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SUMMARY

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

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

Side OOP tests were performed with different typfegirbags (seat mounted thorax bags, seat
mounted head thorax bags and curtain bags), wigreint dummies (Hybrid-Ill 3-y-o and 6-y-0 and
SIDlls dummy) and with and without using CRS.

The following conclusions were drawn:
- Out of the IHRA/TWG protocol, test scenarios relev@r Europe were identified

- Different side OOP tests were performed succegsiuliour different laboratories over
Europe, resulting in a reasonable repeatabilithiwione laboratory and poor reproducibility
over the different laboratories. The current testgrol is not clear enough to be used in the
regulatory rulemaking process at this stage, pdaity seat (for-aft) position and dummy
positioning with respect to the airbag modulesremeunambiguous.

- Side airbag in current vehicles on the road noesearily fulfill the TWG limits.
- No relevant accident data was found regarding iguinduced by side airbags.

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

No cases were reported from the accident studiesgfore it is recommended not to include
evaluation of side out-of-position risk in new régions at this stage. Further, if any inclusionudo

be considered in the future, it is recommendedamatclude additional tests with CRS to the current
IHRA/TWG protocol because the current IHRA/TWG sados, as it is, cover the worst case
conditions for Europe. From the IHRA/TWG propogalrticularly the rearward facing conditions

with child dummies are recommended as a test tluateato investigate airbag aggressiveness, unless
the conclusion that this seating position is ntavant for Europe. It is noted that some of theeoth
IHRA/T WG positions, such as lying on a seat, anesalered as also not relevant for Europe as CRS
are mandatory in Europe.
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1. Introduction

The European®Framework Programme Integrated Project (IP) onakded Protection Systems
(APROSYS) focuses on developments in the fieldasfspre vehicle safety. The aim of sub-project 1
(SP1), titled ‘Car Accidents’, is to investigate ttievelopment and validation of evaluation methods
and advanced protection systems. The overall obgeof the work is to reduce the number of car
occupant fatalities and serious injuries by devialpully validated test procedures that once
implemented in regulation and / or consumer testiligmprove a car’s crashworthiness in side and
frontal impacts, including elements of compatiifterformance.

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

The tasks are:
Advanced protection in multi-vehicle lateral crashe
Protection in single vehicle crashes involving oarobjects;
Interior head protection in lateral impact;
Occupant injury risk from deploying (side) airbags.

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

This deliverable presents the results of the rebgaerformed in task 4 of WP1.levaluating the
occupant injury risk from deploying side airbags”

1.1 OBJECTIVE

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

To minimise the potential negative effects of sadbag systems, the need for a Side Out of Position
(S-OO0P) test procedure feasible for Europe is ityated. A potential test procedure is based on the
IHRA proposal from the IHRA Side impact technicainking group (IHRA SI-TWG) activities but
would take into account the typical European situategarding regulations, fleet characteristiod an
accident statistics. Note that until June 2004 staet of this task within APROSYS, no deaths or
serious injuries caused by side airbag deploynme@®P situations are reported in Europe and US.

In addition, the correlation between OOP risk areldemands for roll-over protection has been
investigated by means of numerical simulations eHeis realised that there are differences between
rollover and OOP in terms of occupant involvem&fdjor risk in rollover situations is for adult
occupants, whereas major risk in out of positidmagions is for children because of their loweurgj
tolerance.
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1.2 STRUCTURE OF THE REPORT

This report describes the results of the reseagdioned in task 1.1.4. The report is structured as
follows. The review of the IHRA proposal is givenChapter 2. The current status in Europe with
respect to accident analysis, regulations anchgesbsts is described in Chapter 3. The test pnogra
defined for this project is presented in Chaptdoliowed by a brief description of the results and
their analysis. The potential similarity between-ofiposition occupants in rollover and side impact
conditions is studied in Chapter 5. Finally, Chagt@resents the conclusions and recommendations
on the feasibility of a side OOP test procedureHorope.
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2 Review of IHRA side airbag OOP injury TWG proposa |

2.1 INTRODUCTION

The IHRA proposal is based on the docuni®&#commended procedures for evaluating occupant
injury risk from deploying side airbagsprepared by “the Side airbag Out-of-Position ipju
Technical Working Group (TWG, a joint project ofliahce, AIAM, AORC and IIHS”, first revision
July 2003) [2].

The test procedures include tests for seat-mouaitbelgs, door/quarter panel-mounted and roof-rail
mounted airbags using 3-year old, 6-year old Hybtidnd small female SID-lIs dummies

(potentially to be replaced by th& female WorldSID)Although no deaths or serious injuries have
occurred from side airbags till June 2004 (worldsyjdhe test procedure has been accepted as part of
IHRA harmonized test procedures in order to enagiar manufacturers and suppliers to take
measures that minimise the potential negative effefcside airbags.

In the APROSYS project, all partners were aska@v@w the IHRA document and to answer the
following questions:

- Are the proposed dummies representative for thefaan situation?

- Are the proposed injury levels representative lier European situation?

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

- Are there any technical and/or practical problemeatrry out the proposed tests?
- Are there high risk situations not covered by th&tqcol?

- What are the links with other parts of the IHRAt tesite?

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

2.2 REVIEW OF IHRA PROPOSAL FOR EUROPEAN SITUATION

2.2.1 Are the proposed dummies representative for the @pgan situation?

The IHRA protocol proposes four dummies as testodeV hese dummies were selected because they
represent vulnerable occupants (small women ardreh) and these occupants are thought to be at
highest (though still low) risk in case of sidebaig deployment:

- Three year old Hybrid-1ll. This dummy representsaarrage 3-year-old child and was
developed for evaluation of child restraint systemd frontal impact countermeasures.

- Six year old Hybrid-11l. This dummy represents aer@ge 6-year-old child and was
developed for evaluation of child restraint systemd frontal impact countermeasures.

- Female SID-lIs. This dummy represents"gBrcentile female as well as typical 12-13-year-
old adolescents and was designed for the evaluatisidle impact countermeasures.

- 5" percentile Hybrid-IIl. This dummy represents"apgrcentile female as well as typical 12-
13-year-old adolescents and was designed for thieaion of frontal impact
countermeasures. The head and neck are identittad B8ID-IIs.

Reference: AP_SP11 0115 8/57
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Additionally, an instrumented arm is used, devetbefit both the Hybrid-I1l & percentile adult
female dummy and the SID-lIs. The dummies curresghgcted in the IHRA proposal are in line with
the recommendation of ISO/TC22/SC12/WGS5.

For the European situation, the proposed child digmiftHybrid-11l series) might be questionable.
Head neck shoulder interaction of the Hybrid-lllldldummies shows poor bio-fidelity. Q-dummies
could be considered as an alternative, since tissid neck shoulder interaction seems to be more
realistic. The Q-dummies were developed again&anpean background with omni-directional
neck behaviouDisadvantages of the Q-dummies include the diffipokitioning of the Q-dummies
(due to relatively ‘weak’ joints) and the fact thesing Q-dummies would go against world-wide
harmonization. Comparative tests between Hybriduhid Q-dummy however could be seen as a
potential future activity (within or outside APROSY. The current TWG protocol however loads the
body regions mainly mono-axial, and therefore & skage the Hybrid-III child dummies will be
used. However, thoracic deflection in the caseofrd facing (the seat mounted airbag loading the
spine) might not be relevant as the deflection measent can only detect load from the front.

The SID-lls dummy was developed for the US-situatiader the aspect of direct head contact
between the dummy and the front structure of thmaicting car, which is less likely to occur in
Europe (in the US there is a different vehicletflsgh a lot of SUV-type cars). The SID-lIs is the
only 5" percentile side impact dummy currently availaBeplacement of the SID-lIs with the ES-2
dummy could be considered since the ES-2 dummp@' @ercentile European side impact dummy
and interaction with roof mounted airbags mighttimere ‘worst case’ than for thd'Bercentile SID-

lls. However, although the head of d"§fercentile is located higher in the car, it imd@cated more
inboards because of the larger dummy width, asltinemy is positioned as outboard as possible. So
actually the head of the 8@night be further away from the window bag in réfal This type of
dimension studies could be part of the APROSYS wrkhe crash labs in Europe, there is already a
lot of experience with ES-2, although not with tise of ES-2 in OOP situations.

Investigations towards thd'ercentile WorldSID dummy (expected to be avaddbt full scale
testing in October 2006) for application in futtest protocols is highly recommended, since this
dummy is developed to be a worldwide harmonizedrdym

2.2.2 Are the proposed injury levels representative fbetEuropean situation?

The IHRA test protocol was developed to preventasions as happened with the introduction of the
first generation frontal airbags. These first gatien frontal airbags caused unforeseen injuries to
children and smaller occupants and a second gemefde-powered) airbags was required to reduce
the risk on injuries due to frontal airbag deploymdRelated to side and curtain airbags, the IHRA
proposal for side OOP situations reported ‘no deattserious injuries have occurred from side
airbags to date’. Neither from European accidegpktudies, injuries related to side and curtain
airbags were reported. Still, the Side Airbag O@jBriy Technical Working group aimed to develop
test procedures to minimize potential negative sifiects of side airbags as they are introduced in
new cars. The fact that no problems are reportechight indicate that these procedures work already
quite well.

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

- Injury Reference Values (strong scientific basis)

- Injury Research Values (less scientific basis ok laf test experience)

Reference: AP_SP11 0115 9/57
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The TWG recommends that future side airbag systengesigned according to the Injury Reference
Values. Furthermore, Injury Research Values coelddnsidered as guidelines when designing
future side airbags, however, a future side aidegigned according to the Injury Reference Values
need not to be discarded solely to accommodatejaryIResearch Value.

The injury levels chosen in the IHRA proposal aedesof-the-art in terms of biomechanics and injury
risk assessment considering HIlI-3-y-0, HIlI-6-ysmall female and SID-Ils dummies for the US
situation. There are no reasons to assume tha thesechanics would not be feasible for the
European situation and advantage should be takére @dmerican expertise in this field. Injury
criteria defined in the IHRA proposal are coupledtte specific dummies. The Injury Reference
Values are given in Table 1, please note thatitbek defections is measured in the for/aft digecti

in the child dummies and in lateral direction ie BID-IlIs

Table 1: Injury Reference values [1]

Dummy
Hybrid Il Hybrid 11l Hybrid I
3-Year-Old 6-Year-Old Small
Body Region/lnjury Measure Child Child Female SID-lIs
Head
15 ms HIC 570 723 779 779
Upper Neck
N;; 1 1 1 1
Intercepts
Fr (N) 2120 2800 3880 3880
Fc (N) 2120 2800 3880 3880
Mg (Nm) 68 93 155 155
Mg (Nm) 27 37 61 61
Tension (N) 1130 1490 2070 2070
Compression (N) 1380 1820 2520 2520
Thorax
Deflection (mm) 36 40 — 34
Deflection rate (m/s) 8.0 8.5 — 8.2

The Injury Research Values, given in Table 2, regnéimportant indicators of potential injury, but
the engineering and scientific community does mbthave a sufficient biomechanical and other
scientific base to know that the published valumsectly predict injury risks from deploying side
airbags. Therefore there is no reason (yet) taudekhe Injury Research Values in an European
proposal for side impact OOP tests.
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Table 2: Injury Research values [1]

Dummy
Hybrid 11l Hybrid 11l Hybrid 111
3-Year-Old 6-Year-Old Small

Body Region/Injury Measure Child Child Female SID-lIs
Upper Neck

Lateral moment (Nm) 30 42 67 67

Twist moment (Nm) 17 24 39 39
Lower Neck

Flexion moment (Nm) 83 119 190 190

Extension moment (Nm) 34 48 77 77

Lateral moment (Nm) 60 84 134 134

Twist moment (Nm) 17 24 39 39

Tension (N) 1130 1490 2070 2070

Compression (N) 1380 1820 2520 2520
Thorax

Spine acceleration ( max g, 3 ms) 55 60 — 73
Abdomen

Deflection (mm) — — — 32

Deflection rate (m/s) — — — 8.2
Pelvis

Pubic symphysis load (N) — — — 4000

lliac load (N) — — — 4000
Arm

Resultant bending moment, ulna (Nm) — — — 44

Resultant bending moment, humerus (Nm) — — — 130

2.2.3 Which test configurations, dummy type / dummy pasiis, should be tested?

The current test matrix of the IHRA proposal ddsesitests for seat mounted side airbags, door
mounted side airbags, curtain airbags, and comibimsabf these. Also three occupant sizes (3-year,
6-year, small female (and adolescents)) are indu@lee complete IHRA proposed test matrix is
given in Table 3 (note that ‘booster’ refers tgadfied standard foam block to be used in thes}est

The proposed test configurations of TWG report caveery large field of possible occupant
positions. They were chosen to reflect worst cageaechild might lie down and go to sleep in a
vehicle and to measure what happens when the dussupjected to the full force of a deploying
airbag. No child restraint systems are includetthnlHRA protocol since these are not mandatory in
most of the states in the US.

Manufacturer experienced on testing of side airbagules last years concluded that for the different
types of airbag locations (seat, door, and roolfy tme most critical positions are used for
development and the rest for documentation. Thé&elhaf worst-case positions depends on a
complex system of module location, interior spaoe @ccupant position. Worst-case positions may
differ from car to car.

Often the following OOP test configurations are sidared worst-case:
- Seat- mounted modules:
o0 3-year-child: rearward-facing

o 3-year-child: forward-facing

Reference: AP_SP11 0115 11/57
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0 6-year-child: forward-facing
- Door- mounted modules:
o0 3-year-child: lying across, head on armrest
0 3-year-child: outboard facing
- Roof-mounted modules:
0 6-year-child: inboard facing

o 5"female

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

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

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

For the European situation the second approachtri@more appropriate, as belting is mandatory in
all E15 European countries (according to regulai@f R16), as well as the use of appropriate child
restraint systems (ECE R44). Also, for front aral reccupants, different positions could be included

In a meeting with the APROSYS SP1.4 partners, # decided to follow a combination of the two
approaches described above. The IHRA proposabeifbllowed for those situations in which
serious airbag interaction is expected (althouggitipms of the occupant might be unrealistic).
Besides, additional tests with child restraint eggt will be investigated, for which the positions a
based on the so called ‘Kindergarten study’ [4]isTi® done to investigate if, when using child
restraint systems, more critical positions are iptessshan those covered by the IHRA proposal.

Reference: AP_SP11 0115 12/57



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

Table 3: IHRA TWG Recommended Test Procedures

Section | Test Position Body Region Alirbag Designs
o
, g |82
5 LR
Monitored and of % |[so| _ |2 -
i S Sl B |8 |B=
interest 8 | © |8 s
— = 0 y— = v [ = T
© o ¢ o (o3 O ©
» 68| & |28|23
3.33.1 Forward facing on booster Head, neck
seat
3.3.3.2 Rearward facing Head, neck, thorax
3.3.3.3 Lying on seat, Head on *
o armrest — for seat mounted | Head, neck
Q bag
g
. _ *
> 3.3.34 Lying on seat — for seat Head, neck
™ mounted bag
; 3.34.1 Outboard facing Head, neck, thorax
§ 3.34.2 Inboard facing Head, neck
Tt 3.34.3 Lying on seat, Head on *
armrest — for door/QP Head, neck
mounted bag
H _ *
3.3.4.4 Lying on seat — for door/QP Head, neck
mounted bag
= g 3.33.5 Forward facing on booster | Head, neck
y= R seat
o o H
> 3.35.1 Inboard facing on booster Head, neck
© seat
mounted bag abdomen, pelvis
v
A |3.3.3.7 | Arm on armrest with L
= . Arm, forearm
n instrumented arm
3.345 . Head, neck, thorax,
Forward facing ;
abdomen, pelvis
5 = 3.35.2 Forward facing with raised Head, neck
9o seat
A €' 3353 | Inboard facing with raised
5T 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 ¢arry out the proposed tests?

The TWG procedures were developed to be used idabhelopment programs of side airbags in a
research environment. Following the current IHRAtpcol, the repeatability and reproducibility of

Reference: AP_SP11 0115
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the tests are quite good. However, applicatiomikaropean regulatory environment or for type
approval might ask for a different description o fprocedures. Note that the US have the system of
self certification. For an EU regulation, the prdaee should be better detailed and clarified. The
positioning procedures are now very focused orspeeific airbag modules, and should be written
down differently to apply to more generic situaton

For example the definition of “centreline of modubeeds clarification, because this definition is
basic for the position of the dummy head sincedie@ance between dummy head and module
influences the occupant loads significantly. Aldidferent interpretation is possible on how to
position the dummy well. Another example is theird&bn of supporting elements for knees in the
position 3-year rearward facing. Depending on #& sontour line, the inboard knee needs support,
so that the dummy is not falling into the car sglf. The definition of details of dummy positiogin
could be a task for the APROSYS project.

Some problems related to the proposed dummies nepozted:

- Problems of the SID-lIs dummy e.g. in oblique lsadtonditions are currently under
observation and optimization. In that context tiR&S=Kit for the SID-IIs dummy could be an
option to use. (Note that the use of the FRG-Kdugently under investigation because of
potential decrease of bio fidelity using this kiHS))

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

- The potentiometer for the chest deflection of tiybiitl 11l 3-year child dummy. In OOP tests
that are concentrating their energy to the thoeag. fearward-facing) the rib cage and the rib
cage/ chest slider (210-3730 & 210-8030) are defdromder load so that the ball of the
potentiometer transducer arm can slip out of tltesl The result of this behaviour is
sometimes the damage of the slider and for thetiesieflection has to be calculated by
double integration of the acceleration of sternumt spine.

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

2.2.5 Are there high risk situations not covered by theofpcol?

The IHRA proposal already covers an extensive amoudummy positions to be tested (more than
the FMVSS 208 regulation defines for frontal). Bies, it states that each manufacturer must assess
whether to vary from the specified procedures ahdther additional testing is necessary for their
system. This passage of engineering judgemeniedHRA proposal could to be dropped out for a
new European regulation. The current situationaf described in the latest Status Report of IIHS
(SR3909), where documented:

“Real-world experience indicates that the riskirgjeed, very low,” says Adrian Lund, Instituteethi
operating officer and chairman of the group thavguced the requirements (TWG). “There have
been no deaths from inflating side airbags, andeift999 there has been only one confirmed case of
significant injuries potentially caused by a sidebag. These were rib fractures sustained by an
elderly driver.” What the agreement does, Lund adidsto standardize test procedures for side
airbags and ensure they're in place to keep thle visry low. This is important as more and more

cars are equipped with side airbags.”

The fact is that in addition to the very low riglere is a large test program defined to ensute tha
occupants are kept in low risk for the future. Tégulation FMVSS 208 in the US defined that two
positions for OOP testing have to cover the risiffontal OOP. For example in the specification for
side airbags 7 positions are defined for seatgnated modules to cover the potential risks by side
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airbags. So side airbags should be tested quilemweteover, in the last years many tests learhat t
some positions had never high or critical dummyegal(particularly the tests with the SID-IIs
dummy).

From accident reconstruction studies (TUG) ribtinees combined with a pneumothorax (ribs
intruding in the lung) caused by airbags deployiegn behind were reported. This type of injury
occurs mainly when seat mounted airbags are usgsl effect may be amplified by the belt.
Therefore a test with a SID-lIs or ES2 could bdgrened with a belted forward facing dummy,
leaning to the window. Under circumstances theagpg airbag pushes the dummy against the
tightened belt and the rib deflection may be wam®paring to the unbelted dummy.

Issues not addressed by the IHRA side OOP proposahethods for assessing the effectiveness of
side airbags. Howevelf...] setting injury risk targets very low [...] couldreatly reduce the
effectiveness of side airbags in real crashes [. THie static deployment tests proposed by IHRA-
TWG are like a cost-benefit analysis disregardimglienefit (protection) and focusing only on the
costs (inflation injuries). Beside, the static tdisregards the triggering algorithm. Thereforeaiyit
sled testing using a Body in White, (with SID-IIsE&S2) of the roof mounted airbags is suggested as
follows:

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

However, APROSYS task 1.1.4 focuses on OOP riglerahan effectiveness of airbag systems,
which is covered by other tests in the IHRA testes(like the pole test, the MDB test and the iiter
headform tests, see also next section) and dynastiog will therefore not be included in the
definition of the test matrix for side OOP withilPROSYS.

Other issues not addressed by the IHRA-TWG argtésence of CRS in the vehicles. Since children
have to be seated in CRS in Europe, additionas tesh CRS might be required.

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

2.2.6 What are the links with other parts of the IHRA tesuite?

The IHRA working group on side impact proposesfthiewing types of tests related to side impact
protection:

- New MDB test procedure (evaluation of Advanced pean Mobile Deformable Barrier
(AE-MDB) and MDB that represents a LTV, based d#Slproposal).

- New Car to Pole test procedure
- Development and validation of interior head forst$e
- Side impact OOP test procedure

It is clear that OOP tests are very closely reladeithe MDB test, the Pole and the interior heaufor
test since these three tests are the way to d@gsads airbag systems are fulfilling the requirense
of protection to occupants in the event of a selaegal impact.
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The relation between the OOP tests and the otheritethe IHRA side test suite might be
summarized by the question: what is the designesjgdcbetween ‘de-powering airbags’ (OOP tests)
and ‘improved protection’ (MDB, pole and intericeddform tests)?

2.3 DISCUSSION

The review of the IHRA proposal, as presented énrevious sections, shows clear differences
between the US and EU situation, particularly eslab assumptions of belt use and child restraint
use.

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

In the IHRA proposal, combinations of airbags carfited (dependent on the deployment scheme in
the vehicle). When both side and curtain airbagdiezd, it can be that the dummy is moving out of
the way of the other deploying airbag as a reduh® other airbag, thereby potentially lowering th
total dummy loading. Therefore it is decided timathie current research, the airbag modules wil} onl
be tested on its own, e.g. combinations of airlffgsexample side and curtain airbag deployment)
will not be tested.

The test matrix for the tests performed within ARRG 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 mandatomyelisas the use of child restraint systems for the
transport of children in cars. The mandatory usseat belts as well as the rules on the use at chil
restraint systems are included in the followingdotive.

“Directive 2003/20/EC of the European Parliamentdaof the Council of 8 April 2003 amending
Council Directive 91/671/EEC on the approximatidriree laws of the Member States relating to the
compulsory use of safety belts in vehicles oftles 3.5 tonnes. Official Journal No L 115, 9.5.200
pages 63 — 67"

The relevant parts of this directive are addedbipeadix A of this report.

In Europe, the used restraints in the cars shawigpty 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 performe@anAccidents with Respect to Advanced Side
Impact, amongst others focussed on the injuryfrimk 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 thelevant occupants in the available data:
- Belted occupants of passenger cars that have segtaijury caused by a side airbag. Please
note that an injury coded as “caused by the sidm@i does not imply airbag malfunction,
i.e. the airbag may hawausedhe respective injury and at the same tpreventech more
serious one.
- The term “passenger car” was used liberally (heluding sedans, station cars, convertibles
sports cars, MPVs, etc).

From the over 40.000 car occupants cumulativelyudwnted in the available databases, only eight
side airbag induced injuries were found, all bu¢ being rated as minor injuries (AIS1, bruises or
abrasions). In one case a humerus fracture wasteep@\IS2), however it is not certain that it can
truly be linked to the deployment of the side airba

Therefore it is concluded that currently, thesallohinjuries are very rare in Europe.

3.3 CosTs

Major difficulties arose to take into account deghent costs. These costs are dependent on the
current design level of a vehicle, and hence cardampany confidential information. Moreover,
some vehicles, on the road and currently underldpreent, already take into account the IHRA
proposal for evaluating side airbags, on voluntasis and dependent on whether it is a world class
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vehicle or by platform reasons. Therefore it wasidkd to include only thevaluation costs of the
current IHRA side OOP proposal in the cost caldohatEvaluation costs consist of the costs for one
test for each position included in the IHRA prodosa

The costs of performing the IHRA tests accordirgydhiginal proposal were estimated by different
labs involved. Dependent on the particular tesgram, the cost would be 1500-2200 Euro/test. The
indicative costs for a complete test program (ddpahon airbag type) are givenTiable 4

Table 4: Indicative costs

Airbag type Max number of scenarios | Costs per test*| Total test costs
(according toTable 3) (Euro) (KEuro, indicative)
Roofrail and seatback| 10 scenarios 1500-2200 a5 —
Seatback 7 scenarios 1500-2200 10.5-15.4
Roofrail 3 scenarios 1500-2200 45-6.6

*Excluding component costs. It is noted that congmbrcosts can be high, dependent on the type afleeh be
tested and the status of the parts (prototype nesgroduction).

Additional costs for analysis, re-tests, re-engimgpetcetera are not included.

3.4 DISCUSSION

Looking at the cost-benefit of introducing a sid@®test procedure for Europe, one may argue that
there is no reason to continue the research becaysetential benefit is found because of the
absence of any casualties. However, the questiahésher this is the case because a majority of the
current side airbags is already evaluated agdiestHRA proposal or because it is simply not a
problem. Therefore it was decided to continue #search with APROSYS to evaluate the
performance of typical airbags (seat mounted sita@s, curtain airbags, head thorax bags) in
typical scenarios from the IHRA test procedure, ptated with additional tests including CRS.
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4 Test program

The test program carried out within APROSYS coifferent tests:
- Side OORP tests following the IHRA-TWG proposal, fllose scenarios relevant for Europe
- Side OOP tests including CRS systems, additionddeédHRA-TWG proposal.

This chapter describes the test program.

4.1 SELECTION OF SCENARIOS

Attention will be paid towards repeatability (repéssts with the same dummy in the same
laboratory) and reproducibility (same tests witfiedent dummy in another laboratory), particularly
focussed on the dummy positioning procedures.

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

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

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

£ Maybe critical => investigate

Not Critical => skip Seat-moun Roof-rail-mounted

Figure 1: Selected OOP scenarios according ISO 14830 be tested within APROSYS (indicated with red
triangle)
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For seat mountedairbags, the following tests were selected froenlHHlRA proposal:

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

- 3 year old, forward facing on booster seat: themil aggressiveness of the airbag is
addressed with a focus on head/neck interactiois. @dsition could be representative for the
EU situation.

- 6 year old, forward facing on booster seat: thepal aggressiveness of the airbag is
addressewvith a focus on head/neck interaction. This posittould be representative for the
EU situation.

For door mounted airbags, the following tests were selected fromlHRA proposal:
- 3 year old, outboard facing: the potential aggressiss of the airbag is addressed.

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

- 5" percentile, forward facing: the potential aggressess of the airbag is addressed with a
focus on head/neck interaction. This position cdaddalso representative for the EU
situation.

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

For curtain airbags, the following test is selected:

5™ percentile, forward facing with raised seat: fhisition could be representative for the EU
situation.

Additionally, tests with child restraint systemsrevelefined. It was decided to use group 2/3 child
restraint systems (CRS), since these were assunggdet the largest chance on interaction between a
side airbag and a child and/or CRS. Different digaliof CRS were used, with and without backrest
for group 2 and group 3 respectively. Tests weréopmed with 3-yo and 6-yo Hybrid-1Il dummies

in forward facing positions to be able to compaithwhe forward facing IHRA positions. Both seat
mounted thorax airbags and seat mounted head thagsxwere included. The CRS was mounted
according its manual, the dummy was then positidakbolwing as close as possible the TWG

protocol for forward facing positions, aiming aetlargest possible interaction between dummy , CRS
and airbag. A workshop with the APROSYS partnevslved was organised to define the “worst
case” CRS positions.

In total three different vehicles were used, reféro as “A”, “B” and “C” because it was not the
purpose of this study to assess individual airlmgeehicles. 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 (IHRWG tests) and Table 6 (CRS tests). Pre-and
post test pictures for both test series are gimaappendix 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 potocol

Test ID Scenario Dummy Airbag Car Aim of the test
(IHRA identifier)
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
052808GlI Forward facing (3.3.3.1) 3-year-old | Seat integrated thorax bag A2 Reproducibility & repeatability within lab
052809GlI 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 Al Reproducibility & repeatability within lab
Al 050142 Rearward facing (3.3.3.2) 3-year-old | Seat integrated thorax bag Al Reproducibility & repeatability within lab
EOPB0126 Rearward facing (3.3.3.2) 3-year-old | Seat integrated thorax bag Al Reproducibility & repeatability within lab
EOPB0127 Rearward facing (3.3.3.2) 3-year-old | Seat integrated thorax bag Al 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/thoraxbag | 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 | Seatintegrated head/thoraxbag | B Protocol evaluation
CL051704 Forward facing (3.3.5.2) SID-lIs Roof mounted curtain airbag A3 Reproducibility & repeatability within lab
CL051705 Forward facing (3.3.5.2) SID-lIs Roof mounted curtain airbag A3 Reproducibility & repeatability within lab
Al 050143 Forward facing / raised SID-lIs Roof mounted curtain airbag Al Reproducibility & repeatability within lab
seat (3.3.5.2)
Al 050144 Forward facing / raised SID-lIs Roof mounted curtain airbag Al Reproducibility & repeatability within lab
seat (3.3.5.2)
EOPB0128 Forward facing / raised SID-lIs Roof mounted curtain airbag Al Reproducibility & repeatability within lab
seat (3.3.5.2)
EOPB0129 Forward facing / raised SID-lIs Roof mounted curtain airbag Al Reproducibility & repeatability within lab

seat (3.3.5.2)
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Table 6: Test matrix OOP tests with dummies in CRS

Test ID Scenario Dummy Airbag Vehicle | Aim of the test to investigate
(IHRA identifier)
CL052601 Forward facing, 6-year-old Seat integrated thorax bag A3 Repeatability and CRS influence, compare to
simple booster CL051702 and CL051703 (TWG position 3.3.3.5)
CL052602 Forward facing, 6-year-old Seat integrated thorax bag A3 Repeatability and CRS influence, compare to
simple booster CL051702 and CL051703 (TWG position 3.3.3.5)
CL052603 Forward facing, high 6-year-old | Seat integrated thorax bag A3 CRS influence, compare to CL051702 and
end booster CL051703 (TWG position 3.3.3.5)
EOPCO0083 | Forward facing, high 6-year-old | Seat integrated head/thorax C CRS performance with head/thorax bags
end booster bag
CL052604 Forward facing, 6-year-old | Seat integrated thorax bag A3 CRS influence, compare to CL051702 and
simple seat CL051703 (TWG position 3.3.3.5)
CL052605 Forward facing, high 6-year-old | Seat integrated thorax bag A3 CRS influence, compare to CL051702 and
end seat CL051703 (TWG position 3.3.3.5)
053602GlI Forward facing, 3-year-old | Seat integrated thorax bag A2 Repeatability and CRS influence, compare to
simple seat CL051706, CL051707, 052808GI , 052808Gl
(TWG position 3.3.3.1)
053604GlI Forward facing, 3-year-old | Seat integrated thorax bag A2 Repeatability and CRS influence, compare to
simple seat CL051706, CL051707, 052808GI , 052808Gl
(TWG position 3.3.3.1)
052810GlI Forward facing, high 3-year-old | Seat integrated thorax bag A2 Repeatability and CRS influence, compare to
end seat CL051706, CL051707, 052808GI , 052808Gl
(TWG position 3.3.3.1)
052902GlI Forward facing, high 3-year-old | Seat integrated thorax bag A2 Repeatability and CRS influence, compare to

end seat

CL051706, CL051707, 052808GI , 052808GI
(TWG position 3.3.3.1)
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5 Summary of results

Detailed test results, including detailed measurgsegarding dummy positioning, are presented in
technical reports [7], [8], [9], [10], [11], [12na [13]. A summary of the results is presentedWwelo
Attention was focused on the assessment of theyinglierence 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 mosbably the airbags have been designed following the
TWG proposal. The injury reference values foundenal 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 gigen in Figure 2 for the 3-year-old dummy and in
Figure 3 for the 6-year-old dummy.

100%- 0 053602G!

90% B 053604G|
0 CLO051706 _

80%1 0O CL051707

70%-

60%-

50%-

40%-

30%-

20%-

HIC15 Neck Chest deflection Chest deflection

compression rate

Neck tension

Upperneck Thorax

Figure 2: Injury criteria expressed as percentage foreference values for the 3YO forward facing test
condition (same test repeated twice in two differerlaboratories).
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Figure 3: Injury criteria expressed as percentage foreference values for 6YO forward facing test
condition (test repeated twice in one laboratory).

It is concluded that the repeatability (within dab) is fairly well, whereas the reproducibility
(between the labs) is less. This is related tdfarént interpretation of the TWG protocol, partanly
with respect to seat for aft position, resultinglifierent contract interaction with the door trim.

Generally, the injury risk for the 6-year-old dumssems 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 gigen in Figure 4 for the 3-year-old dummy in
rearward facing position.
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Figure 4: Injury criteria expressed as percentage foreference values for the 3YO rearward facing test
condition (test repeated twice in three differentdboratories).

It is concluded that the repeatability is fairlyllyeshereas the reproducibility is poor especiddly
the chest deflection. This is related to a difféiaterpretation of the TWG protocol resulting in
slightly different positions of the dummy chestéhation with the airbag position.

5.1.4 Comparison TWG tests with CRS tests

All injury values expressed in % of the limits @igen 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 foreference values for 3-year-old dummy with and
without child restraint system. The forward facingtests following the IHRA-TWG proposal are
CL051706, CL051707, 052808GlI, 052809Gl.

For the 3-year-old dummy, the standard IHRA-TWGddsr forward facing (using a booster-like
foam block) result in the most severe injury scédescores for reference values are far below the
injury limits when seated in a CRS (test 05281@5L902GI, 053602GI| and 053604Gl). The dummy
in the high end seat (test 052810GI and 052902@rences an even lower loading than the
dummy in the simple CRS (test 053602GI and 053604Gl

All injury values expressed in % of the limits gigen in Figure 6 for the 6-year-old dummy in
forward facing position, with and without CRS.

40%
O CL052601
35% @ CL052602
30% 0O CL052603
° 0O CL052604
250 m CL052605
O CL051702 (IHRA)
20% ® CL051703 (IHRA)
15% [
10%
5% -
0% —_—
HIC15 Nij Neck tension Chest Chest Chest
compression deflection deflection rate

Figure 6: Injury criteria expressed as percentage foreference values for 6-year-old dummy with and
without child restraint system. The forward facingtest following the IHRA-TWG proposal are CL051702
and CL051703.
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Both boosters and seats with backrests were inglusleinjury values were far below the injury

limits. The use of a simple booster seat (test @603 and CL052602) results in similar loading to
the dummy as in the IHRA tests. The use of a highlmoster seat prevents the dummy from coming
too close to the airbag, hence resulting in lowgmry values (CL052603). Using a booster seat with
backrest (CL052604 and CL052605) further reducesrjury values, compared to using a booster
only.

5.1.5 Discussion

Using a CRS with a backrest decreases the rigkt@fdaction between dummy and airbag during
airbag deployment. No serious airbag — dummy or @RS3action was observed in these seat
mounted thorax airbag tests.

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

Generally it is concluded that the TWG proposalftoward facing 3 and 6 year old dummies covers
the worst case situation that could occur whereseiata CRS.

From the TWG proposal, the rearward facing 3 yédudammy 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 visedréo obtain the height of the driver seat atdha
passenger side (the side that was tested), althbegbassenger seat itself was not height adjustabl
The objective of the test is to maximize the intéoa of head and neck area with the airbag. By use
of the height adjustable driver seat, a closedipEsition to module is achievable (testing in the
worst case situation).

5.2.2 Repeatability and reproducibility

All injury values expressed in % of the limits gigen in Figure 7 for the SID-lls dummy in forward
facing position (raised seat).
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Figure 7: Injury criteria expressed as percentdgeference values, results for SID-IIs in forward
facing test condition (raised seat). The testpeated twice in three laboratories.

Large differences are observed, particularly betwbe Nij values, with one test exceeding the Bmit
This is related to the different airbag — dummyiattion observed. In 50% of the tests, the airbag
was deployed between the dummy and the window, egsen the other 50%, the dummy was in
between the airbag and the window (see Figure iferBnces in the dummy positioning and seat
adjustment contribute to differences in the airbatymmy interaction. The positioning protocol of
the SID-IIs for this position needs further refiremhfor use in regulatory testing.
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Figure 8: Reproducibility, forward facing SID-Ils.

5.3 HEAD THORAX AIRBAG OF VEHICLE B

5.3.1 General observations

No repeat tests were done with the head thoraeloicle B. Results for the 3 year old in forward
facing and rearward facing position are given iguiFé¢ 9.

120%
100% O Forward facing Al 050145
B Rearward facing Al05146

80%

60%

40%

1 d

O% T T
HIC15 Nij Neck tension Neck Chest Chest
compression deflection  deflection rate

Figure 9: Injury criteria expressed as percentage foreference values for 3 year old dummy (forward ad
rearward facing).

Reference: AP_SP11 0115 29/57




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

It is concluded that the loading of the dummy ie tearward facing condition is much more severe
than in the forward position.

Results for the 6 year old in forward facing pasitare given in Figure 10.

100%
O Forward facing Al 050147
80%
60%
40%
20%
0% ‘ — :
HIC15 Nij Neck tension Chest Chest deflection Chest deflection
compression rate

Figure 10: Injury criteria expressed as percentagef reference values for 6 year old dummy in forward
facing test condition.

It is noted that the head part of the side airbggal/ed behind the seat back, so that no interactio
between dummy and the airbag occurred.

5.3.2 Discussion

No repeat tests were included in the program. ®hdihg condition of the rearward facing 3 year old
dummy is the most severe, particularly in the headineck area.

5.4 HEAD THORAX AIRBAG OF VEHICLE C

5.4.1 General observations

A vehicle was chosen from the EuroNCAP fleet, epagwith a head-thorax airbag. For the side
impact protection in EuroNCAP, this vehicle sco8ddo (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 posiare given in Figure 11.
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160%
140% @ EOPC0082 ||
120%
100%

80%

60%

40% -

20%

O% — " ——
HIC15 Nij Neck tension Neck Chest Chest
compression  deflection deflection
rate

Figure 11: Injury criteria expressed as percentagef reference values for 3 year old in rearward faeig
test condition.

The values for the reference criteria found intdst are above the limits of TWG (3YO child), 137%
chest deflection, 116% chest deflection rate). Jile 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 whieldummy was positioned such that worst case
interaction between dummy and airbag was expestatlFigure 12. A 6-year old dummy was
selected.

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

The results for the reference values are givengarg 13.
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140%
120% O EOPC0083 [—
100% -
80% -
60% -
40% -
20% -

0%

HIC15 Nij Neck tension Chest compression

Figure 13: Injury criteria expressed as percentagef reference values for 6 year old in forward facig test
condition.

The reference values are also above the limitkeTWVG, but a different body part is involved here
(119% Nij). The high Nij values can be explainediy strong push to the thorax (posterior),
whereas there is no push posterior to the head.drhies 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 riskRB-®ut-of-position conditions (sleeping child),
however, this risk is likely to be covered by th&/@ tests (forward facing on booster seat, not
checked in this project).

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

5.5 DOOR MOUNTED AIRBAGS

Currently, hardly any market introduction of nevhiges with door mounted side airbags is
recorded. The trend in side airbags is going tbis¢éegrated systems. That also drives tendenoies t
smaller bags. Thorax protection zones are muchlensahce no coverage of full seat track range is
needed.

For testing within this project, no suitable vebiWwith door mounted airbags could be found. From
an internet search, the following information washgred.

Table 7 shows some recent vehicle models (from andket scan) equipped with door mounted side
airbags. Only a limited amount of vehicle models icund.
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Table 7: Overview vehicles equipped with door mourd 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
Std torso Bag from Door row 1 /
Series 7 2004 | Opt. Torso Bag from Door Row 2 Std tube Bag for row 1 and 2
Std torso Bag from Door row 1/
X3 4 Dr 2004 | Opt. Torso Bag from Door Row 2 Std tube Bag for row 1 and 2
Std torso Bag from Door row 1 / Std tube Bag for row 1/
X5 4 Dr 2004 | Opt. Torso Bag from Door Row 2 Opt tube Bag for row 2
Std torso Bag from Door row 1 /
Series 3 2Dr 2005 | Opt. Torso Bag from Door Row 2 Std tube Bag for row 1
Std torso Bag from Door row 1/
BMW Series 5 4Dr 2005 | Opt. Torso Bag from Door Row 2 Std tube Bag for row 1 and 2
Std torso Bag from Door row 1 /
X3 4 Dr 2005 | Opt. Torso Bag from Door Row 2 Std curtain Bag for row 1 and 2
Std torso Bag from Door row 1 / Std tube Bag for row 1/
X5 4 Dr 2005 | Opt. Torso Bag from Door Row 2 Opt Tube Bag for row 2
Std torso Bag from Door row 1/
Series 5 4Dr 2006 | Opt. Torso Bag from Door Row 2 Std tube Bag with Sail for row 1 and 2
Std torso Bag from Door row 1 /
X3 4 Dr 2006 | Opt. Torso Bag from Door Row 2 Std curtain Bag for row 1 and 2
Std torso Bag from Door row 1 /
X5 4 Dr 2006 | 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 land 2 Std curtain Bag from row 1 and 2
Mercedes-Benz C-Class 4-Dr 2004 | Std torso Bag from Door row land 2 Std curtain Bag from row 1 and 2
C-Class 2-Dr 2005 | Std torso Bag from Door row land 2 Std curtain Bag from row 1 and 2
CL-Class 2004 | Std torso Bag from Door row land 2 Std curtain Bag from row 1 and 2

On the NHTSA website a study is presented wheréHR& TWG procedures were evaluated [14],
dated 2001. This study included 3 vehicles equippéa door mounted airbags. For the 3-y-o0
dummy (Hybrid-111), all side OOP tests in these iodds exceeded the injury reference and research

values.

Any new tendency towards (re)introduction of do@mumted airbags in Europe should therefore
carefully be monitored.

5.6 CONCLUSIONS

The tests performed in this project showed thagious tests the injury reference values were
exceeded. This indicates a potential risk in cdsamut-of-position situation.

The rearward facing loading condition is more sewhan the forward facing loading condition,
generally more severe for the smaller dummy. No& & rearward facing seating position in not
considered realistic for Europe because of thegabbn to seat children in CRS.
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Adding a CRS reduces the risk of serious airbagmmdy interaction, although with a booster seat

still a dummy position can be obtained in whiclerattion occurs, particularly in case of a combined
head-thorax airbag.

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

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

Out-of-position situations could develop duringrash event such as rollover. The possibility of
using the IHRA side OOP tests to evaluate the ynjisk due to the deployment of side airbags in
case of rollover events was investigated. Ther&gbrt is titled “OOP induced by the Pre-Roll and
first phase of rollover” [15]. The executive sumgand some considerations on linking rollover
scenarios to particular side OOP tests are givieawbe

6.1 SUMMARY "OOP _INDUCED BY THE PRE-ROLL AND FIRST PHASE OF ROLLOVER ”

“Statistical investigations regarding rollover indeope have shown that approximately 10% of
accident cases are having an element of rollovarther, the investigation has pointed out that
rollover has a high rate of fatalities and seriopstjured occupants. Since the risk to be serioasly
fatally injured in rollover is 2.5 times higher thahe overall risk to be seriously or fatally in@d in

a car accident, we can assume that rollover isrg gerious and threatening accident type. Moreover
this chapter points out that the majority of seviejaries are sustained due to partial of full djea.
Roof rail airbags (RRAB) are supposed to diminfghrisk for injuries in side impacts and to provide
protection against ejection (Pywell and BahlingD2{16]).

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

- The ramp induced rollover

Skidding & yawing
0 Turn induced or vehicle dynamic induced rollover

0 Trip induced rollover

The impact induced rollover with a delta v belowkph

The impact induced rollover with a delta v abovekph

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

Further the chapter shows the distribution of thoategories among rollover accidents. About 40%
of rollover accidents can be categorized as “Skigdind Yawing”.

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

- Oversteering once/twice
- Yaturn

- Going down a slope

- Jumping down a slope

The chapter “Phases of vehicle and occupant kinesiabbserves the typical head and upper body
excursion under the loading of regular rolloverteeMVSS 208, Curbtrip, Ramp). Obviously these
tests lack a pre-crash phase and are characteili®edather high lateral accelerations (FMVSS 208,
Curbtrip). For these tests current rollover detectialgorithms sense the coming rollover in time and
reliable.

Reference: AP_SP11 0115 35/57



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

The chapter “Analysis of numerical model” uses adyimo® human occupant model to investigate
the head excursion under the loading of pre-rolil éinst phase of roll. Real world accidents found i
the “Rollover” database (provided by EC-project Reer) were reconstructed with PC-Crash®.
Accelerations calculated in PC-Crash® were usedrascribe the motion of the Madymo® interior
model. Delphi Germany provided the trigger timetheir generic rollover detection algorithm. The
simulations show that current rollover detectiog@ithm detect the coming rollover reliable.
However, the scenario “Skidding & Yawing” was releghto be critical: due to long lasting lateral
accelerations the head of the occupant was in tha af airbag deployment. Delphi Germany
confirmed that “slow” rollovers with long lastingub rather small lateral accelerations are hard to
detect. Due to the pre-crash phase the occupasts lis in an unfavourable OOP. The airbag may
be injurious for the occupant and protection agaigiection may not be provided (occupant’s head
and torso trapped between airbag and window).

The chapter “Low-G rollover tests” shows up a pbdsitest method to investigate the problem of
“Skidding & Yawing”. The Takata rollover sled “ROIND” is able to decelerate a vehicle controlled
(up to 7g). TUG used this sled to simulate the d8kig & Yawing”. A constant deceleration of 1.8g
was used to let the vehicle trip. Again, the nede-$1ybrid 11l had a considerable OOP: the head
was adjacent to the window when the sensor systetasted the coming rollover. A deploying
airbag may have been injurious to the occupant.

As revealed in the chapter “Categories”, the skitgland yawing rollover accident is characterized
by a long pre-crash phase. The chapter “Analysikteral accelerations” shows a generic lateral
acceleration curve for the “Skidding and Yawingllaver: a “humped up” curve with a lateral
acceleration of 1.5 — 2.0g. The lateral accelemsionay act on the vehicle up to 1.5 seconds and
even longer. These accelerations may lead to heearsions into the area of the deploying airbag.
However, it may be argued that an active human in@dth bracing and muscle tensioning) may
counteract those accelerations and keep the heay &wm the side window. But, results from
earlier volunteer sled test show that even smédirk accelerations lead to head excursions in® th
airbag-deployment area.

The chapter “Low-G volunteer tests” shows the headursion of a near side occupant under the
load of a 2g lateral acceleration (rectangular pelsThe tests show clearly that the occupant is not
able to counteract those “small” lateral acceleratis. Again the head is pushed towards the near
side of the vehicle into the area of the deployimgag. Hence it can be concluded that OOPs
induced by the pre-roll phase and first phase ofllver have to be considered. As shown a large
amount of rollover cases can be categorized asd@kg & Yawing” rollover (40%). Numerical
simulations with a human model, real world teshveitHybrid 111 and finally volunteer tests confirm
that lateral accelerations between 1 to 2g actinglee occupant and the vehicle lead to considerable
OOPs. Rollover detection algorithms detect a comatigver reliably. In case of a “Skidding &
Yawing” rollover accident however, the detectionynhe too late: the head of the occupant possibly
will be in the area of the deploying airbag. Thewgant is likely to be injured by the airbag and th
effectiveness of the airbag (e.g. as countermeamgast ejection) may be reduced.

Seen from the standpoint of rollover, and in paiée in the pre-roll and first phase of rollovema

OOP test definitely makes sense. The positionswial Facing on Raised Seat”, “Forward

Facing” and “Forward Facing on Booster Block” frortine IHRA/TWG side OOP proposal are
appropriate methods to check the injuriousnesseffattiveness 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 sectibis, ¢oncluded that particular scenarios from the
IHRA/TWG side OOP proposal could be used to addvas®f-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 preptdise by means of numerical simulations (dummy
model and human model), real world rollover tesis @olunteer tests.
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7 Conclusions and recommendations

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

7.1 CONCLUSIONS

The objective of the research was to evaluateHRAFTWG protocol for its appropriateness for use
in Europe. The following was concluded:

- Out of the IHRA/TWG protocol, test scenarios relev@r Europe were identified

- Different side OOP tests were performed succegsiuliour different laboratories over
Europe, resulting in a reasonable repeatabilithiwibne laboratory and poor reproducibility
over the different laboratories. The current testgrol is not clear enough to be used in an
EU regulatory environment at this stage, partidulseat (for-aft) position and dummy
positioning with respect to the airbag modulesremeunambiguous.

- Side airbag in current vehicles on the road noessarily fulfill the TWG limits.
- No relevant accident data was found regarding iegunduced by side airbags.

- To cover OOP situations that could occur in rollosi#¢uations, the forward facing positions
of the IHRA/TWG protocol could be included in theaiation.

7.2 RECOMMENDATIONS

No cases were reported from the accident studiesgfore it is recommended not to include
evaluation of side out-of-position risk in new régions at this stage. Further, if any inclusiornudo
be considered in future, it is recommended nont¢tude additional tests with CRS to the current
IHRA/TWG protocol because the current IHRA/TWG saeos cover the worst case conditions for
Europe. From the IHRA/TWG proposal, particularlg tiearward facing conditions with child
dummies are recommended to evaluate the airbagssjgeness, unless the fact that the seating
position is not relevant for Europe. It is notedttsome of the other IHRA/TWG positions, such as
lying on a seat, are considered not relevant feop®, as CRS are mandatory in Europe, and these
tests also give no information about the airbageggiveness.

Optional, a limitation to test only the worst casenarios of each module could be considered for
recommendation to TWG/IHRA. The lack of injury rigko AIS3+ injuries reported) could drive a
limitation of evaluation work to the worst caset fggsition of each module mounting position. This
could also have positive effects to the cost sida@cost benefit picture.

Further refinement of the IHRA/TWG test protocoktve some interpretation differences is
recommended.

Potential replacement of SIDIIs by the WorldSIBfémale dummy for this type of OOP testing
should be further investigated.

Any new tendency towards (re)introduction of domumted 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 16:052808GlI, Forward facing, 3-year-old, Seat integrated thorax bag
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Pre test Post test

Figure 17:052809GlI, 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:A1 050141, Rearward facing, 3-year-old, Seat integrated thorax bag

Pre test Post test

Figure 22:A1 050142, Rearward facing, 3-year-old, Seat integrated thorax bag
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Pre test Post test

Figure 23:E0PB0126, Rearward facing, 3-year-old, Seat integrated thorax bag

Pre test Post test

Figure 24:E0PB0127, 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:E0PC0082, 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-lls, Roof mounted curtain airbag

Pre test Post test

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

Figure 32:A1 050143, Forward facing / raised seat, SID-lls, Roof mounted curtain airbag

Pre test Post test

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

Pre test Post test

Figure 34:E0PB0128, Forward facing / raised seat, SID-lls, Roof mounted curtain airbag
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Pre test Post test

Figure 35:E0OPB0129, Forward facing / raised seat, SID-lls, 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: 053602GI, 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
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