 0,64 0,40 0,36 0,45 -0,70 -0,70 0,00 -0,78 -0,78 0,28 -0,26 0,29 -0,42
15 beam solution 0,00 0,00 0,09 -0,10 0,55 0,55 -0,10 0,30 0,00 0,55 0,00 0,36 -0,45 -0,40 -0,30 0,11 -0,22 0,00 0,20 -0,27 0,18 -0,21
18 two-beam to panel 0,45 0,36 0,00 0,00 0,36 0,36 0,10 0,18 0,00 0,18 0,00 0,45 -0,55 -0,30 0,00 -0,22 -0,44 0,00 0,23 -0,34 0,21 -0,25
5 protective net 0,45 0,36 0,27 0,10 0,64 0,64 0,20 0,50 -0,10 0,18 0,10 0,55 0,27 -0,40 -0,20 -0,11 -1,11 -0,33 0,36 -0,27 0,32 -0,31

30 steel cable reinforced SUP 0,73 0,55 0,45 0,10 0,45 0,27 0,40 0,00 0,00 0,00 0,00 -0,09 -0,36 -0,40 -0,20 -0,33 -0,44 0,11 0,26 -0,31 0,24 -0,27
16 reinforced conventional system 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
31 SUP connected to energy 

absorbing damping unit 0,64 0,73 1,09 0,20 0,64 0,36 0,60 0,90 -0,10 0,36 0,20 0,27 -0,91 -0,80 -0,70 -0,78 -0,56 -0,22 0,52 -0,70 0,49 -0,66
24 side panel with crash tube 0,55 0,45 1,09 0,00 0,55 0,45 0,30 1,00 -0,10 0,18 0,10 -0,09 -1,00 -0,50 -0,20 -0,89 -0,63 -0,25 0,42 -0,68 0,37 -0,58
27 strain-rate dependent SUP 0,27 0,27 1,10 -0,10 0,27 0,18 0,10 0,70 -0,10 0,18 -0,10 0,09 -0,82 -0,90 -0,40 -0,22 -0,44 -0,11 0,25 -0,55 0,24 -0,48
20 more/smaller wheels 0,73 0,91 -0,27 0,00 0,45 0,73 0,00 0,00 0,20 0,00 0,00 0,82 0,00 -0,90 -0,40 -0,22 -0,63 -0,50 0,33 -0,36 0,30 -0,44
13 tilting/adaptive sideguard 0,18 0,00 0,45 -0,20 0,00 -0,18 0,30 0,20 -0,20 0,18 -0,30 -0,55 -0,73 -0,80 -0,70 -0,22 -0,44 -0,11 0,00 -0,54 -0,01 -0,50
26 hinged plate and energy absorber 0,64 0,55 1,09 0,00 0,27 0,09 0,30 0,90 -0,30 0,27 0,10 -0,18 -1,27 -1,00 -0,70 -1,00 -1,00 -0,56 0,35 -1,01 0,31 -0,92
12 "brazilian solution" 0,45 0,27 -0,09 0,00 0,09 0,00 0,50 -0,10 -0,30 -0,09 0,20 -0,55 -0,09 -0,60 -0,50 -0,56 -0,89 -0,22 0,05 -0,44 0,03 -0,48

4
wedge IV (energy abs. sliding 
wedge) 0,91 0,91 1,60 -0,50 0,36 0,27 0,00 0,70 -0,40 0,18 -0,20 -0,09 -1,27 -1,10 -0,90 -1,33 -1,00 -0,78 0,34 -1,10 0,31 -1,06

23 extended side walls 0,18 0,09 0,27 -0,10 0,45 0,36 -0,10 0,36 -0,20 -0,18 -0,30 -1,00 -0,91 -1,10 -1,40 -0,44 0,22 -0,67 0,07 -0,65 -0,01 -0,72
11 airbag -0,18 -0,18 0,27 -0,40 0,00 -0,09 0,10 0,10 -0,30 0,36 -0,10 -1,45 0,09 -1,80 -1,60 -0,89 0,00 -0,78 -0,14 -0,53 -0,16 -0,83
1 wedge I (simple wedge) 0,27 0,00 -0,27 -0,60 -0,27 -0,55 0,30 -0,50 -0,40 -0,91 -0,80 0,55 -0,64 -0,20 0,10 -0,78 -0,11 0,00 -0,26 -0,33 -0,27 -0,27
3 wedge III (sliding wedge) 0,73 0,73 0,30 -0,60 0,36 0,27 0,00 0,20 -0,60 0,09 -0,30 -0,18 -1,27 -1,00 -0,70 -1,33 -0,78 -0,67 0,13 -1,01 0,08 -0,96

19 "pre-safe" curtain -0,27 -0,64 -0,09 -0,20 -0,27 -0,55 0,20 -0,10 -0,30 -0,18 -0,30 -1,27 -0,18 -0,80 -1,20 -0,22 0,33 -0,44 -0,31 -0,28 -0,33 -0,42
2 wedge II (active wedge) 0,36 0,00 -0,09 -0,60 -0,27 -0,45 0,10 -0,50 -0,50 -0,82 -0,90 -0,27 -0,82 -0,80 -1,00 -1,00 -0,22 0,00 -0,30 -0,63 -0,33 -0,64

MEAN- VALUES

2 3 1

33% 50% 17%

 


