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ABSTRACT

Over the last decade Euro NCAP has become
recognised as a reliable indicator of independent
consumer information with an acknowledged positive
effect on car safety. Most car manufacturers see the
positive advantages of ensuring their vehicles achieve
the highest possible result in this consumer test
program. For Euro NCAP to keep its relevance it is
important that the program reflects the improvements
made in car safety over time.

Many of today’s technological advancements are in
active safety, driver assistance or in the combination of
primary secondary and tertiary safety. Many of these
safety functions are so new that no clear-cut procedures
exist to test and rate them. Given this challenge, a
system that enables carmakers to receive added
recognition for important innovations beyond the star
rating could promote the development of superior safety
improvements and accelerate the introduction of new
technology. Rewarding safety innovations will also
keep the carmakers’ commitment to Euro NCAP and
help improve vehicle safety for the whole community.

The “Euro NCAP Advanced” reward is an addition to
today’s star rating. With the support of the automotive
industry, Euro NCAP has developed a methodology,
referred to as “Beyond NCAP”, to allow the potential

safety benefits of any new safety function to be
determined. This process is based entirely on the
assessment of scientific evidence presented in a
dossier by the car manufacturer. An independent
panel of experts reviews the extent of a safety issue
which a new safety system aims to address.
Through a logical and rigorous analysis of the way
in which the technology has been developed, tested
and validated, and from any real-world experience
that may exist, the system’s performance and its
expected effectiveness can be estimated and
eventually rewarded.

In particular, any submission needs to provide
reliable evidence of the tests conducted and any
assumptions made in assigning possible benefits for
the new safety function. The method used for
making these assessments also needs to be
scrutinized. The challenge is to understand with an
acceptable level of confidence how reliable the data
presented is without intimate knowledge and
involvement in the development of the technology.
This is addressed firstly by selecting independent
experts which are able to make judgments about the
level of scientific proof provided and whether the
benefits claimed are realistic and achievable.
Secondly, the credibility of the source of the data is
an important indicator of the reliability of the
findings. Thirdly, publication in the scientific
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literature increases the reliability of the findings,
although this may not always be possible at the time of
submission for reasons of commercial confidentiality.

The recognition of the potential benefit of these new
safety technologies in no way undermines the
importance of basic safety assessment expressed by the
star rating. For this it is important that Euro NCAP
continues to assess vehicle safety using existing test
procedures and criteria. It is expected that the Beyond
NCAP process will help identify the best assessment
methods for upcoming technology. Euro NCAP intends
to implement these methods for an improved rating of
car safety in the future.

INTRODUCTION

Euro NCAP has been markedly successful in helping to
improve the crashworthiness of today’s passenger
vehicles around the world. Despite increasingly
challenging requirements put in place since 2009 [1]
many of today’s passenger cars achieve a 5-Star overall
rating. A recent comparison between Euro NCAP test
results and real-world crash data [2] showed significant
differences in injury risk between 2- and 5-star Adult
Occupant Protection rated cars in Euro NCAP for risk
of fatality, confirming that car manufacturers have
focused their safety performance on serious crash
outcomes.

The change in attitude by manufacturers towards Euro
NCAP and the fact that their performance in Euro
NCAP tests is frequently used as part of their marketing
strategies is further evidence that Euro NCAP tests are
taken seriously and deemed relevant. Over the years,
interest by consumers across Europe has also grown,
indicated by the increasing number of visitors on the
Euro NCAP website from across the European Union
and beyond. Recently, some European countries have
started to use star ratings to provide tax incentives for
purchase and use of safe cars or have incorporated a
minimum star rating in their fleet buying policy.

Auto manufacturers’ critical response to Euro NCAP
has moderated considerably since it was introduced.
Today, most of them see the positive advantage of
ensuring their vehicles achieve high performance in a
NCAP test. It is vital that this continues to ensure Euro
NCAP’s relevance in tomorrow’s safety arena.

It is clear that Euro NCAP has been successful for a
number of reasons. First, the community has grown to
accept star ratings, which are easy and accessible, as a
legitimate test of safety performance. As safety is now
clearly a marketing tool by many manufacturers, it has
created competition between many of them in offering
the “safest” vehicle on the market. Indeed, many of
today’s manufacturers see safety as a core part of their
brand image, which they would not like to lose.

Because of this success, however, Euro NCAP is in
serious danger of becoming obsolete unless it
continues to lead this activity. With the advent of
rapid technological advancement in both active and
passive safety, it is especially necessary to ensure
Euro NCAP’s assessment is further developed to
take account of the safety benefits of new
technologies. Knowledge about safety among
manufacturers and component suppliers has grown
noticeably over the last decade or two, in part,
because of the efforts of bodies such as Euro
NCAP. Many manufacturers are active in
conducting their own safety research but while it
would be expected that new innovative safety
improvements would lead to increased scores in
Euro NCAP ratings, this does not necessarily
follow. Many of today’s safety improvements are in
active safety and many of these features are not
taken into account (and do not fit) with the Euro
NCAP’s current predominately crashworthiness test
approach. Moreover, a number of manufacturers
exceed today’s test criteria for which they receive
little added benefit. It is clear that many of today’s
new vehicles offer safety levels well above those
prescribed by government regulations; that is, best
practice today exceeds prescribed mandatory levels
of safety.

A system therefore that would enable auto
manufacturers to receive a recognised reward for
safety enhancements would seem to be a positive
step forward in both developing superior safety
improvements and the introduction of new safety
technology. This would also act to increase their
commitment to Euro NCAP in the years ahead and
to work towards helping improve vehicle safety for
the whole community of consumers in the coming
years.

While Euro NCAP’s work continues to re-examine
the suitability, relevance and comprehensiveness of
today’s tests and threshold values as described in
the Roadmap [3], this paper focuses on how the
safety organisation is addressing the rapid
introduction of new safety technologies, especially
those aimed at preventing and mitigating crashes,
and supporting the driver or rescue services.

THE PRINCIPLES OF BEYOND NCAP

Euro NCAP crashworthiness tests are based
primarily on government regulation tests and injury
criteria. In a number of cases, these test criteria are
made more stringent to ensure a higher level of
safety ensues. The tests are developed by
international research organisations with industry
and are accepted because of their high scientific
validity. It is vital that any expansion of Euro
NCAP activities is based on robust scientific
procedures and best practices which are open and
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transparent. This is critical for ensuring that Euro
NCAP maintains its credibility among automotive and
parts manufacturers as well as the community in
general. It should also be transparent and subject to
rigorous assessment to maintain Euro NCAP’s leading
role in this area.

For it to be appealing and meaningful, the new reward
system must have the capability of assigning added
benefits to new and innovative initiatives and
technologies that are rapidly being developed by
manufacturers in their quest to build safer vehicles that
are not currently encouraged. Moreover, it must also be
capable of fast progress to keep up in this dynamic
environment. It is also important that any new
development in Euro NCAP be sensitive to any
potential misuse. Further, the process should act to
encourage manufacturers to apply highest test standards
to the safety system to ensure current safety
improvement levels will continue.

Hence, the proposed “Beyond NCAP” methodology is
an addition to today’s assessment (star rating) process.
It has the capability of assigning additional reward for
any new safety technology introduced by a
manufacturer where significant safety benefits can be
demonstrated scientifically. Unlike normal NCAP
testing, this process is based entirely on the assessment
of scientific evidence presented by the car
manufacturer. Timing is critical to be sure to keep up
with safety advancements. Of course, Euro NCAP
continues to assess vehicle safety using existing test
procedures and criteria and to work towards reviewing
these procedures and criteria as new evidence becomes
available.

Safety Issue and Expected Benefit

Road safety has benefited greatly from adopting a
scientific approach to problem resolution since the
1960s and 1970s. William Haddon proposed the
“Haddon Matrix” as a systematic way of examining
road safety problems and issues [4]. More recently, the
process of “identification, investigation, implementation
and evaluation” have become commonplace in the
conduct of successful scientific studies.

In road safety, the first step in the process is identifying
significant safety areas and the mechanisms of accidents
and/or injuries that govern the problem. Historically
governments and research organisations have used the
traditional statistical approach. Moreover the
manufacturers are playing an increasing role these days
using their own in-depth crash data and/or data
collected on their behalf, which normally allows a more
detailed level of analysis.

Solutions often follow the identification of accident
problems and causes. As with many scientific studies,
the challenge often comes down to having reliable and

plausible evidence available for analysis. In other
words: How do you judge what the potential safety
benefit is likely to be for any new safety
advancement and what reward does one assign to
this innovative measure? Assigning safety benefits
without real world evidence of crash or injury
savings is often fraught with difficulty.
Nevertheless, governments and manufacturers are
expected to make these assessments regularly when
considering the introduction of new safety
countermeasures. In passive safety, the most
common method is to conduct a series of crash tests
and convert the results into injury mitigations via
injury assessment functions. Hence the assessment
of the likely harm (deaths, injuries, and property
damage) saved can be an effective means of
expressing the safety benefit ahead of real world

experience.
Identification

Figure 1 Scientific approach underlying the
Beyond NCAP methodology.

While it is recognised that for active safety
innovations the proposed safety benefit might be
more complex to evaluate before introduction, the
estimate of the expected real-world benefit based on
a closed-loop “identification, investigation,
implementation and evaluation” process is
paramount to the “Beyond NCAP” methodology.

Assessment Procedures

A key chain in linking the safety issue with the
expected benefit for a certain technology is the test
procedure designed to verify the system’s intended
performance. Reliable evidence of the tests
conducted, simulations run and any assumptions
made in assigning safety benefits for the new
technology need to be provided. The method used
for making these assessments would also be
required in order to evaluate its credibility. For
Euro NCAP to know with an acceptable level of
certainty how reliable these savings data are
without intimate knowledge and involvement in the
conduct of the study, the following is ensured:

Independent assessments Independent
evaluators, typically experts in the area of interest

are used to review the data provided. If conducted
properly, peer-review processes can highlight
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strengths and limitations in the processes followed
during the analysis. Experts are able generally to make
judgements about the level of scientific proof provided
and whether the benefits claimed are realistic and
achievable.

Best practice Best practice can be another means of
assessing scientifically the potential safety improvement
of new advancements. Methods applied that follow a
best practice approach recognised by the scientific
community may increase the levels of confidence that
can be put on the data provided.

Data sources, references and citations The credibility
of the source of these data is also an important indicator
of the reliability of the findings. Independent test houses
with an established reputation would generally be more
likely to provide unbiased assessments of benefits than
those with a vested interest in the results. Publication in
the scientific literature is a good indicator of the
reliability of the findings, although this may not always
be possible at the time of submission for reasons of
commercial confidentiality.

VWitnessed demonstration In case of doubt in the
test results and/or injury reductions claimed after a
peer-review, or to enhance the information provided in
the dossier, the manufacturer may be asked to
demonstrate the system’s functionality on the vehicle in
the presence of one or more independent assessors.

The likelihood of potential harmful side effects is
always difficult to judge from test data alone.
Conducting a randomised control trial is often difficult
to organise prior to the introduction of new safety
technology, hence the need for ongoing monitoring of
the real world experience using crash, performance data
and/or user feedback. Without such analyses, it is
impossible to judge whether the expected benefits from
the technology have been, or are likely to be, realised.

PROTOCOL

Between the years 2006 and 2009 Euro NCAP members
and industry representatives have developed a protocol
documenting the “Beyond NCAP” assessment method
[5]. The result is a procedure on how to verify and
assess any new safety systems currently not already
included in the rating scheme. The complete process is
based on the notion that the manufacturer provides
documentation (the “dossier”) in a predefined and
logical order, and that Euro NCAP will verify this
documentation with regards to completeness, validity
and reliability. The verification will be performed by an
independent panel of experts, referred to as the
Assessment Group, in two stages, involving the
manufacturer in the consensus discussions at the end of
each stage. Sensitive parts of the dossier can be made
confidential at the manufacturer’s request. If a robust
case has been made by the manufacturer, the

verification process will result in the decision to
reward the manufacturer for the technology
available on the vehicle at hand. This so-called
“Euro NCAP Advanced” reward is limited to cars
tested by Euro NCAP achieving at least three stars
in the overall rating scheme (or in adult protection
for cars tested before 2009).

Manufacturers can apply to Euro NCAP for safety
systems that address all safety areas (primary and/or
secondary and/or tertiary) except for those that are
covered by existing Euro NCAP protocols. The
Euro NCAP Advanced reward applies to the model
on which it is fitted. However, it can be applied to
other models with the technology provided
sufficient additional information is shared on the
safety system’s functionality on the other models.

In the procedure the following steps are identified:

e Innovation;

*  Safety Issue;

¢ Accident Mechanism / Injury Causation;
*  Target Requirement;

e Test Procedures;

*  Expected Benefit;

* Real World Evaluation / Experience

Figure 2 shows the relation between the different
steps resulting in the assessment.

Safety Issue

Beyond NCAP

Real World Accident Mechanism|
Evaluation Injury Causation
Industry provides
{ NC.A; evidences, solutions
Nenes Procedures and
Expected criteria

Target

Benefit .
enelt Requirement

Test
Procedures

Figure 2. The Beyond NCAP assessment method

In the sections below each process for the
assessment is described.

Innovation This first part of the dossier includes a
technical description of the components and the
functionality of the system. Based on the
information provided to Euro NCAP, the dossier
will identify if:

* the system is addressing primary and/or
secondary and/or tertiary safety;

e asystem with similar functionality has been
assessed before;

» the system can be assessed with regular
procedures (and hence whether it is already
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covered by the star rating) or if a new procedure is
required.

Safety Issue The next step in the process is to identify
the relevance of the safety issue that the safety system
aims to address. At this stage, the effectiveness of the
safety system and any possible side effects are not
considered. The key aspect is identifying the problem at
large and the potential size of the safety benefit that the
innovation does address in the context of entire Europe
(EU-27 countries).

Based on the system’s specification given in the first
part, the field of application of the safety system has to
be defined. This information is then judged by Euro
NCAP on the:

+ reliability of the methods;
« validity of the used data sources.

If the methods used are reliable and the data sources
used are representative, then this will result in an
agreement on the potential size of the safety benefit for
the specific technology presented.

Note that the information provided here is most likely
based on accident data, European or even transferred
data could be used, indicating the number of accidents
with, for example, severe injuries relevant to the safety
system being assessed.

Accident mechanism / Injury causation After
defining the type of innovation and identifying how
many fatalities or injuries can potentially be saved by
the system, the injury mechanisms/crash mechanisms
causing the problem to be addressed by the innovation
are defined.

Detailed understanding of the accident mechanism
and/or injury causation is needed to ensure a correct
definition of the target requirement and technical
assessment (investigation of the correct phenomena) in
a later stage. This investigation will identify:

* the accident mechanism and/or injury mechanism;

e the driver behaviour (if applicable, for instance for
ADAS systems);

» the injury risk or transfer functions identifying the
main accident parameters governing the system’s
effectiveness;

* the reliability and the validity of the data;

* the methods and the tools proposed.

This review should result in a deeper understanding of
what key parameters are contributing to the accidents
and their outcomes and which of these parameters will
be used or have to be controlled by the system to deliver
the benefit.

Target requirement The target requirements are the
requirements set by the manufacturer on the important

system parameters, identified in the last section.
These form the basis for the criteria used in the
test(s) proposed for the system. The target
requirement needs to be defined in such a way that
it is possible to know what the “innovation” is
theoretically expected to do (e.g. keeping a car in
the desired lane by a set lateral distance for lane
keeping systems, or to keep the load on an
occupant’s chest below a certain threshold for an
airbag).

The output from this part of the procedure is the:

* definition of the target requirement(s) in
relation to methods and tools;

» understanding of the relationship between
criteria and the system’s benefit.

Test procedure This part of the dossier presents
the methods by which the manufacturer has verified
that the system works in the intended situations and
in the designed manner. Evidence is requested that
the system meets the manufacturer’s own targets,
and/or to estimate the technical efficiency on the
basis of test series carried out. The test methods and
target requirement(s) used to assess the
performance of the innovation are reviewed
considering the:

¢ methods and tools used;

» source and independence of data;

« reliability and validity of the results;
e criteria used;

» assessment procedure and results.

The test methods and criteria range from methods
used in regulation or Euro NCAP to methods used
by the industry internally. Also depending on the
innovation and the target requirements, the testing
can be performed experimentally, by computer
simulation or a combination of both.

For ADAS systems in particular, driver simulator
studies are relevant to quantify the effectiveness of
the Human Machine Interface. The results will be
input for the expected benefit discussions.

Expected benefit Having documented the actual
performance of the system in relevant test
conditions, and understanding the link between
meeting the targets and the potential benefit of the
system, the expected benefit of the innovation can
be calculated. In the assessment process the
following is considered:

» available methods / accepted methods;

e accident data used;

* inclusion of any side effects (e.g. driver
adaptation);

* potential level of dissemination (for
information only);

* market share (for information only);

* expected benefit evaluation.
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Although the expected benefit is derived at the vehicle
level (i.e the benefit assuming all cars were equipped
with the technology), information is also requested on
the potential level of dissemination of the system (is it
standard on all variants, is it an option that is available
on some variants) and the expected market share
(expected number of sold vehicles per year). Note that
both the potential level of dissemination and the
expected market share are only for information and will
not affect the expected benefit (at the vehicle level).
However these numbers can be taken as an indication of
the manufacturer’s confidence in the system.

Real world evaluation / experience The real world
evaluation is the final step in the dossier. Only by
following up in the real world, can the true effect of
safety developments be verified. The effect in real life
may be different from the expected benefits in many
ways. For instance, the accident or driving scenarios
may differ, and drivers from a wide range of
backgrounds may use the system in an unpredicted way.
Generally, information learned from the follow up
exercise can be used as input for the next development
loop.

In the Beyond NCAP evaluation approach, the real
world follow up is part of the case built by industry.
The quality and credibility of the follow up can
potentially influence the credit Euro NCAP gives to the
innovation under study.

The most suitable method for real world evaluation is
the a posteriori analysis using representative and
detailed accident data. However, such studies are found
to be complicated and very time consuming, in
particular for avoidance systems. As such, there is an
inherent conflict between a good quality real world
evaluation process and the need for rapid answers. For
systems only recently introduced or not yet available,
no data may be available to perform a meaningful real
world evaluation study. Especially for these systems,
results from fleet studies with a limited number of
vehicles and a limited number of drivers, feedback from
consumers or even simulation studies can provide some
indication of the real world benefit.

Generally speaking, systems with big effects are
straightforward to verify, but systems with limited
safety benefits are more complicated and time
consuming to evaluate. For some systems, long term
follow-up is necessary to understand behavioural
adaptation.

FIRST RESULTS

Starting from 2010, the Beyond NCAP assessment
method has been added to the Euro NCAP car safety
program. Several manufacturers have been handed the
Euro NCAP Advanced reward to complement the

overall star rating achieved for a car model tested
previously.

Successful applications represented a wide variety
of safety systems recently introduced on the
European market, including autonomous braking
technologies (Honda CMBS), Lane Departure
prevention and lateral assist (Opel Eye, Infinity
LDP, VW Lane Assist, Audi Side Assist), pre-crash
safety systems (Daimler Pre-Safe / Brake) and eCall
systems (BMW Advanced eCall and PSA). In the
development of the dossiers, extensive use was
made of GIDAS (D) data, where possible
supplemented with CCIS (UK), LAB (F) or non-
European data. Most manufacturers were forced to
make broad assumptions regarding the potential
safety benefit for EU-27 due to a clear lack of
statistics. This part has proven particularly
challenging for those technologies that rely on the
road or telecommunication infrastructure (e.g lane
markings, GSM coverage).

Where the role of the driver is key in effectiveness
of the system (e.g. warning based ADAS), a few
manufacturers have referenced driver simulator
studies and fleet operational trials, most outside the
European Union. Surprisingly, very limited data
was been offered regarding real world experience,
even for systems that were on the market for longer
periods outside of Europe.

DISCUSSION

The Beyond NCAP methodology proposes a new
and unconventional way of assessing vehicle safety
functions. The process presented here brings about
positive aspects but also has its inherent risks. As
the system was developed collaboratively between
the auto industry, governments and consumer
groups, the manufacturers have been committed to
the new system from the start. The well structured
approach facilitates an open platform of technical
dialog between manufacturer and Euro NCAP’s
stakeholders whereby the manufacturer’s in-depth
knowledge about the system can be explored and
design choices challenged. It will, it is hoped, lead
to the identification of acceptable test and review
processes as well as addressing issues associated
with commercial confidentiality and additional
research needs.

On the downside, the system is based entirely on
evidence provided by car manufacturers and can
easily be perceived as industry biased if not well
understood. The process with its strong emphasis
on safety benefit is held back by the relatively poor
availability of high quality accident data across the
European Union and the low market penetration of
advanced safety systems on the European market to
date.
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The Euro NCAP Advanced reward system is open to
different technologies but at this stage is unable to
discriminate between comparable technologies based on
real world effectiveness. A stronger feedback
mechanism on real-life performance of systems
assessed, involving industry and Euro NCAP, could
provide a stronger basis for comparison. Hence, with
increasing availability on the market, it is expected that
knowledge will come available that would allow Euro
NCAP to rate systems, for which the test procedures
would be placed in one of the existing rating boxes [1].

CONCLUSIONS

Euro NCAP and car manufacturers jointly developed
the Beyond NCAP methodology which allows the
potential safety benefits of any new technology to be
determined. The assessment is based entirely on
scientific evidence and data presented by the vehicle
manufacturer. A panel of independent experts looks at
the extent of the safety problem which a new
technology aims to address. Through a logical and
rigorous analysis of the way in which the technology
has been developed, tested and validated, and from any
real-world experience that may exist, the system’s
performance and its expected effectiveness can be
determined. Over the last year, already 13 systems have
been assessed in this way, 11 of which were successful
and were rewarded under the Euro NCAP Advanced
banner. By rewarding technologies, Euro NCAP hopes
to provide an incentive to manufacturers to accelerate
the standard fitment of important safety equipment
across their model ranges and helps the car buyer
making a better informed purchase decision.

The consequence of the Beyond NCAP method
described in this paper is that the car industry is given
credit for new safety technology and improvements, on
a “scientific” basis. The basic work to develop the
evidence will be the role of industry, which in turn will
make rewarded technology relevant in improving real
world safety. When this becomes a natural process, it
will also produce an implicit barrier to innovations that
are not effective. The method itself will be reviewed
and fine tuned from time to time in collaboration with
the auto industry.

The recognition of the potential benefit of these new
safety technologies in no way undermines the
importance of basic safety assessment expressed by the
star rating. For this it is important that Euro NCAP
continues to assess vehicle safety using existing test
procedures and criteria. It is expected that already by
2013 some technologies recently awarded will be
included in the overall star rating [3].

Finally, the consumers play an important role in the
quest for better safety and it is vital that they are kept
informed about what is a desirable as well as an
undesirable new technology. Beyond NCAP and the

Euro NCAP Advanced rewards offer a mechanism
for further advancing knowledge on safety
technology in cars among the end users, the
importance of which cannot be overstated.
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ABSTRACT

The period 1998 through 2010 has been one of great
flux in the development and application of motor
vehicle injury mitigation (safety) technologies. Over
this period, vehicle manufacturers have implemented:
depowered air bags, advanced technology air bags,
side impact air bags, automatic occupant
classification and air bag suppression, electronic
stability control, daytime running lamps, advanced
belt restraints, various driver warning and assist
devices, automatic collision notification, etc. Most of
these technologies have been led by manufacturers’
voluntary development and application of emerging
technologies. Some technologies have been driven
by new rules, and some were permitted by rule
changes.

The introduction and application of 28 safety
technologies have been compiled in a database
created by combining data from NHTSA and Ward’s
Automotive. A census of technology presence has
been tabulated by: technology, model year,
manufacturer, make, model, body style, and
technology not available or technology presence as
standard or optional equipment. The research
includes information for specific identifiable
technologies but does not include safety technology
advances that manufacturers may have applied at an
architectural or structure level in vehicle integration
over this time period. Data is tabulated for each
technology/model year pairing, analyzed as the
proportion of vehicle models equipped with the
technology, and tracked over time. Thus, researchers
can determine which specific models are offered for
sale with an emerging technology and the proportion
of new models in each model year that are offered
with the equipment.

Examination of the resultant data shows: 1) each
new safety technology begins with small model
penetration proportions, 2) the proportion of new
vehicle models offered with an emerging technology
grows over time, 3) commonly in about 5 years after
first introduction the penetration proportions are
substantial, and 4) nearly all newly emerging safety

technologies are offered both as optional and
standard equipment during the introduction period.

This may be the first study of safety technology
insertion patterns; the raw data and tabulated results
should prove to be useful to regulators and
manufacturers in planning for future safety
technologies and scheduling rule driven lead time and
phase in periods. The study is limited to models
offered for sale in the United States market only.
Rollover roof rail air bags are an exception in that
throughout most of the introduction period, most
applications were as standard equipment only.

MOTOR VEHICLE SAFETY AND PUBLIC
HEALTH

The National Traffic and Motor Vehicle Safety Act
was adopted in 1966. The law established the
National Highway Traffic Safety Bureau, now the
National Highway Traffic Safety Administration
(NHTSA) to address the need for vehicle safety and
required the NHTSA to promulgate motor vehicle
rules to protect the public against “unreasonable risk
of death or injury” in traffic collisions [1]. Following
its Congressional mandate, the NHTSA has
implemented a rules based structure that establishes
specific requirements for safety performance at a
vehicle, system, or component level. Vehicle
manufacturers must certify that all products offered
for sale satisfy those requirements. In doing so,
manufacturers meet the safety need established by the
NHTSA.

In many dimensions of safety performance and
technology implementation, manufacturers have
exceeded the specifications set in applicable rules and
have implemented safety improvements not
mandated by rule. By allowing motor vehicle
manufacturers the flexibility to exceed rule based
performance standards and to apply new safety
equipment and technologies for which there are no
regulations, the NHTSA promotes the advance of
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motor vehicle safety and progress in the science and
application of motor vehicle collision injury control.
Most regulatory requirements and safety
improvements voluntarily implemented by motor
vehicle manufacturers have been developed through
the application of a public health model for injury
reduction involving the following steps:

1. Collection and analysis of collision injury
data to identify opportunities for
improvement and prioritize safety needs.

2. Selection of priority safety improvement
targets and application of research efforts to
invent possible countermeasures.

3. Establishment of a staged research plan
encompassing five elements: concept
definition, requirements and specifications
definition, technology development,
feasibility and marketability assessments,
and final validation for vehicle integration.
Research is used in part to: size the safety
improvement opportunity that might be
offered by a technology concept and to
define the operational parameters that
characterize a safety need. In characterizing
the operational parameters of a safety need,
regulators and researchers can establish test
conditions, evaluation criteria, and
performance specifications for the
technologies that are intended to address that
particular safety opportunity.

4. Initiation of rule making, if started in
advance of technology implementation
schedules, and eventual finalization of rule
making.

5. Development of technologies that satisfy
established performance requirements and
can be balanced with vehicle level
imperatives (vehicle mass, package
constraints, vehicle level performance
metrics, direct material costs, etc.)

6. Creation of the supply chain necessary for
materials, components, and systems that can
be inserted into the Vehicle Development
Process (VDP) and eventually support
production applications.

7. Planning and execution of vehicle programs
structured to integrate the newly developed
safety technologies into the VDP and to
provide a balanced vehicle with the new
technology into the stream of commerce.

8. Once sufficient time has passed from
implementation to collect a significant
sample size, the countermeasure can be
evaluated by collection and assessment of

collision injury data and the process can
begin again in identifying the next candidate
opportunities and priorities.

It is not possible to establish test conditions,
evaluation criteria, and performance specifications
for every condition that might occur in real world
traffic collisions. Therefore, regulators and safety
researchers use collision data to characterize a
particular safety need and then select specific test
conditions, criteria, and performance specifications to
control vehicle responses to that particular safety
challenge. Test conditions, criteria, and performance
specifications are set at the outer bounds of real
world collision types to ensure that the applied
technological solutions will be robust to many
different real world collision conditions that are not
specifically tested and evaluated in laboratory
settings and comprehended in manufacturers” VDP
for validation or certification. In this way, tests and
acceptance criteria are established that apply to a
broad range of collisions and affect a safety
improvement for many more collision types than are
replicated in the particular test itself.

This public health improvement process has been
successfully applied in the U.S. over several decades.
We can measure and judge the success of this injury
reduction model by review of fatal injury rates over
time. Figure 1 shows that the motor vehicle collision
fatality rate has declined about 80 % over the period
1966 to 2009 [2].

Safety improvements have been realized due in part
to improvements in: driver and occupant behaviors
(seat belt use, child restraint use, and reduced drunk
driving); roadway designs (highway design, roadway
signage, traffic controls, roundabouts, overhead
lighting, etc.); legislative and law enforcement
initiatives (restraint laws, anti-drunk driving laws);
public education efforts (National Safety Council,
Safe Kids, the Airbag and Seat Belt Safety Campaign
(ABSBSC), “Click it or Ticket,” NHTSA and State
programs); post collision treatment and care
(emergency response times, comprehensive treatment
at Level 1 trauma centers, automatic collision
notification); and broad implementation of motor
vehicle safety technologies (seat belts, structural
collision performance criteria, fuel system integrity,
supplemental restraints, electronic stability control,
etc.). This paper reviews and compiles data
regarding the patterns of safety technology insertion
over the period 1998 through 2009.
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Figure 1. Fatality rate per 100 million vehicle miles traveled [2].

METHODOLOGY & DATA FORMAT

The goal in data collection was to compile a
comprehensive and detailed list of safety
technologies for all vehicles sold in the U.S. market.
NHTSA’s New Car Assessment Program (NCAP)
database was identified as the best foundation on
which to build. The NCAP database compiles data
on about 28 different safety features for the vehicles
tested each year in the program. Important
information, though, is missing from this database.
Since only a portion of all available models and body
styles are tested, there was not a comprehensive list
of all models and body styles available. There was
no information on pricing, fuel economy, dimensions,
weights, powertrains, or trim levels. Information was
purchased from Ward’s Automotive to supply this
additional information. A time consuming, manual
process was then undertaken to make the
nomenclature for model and body style common
between the two sets of data. The two sets of data
were then combined in an Access database in a
format capable of complex manipulation and future
data update. The resulting database contains about
1.7 million cells of data.

One application of the database is to create a model
year table of technology availability as shown in the
table of side air bag availability shown in Table 1.
All models offered in each model year in the survey
are shown in the table and organized by brand and
manufacturer. The model cells are filled in white if
the technology was not available. They are filled in
yellow if the technology is optional on any trim level.
They are filled in green if the technology is standard
equipment on all trim levels. For this table one
specific body style was chosen for each model due to
the limitation on the size of graphics. But data has
been collected down one more level to body style as
there are often important differences in technology
applications between different body styles of the
same model. One example is the technology of all
belts to seats (ABTS). While sedans often do not
employ this technology since belts can be anchored
more efficiently to the B-pillar, coupes to some
degree and convertibles in almost all cases do not
have a B-pillar and are thus more likely to employ
ABTS. Thus resolution down to body style is
important.
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Another application of the database is to create a bar
chart showing the insertion of the technology into the
vehicle fleet over time. Figure 2 shows the insertion
history for head curtain air bags. For each model
year the optional and standard percentages of unique
vehicle model body styles employing the technology
are displayed.

The data collected is deep in detail. For example,
side protection air bags are not simply listed as

unavailable, optional, or standard. The detail
specifying the availability, type of bag (torso, combo,
or head curtain), seating position coverage, and
source of deployment (seat, door or roof rail) add up
to 110 unique identifying codes.

TECHNOLOGIES SURVEYED

The 28 technologies for which the database collected
information are shown in Table 2.

Sum of Optional Curtain® | Sum of Standard Curtain® | Sum of Optional Combo Bag’ | Sum of Standard Combo Bag® | Sum of Standard Tube Bag %

100.00%

90.00%

80.00%

70.00%
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[Totals]
B 5umefo

50.00%

40.00%

B 5umof

O Sum of Optional

B 5um ofStandard Combo Bagh

30.00%

B 5um ofStandard Tube Bag

20.00%

10.00%

0.00%-

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 2. Head curtain, combo, and tube air bag availability.

Safety technologies compiled in database

ABS —4 wheel

Collision warning frontal

Safety power windows

ABS —rear wheels

Collision warning rear

Seat belt energy management

Airbag —advanced features

Crash data recorder

Seat belt pretensioners

Airbag on/off switch

Daytime running lights

Side air bag

Auto crash notification

Dynamic head restraints

Stability control

Auto dim mirrors

Head curtain air bag

Tire pressure monitoring

Automatic door locks

Head curtain air bag rollover detection| Traction control

Brake assist

Lane departure warning

Trunk release

Builtin child seat

Rear center lap-shoulder belt

Camera Rear seat head restraints
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INSERTION PATTERNS

In general, new safety technologies developed for
insertion into the new vehicle fleet during the period
1998 through 2009 were phased in over lengthy
periods of time, often extending throughout the entire
decade. None of the new emerging safety
technologies surveyed were adopted and inserted
ubiquitously throughout the fleet in a single model
year. Insertion patterns reflect a deliberate pace
dictated by the constraint conditions identified above.
Safety technologies of unknown efficacy and
unknown potential adverse effects can be feathered
into the vehicle fleet with limited early applications;
thereby giving manufacturers opportunities to assess
safety efficacy and to resolve questions over
unanticipated adverse effects.

The insertion of new safety technologies is not
unconstrained. The research and development
processes must advance the state of knowledge
regarding injury control science sufficiently to justify
resource expenditures in research and development.
Research must establish test procedures reasonably
reflective of real world collision conditions and
acceptance criteria related to safety improvements
and achievable with engineered solutions that can be
manufactured and integrated into production
vehicles. Technology countermeasures must be
engineered to be compatible with vehicle
architectures and technologies or those incompatible
architectures must be modified to accommodate new
safety technologies. Technology and vehicle
development processes must be configured to
comprehend human, capital, and test capacity
resource limitations. Unknowns regarding the
effectiveness of new technologies often limit
manufacturers’ ability to adopt the technologies as
benefits are difficult to define and promote. The pace
of new safety technology insertion is dependent upon
consumer acceptance and affordability, concerns
regarding unanticipated consequences of the new
technology and successful experiences in early
applications to resolve those concerns. Regulatory
activity can influence or inhibit the pace of
technology insertion contingent upon the
uncertainties regarding test requirements, acceptance
criteria, reliability and repeatability of test
procedures, and technology readiness to perform at a
regulated level.

Consumer reactions and acceptance of new safety
technologies cannot be accurately assessed until
some models are introduced with new technologies;
thereby motor vehicle manufacturers and the supply
base can appropriately ramp up production capacities

and capabilities to accommodate the additional
demands imposed by new technology requirements.
Phased in introduction facilitates movement
downward on the cost curve with successive
iterations of manufacturing and design efficiencies;
instantaneous uniform introduction of a new
technology would impose and institutionalize initial
high cost levels upon the entire new vehicle fleet and
supply base; efficiencies would be delayed for second
and third round resource allocations rather than can
be realized with successive generations of improved
designs and efficiencies generated by rapid
application of cyclic learnings.

For these and other reasons, many manufacturers and
models adopt new safety technologies on an optional
basis initially, and contingent upon market
acceptance and competitive considerations, the
optional technologies may migrate to standard
equipment.

Figures 3 through 10 show the insertion patterns for
eight of the safety technologies. Some technologies
are collision avoidance technologies: Antilock
Braking System (ABS), Electronic Stability Control
(ESC), Tire Pressure Monitor Systems (TPMS),
Daytime Running Lights (DRLs), and backup
cameras that help prevent low speed collisions with
near objects in reverse. Others are crashworthiness
technologies: side air bags, head curtain air bags
(Figure 2), and seat belt pretensioners. Finally,
automatic collision notification improves emergency
medical service response to a collision.

CONCLUSIONS AND OBSERVATIONS

Some injury mitigation technologies started in
application prior to the first year of registration in the
database we have constructed, for example ABS.

Injury mitigation technologies of the same character
may vary substantially in specific execution; see for
example the type variations for side impact air bags.

Installation of injury mitigation technologies often is
initiated by individual manufacturers in advance of
rule making. Successful safety technologies grow in
application over time.

Injury mitigation technologies are often introduced
into the stream of commerce as optional equipment
and as standard equipment. The only observed
exception registered in this survey is the installation
pattern for front seat safety belt pretensioners.
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Figure 3. ABS technology insertion by model year.
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Figure 4. Electronic stability control technology insertion by model year.
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Figure 5. Tire pressure monitoring technology insertion by model year.
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Figure 6. Daytime running lights technology insertion by model year.
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Figure 7. Backup camera technology insertion by model year.
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Figure 8. Side air bag technology insertion by model year.
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Figure 9. Seat belt pretentioner technology insertion by model year.
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Figure 10. Auto crash notification technology insertion by model year.
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ABSTRACT

The Australasian New Car Assessment Program
(ANCAP) crash tests vehicles and assigns an
occupant protection rating out of five stars. Most
NCAP organisations usually only test and rate one
variant of a vehicle model. Other variants may
differ from the tested vehicle in a number of ways.
These factors include: body style, engine,
transmission, mass and mass distribution, safety
features and crashworthiness-related structure.
They can all be expected to influence the crash test
results to some degree. Historically, NCAPs
around the world have not made any claims or
statements about these untested variants. There is
an increasing demand for information about the star
rating of non-tested variants of models. One reason
is that many vehicle fleets now insist on a
minimum 4- or 5-star rating for the new vehicles
that they purchase. During 2009 a working group
of ANCAP considered ways in which a star rating
could be extended from the tested variant to other
variants. This paper sets out the results of that
review and the policy that has now been published
by ANCAP. This policy allows the rating of many
more variants and provides benefits for consumers,
ANCAP and vehicle manufacturers.

KEYWORDS

ANCAP, NCAP, crash testing ratings, occupant
protection

INTRODUCTION

NCAP organisations usually test and rate one
variant of a vehicle model. Other variants may
differ from the tested vehicle in a number of ways.
These include: body style, engine, transmission

(including 4x4 vs 4x2), left- or right-hand drive,
mass and mass distribution, and safety features.
These can all be expected to influence the crash test
results to some degree. Generally NCAPs do not
make any claims or statements about non-tested
variants.

"Stars on cars" programs, where NCAP ratings are
displayed on vehicles in showrooms, can be limited
by the lack of published ratings for some variants
of a model. Furthermore, increasingly as vehicles
achieve top ratings, manufacturers are keen to have
these ratings apply to other variants of the model.

To determine the star rating of variants, one option
is for manufacturers to sponsor additional NCAP
crash tests of these variants. However, to minimise
the need to do this with the associated costs, it
would be beneficial if there were agreed guidelines
to determine the untested model variants that can
be rated by ANCAP, based on results from a tested
vehicle variant.

This document sets out ANCAP policy for these
situations.

METHOD

The likely influence of key factors is considered in
Table 1, together with criteria that should be met in
order for the variant to receive the same rating as
the tested variant. In some cases, the variant might
receive a lower score and possibly a lower star
rating than the tested variant.

Where any of the criteria in Table 1 are not met,

additional evidence is required as set out in the
Appendix.
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Table 1.
Criteria for comparable occupant protection

Factor Criterion
a) Body style | For the purpose of assessment a transverse vertical plane is defined that is
(e.g. 3-door 500mm rearward of the upper seat belt anchorage point for the driver seat.

hatch, 5-door
hatch, sedan,
coupe,
wagon)

Forward of this plane, variants must be identical in design and structure for
crashworthiness purposes. A statement from the manufacturer is acceptable for
this purpose, subject to visual verification. This includes the front seat belt
anchorages but not rear seat belt anchorages.

For example, a 3 door hatch result cannot be used for a 5 door hatch variant and
vice-versa, without additional evidence for all tests. However, a sedan or
wagon variant might be interchangeable with a 5 door hatch.

b) Kerb mass

Variation up to £10% is allowed.

¢) Engine The same block size & configuration is allowed, irrespective of displacement,
(displacement, | aspiration and fuel. Extra components within the engine bay such as LPG
cylinder convertors and turbo-chargers are acceptable provided that footwell and pedal
configuration, | intrusion are well controlled in the tested vehicle (i.e. 4 points scored for
aspiration, driver's feet - this means that pedal rearward displacement is under 100mm and
block size, there is no footwell rupture).
type of fuel) Note that a 4 cylinder result cannot be used for a V6 result and a V6 result
cannot be used for a V8, and vice versa, without additional evidence for the
offset test.
Engine differences are acceptable for the side impact and pole tests.
For the pedestrian protection rating, components that reduce the bonnet
clearance and/or stiffness of a bonnet impact will be assessed. Extra head
impact tests might be undertaken at ANCAP's discretion.
d) Any transmission is acceptable. Note that ANCAP policy for selection of test
Transmission | vehicles is that an automatic transmission will only be selected if at least 80%
(manual or of that variant’s sales are automatic.
auto, number
of gears)
e) Driven Two wheel drive results (either front or rear) are not interchangeable with an
wheels (4x4, all-wheel-drive variant without additional evidence (offset test) due to the
4x2, front- effect of the rear driveline. Similarly front-wheel drive results are not
wheel drive, interchangeable with rear-wheel-drive results, without additional evidence.
rear wheel Driven wheel differences are acceptable for the side impact and pole tests.
drive)
f) Ride height | Offset test acceptable provided that the ride height does not vary by more than
(eg height of | +/-50mm from the tested variant. Side impact test of lowest variant may be

top of wheel
arch) and tyre

used for other variants up to the point where the default score is used for a
high-seat vehicle*.

diameter
g) Wheelbase | Wheelbase variation up to =100mm is acceptable.
h) Driver Where ANCAP has published a rating based on crash tests of a left-hand-drive
location (left- | (LHD) variant, that rating may be applied to other variants in Australasia
hand-drive, subject to meeting the relevant criteria in this table.
right-hand
drive)
i) Front Subject to items j to m, installed airbags must be the same as the tested variant,
occupant or better. For example, for the purpose of the side impact test, curtains may be
restraint fitted where the tested variant had seat-mounted side airbags with head
systems protection. However, additional evidence is required for the pole test, where
the type of head-protecting side airbag is different.
Front seat belt pretensioners and load limiters must be identical.
Front seat belt anchorages must be identical in geometry and adjustment
features.
Seat design must have similar restraint-related features, such as anti-
submarining pans. Upholstery and adjustment features may vary.
j) Lack of Offset test results for a variant with a front passenger airbag may be used for a
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passenger
front airbag

variant without a front passenger airbag but a score deduction normally applies.
Where a Euro NCAP tested variant had a front passenger airbag and the variant
being assessed does not have this then a 2-point deduction is applied to the
front passenger head score (offset test), unless additional evidence is provided
(new policy).

k) Lack of
head-
protecting
side airbag
(not high seat

Where a tested variant had a head-protecting side airbag and the variant being
assessed does not have this then a 2-point deduction is applied to the head score
(side impact test), unless additional evidence is provided (new policy). Test
data from an acceptable Australian Design Rule (ADR) 72 crash test would be
suitable for this purpose.

vehicle*)

1) Lack of Where a tested variant had a thorax-protecting side airbag and the variant being
thorax- assessed does not have this then a 2-point deduction is applied to the chest
protecting score (side impact test), unless additional evidence is provided (new policy).

side airbag
(not high seat

Acceptable ADR72 test data would be suitable for this purpose but 2-point
deduction applies where these data do not include dummy backplate or T12

vehicle*) measurements.

m) Lack of Where a tested variant had a knee airbag and the variant being assessed does

knee airbag not have this feature available then a 2 point deduction is applied to the
driver/passenger upper leg score (offset test) unless additional evidence is
provided (existing ANCAP policy).

n) Other Intelligent seat belt reminders are assessed and scored for each variant.

safety features

Therefore variants with different numbers of seat belt reminders will have
different scores.

ESC is required for a 5 star rating. Variants that miss out on 5-star due to a lack
of ESC can only obtain a maximum 4-star rating (overall score 32.49 points).
Similar arrangements will apply if ANCAP introduces additional qualifiers for
a star rating.

In the case of station wagons and vans that are car derivatives, a 5-star rating
will only be available where that variant has a cargo barrier (standard or
optional equipment) that complies with AS 3034 (or acceptable equivalent).

* "High seat vehicle" is a vehicle with a seating reference height more than 700mm which is therefore exempt
from the ADR72 regulatory side impact test. ANCAP applies a default 16 points for these vehicles, unless a
EuroNCAP test result is available that is less than 16 points.
CONCLUSIONS information for consumers when they wish to
purchase a vehicle, it extends ANCAP’s range of
results at minimal cost and it provides a route for
manufacturers to have more of their vehicles rated
at comparatively low cost.

Extending the ANCAP rating of a vehicle model to
a range of variants through the examination of data
has several positive outcomes. It provides more
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APPENDIX

Additional evidence to be provided by the
vehicle manufacturer

The manufacturer's submission should address each
of the technical items set out in Table 1, indicating
whether the criteria are met.

Where a manufacturer seeks to apply an ANCAP
rating to a variant that does not meet the criteria set
out in Table 1, further engineering evidence is
required to show that the additional variant
provides at least the same level of occupant
protection as the tested variant for the type of crash
test under consideration.

Additional evidence may also be submitted where
ANCAP proposed to use default deductions due to
a lack of side airbags (j, k, | & m in Table 1).

Manufacturers may also submit evidence to show
that an ANCAP rating should not be applied to a
particular variant, despite it meeting the criteria of
Table 1.

Submissions from manufacturers will be circulated
within the ANCAP Technical Working Group on a
confidential basis.

Crash performance comparisons

The main purpose of the test data is to show
comparable performance so that the existing
ANCAP test results can be applied to the additional
variant or to show that the additional variant
performs better than that derived from a default
score (e.g. where ANCAP proposes to apply a 2-
point deduction due to the absence of airbags).
Manufacturer's test data is not acceptable for
deriving a higher star rating for an additional
variant - only ANCAP or other acceptable NCAP
test data may be used for this purpose.

d)

Acceptable engineering comparisons include:

Crash tests for related regulation compliance
tests, at regulation speeds or higher (such as
ADR72 and ADR73)

Crash tests at NCAP speeds conducted
according to ANCAP/Euro NCAP protocols by or
on behalf of the manufacturer at an approved test
facility (e.g. acceptable for ADR certification
purposes)

A Federal Motor Vehicle Safety Standard
(FMVSS) 214 Oblique Pole Test may be used to
demonstrate the effectiveness of a head-protecting
side airbag/curtain, as an alternative to a Euro
NCAP-style pole test.

Results of computer modelling should show
comparable structural deformation (including
footwell and firewall) and wvehicle body
deceleration. Mathematical Dynamic Models
(MADYMO) modelling, or equivalent, of dummy
responses is preferred.

The tested models should be built to Australian
specifications, but overseas specifications (e.g.
comparisons between two LHD variants) may be
acceptable.

Manufacturers’ representatives are encouraged to
contact ANCAP to discuss the types of evidence
that are proposed to be submitted. Generally only
summary test data, that identifies the vehicle, the
type of test, the test facility and the key injury
measurements, is required by ANCAP.

Crash test comparisons

Where crash tests are compared the injury values
for the additional variant should not exceed 110%
of those in the ANCAP-tested variant unless:

1. the resulting injury scores are in the good
range (i.e. score 4 points under the ANCAP
assessment protocol) or

2. the resulting crash test and overall scores for
the variant are sufficient to retain the same
star rating as the tested variant
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ABSTRACT

In 1999, Korea government has been established
KNCAP program to promote vehicle safety
enhancement and to reduce road traffic fatality.
Currently, total 8 test protocols are available to
evaluate vehicle safety performances including the
two types of frontal crash test and side pole test. As
results of the reinforcement of safety issues, the
average KNCAP vehicle safety rate reaches about
4.5 star ratings. Furthermore, from 2010, the overall
crash performance assessment rating system was
adapted to clear understanding of the KNCAP
results with the voluntary labeling system which
similar to US labeling system.

However, in terms of elderly occupant’s safety,

the fatality rate is much higher than other age group.

Conjunction with the current Korean elderly
occupant protection research program, which
initiated by the government resource 5 years ago,
the assessment tool, may also include protecting a
vulnerable road user, especially elderly drivers or
occupants.

Recent researches show that the elderly
occupant rib cage is relatively weak and fragile
compared to the nominal adult age group. The
current larger mass and stiff front structure of
vehicle design required pretensioner belt system
with relatively higher load limiter. When this belt
restraint system with airbag were subjected to the
anthropometric dummies such as Hybrid III 50%tile
male or 5%tile female dummy, the injury
performance were in excellent rate thus expected in
good occupant protection in the real traffic
accidents. However, in the real field, the fatality of

elderly is more than 10 times higher than other age
groups. The most frequent injuries are thoracic
trauma, rib fractures due to the severe rib
deflections.

The objective of our study was investigate rating
criterion for pretensioner and load limiter
performance for elderly occupant protections to
define requirements for an optimal belt loading
forces, and to quantify the benefits for elderly
occupants within KNCAP testing system.

INTRODUCTION

The Korean New car Assessment Program
(KNCAP) has been one of the most market
influencing factors in the aspects of safety issues as
well as industries safety technology adoptions in
their new vehicles. The results of KNCAP ratings
were published twice a year and also provide
information on proper use of safety devices in order
to enhance user’s awareness and correct
understanding on safety related devices such as
airbag, ABS and seat belts. At the beginning,
KNCAP test protocol and evaluation methods are
similar to the previous USA NCAP and only
passenger car category was tested. In the motor
vehicle management act (Article 32-2), the KNCAP
has been legal basis in 2002.

In 2005, up to 4.5 tons of buses and vans were
included in the K-NCAP and not more than 1.0 ton
truck was added as a test vehicle in 2007. This
means that 87% of all buses and 72 % of trucks and
100% of passenger vehicles can be covered and
evaluated safety performances within KNCAP
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system. Thus KNCAP covered 95% of all possible
vehicle types. The Figure 1 shows that the
expansion of vehicle category in KNCAP.

1999

Vehicle ’
categorles | AL

The distribution of bus not more than 4.5 tons was 87% of all buses.
The distribution of truck not more than 1.0 fon was 72% of all trucks.
KNCAP in the vehicle categories shall be covered 95% of all vehicles.

Figure 1. Vehicle categories in KNCAP

The test items were only the full wrap frontal
crash test and braking test until 2002, however, with
55kph impact speed side crash test was added in
2003. In 2005, static roller test for roller protection
and static measurements of head restraint’s heights
and backset test were introduced as a part of
KNCAP. Since the majority of traffic fatalities were
results from car to pedestrian accidents, the
pedestrian head impact test and leg impact test were
added in 2007 and 2008 conjunction with WP29
GTR harmonization. This year, the pedestrian head
test will be added to evaluate the protection of
pedestrian. In 2008, the head restraint test was
updated with the dynamic test. Recently, 64km/h
frontal offset test was also added to insure the front
seat occupant protections in 2009. Finally, last year
as an optional test, 90 degree side pole test was
adopted as shown in Figure 2.

P Y.
4 | A S
- Ilzflcs_ \FRr L)) L ] &a
Side Pole Impact Front Offset Impact g
2010 2009 2008

EEEERRSEReN

# The largest share of fatalities in traffic accident is pedestrian as 36%.
# Small truck is excluded from the side impact and pedestrian test.
# Side Pole Impact test is additional test by car maker (2 point)

Figure 2. Expansion of KNCAP Items

For clear understanding of test results and
degree of safety performance, in 2010, the overall

crash performance rating system has been
introduced and the total rating system including the
active safety features will be adopted in 2013.

Enhancement of Frontal Crashworthiness

2010 KNCAP, the total 12 new vehicle were
tested including 3 imported passenger vehicles. The
selections of vehicle are based on the untested
vehicle, sale volumes. The base (or minimum safety
devices) design vehicle of the selected vehicle
model will be tested. The all 12 KNCAP test result
is shown in Table 1.

Table 1. 2010 KNCAP Test Results

Test Items
A Crash Test [Pre-Safety Test|
Braking
. Full Offset, %° Sids [Pedestrian Flancs
Class | Vohicle | pftb | et | H ) wiplask | 2| Gverall Ralos [0
s | GMD [ Rkkkk | RAAK K | KkhAK | KRR X R | 40m
Matis [(15.1, 945%%) | (143, 89%:) (150, 94%%) [ (43, 80%%) le) (20, 6725 50.Tm
BoS [ ok | Sekok sk | kokokok | dokkk || G 2 dokk 45%m
SM3 [(25 70 | (142 89%) (141, 88 | (44, 1329 | sy |13 80 478m
- %
Hyundai | ek | K&k &k | %k k& [Jkkkok | 20, | G55 1] dexx 415m
Avante [(15.8 9990)| (148, 9322) [(158, 9822) | (50, 8320 1002 38'}) (14, 4722 42,6m
i |hkkk k| Sk & & | kkokok [Jokkkok | 20, | G581 xx 435m
K5 (15,7, 9824) | (150, 94%%) (154, 9622 [ (52, 8728 | 1002 98'7)’ (13, 602%) 43 Tm
M| RS aokkkk | Rk [dokaokk | kkx [ 20 |GGt wx £lm
SM5 (134 200 |(47 920) |58 39| (38 6820 |10 | gy |@ 0w 44, 6m
Hyundai | sk | Sk | ok | Kok | 20, |08 ] woen 438m
Sonata [16.0, 1000 (152, 95%2) [(153, 8y | (51, 850 |100% 99,/) (13, 4320 48,Tm
Ein |k | hokkdok | koo | hok e e ot B
1 [Sportige[(15.2 $552)| (145 9130 (156, 982 | (53, 8820 s |& D[ ASEY 43 5m
BV | Hyundai | ek | ok |k | ek ok Gl ] gk | |l
Tueson [(14.8 9354 | (152, 95%%) €150, 942 [ (53, 88%0) 33./")‘ (15, 5020 | (18 £4) |45 1m
Eis [ [ s ook | aoaso | aq |G 1] 0k 458m
K7 (52 3940|055 970 (160 10054 (50, 8830|1084 | oo | gooy 476m
Lexus |k | ook ok [ dok st xx 43.2m
L ES350 [16.0, 100%a)| (146, 91%:) (16,0, 1008<)( (30, 3022 w)' (10, 3320 43,2Zm
o | e | [okoonk | aoka | 20, | Chse 1] ew kot
(12,2, W20y | (143 89%) [(16.0, 10003 (45, 7550 |10 oy |3 30D 46,2m
DI 912 g
Audi | ddkk | Sk |Aokoaoack | gk Gt > F6m
A6 (12,9, $124)| (131, 94 [(15.4, 9620 | (36 60%D) W) @, 0 42, Tm

In the frontal crash test, for driver side occupant,
the probability of severe injury was 16.4%
improvement compared with that of 1999 to 2003
average results. In terms of star rating in 2010, 0.3
stars were increased. On the passenger side
occupant, the likelihood of severe injury can be
reduced up to 51.6% compared with results of 1999
through 2003 as shown in Table 2 and Figure 3.

The offset frontal test, all 12 vehicles achieved 5
stars but, in the full wrap rigid barrier test, 2
imported vehicles get 4 stars. But 1 domestic
vehicle gets 3 star ratings (after re-test procedure,
get 4 star).
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Table 2. Frontal Occupants Safety
Improvements (avg. 1999-2003 vs. 2010)

Frontal Crash
'99-103 10

Inproverment | Reduction
(% or Star) %

Probability of

Driver | Severe Injury(%) s L i He

Avg. Star 38 41 03 79

Probability of

Severe Injury(%) £l 121 129 516

Front

passenger

Avg. Star 32 4.3 11 344

Sum of Probahility of
Severe Injury(%)

216 137 8.0 370
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Figure 3. Trends of Star rating in Frontal Crash

TRENDS OF KOREA TRAFFIC ACCIDENTS
AND ELDERLY OCCUPANT INJURY
PATTERNS

Competition among car makers for the safer
performances in line of KNCAP, the number of

fatality and serious injury can be reduced.
According to Nation police reports, the fatality of
traffic accidents is gradually reduced year by year.
Although the significant number of total registered
vehicle is increased annually, in 2009, the total
death from the traffic accidents was 5,838 (2008:
5,870) as shown in Figure 4. Results from the
increased total traffic volume, the number of traffic
accident and injury is still gradually increased every

year.

m oA

s A

o 0e 20

Figure 4. Trends of Traffic Fatality in Korea

The pedestrian fatality was about 35% while the
fatality from car-to-car accident is the most frequent
source of fatality, 43.6% (2,546). The remaining 21%
of fatality was from the single vehicle involved
accidents as shown in Figure 5.
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Caro-Pedestrian Carto-Car Vehicle Only Car4o-Train

Figure 5. Accident Type of Traffic Fatality

Increase of Elderly Involved Traffic accidents
From 2005 national census, the population of 65
years and more (65+) was reached 4.3 million
(9.1%) and entered aging society. Due the current
extremely lower birth rate, the aging rate is rapidly
increased. The most demographic forecasts indicate
the proportion of Korean over 65 years of age by
the year 2019 will be more than 14% of total
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population as an aged society.
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Figure 6. Elderly Population in Korea.

Therefore, it will become increasingly more
important that safety standards or other assessment
methods be optimized to mitigate elderly casualties.
Unlike EuroNCAP, KNCAP does not account
abnormal behaviors of occupant or safety devices
during the crash test in the scoring system. The
modifier was not adopted in KNCAP due to the
possible argument of subjective opinions on the
application of modifier.

Currently, in KNCAP 50%tile Hybrid III
dummy was used to evaluate vehicle safety
performances. Now, there are no criteria or
weighting factors to be considered other than
Hybrid III standard male dummy. Since, the number
of elderly drivers (and/or passengers) or small
frame of female drivers (and/or passengers) are
continuously increased. by every year. Elderly
drivers and passengers have a disproportionately
higher crash involvement rate and commonly
sustain more severe injuries than the general
population.

From the National Police Reported Accident
Data for the years 1994 to 2006, the fatality of the
age group 61 and older (61+) was continuously
increased 1,748 (17.3%) to 2,136 (33.8%). Still, the
majority of elderly fatality is coming from the
pedestrian casualty, however, the number of
fatalities and seriously injured elderly occupants are
rapidly increasing year by year.

In 2009, the elderly traffic causality was 1,826.
It is 31% of total fatality. If consider the only
fatality of elderly occupant (in vehicle), the ratio is
15%.
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Figure 7. The Number of Korean Elderly
Involved in Accidents.
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Figure 8. Fatality of Elderly Accidents
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Figure 9. Estimated Trends of Fatality and
Serious Injury of Elderly Accidents

Therefore, providing mobility as well as
improvement of safety for older occupants is
essential for aging society. To provide the safety for
the elderly occupants, it will be necessary to review
the injury criteria and safety standards to mitigate
elderly casualties. Currently, the injury criteria in
KMVSS are determined by Hybrid III 50%tile
dummy readings similar to other countries.

INJURY PATTERNS OF THE ELDERLY
OCCUPANTS

The risk curve, based on serious casualty data,
exaggerates older drivers’ crash involvement
because of the ‘frailty bias’. Because older people
are more readily injured by a given physical impact,
proportionally more of their total crashes have
serious casualty outcomes. Many of research
suggest that around one-half of the heightened
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fatality risk of drivers aged 75 years and more
might be due to frailty rather than to unsafe driving
practices. The same correction can be made to older
drivers’ involvement in non-fatal serious injury
crashes.

Aging is a complex process which yields
numerous mental and physical changes. In the
present study, only physical changes were
considered (e.g., geometrical, material, and
structural). A number of studies have shown that,
with increasing age, the energy-absorbing capacity
of body structures generally declines.

Burstein, Reilly, and Martens concluded that
there was a 5% decrease in the fracture strain per
decade in the femur and a 7% decrease for the tibia.
Zhou, Rouhana, and Melvin reviewed a number of
aging functions of the femur bone and showed that
the maximum bone strength occurs at
approximately 35 years of age. The bone strength
then begins to decline, with the rate of decline
increasing significantly after 60 years of age. Zhou
et al. also determined that the human soft tissues
follow a similar trend.

Although older drivers are involved in relatively
few collisions due to limited exposure, once
involved in a crash they are more likely to sustain
severe injuries or death (Cunninghan et al.). Several
studies have confirmed that as people age, they are
more likely to sustain serious or fatal injuries from
the same severity crash (Evans, Evans, Bedard et al.,
Mercier et al., University of Michigan, Wang,
Peek-Asa et al., Li et al.).

Elderly drivers and occupants are especially at
risk of thoracic region injuries due to increased
bone fragility (University of Michigan, Wang et al.,
Wang, Augenstein et al., Foret-Bruno, Schiller,
Sjogren et al., Bulger ef al.).

Results from S.C Wang, the head injury is the
most frequent in younger age group, while the older
age group is suffered from mostly thoracic injury as
shown in Figure 10. From the NASS (1993-1996)
data, the more old age group, the more numbers of
rib fracture is occurred in the frontal collision.

60%
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40%

30% -
¥ Head
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Figure 10. Incidence of Thoracic and Head
Injury by Age Group. (S. C. Wang).

Korean Elderly Occupant Injury Patterns

From the Korea national accident database
(2000-2007), the elderly occupants exposed higher
risk in thorax, head and abdomen. The thoracic
injury risk is 2.6 time higher than other age groups.
The head injury is 1.3 time higher and abdomen
injury is 1.9 time higher. The elderly male abdomen
injury is 26.2% higher than that of female elderly
occupant.

But, female elderly has higher potential risk in
head and lower extremity 57% and 11.6%
respectively more than those of male elderly. In
seating position, driver side is 2.9 times more
suffered thorax injury compared with 25 - 54 year
old age group. Regardless the type of vehicles, the
thorax injury of the elderly occupant is more than
1.7 - 2.1 times more frequently occurred.

The elderly seated in SUV and RV vehicles are
more injured than sedan type vehicle during the car-
to-car frontal collisions. The seat belted elderly is
more suffered thorax, abdomen and upper extremity
injuries than other age groups. However, compared
with non belted occupants, there are no differences
in terms of injury between different age groups.
Even the airbag equipped vehicle, still elderly
occupants exposed 12.9% more sever thorax injury
compared with other age group.

2009 KNCAP FRONTAL CRASH TEST
ANALYSIS

Ten vehicles from four Korean auto makers and
two foreign auto makers were tested for KNCAP
program in 2009. The test results and the star
ratings for the vehicles are represented in Table 3.
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Table 3. 2009 KNCAP Frontal Test Results From the dummy injury results, average of driver

Full wrap Frontal Crash Offset Frontal Crash 1
Vebicle | Class | Oceupant [ PP | i | poios and passenger side HIC were 339 and 319
oot | suna | Driver koA | 8% | aokakk | 151 respectively. The 48km/h regulation required less
Passcnger R B & B 4 9% R R B B & 4 14.4 .
P P T e e A Py e than 1,000 HIC values. For the chest deflection case,
Passenger | 4 % % % % ER > 7k 14.1 . . .
opronos | e | Driver [waman| o [amaan] 155 while the 48km/h regulation required 76mm as a
Lacetti - - o, . . .
S Fosscoger | dokoxkok | S% | Akaokk | 130 limit, but the average of chest deflection were
Gomests | Mediouy [ DOVSr | Ak | 8% | Akkk | 121 . . .
Coupe Passenger | kA kkk | 10% [ Akkkrk| 148 29.9mm and 29.4mm in driver and passenger side
Benz C200K | Medium Driver ok ok ok 9% ok ke kK 159 : :
Passenzer | aAAk | 17% | kkdh k| 142 respectively. Even though more severe impact
. Driver He ok kA ke 8 % ok Ak ok 15.2 .. .
Honda Aceord| Medium [ 22— condition, the results shows a quite low chance of
Ssangyong ) Driver e Kk ok ok 7% Ak ke 15.2 .. .
Chirmmn w7 | L8 e e T Taaaa x| 152 head and chest injury risks.
Hyundai | oo | Driver | akokokok | 7% [ Aokkkk| 136 The next two Figures show the seatbelt loading
Equus = Passenger | s s % % % 7 % * Ak 14.4 . . A
i Somento | Larze | Driver [ kkkokk[ 9% | AkkAkk| 148 forces measured in the Hybrid III 50%tile male
(SUV) | Passenger | s % % % & 9% —— 14.9
Hyundei | Larse | Driver | Akkokk | 10% | kAakk| 138 dummy during the test.
Veracruz | (SUV) [ Paccenger | A s A A A 7% AA KA | 140

The HIC, Chest g’s and Chest compression are

represented in Figure 11 - Figure 12. All vehicles

scored 5 stars in driver and passenger except one
imported vehicle which was not designed for the
full wrap barrier test. In the offset barrier test, only

o
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o
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Z
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one 2 door domestic vehicle’s driver side was not

achieved 5 stars. Compared with previous year’s o }
(1999-2008) results, the safety performances were O ——————————

dramatically improved. KN

®Passenger ShoulderBelt Force  ®Driver Shoulder Belt Force

Figure 13. Shoulder Belt Forces of 2009 KNCAP

® Driver ®Passenger

‘Hl( Average: Driver: 339, Passenger: 319 ‘

" Passenger LapBeltForce  ®Driver Lap Belt Force

é R — Average: D: 6.3kN
- B: 6.6kN
Larger Mass & Size — :
Figure 11. HIC Distribution of 2009 KNCAP
‘ KN
®Driver Chestg's =Passenger Chestg's " : 7 N ° ¢ ’ ° “ w
=Driver Chest def. mm =pPassenger Chest def. mm Figure 14. Lap Belt Forces of 2009 KNCAP

Average g’s : D=45.2g, P=39.1g

Average def : D=29.9mm, P=29.4mm

Results from Trosseille researches, the chest injury
risk of AIS+3 for 40 year old occupants reveal less

» than 10% up to 6kN of shoulder belt force. However,
N ' the risk is dramatically increased. For the same level
of shoulder belt force, 50 year old can be exposed 35%

T e e e of risk and for 70 year old occupant, it can be reached
up to 95% of AIS+3 thoracic injury.

&

Larger Mass & Size mummm———)
Figure 12. Chest Injury Distribution of 2009

KNCAP
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Thoracic Injury Risk Curve (AIS3+)
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Figure 15. Probability of severe thoracic injuries
(AIS3+) depending on the shoulder belt force and
the occupant age (Trosseille)

Currently, the Hybrid III 50%tile male dummy is
only one dummy regulatory body accepted. To
protect elderly occupants from the thoracic injury
the further
improvement of the chest deflection criteria is not
sufficient enough without the controlling the stiffer

during the frontal crash events,

seat belt force level.

PLANS FOR ELDERLY OCCUPANT THORCIS
INJURY PROTECTIONS

The load limiter in the 3-point belt is intended to
limit the forces exerted by the belt and thus the values
for the thoracic load. Already in the early 1970 load
limiters were applied in serial production, at that time,
of course, without airbag. Their benefit has been
demonstrated by accident analyses. Today load
limiters are mostly applied in combination with an
airbag to achieve an optimum alignment of the
restraint system.

® Adoption of Modifier for Higher Belt Forces in
KNCAP Rating System

From the 2009 KNCAP results, the average seatbelt
force is about 6kN. From our researches and other
previous researches, to protect elderly occupant from
the thoracic injury, the load limiter should be in the
range of 1.5 kN — 2.0 kN. Appling the modifier in the
scoring system, this may lead the lowering seat belt
force loadings as well as stimulating development of
an adoptive restraint system as a universal design both
beneficial for the standard size male occupant and the
vulnerable occupants.

® Certification of ‘Elderly Friendly Vehicle’

Now, in Korea, all applicable goods or productions
can be achieved the unified Korea Certification (KC).
The Korean government previously operated 170
certification systems. However, this excessive
number of systems confused consumers and created
an undue burden for companies in terms of time and
expense. Consumers can choose products that comply
with nationwide standards with regard to safety,
health, quality and environmental impact.

Currently the requirement of ‘Elderly Friendly
Vehicle’ for KC mark is investigated based on the

research works.
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ABSTRACT

Side impact crashes accounted for 27 percent of pas-
senger vehicle occupant deaths in the United States in
2009. Although the fronts and rears of most passen-
ger vehicles have substantial crumple zones, the sides
have relatively little space to absorb impact forces or
limit occupant compartment intrusion. Side airbags
help to absorb impact forces and are highly effective
in reducing driver death risk, but must work well
with vehicle structures to maximize occupant protec-
tion. The Insurance Institute for Highway Safety
(ITHS) has been evaluating passenger vehicle side
crashworthiness since 2003. In the IIHS side crash
test, a vehicle is impacted perpendicularly on the
driver (left) side by a moving deformable barrier
weighing 1,500 kg (3,300 1b) and traveling at 50
km/h (31 mi/h). Dimensions of the barrier, especially
height, are designed to simulate the front of a typical
SUV or pickup. Injury measures are taken from 5th
percentile female test dummies in the driver and left
rear seating positions, and injury ratings are com-
puted for the head/neck, torso, and pelvis/leg based
on biomechanical and crash research. Vehicles also
are rated based on their ability to protect occupants’
heads and resist occupant compartment intrusion.
These component ratings are combined into an over-
all rating of good, acceptable, marginal, or poor. A
driver-only rating was recalculated by omitting rear
passenger dummy data.

To evaluate how well IIHS side crash test ratings
predict real-world occupant death risk, data were
extracted from the Fatality Analysis Reporting Sys-
tem (FARS) and National Automotive Sampling Sys-
tem/General Estimates System (NASS/GES) for
years 2000-09. Analyses were restricted to vehicles
with driver side airbags with head and torso protec-
tion as standard features. The risk of driver death was
computed as the number of drivers killed (FARS)
divided by the number involved (NASS/GES) in left
side impacts and was modeled using logistic regres-
sion to estimate the effect of crash test rating while
controlling for the effects of driver age and gender
and vehicle type and curb weight. Death rates per
million registered vehicle years were computed for
all outboard occupants, and these were compared
across the overall test rating for each vehicle.

Based on the driver-only rating, drivers of vehicles
rated good were 70 percent less likely to die when
involved in left side crashes than drivers of vehicles
rated poor, after controlling for driver and vehicle
factors. Driver death risk was 64 percent lower for
vehicles rated acceptable compared with poor and 49
percent lower for vehicles rated marginal compared
with poor. All three results were statistically signifi-
cant. The vehicle registration-based results for drivers
were similar, suggesting the benefit largely was due
to crashworthiness improvements and not to differ-
ences in crash risk. The same pattern of results held
for outboard occupants in nearside crashes per mil-
lion registered vehicle years and, with the exception
of marginal-rated vehicles, also held for other crash
types. This suggests design changes that improved
side crashworthiness also benefited occupants in oth-
er types of crashes. Among component ratings, the
vehicle structure rating exhibited the strongest rela-
tionship with driver death risk. In sum, results show
that ITHS side crash test ratings encourage designs
that improve crash protection in meaningful ways
beyond encouraging head protection side airbags,
particularly by promoting vehicle structures that limit
occupant compartment intrusion. Results further
highlight the need for a strong occupant compartment
and its influence in all types of crashes.

INTRODUCTION

The rate of passenger vehicle occupant deaths per
registered vehicle has declined steadily during the
past three decades among 1-3-year-old passenger
vehicles [1], and this decline was similar when parti-
tioned into front, side, rear, and single-vehicle rollov-
er crash types. Side impacts accounted for 27 percent
of the 23,437 people killed in passenger vehicles in
2009 [1].

Improvements in passenger vehicle crashworthiness
have been an important factor in declining death rates
[2], but protecting vehicle occupants in side impacts
is especially challenging. Most passenger vehicles
have substantial crumple zones in the front and rear,
but the sides have relatively little space to absorb
impact forces while limiting occupant compartment
intrusion. Severe head and thoracic injuries are com-
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mon and result from impacts with the intruding side
structure or objects outside the vehicle [3]. Side air-
bags are designed to improve occupant protection by
spreading impact forces over a larger area of an oc-
cupant’s body and preventing an occupant from col-
liding with vehicle interior structures or objects out-
side the vehicle. Side airbags, particularly those that
protect both head and torso, are highly effective in
reducing driver death risk [4-6].

Side airbags and vehicle structures should work well
individually and together to optimize occupant pro-
tection. Published since 2003, ITHS side crashworthi-
ness ratings are based on this principle. In the ITHS
side crash test, the subject vehicle is struck at a 90-
degree angle on the driver side by a moving deform-
able barrier weighing 1,500 kg (3,300 Ib) and travel-
ing at 50 km/h (31 mi/h). Dimensions for the barrier,
especially height, are designed to simulate the front
of a typical SUV or pickup because side impacts by
these vehicles types, compared with cars, result in
higher death risk for occupants of the struck vehicles
[7]. Injury measures are taken from 5th percentile
female test dummies in the driver and left rear seating
positions, and injury ratings are computed for the
head/neck, torso, and pelvis/leg. Vehicles also are
rated based on their ability to protect occupants’
heads and resist occupant compartment intrusion.
Head protection ratings for front and rear occupants
are based on whether the dummies’ heads are pre-
vented from contacting the barrier and vehicle inte-
rior structures. The ability of the vehicle structure to
maintain occupant compartment integrity is evaluated
by measuring residual intrusion of the B-pillar. These
component ratings are combined into an overall rat-
ing of good, acceptable, marginal, or poor [8].

Performance in the ITHS side crash test has improved
since the program began in 2003, when only 17 per-
cent of vehicles tested earned a good rating. By 2007,
more than half of the vehicles tested earned a good
rating, as did every vehicle tested in 2010. The cur-
rent study evaluated the extent to which IIHS side
crash test ratings are related to the risk of fatal injury
in side crashes. The ITHS test was developed, in part,
to encourage installation of side airbags with head
protection, and manufacturers have responded by
increasingly providing such airbags as standard
equipment. The increased availability of head protec-
tion side airbags also was driven by other factors,
including a commitment by automakers to install
them as a countermeasure to the incompatibility be-
tween SUVs and passenger cars in side impacts [9]
and, more recently, to federal side impact protection
regulations that take effect in 2010 [10].

The ITHS test was intended to drive countermeasures
in addition to head protection side airbags and to en-
sure side airbags worked with these other counter-
measures to protect occupants in side impacts with
taller passenger vehicles like SUVs and pickups. It is
noteworthy in this regard that some vehicles with
head protection side airbags have been rated poor in
the ITHS test, although no vehicles have achieved a
good rating without them. In the current study, ve-
hicles with standard head and torso protection side
airbags provide the baseline. The primary research
question was the extent to which the ITHS side impact
test captures improvement in side crash protection,
beyond the protection offered by side airbags. This
ignores some of the potential benefits achieved by the
ITHS test, but results will be more applicable to the
modern fleet, where side airbags are standard equip-
ment in most new vehicles.

METHODS
Vehicles

Study vehicles were 1997-2009 model year passenger
vehicles for which IIHS had developed side crash
ratings and on which side airbags with head and torso
protection were standard equipment. Vehicle namep-
lates with the same rating across model years were
grouped together for analysis. For example, 2008-09
Ford Taurus models, which were rated good and
shared the same component ratings for side crash
protection, constituted one make/series/model year
combination in the analysis. Of the 72 make/series/
model year combinations, 43 were rated good, 14
acceptable, 7 marginal, and 8 poor.

Fatality Data

Counts of fatally injured occupants for each of the
make/series/model year combinations were extracted
from the Fatality Analysis Reporting System (FARS)
for calendar years 2000-09. FARS is a census of fatal
crashes on US public roads maintained by NHTSA.
The make/series/model year 