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SUMMARY 

 
The European 6th Framework Programme Integrated Project (IP) on Advanced Protection Systems 
(APROSYS) focuses on developments in the field of passive vehicle safety. The aim of sub-project 1 
(SP1), titled ‘Car Accidents’, is to investigate the development and validation of evaluation methods 
and advanced protection systems. 

The main objective of APROSYS task 1.1.4 “Evaluation of occupant injury risk for deploying side 
airbags” was to evaluate the appropriateness of the IHRA proposed OOP test procedure for 
application in Europe.  

Side OOP tests were performed with different types of airbags (seat mounted thorax bags, seat 
mounted head thorax bags and curtain bags), with different dummies (Hybrid-III 3-y-o and 6-y-o and 
SIDIIs dummy) and with and without using CRS. 

The following conclusions were drawn: 

- Out of the IHRA/TWG protocol, test scenarios relevant for Europe were identified 

- Different side OOP tests were performed successfully in four different laboratories over 
Europe, resulting in a reasonable repeatability within one laboratory and poor reproducibility 
over the different laboratories. The current test protocol is not clear enough to be used in the 
regulatory rulemaking process at this stage, particularly seat (for-aft) position and dummy 
positioning with respect to the airbag modules are not unambiguous. 

- Side airbag in current vehicles on the road not necessarily fulfill the TWG limits. 

- No relevant accident data was found regarding injuries induced by side airbags. 

- To cover OOP situations that could occur in rollover situations, the forward facing positions 
of the IHRA/TWG protocol could be included in the evaluation. 

No cases were reported from the accident studies, therefore it is recommended not to include 
evaluation of side out-of-position risk in new regulations at this stage. Further, if any inclusion would 
be considered in the future, it is recommended not to include additional tests with CRS to the current 
IHRA/TWG protocol because the current IHRA/TWG scenarios, as it is, cover the worst case 
conditions for Europe. From the IHRA/TWG proposal, particularly the rearward facing conditions 
with child dummies are recommended as a test to evaluate to investigate airbag aggressiveness, unless 
the conclusion that this seating position is not relevant for Europe. It is noted that some of the other 
IHRA/T WG positions, such as lying on a seat, are considered as also not relevant for Europe as CRS 
are mandatory in Europe. 
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1. Introduction 

 
The European 6th Framework Programme Integrated Project (IP) on Advanced Protection Systems 
(APROSYS) focuses on developments in the field of passive vehicle safety. The aim of sub-project 1 
(SP1), titled ‘Car Accidents’, is to investigate the development and validation of evaluation methods 
and advanced protection systems. The overall objective of the work is to reduce the number of car 
occupant fatalities and serious injuries by developing fully validated test procedures that once 
implemented in regulation and / or consumer testing will improve a car’s crashworthiness in side and 
frontal impacts, including elements of compatibility performance. 

Within SP1, work package 1.1 (WP1.1), titled ‘Advanced side impact and side impact compatibility’ 
aims to evaluate the developments in global harmonised side impact test procedures. The first four 
tasks within work package 1.1 evaluate the four parts of the draft side impact test procedure proposed 
by the International Harmonised Research Activities (IHRA) Side Impact Technical Working Group 
(SI-TWG) [1].  

The tasks are: 

·  Advanced protection in multi-vehicle lateral crashes; 

·  Protection in single vehicle crashes involving narrow objects; 

·  Interior head protection in lateral impact;  

·  Occupant injury risk from deploying (side) airbags. 

In addition, task 5 of this work package will develop an understanding of the major influencing 
factors in side impact compatibility and suggest outline test procedures to control it. 

This deliverable presents the results of the research performed in task 4 of WP1.1: “evaluating the 
occupant injury risk from deploying side airbags”.  

1.1 OBJECTIVE  
The main objective of APROSYS task 1.1.4 “Evaluation of occupant injury risk for deploying side 
airbags” is to evaluate the appropriateness of the IHRA proposed OOP test procedure for application 
in Europe.  

To minimise the potential negative effects of side airbag systems, the need for a Side Out of Position 
(S-OOP) test procedure feasible for Europe is investigated. A potential test procedure is based on the 
IHRA proposal from the IHRA Side impact technical working group (IHRA SI-TWG) activities but 
would take into account the typical European situation regarding regulations, fleet characteristics and 
accident statistics. Note that until June 2004, the start of this task within APROSYS, no deaths or 
serious injuries caused by side airbag deployment in OOP situations are reported in Europe and US. 

In addition, the correlation between OOP risk and the demands for roll-over protection has been 
investigated by means of numerical simulations. Here it is realised that there are differences between 
rollover and OOP in terms of occupant involvement. Major risk in rollover situations is for adult 
occupants, whereas major risk in out of position situations is for children because of their lower injury 
tolerance. 
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1.2 STRUCTURE OF THE REPORT 
This report describes the results of the research performed in task 1.1.4. The report is structured as 
follows. The review of the IHRA proposal is given in Chapter 2. The current status in Europe with 
respect to accident analysis, regulations and testing costs is described in Chapter 3. The test program 
defined for this project is presented in Chapter 4, followed by a brief description of the results and 
their analysis. The potential similarity between out-of-position occupants in rollover and side impact 
conditions is studied in Chapter 5. Finally, Chapter 6 presents the conclusions and recommendations 
on the feasibility of a side OOP test procedure for Europe. 
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2 Review of IHRA side airbag OOP injury TWG proposa l  

 

2.1 INTRODUCTION 
 
The IHRA proposal is based on the document “Recommended procedures for evaluating occupant 
injury risk from deploying side airbags”, prepared by “the Side airbag Out-of-Position Injury 
Technical Working Group (TWG, a joint project of Alliance, AIAM, AORC and IIHS”, first revision 
July 2003) [2]. 

The test procedures include tests for seat-mounted airbags, door/quarter panel-mounted and roof-rail 
mounted airbags using 3-year old, 6-year old Hybrid-III and small female SID-IIs dummies 
(potentially to be replaced by the 5th female WorldSID). Although no deaths or serious injuries have 
occurred from side airbags till June 2004 (worldwide), the test procedure has been accepted as part of 
IHRA harmonized test procedures in order to encourage car manufacturers and suppliers to take 
measures that minimise the potential negative effects of side airbags. 

In the APROSYS project, all partners were asked to review the IHRA document and to answer the 
following questions: 

- Are the proposed dummies representative for the European situation? 

- Are the proposed injury levels representative for the European situation? 

- Which test configurations, dummy type / dummy positions, should be tested? 

- Are there any technical and/or practical problems to carry out the proposed tests? 

- Are there high risk situations not covered by the protocol? 

- What are the links with other parts of the IHRA test suite? 

Based on the review, the test program within APROSYS was defined. This chapter summarizes the 
review of the IHRA proposal by all APROSYS partners involved in this task. 

 

2.2 REVIEW OF IHRA PROPOSAL FOR EUROPEAN SITUATION  

2.2.1 Are the proposed dummies representative for the European situation? 
 
The IHRA protocol proposes four dummies as test device. These dummies were selected because they 
represent vulnerable occupants (small women and children) and these occupants are thought to be at 
highest (though still low) risk in case of side airbag deployment: 

- Three year old Hybrid-III. This dummy represents an average 3-year-old child and was 
developed for evaluation of child restraint systems and frontal impact countermeasures. 

- Six year old Hybrid-III. This dummy represents an average 6-year-old child and was 
developed for evaluation of child restraint systems and frontal impact countermeasures. 

- Female SID-IIs. This dummy represents a 5th percentile female as well as typical 12-13-year-
old adolescents and was designed for the evaluation of side impact countermeasures.  

- 5th percentile Hybrid-III. This dummy represents a 5th percentile female as well as typical 12-
13-year-old adolescents and was designed for the evaluation of frontal impact 
countermeasures. The head and neck are identical to the SID-IIs. 
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Additionally, an instrumented arm is used, developed to fit both the Hybrid-III 5th percentile adult 
female dummy and the SID-IIs. The dummies currently selected in the IHRA proposal are in line with 
the recommendation of ISO/TC22/SC12/WG5.  

For the European situation, the proposed child dummies (Hybrid-III series) might be questionable. 
Head neck shoulder interaction of the Hybrid-III child dummies shows poor bio-fidelity.  Q-dummies 
could be considered as an alternative, since their head neck shoulder interaction seems to be more 
realistic. The Q-dummies were developed against an European background with omni-directional 
neck behaviour. Disadvantages of the Q-dummies include the difficult positioning of the Q-dummies 
(due to relatively ‘weak’ joints) and the fact that using Q-dummies would go against world-wide 
harmonization. Comparative tests between Hybrid-III and Q-dummy however could be seen as a 
potential future activity (within or outside APROSYS). The current TWG protocol however loads the 
body regions mainly mono-axial, and therefore at this stage the Hybrid-III child dummies will be 
used. However, thoracic deflection in the case of forward facing (the seat mounted airbag loading the 
spine) might not be relevant as the deflection measurement can only detect load from the front. 

The SID-IIs dummy was developed for the US-situation under the aspect of direct head contact 
between the dummy and the front structure of the impacting car, which is less likely to occur in 
Europe (in the US there is a different vehicle fleet with a lot of SUV-type cars). The SID-IIs is the 
only 5th percentile side impact dummy currently available. Replacement of the SID-IIs with the ES-2 
dummy could be considered since the ES-2 dummy is a 50th percentile European side impact dummy 
and interaction with roof mounted airbags might be more ‘worst case’ than for the 5th percentile SID-
IIs. However, although the head of a 50th percentile is located higher in the car, it is also located more 
inboards because of the larger dummy width, as the dummy is positioned as outboard as possible. So 
actually the head of the 50th might be further away from the window bag in real life. This type of 
dimension studies could be part of the APROSYS work. In the crash labs in Europe, there is already a 
lot of experience with ES-2, although not with the use of ES-2 in OOP situations.  

Investigations towards the 5th percentile WorldSID dummy (expected to be available for full scale 
testing in October 2006) for application in future test protocols is highly recommended, since this 
dummy is developed to be a worldwide harmonized dummy.   

2.2.2 Are the proposed injury levels representative for the European situation? 
 
The IHRA test protocol was developed to prevent situations as happened with the introduction of the 
first generation frontal airbags. These first generation frontal airbags caused unforeseen injuries to 
children and smaller occupants and a second generation (de-powered) airbags was required to reduce 
the risk on injuries due to frontal airbag deployment. Related to side and curtain airbags, the IHRA 
proposal for side OOP situations reported ‘no deaths or serious injuries have occurred from side 
airbags to date’. Neither from European accidentology studies, injuries related to side and curtain 
airbags were reported. Still, the Side Airbag OOP Injury Technical Working group aimed to develop 
test procedures to minimize potential negative side effects of side airbags as they are introduced in 
new cars. The fact that no problems are reported yet might indicate that these procedures work already 
quite well. 

The IHRA proposal addresses the risk for life-threatening, permanent impairment injuries and non-life 
threatening injuries such as fractures to the upper extremities. The principal risk areas from the 
deploying side airbags are expected to be the head, neck and thorax. Two distinct classes of injury 
values were defined: 

- Injury Reference Values (strong scientific basis) 

- Injury Research Values (less scientific basis or lack of test experience) 



APROSYS  Recommendation on feasibility of side OOP test procedure for Europe  
Draft deliverable D1.1.4 - AP-SP11-0115 

 
 
 

Reference: AP_SP11_0115 
 

10/57 

The TWG recommends that future side airbag systems be designed according to the Injury Reference 
Values. Furthermore, Injury Research Values could be considered as guidelines when designing 
future side airbags, however, a future side airbag designed according to the Injury Reference Values 
need not to be discarded solely to accommodate an Injury Research Value.  

The injury levels chosen in the IHRA proposal are state-of-the-art in terms of biomechanics and injury 
risk assessment considering HIII-3-y-o, HIII-6-y-o, small female and SID-IIs dummies for the US 
situation. There are no reasons to assume that these biomechanics would not be feasible for the 
European situation and advantage should be taken of the American expertise in this field. Injury 
criteria defined in the IHRA proposal are coupled to the specific dummies. The Injury Reference 
Values are given in Table 1, please note that the thorax defections is measured in the for/aft direction 
in the child dummies and in lateral direction in the SID-IIs 

 
Table 1: Injury Reference values [1] 

 
The Injury Research Values, given in Table 2, represent important indicators of potential injury, but 
the engineering and scientific community does not yet have a sufficient biomechanical and other 
scientific base to know that the published values correctly predict injury risks from deploying side 
airbags. Therefore there is no reason (yet) to include the Injury Research Values in an European 
proposal for side impact OOP tests. 
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Table 2: Injury Research values [1] 

 

 

2.2.3 Which test configurations, dummy type / dummy positions, should be tested? 
 
The current test matrix of the IHRA proposal describes tests for seat mounted side airbags, door 
mounted side airbags, curtain airbags, and combinations of these. Also three occupant sizes (3-year, 
6-year, small female (and adolescents)) are included. The complete IHRA proposed test matrix is 
given in Table 3 (note that ‘booster’ refers to a specified standard foam block to be used in the tests). 

The proposed test configurations of TWG report cover a very large field of possible occupant 
positions. They were chosen to reflect worst case e.g. a child might lie down and go to sleep in a 
vehicle and to measure what happens when the dummy is subjected to the full force of a deploying 
airbag. No child restraint systems are included in the IHRA protocol since these are not mandatory in 
most of the states in the US. 

Manufacturer experienced on testing of side airbag modules last years concluded that for the different 
types of airbag locations (seat, door, and roof) only the most critical positions are used for 
development and the rest for documentation. The choice of worst-case positions depends on a 
complex system of module location, interior space and occupant position. Worst-case positions may 
differ from car to car. 

Often the following OOP test configurations are considered worst-case: 

- Seat- mounted modules:  

o 3-year-child: rearward-facing 

o 3-year-child: forward-facing 
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o 6-year-child: forward-facing 

- Door- mounted modules: 

o 3-year-child: lying across, head on armrest 

o 3-year-child: outboard facing 

- Roof-mounted modules: 

o 6-year-child: inboard facing 

o 5th female 

 

For evaluation of side-OOP risk in the European situation different approaches could be followed: 

1. “The worst case approach”: This approach is equivalent to the IHRA proposal. Every position that 
is possible will be tested. 

2.  “Reduced approach”: Only positions reachable for a belted occupant will be taken into 
consideration. This would mean to carefully review the occupants’ positions in the IHRA proposal 
and include only those tests relevant for the EU situation (for example delete rearward and inboard 
facing occupant positions).  

For the European situation the second approach might be more appropriate, as belting is mandatory in 
all E15 European countries (according to regulation ECE R16), as well as the use of appropriate child 
restraint systems (ECE R44). Also, for front and rear occupants, different positions could be included.  

In a meeting with the APROSYS SP1.4 partners, it was decided to follow a combination of the two 
approaches described above. The IHRA proposal will be followed for those situations in which 
serious airbag interaction is expected (although positions of the occupant might be unrealistic). 
Besides, additional tests with child restraint systems will be investigated, for which the positions are 
based on the so called ‘Kindergarten study’ [4]. This is done to investigate if, when using child 
restraint systems, more critical positions are possible than those covered by the IHRA proposal. 
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Table 3: IHRA TWG Recommended Test Procedures 
 Section Test Position Body Region Airbag Designs 
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3.3.3.1 Forward facing on booster 
seat 

Head, neck 
     

3.3.3.2 Rearward facing Head, neck, thorax      

3.3.3.3 Lying on seat, Head on 
armrest – for seat mounted 
bag 

Head, neck 

   *  

3.3.3.4 Lying on seat – for seat 
mounted bag 

Head, neck 
   *  

3.3.4.1 Outboard facing Head, neck, thorax      

3.3.4.2 Inboard facing Head, neck      

3.3.4.3 Lying on seat, Head on 
armrest – for door/QP 
mounted bag 

Head, neck 
    * H
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3.3.4.4 Lying on seat – for door/QP 
mounted bag 

Head, neck 
    * 

3.3.3.5 Forward facing on booster 
seat 

Head, neck      
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I 
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3.3.5.1 Inboard facing on booster 
seat 

Head, neck 
     

3.3.3.6 Inboard facing – for seat 
mounted bag 

Head, neck, thorax, 
abdomen, pelvis 

     

3.3.3.7 Arm on armrest with 
instrumented arm 

Arm, forearm 
   ** ** 

S
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Is

 

3.3.4.5 
Forward facing 

Head, neck, thorax, 
abdomen, pelvis 

     

3.3.5.2 Forward facing with raised 
seat 

Head, neck 
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-I
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r 

H
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 II

I 
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3.3.5.3 Inboard facing with raised 
seat Head, neck 

     

The chart shows for typical side airbag systems (in columns) the recommended tests (shaded cells in each 
column).  Vehicles with more than one type of side airbag at a seating position should be evaluated using 
tests with all airbags deploying according to the deployment strategy of the vehicle.  In tests identified by an 
asterisk (*), the evaluation can be based on thorax bag deployment alone, if the roof rail airbag would 
clearly not interact with the dummies.  In tests of the arm injury potential (identified by **), the injury 
potential may be based on thorax bag deployment alone. 
 

2.2.4 Are there any technical and/or practical problems to carry out the proposed tests? 
The TWG procedures were developed to be used in the development programs of side airbags in a 
research environment. Following the current IHRA protocol, the repeatability and reproducibility of 
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the tests are quite good. However, application in an European regulatory environment or for type 
approval might ask for a different description of the procedures. Note that the US have the system of 
self certification. For an EU regulation, the procedure should be better detailed and clarified. The 
positioning procedures are now very focused on the specific airbag modules, and should be written 
down differently to apply to more generic situations.  

For example the definition of “centreline of module” needs clarification, because this definition is 
basic for the position of the dummy head since the distance between dummy head and module 
influences the occupant loads significantly. Also, different interpretation is possible on how to 
position the dummy well. Another example is the definition of supporting elements for knees in the 
position 3-year rearward facing. Depending on the seat contour line, the inboard knee needs support, 
so that the dummy is not falling into the car by itself. The definition of details of dummy positioning 
could be a task for the APROSYS project. 

Some problems related to the proposed dummies were reported: 

- Problems of the SID-IIs dummy e.g. in oblique loading conditions are currently under 
observation and optimization. In that context the FRG-Kit for the SID-IIs dummy could be an 
option to use. (Note that the use of the FRG-Kit is currently under investigation because of 
potential decrease of bio fidelity using this kit (IIHS)) 

- SID-IIs - floating rib guide problem (flat tops) 

- The potentiometer for the chest deflection of the Hybrid III 3-year child dummy. In OOP tests 
that are concentrating their energy to the thorax (e.g. rearward-facing) the rib cage and the rib 
cage/ chest slider (210-3730 & 210-8030) are deformed under load so that the ball of the 
potentiometer transducer arm can slip out of the slider. The result of this behaviour is 
sometimes the damage of the slider and for the test the deflection has to be calculated by 
double integration of the acceleration of sternum and spine. 

Repeatability of the side OOP tests will be mainly dependent on positioning of the dummy and, to 
lesser amount, the unfolding of the airbag. Therefore it is suggested that, within APROSYS, the same 
vehicle is tested by different testing facilities and the results are compared afterwards. Extensive 
photo-documentation of the positioning should be enclosed in these independent tests, in order to 
check the repeatability of positioning.  

2.2.5 Are there high risk situations not covered by the protocol? 
The IHRA proposal already covers an extensive amount of dummy positions to be tested (more than 
the FMVSS 208 regulation defines for frontal). Besides, it states that each manufacturer must assess 
whether to vary from the specified procedures and whether additional testing is necessary for their 
system. This passage of engineering judgement of the IHRA proposal could to be dropped out for a 
new European regulation. The current situation is well described in the latest Status Report of IIHS 
(SR3909), where documented: 

 “Real-world experience indicates that the risk is, indeed, very low,” says Adrian Lund, Institute chief 
operating officer and chairman of the group that produced the requirements (TWG). “There have 
been no deaths from inflating side airbags, and since 1999 there has been only one confirmed case of 
significant injuries potentially caused by a side airbag. These were rib fractures sustained by an 
elderly driver.” What the agreement does, Lund adds, “is to standardize test procedures for side 
airbags and ensure they’re in place to keep the risk very low. This is important as more and more 
cars are equipped with side airbags.” 

The fact is that in addition to the very low risk, there is a large test program defined to ensure that 
occupants are kept in low risk for the future. The regulation FMVSS 208 in the US defined that two 
positions for OOP testing have to cover the risk for frontal OOP. For example in the specification for 
side airbags 7 positions are defined for seat- integrated modules to cover the potential risks by side 
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airbags. So side airbags should be tested quite well, moreover, in the last years many tests learned that 
some positions had never high or critical dummy values (particularly the tests with the SID-IIs 
dummy). 

From accident reconstruction studies (TUG) rib fractures combined with a pneumothorax (ribs 
intruding in the lung) caused by airbags deploying from behind were reported. This type of injury 
occurs mainly when seat mounted airbags are used. This effect may be amplified by the belt. 
Therefore a test with a SID-IIs or ES2 could be performed with a belted forward facing dummy, 
leaning to the window. Under circumstances the deploying airbag pushes the dummy against the 
tightened belt and the rib deflection may be worse comparing to the unbelted dummy. 

Issues not addressed by the IHRA side OOP proposal are methods for assessing the effectiveness of 
side airbags. However: “[…] setting injury risk targets very low […] could greatly reduce the 
effectiveness of side airbags in real crashes […]”. The static deployment tests proposed by IHRA-
TWG are like a cost-benefit analysis disregarding the benefit (protection) and focusing only on the 
costs (inflation injuries). Beside, the static test disregards the triggering algorithm. Therefore dynamic 
sled testing using a Body in White, (with SID-IIs or ES2) of the roof mounted airbags is suggested as 
follows:  

- The dummy is facing forward or inboard and leaning to the window. The car body will be 
mounted under an angle of 90 degree on a hydraulic sled and accelerated with a generic 5-8g 
pulse with a � v=15kph (which is equivalent to a typical urban side impact scenario). In this 
way it will be determinable, whether the (roof mounted) airbag is able to prevent partial 
(head) ejection in case of OOP. Perhaps dynamic testing is a holistic approach to the OOP-
problem, as it regards effectiveness and harmfulness of airbag systems.  

However, APROSYS task 1.1.4 focuses on OOP risk rather than effectiveness of airbag systems, 
which is covered by other tests in the IHRA test suite (like the pole test, the MDB test and the interior 
headform tests, see also next section) and dynamic testing will therefore not be included in the 
definition of the test matrix for side OOP within APROSYS. 

Other issues not addressed by the IHRA-TWG are the presence of CRS in the vehicles. Since children 
have to be seated in CRS in Europe, additional tests with CRS might be required. 

To avoid inclusion of more and more experimental test scenarios, it might be worth considering 
Virtual Testing technology as alternative to evaluate certain scenarios once a few ‘reference’ 
hardware tests have been passed. 

 

2.2.6 What are the links with other parts of the IHRA test suite? 
 
The IHRA working group on side impact proposes the following types of tests related to side impact 
protection: 

- New MDB test procedure (evaluation of Advanced European Mobile Deformable Barrier 
(AE-MDB) and MDB that represents a LTV, based on IIHS proposal). 

- New Car to Pole test procedure 

- Development and validation of interior head form tests 

- Side impact OOP test procedure 

It is clear that OOP tests are very closely related to the MDB test, the Pole and the interior headform 
test since these three tests are the way to assess if side airbag systems are fulfilling the requirements 
of protection to occupants in the event of a severe lateral impact. 
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The relation between the OOP tests and the other tests in the IHRA side test suite might be 
summarized by the question: what is the design space left between ‘de-powering airbags’ (OOP tests) 
and ‘improved protection’ (MDB, pole and interior headform tests)? 

 

2.3 DISCUSSION  
The review of the IHRA proposal, as presented in the previous sections, shows clear differences 
between the US and EU situation, particularly related to assumptions of belt use and child restraint 
use.  

It is proposed to limit the number of different scenarios to be tested in a potential EU side OOP 
proposal to the ones considered relevant for the EU (e.g. by removing lying and rearward / inboard 
facing positions, with some exceptions).  

In the IHRA proposal, combinations of airbags can be fired (dependent on the deployment scheme in 
the vehicle). When both side and curtain airbags are fired, it can be that the dummy is moving out of 
the way of the other deploying airbag as a result of the other airbag, thereby potentially lowering the 
total dummy loading. Therefore it is decided that in the current research, the airbag modules will only 
be tested on its own, e.g. combinations of airbags (for example side and curtain airbag deployment) 
will not be tested.  

The test matrix for the tests performed within APROSYS is further presented in Chapter 4.
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3 Current status Europe 

3.1 CURRENT REGULATIONS  
In Europe, the usage of seat belts is mandatory, as well as the use of child restraint systems for the 
transport of children in cars. The mandatory use of seat belts as well as the rules on the use of child 
restraint systems are included in the following Directive.  

“Directive 2003/20/EC of the European Parliament and of the Council of 8 April 2003 amending 
Council Directive 91/671/EEC on the approximation of the laws of the Member States relating to the 
compulsory use of safety belts in vehicles of less than 3.5 tonnes. Official Journal No L 115, 9.5.2003 
pages 63 – 67” 

The relevant parts of this directive are added in appendix A of this report.  

In Europe, the used restraints in the cars should comply with the ECE-R16 for seat belts and the ECE-
R44 for child restraint systems [3].  

3.2 ACCIDENT STATISTICS 
In SP 8.3.1 Accident Analysis has been performed on Car Accidents with Respect to Advanced Side 
Impact, amongst others focussed on the injury risk from deploying side airbags  [4]. The general 
approach and findings are summarized below. 
 
The following European data sources were used: 

- France: in-house-in-depth database LAB (1980-2004) 
- Germany: GIDAS (1985-…) 
- Greece: in depth database (1992-…) 
- The Netherlands: in depth database (2001-2003) 
- Spain DIANA (2003-2005) 
- United Kingdom: CCIS (1983-2004) 

 
The following criteria were applied to identify the relevant occupants in the available data: 

- Belted occupants of passenger cars that have sustained injury caused by a side airbag. Please 
note that an injury coded as “caused by the side airbag” does not imply airbag malfunction, 
i.e. the airbag may have caused the respective injury and at the same time prevented a more 
serious one. 

- The term “passenger car” was used liberally (i.e. including sedans, station cars, convertibles 
sports cars, MPVs, etc). 

 
From the over 40.000 car occupants cumulatively documented in the available databases, only eight 
side airbag induced injuries were found, all but one being rated as minor injuries (AIS1, bruises or 
abrasions). In one case a humerus fracture was reported (AIS2), however it is not certain that it can 
truly be linked to the deployment of the side airbag. 
  
Therefore it is concluded that currently, these kind of injuries are very rare in Europe.  
 

3.3 COSTS 
Major difficulties arose to take into account development costs. These costs are dependent on the 
current design level of a vehicle, and hence contain company confidential information. Moreover, 
some vehicles, on the road and currently under development, already take into account the IHRA 
proposal for evaluating side airbags, on voluntary basis and dependent on whether it is a world class 
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vehicle or by platform reasons. Therefore it was decided to include only the evaluation costs of the 
current IHRA side OOP proposal in the cost calculation. Evaluation costs consist of the costs for one 
test for each position included in the IHRA proposal. 
 
The costs of performing the IHRA tests according the original proposal were estimated by different 
labs involved. Dependent on the particular test program, the cost would be 1500-2200 Euro/test. The 
indicative costs for a complete test program (dependent on airbag type) are given in Table 4.  
 
Table 4: Indicative costs 
Airbag type Max number of scenarios  

(according to Table 3) 
Costs per test* 
(Euro) 

Total test costs  
(kEuro, indicative) 

Roofrail and seatback  10 scenarios 1500-2200 15 – 22  
Seatback 7 scenarios 1500-2200 10.5 – 15.4 
Roofrail 3 scenarios 1500-2200 4.5 – 6.6 
*Excluding component costs. It is noted that component costs can be high, dependent on the type of vehicle to be 
tested and the status of the parts (prototype or series production). 
 
Additional costs for analysis, re-tests, re-engineering etcetera are not included. 

3.4 DISCUSSION 
Looking at the cost-benefit of introducing a side OOP test procedure for Europe, one may argue that 
there is no reason to continue the research because no potential benefit is found because of the 
absence of any casualties. However, the question is whether this is the case because a majority of the 
current side airbags is already evaluated against the IHRA proposal or because it is simply not a 
problem. Therefore it was decided to continue the research with APROSYS to evaluate the 
performance of typical airbags (seat mounted side airbags, curtain airbags, head thorax bags) in 
typical scenarios from the IHRA test procedure, completed with additional tests including CRS.  
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4 Test program 

The test program carried out within APROSYS covers different tests: 

- Side OOP tests following the IHRA-TWG proposal, for those scenarios relevant for Europe 

- Side OOP tests including CRS systems, additional to the IHRA-TWG proposal. 

This chapter describes the test program. 

 

4.1 SELECTION OF SCENARIOS  
Attention will be paid towards repeatability (repeat tests with the same dummy in the same 
laboratory) and reproducibility (same tests with different dummy in another laboratory), particularly 
focussed on the dummy positioning procedures.  

More background information on the test matrix and test specifications is given in APROSYS report 
AP-SP11-0038 and AP-SP11-0037 respectively [5, 6]. 

Although door mounted airbags tend to be replaced by seat mounted airbags, door mounted airbags 
might become more important again because of the increasing number of MPV/SUV type of cars. 
Therefore seat mounted side airbags, door mounted side airbags, head thorax bags and curtain airbags 
will be included in the study. Because of the poor availability of vehicles equipped with door mounted 
airbags, the part of the work on door mounted airbags is covered by a short literature survey. 

The selected positions, dummies and airbags to be tested within APROSYS (according to the IHRA 
proposal) are summarized in Figure 1.  

 
Figure 1: Selected OOP scenarios according ISO 14933, to be tested within APROSYS (indicated with red 
triangle) 
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For seat mounted airbags, the following tests were selected from the IHRA proposal: 

- 3 year old, rearward facing: the potential aggressiveness of the airbag is addressed with a 
focus on chest interaction. Note that this position is a non-realistic seating position for the EU 
situation. 

- 3 year old, forward facing on booster seat: the potential aggressiveness of the airbag is 
addressed with a focus on head/neck interaction. This position could be representative for the 
EU situation. 

- 6 year old, forward facing on booster seat: the potential aggressiveness of the airbag is 
addressed with a focus on head/neck interaction. This position could be representative for the 
EU situation. 

For door mounted airbags, the following tests were selected from the IHRA proposal: 

- 3 year old, outboard facing: the potential aggressiveness of the airbag is addressed. 

- 3 year old, lying on seat, head on armrest: the potential aggressiveness of the airbag is 
addressed. 

-  5th percentile, forward facing: the potential aggressiveness of the airbag is addressed with a 
focus on head/neck interaction. This position could be also representative for the EU 
situation. 

However, as mentioned before, no tests with door mounted airbags will be done within the current 
research. 

For curtain airbags, the following test is selected: 

- 5th percentile, forward facing with raised seat: this position could be representative for the EU 
situation. 

Additionally, tests with child restraint systems were defined. It was decided to use group 2/3 child 
restraint systems (CRS), since these were assumed to give the largest chance on interaction between a 
side airbag and a child and/or CRS. Different qualities of CRS were used, with and without backrest 
for group 2 and group 3 respectively. Tests were performed with 3-yo and 6-yo Hybrid-III dummies 
in forward facing positions to be able to compare with the forward facing IHRA positions. Both seat 
mounted thorax airbags and seat mounted head thorax bags were included. The CRS was mounted 
according its manual, the dummy was then positioned following as close as possible the TWG 
protocol for forward facing positions, aiming at the largest possible interaction between dummy , CRS 
and airbag. A workshop with the APROSYS partners involved was organised to define the “worst 
case” CRS positions. 

In total three different vehicles were used, referred to as “A”, “B” and “C” because it was not the 
purpose of this study to assess individual airbags or vehicles. Three A models were included 
(indicated with A1, A2, A3) and one B and C model. 

4.2 TEST MATRIX 
All test performed are summarized in Table 5 (IHRA/TWG tests) and Table 6 (CRS tests). Pre-and 
post test pictures for both test series are given in appendix B (Figure 14-Figure 35) and appendix C 
(Figure 36-Figure 45) respectively. 
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Table 5: Test matrix OOP tests following the IHRA protocol 
Test ID Scenario  

(IHRA identifier) 

Dummy Airbag Car Aim of the test 

CL051706  Forward facing (3.3.3.1) 3-year-old Seat integrated thorax bag A3 Reproducibility & repeatability within lab 

CL051707  Forward facing (3.3.3.1) 3-year-old Seat integrated thorax bag A3 Reproducibility & repeatability within lab 

052808Gl  Forward facing (3.3.3.1) 3-year-old Seat integrated thorax bag A2 Reproducibility & repeatability within lab 

052809Gl  Forward facing (3.3.3.1) 3-year-old Seat integrated thorax bag A2 Reproducibility & repeatability within lab 

Al 050145  Forward facing (3.3.3.1) 3-year-old Seat integrated head/thorax bag B Protocol evaluation 

CL051708  Rearward facing (3.3.3.2) 3-year-old Seat integrated thorax bag A3 Reproducibility & repeatability within lab 

CL051709  Rearward facing (3.3.3.2) 3-year-old Seat integrated thorax bag A3 Reproducibility & repeatability within lab 

Al 050141  Rearward facing (3.3.3.2) 3-year-old Seat integrated thorax bag A1 Reproducibility & repeatability within lab 

Al 050142  Rearward facing (3.3.3.2) 3-year-old Seat integrated thorax bag A1 Reproducibility & repeatability within lab 

EOPB0126  Rearward facing (3.3.3.2) 3-year-old Seat integrated thorax bag A1 Reproducibility & repeatability within lab 

EOPB0127  Rearward facing (3.3.3.2) 3-year-old Seat integrated thorax bag A1 Reproducibility & repeatability within lab 

AL 05146  Rearward facing (3.3.3.2) 3-year-old Seat integrated head/thorax bag B Protocol evaluation 

EOPC0082  Rearward facing (3.3.3.2) 3-year-old Seat integrated head/thorax bag C Protocol evaluation 

CL051702  Forward facing (3.3.3.5) 6-year-old Seat integrated thorax bag A3 Repeatability within lab 

CL051703  Forward facing (3.3.3.5) 6-year-old Seat integrated thorax bag A3 Repeatability within lab 

AL 05147  Forward facing (3.3.3.5) 6-year-old Seat integrated head/thorax bag B Protocol evaluation 

CL051704  Forward facing (3.3.5.2) SID-IIs Roof mounted curtain airbag A3 Reproducibility & repeatability within lab 

CL051705  Forward facing (3.3.5.2) SID-IIs Roof mounted curtain airbag A3 Reproducibility & repeatability within lab 

Al 050143  Forward facing / raised 

seat (3.3.5.2) 

SID-IIs Roof mounted curtain airbag A1 Reproducibility & repeatability within lab 

Al 050144  Forward facing / raised 

seat (3.3.5.2) 

SID-IIs Roof mounted curtain airbag A1 Reproducibility & repeatability within lab 

EOPB0128  Forward facing / raised 

seat (3.3.5.2) 

SID-IIs Roof mounted curtain airbag A1 Reproducibility & repeatability within lab 

EOPB0129  Forward facing / raised 

seat (3.3.5.2) 

SID-IIs Roof mounted curtain airbag A1 Reproducibility & repeatability within lab 
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Table 6: Test matrix OOP tests with dummies in CRS 
Test ID Scenario  

(IHRA identifier) 

Dummy Airbag Vehicle Aim of the test to investigate 

CL052601  Forward facing, 

simple booster 

6-year-old Seat integrated thorax bag A3 Repeatability and CRS influence, compare to 

CL051702 and CL051703 (TWG position 3.3.3.5) 

CL052602  Forward facing, 

simple booster 

6-year-old Seat integrated thorax bag A3 Repeatability and CRS influence, compare to 

CL051702 and CL051703 (TWG position 3.3.3.5) 

CL052603  Forward facing, high 

end booster 

6-year-old Seat integrated thorax bag A3 CRS influence, compare to CL051702 and 

CL051703 (TWG position 3.3.3.5) 

EOPC0083  Forward facing, high 

end booster 

6-year-old Seat integrated head/thorax 

bag 

C CRS performance with head/thorax bags 

CL052604  Forward facing, 

simple seat 

6-year-old Seat integrated thorax bag A3 CRS influence, compare to CL051702 and 

CL051703 (TWG position 3.3.3.5) 

CL052605  Forward facing, high 

end seat  

6-year-old Seat integrated thorax bag A3 CRS influence, compare to CL051702 and 

CL051703 (TWG position 3.3.3.5) 

053602Gl  Forward facing, 

simple seat 

3-year-old Seat integrated thorax bag A2 Repeatability and CRS influence, compare to 

CL051706, CL051707, 052808Gl , 052808Gl  

(TWG position 3.3.3.1) 

053604Gl  Forward facing, 

simple seat 

3-year-old Seat integrated thorax bag A2 Repeatability and CRS influence, compare to 

CL051706, CL051707, 052808Gl , 052808Gl  

(TWG position 3.3.3.1) 

052810Gl  Forward facing, high 

end seat  

3-year-old Seat integrated thorax bag A2 Repeatability and CRS influence, compare to 

CL051706, CL051707, 052808Gl , 052808Gl  

(TWG position 3.3.3.1) 

052902Gl  Forward facing, high 

end seat  

3-year-old Seat integrated thorax bag A2 Repeatability and CRS influence, compare to 

CL051706, CL051707, 052808Gl , 052808Gl  

(TWG position 3.3.3.1) 
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5 Summary of results 

Detailed test results, including detailed measurements regarding dummy positioning, are presented in 
technical reports [7], [8], [9], [10], [11], [12] and [13]. A summary of the results is presented below. 
Attention was focused on the assessment of the injury reference values (see Table 1 for the injury 
reference values).  

5.1 SEAT INTEGRATED THORAX BAGS , VEHICLE A 

5.1.1 General observations 
From the test results, it is concluded that most probably the airbags have been designed following the 
TWG proposal. The injury reference values found were all well below the limits, except for the thorax 
deflection rate in one test. 

5.1.2 Repeatability and reproducibility forward facing 
All injury values expressed in % of the limits are given in Figure 2 for the 3-year-old dummy and in 
Figure 3 for the 6-year-old dummy. 
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Figure 2: Injury criteria expressed as percentage of reference values for the 3YO forward facing test 
condition (same test repeated twice in two different laboratories). 
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Figure 3: Injury criteria expressed as percentage of reference values for 6YO forward facing test 
condition (test repeated twice in one laboratory). 
 
It is concluded that the repeatability (within one lab) is fairly well, whereas the reproducibility 
(between the labs) is less. This is related to a different interpretation of the TWG protocol, particularly 
with respect to seat for aft position, resulting in different contract interaction with the door trim.  

Generally, the injury risk for the 6-year-old dummy seems to be less than for the 3-year-old dummy. 

 

5.1.3 Repeatability and reproducibility Rearward Facing 
All injury values expressed in % of the limits are given in Figure 4 for the 3-year-old dummy in 
rearward facing position.  
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Figure 4: Injury criteria expressed as percentage of reference values for the 3YO rearward facing test 
condition (test repeated twice in three different laboratories). 
 
It is concluded that the repeatability is fairly well, whereas the reproducibility is poor especially for 
the chest deflection. This is related to a different interpretation of the TWG protocol resulting in 
slightly different positions of the dummy chest in relation with the airbag position. 

5.1.4 Comparison TWG tests with CRS tests 
All injury values expressed in % of the limits are given in Figure 5 for the 3-year-old dummy in 
forward facing position, with and without CRS. 
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Figure 5: Injury criteria expressed as percentage of reference values for 3-year-old dummy with and 
without child restraint system. The forward facing tests following the IHRA-TWG proposal are 
CL051706, CL051707, 052808Gl, 052809Gl. 
 
For the 3-year-old dummy, the standard IHRA-TWG tests for forward facing (using a booster-like 
foam block) result in the most severe injury score. All scores for reference values are far below the 
injury limits when seated in a CRS (test 052810Gl, 052902Gl, 053602Gl and 053604Gl). The dummy 
in the high end seat (test 052810Gl and 052902Gl) experiences an even lower loading than the 
dummy in the simple CRS (test 053602Gl and 053604Gl). 

All injury values expressed in % of the limits are given in Figure 6 for the 6-year-old dummy in 
forward facing position, with and without CRS. 
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Figure 6: Injury criteria expressed as percentage of reference values for 6-year-old dummy with and 
without child restraint system. The forward facing test following the IHRA-TWG proposal are CL051702 
and CL051703. 
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Both boosters and seats with backrests were included. All injury values were far below the injury 
limits. The use of a simple booster seat (test CL052601 and CL052602) results in similar loading to 
the dummy as in the IHRA tests. The use of a high end booster seat prevents the dummy from coming 
too close to the airbag, hence resulting in lower injury values (CL052603). Using a booster seat with a 
backrest (CL052604 and CL052605) further reduces the injury values, compared to using a booster 
only. 

5.1.5 Discussion 
Using a CRS with a backrest decreases the risk of interaction between dummy and airbag during 
airbag deployment. No serious airbag – dummy or CRS interaction was observed in these seat 
mounted thorax airbag tests. 

No significant difference were found between different types of CRS, although with a simple booster 
(without horns) it is easier to come closer to the airbag, in the potential zone of danger. 

Generally it is concluded that the TWG proposal for forward facing 3 and 6 year old dummies covers 
the worst case situation that could occur when seated in a CRS. 

From the TWG proposal, the rearward facing 3 year old dummy is facing the most severe loading. 

5.2 CURTAIN AIRBAG OF VEHICLE A  
 

5.2.1 General observations 
In two of the three labs, the passenger seat was raised to obtain the height of the driver seat also at the 
passenger side (the side that was tested), although the passenger seat itself was not height adjustable. 
The objective of the test is to maximize the interaction of head and neck area with the airbag. By use 
of  the height adjustable driver seat, a closer head position to module is achievable (testing in the 
worst case situation). 

5.2.2 Repeatability and reproducibility 
All injury values expressed in % of the limits are given in Figure 7 for the SID-IIs dummy in forward 
facing position (raised seat).  
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Figure 7: Injury criteria expressed as percentage of reference values, results for SID-IIs in forward 
facing test condition (raised seat). The test is repeated twice in three laboratories. 

 
Large differences are observed, particularly between the Nij values, with one test exceeding the limits. 
This is related to the different airbag – dummy interaction observed. In 50% of the tests, the airbag 
was deployed between the dummy and the window, whereas in the other 50%, the dummy was in 
between the airbag and the window (see Figure 8). Differences in the dummy positioning and seat 
adjustment contribute to differences in the airbag – dummy interaction. The positioning protocol of 
the SID-IIs for this position needs further refinement for use in regulatory testing. 
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Figure 8: Reproducibility, forward facing SID-IIs. 
 
 

5.3 HEAD THORAX AIRBAG OF VEHICLE B 
 

5.3.1 General observations 
No repeat tests were done with the head thorax of vehicle B. Results for the 3 year old in forward 
facing and rearward facing position are given in Figure 9. 
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Figure 9: Injury criteria expressed as percentage of reference values for 3 year old dummy (forward and 
rearward facing). 
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It is concluded that the loading of the dummy in the rearward facing condition is much more severe 
than in the forward position. 

Results for the 6 year old in forward facing position are given in Figure 10. 
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Figure 10: Injury criteria expressed as percentage of reference values for 6 year old dummy in forward 
facing test condition. 
 
It is noted that the head part of the side airbag deployed behind the seat back, so that no interaction 
between dummy and the airbag occurred. 

5.3.2 Discussion 
No repeat tests were included in the program. The loading condition of the rearward facing 3 year old 
dummy is the most severe, particularly in the head and neck area. 

 

5.4 HEAD THORAX AIRBAG OF VEHICLE C 

5.4.1 General observations 
A vehicle was chosen from the EuroNCAP fleet, equipped with a head-thorax airbag. For the side 
impact protection in EuroNCAP, this vehicle scored 94% (17 points), indicating a good performance. 

5.4.2 Results TWG test (3 year old, rearward facing) 
Results for the 3 year old in rearward facing position are given in Figure 11. 
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Figure 11: Injury criteria expressed as percentage of reference values for 3 year old in rearward facing 
test condition. 
 
The values for the reference criteria found in the test are above the limits of TWG (3YO child), 137% 
chest deflection, 116% chest deflection rate). The side airbag design seems to be not according to the 
TWG requirements.  

5.4.3 Results CRS test 
A high end booster seat cushion was used, in which the dummy was positioned such that worst case 
interaction between dummy and airbag was expected, see Figure 12. A 6-year old dummy was 
selected.  

 
Figure 12: 6 year old child dummy positioned such to maximize interaction dummy and head thorax 
airbag 
 

The results for the reference values are given in Figure 13.  
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Figure 13: Injury criteria expressed as percentage of reference values for 6 year old in forward facing test 
condition. 
 
The reference values are also above the limits of the TWG, but a different body part is involved here 
(119% Nij). The high Nij values can be explained by the strong push to the thorax (posterior), 
whereas there is no push posterior to the head. This drives the relative movement and strong loads at 
the body interface neck between the head and thorax. 

5.4.4 Discussion 
The side airbag design seems to include a risk in CRS- out-of-position conditions (sleeping child), 
however, this risk is likely to be covered by the TWG tests (forward facing on booster seat, not 
checked in this project). 

A general note is that CRS positioning on the rear bench should be preferred over the front passenger 
seat. 

 

5.5 DOOR MOUNTED AIRBAGS  
Currently, hardly any market introduction of new vehicles with door mounted side airbags is 
recorded. The trend in side airbags is going to seat integrated systems. That also drives tendencies to 
smaller bags. Thorax protection zones are much smaller since no coverage of full seat track range is 
needed. 

For testing within this project, no suitable vehicles with door mounted airbags could be found. From 
an internet search, the following information was gathered.  

Table 7 shows some recent vehicle models (from a US market scan) equipped with door mounted side 
airbags. Only a limited amount of vehicle models was found. 
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Table 7: Overview vehicles equipped with door mounted airbags. 
   Equipment 

Trade Mark Model MY Side airbag Curtain airbag 

Series 6 2-Dr 2004 Std torso Bag from Door row 1  Std tube Bag for row 1 

Series 7 2004 
Std torso Bag from Door row 1 /  
Opt. Torso Bag from Door Row 2 Std tube Bag for row 1 and 2 

X3 4 Dr 2004 
Std torso Bag from Door row 1 /  
Opt. Torso Bag from Door Row 2 Std tube Bag for row 1 and 2 

X5 4 Dr 2004 
Std torso Bag from Door row 1 /  
Opt. Torso Bag from Door Row 2 

Std tube Bag for row 1 /  
Opt tube Bag for row 2 

Series 3 2Dr 2005 
Std torso Bag from Door row 1 /  
Opt. Torso Bag from Door Row 2 Std tube Bag for row 1 

Series 5 4Dr 2005 
Std torso Bag from Door row 1 /  
Opt. Torso Bag from Door Row 2 Std tube Bag for row 1 and 2 

X3 4 Dr 2005 
Std torso Bag from Door row 1 /  
Opt. Torso Bag from Door Row 2 Std curtain Bag for row 1 and 2 

X5 4 Dr 2005 
Std torso Bag from Door row 1 /  
Opt. Torso Bag from Door Row 2 

Std tube Bag for row 1 /  
Opt Tube Bag for row 2 

Series 5 4Dr 2006 
Std torso Bag from Door row 1 /  
Opt. Torso Bag from Door Row 2 Std tube Bag with Sail for row 1 and 2 

X3 4 Dr 2006 
Std torso Bag from Door row 1 /  
Opt. Torso Bag from Door Row 2 Std curtain Bag for row 1 and 2 

BMW 

X5 4 Dr 2006 
Std torso Bag from Door row 1 /  
Opt. Torso Bag from Door Row 2 Std tube Bag for row 1  

Chrysler Crossfire 2-Dr 2006 Std torso Bag from Door row 1    

Land Rover Range Rover 2004 Std torso Bag from Door row 1   

Land Rover Range Rover 4 Dr 2006 Std torso Bag from Door row 1  Std tube Bag from row 1 and 2 

ML- Class 2004 Std torso Bag from Door row 1and 2  Std curtain Bag from row 1 and 2 

C-Class 4-Dr 2004 Std torso Bag from Door row 1and 2  Std curtain Bag from row 1 and 2 

C-Class 2-Dr 2005 Std torso Bag from Door row 1and 2  Std curtain Bag from row 1 and 2 
Mercedes-Benz 

CL-Class 2004 Std torso Bag from Door row 1and 2  Std curtain Bag from row 1 and 2 

 

On the NHTSA website a study is presented where the IHRA TWG  procedures were evaluated [14], 
dated 2001. This study included 3 vehicles equipped with door mounted airbags. For the 3-y-o 
dummy (Hybrid-III), all side OOP tests in these vehicles exceeded the injury reference and research 
values.  

Any new tendency towards (re)introduction of door mounted airbags in Europe should therefore 
carefully be monitored. 

 

5.6 CONCLUSIONS  
The tests performed in this project showed that in various tests the injury reference values were 
exceeded. This indicates a potential risk in case of an out-of-position situation. 

The rearward facing loading condition is more severe than the forward facing loading condition, 
generally more severe for the smaller dummy. Note that a rearward facing seating position in not 
considered realistic for Europe because of the obligation to seat children in CRS. 
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Adding a CRS reduces the risk of serious airbag – dummy interaction, although with a booster seat 
still a dummy position can be obtained in which interaction occurs, particularly in case of a combined 
head-thorax airbag. 

Considered to the ‘standard’ TWG out of position tests, the tests using child restraints do not result in 
more severe test conditions. In other words: the TWG test conditions seem to cover also the typical 
European situation of children being seated in child restraint systems. 

Any new tendency to (re)introduction of door mounted airbags in Europe should carefully be 
monitored because of the potential higher injury risk in case of out-of-position.
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6 Side OOP and rollover scenarios  

Out-of-position situations could develop during a crash event such as rollover. The possibility of 
using the IHRA side OOP tests to evaluate the injury risk due to the deployment of side airbags in 
case of rollover events was investigated. The full report is titled “OOP induced by the Pre-Roll and 
first phase of rollover” [15]. The executive summary and some considerations on linking rollover 
scenarios to particular side OOP tests are given below. 

6.1 SUMMARY “OOP  INDUCED BY THE PRE-ROLL AND FIRST PHASE OF ROLLOVER ”  
 

“Statistical investigations regarding rollover in Europe have shown that approximately 10% of 
accident cases are having an element of rollover. Further, the investigation has pointed out that 
rollover has a high rate of fatalities and seriously injured occupants. Since the risk to be seriously or 
fatally injured in rollover is 2.5 times higher than the overall risk to be seriously or fatally injured in 
a car accident, we can assume that rollover is a very serious and threatening accident type. Moreover 
this chapter points out that the majority of severe injuries are sustained due to partial of full ejection. 
Roof rail airbags (RRAB) are supposed to diminish the risk for injuries in side impacts and to provide 
protection against ejection (Pywell and Bahling, 2001[16]). 

The chapter “Categories” highlighted six rollover scenarios for the European situation: 

- The ramp induced rollover 

- Skidding & yawing 

o Turn induced or vehicle dynamic induced rollover 

o Trip induced rollover 

- The impact induced rollover with a delta v below 30 kph 

- The impact induced rollover with a delta v above 30 kph 

- Others (e.g. end-over-end rollover) 

Further the chapter shows the distribution of those categories among rollover accidents. About 40% 
of rollover accidents can be categorized as “Skidding and Yawing”. 

The chapter “Analysis of Lateral Accelerations” takes a closer look into the pre-roll and first phase 
of rollover (up to a roll angle of 60°). With the help of diagrams showing lateral acceleration versus 
roll angle, typical acceleration histories are shown and categorized. The roll angle is an appropriate 
scale for the sequence of a rollover. Using the roll angle instead of the time allows comparison of the 
rollover accidents). Four categories for typical pre-crash scenarios were derived: 

- Oversteering once/twice 

- ¾ turn 

- Going down a slope 

- Jumping down a slope 

The chapter “Phases of vehicle and occupant kinematics” observes the typical head and upper body 
excursion under the loading of regular rollover tests (FMVSS 208, Curbtrip, Ramp). Obviously these 
tests lack a pre-crash phase and are characterized by rather high lateral accelerations (FMVSS 208, 
Curbtrip). For these tests current rollover detection algorithms sense the coming rollover in time and 
reliable. 
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The chapter “Analysis of numerical model” uses a Madymo® human occupant model to investigate 
the head excursion under the loading of pre-roll and first phase of roll. Real world accidents found in 
the “Rollover” database (provided by EC-project Rollover) were reconstructed with PC-Crash®. 
Accelerations calculated in PC-Crash® were used to prescribe the motion of the Madymo® interior 
model. Delphi Germany provided the trigger times of their generic rollover detection algorithm. The 
simulations show that current rollover detection algorithm detect the coming rollover reliable. 
However, the scenario “Skidding & Yawing” was revealed to be critical: due to long lasting lateral 
accelerations the head of the occupant was in the area of airbag deployment. Delphi Germany 
confirmed that “slow” rollovers with long lasting but rather small lateral accelerations are hard to 
detect. Due to the pre-crash phase the occupant’s head is in an unfavourable OOP. The airbag may 
be injurious for the occupant and protection against ejection may not be provided (occupant’s head 
and torso trapped between airbag and window). 

The chapter “Low-G rollover tests” shows up a possible test method to investigate the problem of 
“Skidding & Yawing”. The Takata rollover sled “ROLAND” is able to decelerate a vehicle controlled 
(up to 7g). TUG used this sled to simulate the “Skidding & Yawing”. A constant deceleration of 1.8g 
was used to let the vehicle trip. Again, the near-side Hybrid III had a considerable OOP: the head 
was adjacent to the window when the sensor systems detected the coming rollover. A deploying 
airbag may have been injurious to the occupant. 

As revealed in the chapter “Categories”, the skidding and yawing rollover accident is characterized 
by a long pre-crash phase. The chapter “Analysis of lateral accelerations” shows a generic lateral 
acceleration curve for the “Skidding and Yawing” rollover: a “humped up” curve with a lateral 
acceleration of 1.5 – 2.0g. The lateral accelerations may act on the vehicle up to 1.5 seconds and 
even longer. These accelerations may lead to head excursions into the area of the deploying airbag. 
However, it may be argued that an active human model (with bracing and muscle tensioning) may 
counteract those accelerations and keep the head away from the side window. But, results from 
earlier volunteer sled test show that even small lateral accelerations lead to head excursions into the 
airbag-deployment area. 

The chapter “Low-G volunteer tests” shows the head excursion of a near side occupant under the 
load of a 2g lateral acceleration (rectangular pulse). The tests show clearly that the occupant is not 
able to counteract those “small” lateral accelerations. Again the head is pushed towards the near 
side of the vehicle into the area of the deploying airbag. Hence it can be concluded that OOPs 
induced by the pre-roll phase and first phase of a rollover have to be considered. As shown a large 
amount of rollover cases can be categorized as “Skidding & Yawing” rollover (40%). Numerical 
simulations with a human model, real world test with a Hybrid III and finally volunteer tests confirm 
that lateral accelerations between 1 to 2g acting on the occupant and the vehicle lead to considerable 
OOPs. Rollover detection algorithms detect a coming rollover reliably. In case of a “Skidding & 
Yawing” rollover accident however, the detection may be too late: the head of the occupant possibly 
will be in the area of the deploying airbag. The occupant is likely to be injured by the airbag and the 
effectiveness of the airbag (e.g. as countermeasure against ejection) may be reduced. 

Seen from the standpoint of rollover, and in particular in the pre-roll and first phase of rollover, an 
OOP test definitely makes sense. The positions “Forward Facing on Raised Seat”, “Forward 
Facing” and “Forward Facing on Booster Block” from the IHRA/TWG side OOP proposal  are 
appropriate methods to check the injuriousness and effectiveness of side airbags when the occupant is 
in an unfavourable seating position.”  
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6.2 EXECUTIVE SUMMARY 
From the work summarized in the previous section, it is concluded that particular scenarios from the 
IHRA/TWG side OOP proposal could be used to address out-of-position risk in rollover situations.  

The involved scenarios would be: 

- Forward facing (with or without a raised seat) 

- Forward facing on booster block 

The conclusion is based on analysis of the pre-roll phase by means of numerical simulations (dummy 
model and human model), real world rollover tests and volunteer tests. 
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7 Conclusions and recommendations 

This chapter presents the conclusions and recommendations of APROSYS task 1.1.4. 

7.1 CONCLUSIONS 
The objective of the research was to evaluate the IHRA-TWG protocol for its appropriateness for use 
in Europe. The following was concluded: 

- Out of the IHRA/TWG protocol, test scenarios relevant for Europe were identified 

- Different side OOP tests were performed successfully in four different laboratories over 
Europe, resulting in a reasonable repeatability within one laboratory and poor reproducibility 
over the different laboratories. The current test protocol is not clear enough to be used in an 
EU regulatory environment at this stage, particularly seat (for-aft) position and dummy 
positioning with respect to the airbag modules are not unambiguous. 

- Side airbag in current vehicles on the road not necessarily fulfill the TWG limits. 

- No relevant accident data was found regarding injuries induced by side airbags. 

- To cover OOP situations that could occur in rollover situations, the forward facing positions 
of the IHRA/TWG protocol could be included in the evaluation. 

 

7.2 RECOMMENDATIONS 
No cases were reported from the accident studies, therefore it is recommended not to include 
evaluation of side out-of-position risk in new regulations at this stage. Further, if any inclusion would 
be considered in future, it is recommended not to include additional tests with CRS to the current 
IHRA/TWG protocol because the current IHRA/TWG scenarios cover the worst case conditions for 
Europe. From the IHRA/TWG proposal, particularly the rearward facing conditions with child 
dummies are recommended to evaluate the airbag aggressiveness, unless the fact that the seating 
position is not relevant for Europe. It is noted that some of the other IHRA/TWG positions, such as 
lying on a seat, are considered not relevant for Europe, as CRS are mandatory in Europe, and these 
tests also give no information about the airbag aggressiveness. 

Optional, a limitation to test only the worst case scenarios of each module could be considered for 
recommendation to TWG/IHRA. The lack of injury risk (no AIS3+ injuries reported) could drive a 
limitation of evaluation work to the worst case test position of each module mounting position. This 
could also have positive effects to the cost side of the cost benefit picture. 

Further refinement of the IHRA/TWG test protocol to solve some interpretation differences is 
recommended. 

Potential replacement of SIDIIs by the WorldSID 5th female dummy for this type of OOP testing 
should be further investigated. 

Any new tendency towards (re)introduction of door mounted airbags in Europe should carefully be 
monitored because of their potential injury risk. 
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Appendix A  DIRECTIVE 2003/20/EC OF THE EUROPEAN PA RLIAMENT AND 
OF THE COUNCIL of 8 April 2003 amending Council Dir ective 
91/671/EEC 
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Appendix B: Pre- and post test pictures IHRA/TWG te sts  

 
Pre test Post test 

  

Figure 14: CL051706, Forward facing, 3-year-old, Seat integrated thorax bag 

 

Pre test Post test 

  

Figure 15: CL051707, Forward facing, 3-year-old, Seat integrated thorax bag 

 

Pre test Post test 

  

Figure 16: 052808Gl, Forward facing, 3-year-old, Seat integrated thorax bag 
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Pre test Post test 

  

Figure 17: 052809Gl, Forward facing, 3-year-old, Seat integrated thorax bag 

 

Pre test Post test 

  

Figure 18: Al 050145, Forward facing, 3-year-old, Seat integrated head/thorax bag 

 

Pre test Post test 

 

 

Figure 19: CL051708, Rearward facing, 3-year-old, Seat integrated thorax bag 
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Pre test Post test 

 

 

Figure 20: CL051709, Rearward facing, 3-year-old, Seat integrated thorax bag 

 

Pre test Post test 

 

 

 

 

 

Figure 21: Al 050141, Rearward facing, 3-year-old, Seat integrated thorax bag 

 

Pre test Post test 

 

 

Figure 22: Al 050142, Rearward facing, 3-year-old, Seat integrated thorax bag 
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Pre test Post test 

 

 

Figure 23: EOPB0126, Rearward facing, 3-year-old, Seat integrated thorax bag 

 

Pre test Post test 

 

 

Figure 24: EOPB0127, Rearward facing, 3-year-old, Seat integrated thorax bag 

 

Pre test Post test 

  

Figure 25: AL 05146, Rearward facing, 3-year-old, Seat integrated head/thorax bag 
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Pre test Post test 

 
 

Figure 26: EOPC0082, Rearward facing, 3-year-old, Seat integrated head/thorax bag 

 

Pre test Post test 

  

Figure 27: CL051702, Forward facing, 6-year-old, Seat integrated thorax bag 

 

Pre test Post test 

 
 

Figure 28: CL051703, Forward facing, 6-year-old, Seat integrated thorax bag 
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Pre test Post test 

  

Figure 29: AL 05147, Forward facing, 6-year-old, Seat integrated head/thorax bag 

 

Pre test Post test 

  

Figure 30: CL051704, Forward facing, SID-IIs, Roof mounted curtain airbag 

 

Pre test Post test 

  

Figure 31: CL051705, Forward facing, SID-IIs, Roof mounted curtain airbag 
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Pre test Post test 

  

Figure 32: Al 050143, Forward facing / raised seat, SID-IIs, Roof mounted curtain airbag 

 

Pre test Post test 

  

Figure 33: Al 050144, Forward facing / raised seat, SID-IIs, Roof mounted curtain airbag 

 

Pre test Post test 

  

Figure 34: EOPB0128, Forward facing / raised seat, SID-IIs, Roof mounted curtain airbag 
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Pre test Post test 

  

Figure 35: EOPB0129, Forward facing / raised seat, SID-IIs, Roof mounted curtain airbag 
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Appendix C: Pre- and post test pictures CRS tests 

 

Pre test Post test 

  

Figure 36: CL052601, Forward facing, simple booster, 6-year-old, Seat integrated thorax bag 

Pre test Post test 

Not available 

 

Figure 37: CL052602, Forward facing, simple booster, 6-year-old, Seat integrated thorax bag 
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Pre test Post test 

  

Figure 38: CL052603, Forward facing, high end booster, 6-year-old, Seat integrated thorax bag 

Pre test Post test 

  

Figure 39: EOPC0083, Forward facing, high end booster, 6-year-old, Seat integrated head/thorax bag 

Pre test Post test 

  

Figure 40: CL052604, Forward facing, simple seat, 6-year-old, Seat integrated thorax bag 
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Pre test Post test 

  

Figure 41: CL052605, Forward facing, high end seat, 6-year-old, Seat integrated thorax bag 

Pre test Post test 

  

Figure 42: 053602Gl, Forward facing, simple seat, 3-year-old, Seat integrated thorax bag, A2 

Pre test Post test 

  

Figure 43: 053604Gl, Forward facing, simple seat, 3-year-old, Seat integrated thorax bag, A2 
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Pre test Post test 

  

Figure 44: 052810Gl, Forward facing, high end seat, 3-year-old, Seat integrated thorax bag, A2 

Pre test Post test 

Not available 

 

Figure 45: 052902Gl, Forward facing, high end seat, 3-year-old, Seat integrated thorax bag, A2 

 
 


