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EXECUTIVE SUMMARY

The conclusions of the work conducted by Enhanced European Vehicle-safety Committee
Working Group 15 - Car Crash Compatibility and Frontal Impact (EEVC WG15) during its
current mandate are reported in the following report and are summarised below. The main
items of the WG15 Terms of Reference (denoted as § comments) are provided to guide the
reader.

The main task submitted to WG15 by the EEVC Steering Committee was:

§1. Develop candidate test procedures to assess car frontal impact compatibility.
Work will concentrate on car to car frontal compatibility whilst also
considering the effects on other accidents such as impacts with the side of
cars, trucks, pedestrians and roadside obstacles

The activities of WG15 have lead to the development of two different test approaches, the
Full Width Deformable Barrier (FWDB) and the Progressive Deformable Barrier (PDB)
approaches. Both test approaches employ a full width and offset test condition to apply
different loading conditions on the vehicle in order to measure different properties deemed as
relevant for compatibility. The two test approaches can be summarized as:

Approach 1
* Full Width Deformable Barrier (FWDB) test

« Structural interaction

« High deceleration pulse
» ODB test with EEVC barrier

* Frontal force levels

« Compartment integrity

Approach 2
« Full Width Rigid Barrier (FWRB) test

« High deceleration pulse
* Progressive Deformable Barrier (PDB) test
« Structural interaction
« Frontal force matching
« Compartment integrity

These two approaches have been discussed in the group. An alternative approach, a
combination of the two methods, may also be examined but has not been a formal activity in
WG15.

Through the development of the different test methods, the group has agreed that the
following conditions must be satisfied by any new test approach that will assess compatibility:

1) Test procedures to control compatibility must assess the structural interaction, frontal
force levels, and compartment strength of the vehicle. Current passive safety levels
should not be compromised if the global improvements in road safety are to be
achieved.

2) One test procedure alone is not sufficient for assessing frontal impact. Both of the
main test approaches combine a full width and offset type test. These two test
conditions are needed to fully assess the structures and safety equipment of the
vehicle.



§2. Establish criteria to rate frontal impact compatibility

The two main test approaches have put forward different parameters that are used to
evaluate, and thereby rate, frontal compatibility performance of different cars. The FWDB
procedure uses the distribution of forces measured on a Load Cell Wall behind a deformable
element, while the PDB test uses the deformation pattern in a honeycomb barrier, to assess
vehicle performance.

The FWDB approach uses both a FWDB and an ODB test to assess a car's compatibility.
Two evaluation criteria for structural interaction have been developed for the FWDB
procedure. These have been initially validated using the test data in VC-COMPAT. The two
criteria are the Vertical Structural Interaction (VSI) and the Horizontal Structural Interaction
(HSI). These two criteria are based on the principles that 1) sufficient structure (applied load)
can be detected and 2) that the loads are reasonably distributed within an assessment area.
These criteria need to be further evaluated with different vehicle types to confirm that the
procedure properly assesses a vehicle’s structural interaction performance. The criteria is
currently provided with initial threshold values and with further work, the numeric output from
the HSI and VSI could be further developed for rating purposes. To assess frontal force
levels, a new method has been proposed to identify the load values of interest from the ODB
test using using an excedence measure. The method has been proposed but threshold
values still need to be identified. Initial estimates from VC-COMPAT indicate 350-400 kN
may be a minimum requirement for small cars. Upper limits have not been proposed yet due
to concerns expressed by the vehicle manufacturers.

The PDB approach measures the deformation of the barrier after the test and uses this
information to interpret the structural interaction and force levels of the tested vehicle.
Currently the ADOD and AHOD have been identified as parameters that an assessment
could be based on but no performance limits have been proposed. An additional parameter
that assesses the homogeneity of the vehicle structure is under development. The
parameters available for the PDB have been calculated for the tests in VC-COMPAT as well
as the French national research programs. However, no formal compatibility assessment
criteria with proposed thresholds have been published.

§3. Identify potential benefits from improved frontal impact compatibility;

The work conducted by WG15 in the EC project VC-COMPAT has provided important
information related to the benefits and potential costs of improved compatibility. Initial benefit
models have been developed for GB and DE databases and these serve as an important
step to future analysis of the benefit of improved vehicle compatibility. In the GB approach
CCIS data were analysed: for a lower estimate, it was assumed that all intrusion related
injuries were mitigated, for an upper estimate, all contact induced injuries were mitigated.
The DE approach uses an assumption based on the observation that, in the VC-COMPAT
test program, 5 Star Cars could absorb 30% more kinetic energy in Euro NCAP tests than in
car to car tests in the absence of compartment intrusion.

Cost estimates have been made using the industrial (Fiat) expertise in the group and a cost
benefit for compatibility has been estimated. The increased sale and operating costs for
improving vehicle compatibility were based on modifying existing vehicle designs. While
analysing the costs of modifying car design for good compatibility, it has been suggested that
for the next vehicle generation, where compatibility requirements are considered from the
beginning of the development of a new car model, costs could be a fraction of those
estimated for modifying an existing design.



Based on the cost savings (reduced injury costs) for compatible cars and the expected costs
for modified vehicles, cost benefit calculations were developed and summarised below. The
calculation is conservative and was not based on a specific test method, however most
cases indicate a positive cost-benefit result. The negative results generated in the exercise
represented pessimistic predictions of injury reduction and unlikely manufacturing strategies
if new vehicle models are being developed.

Table 1: Cost Benefit Ratio of improved compatibility for EU1S5.

Ratio of financial benefits to implementation costs
CCIS intrusion CCIS contact German model
model model
Best case scenario 2.05 451 1.34
Worst case scenario 0.74 1.63 0.48

CURRENT STATUS AND RECOMMENDATIONS FOR FUTURE WORK

Working Group 15 has developed a list of assessment criteria that is used to evaluate the
current test methods. There are four main headings that address Structural Interaction,
Reproduction of Collapse Modes, Test Procedure, and Other issues. Several specific
questions or review items are listed under each main heading. A total of 20 different items
are listed covering issues such as repeatability, availability of criteria, etc. that are used to
assess the different test criteria against each other on a point-by-point basis. This list uses a
numerical rating (0-3) that has been provided by the group members. WG15 does not
support the use of this worksheet to sum some or all the points as method to select a test
method since each point has a different weighting and these weighting factors have not been
derived. The current analysis of the results are the current reflection of the Working Group
assessing test procedures that are not yet fully developed.

The analysis presented below is based on two values for each factor and test: the average
and variance. The entire survey of WG15 was collected and the arithmetic mean value was
used to indicate the ranking of the test’s effectiveness when compared to the other tests. The
variance of each score indicates how much the group agreed to this point with a low number
indicating a general agreement and a large number suggesting disagreement.

The following brief analysis of the table is divided into the four main groupings in the table:

1) Structural interaction — The group rates tends to rank the PDB first and then the
FWDB barrier tests as being the most effective at detecting structural interaction
properties in cars. The rating of each of these two tests varies from point to point but
the variance indicates that the methods’ performance are generally agreed to by the
group

2) Reproduction of collapse modes of load paths - The group generally rates the PDB
highest for most of the points in this section. The ODB (ECE R94) also rates high
when it comes to compartment strength issues. The FWDB is best at measuring local
forces over time. There is less agreement within the group in this section so further
analysis of test data is needed create consensus within the group.

3) Test Procedure — This section is used to assess the simplicity, accuracy and
repeatability of the different procedures. It is clear that the FWRB is the most reliable
test method but also the least applicable according to the previous analysis. The



FWDB and ODB tests tend to be higher rated. The variance numbers indicate that
consensus within the group borders between agreement/ disagreement (0.5)

4) Others — This section includes general issues such as harmonisation issues and
availability of assessment criteria. Like Point 1, the FWDB and PDB are essentially
similar in ranking within the group.

The current activities of EEVC WG15 have progressed to the point where candidates test
approaches are available for subjectively assessing the frontal crash compatibility of vehicles
(presented above). The differences in the approaches and current state of development are
such that the group cannot unanimously select a final candidate that should be forwarded for
potential legislated and/or consumer testing purposes. The group has prepared documents
which analyse the technical points of the available test procedures. However, the final
selection process requires that the candidate procedures are further developed to the point
where assessment criteria and performance levels can be compared. To complete the
selection of a frontal crash compatibility test procedure, the working group proposes the
Terms of References presented in the following section.

DRAFTED TERMS OF REFERENCE FOR A FoLLow ur EEVC WG ON COMPATIBILITY

The two central test procedures, the Progressive Deformable Barrier (PDB) test and the Full
Width Deformable Barrier (FWDB) test, are not sufficiently developed to allow test
approaches to be compared and select a preferred test procedure. The discussions within
WG15 show that all test procedures have issues to be investigated and that each test
procedure has specific strengths that are not often found in another. This section outlines the
recommended work to reach the position to make a proposal for a 1% step to improve
compatibility. The work is classified under global issues which are independent of a testing
approach and work specific to a test procedure.

Global Issues:

= Further accident analysis and benefit analysis to update information on changing
vehicle fleet

» Finalise the test severity (EES) for regulation test.

» Finalise assessment criteria for regulation test.

» Finalise objective assessment procedures to analyse results of car to car tests
with respect to:
= Good structural interaction
= Good compartment strength
= Compatible car
= Importance of width of frontal structures.

= Identify critical injury mechanisms (in particular relevance of thorax injuries in high
deceleration pulse type accidents)

» Finalise a compatibility scale for a rating system.

These global issues will require research that focuses on car-car testing as well as accident

analysis using detailed databases. The work previously reported to WG15 provides an
important, but incomplete basis.

Test Procedure Specific issues:

Further development of test approaches to the point where a decision on the most
appropriate set of test procedures can be made.

For the FWDB the major work items are:



o Determine the link between honeycomb deformation and load cell measurements.
Load spreading issues observed in rigid impactor tests should be clarified and
determine if the assessment criteria are insensitive to these load variations.

o Verify that all important vehicle structures, identified in accident analysis, can be
detected by the barrier (for example horizontal structures).

e Determine and control the sensitivity of the test method to the vehicle alignment with
the loadcells.

¢ Continue to analyse the results of Offset Deformable Barrier (ODB) tests (Euro NCAP
and ECE R.94) and evaluate the potential to assess compatibility issues.

For the PDB test major work items are:
e Propose and validate assessment criteria when fundamental questions have
been answered
o Validate the EES calculation method
Validate that the PDB test guarantees a minimum EES test severity for all
vehicles.

For a set consisting of a combination of the two test approaches (combination of FWDB and
PDB)
e Develop and propose complementary assessment criteria for a combination of
the two test procedures.

Regardless of the test approach chosen as a standard for assessing compatibility, several
implementation stages will be necessary to phase in the full test procedure. To identify and
validate the necessary performance levels for a first step in compatibility testing, a car to car
crash testing programme with associated barrier tests will be required to show that cars that
meet the performance requirement perform better in car to car tests than those that do not. It
is likely that modified cars will be required for this. Some of the tests already performed in the
VC-COMPAT project could form a starting point for this programme.

In parallel to the initial validation of the performance criteria of a test method, an updated
cost benefit analysis for implementation of the selected test method is required. Accident
data should be reanalysed and better models that can identify the benefits for the specific
test method need to be developed. Results from the test programme to set the performance
limits will be used to make the assumptions to perform this analysis.

Depending on available research funding, the final stage of work on Compatibility could
continue its work [October 2007] and finalise its work by presenting a draft regulation
proposal for car to car compatibility [December 2010]. This drafted regulation proposal shall
contain test protocols and assessment criteria.
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1. INTRODUCTION

This report is a compilation of the latest activities of European Enhanced Vehicle-safety
Committee Working Group 15 — Car Crash Compatibility and Frontal Impact (EEVC WG15).
This report is provided as requested by the EEVC Steering Committee as the current
mandate period for WG15 closes. The report comprises information from three main origins:
1) activities of the individual working group members conducted in national or industrial
projects; 2) joint research activities involving several working group members; and 3)
activities of organizations outside the working group and reported at specific meetings.
Working documents submitted to WG15 are short summaries of the projects with conclusions
derived from the originating research organisation(s). It is thus important to note that there is
not unanimous acceptance of the conclusions from each of these projects. As expected,
there is greater agreement within WG15 when a project conclusion has been developed with
several of the working group members. Conversely, greater disagreement about research
findings occurs when one organisation provides its own internal research to the group. Since
documentation presented to WG15 comes from many sources, not every member has
detailed information for every research project submitted to the group and this makes fully
objective conclusions difficult to be drawn.

Working Group 15 was created in 1996 to develop a better understanding of crash
compatibility between passenger cars. This was reported in 2001. The group was then
tasked with developing test procedures that would evaluate a vehicle’s frontal crash
compatibility. The key characteristics that were deemed to influence compatibility are:
1. Structural interaction (local geometric and stiffness properties that determine how
structures will deform)
2. Global force levels (total force / deformation properties that govern how energy
dissipation is shared between crash partners)
3. Compartment strength (passenger compartments must be maintain the survival
space for the occupants as well as support the deformation processes in the vehicle
front)

Originally a second working group (WG 16) was responsible for the revision of self protection
regulations in frontal impact. This group had made the following proposal:

"While the accident analysis described above suggests that the speed should be increased
to perhaps 65km/h, concerns by some EEVC experts regarding compatibility had led to the
recommendation to increase the speed initially to 60km/h until there is a better understanding
of compatibility. The EEVC recommends that the EC reviews this issue again when more is
known about the likely influence on compatibility.” [3].

The two working groups (WG 15 and 16) were merged in 2002.

The current members of WG15 consist of a nationally nominated representative and an
accompanying industry consultant. The current members (January 1 2007) are:

Members Industry
DE; E Faerber (Chairman) BASt DE; R Zobel VW
FR: T Martin (Secretary) UTAC FR: R Zeitouni PSA
UK: M Edwards TRL UK: M. Harvey Jaguar
SE: R Thomson Chalmers SE: A Kling Volvo
IT: G Della Valle ELASIS IT: D. Barberis FIAT
NL: R. Schram TNO Observers
ES: J Huguet IDIADA FR: P Delannoy Teuchos-UTAC

US: D. Smith NHTSA
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A significant activity within WG15 for has been the European Commission sponsored project
VC-COMPAT (February 2003-November 2006). This project has been the main focus of the
the working groups activities. All the national representatives (except Spain) were contractors
in the project and the entire working group (including the industry consultants) were the
steering committee for the project. Results form this project are presented in the following
sections.

As described earlier, WG15 is a focus for compatibility research in Europe. Different reserch
activities are presented to the working group and the main activities to note are:
¢ French national projects
UK National projects (DfT)
European automotive manufacturers (ACEA, VDA)
Non-European activities (NHTSA, JARI, JAMA, AAM)
Collaborative European activities

Working Group 15 compiles all of the data presented at its meeting in a list of working
documents and this material is used as the basis for its operation.

2. OBJECTIVES OF WG 15

2.1. Terms of reference - May 2005

Established in February 1996, the first phase of research (1996-2001) was aimed at gaining
a better understanding of frontal impact crash compatibility between cars. In March 2002, the
mandate was extended to September 2005. Following the merging of EEVC WG16
(Advanced Frontal Impact Protection) with WG15 and the extension of the “VC Compat”
project, the WG15 mandate was extended to June 2007.

The revised Terms of Reference are:

o Develop candidate test procedures to assess car frontal impact compatibility. Work will
concentrate on car to car frontal compatibility whilst also considering the effects on other
accidents such as impacts with the side of cars, trucks, pedestrians and roadside
obstacles;

Establish criteria to rate frontal impact compatibility;
Identify potential benefits from improved frontal impact compatibility;

e Research will continue into the understanding of frontal impact protection, to help ensure
that steps to improve frontal impact compatibility will also lead to improved front impact
protection;

e Co-ordinate the EEVC contributions to the IHRA working group on Compatibility and
Advanced Frontal Impact.

The Working Group will report its findings and will propose candidate test procedures in June
2007.

2.2. Route map

At the beginning of the VC-COMPAT project in 2003, the following route map (strategy) for
WG 15 was developed. It describes the short and long term goals for vehicle crash
compatibility.

General



WG15 report to SC — May 2007

- Proposed test procedures must address both partner and self protection in frontal
impacts without decreasing current regulatory self protection levels in other impacts, in
particular frontal, and no detrimental consequences for side impact configurations

- Number of additional test procedures should be kept to a minimum

- Test procedures should be internationally harmonised

Short Term (Aim to report suitable test procedures to EEVC steering June 2007)

- Improve structural interaction

- Control new requirements for passive safety (regulatory and rating) to ensure that frontal
force mismatch does not become greater than current self protection force levels in
particular to stop the increase of frontal force level of heavy vehicles (Note: EEVC WG15
recommends that the test speed of offset test (ECE R94) must not be raised to 60km/h
without modification of the current test procedures)

- Control new requirements for passive safety (regulatory and rating) to ensure that
compartment strength does not become less than current levels, especially for light
vehicles

Medium Term (Aim to report suitable test procedures to EEVC steering November 2010)
- Improve compartment strength, especially for light vehicles

- First steps to improve frontal force matching

- Further improve structural interaction

The current route map was used to direct the research of VC-COMPAT. As the working
group compiled new information from VC-COMPAT and supporting national activities, the
route map has been re-evaluated. A current issue with the route map is that increasing the
compartment strength of small cars should be considered as a short term instead of a
medium term priority. In addition, some members indicate that the issues of structural
interaction and frontal force levels should not be separated and must be addressed in
parallel.

3. ACCIDENT AND COST BENEFIT ANALYSIS

Three activities are described below but they it should be pointed out that other accident
analysis results have been presented to WG15 in the recent mandate period. These three
sources have been chosen to reflect the critical information for assessing the current and
future activities of WG15. Only one of the activities, VC-COMPAT, was a joint effort of the
working group.

3.1. General trends in accident data (VW)

The historical performance of passenger cars in frontal crashes has been presented to
WG15 by VW. These results are summarised in Document 356. The first important result
presented is that the US fatality rate is not improving as quickly as in Europe. This suggests
that the reduction in Europe is not part of a global trend, but it is a consequence of the
special situation in Europe, as a consequence of European car design and European
regulation. Benefits in the European fleet are attributed to increasing levels of self protection.

Several figures are presented in the analyses and the main results are derived from the
GIDAS database (Germany). There are indications that vehicle deformations for both the
vehicle and its collision partner are decreasing. The reduced deformations are attributed to
increased vehicle stiffness encouraged by recent legislated and consumer test requirements
in Europe. Parallel to reduced vehicle deformations are reductions in occupant injury levels
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(lower proportions of AIS 3+) for both vehicles in the collision. The improvements in occupant
safety cannot be solely attributed to post-crash rescue since no improvements in the fatality
outcomes are observed for the different MAIS levels. The reader is refered to Document 356
for details.

3.2. Trends of chest injuries in French accidents (PSA)

PSA presented an analysis of accident data in EEVC WG15 Working Document 385. Frontal
impacts were studied to determine the role of restraint type, compartment intrusion, and
vehicle design (age). The number of crashes analyzed in this study has not been provided.
The injured passengers are grouped according to their vehicles' model years as shown in
Figure 1. Thorax injuries and head injuries have decreased in the newer vehicles.

35
B Cars 1980 - 1990

O Cars > 1990 with Eurobag
@ Cars 1996 - 2000

O Cars after 2000

w
[=]

N
o

N
o

-
w

-
o
I

Injury Frequency

w
i

il 5°E |

Head/Neck Thorax Abdomen Pelvis and
Lower legs

Figure 1: Frequency of AlIS3+ Injuries for Vehicle Passengers

The frequency of injuries to the front passenger and drivers for the crashes shown above
have been further analyzed by restraint type. A further analysis of the data indicates that
newer vehicle designs, combined with load limiters, have been an enormous benefit for
vehicle passengers. The data suggests that the frequency of chest injuries in the analyzed
frontal crashes were halved and the severity of injury (MAIS) for each body region has been
reducing with newer vehicle and restraint system designs.

3.3. VC-COMPAT cost benefit analysis

In 2004 there were, according to the Community database on Accidents on the Roads In
Europe (CARE), 32,951 traffic accident deaths and 251,203 seriously injured casualties in
the 15 member states of the EU-15. EFR (European Union Road Federation) state that 54%
of these road fatalities were car passengers or drivers.

The aim of this part of the work was to estimate the costs and benefits for improved frontal
impact car to car compatibility for Europe (EU15). For the benefit analysis, the approach
illustrated in Figure 2. was followed.
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Determine how
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Figure 2: Benefit analysis approach.

A target population was estimated using data from Germany and Great Britain (GB) and
scaled to calculate the target population for the EU15 countries. The target population is
defined as the number of casualties who might experience some injury risk reduction as a
result of the implementation of improved compatibility. Building on this work, TRL and BASt
developed methodologies and estimated the benefit for compatibility for Great Britain and
Germany, respectively. As a definite set of test procedures to assess a car's compatibility
has not yet been defined, the methodologies were based on the assumptions of how a
compatible car would perform. The GB analysis used detailed accident data from the Co-
operative Crash Injury Study (CCIS) and national data from the STATS19 database. The
German analysis used detailed accident data from the GIDAS database and German
national accident statistics. The methodology used for the GB analysis was based on a
retrospective review of real-world vehicle crashes that occurred in GB and an in-depth
evaluation of what injuries could have been prevented if the vehicle crash performance was
enhanced. The methodology only considered the crashes for injury mitigation where it was
believed that it would be realistic to predict some benefit, so high speed crashes and under-
run impacts were excluded. The methodology used for the German analysis was based on
theoretical concepts that evaluated the current risk of car occupant injury following frontal
impacts with respect to collision speed; re-assessed the risk functions for an improved
compatibility vehicle fleet with better energy management characteristics and subsequently
predicted the likely future casualty reductions.

The economic analysis was undertaken by Fiat and considered the fixed, variable and
associate design costs. Two cases were chosen, a worst case, modification of a 4 star
EuroNCAP car, and a best case, modification of a 5 star EuroNCAP car. The costs for each
star rated car were then evaluated with respect to the number of car units that would be
modified per year, with the greater the number of units the lower the cost per car.

The cost benefit for the EU15 countries was estimated by scaling the benefits estimated for
GB and Germany and the costs estimated by Fiat. A range of predicted casualty savings for
EU15 was calculated by scaling the proportional benefit estimated for GB and Germany. The
financial benefit was calculated by multiplying the casualty savings by published values for
the cost of fatal and seriously injured road accident casualties. The number of new
registrations per year in the EU-15 vehicle fleet was used to estimate the cost per year to
introduce frontal impact compatibility. A ratio was then derived based on the potential costs
saved through fewer casualties due to the introduction of improved compatibility divided by
the expected manufacturer costs. It should be noted that the cost benefit was calculated for
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the steady state, when the entire vehicle fleet is compatible. The benefit will be less during
the initial years as compatible cars are introduced into the fleet.

3.3.1. Target Population

For the EU15 countries the target population for improved car to car frontal impact
compatibility was estimated to be:

= About 3,466 (14%) to 7,675 (31%) fatally injured car occupants

=  About 50,260 (29%) to 90,122 (52%) seriously injured car occupants

GB Benefit Analysis

The GB benefit analysis predicted that between approximately 5% (67) and 8% (124) of the
GB'’s killed front seat car occupants would be saved and between 5% (732) and 13% (1876)
of seriously injured casualties would be prevented if improved frontal impact compatibility
were implemented. The lower estimate was made based on a model that assumed that
improved compatibility prevented all injuries caused by contact with a front interior intruding
structures below an impact severity of ETS 56 km/h, whilst the upper estimate was based on
a model that prevented all injuries caused by contact with a front interior structures below this
severity.

Another significant finding of the GB work was the high frequency of moderate (AlS2) and life
threatening (AIS 3+) injuries sustained by car occupants due to seat belt induced loading.
Figure 3 shows the original injury distribution (blue bars), improved compatibility removing
intrusion injuries (red bars) and improved compatibility eliminating contact injuries (yellow
bars). The majority of thoracic injury was not prevented by the injury reduction models.
There is an argument that a more compatible vehicle would benefit from an improved crash
pulse and therefore it would be expected to see lower seat belt loads and a reduced risk of
thoracic injury. The models, by their design, did not prevent injury attributed to seat belt
loading, and therefore underestimate the potential benefit that could be seen for this body
region. This is important to note, as head and thoracic injury are known to be associated
with fatal outcomes.
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Figure 3: Distribution of AIS2+ Injuries in GB Data

German Benefit Analysis

The German benefit analysis predicted that approximately 8% of Germany’s killed front seat
car occupants would be saved and about 4% of seriously injured casualties would be
prevented if improved frontal impact compatibility were implemented. This estimate was
based on the assumption that a car with improved compatibility can absorb about 30%
additional kinetic energy in frontal impacts and calculating the injury risk reduction for
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occupants within the target population. This assumption was based on the comparison of the
performance of cars in car to car and standard offset barrier crash tests.

3.3.2. Cost Analysis

The cost of improved compatibility was estimated by Fiat using the best and worse case
scenarios to give a possible range. The best case scenario was the cost estimated to modify
a 5 star rated EuroNCAP car with a production of 1 million cars. The worst case was the cost
to modify a 4 star rated EuroNCAP car with a production of 100,000. The total annual cost
given by multiplying the cost for each car by the number of new cars registered in the EU15
every year is given in Table 2 below.

Table 2: Cost of implementing compatibility.

Cost  per | No. of cars | Total cost p.a.
car (€) registered p.a. (€)
Best case scenario 102 14,211,367 1,449,559,394
Worst case scenario 282 14,211,367 4,007,605,383

EU1S Cost Benefit
To estimate the benefit for the EU15 the benefit estimates for GB and Germany were scaled
to give the following results, Table 3.

Table 3: Predicted reduction in EU-15 casualties.

Predicted Reduction in EU-15 Casualties
Frontal car | CCIS intrusion | CCIS contact | German model
casualties model model
Fatal 16,014 721 1,332 1,281
Serious 122,084 5,982 15,383 5,128

The financial benefit for the EU15 was calculated by multiplying the benefit in terms of
casualties by the value of life saved and serious injury prevented [Table 4]. For the GB
estimate the casualty value used was that given in Road Casualties Great Britain 2005
(RCGB 2005), which estimates the average value per prevention of casualty. For the
German estimate the casualty value used was that calculated by the German Federal
Highway Research Institute, Hohnscheid.".

Table 4: Value of EU15 Benefit

Benefit per person Predicted Total benefit
Fatal Serious CCIS: CCIS: Contact German
Intrusion model
RCGB 2005 (€) | 2,136,262 | 240,043 | 2,976,180,313 | 6,538,077,822 -
German (€) 1,161,885 | 87,269 - - 1,936,005,641

From this and the cost information presented above the cost / benefit ratio of improved
frontal impact compatibility for the EU15 was estimated [Table 5].

' Héhnscheid, K.-J., Straube, M. (2006), " Socio-economic costs due to road traffic accidents
in Germany 2004".
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Table 5: Cost Benefit Ratio of improved compatibility for EU15.

Ratio of financial benefits to implementation costs

CCIS intrusion model | CCIS contact model | German model
Best case scenario 2.05 4.51 1.34
Worst case scenario 0.74 1.63 0.48

The cost benefit calculations are conservative and were not based on a specific test method,
however most cases indicate a positive cost-benefit result. The negative results generated in
the exercise represented pessimistic predictions of injury reduction and unlikely
manufacturing strategies if new vehicle models are being developed.

3.4. Recommendations for further work

Accident analyses conducted in Europe cannot reflect the performance of the most recent
vehicle designs. As newer car designs are integrated into the car fleet, ongoing accident
surveys must be conducted to monitor the changes in vehicle safety performance. During the
VC-COMPAT project, the work from Great Britain indicated a high frequency of moderate
(AIS2) and life threatening (AIS 3+) injuries sustained by car occupants due to seat belt
induced loading. The majority of thoracic injury was not prevented by the injury reduction
models used for the benefit analysis. There is an argument that a more compatible vehicle
would benefit from an improved crash pulse and therefore it would be expected a reduced
risk of thoracic injury. The benefit models, by their design, did not prevent injury attributed to
seat belt loading, and therefore underestimate the potential benefit that could be seen for this
body region. This is important to note, as head and thoracic injury are known to be
associated with fatal outcomes.

The accident analyses from the GB, indicating a high frequency of chest injuries without
significant intrusion or steering wheel motion, and the recent PSA studies
[EEVC_WG15_Doc385] showed how new restraint technologies are improving occupant
safety when higher acceleration pulses are expected. The GB data has not been analysed to
account for restraint system type to determine if the same results were observed in the GB
fleet.

Further analysis of accident data is needed to observe if other benefits of improved structural
interaction can be detected in the current fleet. An improved interaction should provide more
predictable crash pulses that facilitate the crash detection and safety system triggering
algorithms. It is also expected that improved crash compatibility will lead to better coupling of
the occupant and vehicle dynamics during the crash which facilitates the restraint system
performance. It is important to use the existing accident data to begin identifying
methodologies for analysing these characteristics.

Further accident data analyses are needed to allow the benefit (and cost) analyses to be
updated and improved. In particular, the different analyses conducted with French and GB
data identify how small changes to the analysis approach will influence the result and a
standardised benefit calculation for improved compatibility is not yet developed. Results
reported by the VW (EEVCWG15 Document 356) analysis should also be further evaluated
to isolate particular mechanisms leading to the improved occupant casualty rates. Finally, the
cost benefit analysis for a proposed crash test procedure must be recalculated to more
accurately reflect the influence of the crash test procedure on vehicle designs. Future
activities should be coordinated with WG21 to ensure the best database and analysis
procedures are used.
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4. TEST PROCEDURE STATUS

Two primary candidates have been investigated in WG15 and were intensively studied in the
VC-COMPAT Project. This section documents the current status of the testing approaches.
Champions for the testing approaches (the UK for the FWDB and France for the PDB) have
submitted the text in this section.

4.1. Overall Development Strategy (From VC-COMPAT)

To assess a car’s frontal impact performance, including its compatibility, an integrated set of
test procedures is required. The set of test procedures should assess both the car’s partner
and self protection. To minimise the burden of change to industry the set of procedures
should contain a minimum number of procedures which are based on current procedures as
much as possible. Also, the procedures should be internationally harmonised to reduce the
burden further. Above all, the procedures and associated performance limits should ensure
that the current self protection levels are not decreased. Indeed, if possible for light vehicles
they should be increased. Good self protection is required by all vehicles for impacts with
road side obstacles. Also good self protection is required for car to car impacts. This is
demonstrated by a Swedish study which shows that higher self protection levels, as
measured by EuroNCAP, correlate to reduced injury in frontal car to car accidents [2].

The set of test procedures should contain both a full overlap test and an offset (partial
overlap) test, as both of these tests are required to fully assess a car’s frontal impact crash
performance. In 2001, the IHRA frontal impact working group recommended the adoption of
an offset deformable barrier and full width tests worldwide [4]. A full width test is required to
provide a high deceleration pulse to control the occupant’s deceleration and check that the
car’s restraint system provides sufficient protection at high deceleration levels. An offset test
is required to load one side of the car to check compartment integrity, i.e. that the car can
absorb the impact energy in one side without significant compartment intrusion. The offset
test also provides a softer deceleration pulse than the full width test which checks that the
restraint system provides good protection for a range of pulses and is not over-optimised to
one pulse.

As mentioned previously, compatibility is a complex issue which consists of three major
aspects, structural interaction, frontal force matching and compartment strength. To make
vehicles more compatible substantial design changes will be needed which will require some
years to implement. Because of this the set of test procedures need to be designed so that
compatibility requirements can be introduced in a stepwise manner over a time period of the
order of years. This requirement is reflected in the current EEVC WG15 route map [6] which
proposes that compatibility should be introduced in two steps which are:

Short term
- Improve structural interaction
- Ensure that force mismatch (stiffness) does not increase and compartment strength
does not decrease from current levels

Medium term
- Improve compartment strength, especially for light vehicles
- Take first steps to improve frontal force matching
- Further improve structural interaction

In summary the strategy aims for development of the set of procedures is:
- Integrated set of test procedures to assess a car’s frontal impact protection
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o0 Address partner and self protection without decreasing current self protection
levels
0 Minimum number of procedures
0 Internationally harmonised procedures
- Both full width and offset tests required
o Full width test to provide high deceleration pulse to assess the occupant’s
deceleration and restraint system
o Offset test to load one side of car for compartment integrity
- Procedures designed so that compatibility can implemented in a stepwise manner

Based on the route map and the previous activities in WG 15, methods to fully assess frontal
impact and compatibility can be divided into the following approaches:

Approach 1
+ Full Width Deformable Barrier (FWDB) test

« Structural interaction
 High deceleration pulse
» ODB test with EEVC barrier
* Frontal force levels
» Compartment integrity
Approach 2
« Full Width Rigid Barrier (FWRB) test
* High deceleration pulse
* Progressive Deformable Barrier (PDB) test
« Structural interaction
* Frontal force matching
» Compartment integrity

These two approaches have been discussed in the group. An alternative approach, a
combination of the two methods, may also be examined but has not been a formal activity in
WG15. Further details of the strategies for Approaches 1 and 2 and the development of each
approach are given in the following sections.

4.2. FWDB Approach — AS SUBMITTED BY TRL

The FWDB set of tests consists of two test procedures:
o Full Width Deformable Barrier (FWDB) test to assess a car’s structural interaction
potential and to provide a high deceleration pulse.
o Offset Deformable Barrier (ODB) test with EEVC barrier to assess a car’s frontal force
levels and to load one side of the car to check the compartment integrity.

Originally the approach also included a high speed (80 km/h) ODB test to measure
compartment strength. This test is not currently included in the approach because it is
thought that adequate control of the compartment strength should be possible using a lower
speed (e.g. regulatory or EuroNCAP) ODB test or the PDB test. However, if an absolute
measure of compartment strength is required then a high speed test, either ODB or PDB, will
be necessary depending on which approach is finally chosen. This is because in the lower
speed test the car may not be deformed sufficiently to load the compartment fully, so the
Load Cell Wall (LCW) measure in these tests will only give an indication of the load the
compartment has withstood in that test which is not necessarily the maximum load that the

10
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compartment can withstand. A high speed test ensures sufficient deformation of the car to
load the compartment fully so that the LCW measure gives a true indication of the
compartment strength.

The FWDB set of tests builds on current tests to offer the necessary self protection and
partner protection measures with a minimum number of tests.

The FWDB test is effectively a modification of the US FMVSS208 test, the modifications
being the addition of a deformable element and a high resolution Load Cell Wall. The
intention of the FWDB test is to control both partner and self protection. For partner
protection the car’s structural interaction potential will be assessed using the measures from
the LCW. The premise is that cars that exhibit a more homogeneous force distribution on the
LCW should have a better structural interaction. The assessment has been designed so that
it can be applied in a stepwise manner and is described in detail in the section below. For
self protection the occupants deceleration and restraint system performance will be assessed
using dummy measures in a similar way to the current FMVSS208 test. The restraint system
will be subjected to a severe deceleration pulse. One of the design criteria for the deformable
element was that the car’'s deceleration in this test should be similar to that in a rigid wall
(FMVSS208) type test to provide a similar assessment of occupant’s deceleration and
restraint system performance.

The ODB test is the same as the current ODB test used in Regulation 94 and EuroNCAP, but
it has a LCW behind the deformable element to measure the global force. As for the FWDB
test, the intention of the ODB test is to control both partner and self protection. For partner
protection the car’s frontal force level will be measured using the LCW. A methodology to do
this has been developed in this project and is described in detail in Deliverable 27. In a first
step this force could be monitored and in later steps the minimum and / or maximum force
could be controlled. For self protection the compartment integrity will be assessed using
dummy measures as in the current ODB test with additional compartment intrusion measures
if necessary, i.e. show that car can absorb the impact energy in part of the structure without
significant deformation/collapse of compartment. Also, occupant protection will be assessed
using dummy measures in the usual manner with a softer occupant compartment
deceleration pulse than in the FWDB test. This effectively gives an assessment of the
restraint system’s performance with two deceleration pulses, which ensures that it is not
over-optimised for good performance with just one pulse.

4.2.1. FWDB Procedure

As mentioned in the section above the intention is that the FWDB test should be used to
assess a car’s structural interaction potential and provide a high deceleration pulse to assess
its self protection capability.

For structural interaction, the intention is to first ensure that all vehicles have adequate
structure in a common interaction zone to ensure interaction between all vehicles, e.g. low
sports cars and high sports utility vehicles. Following this, the intention is to encourage
vehicles to have a ‘more homogeneous larger pushing surface’ to improve further structural
interaction. In the test work performed for this project, cars with a multi-level load design
were shown to offer better structural interaction than single load path design ones.

For self protection, the intention is to assess the car’s performance using dummy measures
in a similar manner to the US FMVSS208 test. No work to investigate the most appropriate
injury criteria and performance limits has been performed in this project. However, dummy
data has been collected in FWDB tests which could be used as a basis for future work.

11
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In this section, a detailed description of the test configuration is given, which includes an
explanation of the Load Cell Wall (LCW) configuration and the purpose of the deformable
element. The assessment concepts and its details, including the assessment areas, are
described in the following section.

The FWDB test configuration is similar to the FMVSS208 test but it has a deformable
element and a high resolution Load Cell Wall (LCW) [Figure 4]. The recommended test
speed is 56 km/h which is the same as that used in US NCAP.

Figure 4: FWDB Test Configuration

The LCW consists of cells of nominal size of 125 mm by 125 mm. The load cells are
mounted 80 mm above ground level so that the division line between rows 3 and 4 is at a
height of 455 mm which is approximately mid-point of the US part 581 bumper beam test
zone [Figure 5].

1080 mm
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g1 OO N
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w
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80 mm

I:I Common interaction zone Part 581 zone

Figure 5: LCW configuration.

The reason for this particular height was chosen was to be able to detect whether vehicles
had structures in alignment with the top and bottom halves of the Part 581 zone by
examining the loads on rows 3 and 4 of the LCW. The intention of this was to enable the test
procedure to be used to encourage all vehicles to have crashworthy structures in a common
interaction zone that spans the part 581 zone. This should ensure structural interaction
between high SUV type vehicles and cars as most cars have their main longitudinal
structures in the Part 581 zone to meet the US bumper beam requirement as shown by the
structural survey performed in Work Package 1 of this project [Figure 6]. It is important to
note that the automotive industry has adopted a policy to ensure structures are located in the
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Part 581 zone. Alignment of vehicle structures in Europe and North America can thus be
achieved using this interaction zone.
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Figure 6: Lower rail ground clearance.

The deformable element consists of two layers each 150 mm deep. The front layer is made
from honeycomb of crush strength of 0.34 MPa which is the same as the main body
honeycomb of the current EEVC barrier. The rear layer is made from honeycomb of crush
strength of 1.71 MPa. The rear layer is segmented into 125 mm by 125 mm blocks which
align with each of the load cells. The reason for the segmentation is to effectively reduce the
shear strength of the layer to prevent it spreading load applied in alignment with one load cell
to adjacent load cells. The development of this face and its purpose are described in more
detail in previous work [1]. In summary its purpose is:

o

To generate relative shear in the front structure to exercise any shear connections
between load paths and allow the assessment of horizontal structures, such as
bumper crossbeams.

To attenuate the engine dump loading. When the engine impacts a rigid wall, it is
brought to rest very rapidly generating high inertial forces. In a car to car impact, the
engine can rotate or move slightly out of the way of the other car's engine, so
reducing its deceleration.

To prevent unrealistic decelerations at the front of the car. The parts of the car that
first impact the wall are decelerated instantaneously giving rise to large inertial forces.
Such forces are not present in impacts with deforming structures, such as other cars.
To prevent localised stiff structures forming preferential load paths to the wall and
reduce the loading from adjacent structures which are slightly set back. This does not
occur in impacts with other cars.

An additional consideration in its design was to ensure that it had a minimal effect on the

occupa

nt compartment deceleration pulse compared to a rigid wall test as the test is also

intended to function as a high deceleration test.

13
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4.2.2. Assessment

The assessment consists of two parts. The first part is the assessment of the car’s structural
interaction potential using the high resolution LCW measurements and the Structural
Interaction (Sl) criterion. The second part is the assessment of the car's self protection
capability using the dummy measurements.

The Structural Interaction (Sl) criterion has been developed recently to resolve issues with
the previous Relative Homogeneity Criterion (RHC) [7]. Its development was based on the
following requirements:

0 An ability to be applied in stepwise manner to allow manufacturers to gradually adapt
vehicle designs
To encourage better horizontal force distribution (crossbeams).
To encourage better vertical force distribution (multi-level load paths).
To encourage a common interaction area with minimum load requirement.
To be insensitive to bottoming out the barrier face, which was a problem with the
Relative Homogeneity Criterion.

O O0O0Oo

The Structural Interaction (Sl) criterion is calculated from the peak cell loads recorded in the
first 40 msec of the impact. Compared to using peak cell loads recorded through the duration
of the impact (as with the previous RHC criterion), this has the advantage of assessing
structural interaction at the beginning of the impact when it is more important and minimising
the loading applied by structures further back into the vehicle such as the engine. The 40ms
time interval corresponds to a B-pillar displacement of approximately 550 mm for most cars
[Figure 7]. This should allow the detection of structures up to 400 mm (550 mm -150 mm)
from the front of the vehicle, which is adequate for detection of most car subframe load
paths. This is based on the assumption that structure that just crushes the 150 mm softer
front layer of the barrier will not apply sufficient load to the LCW to be adequately detected.
In addition, 400mm aligns with a recent NHTSA proposal to assess the AHOF over the initial
400mm vehicle displacement.
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Figure 7: B-pillar Displacement vs Time Plots for FWDB Tests.

To allow manufacturers to gradually adapt vehicle designs to become more compatible, the
criterion consists of two parts which could be adopted in a stepwise manner. The first part
assesses over the common interaction area (Area 1) which is from 330 mm to 580 mm
above ground level and consists of LCW rows 3 and 4. The intention of this part of the
assessment is to ensure that all vehicles have adequate structure in alignment with this area
to ensure interaction. The second part assesses over a larger area (Area 2) which is from
205 mm to 705 mm above ground level and consists of LCW rows 2, 3, 4 and 5. The
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intention of this part of the assessment is to encourage cars to better distribute their load
better over a larger area to reduce the likelihood of over/under-ride and the fork effect. The
results of tests performed as part of the VC-COMPAT project have demonstrated that cars
that distribute their load vertically have better structural interaction potential.

The SI criterion consists of two components a vertical component (VSI) and a horizontal
component (HSI). An outline of the steps to calculate these components for each of the
assessment areas (Area 1 and Area 2) and the underlining concepts are described below.
Further details of how to perform the calculations together with the supporting equations are
given in the FWDB test and assessment protocol in Appendix 1.

Vertical Component (VSI)

Area 1 (rows 3 & 4)
The intention of VSI Area 1 is to assess if the vehicle has structure capable of generating a
minimum load within the common interaction zone. The calculation steps are:

- Determine row loads by summing the peak cell loads that occur before 40 msec.

- Set minimum row load target. The current proposal is that this should be capped at
100 kN and mass dependent to ensure that lighter cars which cannot generate
average loads of 100 kN are not unduly penalised.

- Determine negative deviation by summing the amount by which each row load fails to
meet the minimum row load target.

- VSI Area 1 is equivalent to the negative deviation.

Area 2 (rows 2 to 5)
The intention of VSI Area 2 is to assess whether the vehicle has structure capable of
generating a minimum row load within the larger assessment area and how evenly the load
is applied vertically. The calculation steps are:

- Determine negative deviation for Area 2 in a similar way as for Area 1 above.

- Determine row load distribution using Coefficient of Variance.

- Determine VSI Area 2 by summing normalised values of negative deviation and

Coefficient of Variance.

Horizontal Component (HSI)

Area 1 and Area 2

The main intention of the HSI component is to encourage strong crossbeam structures to
adequately distribute the rail loading in the assessed area. Also, because vehicle structural
width has been seen to be a major influencing factor in vehicle to vehicle tests performed in
the VC-COMPAT project the HSI component can also be used to encourage wider structures
for better structural interaction in lower overlap impacts. However, this part of the component
will not be included in the assessment until it has been confirmed that wider structures have
a significant benefit in real world accidents.

The calculation steps are:

1) For the crossbeam / rail strength balance part:
- Determine the peak cell loads that occur before 40 msec.
- Determine target cell load which is based on row load for each row. The maximum
target cell load is [20kN], independent of vehicle mass.
- Determine negative deviations from target cell load for centre 4 load cells in each
row, sum and average. Note HSI Area 1 includes only rows 3 and 4 whereas HSI
Area 2 includes rows 2, 3, 4 and 5.

2) For the structural width part:
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- Determine negative deviations from target load for load cells aligned with outer
structure in each row, sum and average.

At present the HSI is defined as the value of the crossbeam / rail strength balance as defined
above. However, in the future the structural width part may be included in the HSI
component.

A proposal for implementing the Sl criterion suggests two phases of application:

- Phase 1 - the vertical and horizontal components of the criterion are applied over
assessment area 1 to ensure that all vehicles have adequate structure in a common
interaction zone.

- Phase 2 — in addition to the requirement of Phase 1 the vertical component of the
criterion is applied over assessment area 2 to encourage vehicles to spread their load
better vertically.

A possible route map for the implementation of the FWDB approach is discussed in detail in
section.

4.2.3. Preliminary Performance Limits

At present insufficient car to car crash test data exists to be able to set definite performance
limits. However, the current VC-COMPAT data set can be examined to make initial estimates
of what performance limits might be to encourage certain characteristics for better structural
interaction performance. Please note that for both VSI and HSI a lower score is a better
score.

For VSI Area 1, initial estimates are that a VSI Area 1 performance limit of zero with a target
row load maximum of 100 kN should be used to ensure that all vehicles have structure in
alignment with the common interaction zone. This is equivalent to a 100 kN minimum row
load requirement for most cars.

All the vehicles tested with the LCW at the 80mm ground clearance (lower edge height) have
structure in alignment with the FMVSS Part 581 zone based on results of the WP1 structural
survey and therefore would be expected to result in a VSI score of zero [Figure 8]. For those
vehicles tested with a 50 mm LCW ground clearance some interpretation of the results is
needed to predict what would have happened had the LCW ground clearance been 80mm.
For most of the test vehicles this would result in the vehicle structure moving further into
alignment with row three of the LCW and so the VSI score would be expected to decrease to
zero.
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Figure 8: VSI Area 1 scores for VC-COMPAT FWDB tests.

For VSI Area 2, a performance limit of about 0.9 would distinguish between small family car 1
and small family car 2 [Figure 9]. Small family car 1 was a multi-level load path design which
showed better structural interaction performance in car to car tests compared to small family
car 2 which was a single load path level design [Deliverable 27]. However, this performance
limit may be difficult to achieve for large SUV type vehicles because their design requires
large approach angles which makes it difficult to design vehicles which can apply load to the
lower part of the assessment area (row 2). Therefore, it may be necessary to have separate
performance limits for large SUVs, but this should be avoided if possible.
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Figure 9: VSI Area 2 scores for VC-COMPAT FWDB tests.

For HSI Area 1, a performance limit of about 2.0 would distinguish the better bumper
crossbeam performance of small family car 2 compared to small family car 1 [Figure 10&
Deliverable 27]. It would also distinguish the better bumper crossbeam performance of the
large family car with the stronger crossbeam in the series of tests performed by ACEA, the
results of which were donated for use in the VC-COMPAT project [Deliverable 27].
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4.24. ODB procedure

As mentioned previously, the intention of the ODB test is to control both partner and self
protection. For partner protection the car’s frontal force level will be measured using a Load
Cell Wall (LCW). A methodology to do this has been developed in this project and is
described in detail in Deliverable 27. In summary, the car’s frontal force level is estimated by
determining the LCW peak 10 msec excedence force. The reason that an excedence
measure is used is to minimise the effect of unrealistic loads seen in this test which are not
seen in car to car crashes such as those caused by the sudden deceleration of the engine
when it bottoms out the barrier face [Figure 11].
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Figure 11: LCW force in ODB test showing additional load caused by 'engine dump'. Note:
the mechanical force is the load applied by the powertrain components.

In a first step this force could be monitored and in later steps the minimum and / or maximum
force could be controlled to encourage some degree of force matching.

For self protection the compartment integrity will be assessed using dummy measures as in
the current ODB test with additional compartment intrusion measures if necessary, i.e. show
that car can absorb the impact energy in part of the structure without significant
deformation/collapse of compartment.
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4.2.5. Route Map for FWDB Implementation

A possible route map for the implementation of the FWDB approach is described below:
Step 0 — Use LCW to monitor force levels in ODB test

At present limited evidence exists that the frontal force levels of newer vehicles are increasing,
especially for heavier vehicles, which could worsen the current compatibility problem. To
monitor this situation, it is proposed that a LCW is introduced into current regulation and
consumer ODB tests to measure vehicle frontal force levels. This information could be used
to determine if vehicle frontal force levels are changing or not and help determine future
priorities for compatibility. In addition, accelerometers could also be added to the ODB tests to
provide the additional information necessary to calculate the contribution of the engine load to
the LCW force to help future research.

Step 1 - Introduce FWDB test to improve self protection and structural interaction

As a first step to improve a car’s self protection capability and structural interaction potential, it
is proposed to introduce the FWDB test. There are a number of options for introducing this
test depending on which level of structural interaction improvement it is decided to enforce.
+  Option 1
+ Improve self protection by controlling occupant deceleration using
enforcement of dummy measures similar to the US FMVSS208 test.
*  Monitor structural interaction measures for research purposes.
+  Option 2
+ Improve self protection by controlling occupant deceleration using
enforcement of dummy measures similar to the US FMVSS208 test.

« Improve structural interaction by ensuring that all vehicles have adequate
structure in a common interaction area using enforcement of the criteria VSI
Area 1 and HSI Area 1 with appropriate performance limits.

*  Option 3
+ Improve self protection by controlling occupant deceleration using
enforcement of dummy measures similar to the US FMVSS208 test.

« Further improve structural interaction by ensuring that all vehicles have
adequate structure in a common interaction area and spread their load better
vertically using enforcement of the criteria VSI Area 1, VS| Area 2 and HSI
Area 1 with appropriate performance limits.

Step 2 - Improve frontal force matching

Currently, without further research it is difficult to determine precisely what this step may be.
However, possible options at this point are:

e Option 1

e Further improve self-protection by increasing test speed to 60 km/h for
regulation as proposed by EEVC WG16. However, this option would not
be acceptable unless measures could be taken to ensure this increased
test severity would not increase the frontal force mismatch between light
and heavy cars.

¢ Improve frontal force matching by controlling firstly minimum and possibly
at a later date maximum frontal force levels using enforcement of LCW 10
msec excedence peak force level with appropriate limits.

= Option 2

o Replace ODB test with PDB test and improve self protection and frontal
force levels using measures as proposed in PDB approach.
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4.2.6. Work Required to Complete Development of FWDB Approach

In this section the main work items to complete the development of the FWDB approach are outlined,
firstly for the FWDB test and then for the ODB test.

FWDB Test

The main issues and work to address them are:

Partner protection (LCW based measurements)
e Criteria and performance limits

o Criteria to assess a vehicle’s structural interaction potential have been proposed and
performance limits suggested. The work of the VC-COMPAT project has helped to
perform an initial validation of the criteria. However, further work is required to refine
the criteria, complete its validation and set performance limits. This work should
include a test series to show that changing the vehicle to meet the performance
requirement correlates to better performance in car to car impact, which could then be
used to help perform a benefit analysis for the introduction of this test procedure.

e Test repeatability / reproducibility

o In Europe two tests to investigate repeatability have been performed to date, which
found no significant problems [Deliverable 27]. Further work is needed to check the
validity of this conclusion with different vehicle types and confirm the appropriateness
of the proposed vertical impact alignment tolerance of +/- 10 mm.

0 In sled component tests using a flat rigid impactor, the load distribution measured on
the LCW showed a greater variation than expected. Even though it was shown that
this variation should not have a substantial effect on test repeatability it is
recommended that further work is performed to understand why this variation
occurred and to minimise it.

Self-protection (Dummy based measures)
e Dummy

o Work to determine the most appropriate dummy (THOR or HYBRIDIII), seating
positions and size of dummy for inclusion in this test is required. Currently, some of
this work is being performed in a European Commission 6" framework project called
APROSYS.

e Criteria and Performance limits

o0 Further work is required to determine appropriate criteria and performance limits.
However, if the HYBRIDIII dummy is used as in the current FMVSS208 test, then
criteria and limits could be based on those in FMVSS 208.

ODB Test
e Criteria and performance limits

o A methodology to measure a vehicle’s frontal force levels has been developed in this
project. Further work is required to check the appropriateness of this methodology and
set performance limits. Introducing a LCW into current ODB tests to collect data could
be the first step of this further work.
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4.3. PDB Approach — AS SUBMITTED BY UTAC

4.3.1. Context

- Current real life accident situation

Car to car accident data shows that fatalities and severe injury are caused by compartment
intrusion. It is mainly due to unbalance energy absorbed between both cars resulting from a
low level of self-protection and a high level of aggressiveness. The first step in compatibility
leads to reduce this compartment intrusion by improving car structure.

- Current self protection situation

The present demand on self protection is increasing the local strength and global force
deformation of all cars. The design of a large car makes it stiffer than a small one in order to
compensate the mass.

Furthermore, the current frontal offset test is more severe for heavy vehicles because of the
specific barrier used. Associated to self protection trend, compatibility requirements are
unreachable today without changing deformable element.

- Why a new test procedure is needed?

Due to this context it is yet required to improve light cars compartment’s strength without
increasing heavy cars’ one and to limit heavy vehicle front units' aggressiveness. In other
words, it is necessary to assess the possibility to check and improve partner protection with
regards to self-protection. To achieve this new requirement, an amendment of ECE R94 test
procedure is needed.

- Why a new barrier face is needed?

The current European barrier face was a good compromise in the past but so far, with new
compatibility requirements, these characteristics are creating new problems (greater than
those expected to solve). Front end car designed changed a lot since the last 10 years to
respect new constraints (repeatability, pedestrian, self protection etc...), so the deformable
element is today completely obsolete. The element weakness causes bottoming out,
constant energy absorbed and instability that leads to lack of repeatability and inaccurate
FEM simulation (See Figure 12 & Figure 13).

Figure 12: Current ODB barrier instability. Figure 13: ODB barrier bottoming out

- Why a new test speed is needed?

To answer the question of improving self protection level of the light car, it is necessary to
increase the test speed (56 to 60 km/h) to reach compartment deformation. However, this
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increasing speed must be accompanied by a barrier change to reach compatibility
requirements and to stop stiffer and stiffer heavy vehicle compartment.

- Why a new overlap is needed?

Checking half of the front end is needed for partner protection assessment in the future.
Secondly, overlap is closer to real world accident data and car to car test configuration.
Finally, combined with stiffer barrier it generates higher acceleration pulse. This test is also
able to generate intrusion and acceleration pulse in the same time, considering that
combinations of both are responsible for fatal and serious injuries in real world accident.

- Other constraints

The compatibility cannot be treated separately |
without taking into account the other constraints

acting on a front unit non-aggression towards
others (lateral configuration, pedestrians and —>| MASS |
reparability impacts). Furthermore requirements
of the Euro 2008 standard and CO2 emissions —>  SELF-PROTECTION |
have direct repercussion of limiting vehicle
weight which is not always compatible with —»  ReparaBLTY |
passive safety.

FRONT UNIT |

> PROTECTION OF THE OTHERS |

The experience is suggesting approaching
compatibility design from a global viewpoint;
the future regulation proposal must deal with

that. —PI CARTO CAR |

PEDESTRIAN |

Reducing repair costs: In order to limit repair
cost, insurers have defined requirements that _’| FRONTO-FRONTAL |
indirectly determine the design of the front unit. _>| ONTOLATERAL |
However it contradicts the notion of
compatibility and pedestrian safety. _>| R ONTOREAR |

Improving Protection of pedestrians: In order to
improve pedestrian safety, the vehicle front end
must be modified with soft bumper and lower
contact zone.

Improving lateral compatibility: The
requirements are identical to those for frontal
impacts, as regard the front ends, with, in
addition, very advanced load transfer paths to
catch lower structure of the target car.

- Performances and limits
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CAR TO RIGID Compatibility in car to car depends on
WALL

correct distribution of energy between the
two vehicles. The ideal is to achieve a car-
to-car situation featuring the same kinetics
and performance as it would apply against
a wall (see Figure 14).

In the case of cars that are ideally
compatible impacting each other at a
closing speed of 100 km/h, each car must

individually sustain deformation
corresponding to an impact against a wall
at 50 km/h.

The objective is to offer the same survival
potential in both vehicles; in other words,
any intrusion should be similar to that
observed in a barrier impact at half the
closing speed. This is equivalent to say that
the EES (Equivalent Energy Speed) is
identical for both vehicles. As a
consequence, the energy absorbed by each
vehicle is proportional to its mass.

Figure 14: Energy to absorb in car to car

Beed oocupants  Wass taln 3001 500 ka Accident studies show that 60% of cases of
FRENCHFIGURES B Light O Heavy people involved (MAIS3+) in the light car
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80 | i = closing velocity (see Figure 15).
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Figure 15: Cumulative % of MAIS3+

- Structure to promote

In order to take advantage of all energy absorption potential of both cars, their structure must
interact correctly. In term of design, one way to achieve good structural interaction is to offer
a large front surface which a homogeneous stiffness. Ideal case would be a rigid plane
between both cars sustained by multiple load paths. The real solution that satisfies all the
requirements 