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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

:2021(E)

In 2008, the United Nations (UN) GRSP Informal Working Group on Child Restraint Systems (CRS) sent
a request to ISO asking ISO's CRS working group to support their work on defining a side impact test
procedure for CRS type approval based on state-of-the-art research and experience. It was specifically

requested to define the essential parameters of a simplified test method, to ensure that a

CRS has a

sufficient capacity to contain the child and to absorb energy in the case of side impact exposure.

In response, a Publicly Available Specification was developed, published as ISO/PAS 13396:2009%). This

co pricr—\d aseries of essential parameters that a side impact test prnr‘pdnrr—\ should seek t

replicate.

Mych of the technical content was derived from a previous Technical Report, ISO/TR 14646}
upfated information where available.

In fonjunction with a systematic review of ISO/PAS 13396:2009, it was decided to vehify its ap
in relation to more recent accident data and the vehicle technology development.

007, with

plicability

Thiis document reflects the review of ISO/PAS 13396:2009 considering the ‘relevant accident data

upfates available and the in-depth vehicle data.

Sirjce this document is a check of the applicability of the ISO/PAS 13396 data (on which thd
impact method in UN Regulation No. 129 is based), the ISO/PAS 13396 parameter recommend
indluded together with the supplementary information, to judge ‘whether an update of the j
re¢ommendations should be made.

b CRS side
ations are
barameter

1) Cancelled and replaced by this document (ISO/TS 13396:2021).
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TECHNICAL SPECIFICATION ISO/TS 13396:2021(E)

Road vehicles — Sled test method to enable the evaluation
of side impact protection of child restraint systems —
Essential parameters

1 _Scope

Thlis document comprises a set of essential input parameters that can be used to develop, of evaluate
side impact test procedures for child restraint systems.

Although children are undoubtedly involved in side impact collisions of differing conflgurations
anfl severities, these input parameters are, in general, associated with the impact test sg¢enario in
UN Regulation No. 95 (lateral collision protection of vehicles). This vehicle type-approval regulation
comprises a full-scale crash test in which the stationary test vehicle is struck-at right angles bly a mobile
deformable barrier travelling at 50 km/h. This test scenario is the basisfor most of ISO’s previious work
on|side impact testing for child restraint systems.

NO[TE Countries and regions that do not recognise UN regulations can evaluate vehicles undgr different
corjditions and can apply input parameters that reflect the veliicle crash tests in their own [regulatory
jurfisdictions.

2 | Normative references

Thiere are no normative references in this document.

3 | Terms and definitions
No|terms and definitions are listed,in\this document.
IS) and [EC maintain terminological databases for use in standardization at the following ad¢lresses:

—| ISO Online browsing platform: available at https://www.iso.org/obp

— | IEC Electropedia;available at https://www.electropedia.org/

4 | Accidentsstatistics review

ISQ has beén)studying injuries to children in side impact collisions since the mid 1990's. Eafly in that
period, the Tisk of serious injury in a side impact was greater compared with other impact dinections!3l.
Fufthérmore, the risk was greater on the struck side of the carl4l. The European Enhancg¢d Vehicle
saflety’Committee (EEVC) recommended that increasing protection of the head should be thie priority,
following a wide-ranging review of European collision databases (EEVC, 2006). EEVC also reported
that intrusion was an important parameter and influence on the injury severity level. These findings,
along with other studies from the time, informed ISO’s work on a side impact test procedure for child
restraints.

Since that time, the vehicle fleet has undergone significant changes, primarily in response to new
regulatory and consumer test procedures. The side stiffness of cars has increased and although they
are now also being struck by cars with increased frontal stiffness, it is possible that the boundary
conditions for child restraint systems and injury outcomes for children in side impact collisions have
changed.

Unfortunately, the literature on child restraint system performance in side impact is sparse and is
limited to countries with on-going, in-depth collision studies. In the United Kingdom, data from the

© IS0 2021 - All rights reserved 1
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Cooperative Crash Injury Study (CCIS) (1998-2010) and the Road Accident In-depth Study (RAIDS)
(2012-2017) show a high proportion of children in child restraints with no or minor (MAIS1) injury in
side impact; 79 %and 98 %respectively (see Figure 1). The newer, RAIDS data, appear to have fewer
injuries, but both samples are relatively small. Therefore, any differences are unlikely to be statistically
significant and neither sample may be nationally representative of the study period.
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Fi 91 — Distribution of injury severity by restraint type (Reference [6])

The Ger Qn depth Accident Study (GIDAS) also shows a high proportion of children in childrestraints

regei o or minor injury in side impact (see Figure 2). In this instance, the sample size is larger than
thg AIDS and CCIS samples but covers a smgle per10d of 20 years (1999 2019) Although it was

3 3 he striking
vehicle, this also resulted in relatlvely small numbers Struck 51de 1mpacts had the lowest proportion

of children with no injury for each child restraint type; however, the majority of injuries were minor
(MAIS1).
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Fijgure 2 — Distribution of injury severity by child restraint type - GIDAS data (Refer¢nce [7])

The head was the€ niost frequently injured body region in the GIDAS sample reported by Reference [7].
However, the majority of these head injuries (94 %) were minor (AIS1). A non-representative|sample of
seyere collisions was collected during the EU CASPER project (2009-2012). This included dases with
mdqderate-injury and above (MAIS = 2) in side impact (see Figure 3). Although the sampling strategy
ang low fiumbers mean that comparisons cannot be drawn reliably between body regions|and child

U CHILD

Wthh ran from 2002 to 2006.
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Figurel4 — Struck vehiclevelocity change distribution by child restraint type - GIDAS datal
(Reference [9])

Given the|limited datdfer children, more general information about the characteristics of side imppct
collisions|can be auseful reference for this document (assuming children are involved in similar types
of side inppact eolisions). Recent data for adults are also somewhat sparse, particularly since the
European|Enhanced Vehicle-safety Committee (EEVC) produced their overview of side impacts (EHVC
Working Group 21, 2008). However, the Euro NCAP Side Impact Working Group undertook an analyjsis
ln 2016 as }Jcll t Uf thCil VVUI}\ tU dCVC}UlJ d fal DidC illll)cll.t tCDt clud abDCDDlllCllt l)l ULCdul < fUl cdals. T} E‘II'
data showed that the mean impact angles ranged from 71° to 85° and that intrusion levels showed a
median level of 190 mm (see Figures 5 and 6). However, these findings should be treated with caution
as they are focussed only on drivers and front seat passengers above the age of 10 years that received at
least MAIS = 2 injuries.
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Figure 6 — Vehicle intrusion data for drivers.and front seat passengers (>10 years of age)
receiving MAIS 2 2:ihjuries (Reference [11])

5 Input parameters for side impact test procedure

5.1 General

Relevant input parameters férdefining a side impact test procedure for CRS based on experience frpm
accident data analysis, full-scale tests and sled tests as described in ISO/TR 14646 are presented. These
input pargmeters are divided into the sections: body regions to be protected, occupant kinematics, test
severity, alidation and-field of application.

5.2 Body regions to be protected

Although [the’accident data were sparse, protection of the head remains the priority for side imphct
protection in child restraint systems. This requires control of the kinematics to contain the head within
the child restraint as well as energy management to mitigate the loading.

5.3 Occupant kinematics

As head containment and head loadings are crucial issues with respect to the assessment of the
performance of a CRS in side impact, it is necessary to utilise a test procedure capable of simulating
real-world occupant kinematics and realistic loading conditions.

Containing the head within the CRS is more a challenge for the larger dummies, representing the upper
limit of the respective CRS usage range than with smaller ones based on experience with different side
impact test procedures within the development of ISO/TR 14646 and ISO/TS 29062.

10 © IS0 2021 - All rights reserved
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The application of side impact test procedures shall be defined carefully considering the protection
capabilities of today’s cars.

5.4 Test characteristics

5.4.1 General

A side impact sled test method should ideally replicate the characteristics of a full-scale side impact
test, but in a simplified and generic way. The following parameters describe essential side impact
characteristics that can support the development and/or assessment of different side impact test
mgthods for child restraint systems. The parameters were derived from full-scale, physicaldrash tests
pefformed in the 1990s and early 2000s by members of the ISO CRS working group. These/legacy crash
teqts typically followed the UN Regulation No. 95 procedure, namely a 50 km/h, 950.kg trolley impact
on|the driver’s side of the car with the MDB-R95 (EEVC WG13) deformable barrier:

Alghough the principal UN Regulation No. 95 test conditions have not changed since these legacy tests
were carried out, consumer information tests (e.g. Euro NCAP, JNCAP) have assessed cars undgr a higher
sevyerity than the regulation and have incentivised improved side impact performance. In [preparing
this document, new side impact data were sought to supplement the legady data and assess whether the
parameters remain relevant for modern cars. These new data comprised physical and simulated crash
teqts according to consumer side impact test procedures, primarily;due to the limited availabjlity of UN
Regulation No. 95 data. Differences in severity from the legacy data are highlighted below|and were
talten into account when assessing the parameters.

5.4.2 Intrusion velocity

Figure 7 shows the front door intrusion velocity,telative to the chassis, from the legacy crash tests.
Data for the rear door can be found in ISO/TR 14646. In these tests, the intrusion characterigtics were
defived from string potentiometers or cross-tubes attached to the inner door skin. The speciffc location
of these sensors on the door has not been-recorded and may have varied between tests. However, it
se¢ms likely they were positioned towards the centre of the door to avoid interaction with adult or
child dummies in each seat.

The corridor lines shown in Figure™7 are meant as borders for defining a suitable intrusion velocity
cofridor. However, the allowed-tolerance is too large to define a proper test procedure. It is|crucial to
define the intrusion velocity carefully, as it is an input parameter with considerable influefce on the
dummy measurements.

Figures 8 b) to 8 e)'show the front and rear door intrusion velocity from new crash testq provided
by|current members/of the ISO CRS working group. These tests followed two different procgedures, as
lafelled in Figute 8:

—| Euro NCAP: 60 km/h, 1 400 kg trolley with AE-MDB (two simulated tests - C and D segmgnt cars);

—| JNCAP: 55 km/h, 1 300 kg trolley with AE-MDB (three simulated and one physical test - A, C and D
segment cars).

The intrusion velocity was determined at five locations on the struck-side doors. These comprised the
centre of the door plus four further locations, each related to the Cr point by pre-defined coordinates.
Figure 8 a) shows the locations that tended to record the highest intrusion velocity.

The intrusion velocity in the new crash tests was broadly consistent with the legacy data and intrusion
velocity corridor, albeit at a slightly lower level in most cases. However, the tests were carried out
with a higher impact speed and trolley mass and a more aggressive barrier than UN Regulation 95. It
seems likely, therefore, that the intrusion velocity in these cars would be even less in the regulatory
test scenario. That said, in the absence of directly comparable tests, it seems premature to make any
changes to the corridor at the present time.

As a conclusion, the original statement of ISO/PAS 13396 remains:

© IS0 2021 - All rights reserved 11
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A maximum intrusion velocity between 7 m/s and 10 m/s at approximately 30 ms close to the
dummy’s head is required to represent realistic loading conditions.
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Figure 7 — General requirements for intrusion specification (ISO/PAS 13396 data)
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Figure 8 — General requirements for intrusion specification (new data)

For defining atést procedure, it is important to take into account the combination of intrusign velocity
anfl struck<ar velocity, defining the intrusion velocity relative to the ground.

5.4.3"\Intrusion depth

Figure 9 shows the intrusion depth characteristics measured in a number of cars representing
different sizes and different manufacturing dates in UN Regulation No. 95 tests. In these tests the
lateral intrusion was measured close to the dummies head using either string potentiometers or cross
tubes. The position of the measurement device was defined by the position of the Q3 dummy head in a
forward-facing CRS in the front seat. As parts of the available data represents quite old cars, the cars
older than 1995 can easily be identified. The review of ISO/PAS 13396 did not include an analysis of
recent intrusion depth data.

The original statement in ISO/PAS 13396 regarding intrusion depth was:

The dynamic intrusion depths should be between 200 and 300 mm to represent realistic loading
conditions.

© IS0 2021 - All rights reserved 17
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