Thorsten Adolph, Marcus Wisch, Mervyn Edwards, Robert Thomson,
Mathias Stein, Roberto Puppini

SEVENTH FRAMEWORK
PROGRAMME

FIMCAR
VIl =Full Width Test Procedure:
Updated Protocol

frontal impact and compatibility assessment research

The FIMCAR project was co-funded by the European Commission under the
7th Framework Programme (Grant Agreement no. 234216).

The content of the publication reflects only the view of the authors and
may not be considered as the opinion of the European Commission nor the
individual partner organisations.

This article is
published at the digital repository of Technische Universitat Berlin:

URN urn:nbn:de:kobv:83-opus4-40873
[http://nbn-resolving.de/urn:nbn:de:kobv:83-opus4-40873]

It is part of

FIMCAR — Frontal Impact and Compatibility Assessment Research / Editor:
Heiko Johannsen, Technische Universitat Berlin, Institut fiir Land- und
Seeverkehr. — Berlin: Universitatsverlag der TU Berlin, 2013

ISBN 978-3-7983-2614-9 (composite publication)



VIII Full-Width Test Procedure: Updated Protocol ot s s
CONTENT

EXECUTIVE SUMMARY ...ttt ettt ettt ettt ettt st esat e e bt esateebeesaneebeesneeenneas 1
1 INTRODUGCTION ...ttt ettt ettt ettt ettt e st be e st e e bt e st e e bt e saeeesbeesaseenbeesnneenneas 2
1.1 FIMGCAR PrOJECE .euutieiieeiieette ettt ettt ettt ettt et st e e bt e e st e e beesateebeesnneeeeas 2
1.2 Objective of this DEliVErable........coouiiiiiiiiiiciee e rae e 2
1.3 Structure of this DeliVerable ..o 2
2 TESTING AND SIMULATION ...ooitiiiteiteeeestte ettt 3
3 SUMMARY OF TESTS AND SIMULATIONS PERFORMED.......cccceeiuieniiiieenieeieesieeeee s 5
3.1 FUITWIidth TESES .ot 7
3.1.1 R&R Analyses With SUPEIMINI L....eiiiiieiiiiiiieeiiee et e e e e esbbrreee e e e e e e seanes 7
3.1.2 Raised and Lowered SUpermini 1 .......cccceiiiiiiiiiii e, 7
3.1.3 Vehicles with far Forward Lower Load Path.........cccccoiiiiieiieniieeeeeeeeeeee e 7
3.1.4 SUV with and SUV without a Lower Load Path.........cccceovieiiiiiinniieeeeeceee 8
3.1.5 Comparison of different TSt SPEEM......cccvveeiieiiiiiiiireeeeee e e e e e eeanes 8
0 A 0o 4101 o o] 1= o | I =) 3SR 8
3.2.1 LCW DyNamic Calibration TeSTS ......iiiiiiieiiireiiiee ettt e eeeeirreeeee e e e s eesntanreeeeeeeessenanes 8
3.2.2 Sled Tests to investigate Load SPreading .......covvvcieeeeeieeieiieireeeeee e e eerrrreeeee e e e e eeanns 8
3.2.3 Load cell Tests With EXCeNtric LOATING ....uvvveeieeiiiiiiiiiiieeiieeeeeceitreeeee e e eeriirreeeee e e e e seanns 9
3.3 SIMUIAEIONS. et et 9
3.3.1 Variable Crossbeam HeightsS.......ccuiiiiiiiiiiiiiiiicec e 9
3.3.2 Influence Of TOWING EY@..cciiuiiiiiiiiiiee ettt e s s aae e e s saees 9
3.3.3 Effect of Cross-Over VEhICIES.......coouiiiiiiiiiiiiieeeeeee ettt 10
3.3.4 Investigation of Step EffEcts ...ccovuiiiiiiiiiiie 10
3.3.5 SEAS ANQIYSES «.ueeeiiiieiiiiieeeiitee ettt s ettt e e s e e s st r e e e e are e e e e nbaeeeenaaaes 10
3.3.6 Different TESt SPEEU ....uiii ittt e e e e e s aaaes 18
3.3.7 VOIVO SIMUIALIONS ..ttt s e e 19
4 FURTHER DEVELOPMENT OF FULL WIDTH DEFORMABLE BARRIER PROTOCOL ........... 20
4.1 Further Development Of IMELIIC ..ouuiiiiiiiiiie e e e 20
4.2 Definition of Test Severity / VEIOCItY ...cccueceieiieiiecieecieececee e 23
4.3 Vertical Load SPreading ......ocuiiei e esitee sttt e e s e s s e e s saae e e s e 24
4.3.1 Recent International RESEArch ..........cooiiiiiiiii e 24
4.3.2 ACCIAENT ANAIYSES .eeiiiiiiiiii ittt ettt e e e st e e s sbae e e s s sate e e e e sbbeeesssabeaeessstaeeesnnns 26
4.3.3 Crash Tests and Simulation ANAlYSES.........eeiviiieiiiiiiieeerieee e e e siae e 27




frontal im, ment research

Content
4.3.4 Summary for Vertical Load SPreading ........coocuveeiiiiiieeiniiiiee et 36
4.4  Horizontal Load SPreading.......ceeuiiieiiiiiiie sttt ssiee et e e s e e s e e s saae e e s e 36

5 DEVELOPMENT OF LOAD CELL WALL CERTIFICATION AND CALIBRATION PROCEDURE 40

5.1 Approach and Reference to Contents in the Report........cccecvieiiviiieeiiniiiee e 40
5.1.1 Static Calibration of Load Cells .........coooiiiiiiiiiiiiieieceeeeee e 40
5.1.2 Load Cell Wall FIGENESS ....coeuiiiiiiieeiieeieeete ettt st s 41
YW - Y (ol Mo Y- To M@= | I =T o = PSPPSR 41
5.2, 0 TSt SO Ui 41
5.2.2 Data ANAlYSiS ciiuiiieiiiiiiee ettt e s e e et e e e s ab e e e e e baeeeennraes 42
5.2.3 RESUIES ...ttt et et ettt s e s e e nane e 45
5.3 Wall flatness. et 47
I N Vo] o1 o Y=Yl s VNN OO RPNt 47
5.3.2 Wall FIatness RESUIES ....cc.eeeiiiiiiieiieeieesee et 47
5.3.3 ANalysis Of Trolley TeStS BAST ....euiiiiiiiiiiiirieieeeeeeeeiiirreeee e e e eeesrrereeeeeeesessssrreeeeeeeessenanes 50
5.3.4 DISCUSSION ..etiiiiiiiiiiiiiiiie ittt e e s s e s s ba s e e s ba e e s s eabaa s 52
5.4 CONCIUSIONS ..ttt ettt et e s e e e s me e s n e e saneeneesseeenees 52
6  VALIDATION OF FULL WIDTH DEFORMABLE BARRIER PROTOCOL.......ccccverveereenieennee. 53
6.1  Validation Of CONCEPL c.occeiveiiiiiieiiee et e e e e e e s esebbbaeeeeeeeeeeenanes 53
L Y U7 1= 0 01 o T R U= Y =] =N 53
T A U1 o 1] 0 01 o T A =] YT =S 56
6.1.3 SUV TEST SEIIES ..eviiiiiiiiiiiiiiiic ittt 58
6.1.4 Effect of Test SPeed ON MELHIC ..uviiiiiiiiciirieieee ettt e e esbrrree e e e e e e eenanes 61
6.2 Repeatability and Reproducibility........cccovvveieiiiiiiiiiiiiiiie e 65
6.2.1 Analysis of Data from Previous ProJECES.......uuiiciiiciiieeeieeceeecrieeeee e eeceirrreeeeeeeeeeeanns 66
6.2.2 Analysis Of FIMCAR R&R data ...ueeiiiiiiiiiiiiiiiiiiice ettt e e eestnrreee e e e e e e snanns 71
6.2.3 CONCIUSIONS ...ttt ettt e st e s bt e s e e e s bt e e s bt e e sabeeesaneeesaneeeas 72
6.3 Load Spreading of the Deformable Element ........cccceevvviiiiiiiiiiei e 72
[T T8 A = =Tl €= o TV T S PP PRPR 72
6.3.2 ODbjJECtiVES OF WOTK ...eeeeiiiiiiiee ettt e s e e e s e e e s aaas 72
6.3.3 Test CONFIGUIAtION ooueiiiiiiiiiee e et e e s e e s s bae e e s naeees 72
6.3.4 TST IMATIIX ceeeiiiiiiiiiiiiiei e e e s 73
6.3.5 TS FOSUITS ...ttt s e s e e sane e 75
5.3.6 CONCIUSIONS ...eiiiiieeiiiee ettt ettt e st e st e s bt e e s bt e e s bt e e sabeeesaneeesaneeenas 77
7 SUMMARY OF CONCLUSIONS ...ttt ettt ettt e eeas 78




frontal imp: compatibility assessment research

VIII Full-Width Test Procedure: Updated Protocol ot gt ooty

8 ACKNOWLEDGEMENTS ...ttt ettt e e e e e e e e e s s nneree e e e e e e e snnnns 81
O GLOSSARY .ttt st h bt et h ettt e bt et et e sbeetenanens 82
10 REFERENCGES ...ttt ettt e e e e e e e e e e e sr e e e e e e e e e e s annnrneeas 83
ANNEX A: LOAD CELL SPECIFICATION AND CALIBRATION ....cuuuiiiiiieeeeeeiieeeeee e eeiieeeeeee e 86
ANNEX B: LOAD CELL WALL SPECIFICATION AND CERTIFICATION ....oooeiiiiieeeeee e 94
ANNEX C: FULL WIDTH TEST AND ASSESSMENT PROTOCOL ......cttteeiiiiiiiiiieeeeeeeeeeiieeeeeeee e 97
ANNEX D: FULL WIDTH TEST REPORTS......etiiiiiiieeieeiirittee ettt e e e e e s 137

VIl - ¢



frontal im, ment research

Executive Summary

EXECUTIVE SUMMARY

For the assessment of vehicle safety in frontal collisions compatibility (which consists of self
and partner protection) between opponents is crucial. Although compatibility has been
analysed worldwide for over 10 years, no final assessment approach has been defined to
date. Taking into account the European Enhanced Vehicle safety Committee (EEVC)
compatibility and the final report to the steering committee on frontal impact [Faerber
2007] and the FP5 VC-COMPAT [Edwards 2007] project activities, two test approaches were
identified as the most promising candidates for the assessment of compatibility. Both are
composed of an off-set and a full overlap test procedure. In addition another procedure (a
test with a moving deformable barrier) is getting more attention in current research
programmes.

The overall objective of the FIMCAR project is to complete the development of the candidate
test procedures and propose a set of test procedures suitable for regulatory application to
assess and control a vehicle’s frontal impact and compatibility crash safety. In addition an
associated cost benefit analysis will be performed.

In the FIMCAR Deliverable D 3.1 [Adolph 2013] the development and assessment of criteria
and associated performance limits for the full width test procedure were reported.

In this Deliverable D3.2 analyses of the test data (full width tests, car-to-car tests and
component tests), further development and validation of the full width assessment protocol
and development of the load cell and load cell wall specification are reported.

The FIMCAR full-width assessment procedure consists of a 50 km/h test against the Full
Width Deformable Barrier (FWDB). The Load Cell Wall behind the deformable element
assesses whether or not important Energy Absorbing Structures are within the Common
Interaction Zone as defined based on the US part 581 zone. The metric evaluates the row
forces and requires that the forces directly above and below the centre line of the Common
Interaction Zone exceed a minimum threshold.

Analysis of the load spreading showed that metrics that rely on sum forces of rows and
columns are within acceptable tolerances. Furthermore it was concluded that the
Repeatability and Reproducibility of the FWDB test is acceptable.

The FWDB test was shown to be capable to detect lower load paths that are beneficial in
car-to-car impacts.

Vil -1
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1 INTRODUCTION
1.1 FIMCAR Project

For the assessment of vehicle safety in frontal collisions compatibility (which consists of self
and partner protection) between opponents is crucial. Although compatibility has been
analysed worldwide for over 10 years, no final assessment approach has been defined to
date. From the European Enhanced Vehicle safety Committee (EEVC) compatibility and
frontal impact working group (WG15) [Adolph 2013] and the FP5 VC-COMPAT project
activities [Thompson 2013], two test approaches have been identified as the most promising
candidates for the assessment of compatibility. Both are composed of an off-set and a full
overlap test procedure. In addition another procedure (a test with a moving deformable
barrier) is getting more attention in current research programmes.

Within the FIMCAR project off-set, full overlap and MDB test and assessment procedures will
be developed further with the ultimate aim to propose a compatibility assessment approach.
This should be accepted by a majority of the involved industry and research organisations.
The development work will be accompanied by harmonisation activities to include research
results from outside the FIMCAR consortium and to disseminate the project results early,
taking into account recent GRSP activities on ECE R94, Euro NCAP etc.

The FIMCAR project is organised in six different RTD work packages. Work package 1
(Accident and Cost Benefit Analysis) and Work Package 5 (Numerical Simulation) are
supporting activities for WP2 (Offset Test Procedure), WP3 (Full Overlap Test Procedure) and
WP4 (MDB Test Procedure). Work Package 6 (Synthesis of the Assessment Methods) gathers
the results of WP1 — WP5 and combines them with car-to-car testing results in order to
define an approach for frontal impact and compatibility assessment.

1.2 Objective of this Deliverable

The objective of this deliverable is to report on the performed full overlap tests and
simulation results and the development and validation of the final FIMCAR full overlap
assessment procedure.

1.3 Structure of this Deliverable

The deliverable starts with a brief description of the past activities before FIMCAR and of the
beginning of FIMCAR towards the development of a full overlap assessment procedure. This
section is followed by a summary of the tests and simulations that were performed in the
framework of the FIMCAR project. Based on these test and simulation results the FWDB
assessment procedure is further developed in Chapter 4. Special emphasis is put on an
improved metric that better addresses the benefits from lower load paths, the definition of
the test severity and the assessment of load spreading. Chapter 5 summarises the activities
to develop requirements for the load cells and the Load Cell Wall. Finally, Chapter 6
addresses the validation of the FWDB test procedure with focus on repeatability and
reproducibility as well as load spreading of the deformable element.

The proposed Load Cell Specification and Calibration procedure is attached in Annex A, the
proposed Load Cell Wall Specification and Certification procedure is attached in Annex B.
Finally the FIMCAR FWDB Assessment Procedure is attached as Annex C.
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2 TESTING AND SIMULATION

The main structural interaction problems identified in the FIMCAR accident analyses
[Thompson 2013] were under/overriding, low overlap and the fork effect. In order to
address the under/overriding aspect of structural interaction, structural alignment was
considered as a necessary but not totally sufficient first step [Yonezawa 2009]. To address
structural alighment, it was decided to use the approach that all vehicles should have crash
structures in alignment with a common interaction zone. The US voluntary commitment for
a common vertical interaction zone [Barbat 2005] was considered as a good starting point. A
further step to address under/overriding is load spreading in the vertical direction. This can
be achieved with vehicles that have multi-level load paths and strong connections between
them. Load spreading in the horizontal direction is also an important factor for prevention of
the fork effect and addressing accidents with small overlap. Strong cross beams can help
provide good interaction in accidents with narrow objects and cross beams extending
outboard from longitudinal members can improve structural interactions in cases with small
overlap at the corners.

To assess structural interaction, the approach proposed in FIMCAR is that structural
alignment in the vertical direction is assessed with a full width test using a Load Cell Wall
(LCW). At the same time a small step towards the assessment of vertical load spreading can
be achieved. It is proposed that this will be achieved using the ‘common interaction zone’
(CIZ) concept.

In FIMCAR Deliverable D 3.1 [Adolph 2013] for both rigid and deformable barrier full width
tests, Load Cell Wall (LCW) data was investigated as the method to assess the structural
interaction characteristics of a vehicle by measuring the LCW force distribution. The current
defacto standard for an LCW is one that consists of 125 mm square elements with the
bottom row mounted with an 80 mm ground clearance (Figure 2.1).

Load cell height and width: 125 x 125 mm
Id—b

Part 581 Zone;
16 to 20 inches (406 to 508 mm)

I
S 00 O N o

455 mm

- N W

Heightfrom ground: 80 mm
L HLAASSS ST LA AA LSS AT LS LS LSS AT LSS AL A A AT A
S S S/ F 4 4 4 i 4 4 LSS

LSS I

Figure 2.1: Overview of the specifications of the LCW.

In FIMCAR Deliverable D 3.1 global initiatives or strategies were reviewed that could be
incorporated into a new test or assessment procedure and thus promote harmonisation of
vehicle safety requirements. A significant activity that was initiated by the automotive
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industry is the US voluntary commitment [Barbat 2005]. This was developed to ensure that
Light Truck Vehicles (LTVs) have structure in alignment with a common interaction zone from
16 to 20 inches (406 — 508 mm), further named as “Part 581 zone” measured vertically from
the ground to enable better interaction with cars. The US voluntary commitment states that
all LTVs sold by participating manufacturers in the US should fulfil one of the two options
below (see also Figure 2.2):

OPTION 1

The light truck's primary frontal energy absorbing structure (PEAS) shall overlap at least 50
percent of the Part 581 zone (Option 1a)

AND at least 50 percent of the light truck's PEAS shall overlap the Part 581 zone
(Option 1b)
OPTION 2

If a light truck does not meet the criteria of Option 1, there must be a secondary energy
absorbing structure (SEAS), connected to the primary structure, whose lower edge shall be
no higher than the bottom of the Part 581 bumper zone.

— - : PEAS
20 inch g = bl
St A
Part 581 I ‘,‘\’I é /él‘,? I Part 581
zone ~ PEAS PEAS o [ Seas
16 inch

Option 1a Option 1b Option 2

Figure 2.2: US voluntary commitment for improved compatibility of LTVs [Yonezawa 2012].

The US voluntary commitment is not desirable for regulatory application because ideally
regulations should be ‘performance based’ and the voluntary commitment is ‘design based’.
A design based requirement is generally more restrictive for the layout of a vehicle and
hence is less desirable for regulatory application. However, accident data analyses from the
IIHS [Teoh 2011] and NHTSA [Greenwall 2012] have shown that the introduction of the US
voluntary commitment has helped to reduce casualties in LTV-to-car crashes. But it could not
be definitely said that this improvement is due to the PEAS and SEAS requirements or due to
general improvements in safety.

Given this information, it is important for FIMCAR to incorporate some of the concepts of
this informal standard as it provides both a benefit and a potential for acceptance in
jurisdictions outside of Europe.
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3 SUMMARY OF TESTS AND SIMULATIONS PERFORMED

In total eleven full width tests were planned in Work Package 3. These tests were meant to
provide additional data for the development of the metric and also to provide data to
analyse repeatability and reproducibility of the proposed test and assessment protocol. Car-
to-car tests were performed in Work Package 6 and are described in FIMCAR Deliverable D
6.1 [Sandqvist 2013]. Nevertheless as some of the results of these car-to-car tests are very
important for the development of the full width test, key results are described in Chapter
6.1.2. In addition to the full width tests component tests were planned and conducted to
investigate the performance of the load cell wall and the deformable barrier face. Due to the
cooperation with Japan within the FIMCAR project three additional full width tests were
conducted by JAMA to answer questions which came up during the project.

The matrix in Table 1 gives an overview of the tests performed in Work Package 3. As the

tests were performed by different institutions, a template was developed to make sure that
the analyses were done in the same way. Reports for all the tests can be found in Annex D:
Full Width Test Reports.
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Table 1: Test matrix of full scale, sled and component tests conducted in work package 3.
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3.1 Full Width Tests

In total twelve full scale tests against the FWDB or FWRB were performed in FIMCAR. Three
additional tests from JAMA were performed to further investigate the metrics and the
FWDB. All tests were conducted with the HIlll 50% dummy on the driver side and the Hlll 5%
female dummy on the passenger side. This consistency was necessary to compare the data.

Additional instrumentation with regard to the chest loading were added in some full scale
tests. Therefore, BASt offered their RibEye measurement system to use it in FIMCAR tests in
order to gain a better understanding of the thorax loading in high acceleration tests.
The objectives of the tests are described in the following sections. Test reports are in

included in Annex D. The individual results of the tests were used in different ways and are
mainly part of Chapter 4.

3.1.1 R&R Analyses with Supermini 1

Three full scale tests with the Supermini 1 were performed at two different test labs (FIAT
and BASt). These tests were used to add additional data for the Repeatability and
Reproducibility analyses of the full width deformable barrier test procedure. The height and
the weight of the test vehicles were adjusted so that they had the same ride height. The
Supermini 1 was selected because this is a single load path vehicle which is a worst case
situation in terms of repeatability. The longitudinals of the vehicle are located mainly in LCW
Row 4. However, it is still in alignment with the US voluntary agreement. The dummy
selection was HIll 50 % on the driver seat and HIll 5 % on the front seat passenger seat.

The test reports can be found in Annex D, the results of these tests are discussed in Chapter
6.1.1.

3.1.2 Raised and Lowered Supermini 1

Two full scale tests with a raised (at PSA) and a lowered Supermini 1 (at IDIADA) were
performed in order to investigate the sensitivity of the metric. The raised Supermini 1 had
the longitudinals just slightly above the common interaction zone which means that it should
not pass the metric. The lowered Supermini 1 was conducted at IDIADA and had the
longitudinals still in the common interaction zone. In FIMCAR a series of car-to-car tests with
Supermini 1 cars in aligned and non-aligned conditions was conducted in order to compare
the performance.

The test reports of the FWDB tests can be found in Annex D, the results of these tests are
discussed in Chapter 6.2.

3.1.3 Vehicles with far Forward Lower Load Path

Two vehicles were tested to answer the question if vehicles with a far forward lower load
path would be discriminated by the full width metric developed. City Car 1 was selected and
tested at Renault and a Supermini 2 was selected and tested at Fiat.

The test reports can be found in Annex D, the results of these tests are discussed in Chapter
6.1.3.

VIl -7
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3.1.4 SUV with and SUV without a Lower Load Path

The performance of SUVs with different structural concepts was investigated with car-to-car
tests in Work Package 6. Three vehicles were selected: SUV 1, Small Family Car 1 and a SUV
2. These vehicles were also tested against the full width deformable barrier to check how the
vehicles perform with the developed metric.

Side impact tests and front and side impact simulations were carried out with SUV 3 and
Large Family Car 1 with different load path configurations on SUV 3. Simulations for the
vehicles in the FWDB were performed to investigate their performance with the proposed
metrics.

The test reports can be found in Annex D, the results of these tests are discussed in Chapter
6.1.2. Car-to-car tests are further documented in Deliverable 6.1 [Sandqvist 2013].

3.1.5 Comparison of different Test Speed

The test speed for both full width test procedures was carefully selected in Work Package 3.
Analyses of accident data have shown that a test speed of 50 km/h would be appropriate for
AIS 3 injury levels and 35 to 40 km/h were appropriate for AIS 2 injury levels. However,
FIMCAR relied on analysis of pre-existing test data in addition to the FIMCAR tests. The pre-
existing tests were usually performed at 56 km/h (or 55 km/h in JNCAP test). Therefore a
Supermini 2 test against full width rigid barrier was performed with 50 km/h and a
Supermini 2 test against full width deformable barrier was performed at 40 km/h to
investigate if changes in the metric were necessary.

The test reports can be found in Annex D, the results of these tests are discussed in Chapter
1.1.1.

3.2 Component Tests

There were a number of component tests conducted during the FIMCAR project. These
results were mainly used to answer questions regarding the load spreading of the
deformable element and the performance of the load cell wall.

The next chapters were meant to give an overview of all component tests performed.

Further results are discussed in Chapter 4 and Chapter 6.3.

3.2.1 LCW Dynamic Calibration Tests

The objective of these trolley tests was to investigate if a dynamic load cell test is needed for
the certification and specification procedure. Following this a crash test trolley was used
with a stiff front plate crashing against aluminium honeycomb barriers and measuring the
forces with an LCW. The objectives of these five tests were to investigate the repeatability of
forces in different load cells, analyse the influence of protective coverings for load cells
(wood plate) and analyse the influence of increasing test speed on load cell forces,
acceleration and deformation.

The test report can be found in Annex D, the results are discussed in Chapter 6.3.
3.2.2 Sled Tests to investigate Load Spreading

The objective of this component work was to determine the reasons for the unexpected
differences in peak loads seen between individual load cells. This was done by TRL by
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performing additional component tests to investigate whether the aluminium backing plate
or the interface between the two layers affects distribution of load between cells.

The tests and the outcome are reported in Chapter 6.3.
3.2.3 Load cell Tests with Excentric Loading

For the development of the certification and specification of the load cells additional
component tests were necessary to investigate the performance of different load cells in
eccentric loading conditions. As a starting point two load cells from BASt were calibrated in a
more advanced way than before. Based on these results it becomes obvious that additional
tests from further test laboratories were needed. Thus, load cells from IDIADA, TRL, BASt
and Japan were sent to Humanetics to perform these tests

The development of the certification and specification protocol for the load cells and the
tests performed are explained in Chapter 5.2.1.

3.3 Simulations

To support the investigations of WP 3 a large number of simulations was conducted by WP 5.
Main objective of these simulations was to validate the test results and assessment
procedures. Furthermore specific analyses were conducted to investigate the influence of
the front end structures on the compatibility metrics. Most of the simulation work was
already described in FIMCAR Deliverable D3.1 [Adolph 2013]. Therefore a short description
of these analyses is presented in this chapter. The analyses of the simulations will be
discussed in the development chapter (Chapter 4) or validation chapter (Chapter 6).

3.3.1 Variable Crossheam Heights

Main objective of this analysis was to investigate the influence of a PEAS design where the
cross beam and the longitudinal were not in vertical alignment. For that reason five
modifications of the PEAS were modelled and the effect on the assessment criteria were
investigated.

Within the analyses for the FWDB following remarkable observations were made:

. The wall force limit for 400 kN was reached after a later time (37 ms versus
44 ms), whereby no engine dump occurred.

. The basic model fulfils the requirements for all proposed metrics.

. The modification 2 (lowered cross beam) also fulfils the requirements of the

metrics while this was not the case for the other modifications.
For more details see FIMCAR Deliverable D3.1 [Adolph 2013]).
3.3.2 Influence of Towing Eye

Goal of this study was to analyse the effect of hard points located in the front end on the
metrics. In partial the towing eye respectively the towing eye attachment was analysed in
FWRB and FWDB crash configurations.

The most important conclusion was that the deformation pattern of the EAS differs
depending on the test procedure. While the effect of these very stiff structures disappeared
in the FWRB test after applying a CFC60 filter (which is the standard filter for such a channel)
the towing eye had an influence to the wall force in the FWDB test. However, the results of
the simulation with the towing eye attachment showed not influence on the assessment

VIl -9



frontal im ment research

VIII Full-Width Test Procedure: Updated Protocol

metrics in both crash configurations. Additional simulations were done with the GCM
models from CRF. These analyses support the results from the PCM models.

For more details see FIMCAR Deliverable D3.1 [Adolph 2013].
3.3.3 Effect of Cross-Over Vehicles

The objective was to simulate cross-over vehicles in order to investigate the effect of
differences in ride heights according to FWB assessment criteria. Simulations were
conducted with the Parametric Car Model (Large Family Car) which is tested against the
FWRB and the FWDB. The cross-over version is modified by a horizontal offset of the barrier
of 60 mm.

Main finding of this analysis was that a raised vehicle could fail the assessment metrics of
both test procedures. This means only to raise the vehicle and its structures will decrease
the structural interaction in car-to-car crashes.

For more details see FIMCAR Deliverable D3.1 [Adolph 2013].
3.3.4 Investigation of Step Effects

To check the metrics for step effects a set of car-to-FWB and car-to-car simulations was
conducted. The objective of this analysis was to investigate the robustness of the metrics in
terms of step effects and to ensure the correct assessment of the metrics. Furthermore the
results of the FWB tests should be verified in car-to-car simulations.

The outcome of this investigation was that the wall force depending criteria correlate well
with the most relevant crash structures. No step effects could be observed in both test
procedures. The results of the car-to-car simulations showed that the vertical misalignment
of the PEAS lead to lower peak values for the deceleration but the intrusion increased.

For more details see FIMCAR Deliverable D3.1 [Adolph 2013].
3.3.5 SEAS Analyses

The Objective of this study was to investigate the influence of the SEAS in car-to-car crashes
and to identify characteristics of appropriate SEAS that are able to improve structural
interaction. Therefore geometrical modifications in terms of varied stiffness and SEAS
positions were done. First the modified PCM models were crashed in an adapted ORB test to
identify the force level of the SEAS. Furthermore this test configuration should be checked, if
it is able to assess a SEAS in a correct manner (provide benefits in car-to-car crashes). After
that the PCMs were run against the FWRB and FWDB with 50 km/h. The main objective was
to check if the SEAS could be detected on the LCW.

3.3.5.1 First Modifications

Figure 3.1 shows the baseline configuration of the used PCM (Large Family Car, LFC). The
PEAS are in alignment with Row 3 and 4 and the SEAS are in alignment with Row 2.

VIII - 10



fror ment research

Summary of Tests and Simulations Performed
8
7
6
5
" -
3
2
glg 9 8 8

Figure 3.1: Baseline configuration of the PCM (LFC).

As a first step the position of the SEAS in x-direction was modified, see Figure 3.2. Former
simulation with a modified FORD Taurus model indicated that an appropriate SEAS will bring
benefits if it is located between 180 mm and 400 mm behind the cross beam [Park 2009].
This modifications only affected the longitudinal and the cross beam of the SEAS. The
position of the vertical connection was not changed in the first step.

+ 180mm
s

340mm

400mm

Figure 3.2: Upper and lower boundaries of the first SEAS modifications.
In total five modifications were modelled (in addition to the baseline model):

D200 =» SEAS 200 mm behind cross beam
D250 =» SEAS 250 mm behind cross beam
D300 =» SEAS 300 mm behind cross beam
D350 =» SEAS 350 mm behind cross beam
D400 =» SEAS 400 mm behind cross beam

3.3.5.2 ORB Simulations

The six models were crashed against the ORB with 40 km/h. The results are shown in Figure
3.3. The analysis showed that depending on the SEAS location the vehicle was able to pass
the ORB criterion (D200; D250; D300). If the lower load path is located further rearward the
structure was not able to apply 100 kN within 400 mm displacement (Basis; D350; D400).
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Figure 3.3: Simulation results of ORB crashes.

As already figured out in the PDB simulations [Lazaro 2013] the sub frame was relative weak.
Due to this only the far forward SEAS could apply enough forces to the ORB. A second run
was conducted with reinforced SEAS (stiffness increased by factor 2).

600

— D200

(D230 Modification s @ F,, [mm] Fnax [KN]
s00 22518
o D200 288 457
' 8
D250 338 468
Fo D300 388 446
o
200 Basis 400 257
o— _ D350 400 183
v/ Y, D400 331 25

0 3
DISPLACEMENT(mm)

Figure 3.4: Simulation results of ORB crashes with reinforced subframes.

Figure 3.4 shows the results with the reinforced sub frame. All modifications, except D400,
pass the ORB test. Due to the very stiff structure the force increase very fast and to a relative
high level.

Following the intention of the ORB test to check SEAS on vehicles that do not meet the US
volunteer agreement Options 1a and 1b, the results indicate that all modification should
bring benefits in car-to-car crashes.

3.3.5.3 FWRB and FWDB Simulations

To check if the SEAS structures can be detected in FWRB and FWDB test all modifications
(initial stiffness of SEAS and reinforced SEAS) were crashed against both barriers with
50 km/h.

Figure 3.5 and Figure 3.6 show exemplarily the row forces and the sum forces for the
simulations with the reinforced sub frame against FWRB and FWDB with 50 km/h. The red
circles mark the maximum forces applied to Row 2. The reinforced SEAS apply very high
forces to the wall, in particular to the FWRB, which is unrealistic compared to real cars but
highlighted the effect on the LCW readings due to the SEAS.
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Figure 3.5: Simulation results of FWRB test with reinforced sub frame.

The main findings for the FWRB configurations were:

e Sub frames in modifications D200 to D350 could be detected

Force levels measured in Row 2 are on same level for modifications D200 to D300
Depending on the position of the SEAS the maximum forces were applied in different
points of time but too late in the impact (after total forces reached 200 kN)
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Figure 3.6: Simulation results of FWDB test with reinforced sub frame.
The main findings for the FWDB configurations were:

e Sub frames in modifications D200 to D350 could be detected
e Due to the load spreading of the honeycombs forces are also applied to Row 1
e Reinforced sub frames applied higher forces but too late in the impact (after 40 ms)

3.3.5.4 Car-to-Car Simulations

To analyse the modifications in car-to-car crashes the modified LFC was raised by 70 mm and
crashed (both vehicles 56 km/h, 50% overlap with respect to the bullet vehicle) against the
baseline super mini, large family car and the executive car, see Figure 3.7. These three bullet
vehicles pass the FWB metrics in their baseline configuration.

The results of this investigation showed that the SEAS did not affect the structural
interaction of the two cars in all configurations. The main reason for that is that the SEAS of
both cars did not meet during the crash or interact just a short moment. This also counts for
the configurations where the SEAS should meet the colliding PEAS.
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Figure 3.7: Car-to-car configurations with first modifications

Figure 3.8: Simulation results of car-to-car crash (D400 red; LFC blue).

As highlighted in Figure 3.8 the results indicated that the vertical connection between the
SEAS and the PEAS offers a good support to the penetrating structures. In almost every case
the SEAS were not activated before they meet this vertical connection. Because this part was
not modified it was located very far rearward.

3.3.5.5 Summary of First Modifications

The conducted simulations showed that the ORB test does not discriminated between
appropriate (provides benefits in car-to-car crashes) and inappropriate SEAS. Thus the ORB
test produces “false positives” which means that the test assess a cars structure as good
while the car-to-car test showed no improvements in the structural interaction.

Based on the results of the car-to-car simulations that the vertical connection between PEAS
and SEAS can bring benefits in car-to-car crashes additional modifications were done.

3.3.5.6 Second Modifications

To analyse the effects of a far forward located vertical connection on car-to-car crashes two
further modifications were modelled. Based on the baseline LFC model, that was raised by
60 mm to align it with Row 4 (raised baseline LFC fails the metrics), the vertical connection
as well as longitudinal and cross beam of the SEAS were moved forward and the cross
section of the cross beam was increased, see Figure 3.9.
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<> option 1 + increased cross section (40mm to 60mm) of cross
member of sub frame

=» sub frame moved forward (200mm behind cross member
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gelele]efeaef]e]

- b
Figure 3.9: Second LFC modifications (vehicles were raised by 60 mm to align them with Row
4).

The following four models were used for this analysis:

LFC baseline (passes all metrics)

Raised LFC misaligned with Row 4

LFC - Option 1 subframe 200 mm and vert. connect. 250 mm behind cross
beam

LFC — Option 2 option 1 + increased cross section (40 mm to 60 mm)

All modifications were run against the FWDB with 50 km/h. For the analysis two assessment
metrics including the new proposal taken into account a limit reduction due to forces
applied in Row 2 were used, see Chapter 4.1. Table 2 and Table 3 show the results of the
FWDB test with 50 km/h. The raised LFC and the modifications fail both metrics. Although,
the intention of the second metric is to promote lower paths the modifications were not
able to apply enough forces. The main reason for that is that the limit reduction criteria
(70 kN) were defined with respect to 56 km/h collision speed, while the simulations were
conducted with 50 km/h. Taking into account the results of the analysis of the test severity,
see Chapter 3.3.6 the forces applied to the wall will decrease with reduced collision speed.

Table 2: Simulation results with FWDB 50 km/h of second modifications (metric without Limit
Reduction).

Current Metric
. Option 2
Misaligned Option 1 . (subframe cross section
. (subframe and vertical X .
(aligned row 4 ) connection far f rd) increased and vertical
WE connection far forward)
Fsum [kN] 458 427 467
o'ZFsum @ _40ms 91.6 8
Y ¥ 54 93,4
[kN]
F4 [kN] 190 146 155
F5 [kN]
F, [kN] 32 46 63
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Table 3: Simulation results with FWDB 50 km/h of second modifications (LR metric).

Limit Reduction Metric
. Option 2
Misaligned Opion1 (subframe cross section
; (subframe and vertical - "
(aligned row 4 ) connection far f rd) increased and vertical
ki connection far forward)
Foum [KN] 458 427 467
F, [kN] 190 146 155
F; [kN]
F; + F, [kN] 251 212 236
D'AFSHM_@_‘OMB
[kN] 183,2 170,8 186,8
o~2Fsum_@_lomu
TkN] 91,6 854 934
F; [kN] 32 46 63
LR [k -38 2 0 .24 9 0 720

The last step was the analysis of the performance of the modifications in car-to-car crashes.
Figure 3.10 shows the geometrical configurations. The cars were run against each other with
56 km/h and 50 % overlap.
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Figure 3.10: Car-to-car configurations with second modifications.

The intrusions and decelerations were analysed. Table 4 shows the measured intrusions.
Even though the intrusions for the overridden car are higher (underriding car hits the
opposing wheel which moves rearwards and causes the higher intrusions) the trend shows
that the modifications for LFC — Options two reduces the intrusions.

Table 4: Intrusion measurements of car-to-car simulations with second modifications.

baseline modified car
baseline - -125mm -220mm
misaligned
baseline - -98mm -122mm
option 2
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Figure 3.11: Deceleration-displacement plots of misaligned against baseline LFC and option 2
against baseline LFC.

Figure 3.11 shows the deceleration-displacement plots of the same configurations.
Compared to the misaligned LFC (red graph) the LFC option 2 shows a clear peak (red dotted
graph) due to the early activation of the sub frame, which indicates the improved structural
interaction.

3.3.5.7 Summary of Second Modifications

Summarising the results of the second modifications it could be shown that a far forward
located vertical connection is able to improve the structural interaction of cars which PEAS
are not in alignment. However due to the fact that the limit reduction metric uses thresholds
defined by analysing 56 km/h FWDB crashes the modified LFCs were not able to pass the LR
metric.

3.3.5.8 Conclusions

The main objective of this request was to analyse the influence of SEAS in car-to-car crashes
and to identify characteristics of appropriate (improve structural interaction) SEAS. The main
findings were that the structural interaction was improved due to the vertical connection
and the increased cross section of the sub frame, even though the modifications (LFC option
1 and LFC option 2) were not able to pass the metrics (with and without LR). The analyses
also showed that the ORB test is a test procedure that is not capable to discriminate
between appropriate and inappropriate SEAS. Furthermore the following SEAS
characteristics were identified to bring benefits in car-to-car crashes:

e Far forward position of the sub frames cross beam
e Far forward vertical connection between SEAS and PEAS
e Large cross section to provide enough support for penetrating structures

Additional analyses for the vertical load spreading are also reported in Chapter 4.3. More
details concerning PEAS and SEAS interaction can be found in Stein et al. 2013/1.

3.3.6 Different Test Speed

Based on the analysis of the test severity for full width crash test, see Chapter 4.2,
simulations were conducted to check if the assessment metrics works independent from the
test speed. The GCMs and the PCMs were crashed against the FWRB with 56 km/h and the
FWDB with 40 km/h, 50km/h and 56 km/h. A detailed description of the investigations and
the results is given in Chapter 4.2.
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3.3.7 Volvo Simulations

Volvo simulation with the car models of the Large Family Car 1 and the SUV 4 were
performed to add data for the development of metric and to answer open questions. The
advantage of this work was that simulation with full vehicle models was done which are
more detailed compared to the generic car models. The SUV 3 was simulated against the
FWDB and FWRB to generate more data for the metric development and to investigate the
performance of a vehicle with a high PEAS and a lower load path. In addition to this
simulation with SUV 3 striking Large Family Car 1 at 50 km/h (side impact) were done.

The results are reported in Chapter 4.3.
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4 FURTHER DEVELOPMENT OF FULL WIDTH DEFORMABLE BARRIER PROTOCOL
4.1 Further Development of Metric

The FWDB metric was originally developed and reported in FIMCAR Deliverable 3.1 can be
summarised as follows:

* Uptotimeof 40 ms
—  F4 3> [MIN(100, 0.2F40) kN
— F3 2 [MIN(100, 0.2Ft40] kN
— where Frz0 = Maximum of total LCW force up to time of 40 ms

F4>Min(100kN, 0,2°F,;) -
F3=Min(100kN, 0,2°F+,,) Fai
Up to time of 40 ms
Fri0= Max. total LCW force up to 40ms

Pass

Figure 4.1: FWDB metric with forces in Row 3 and 4 up to 40 ms.

The concept of this metric is to ensure that all vehicles have adequate structure in alighnment
with the common interaction zone by using a minimum load requirement for Row 3 and Row
4. To ensure that light vehicles are able to meet the requirement, it is specified in terms of a
fraction of the load that the vehicle applies to the wall as well as an absolute value. The
absolute value is also necessary to ensure that the requirement for the strength of the SEAS
for vehicles with their SEAS in alignment with the common interaction zone is not over-
onerous; it is effectively limited to 100 kN.

The objective for the development of a metric modification was that it should allow
designers greater freedom for the design of vehicles with lower load paths whilst still
ensuring that the vehicle has adequate structure in the common interaction zone for good
compatibility. This should help encourage the development of this type of vehicle which is
desirable because this type of vehicle (i.e. one with load paths at multiple levels compared
to a single level load path one) has been shown to have better compatibility in terms of
structural interaction potential.

The concept for the metric modification was:

— Reduce the load required in Row 3 by a part of the amount of load that the vehicle’s
lower load path applies to Row 2.

— Still require same minimum load in Rows 3 and 4 overall to ensure that the vehicle
has adequate structure in alighment with the common interaction zone.

The methodology used to develop the metric modification was:

— Determine max load that vehicles without subframes apply to Row 2.

— Subtract load that vehicles apply above this load in Row 2 from load requirement for
Row 3. To ensure that the situation does not arise where there is no load (or
structure) in alignment with Row 3, the limit reduction was capped at 50 kN.
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Following this methodology and using the data from available tests shown in Figure 4.3 the
following modified metric was developed:

Up to time of 40 msec

F4 + F3 = [MIN(200, 0.4F145) kN \o
F4 = [MIN(100, 0.2F140) kN Fail
F3 = [MIN((100-LR). (0.2F45-LR))] kN

lYes

Pass

with:
Frap = Maximum of total LCW force up to time of 40 msec
Limit Reduction (LR) = [F2-70] kN and 0 kN = LR = 50 kN

Figure 4.2: FWDB Metric with Limit Reduction.

Notes:

e Additional requirement on (Row 3 + Row 4) was needed to ensure that the overall
load limit on Rows 3 and 4 remains the same as for the original metric when limit for
Row 3 is reduced.

e Maximum load that vehicle without subframe applies to Row 2 is 70 kN by Nissan
Micra (from Figure 4.3 which summarises currently available test data).

e The Limit Reduction (LR) is capped at 50 kN to ensure that some load is applied to
Row 3 and hence that some structure is in alignment with it.

e Further validation of the proposed performance limits is recommended, in particular
consideration of light cars and the influence coming from the proposed change in
test speed to 50 km/h is needed.
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Ford
Focus
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Subframe

Row 4

Row 3 80 175 133 123 150 127 142 100 65 151 35 116
Row 2 61 54 50 70 61 84 93 47 21 35 21 78
Row 1 36 26 36 29 30 20 15 23 19 21 0 13
Row

(1+2) 3

3 79 86 97 91 100 108 69 40 56 21 80
Rover [Rover 75 Volvo Renault Citroen
75 weak| strong XC90 Twingo C3 raised
255 301 172 171 235 320 295 98 77 146 113 142 192

Row 4

Row 3 84 38 117 154 179 133 85 134 153 139 137 62 151
Row 2 94 70 74 68 64 20 30 58 107 123 61 29 101
Row 1 13 11 15 25 5 15 0 31 67 45 18 45 31
(Fl{g_\g) 103 76 81 93 69 31 30 88 170 158 79 74 112

Figure 4.3: FWDB tests — Row load forces in kN up to 40 ms Note: Row (1+2) load calculated
by adding Row 1 and Row 2 loads at each time step and then determining max load up to
40 ms.

The advantage of the modified metric can be seen by comparing how easily the Small Family
Car 1 car meets the metric modifies performance limits (Table 5). It should be noted that the
Small Family Car 1 has a quite high Primary Energy Absorbing Structure (PEAS) but also has a
Secondary Energy Absorbing Structure (SEAS) subframe loadpath and was proofed to
perform well in aligned and misaligned car-to-SUV tests.

Table 5: Comparison of Small Family Car 1 Row load forces with original and modified metric
performance limits.

Row Force Value Original Metric Modified Metric

KN Performance Limits Performance Limits
kN kN

F4 188 100 (109) 100 (109)

F3 107 100 (109) 85 (94)

F4+F3 295 N/A 200 (217)

F2 85 N/A N/A

Total 543

It is seen that with the modified metric the load requirement for Row 3 is reduced which
enables the Small Family Car 1 to meet the metric requirements more easily than for the
original metric. Indeed, if the original metric was implemented a manufacturer may have
considered the Small Family Car 1 design inadequate and altered it because it was too close
to the limit. This would not be the case for the modified metric.
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It is recommended that further validation of the suggested values for the performance limits
is undertaken to ensure that this metric is appropriate for regulatory application, in
particular if a test speed of 50 km/h is chosen because the performance limits suggested
above were formulated based on the available test data which had a test speed of 56 km/h.

4.2 Definition of Test Severity / Velocity

It was important to establish a test severity for the full width test procedures to ensure the
candidate procedures were representative of the real world conditions. The existing UN-ECE
Regulation 94 was used as a benchmark for the offset tests. A similar European benchmark
was not available for the full width test and therefore a justification for test severities was
developed in the project.

A review of reconstructed German accidents in the GIDAS database was developed by BASt
and is presented in Figure 4.4. In principle the analysis combines the injury risks resulting
from accidents with certain velocities with the accident risks at these velocities. The vertical
axis is labelled “accumulated risk” but may also be referred to as “accumulated incidence” or
“incidence” and represents the proportion of injuries reported over a range of delta-vs. Each
point on the line is the average value for a moving window of 10 km/h to identify the
potential contribution of a test delta-v related to real world crashes that occur within the
window +/- 5 km/h for each reference delta-v. This conservative approach assumes that the
test severity only influences vehicle designs and resulting occupant safety for crashes within
this severity window. The example illustrates the peak incidence of MAIS 2+ injuries at
52 km/h and the speed range over which the risks are summed (47 to 57 km/h). All curves
(MAIS 2, 2+, and 3+) exhibit peaks for delta-v around 52 km/h and fall off sharply after delta-
v 55 km/h. This is not unexpected as the majority of collision cases occur for impact speeds
below 50 km/h.

The real work data indicates that the highest risks for MAIS2+ injuries are in the range 47 to
57 km/h and that this impact severity should be used to direct future car designs. Given that
a full width test delta-v usually involves a rebound velocity of approximately 10% the impact
speed, a test speed of 50 km/h was selected for a full width test severity, regardless of the
barrier face selected.
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Figure 4.4: Incidence of injuries in high overlap accidents (overlap > 75 %).

4.3 Vertical Load Spreading

Structural interaction was a high priority work item in FIMCAR. The groups identified sub
elements of such as structural alignment, horizontal load spreading and vertical load
spreading. The latter is a particularly important issue to investigate as benefits of lower load
paths and SEAS have been identified in earlier projects and international activities relating to
higher vehicles, like SUVs, need to be addressed. To further investigate vertical load
spreading, three specific tasks were identified:

1) Report on recent international research related to evaluation and performance of
lower load paths and SEAS, specifically how far forward must a structure be
positioned so that it can interact with a collision partner

2) ldentify what characterises “appropriate” SEAS which provides a benefit in a car-to-
car crash

3) Identify potential methods to assess or identify an appropriate SEAS

The benefits of vertical load spreading were identified in the VC-Compat project and
confirmed in the FIMCAR car-to-car tests. Details of these tests are presented in the
following sections.

4.3.1 Recent International Research

The most significant issue that was discussed during the development of a FW test was the
issue of detecting structures behind the bumper cross beam that may not be directly loading
a load cell wall early in the impact. Both Japan and the US were reviewing the loading
patterns of vehicles on a FWRB to develop compatibility metrics for their full width legislated
test. Japan had proposed that the structure of the vehicle should be evaluated before the
engine begins loading the LCW. This approach was used in FIMCAR to develop of the FWRB
metric (Reported in FIMCAR D3.1Adolph et al. 2012). This limited the evaluation of vehicle
structures to the very forward structures and any forward mounted subframe or block beam
could not be assessed before motor-LCW contact. The proposal of the Auto Alliance for an
Over Ride Barrier (ORB) was made as one method to assess the SEAS of vehicles that are not

VIII - 24



frontal im, ment research

it ndcompatity i Further Development of Full Width Deformable Barrier Protocol

otherwise detected in a FWRB. The test apparatus is shown in Figure 4.5 and details of the
test procedure can be found in the paper of [{Patel 2009 #20}].

Figure 4.5: Example of ORB test configuration [{Patel 2009 #20}].

The importance of the vertical load distribution and its evaluation in a full width test was a
critical issue in the WP3 activities in FIMCAR. Concerns were made about the potential to
introduce a regulation that would legislate a vehicle type from the market. Vehicles with
higher structures, like off road vehicles, could have difficulty meeting a requirement for
applying loads into a certain vertical region on the FW barrier. It is undesirable to create a
legal requirement that cannot be met by vehicles because they cannot be constructed to
meet other requirements without the prove that not meeting the crash test criteria will
necessarily result in unsafe cars. Thus the FWRB was seen to need supplemental test
information.

The FWDB barrier was part of the WP3 activities and its proponents have claimed that it may
be possible to identify lower load paths. JAMA provided test data of a vehicle which has
SEAS located 378 mm behind the bumper cover and PEAS that is positioned within the Part
581 zone (Figure 4.6). Although the vehicle met the FWDB metrics, JAMA concluded that the
FWDB was not able to measure the loads in the SEAS due to the weak crush strength of the
first layer and the SEAS was not able to penetrate into the second, stiffer, layer.

—

Row 4
500 ¢ -Part581zone

400 Row 3

Front end of vehicle

> 50%
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w
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Figure 4.6: Test vehicle geometry of JAMA test.

The issues and activities described above were concerns within the FIMCAR consortium and
further investigations of the SEAS and PEAS requirements for higher vehicles were
conducted.
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4.3.2 Accident Analyses

The real world performance of vehicles with taller structures has been part of many NHTSA
projects due to the high proportion of LTV and SUV vehicles in the vehicle fleet. The Average
Height of Force (AHOF) metric was developed as a potential compatibility metric to assess
compatibility an update of the AHOF investigations is found in Summers et Prasad 2005. This
metric has not found international acceptance and has a drawback for assessing lower
structures as it assesses the entire loading profile as one force application position and does
not treat the front structures separately.

The Alliance of Automotive manufacturers [Auto Alliance 2009] presented a self
commitment to LTV and SUV geometry that would be implemented by 2009. Different
studies have tracked the performance of vehicles to identify the benefits of the geometric
requirements. The two most recent studies were conducted by IIHS [Teoh 2011] and NHTSA
[Greenwall 2012]. The studies investigated the fatality risk for passengers of passenger cars
struck by LTVs. In both cases the studies showed that late model LTVs that fulfilled the self
commitment were performing better than corresponding model vehicles built prior to the
commitment. Thus the geometric alignment of PEAS and SEAS with the part 581 zone has
had benefits to traffic safety. The more crucial question is the identification of the
effectiveness of the type of vehicle designs. Stage 1 vehicles comply by having a significant
portion of their PEAS in line with part 581 and thus the main structures of both collision
partners are in line. Stage 2 vehicles comply by positioning a lower structure under the PEAS
to align in the Part 581 zone. This second option is specified in geometric requirements but
has been more difficult to specify in a performance based test. The ORB [Patel 2009] is one
proposed method to assess the performance of SEAS.

While both NHTSA and IIHS have identified benefits for passenger car occupants by the
introduction of the geometrical alignment of structures, NHTSA has done a more thorough
investigation of the different models and method (Stage 1 or Stage 2) of compliance
[Greenwall 2012]. Table 6 shows the results from the NHTSA study divided by vehicle type
and method of compliance.

Table 6: Effectiveness of vehicles complying to Auto Alliance Self Commitment.

Number of reviewed models by
method of compliance

PEAS SEAS
Vehicle Type Effectiveness
(Stage 1) (Stage 2)
Pickup Trucks 0 32 -4.9%
SUVs 24 15 17.5%

Communication with NHTSA indicated that the material did not allow for a separate analysis
of Stage 1 or Stage 2 vehicles. It is relevant to point out that the vehicle type most
dependent on Stage 2 approval (pickups) has not shown any benefit by complying to the
geometric guidelines. Conversely, SUV type vehicles which predominantly have a Stage 1
approach to compliance have shown to be better than their predecessors. NHTSA points out
that the benefits to car occupants is not solely due to the compliance of LTVs and SUVs to
the self commitment as passenger car self protection has improved over the years and this
also contributes to the reduced fatality rates. It is also important to consider that pickups are
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predominantly body-on-frame structures that are different from uni-body designs found on
most SUVs.

The results of the accident analyses indicate that there are benefits to alignment of
structures but the role of a SEAS or lower load path set behind the bumper is still not well
understood. A test method to identify SEAS that is shown to be effective in car-to-car
crashes is a central issue for the full width test to be proposed by FIMCAR.

4.3.3 Crash Tests and Simulation Analyses

The need of a second stage assessment and the appropriate method for evaluating was
investigated by a review of previous test and simulation activities as well as new FIMCAR test
and simulation results.

The ORB was proposed by industry to complement the full width test and has been
evaluated by NHTSA. Patel et al. [Patel 2009] demonstrated with crash tests that vehicles
fulfilling the ORB did not necessarily provide benefits in a car-to-car crash. The main reasons
that can be identified:

1) The acceptance criteria are too generous. The requirement to meet a force threshold
in the first 400 mm of travel can result in significant interaction of a stiff PEAS before
any contribution of a SEAS with the collision partner.

2) The force measurement in a rigid load measurement system can overestimate the
contribution of structures when a displacement based procedure is used.

3) The test method has no requirement for energy absorption of the structures and thus
no demands are placed on the SEAS to maintain the threshold force.

An example of a vehicle with acceptable ORB performance is the GMC Silverado analysed by
Patel et al [Patel 2009] and the structure is shown in Figure 4.7. The SEAS are small brackets
hanging from the PEAS and fulfil the geometric requirements in the self commitment.

Figure 4.7: Silverado with SEAS structures.

The SEAS on the Silverado was sheared off in the ORB test but met the force requirements
during the test period required. Figure 4.8 shows the test data recorded (left) and the
vehicle undercarriage with the location of the SEAS bracket after the test (right).

Vehicle-to-vehicle simulations were used to assess the performance of the Silverado with
and without its SEAS structure and the results showed negligible contributions of the SEAS
configuration installed on the Silverado [{Patel 2009 #20}]. Although the study showed that
the ORB also produced positive results for SEAS that made a contribution in a vehicle-to-
vehicle crash, the false negative produced by the ORB was a point for concern.
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Figure 4.8: Silverado SEAS response in ORB test [Patel 2009].

Since the ORB has been designed predominantly for the large LTVs and SUVs in the US
market, further simulations were conducted in FIMCAR to identify the suitability of the ORB
for passenger car applications as well as the ability of the FWDB to detect SEAS. Car-to-car
simulations were also explored to understand the ability of different sub-frame
combinations to contribute to crash performance.

4.3.3.1 FIMCAR Simulations with PCM Models

Vertical load spreading and effective SEAS/lower load path structures were the focus of a
FIMCAR WP6 request to WP5 to conduct computer simulations. The Parametric Car Models
developed by TUB [Stein 2013/2] were used to investigate different car designs as shown in
Figure 4.9. The subframe set back distance was positioned in 6 different positions (200 —
400 mm behind the bumper) to determine when the subframe is detected by the ORB. The
models were then impacted against reference PCM models to identify the influence of the
different subframe designs. The models were also simulated with impacts into the FWDB
barrier to assess if the different subframe configurations were detected by the metric.

The PCM models were able to satisfy the ORB tests except for the case when the subframe
was 400 mm behind the bumper. This was expected as the subframe must contact the ORB
and deform before it can exert the 100 kN required. See Figure 4.10 where a successful test
requires the curve to pass through the shaded area.

v=40km/h

Different
Designs Investigated

400mm

330mm

Figure 4.9: PCM model configuration with ORB.
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Figure 4.10: Force / PEAS displacement recorded for PCM models for ORB.

For the FWDB simulations, the vehicle was shifted vertically so that it would resemble a
higher LTV or SUV (Figure 4.11, left). In all cases the lower load path was unable to create
sufficient loads on the LCW so that the FWDB metric would be met. The row loads shown in
Figure 4.11 show how little force is applied in Row 3.

600
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H
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8
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Figure 4.11: FWDB simulation configuration and sample results.

In a second series of simulations, the vehicle structure was adjusted so that the vertical
connection between the PEAS and SEAS was moved forward (Option 1) and the subframe
cross beam section height was also increased (Option 2) to create a larger contact surface on
the deformable barrier (Figure 4.12). Even after the adjustments, the vehicle was not able to
meet the FWDB criteria although there were improvements in the loads recorded on the
LCW. Figure 4.13 shows the LCW results and there are noticeable improvements in Rows 2 &
3 (lower 2 curves) due to the subframe modification.
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Figure 4.13: FWDB results in second series of PCM modifications.

The summary of the FWDB load cell loads processed for the proposed metric are presented
in Table 7. In all cases the Row 3 loads are below 100 kN and the Row 2 loads never exceed
the 70 kN needed to achieve a Limit Reduction in Row 3.

The PCM simulations for barrier impacts needed to be compared to simulations of the same
vehicles impacting other vehicle models to evaluate the performance of the subframe
configurations under car-car conditions. No occupants and restraint systems were modelled
so only compartment intrusions and accelerations were used to compare the different
simulations results. In all cases the PCMs with different subframes were positioned to be
higher than the collision partner to evaluate the effectiveness of the lower load paths.

Table 7: Calculation of FWDB metric for PCM simulations in second simulation series.
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Limit Reduction Metric
. Option 2
Misaligned Option 1 . (subframe cross section
) (subframe and vertical . .
(aligned row 4) . increased and vertical
connection far forward) .
connection far forward)
Fum [KN] 458 427 467
F, [kN] 190 146 155
F, [kN] B 66 :
F; + F, [kN] 251 212 236
0'4Fsum_@_40ms
TKN] 183,2 170,8 186,8
0'2Fsum_@_40ms
TkN] 91,6 85,4 93,4
F, [kN] 32 46 63
LR [kN -38 =20 24 20 720
fail fail fail

The results of the first car-to-car series with the PCM investigated the reference PCM (a
Large Family Car — LFC) impacts with a smaller Super Mini (SM) and a heavier Executive (Exe)
car. When the intrusions were compared, no benefit for the different subframe designs
could be observed. It was observed that the small section of the subframe cross beam and
the rearward position of the vertical connection would allow a vertical fork effect to occur
and reduce the interaction of the subframes with the partner vehicle’s structures. When the
second series (with better subframe designs) were analysed (see Table 7), there were
improvements in the case of Option 2 compared to the baseline case (unmodified LFC
against itself as shown in the lower part of the table).

Table 8: PCM car-to-car simulation results.

Baseline Modified car
Baseline - Misaligned -125mm -220mm
Baseline - Option 2 -98mm -122mm
Reference Baseline Baseline
Baseline - Baseline -163mm -167mm

An earlier interaction of the vehicles could be observed in the acceleration vs. displacement
plots presented in Figure 4.14. The red curves (with option 2) show earlier interactions than
the standard vehicle accelerations (blue).
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Figure 4.14: PCM simulations of reference case and best subframe configuration.

The PCM simulations should be reviewed as there is a significant simplification made when
the vehicle structure was modified. Subframe geometry was modified only without
balancing of the upper and lower load path stiffness’s. The original PCM model was designed
to have acceptable scores in the offset and full width test conditions but no optimisation of
the baseline or modified vehicles were conducted. Better FWDB results would be expected
in the modified cases if a more extensive engineering analysis was conducted.

As a result of the PCM simulations, the values for the Limit Reduction (LR) and allowable
adjustment of Row 3 loads was reviewed. As seen in Table 7, the Row 3 loads were at 80 kN
and Row 2 loads were nearing 70 kN. The limit reduction proposed earlier in this chapter
was based on the test data that suggested that crash structures tended to produce more
than 70 kN on a row. Given that the vertical fork effect was observed in the simulations and
that 70 kN row loads were produced by vehicle structures that were giving positive results in
car-to-car impacts, it was proposed that the limit reduction in Row 3 should not result in
measured Row 3 loads being under 70 kN. These values are based on 56 km/h FWDB tests.

4.3.3.2 Car-to-Car Simulations with other Vehicle Models

Chalmers and VTI researchers had conducted an earlier study on the effect of subframe on
car-to-car impacts [Park 2009, Thomson 2008]. These simulations indicated how
modifications of the public FE model of a Ford Taurus affected the crash response. As part of
WP6 request to WP5, the Taurus models were simulated in a FWDB impact by TUB so that
the FWDB metrics could be correlated to the car-to-car crash performance. The subframe
configurations investigated are shown in Figure 4.15.

The results of the car-to-car simulations were presented in [Park 2009, Thomson 2008] and
are summarised in Table 9. What is significant to note is that the extended Subframe tended
to improve the vehicle performance and the shortened Subframe tended to decrease the
performance compared to the baseline vehicle. As seen in Figure 4.15, the basic subframe is
more than 300 mm behind the bumper and the shortened Subframe is more than 400 mm.
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Figure 4.15: Variations of Ford Taurus subframe.

Table 9: Car-to-car of different Taurus subframes (O: Good, A: No better and X: Poor)
[Thomson 2008].

Cases™ Difference! (mm) in™ Vehicle 2o .
Horizontal Vertical Self Partner i
< AHOF= [ AHOF400= . . Performance’c
Overlap= Overlap= Protection® Protection<]
100%= Ao Oz Oz
60%< 100%= -172 -64c Xo Oa X
RoEal40%2 Xe Oc Xo
100%= A -
60%< 25%~< 88c 41 Xa i Xo
40%< Xo Xo Xo
100%= Ao Xo X
E2B= 60%< 25%%< 122c 169 Ozc Ozc Oz
40%< Oc Qo (0=
100%2 i e —
60%< 100%x= 56 25a Xa o Xo
40%< Ax (o Xo
B2 h0%en oc o Xo
60%< 25%< 161 130 Xa o Xo
40%< Oc Xo Xa
100%= AL Oz Oz
S2Ba 60% 25%x 49 80 Xo Oz Xa
40%< Ax Ap Aa

- 1. Difference is given by subtracting AHOF or AHOF400 of vehicle 1 from one of vehicle 2.9
- 2. Self- and partner-protection of vehicle 2 is opposite of vehicle 1. §
- 3. The results are compared with B2B under same C2C test condition.

The simulations with the FWDB show that the shortest subframe has essentially no contact
with the deformable barrier at the 40 ms reference time. Figure 4.16 shows that both the
basic and extended subframes are well into the first layer while the short subframe (bottom)
is just starting to contact the barrier.
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Figure 4.16: Vehicle/barrier reference dimensions at 40ms.

The FWDB tests were simulated with the Taurus in its raised conditions. The car-to-car
simulations were conducted with the Taurus having a vertical offset of 25% - 25% of the
vertical section height of the longitudinals were in contact. The row loads calculated for the
cases are shown in Figure 4.17. All three cases meet the FWDB metric. It can be seen that
the shortened subframe case just meets the 100 kN in Row 3. The raised Taurus still has
some of its PEAS extending into Row 3 and this is enough to load this area of the barrier
sufficiently for a positive evaluation. The Row 2 loads show significant differences for the
different cases.
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Figure 4.17: Row loads in FWDB tests with Taurus.

The results of the Taurus simulations showed that vehicles barely meeting the FWDB metric
had poorer performance than those with higher loads in Row 3 and 4. The results also
showed that vehicles producing Row 2 loads over 80 kN were better than those with only
40 kN. The barrier was starting to detect subframes 337 mm behind the bumper crossbeam
and it was this region 300 to 400 mm that subframes could be seen to introduce differences
in car-to-car crash performance.

4.3.3.3 Other Test and Simulation Results in FIMCAR

The influence of vertical load spreading can be inferred from the car-to-car test and
simulation activities in WP6. FIMCAR Deliverable D6.1 [Sandqvist 2013] describes the results
of different vehicle configurations. The results showed that the vehicles with lower load
paths, i.e. better vertical load spreading, performed better than single load path vehicles. It
was also shown that cases where SUV 1, in both its standard or lowered, ride height
produced reasonable compatibility results in striking a smaller passenger car due to its well
designed lower structures. Section lll shows that the results tended to be better when the
structures are aligned, but even the misaligned case could have acceptable structural
interaction. This can be related to the ability of SUV 1 to produce acceptable FWDB results in
its standard ride height.

A simulation and side impact study was conducted with a crossover SUV 3 and its sister
vehicle in a sedan configuration. The SUV was fitted with a lower load path that could be
removed for simulation and test purposed. The side impact tests are reported in Section Il
and showed that vertical load spreading was desirable for side impact configurations. The
complementary frontal impact investigation of the SUV 3 had similar results as for SUV 1.
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4.3.4 Summary for Vertical Load Spreading

The tests and simulations conducted in FIMCAR indicate that structural alignment is a high
priority for frontal impact and compatibility and that vertical load spreading is an important
supporting characteristic. In all cases, vehicles with vertical load spreading can be detected
with the FWDB if the structures are less than 400 mm behind the bumper. Lower load paths
that are detected in a FWDB by exerting more than 70 kN (in the 56 km/h test case) show a
benefit for car-to-car crash performance. An FWDB metric that rewards vehicles with 70 kN
in Rows 2&3 would be beneficial for vehicle safety.

4.4 Horizontal Load Spreading

4.4.1.1 Background

The FIMCAR project produced a list of assessment requirements and priorities which ranked
load spreading as a top priority [Thomson 2013]. After the review of the candidate test
procedures, the FIMCAR consortium decided to proceed with the combined FWDB and ODB
tests as the best assessment approach based on the current state of the art [Thomson 2013].
Vertical load spreading is addressed in the FWDB metrics, but horizontal load spreading was
not addressed in any of the final test procedures. The exclusion of the (M)PDB test in the
matrix reduced the potential to assess horizontal load spreading, so FIMCAR investigated a
Horizontal Load Spreading assessment using the FWDB test to increase benefit of the new
test procedures

4.4.1.2 Review of Previous Work

Horizontal load spreading with the FWDB has been investigated in earlier projects and
resulted in 3 different versions:

a) Part of a global homogeneity metric “Column Homogeneity” (Hc) (beginning of VC-
Compat)

b) Separate “Horizontal Negative Deviation” metric (during VC-Compat)

¢) Horizontal Structural Interaction (HSI) metric (VC-Compat & Aprosys)

The common problems/concerns with a) and b) were that they are based on peak loads in
each load cell which may occur at different times in the event and may not be physically
realistic. The metrics did not show consistent results with a series of Rover 75 tests with
modified bumper stiffness’s. The main issues for c) were poor repeatability observed in
some APROSYS tests, no clear threshold for performance limits, and the assessment itself
was seen as too complex.

4.4.1.3 FIMCAR Approach

A prerequisite for a horizontal load spreading metric is that the metric for an FWDB test
should reflect car-to-car crash performance. The bumper beam characteristics of 3 different
cars were defined based on car-to-car testing:

— VW Touareg: Stiff and narrow cross beam (Figure 4.18)
— VW Golf: Golf stiff crossbeam (Figure 4.19)
— Opel Astra: Weak crossbeam (Figure 4.20)
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Figure 4.19: Front Structure of VW Golf, left: VW Golf versus Touareg, right: VW
Volvo XC 90.

Figure 4.20 Front Structure of Opel Astra after crash test versus VW Touareg.

The bumper beam characteristics observed in car-to-car testing can also be confirmed by the
footprint produced by the bumper beam in the barrier of the PDB 50% test (Figure 4.21).
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Figure 4.21: PDB barriers after crash tests; Left: VW Touareg, Middle: VW Golf, Right: Opel
Astra.

FWDB Testing

The results from the FWDB test of the above mentioned cars were analysed with respect to
horizontal load spreading assessment. The analysis was done both by using the LCW
visualization tool in the FIMCAR database and by looking at the peak forces for each column
in Row 3 and 4 of the Load Cell Wall. Both analyses were done up to 40 ms (before the
engine starts to load the barrier). As can be seen in Figure 4.22, the method to summarise
the peak forces for each column in Row 3 and 4 does not at reflect all the result from the
car-to-car testing. The VW Touareg appears to have a very weak cross beam relatively to the
force from the longitudinal side members. Furthermore, the method does not seem to
clearly distinguish the difference in bumper characteristics between VW Golf and Opel Astra,
which, when reviewing Figure 4.22, look relatively similar even though they have different
car-to-car performance.

Sum of row 3 & 4 peak force during time 0-40ms / column

VW Golf
Opel Astra

VW Touareg

) IIIII‘IIII IIIIIII |
u——-——.. | I I e BN
3 a 5 6 7 8 9 10 11 12 13 14 15

1 2 16
Column

Figure 4.22: Sum of row 3 & 4 peak force during time 0-40ms / column.

By using the LCW visualization tool in the FIMCAR database, force distribution plots like
Figure 4.23, Figure 4.24 and Figure 4.25 can be produced. For the VW Touareg (Figure 4.23)
it is obvious that the car-to-car characteristics are not reflected in this plot and even looks
more like the opposite case, the beam is very weak relative to the longitudinal side
members. There is a possibility to distinguish between the bumper characteristics of the VW
Golf and Opel Astra, but this approach does not discriminate between the cases as well as
desired.
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Figure 4.23: VW Touareg. Figure 4.24: VW Golf.

Figure 4.25: Opel Astra.
4.4.1.4 Summary

The FIMCAR approach to assess horizontal load spreading in the FWDB test started with two
relatively simple methods to study the potential for a horizontal load spreading metric.
These two methods clearly show that the potential is very low to comply with the
prerequisite that the metric should reflect the characteristics proved in car-to-car testing.
The results for the VW Touareg were, in particular, contradictory to what was observed in
both car-to-car and PDB tests to such an extent that further attempts to develop a metric
were considered pointless. It was decided to not attempt any further development of a
horizontal load spreading metric for the FWDB within the FIMCAR project.
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5 DEVELOPMENT OF LOAD CELL WALL CERTIFICATION AND CALIBRATION PROCEDURE

The use of an LCW for the assessment of cars requires a well defined and agreed LCW
Certification procedure suitable for inclusion in regulation.

The proposed procedure was developed by Humanetics with support from other FIMCAR
partners and Kistler (in this chapter referred to partners). This report presents the activities
done and resulting documents.

5.1 Approach and Reference to Contents in the Report

Possible approaches for the certification of assembled walls were discussed with FIMCAR
partners. Using the expertise from partner’s options like wall flatness measurements,
dynamic impact test using trolley with well defined impact area, load cell static calibration
and load cell dynamic calibration were evaluated. Regarding the certification of installed
walls it was decided to only have requirements on wall flatness included. Other options like
full scale trolley tests with well defined loading surfaces are too expensive and include
inaccuracies like orthogonality to the wall. In addition to the wall certification the need of a
load cell specification and calibration section in the protocol was forwarded by the partners.
Here options of static and dynamic calibration were discussed. As currently no proven
methods exist for calibration under dynamic loading conditions it was decided to stick to
static methods. Static calibration is also applied in load cell calibrations used in other tools
used in the crash safety assessment of cars like Anthropomorphic Test Devices (ATD’s).

5.1.1 Static Calibration of Load Cells

Static calibration is currently done for all LCW’s in Europe using specifications as set by the
LCW manufacturers. However, for usage in test protocols load cell specifications and
performance limits are needed. Also a calibration procedure is required that includes
information on items like hysteresis and non-linearity. In discussions with partners it was
decided to generate a Load Cell Specification and Calibration document based on the
following documents:

e SAE J2570: Performance Specifications for Anthropomorphic Test Device Transducers
[SAE 2001]

e |SO 6487: Measurement techniques in impact tests — Instrumentation [ISO 2012]

e SAE J211: Instrumentation for Impact Test, Rev. 07/2007 [SAE 2007]

e DIN ENISO 376 [DIN 2011]

Using the references mentioned above specifications and a calibration protocol were
defined for the load cells. Parameter values were set based on needs for the FIMCAR metrics
and manufacturers specifications of existing walls. The protocol is included in Annex A of this
document.

After establishing a draft version of the protocol it was applied to a series of load cells from
FIMCAR partners. Calibrations were performed to check and refine values for parameters
like hysteresis and non linearity. Chapter 5.3 of this report describes the load cell calibrations
done and the resulting parameter values. Final values are included in the protocol of Annex
A.

VIII - 40



frontal im, ment research

it ndcompatity i Development of Load Cell Wall Certification and Calibration Procedure

5.1.2 Load Cell Wall Flatness

The wall flatness is mainly (or even only) an issue in case a barrier with deformable element
is used in front of the LCW. The barrier is backed by a plate of about 2 mm thickness which
spreads the loads between cells which are not aligned. Although non-alignment of cell faces
can (at least partially) be compensated by adjusting the protective layers it was decided to
collect flatness data from a number of existing walls and based on this define requirements
for this parameter.

To define requirements for the wall flatness measurements were done on three different
LCW’s. Cell locations in 3-D space were measured using FARO arms. Data were then
processed to reveal information on flatness of existing walls. For one of the walls the
flatness information was compared against results from trolley tests with a flat impacting
surface. Peak loads and loading histories were correlated with cell positions in depth
direction. Results of the wall flatness analysis are included in chapter 5.4.

The resulting values for the wall flatness were used to define a LCW certification procedure
as included in Annex B. Other requirements like cell size, ground clearance, cell numbering
are straightforward and did not need any further investigations.

5.2 Static Load Cell Testing
To confirm parameters proposed for the Specification and Calibration document load cells
available from FIMCAR partners were calibrated according to the procedures and output

generated for sensitivity, non linearity and hysteresis. This chapter describes the test set-up,
analysis methods and test results.

5.2.1 Test Set-Up

The load cell tests were performed on a calibrated INSTRON machine shown in Figure 5.1.

Figure 5.1: Load cell test in INSTRON machine.
The following loading sequence was applied to each cell (see Figure 5.2):

1. Three preloads up to 200 kN

2. Loading up to 200 kN increasing the load from 0 to maximum value in five steps.
After each step some time to achieve stable equilibrium of the applied load level was
considered. In the sequel this loading type is referred to as stable load condition.

3. Loading up to 200 kN with a continuous dynamic loop directly followed by unloading.
This loading type is referred to as dynamic loop condition.
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Figure 5.2: General loading sequence.

A total number of 10 load cells were subjected to the loading described above. The cells
were provided by FIMCAR partners IDIADA (1 cell), BASt (2 cells), TRL (5 cells). In addition
Kyowa provided 3 cells. One of the TRL cells was tested with and without protective layer.

5.2.2 Data Analysis

Through the analysis of the test data information can be obtained on the sensitivity, the
non-linearity and the hysteresis. See Figure 5.3 for the definitions of these parameters. In
the next sections these analyses are explained in more detail.

TYPICAL SENSOR CALIBRATION
F.S. (EXAGGERATED) TERMINAL LINE
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Figure 5.3: Analysis definitions according SAE J2570 standard.
5.2.2.1 Load Cell Sensitivity

The load cell sensitivity is defined as the output in mV/V at maximum load (full scale load
level). This can be established from the stable load and the dynamic loop conditions.
Hysteresis effects may cause that the sensitivity value is slight lower for the stable loop
condition.
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Stable load condition

At the maximum load level (step five in the stable load application) the average applied load
and average load cell signal is calculated over two seconds of stable load (~20 samples). The
output at maximum load level is calculated assuming a linear relation between load and
output. See for example time window from 192 to 194 seconds in Figure 5.4 below:

- The measured average applied load is 299.998854 kN

- Average load cell output -1.356250 mV/V

- Resulting sensitivity at maximum load (300 kN) = 300 / 299.998854 * -1.356250 = -
1.356255 mV/300 kN/V.

100 110 120 130 140 150 160 170 1RO 150 200 210
Timein [sec]

Figure 5.4: Time window of 2 seconds at full scale load level.

Dynamic loop condition

In this loading condition two data points close to the full scale load level in the loading curve
of the continuous dynamic loop are taken and extrapolated to the full scale load level. See
for example Figure 5.5:

- Data point 1: Applied load 297.159183 kN, Measured output -1.346150 mV/V
- Data point 2: Applied load 299.474072 kN, Measured output -1.356280 mV/V
- Sensitivity at 100 % Full Scale load level (300 kN) is -1.358581 mV/300 kN/V
(extrapolated)
-136

-1.355

-1.35

Measured Output in [mV/V]

-1.345

134
230 240 250 260 270 280 290 300 310 320 330 296 297 298 299 300 301

Applied load in [kN]

Figure 5.5: Extrapolation of measured data close to the full scale load level in the dynamic
loop.
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5.2.2.2 Non Linearity

The load cell non linearity as depicted in Figure 5.3 can be established in the stable load and
the dynamic loop conditions. Also for this parameter hysteresis effects may introduce small
differences between both loading conditions. For the non linearity the deviations of the
output at 0%, 20%, 40%, 60% and 80% full scale load level is established with respect to a
straight line (the so called “Terminal line”) through zero load zero output and the output at
maximum load level.

Stable load condition

a. At 0%, 20%, 40%, 60%, 80% and 100% full scale load level the average applied load and
average load cell signal is calculated over two seconds of stable load (about 20 samples)
(see Figure 5.6).

b. These average stable load output results are scaled to the nominal values using the two
adjacent average results.

c. The terminal line is the line through zero load zero output and the output at full scale
load level (sensitivity)

d. At each load level is the deviation of the average stable load output results at nominal
load with respect to the terminal line divided by the output at full scale load level is
calculated.

e. The non linearity is the maximum deviation from the terminal line divided by output at
full scale load level

B0 90 100 110 120 130 140 150 160 170 180 190 200 210

Time in [sec]

Figure 5.6: Time windows of 2 seconds at zero and 20%, 40%, 60%, 80%and 100% full scale
load level.

Dynamic loop condition
See (Figure 5.7):

a. The terminal line is the line through zero load zero output and the output at full
scale load level (sensitivity)

b. At each data point the deviation of the output results with respect to the terminal
line divided by the output at full scale load level is calculated.

c. To stabilize the deviation the average over 40 samples is calculated

d. At 0%, 20%, 40%, 60%, 80% and 100% full scale load level the deviation is read from
the averaged deviation.

e. The non linearity is the maximum deviation from the terminal line divided by output
at full scale load level determined at 0%, 20%, 40%, 60%, 80% and 100% full scale
load level
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230 240 250 260 270 280 290 300 310 320 330

Figure 5.7: Dynamic loop signal.
5.2.2.3 Hysteresis

For the hysteresis the deviations of the output at 0%, 20%, 40%, 60% and 80% full scale load
level between the loading and the unloading curve is established as depicted in Figure 5.3.
The deviation is expressed in percentages of the output at maximum load level. This is
analysis in the dynamic loop test conditions (see Figure 5.8).

a. All data points on the loading and the unloading curve are selected separately.

b. Fourth order polynomial trend line approximations of the data point on the loading and
unloading curve are made separately.

c. At 0%, 20%, 40%, 60% and 80% full scale load level the deviation between both
polynomial lines as calculated and divided by output at full scale load level.

d. The hysteresis is the maximum deviation between loading line and unloading
polynominal approximation divided by output at full scale load level

Deviation from the Terminal line
0.05

0.04 ——Maesured Loading

0.03

= Polynomial approx Loadin
0.02 y pp! 4

hysteresis

Maesured Unloading
0 l
-0.01

——Polynomial approx Unloading

-0.02

Deviation from terminal line in [mV/V]
o
o
=

0 60 120 180 240 300
Applied load in [kN]

Figure 5.8: Deviation from terminal line of loading and unloading curve
Measured and polynomial approximation.

5.2.3 Results

Table 10 below shows results for all load cells tested. It can be seen that the non linearity
achieved over these cells is generally less than 1% as previously proposed. This value is
therefore considered as achievable and included. The hysteresis however appears to be
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larger than the originally proposed 1%. Except for the BASt cells (in house manufactured
cells) most load cells seem to be capable of reaching a hysteresis of 2%. This value is adopted
in the protocol of Annex A.

Note that tests on two cells from the TRL wall were repeated. Cell unit number 912042
showed a high hysteresis value in the first test. To confirm this result test were repeated
confirming the outcome. As further check the test on cell unit number 912091 was repeated
to see if repeated measurements show different results. Again identical results as for the
first test were found.

Finally one of the cells from TRL was tested with protective wooden layer. In this test local
denting of the layer did occur directly underneath the stamp. It concerns localised
deformation occurring due to the high differences in stiffness of the wooden layer and the
cell itself. It is therefore recommended not to test cells including the wooden layer.

Due to the fact that no fixtures were available for cross talk and offset loading testing on the
BASt and Kyowa cells these parameters were not investigated in the current study.
Calibration data from load cells available from Humanetics indicate that values of about 1%
are reached (both for transverse and vertical loadings). On this basis the cross talk value was
set at 3% for the time being. Other parameters related to offset loading and free air
resonance are to be set in future studies as indicated in Annex A.

Table 10 Sensitivity, non linearity and hysteresis of load cells tested in FIMCAR

Load Cell Stable load method Dynamic loop method Hysteresis
Dynamic
Full Scale Sensitivity NonLinearity | Sensitivity NonLinearity | Hysteresis
unit kN mV/V@FS  mV/V/kN max in %FS | mV/V @FS mV/V/kN max in %FS | maxin %FS
Draft requirement <1.0% <1.0% <1.0%
Kyowa 398390137 300 0.850537 0.002835 0.79 0.850848 0.002836 0.78 1.81
Kyowa 398390140 300 0.853035 0.002843 0.80 0.853620 0.002845 0.74 1.65
Kyowa 398390141 300 0.853811 0.002846 0.75 0.855314 0.002851 0.68 1.74
IDIADA 0216618 300 0.706995 0.002357 0.92 0.707790 0.002359 0.72 1.69
TRL 912009 300 -1.378615  -0.004595 0.55 -1.380067 -0.004600 0.24 1.78
TRL 912042 NW 300 -1.356255  -0.004521 1.30 -1.358581 -0.004529 0.97 4.07
TRL 912042 NW (2) 300 -1.355427  -0.004518 1.36 -1.358709  -0.004529 1.04 4.19
TRL 912091 300 -1.372614  -0.004575 0.54 -1.373373 -0.004578 0.26 1.90
TRL 912091 (2) 300 -1.368753  -0.004563 0.51 -1.368557 -0.004562 0.28 1.88
TRL 912107 300 -1.384856  -0.004616 0.72 -1.385876  -0.004620 0.79 1.78
BASt AC-H36 50 0.670842 0.013417 0.98 0.672719 0.013454 0.93 8.55
BASt AC-H48 50 0.673019 0.013460 0.97 0.674739 0.013495 0.91 8.71
TRL 912042 Wood 300 -1.331751  -0.004439 1.22 -1.331895  -0.004440 1.23 1.80
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5.3 Wall Flatness

The wall flatness is mainly (or even only) an issue in case when a barrier with deformable
element is used in front of the LCW. The barrier is backed by a plate of about 2 mm thick
which spreads the loads between cells which are not aligned. Although non-alignment of cell
faces can (at least partially) be compensated by adjusting the protective layers on the cells it
was decided to collect flatness data from a number of existing walls and based on this define
requirements for this parameter.

5.3.1 Approach

A protocol to measure the position of cells using the FARO arm was prepared by
Humanetics. The FARO arm was suggested as it is available in most laboratories to accurately
measure dummy positioning before a crash tests. It has sufficient range to cover an entire
LCW from a single initial position.

The protocol was transferred into an Excel file which requires input on reference position of
the FARO arm and measured positions in 3 dimensions form each cell. See Figure 5.9. Info on
the cell centre and the corners was to be provided.

Three laboratories participated in this task: BASt, IDIADA and TRL. The measured data were
processed by Humanetics and an analysis of the influence of the flatness on the test
outcome was made using data from trolley tests done by BASt.
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Figure 5.9: Excel file used to collect measurement data on wall flatness.
5.3.2 Wall Flatness Results

Both BASt and TRL provided multiple measurements, TRL doing three repeats on the wall
itself and one measurement with protective layer. BASt did two repeats on the wall itself
and one measurement with protective wooden layer on the cells. As a first step the repeated
measurements were processed to give average results over the measurements. Next an
average depth of the wall was computed by summing the depth position of all cells at centre
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location and dividing by the number of cells. This average depth was subtracted from the
measured depth location at centre and corner positions to give variations over the barrier.
Results for the IDIADA wall are shown in Figure 5.11. The row and column numberings used
are indicated in Figure 5.10. Depth positions relative to the average plane are shown for the
cell centres. The left graph plots results column wise while the right graph gives results per
row. It is noted that for the columns sometimes the indication A through P is used and
sometimes 01 through 16. For the final protocol it is suggested to apply the load cell
numbering and indication as included in the right graph of Figure 5.10 assuming numbering
01 - 16 for the columns.

From Figure 5.11 it can be seen that cell to cell centre locations show a variation of about +1
mm over the entire wall. In the IDIADA wall differences per column (left graph) appear to be
relatively small compared to variations over the row (right graph). This is explained by the
construction of the wall. The cells are mounted first on back-plates covering a column and
subsequently assembled into the barrier.
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Figure 5.10: Load cell numbering (16 columns and 8 rows)): left picture of wall with columns
indicated as A through P; right proposed cell numbering with columns indicated as 01
through 16. Row numbers are always indicated as 1 through 8.
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Figure 5.11: Flatness results IDIADA wall: depth position of center of all cells. Left graph
shows results for each column (8 cells per column); right graph shows results for each row
(16 columns).
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Figure 5.12: Flatness results of all three walls.
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Results for all three walls measured are given in Figure 5.12. Although some variations exists
between the walls all show a small variation in overall depth of less than 3 mm. Note that
the BASt walls only has 6 cells over the height of each column while the TRL and IDIADA
barriers have 8 cells in each column.

The influence of protective layers was measured in the TRL wall and the BASt wall. Results
are shown in Figure 5.13. For the BASt wall the variations in depth increase when adding the
protective wooden layer to the cells (compared to measurements on the wall itself) while for
the TRL wall variations remain almost identical or even reduce somewhat. The latter is
explained by the fact that TRL is minimising depth variations for full width barrier tests using
protective layers from MDF of different depths.

Table 11 shows maximum differences in depth positions between adjacent cells. These
differences are taken along horizontal, vertical and diagonal lines. Values are provided for
centre to centre and corner to corner locations. Except for the BASt wall with protective
layer the maximum variations in depth between cells appears to be around 1 mm.
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Figure 5.13: Flatness results with protective layer of BASt and TRL walls.

Table 11: Maximum differenced in depth position between adjacent cells.

IDIADA BASt BASt TRL TRL

With protective layer With protective layer
Centre-Centre 1,06 0,80 2,70 0,95 0,64
Corner - Corner 0,66 0,94 4,07 1,01 0,95

5.3.3 Analysis of Trolley Tests BASt

To analyse the influence of wall flatness FIMCAR partner BASt conducted a test using a
trolley with flat loading plate. The trolley impacted a honeycomb barrier attached to the
wall. The barrier was partitioned in a left side and a right side. Figure 5.14 shows the
configuration. In total five tests were done. The influence of variations in cell depth position
was investigated using results of a test at an impact speed of 15 km/h.
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Figure 5.14: Configuration of trolley tests performed by BASt.

The two barrier partitions covered an area of 3 horizontal by 4 vertical cells each. To exclude
edge effects the resulting forces of the inner cells in the left and right partition were
analysed. See cells indicated with red colour in Figure 5.14.

Figure 5.15 gives force histories for the left and right barrier cells, measured depth position
and peak forces. Force time histories for the cells on the left and right barrier show only very
minor differences. Peak forces in the left barrier are 7.11 kN and 7.19 kN. In the right barrier
slightly higher peak forces of peak forces of 7.23 kN and 7.27 kN were found. It is notable
that the peak forces in the right barrier partition are higher while the cells are located more
inward: -0.54 mm and -0.19 mm compared to 0.07 mm and 7.19 mm for the left barrier. This
contradicting result is explained by the fact that the trolley did not approach the barrier fully
orthogonal. Detailed analysis of the high speed films showed that the right side was
impacting the barrier slightly before the left side, explaining the difference.

The above result shows that the load cell flatness is only a single factor in an overall
measurement chain affecting the accuracy. Other parameters like approach angle and
barrier flatness also influence the results. Information of the barrier flatness was requested
at suppliers of these tools but not obtained.

Left Barrier Right Barrier

Figure 5.15: Forces in center cells of left and right barrier, peak forces and cell depth position
(values indicated in cells marked in red).
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5.3.4 Discussion

Measurements on various load cell walls showed that existing tools have an overall variation
in depth between cells of less than 3 mm. Adjacent cells have depth variations of about
1 mm. The latter value is identical for centre to centre and corner to corner positions.

Analysis of trolley tests with a flat impacting surface showed that peak forces in the cells do
not correlate with depth position of the cells. Other factors like approach angle of the
impacting surface and honeycomb flatness affect results to such an extent that depth
position of the cells cannot be linked to peak forces observed.

Based on the above it is decided to adopt the measured depth variations into the protocol
defining the crash wall. The measured depth variations appear to be feasible / achievable
and influence on measured force distribution is small compared to other factors in the test.

The definition of the load cell wall including the requirements on wall flatness is included in
Annex B. Other requirements like cell size, ground clearance, cell numbering are
straightforward and did not need any further investigations.

5.4 Conclusions

As part of FIMCAR Task 3.2 a Load Cell Wall (LCW) certification procedure was defined. The
procedure consists of the LCW definition and certification requirements in terms of wall
flatness. In addition a specification and calibration protocol was prepared for the
transducers.

Parameter values for both documents were obtained from measurements and analyses on
Load Cell Walls and transducers itself. Certification requirements for the wall flatness were
based on measurements of three existing walls and an analysis of a trolley test done by BASt.
A series of load cells was tested to check and refine values set for non-linearity and
hysteresis.

The protocols are included in the Annex A and Annex B of this report.
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6 VALIDATION OF FULL WIDTH DEFORMABLE BARRIER PROTOCOL
6.1 Validation of Concept

In this section the performance of cars in car-to-car tests is compared with their assessment
in the FWDB test. To validate the FWDB test and proposed performance limits it is expected
that if the car meets the proposed performance limits in the FWDB test then it should
perform well in the car-to-car test as regards structural alignment and vice versa.

6.1.1 Supermini 1l Test Series

The Supermini 1 was tested in both FWDB tests and car-to-car tests. The objective was to
validate that good/poor performance in car-to-car tests in terms of structural vertical
alignment correlated with meeting/not meeting the proposed FWDB metric performance
limits.

The FWDB and car-to-car tests that were performed are shown in Table 12 and Table 13. The
heights of the bumper crossbeams in the Supermini 1 tests are shown in Figure 6.1.

Table 12: Supermini 1 FWDB test matrix.

Test number Ride height test Bumper crossbeam height (corrected Nominal test
condition for impact accuracy) speed (km/h)
Bottom Top
FMO04C3FW Standard 451 530 56
FMO5C3FW Standard 449 528 56
17459 Standard 449 528 56
114601FF Lowered 413 492 56
F114202 Raised 482 561 56

Table 13: Supermini 1 car-to-car test matrix.

Alignment Nominal test speed (km/h) Nominal offset (%)
Aligned structures 56 50
Misaligned structures 56 50
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Figure 6.1: Heights of bumper crossbeams in Supermini 1 tests.

Figure 6.2: shows the intrusions in the Supermini 1 car-to-car tests.

Test series 1a
120

100

80

m V1 Aligned
V2 Aligned
2 ~  EmV1 Misaligned
V2 Misaligned
B Euro NCAP

Intrusion [mm)]
3

A-pillar A-pillar Dash Firewall

Waist  Sill Left infront
of
brake

pedal

Figure 6.2: Intrusions in Supermini 1 car-to-car tests [Sandqvist 2013].

The results of this test show that the peak intrusions in the aligned test were lower than in
the misaligned test at the A-pillar waist, A-pillar sill and dash, and slightly higher at the
firewall in front of the brake pedal. This shows that the vehicles in the aligned test
performed better than in the misaligned test.

Figure 6.3 shows the dummy injury criteria in the Supermini 1 car-to-car tests.
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Figure 6.3: Dummy injury criteria in Supermini 1 car-to-car tests [Sandqvist 2013].

The results show that the injury criteria for the head are similar in the aligned and
misaligned tests, but the chest deflection and femur forces are higher in the misaligned test.
This shows that the vehicles performed better in the aligned test than in the misaligned test.

The results from a standard Supermini 1 FWDB test are shown in Table 14. The results from
the lowered Supermini 1 FWDB test are shown in Table 15. The results from the raised
Supermini 1 FWDB test are shown in Table 16. The standard tests and the lowered test were
both performed with the vehicle frontal structures in line with the common interaction zone.
The raised test was performed with the frontal structure in partial alignment with Row 4, but
not in alignment with Row 3.

Table 14: Supermini 1 (standard) FWDB results.

Supermini 1 FWDB, FM04C3FW

Value 0.2*Ft40 OK/NOK

F3 > MIN[100, 0.2Ft40] 104 80,4

F4 > MIN[100, 0.2Ft40]
Global

103 80,4

Table 15: Supermini 1 (lowered) FWDB results.

Supermini 1 FWDB, 114601FF

Value 0.2*Ft40 OK/NOK

F3 > MIN[100, 0.2Ft40] 124.4 85.9

F4 > MIN[100, 0.2Ft40]
Global

85.9

Table 16: Supermini 1 (raised) FWDB results.
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Supermini 1 FWDB, F114202

Value 0.2*Ft40 OK/NOK

F3 > MIN[100, 0.2Ft40] 62.9 79.7

F4 > MIN[100, 0.2Ft40] 79.7

Global

In summary, the results show that the vehicle passes the FWDB metric in tests where the
vehicle main structures (PEAS) are in line with the common interaction zone and the vehicle
fails the FWDB metric when the vehicle PEAS is not in alignment with the common
interaction zone. The car-to-car tests show a better performance when the vehicle main
structures (PEAS) are aligned compared to when they are not aligned. These results validate
the ‘force in a common interaction zone’ concept and with the FWDB test results show that
the proposed FWDB metric can be used to enforce it.

6.1.2 Supermini 2 test series

The Supermini 2 was tested in both FWDB tests and car-to-car tests. The FWDB and car-to-
car tests that were performed are shown in Table 17 and Table 18.

Table 17: Supermini 2 FWDB tests.

Test number Ride height test Bumper crossbeam height (corrected Nominal test
condition for impact accuracy) speed (km/h)
Bottom Top
17423 Standard 401 514 56
FMOSFSFW Standard 401 514 40

Table 18: Supermini 2 car-to-car tests

Alignment Nominal test speed (km/h) Nominal offset (%)
Aligned structures 56 50
Misaligned structures 56 50

The results from the FWDB test at 56km/h are shown inTable 19.
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Table 19: Supermini 2 56km/h FWDB results

Supermini 2, 17423

F3 > MIN[100, 0.2Ft40] 140.1 108.7 100

108.7

F4 > MIN[100, 0.2Ft40] 148.1

Global

Value | 0.2*Ft40 | MIN[100, 0.2Ft40] | OK/NOK

The results from the FWDB test show that the Supermini 2 passes the FWDB metrics by a
significant margin. This indicates that the vehicle has adequate structure in alignment with
the common interaction zone. In addition the load in Row 2 is high enough to allow the limit
reduction part of the metric to be invoked. This indicates that the Supermini 2 also has a

good subframe load path.

Figure 6.4 shows the vehicle accelerations in the Supermini 2 car-to-car and Euro NCAP tests.

Figure 6.5 shows that dummy injury criteria in the Supermini 2 car-to-car tests.

Test series 1b: Supermini 2 (PEAS & SEAS)

100

Acc [m/s2]

-300

—V1 Aligned
——V2 Aligned
—V/1 Misaligned
V2 Misaligned
~—Euro NCAP

400

-500

-600

Disp [m]

Figure 6.4: Supermini 2 vehicle accelerations in car-to-car and Euro NCAP tests.
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Figure 6.5: Supermini 2 dummy injury criteria.

The results show that in the car-to-car tests the vehicle accelerations were very high. This
indicates that the frontal structures of the Supermini 2 are very stiff. This explains why the
dummy injury criteria are higher in the aligned tests than in the misaligned tests.

If the vehicle had been designed to pass a FW test, then it is likely that the dummy numbers
would have been lower in the aligned test due to improved occupant restraints and/or
reduced stiffness of the frontal structures to pass the FW test.

In summary, the smaller difference in the intrusions between the aligned and misaligned
tests for the Supermini 2 compared to the Supermini 1 illustrate the advantage of a design
which spreads load vertically as described in greater detail in FIMCAR Deliverable D6.1
[Sandqvist 2013]. The results shown above demonstrate that the proposed FWDB metric for
structural alignment correctly assesses the Supermini 2 as having structures in alignment
with the common interaction zone and with the limit reduction part of the metric
encourages the subframe load path which was shown to work well in the car-to-car tests.

6.1.3 SUV Test Series

In an SUV test series two different kind of SUVs were tested in car-to-car crashes against the
Small Family Car 1. The objective of these test series was to show the differences between
an SUV with one load path and an SUV with two load paths.

The SUV 1 was tested in both FWDB tests and car-to-car tests with a Small Family Car 1. The
FWDB and car-to-car tests that were performed are shown in Table 20 and Table 21.

Table 20: SUV 1 FWDB tests.

Test number  Ride height test Bumper crossbeam height (corrected Nominal test
condition for impact accuracy) speed (km/h)
Bottom Top
B4767 Standard 522 609 56

Table 21: SUV 1 car-to-car tests.
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Alignment Impact partner Nominal test speed Nominal offset
Aligned structures Small Family Car 1~ 56 km/h 50 %
Misaligned structures ~ Small Family Car 1~ 56 km/h 50%

The height of the main structure (PEAS) of the SUV 1 aligns with the upper part of Row 4 of
the LCW, and none of it aligns with Row 3. However, the SUV 1 does have a secondary
structure (SEAS) which aligns with Row 3 and lower rows. The results from the FWDB test
are shown in Table 22.

Table 22: SUV 1 FWDB results.

SUV 1, B4767

Value | 0.2*Ft40 MIN[100, 0.2Ft40] | OK/NOK
F3 > MIN[100, 0.2Ft40] 151 135.4 100

F4 > MIN[100, 0.2Ft40]
Global

192 135.4 100

The results show that the SUV 1 at its standard ride height has sufficient structure in
alignment with the common interaction zone (Rows 3 and 4) to meet the metric
requirements. The intrusions and dummy injury criteria in the car-to-car tests are shown in
Figure 6.6 and Figure 6.7 respectively.

Intrusions
120

100

® Small family car 1
Aligned

# Small family car 1
Misaligned
msuv
Aligned

55UV
Misaligned

Intrusion [mm]
3

20 -

A-pillar waist Dashbord left edge  Firewall @ left footrest  Firewall infront acc
pedal

Figure 6.6: Intrusions in SUV 1 —Small Family Car 1 car-to-car tests [Sandqvist 2013].
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Figure 6.7: Dummy injury criteria in SUV 1 - Small Family Car 1 car-to-car tests [Sandqvist
2013].

The results show that there is a general similar level of intrusion and dummy injury criteria in
both the aligned and misaligned test. This shows that the SEAS structures are strong enough
to provide adequate structural interaction capability in a car-to-car impact. This agrees with
the FWDB metric assessment of the SUV 1 and hence validates the proposed metric. An
FWDB with a SUV 2 and car-to-car test with a SUV 2 and Small Family Car 1 were performed.
The tests performed are shown in Table 22 and Table 24.

Table 23: SUV 2 FWDB test.

Test number  Ride height test Bumper crossbeam height (corrected Nominal test

condition for impact accuracy) speed (km/h)
Bottom Top

123514FF Standard 475 - 56

Table 24: SUV 2 car-to-car test

Alignment Impact partner Nominal test speed Nominal offset

Aligned structures Small Family Car 1 56 km/h 50%

Misaligned structures ~ Small Family Car 1 56 km/h 50%

The SUV 2 has primary structures (PEAS) in the upper part of Row 4. The SUV 2 has no
additional structures (SEAS) in Row 3 or lower. The results of the FWDB test are shown in
Table 23. These results show that the SUV 2 fails the FWDB metric as the force levels in Row
3 are not sufficient.
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Table 25: SUV 2 FWDB results

SUV 2, 123514FF
Value | 0.2*Ft40 | MIN[100, 0.2Ft40]

F3 > MIN[100, 0.2Ft40] 66 334.6 100
334.6 100

F4 > MIN[100, 0.2Ft40]

Global

In the car-to-car test the SUV 2 PEAS overrode the Small Family Car 1 and impacted the
gearbox of the Small Family Car 1. This caused the gearbox to rotate which caused increased
local intrusion in the footwell area. This validates the FWDB result as there was not enough
suitable structure in line with the common interaction zone.

6.1.4 Effect of Test Speed on Metric

In FIMCAR most tests with the FWRB and FWDB test procedures were conducted with a
speed of 56 km/h (Europe) or 55 km/h (Japan), respectively. During the project it became
clear that a lower test speed with 50 km/h for AIS 3 level would be better in terms of injury
mitigation to not just address the high speed impacts but also the high proportion of impacts
with lower severity. This is further explained in Chapter 4.2.

Therefore it was decided that in the final test procedure 50 km/h is the test speed for FWRB
and FWDB.

Nevertheless it was decided to conduct all pending full width crash tests in FIMCAR with
56 km/h in order to compare the existing test data with new test data. Simulations were
conducted during the project with the PCM simulation models from TU Berlin and the GCM
simulation models from CRF to investigate the differences on the metric which occur due to
various test speeds. Additionally, a full scale test was conducted with a Supermini 2 at
40 km/h.

6.1.4.1 Simulations with PCM Models

In WP 3 the simulation request 10 was defined to investigate the test severity for FWDB by
comparing FWRB pulses with 50 km/h and FWDB pulses with 56 km/h, 50 km/h and
40 km/h. Therefore simulations with the PCM models of FWRB and FWDB tests were
conducted to analyse the influence on the compatibility metrics with decreased test
severity.

The model taken for these simulations is shown in the Figure 6.8. The geometric alignment
was chosen that the vehicle should pass based on the US voluntary agreement. The
longitudinals were in the common interaction zone.
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Figure 6.8: Test configuration for the simulations with different test speeds

The simulations results with the PCM model at 56, 50 and 40 km/h are displayed in the
following Table 26. The forces at the LCW were calculated with the metric without Limit

Reduction, see Figure 4.1.
Table 26 Results of the FWDB simulations with 56, 50 and 40 km/h

FWDB 56 FWDB 50 FWDB 40

Fuo [KN] 588.2 487.4 2723

%k
Metric as defined i 02 * Futo [kN] 117.6 97.5 545
Figure 4.1 up to 40ms F3 [kN] 182.7 153.4 80.7
F4 [kN] 198.2 149.2 87.5

It is obvious that the total LCW force up to 40 ms decreases with a lower test speed.
However, as this metric uses relative numbers (20% of Fyo) the vehicle passes the metric at
all test speeds.

In the next Figure 6.9 the force distribution of Row 3 and 4 up to 40 ms in the FWDB
simulations is shown in a graph. The sum forces of Row 3 and 4 of each configuration were
set to 100 %. Although the main force decreases with a lower test speed, the force
distribution stays on a very similar level.
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Figure 6.9: Force distribution of Row 3 and 4 up to 40 ms in FWDB simulations (sum of Row 3
and 4 of each configuration is set to 100 %).

In summary it can be concluded that the metric tends to work also for lower velocities. The
LCW sum forces (Fmax) decreases with decreasing velocity. Sum forces of Row 3 and 4 and
the row forces up to 40 ms are almost the same for the different velocities.

6.1.4.2 Simulations with GCM Models

The same investigations were done with the GCM models from CRF. Therefore numerical
simulation results of GCM1B, GCM2A and GCM3A against the FWDB barrier including the
LCW were conducted at the impact speeds 40, 50 and 56 km/h. The aim was to compare the
row and total load versus time curves, the maximum row loads up to 40 ms and the effect
on the metric.

The following Figure 6.10 shows the geometries for the different GCM models GCM1B,
GCM2A and GCM3A. All models were multiple load path designs with a PEAS structure in
height of Row 3 and Row 4 and a SEAS structures in height of Row 2 and 1. In addition all
models have their PEAS in alignment with the US voluntary agreement. Therefore they
should pass the FWDB metric at all test speeds.
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Figure 6.10: Geometries for the GCM models GCM1B, GCM2A and GCM3A.

The following Table 27 shows the results of the comparison. The maximum row loads are
calculated for Rows 1, 2, 3 and 4 up to 40 ms for the impact speed 40, 50 and 56 km/h.
Additionally, the maximum total LCW force up to 40 ms was calculated in order to compare
the performance of the FWDB metric.

Table 27: GCMs vs. FWDB (LC) @ different impact speeds, max row loads up to 40 ms.

Generic Car Model
FWDB LCW GCM1B GCM2A GCM3A
| t d
“"’a;(Ns]"“ 40 km/h | 50 km/h | 56 km/h | 40 km/h | 50 km/h | 56 km/h | 40 km/h | 50 km/h | 56 km/h
Fa 82.37| 97.44| 148.67| 1284| 170.4| 185.92| 164.59| 194.64| 214.38
Max Row
Load F3 104.41| 129.57| 161.36| 100.17 115 12383 12242 155  163.33
Up ‘[‘:(4;" ms F2 78.4 92.08 90.75 49.71 61.06 96.2 81.26| 113.87| 122.59
N
F1 27.42 30|  32.45 58.31 66.87| 70.34| 4888 4945 56.03
Max Total LOW
Load Frao 353.97| 425.45| 499.59| 445.87| 542.93 623.9| 584.75| 725.97| =200.15
Up to 40 ms
[kN]
0.2*Fra0 70.79 85.09 99.92 89.17| 108.59| 124.78| 116.95| 145.19| 160.03
Metric (3) PyR——
E‘"';am:'e”” 70.79 85.09 99.92 89.17| 100.00| 100.00| 100.00 100.00| 100.00

In total the results were very comparable with the results from the PCM models explained in
chapter 6.1.4.1 Simulations with PCM models. The maximum row loads are decreasing when
the impact speed is reduced. However, all GCM models pass the FWDB Metric at each
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impact speed considered. An additional results was that the total load in the first two Rows
(F1+F2) is relevant. The presence of the structural lower load paths of GCMs is detected by
the barrier.

In order to address the FWDB metric with Limit Reduction the PCM simulations were
analysed taking into account the row loads of Row 3 and 4 but also of Row 2, see Figure
6.11. It is obvious that the share of the loads applied to Rows 2, 3 and 4 stays almost
unchanged while the absolute values are dependent of the test speed.

ORow 2 Row 3 HRow4

100%
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=
[e]
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=
3 81 144
= 60%
<
v 50% 6
< o 193 6 18 " 193 13
S
° 40%
& 103 129
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10% 75
I I
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GCM 1b GCM 1b GCM 1b GCM 2a GCM 2a GCM 2a GCM 3a GCM 3a GCM 3a
@ 40 @ 50 @ 56 @ 40 @ 50 @ 56 @ 40 @ 50 @ 56
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Figure 6.11: Share of loads in Rows 2, 3 and 4 dependent on test speed for GCM 1B, 2A and
3A.

6.1.4.3 Summary

With different simulation models it could be shown that the metric as explained in Chapter
4.1 works for test speeds in a range from 40 to 56 km/h. This is because the metric considers
relative forces of the total LCW force.

An upgrade of the metric was developed at the end of the project in order to reflect forces in
Row 2. This modified metric could not be tested at different impact speeds except for GCM
simulation models. In general this modified metric works similar but it includes a fixed value
(70 kN) which probably needs to be revised. Therefore further work is needed in order to
confirm or define the fixed value with additional simulations.

6.2 Repeatability and Reproducibility

As agreed in the FIMCAR consortium each test procedure had to fulfil a number of tests to
investigate the potential of the repeatability and reproducibility (R&R). By definition,
repeatability means that two tests have to be performed at the same lab and reproducibility
means that two tests have to be performed at different labs. In total a minimum of three
tests with identical cars (two in one test lab, one in another test lab) were defined to be

VIII - 65



i m ment research

VIII Full-Width Test Procedure: Updated Protocol

necessary. The whole test procedure and assessment should be repeatable and
reproducible. For the full-width barrier test both test procedures, FWRB and FWDB, were
checked for their R&R capabilities. This was possible because existing test data from
previous projects and other parties (e.g. Japan) were made available.

6.2.1 Analysis of Data from Previous Projects

To investigate the repeatability and reproducibility (R&R) of the proposed test procedures
and metrics, different full scale tests from previous projects were collected. The following
Table 28 shows the available and useful test data for the FWDB.

Table 28: Test data for R&R analysis with the FWDB.

Vehicle Lab 1 Lab 2 Lab 3 Lab 4 Comment
1 Opel Astra TRL TRL VC-COMPAT
2 Nissan Micra ~ TNO (Delft) TNO (TTAI) APROSYS
3 Fiat Bravo FIAT FIAT IDIADA IDIADA* APROSYS

(* Rear seated dummies in this test)

The Opel Astra tests were performed in the European Project VC-Compat and were made
available by TRL. The Nissan Micra tests came from the European project APROSYS and were
made available by TNO. These test data could be used for repeatability studies. The test data
from the Fiat Bravo could also be used for reproducibility analyses because three tests in
two different labs were conducted (for one test at IDIADA a different number of dummies
compared to the other three tests was used, the test was therefore neglected). These data
came also from APROSYS.

The following Table 29 shows the available and useful test data for the FWRB. Although in
total five tests were made available (three from the Toyota Corolla and two from the Subaru
Stella) the analysis could be just used for repeatability because all tests were conducted in
one laboratory. The data was supplied by Japan.

Table 29: Test data for R&R analysis with the FWRB.

Full Width Rigid Barrier

Vehicle Lab 1 Lab 2 Lab 3
Toyota Corolla  JARI JARI JARI
Subaru Stella R JARI JARI

6.2.1.1 R&R Analyses FWDB Opel Astra

In the following Figure 6.12 the total LCW force is shown for the Opel Astra tests. The peak
force in test 1 was 557 kN and in test 2 was 549 kN. The progress of both tests is quite
similar and comparable. The energy absorbed was within +/- 5 % of vehicle kinetic energy for
both tests.
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Figure 6.12 Left: Opel Astra R&R tests, total LCW force in kN versus time in ms Right: LCW
forces of the individual cell forces.

In Table 30 the values for the modified metric with the Opel Astra data are demonstrated.
As the main output both vehicle passed the FWDB metric.
Table 30 Opel Astra LCW test results with the FWDB metric

Row Test1 Test 2 Metric Metric
Force Value Force Value Performance Limits Performance
KNuptodOms KNuptodOms Test 1 kN Limits — Test 2 kN
F4 182 179 100 100
F3 127 142 86 (100-14) 77 (100-23)
F4+F3 308 320 200 200
F2 84 (LR =14) 93 (LR = 23) N/A N/A
Total 552 550

6.2.1.2 R&R Analyses FWDB Nissan Micra

Two Nissan Micra FWDB tests were performed at TNO in different facilities using the same
equipment, one at TTAl in Helmond, one in Delft. The front ride had height differences up to
5 mm and the impact accuracy difference was up to 2 mm in height. In the following Figure
6.13 the forces on the LCW for the Nissan Micra tests are shown. The differences between
the vehicles up to 40 ms were 9 kN in Row 3 and 8 kN in Row 4. These numbers indicate
already an acceptable repeatability.
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Row 3 Load Vs. Time Row 4 Load Vs, Time
Row 3 LCW up to 40 ms Row 4 LCW up to 40 ms
Max 134,7 kN Max 108,1 kN
Min 125,6 kN Min 100,0 kN

Figure 6.13: Forces on the LCW for Nissan Micra FWDB tests, left: Row 3, right: Row 4.
All tested vehicles passed the different FWDB Metrics.
6.2.1.3 R&R Analyses FWDB Fiat Bravo

In total four FWDB tests were performed in the project APROSYS; two at Fiat and two at
IDIADA. However, in one test rear seat dummies were used and therefore the test was
considered as not being useful for this R&R analyses.

The front ride height differences in these three tests were up to 13 mm and the impact
accuracy unknown. In the next Figure 6.14 the LCW forces for the Rows 3 and 4 are shown.
The progress of the forces between the two tests performed at FIAT is comparable.
However, the Row 3 force of the test at IDIADA is slightly higher and the Row 4 force slightly
lower compared to the other two tests.

This difference could be explained by the different height of the vehicles. Pictures from the
barrier confirm these findings, although the ride height was not recorded.

Row 3 Load Vs. Time Row 4 Load Vs. Time
H s‘ow e - Row4 @ 40 ms
ax 142,7 kN - o
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Figure 6.14: Forces on the LCW for Fiat Bravo FWDB tests, left: Row 3, right: Row 4.

The next Figure 6.15 shows the results of the three tests with the first metric for the FWDB.
The numbers indicate an acceptable reproducibility.
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FIAT FWDB test 15967 FIAT FWDB test 15968 IDIADA FWDE test 081410F|
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Time at 400kN (ms) 33.55 3305 3215
F3+F4 > 180 kN (kN) 236.2
F3 > 85 kN (kN) 97.9
F4> 85 KN (kN) 135.3

Global

Figure 6.15: FIAT Bravo FWDB R&R analysis.
All tested vehicles passed the different FWDB Metrics.
6.2.1.4 R&R Analyses FWRB Subaru Stella

In Japan two Subaru Stella were tested against the FWRB with a test speed of 55 km/h (one
in JINCAP, one at JAMA). The difference of the impact point was 10 mm. The forces for Row 3
and 4 are plotted in the next Figure 6.16. The forces and also the characteristics of the forces

are very similar for both vehicles.
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Figure 6.16: Forces on the LCW for Subaru Stella FWRB tests, left: Row 3, right: Row 4

The calculated metric for these vehicles are shown in the next table. Both vehicles would
pass the initial metric and also the upgrade metric as they should.

Table 31: Subaru LCW test results with the FWRB metric.

Current Status Metric Upgrade
F3+F4 F4/(F3+F4) F3+F4>100 LR=Min F4 F3 F4>35 F3>(35
[kN] [(F2+F1- kN kN-
0.2<F4/(F3+F4)<0.8 25 KN): LR)
35 kN]
JAMA 1334 048 PASS 0 64.4 69 PASS  PASS
JINCAP 129.8 0.46 PASS 0 60.8 69 PASS  PASS

It could be stated that in the FWRB tests a good repeatability was seen in the LCW total
Force and also for the row forces F1, F2, F3 and F4. The LCW recorded 200 kN before the
engine collapsed. The current status and the upgraded FWRB Metric with the limit reduction

were passed.
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6.2.1.5 R&R Analyses FWRB Toyota Corolla

There were R&R test data available also for the Toyota Corolla. This vehicle was tested for
JMLIT, JAMA and JNCAP. All vehicles were tested at 55 km/h with the same test weight. The
impact point had differences up to 9 mm in the three tests. It should be noted that the
undercover was not installed in the tests performed for JMLIT and JAMA.

The Figure 6.17 shows the forces on Row 3 and Row 4 for the Toyota Corolla tests. The
forces are very similar up to 200 kN. The engine hits the LCW after the 200 kN. After the
engine collapsed differences can be seen in the force characteristics. But some of these
differences can also be due to the missing undercover.

TOYOTA Corolla tests — Row #3 Force TOYOTA Corolla tests — Row #4 Force
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Figure 6.17: Forces on the LCW for Toyota Corolla FWRB tests, left: Row 3, right: Row 4.

The next Table 32 shows the results for the Toyota Corolla and the FWRB metric. All tested
vehicles passed as they should. The differences are small and all tested vehicles have enough
safety margins to pass in both metrics.

Table 32: Toyota Corolla LCW test results with the FWRB metric

Current Status Metric Upgrade
F3+F4 F4/(F3+F4) F3+F4>100 LR=Min F4 F3 F4>35 F3>(35
[kN] 0.2<F4/(F3+F4)<0.8 g(SF 211;1) kN lﬁ‘i)
35 kN]
JAMA 1622 0.51 PASS 0 82.8 794 PASS PASS
JMLIT 1642 0.54 PASS 0 89.1 75.1 PASS PASS
INCAP 156.6  0.57 PASS 0 90.2 664 PASS PASS

6.2.1.6 Conclusions FWRB R&R

The results also indicated that dummy injury for all five tests were below UN-ECE Regulation
94 limits. Good repeatability was observed in the LCW total force, in particular for F1, F3 and
F4 up to 200 kN. But a mismatch in F2 for the Toyota Corolla occurred due to components
modifications (Undercover effect). The LCW recorded 200 kN before the engine dumps.
After the engine collapsed some discrepancies could be seen in row forces F3 and F4.

All tested vehicles passed the different FWRB Metrics.
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6.2.2 Analysis of FIMCAR R&R data

To add more test data for the R&R analyses of the FWDB test procedure, three Supermini 1
FWDB tests were performed at different test labs - one at FIAT and two at BASt. The front
ride height differences were up to 7 mm and the impact accuracy was up to 2 mm in height.

The LCW forces for Row 3 and Row 4 are shown in Figure 6.18. The maximum forces up to
40 ms had difference up to 23 kN in Row 3 and differences up to 40 kN in Row 4. Surprisingly
one test from BASt and one test from FIAT are quite similar, but the second test at BASt
showed the differences.

Row 3 Row 4
""" Row 4 LCW @ 40 ms
- Max 142,8 kN
Row 3 LCW @ 40 ms Min 102,1 kN
Max 106,4 kN
Min 83,4kN

LW 0 100 110 120 130 140 150 ! o 0 20 0 40 S0 50 “\‘“.(_TU %0 w0 1o 1 EE] - :a.W ':‘
Figure 6.18: Forces on the LCW for Supermini 1 FWDB tests, left: Row 3, right: Row 4.

These differences were remarkably higher as seen in previous R&R analyses. Further
examination of the vehicles and the test data showed that the bending of the structure was
different. Supermini 1 is a single load path vehicle that already showed instable deformation
pattern in car-to-car tests.

Steeper bending of
the longitudinal

Figure 6.19: Comparison of the three Supermini 1 FWDB tests.

The deformation of the structure could partially explain the discrepancy in the force
characteristics. Another explanation for the differences was the LCW used at BASt. This LCW
does not fully fulfil the developed FIMCAR specifications that were finalised after scheduling
the tests.

In total for the FWDB test procedure five different vehicles were tested at six different test
labs. As a main conclusion all vehicles passed the metric as they should. The differences on
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total LCW force level are usually up to 8% and the differences on row force level were up to
15%. The exception was the Supermini 1 which had higher differences in the row forces. This
was explained by different bending of the structures and the unstable rails of this vehicle,
which had one load path.

6.2.3 Conclusions

Full scale crash test data analyses from previous projects and Japan were collected to
analyse repeatability and reproducibility for both full width test procedures. The analyses
indicate that there are reasonable results for both test procedures, the FWRB and the FWDB.
However, as a final step to check the proposed test procedures three further tests in
different test laboratories were conducted.

The FIMCAR consortium concluded: “Repeatability and Reproducibility is acceptable, in line
with other crash tests, for cars with a stable front structure in this test mode. For further
analysis of R&R the use of a stable front structure and sum forces above 500 kN is
recommended (a good candidate would be Renault Mégane). Furthermore the LCW
requirements as developed by FIMCAR shall be met.”

6.3 Load Spreading of the Deformable Element

6.3.1 Background

In 2006 as part of the VC-Compat project, component tests were performed to investigate
how the deformable barrier affected the loads measured on a Load Cell Wall (LCW) placed
behind it in an FWDB test [Davies 2006]. These tests found that:

e The global force was repeatable with the total LCW force, energy and momentum
balance all within £4% of the calculated value

e The differences seen between individual load cells was greater than expected with
possible reasons being differences in barrier deformation or bridging between the
load cells

It was noted in VC-Compat that further investigation was required to understand better the
reasons for the differences seen between individual load cells.

6.3.2 Objectives of Work
Based on the conclusions from VC-Compat the objective of the work was to:

e Determine the reasons for the unexpected differences in peak loads seen between
individual load cells

This would be done by performing additional component tests to investigate whether the
aluminium backing plate or the interface between the two layers affects distribution of load
between cells.

6.3.3 Test Configuration

The testing was performed in the Impact Sled Facility (ISF) at TRL. The testing was the same
setup as the testing in VC-Compat. The sled was fitted with a solid flat front plate. The sled
impacted a section of aluminium honeycomb with FWDB specification load cells behind it to
measure the force. A photograph of the setup is shown in Figure 6.20.
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Figure 6.20: Setup of LCW component testing.
The specifications of the testing were:

e Speed: 40 km/h

e Sled mass: 762 kg

e Impactor size: 500 mm x 500 mm

e 6x6 LCW matrix covered by barrier (750 mm x 750 mm)
e Impactor aligned with central 4x4 cells

The LCW was checked for flatness in the horizontal, vertical and diagonal direction and
found to be within a tolerance of £0.5mm in all directions. When the honeycomb barrier was
fitted to the wall, the segments of the honeycomb were aligned with the interfaces between
the load cells.

6.3.4 Test Matrix

The test matrix for the tests performed in VC-Compat in 2006 and the tests performed in
FIMCAR in 2011 are shown in Table 33.

Please note that the standard FWDB construction is as follows:

The deformable element is formed from two layers of aluminium honeycomb, with an
overall depth of [300 mm], a minimum height and width of 750 mm and 2000 mm
respectively.

The first layer of the deformable element has a crush strength of 0.34 MPa and is 150 mm
deep, the second layer has a crush strength of 1.71 MPa and is 150 mm deep. In addition,
the second layer is segmented every 125 mm in the horizontal and vertical directions
starting at 125 mm from the outer edges. The two layers are joined with a muslin interlayer
and there is no cladding on any faces other than the mounting face. The mounting face is
clad with a 0.5 mm aluminium sheet which protrudes a set distance 40 mm from the upper
and lower faces of the barrier to provide mounting flanges for attachment to the load cell
wall.
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Figure 6.21: Construction of standard Full Width Deformable Barrier.
Table 33: Test matrix of LCW component tests.

2006

Test no.  Barrier Test speed Sled mass
1 Standard FWDB 40km/h 762kg

2 Standard FWDB 40km/h 762kg

3 ‘Optimised’ FWDB 40km/h 762kg

4 ‘Optimised’ FWDB 40km/h 762kg
2011

Test no.  Barrier Test speed Sled mass
1 Standard FWDB 40km/h 762kg

2 Standard FWDB without backplate 40km/h 762kg

3 Standard FWDB without backplate 40km/h 762kg

4 Rear section of standard FWDB without backplate 40km/h 762kg

5 Rear section of standard FWDB without backplate 40km/h 762kg

The optimisation of the FWDB in 2006 involved:

e ensuring that all the rear layer honeycomb blocks came from the same batch
e performing a cell count for each rear segment to ensure a similar number of
complete cells in each block

The reasoning behind the testing in 2011 was:

e To perform a Standard FWDB test to ensure consistency between the tests
performed in 2006 and the tests performed in 2011

e To perform tests with the Standard FWDB but without the aluminium backplate to
investigate the effect of the backplate

e To perform tests with just the rear 1.71 MPa layer of the Standard FWDB without the
backplate to investigate the effect of the interface between the layers
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6.3.5 Test results

Total force against time plots for the five tests performed in 2011 and Test 1 performed in
2006 are shown in Figure 6.22.
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Figure 6.22: Total force against time (CFC60).

The results show a difference of up to 7% in the peak forces in these tests. It is interesting to
note that the peak forces recorded were higher than the nominal static crush strength of the
honeycomb. The nominal static crush strength of the honeycomb was between 385kN and
427 kN, measured dynamic crush strength approx. 450 to 500 kN. This is likely to be due to
factors such as the additional force required to initiate the crush of the honeycomb and
trapped air increasing its nominal static crush strength.

Figure 6.23 shows an example of the differences between forces measured by the different
load cells in a single test.
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Figure 6.23: Force against time for each Load Cell in Test 1 2011.

The peak forces in each cell for 2011 Test 1 and 2006 Test 2 are shown in Figure 6.24 and
Figure 6.25.
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Figure 6.24: Peak cell force in 2011 Test 1 Figure 6.25: Peak cell force in 2006 Test 2
(Standard FWDB) with average centre cell (Standard FWDB) with average centre cell row
row force. force.

The results show that for the 2011 test the maximum peak cell force was 32.9 kN and the
minimum peak cell force was 28.0 kN, giving a difference of 4.9 kN. For the 2006 test the
maximum peak cell force was 35.2 kN and the minimum peak cell force was 25.6 kN, giving a
difference of 9.6 kN.

The results for the tests without the backplate (2011 Test 2 and Test 3) are shown in Figure
6.26 and Figure 6.27.

02|19 |24 |17 21|02 01|08| 2103|0802
0.8 |282|28.7|285|282| 0.6 28.4 14 |286|28.9(285|295| 1.7 288
0.5 |30.6|28.1(29.2|31.1| 05 298 0.5 |30.0|29.6(28.6|31.0] 1.2 29 8
13 |287|28.2|27.7| 282 | 0.9 282 11 302 |280|275|285]| 11 28 8
06 |31.0|29.8|200|286| 0.2 29 6 13 |317| 202|206 284| 0.8 0.2
0.0 | 11|14 ] 01|12 01 0110110114 01

Figure 6.26: Peak cell force in 2011 Test 2 Figure 6.27: Peak cell force in 2011 Test 3
(Standard FWDB without backplate) with (Standard FWDB without backplate) with
average centre cell row force. average centre cell row force.

For the tests without the backplate, the maximum peak cell differences are 3.4 kN and
3.5 kN respectively, compared to 4.9 kN and 9.6 kN for the Standard FWDB. This shows an
improvement in peak cell force distribution. The average row force differences for the tests
without the backplate are 1.6k N and 1.4 kN respectively, compared to 1.2 kN for the
Standard FWDB. This shows a much smaller change.

The results for the tests without the backplate and with the rear layer of honeycomb only
are shown in Figure 6.28 and Figure 6.29.
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Figure 6.28: Peak cell force in 2011 Test 4 Figure 6.29: Peak cell force in 2011 Test 5
(FWDB without backplate, rear layer only) (FWDB without backplate, rear layer only)
with average centre cell row force. with average centre cell row force.

The results for the tests without the backplate, the maximum peak cell differences are
4.3 kN and 6.3 kN respectively, compared to 4.9 kN and 9.6 kN for the standard FWDB. This
shows little consistent change. The average row force differences for the tests without the
backplate are 0.8 kN and 2.2 kN respectively, compared to 1.2 kN for the Standard FWDB.
This shows little consistent change.

Overall, there is some reduction seen in peak cell force distribution when the effect of the
backplate is removed, however when the effect of the interface layer is also removed, the
distribution is similar to the Standard FWDB. This may be due to increased instability of the
honeycomb when the interface and backplate are removed. Little or no change in the peak
row force distribution was seen.

6.3.6 Conclusions

e The causes of the ‘greater than expected’ differences in peak cell forces are still not
understood clearly but it is likely to be a combination of factors. However it was found
that neither the backplate nor interface layer are major contributors. Other contributors
may include tolerance in quasi-static crush, effect of block trimming and interaction
between blocks. One possible method to reduce any increase in force caused by crush
initiation is to use pre-crushed honeycomb.

e When cell forces are averaged, for example across a row, the differences are reduced
greatly, and therefore a metric which does this could possibly be acceptable.

e The total LCW force was found to be reasonably repeatable with differences up to
approximately 7%. However the peak cell force was found to have differences of up to
15% in tests with the standard barrier, and up to 27% for the tests performed in 2006.
The peak row forces were found to have differences of up to 4% with the standard
barrier, and up to 12% for the tests performed in 2006.

e There was some reduction in LCW peak cell force distribution when the effect of the
backplate was removed, however when the effect of the interface layer was also
removed, the distribution was similar to the Standard FWDB. This may be due to
increased instability of the honeycomb when the interface and backplate are removed.
Little or no change in the peak row force distribution was seen
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7 SUMMARY OF CONCLUSIONS

The objective of work package 3 was to develop a full overlap test procedure. Therefore the
set-up of assessment criteria and their validation was needed. Performance criteria for the
assessment procedure were defined based on the outcome of the FIMCAR accident analyses
and the FIMCAR priorities defined.

In parallel the test and assessment procedure was developed for both configurations, the
FWRB and the FWDB. In a later phase of the project the focus was settled on the FWDB test
procedure, because the FIMCAR consortium agreed on this.

According to the FIMCAR priorities the main aims of the full width test were:

e Alignment with part 581 zone (initial loading is evaluated above and below the
centreline)

e Not discourage a load path in alignment with Load Cell Wall Row 1 and 2 and possibly
encourage

These priorities were set because structural alignment is one main pillar of compatibility. It
also helps to prevent under and override which was seen in accident analyses. And it also
supports the establishment of a common interaction zone.

As a result following conclusions can be made for the full width test procedure:

1. The full width test shall be performed with a deformable barrier and an LCW to
measure force distribution with a test speed of 50 km/h. The full width test and
assessment protocol is included in Annex C.

FWDB metric

The proposed metric with Limit Reduction which was developed based on test data with a
test speed of 56 km/h, addresses the FIMCAR priorities (structural alignment in part 581
zone and encouragement of load path in alignment with Row 2) and is a good principle.
However, further validation of the proposed performance limits is recommended, in
particular consideration of light cars and the influence coming from the proposed change in
test speed to 50 km/h is needed.

The current metric and associated performance limits which was validated for a test speed
of 56 km/h is as follows

Up to time of 40 msec

F4 + F3 2 [MIN(200, 0.4F140) kN \o
F4 = [MIN(100, 0.2F145) kN Fail
F3 2 [MIN((100-LR), (0.2F740-LR))] kN

l‘r’es

Pass

with:
Frso = Maximum of total LCW force up to time of 40 msec
Limit Reduction (LR) = [F2-70] kN and O kN = LR = 50 kN

Figure 7.1: FIMCAR FWDB metric.

VIII - 78



frontal im, ment research

Summary of Conclusions

Lower Load Path

The tests and simulations conducted in FIMCAR indicate that structural alignment is a high
priority for frontal impact and compatibility and that vertical load spreading is an important
supporting characteristic. In all cases, vehicles with vertical load spreading can be detected
with the FWDB if the structures are less than 400 mm behind the bumper. Lower load paths
that are detected in a FWDB by exerting more than 70 kN (in the 56 km/h test case) show a
benefit for car-to-car crash performance. An FWDB metric that rewards vehicles with 70 kN
in Rows 2&3 would be beneficial for vehicle safety.

Over Ride Barrier

To pass the ORB test does not guarantee that the car performs well in car-to-car impacts.
The FWDB is detecting structures which have a benefit in car-to-car impacts.

Test Speed

It was important to establish a test severity for the full width test procedures to ensure the
candidate procedures were representative of the real world conditions. The real world data
indicates that the highest risks for MAIS2+ injuries are in the range 4 to 57 km/h and that
this impact severity should be used to direct future car designs. Given that a full width test
delta-v usually involves a rebound velocity of approximately 10% the impact speed, a test
speed of 50 km/h was selected for a full width test severity, regardless of the barrier face
selected.

With all FIMCAR car models it could be shown that the metric works for test speeds in a
range from 40 to 56 km/h. This is because the metric considers forces relative to the total
LCW force for many vehicles. An upgrade of the metric was developed at the end of the
project in order to reflect forces in Row 2. This modified metric could not be tested at
different impact speeds yet. In general this modified metric works similar but it includes a
fixed value (70 kN) which needs to be revised. Therefore further work is needed in order to
confirm or define the fixed value with additional simulations, if the test speed of 50 km/h
will be set.

Repeatability & Reproducibility

Full scale crash test data analyses from previous projects and Japan have been collected to
analyse repeatability and reproducibility for both full width test procedures. The analyses
indicate that there are reasonable results for both test procedures, the FWRB and the FWDB.
However, as a final step to check the proposed test procedures three further tests in
different test laboratories were conducted and analysed.

Based on this test data repeatability and reproducibility is acceptable, in line with other
crash tests, for cars with a stable front structure in this test mode. For further analysis of
R&R the use of a stable front structure and sum forces above 500 kN is recommended (a
good candidate would be Renault Mégane). Furthermore the LCW requirements as
developed by FIMCAR shall be met.

LCW Certification

As part of FIMCAR a Load Cell Wall (LCW) certification procedure was defined. The
procedure consists of the LCW definition and certification requirements in terms of wall
flatness. In addition a specification and calibration protocol was prepared for the
transducers.
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Parameter values for both documents were obtained from measurements and analyses on
load cell walls and transducers itself. Certification requirements for the wall flatness were
based on measurements of three existing walls and an analysis of a trolley test done by BASt.
A series of load cells was tested to check and refine values set for non-linearity and
hysteresis.

Load spreading of the deformable element

When cell forces are averaged, for example across a row, the differences are reduced
greatly, and therefore a metric which does this could be acceptable.
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9 GLOSSARY

APROSYS

AlS
ATD:
Clz:

ECE
EEVC
FIMCAR
FWDB
FWRB
GRSP
LCW
LTV
MAIS
MDB
NCAP
PEAS
RTD
R&R
SEAS
SUV
VC-COMPAT

WG15

Integrated Project on Advanced Protection Systems

APROSYS was supported in the 6" European Framework
Programme

Abbreviated Injury Scale

Anthropomorphic Test Device (crash test dummy)
Common Interaction Zone

Economic Commission for Europe

European Enhanced Vehicle-safety Commission
Frontal Impact and Compatibility Assessment Research
Full Width Deformable Barrier

Full Width Rigid Barrier

Working Party on Passive Safety

Load Cell Wall

Light Truck Vehicle

Maximum Abbreviated Injury Scale

Movable Deformable Barrier

New Car Assessment Programme

Primary Energy Absorbed Structure

Research and Technology Development
Repeatability and Reproducibility

Secondary Energy Absorbed Structure

Sport Utility Vehicle

Vehicle Crash Compatibility

VC-Compat was a project funded under the GROWTH programme
of the European Commission.

Workgroup 15 in the EEVC
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ANNEX A: LOAD CELL SPECIFICATION AND CALIBRATION

1. Objective and scope

The present guideline is general applicable for force measurements with load cells used
in the application of a high resolution barrier for frontal vehicle crash testing. It is used to
characterise the minimum specifications for the load cell, the calibration procedure and
the estimated relative measuring uncertainty of calibration.

The guideline applies to stepwise (static) and continuous (quasi-static) loading cases
during the process of calibration. In the former case, the stepwise calibration, a pure
static loading will be applied. At this suitable load periods for each load step have to be
sustained in order to provide for creeping effects of the unit under test. In the latter
case, continuous calibration, the unit under test will be subjected to a continuously
changing load. The load change during calibration has to be chosen in such a way that an
adverse calibration effect by dynamic effects is precluded.

Due to the fact that the choice of calibration procedure, the exposure time and/or the
rate of loading depends largely upon the force load device used for the calibration, the
user of this guideline, who will be in authority of the calibration, is in charge of the
suitable calibration settings.

2. Normative references

3.

The following normative documents contain provisions which are referred to in this text.
In case of any future amendments the possibility of applying the most recent editions of
the normative documents should be investigated.

ISO 376:2004 Metallic materials - Calibration of force-proving instruments
used for the

verification of uniaxial testing machines®.
ISO 2041:1990 Vibrational shock - Vocabulary.

ISO 6487:2002 Road vehicles - Measurement techniques in impact tests -
Instrumentation.

ISO/IEC Guide 98-3:2008 Uncertainty of measurement — Part 3: Guide to expression of
uncertainty in measurement (GUM:1995)

SAE J2570:2009 Performance Specifications for Anthropomorphic Test
Device

Transducers.
SAE J211:2007 Instrumentation for impact tests - Part 1: Electronic

instrumentation.

Terms and definitions
3.1. Load Cell Definitions

1.

A new version of DIN EN ISO 376 was expected to be published end 2011 but is not available yet. Publication should be monitored
and when available reference to updated version included in this document.
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3.1.1.

3.1.2.

3.1.3.

3.1.4.

3.1.5.

3.1.6.

3.1.7.

3.1.8.

Certification

Formal procedure by which an accredited or authorized person or agency
assesses and verifies (and attests in writing by issuing a certificate) the
attributes, characteristics, quality, qualification, or status of a measurement
device or system, in accordance with established requirements or standards.
Calibration

Operation that, under specific conditions, in a first step, establishes a relation
between the quantity values with measurement uncertainties provided by
measurement standards and corresponding indications with associated
measurement uncertainties and, in a second step, uses this information to
establish a relation for obtaining a measurement result from an indication.

NOTE 1 A calibration may be expressed by a statement, calibration
function, calibration diagram, calibration curve, or calibration table. In some
cases, it may consist of an additive or multiplicative correction of the
indication with associated measurement uncertainty.

NOTE 2 Calibration should not be confused with adjustment of a
measuring system, often mistakenly called “self-calibration”, nor with
verification of calibration.

NOTE 3 Often, the first step alone in the above definition is perceived
as being calibration.

Data Channel

All of the instrumentation from and including a single transducer up to and
including any analysis procedures that may alter the frequency content or the
amplitude content or timing of data. It also includes all cabling and
interconnections.

Full Scale Capacity

Full scale capacity is the maximum usable linear range of a data channel.
Non-Linearity (% of full scale capacity)

Linearity is defined as the closeness of the calibration curve to a specified line
(source: ANSI/ISA-S37.1). Non-linearity represents the maximum deviation
between ideal and actual output signal characteristics in relation to the
reference in a specific measuring range. It is expressed in percentage of the
range of measurement signal (full scale output).

Hysteresis (% of full scale capacity)

The maximum deviation between ascending and descending output readings
taken at the same load point, expressed as a percentage of full scale capacity.
Free Air Resonance

The frequency at which a transducer resonates, when suspended freely in air
by a single wire and impacted with a hard surfaced body. This test shall be
done while monitoring the channel output to insure each channel’s
fundamental output frequency shall be equal to or greater than the specified
frequency.

Shear Load Sensitivity (Crosstalk)

One channel of a load cell loaded to a set loading, and the other channel(s)
unloaded, the output of the unloaded channel(s) is expressed as a percentage
specified of the unloaded channels full scale capacity.
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3.1.9. Off-Centre Loading Error
When a force channel is loaded at a distance from the neutral axis, the error
in the force channel output with respect to the output when calibrated on the
neutral axis is reported as a percentage error of full scale.

3.1.10. Compensated Temperature Range
The range of temperature over which the transducer is compensated to
maintain output and zero balance within specified limits.

4. Transducer Specifications
4.1. General Specifications
4.1.1. Transducer Type
Uniaxial force measurement in compression mode (x-axis).
4.1.2. Physical Dimensions
The physical dimensions of contact surface shall be nom. 125 x 125mm minus
a clearance in between load cells to avoid interference between proximate
transducers.
4.2. Measurement Performance Specifications for Uniaxial Loadcell

4.2.1.Full scale capacity = 300 kN
4.2.2.0verload capacity = 400 kN
4.2.3.Non-Linearity (% of full scale capacity [absolute value]) < 1.0%.
4.2.4.Hysteresis (% of full scale capacity [absolute value]) <2.0%.
4.2.5. Free Air Resonance > 5kHz >
4.2.6. Shear Load Sensitivity < 3% under the loading condition of 50 kN for cross axis
channel(s)
4.2.7.0ff-Centre Loading Error < 3%2
4.2.8. Temperature Range: 15°C to 30°C
5. Characteristic of the force measuring chain

5.1. Description of the force measuring chain

The force measuring chain comprises of all components from the unit under test /
working standard to the indicating output instrument.

The selection and settings of all signal running components, e.g. measuring amplifier
and indicating instruments, in the measuring chain of the working standard as well
as the unit under test will be left to the user who will be in authority of the
calibration. The characteristic function for the transfer behaviour of the signal
running components has to be known and the same filter parameters have to be
assured. The exchange of the signal running components by an identical component
will be permitted to do as long as its systematic error of output value, due to its
technical specification and the measuring uncertainty, do not have an essential
influence on the calibration result.

All components of the force measuring chain (including connection cables) have to
be labelled in particular and precisely.

5.2. Application of Force

2 . . . . .

Final value could not be set on the basis of FIMCAR testing. For the free air resonance a value of either 4 or 5kHz was proposed. Also for
the off-centre loading error a value of either 2% or 3% was proposed. Further studies are needed to set a final value for both parameters.
For the time being the less strict values are listed the performance specifications.
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All calibration fixtures used for calibration have to be considered as integral part of
the unit under test.

5.2.1. Working Standard:  Assembly following DIN EN I1SO 376
5.2.2. Unit under test: To the greatest possible extent like in the field.

For the calibration with a one component force loading machine a calibration fixture
with a three-sided loading base will be used for mounting of the unit under test. The
position of the calibration fixture with the unit under test has to be permuted
depending on each designated direction of force application (axial or transversal
loads).

In the case of a three component force loading machine the unit under test will be
mounted by a calibration fixture in one position in order to apply the three forces in
each direction.

The application of force will be carried out by the use of a loading head, an example
of which is shown in Figure A.1.

I “"

I. If the calibration force shall be applied by a 1” steel ball “sphere” a case-

hardened loading head with ball joint loading points on all three sides has to be
used.

II. If the calibration force shall be applied by a spherical steel stamp a plane
loading head has to be used. Dependent on the geometry of the spherical steel
stamp and the resultant stress in the contact area it could be necessary to use
case-hardened steel plates at the stamp joint loading points

Figure A.1: Loading head with application in axial loading, cross talk Fy and cross talk Fz
applications

6. Calibration of the force measuring chain
6.1. General requirements

The calibration is done by the application of a known force into the force measuring
chain. The application of force has to be done by use of a simple force load machine
which is equipped with a calibrated working standard. Both the working standard —
reference channel - and the unit under test are loaded at the same time. The output
of the working standard as well as the unit under test has to be recorded. The
measured output of the unit under test is then compared with that of the working
standard.

6.2. Calibration preparation
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6.2.1.Reference and display equipment

The adjustments of the reference and display equipment must be carried out
as stated in the instruction manual. For the documentation all serial numbers
of the reference equipment and all variable settings must be recorded. In
addition the relevant parameters of the calibration sequence have to be
documented.

6.2.2.Warm-up

The unit under test must be allowed to warm-up prior to calibration. It is thus
required to apply the specified supply voltage to the overall measurement
chain in order to avoid warming-up errors.

6.2.3.Ambient conditions

At the beginning of the calibration the relevant ambient conditions have to be
documented. The ambient temperature must be held steady within +/- 2 °C
with respect to a reference temperature of 21°C.

6.3. Calibration process

The manufacturer of load cells should specify the following properties of the
cells in data sheets.
6.3.1. Preloading

After assembly, the unit under test must be preloaded twice prior to
calibration to the final value of calibration load.

6.3.2.Calibration procedure

The method applied for calibration is either a

= Stepwise (static) procedure: The output of the unit under test is
compared with that of the working standard, while discrete force
values are applied from 0 to full scale and back (typical for calibration
units with lever-mass system), or a

= Continuous (quasi-static) procedure: The output of the unit under test
is compared with that of the working standard, while continuously
ramping the load from 0 to full scale and back (preferred procedure
for piezoelectric sensors).

In case of a stepwise calibration a series of measurements in ascending order
and a series of measurements in descending order is performed after the two
preload cycles. A minimum of five (5) steps /
force levels from zero to the final value of
calibration load (FSO) have to be taken for )
each series. Preferably 20%, 40%, 60%, 80% !
and 100% of the upper limit of the effective .

calibration range (FSO). | ot 2100w

In case of a continuous calibration a force
progression cycle in the shape of a ramp ——— -
functions with increasing and decreasing load is
indicated. As the upper limit of the effective
calibration range (FSO) cannot be approached
definitely during the loading cycle, it is
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permitted to marginally exceed the upper limit of full scale calibration range.

For the acquisition of calibration data the pair of readings from the unit under
test and the working standard — reference force — might be recorded time-
discrete or value-discrete. The time-discrete acquisition will be done by a
predetermined sampling rate. The value-discrete data acquisition will record the
pairs of readings at specified load values.

6.3.3. Determination of characteristic values

Sensitivity, Non-linearity and Cross-talk are to be determined during calibration
on an annual basis and in case of overloading of the transducer.

6.3.3.1.

6.3.3.2.

Data evaluation and interpretation

For the evaluation and interpretation of the calibration data the
minimum method may be applied. In doing so the zero point of the
measured characteristic line will be matched with the zero point of
best fit straight line. Subsequently the slope of best fit straight line will
be chosen in such a way that the deviation from the measured
characteristic line meets a minimisation principle. For the minimisation
principle following methods might be used:

= The method of “least squares” that assumes that the best-fit curve
of a given type is the curve through zero that has the minimal sum
of the deviations squared (least square error) from a given set of
measurement readings.

= The method of “best straight line” (according to ANSI/ISA S37.1-
1975) that assumes that the best-fit curve of a given type is the
curve through zero that will minimize the maximum of the
deviations from a given set of measurement readings.

In order to ensure the comparability of calibration results, it is
necessary to declare and to document the method that was used to
determine the characteristic calibration values.

The evaluation of the calibration results can be visualized in a so call
difference curve by plotting the output signals of the unit under test
(load cell) against the reference. The following parameters are
calculated.
Sensitivity

Change in the response of a unit under test divided by the
corresponding change in the value of the reference. The sensitivity is,
e.g. defined as the slope of a so called Best Straight Line (BSL) through
the calibration curve. The BSL is a line midway the two parallel straight
lines closest together and enclosing all output versus reference values
on a calibration curve. In addition, it must pass through the zero point
based on the assumption that zero reference results in zero output
signal.

The force application in the mean axis of the unit under test will be
carried out centrically in such a way as described in detail by chapter
6.3.2.
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6.3.3.3.

6.3.3.4.

6.3.4. Determination of extended values

Extended values relate to off-centre
loading error, hysteresis and free air
resonance. These data are to as design
verification and to be collected once per
load cell design.

6.3.4.1.

Non-linearity

The maximum deviation of a transducer output reading from the ideal
output expressed as a percentage of full scale capacity.

The ideal sensor output may be obtained by the terminal line method
defined as a straight line connecting a transducer zero load reading
and its full scale reading or by alternatives like the Gauss Algorithm
meaning the method of least squares.

CrossTalk

Crosstalk is based on output measured in the e.g. X-direction while
respectively applying a load up to 50 kN to the perpendicular Y- and Z-
directions of the unit under test. With one channel of a load cell,
loaded to capacity and the other channel unloaded, the output of the
unloaded channel may be expressed as:

e A percentage of the unloaded channel’s full scale capacity

or
e A percentage of the loaded channel’s full scale capacity.

or
e A percentage of the loaded channel’s full scale calibration
range (50 kN).

In order to ensure the
comparability of calibration
results, it is necessary to declare
and to document the method
that was used to determine the
crosstalk values.

Off-Centre Loading Error

The off-centre loading error may be determined by applying forces in
the axial direction at various eccentric application points. The area for
admissible off-centre force application should be on a radius of 50 mm
around the centre axis with 45° inclination between and, if possible, in
the four corners of the unit under test. Maximum load should be the
upper limit of the effective calibration range (FSO). The sensitivity
deviation has to be calculated for each force application point and the
maximum deviation shall be used to determined the maximum off-
centre loading error.
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Note: The identification of the off-centre loading error should be only
considered as a type evaluation process. In particular a ratio of 1 to 25
units shall be considered.

6.3.4.2.  Hysteresis

As defined in 3.1.6.
6.3.4.3. Free air resonance

The free air resonance may be determined by suspending the transducer
freely by a single wire and impacting in the loading direction by a modal
hammer. Channel output will be monitored to insure each channel’s
fundamental output frequency shall be equal to or greater than the
specified frequency. Anti Aliasing filters and sample frequency should be
chosen such to avoid Aliasing effects (see SAE J2011)

7. Classification

The calibration according to this guideline does not provide for classification.
8. Calibration Certificate

Will a calibration be executed and at that time the force measuring chain is in
compliance with the requirements of this guideline, the calibration laboratory will draw
up a calibration certificate with at least the following information:

e Calibration laboratory and responsible person,

e Date of the calibration,

e Specification of the calibration method and operation sequence,

e Information of the used measurement standards,

e Ambient conditions at which the calibration was performed,

e Result of calibration,

e Identification of any limit violation,

e Tabulation and/or graphical representation of the calibration results,

e Approximation function (e.g. linear equation) and its method of determination.
e |dentification number of the calibration certificate, number of pages
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ANNEX B: LOAD CELL WALL SPECIFICATION AND CERTIFICATION

2.

Objective and scope

The present guideline is general applicable for a high resolution load cell wall used in
frontal vehicle compatibility assessment. It is used to characterise the minimum
specifications for the load cell wall and its certification.

Specifications

3.1. General Specifications

3.1.1.Physical Dimensions and positioning
The physical dimensions of the load cell wall shall be nom. 1000 x 2000mm. The
ground clearance defining the height of the load cell wall above the ground shall
be 80 £2 mm.

3.1.2.Transducer dimensions
The physical dimensions of contact surface of the load cells used in the wall
shall be nom. 125 x 125mm minus a clearance in between load cells to avoid
interference between proximate transducers.

3.1.3.Wall flatness

3.1.3.1.  Alignment of transducer centre

Transducers shall be positioned such that centre point locations of
adjacent cells are aligned to have a depth variation (measured
perpendicular to load cell wall) of 1 mm or less.

3.1.3.2.  Alignment of transducer corners and edges

Transducers shall be positioned such that corners and edges of adjacent
cells are aligned to have a depth variation (measured perpendicular to load
cell wall) of 1 mm or less.

3.1.4.Transducer numbering

The transducers shall be positioned in a square grid. The numbering indication
of the transducers shall be according to Figure B.1. The numbering sequence of
transducers in a column starts at 01 for the lowest cell. The numbering
sequence in a row starts at 01 at the left side (facing towards the barrier). A
transducer number consist of its number in the column followed by its number
in the row.
3.2. Measurement performance specifications
3.2.1.Sampling rate > 10 kHz
3.2.2.Transducer specifications and calibrations as included in Annex A
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01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

0815
08 0516

D7 0716

06

05

04

03

02 0201

01 0101 | 0102

Figure B.1: Load cell numbering

4. Certification
4.1. General requirements

The certification is done by measuring the position at the centre and the corners of
each transducer in a 3-Dimensional space. This has to be done by use of an adequate
measuring device that has sufficient range to provide data for all transducers in the
wall. Data shall be provided in metric units.

The measurement has to be done directly on the transducers. Protective layers like
wooden plates have to be removed.

4.2. Position measurement

4.2.1.If applicable remove the wooden cover plates from the transducers.

4.2.2.Setup the Faro arm or alternative measurement device. If possible position the
Faro arm in such a position that no frog leaps are necessary.

4.2.3.Measure on each transducer the position of the centre and corner points. For
the corners measurements should be taken 5 mm from each side. See Figure
B.2.

4.2.4.In case the indicated position is not applicable, for example if there is a
threaded hole, take an appropriate position as close a possible.
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Figure B.2: Measurement locations

4.3. Determination of wall flatness

4.3.1.A reference for the transducer position in the direction perpendicular to the
wall (X direction in Figure B.3) is set by summing measured positions in this
direction for all transducers at centre point location. An average depth position
is obtained by dividing the sum by the number of transducers.

4.3.2.Calculate depth positions (X direction in Figure B.3) for corner and centre point
positions by subtracting the average depth position from the measured position
in the direction perpendicular to the wall.

4.3.3.Calculate the difference of depth position between transducer centres of all
adjacent cells (column wise, row wise and diagonal wise). The resulting value
should meet specifications set in 2.1.3.1.

4.3.4.Calculate the difference of depth position between all adjacent transducer
corners (column wise, row wise and diagonal wise). The resulting value should
meet specifications set in 2.1.3.2.

Figure B.3: Measurement locations
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ANNEX C: FULL WIDTH TEST AND ASSESSMENT PROTOCOL
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This document describes the draft test protocol for the Full Width Deformable Barrier
(FWDB) test. It must be noted that some aspects of the test protocol have yet to be defined.
In such cases options have been defined, which are identified using square brackets. The
main options are:

e Additional instrumentation (accelerometers) to fully evaluate compatibility for the
FIMCAR project

Please note that for the tests to be performed in the FIMCAR project the high resolution
Load Cell Wall (LCW) and additional instrumentation to fully evaluate compatibility should
be included in all tests.

Much of the protocol is similar to the Euro NCAP v4.1 frontal impact test protocol. Those
familiar with the Euro NCAP protocol should note that the main differences are in the
following sections:

1.5 Suspension setting

1.6 Normal ride height

2.3.1 Optional intrusion measurements

4.2 Vehicle instrumentation — accelerometers, airbag current clamps, etc.

4.3 Load Cell Wall (LCW)

5.0 Camera Locations

9.0 Speed / Barrier Alignment / Impact Accuracy vertical

10.0 Calculation of injury parameters — additional parameters such as HIC15, Nij, etc.

11.0 Deformable Barrier specification
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1 VEHICLE PREPARATION
1.1 Unladen Kerb Mass

1.1.1 The capacity of the fuel tank will be specified in the manufacturer’s booklet. This
volume will be referred to throughout as the “fuel tank capacity”

1.1.2 Syphon most of the fuel from the tank and then run the car until it has run out of
fuel.

1.1.3 Calculate the mass of the fuel tank capacity using a density for petrol of 0.745g/ml
or 0.840g/ml for diesel. Record this figure in the test details.

1.1.4 Put water, or other ballast, to this mass in the fuel tank.

1.1.5 Check the oil level and top up to its maximum level if necessary. Similarly, top up
the levels of all other fluids to their maximum levels if necessary.

1.1.6 Ensure that the vehicle has its spare wheel on board along with any tools supplied
with the vehicle. Nothing else should be in the car.

1.1.7 Ensure that all tyres are inflated according to the manufacturer’s instructions for
half load.

1.1.8 Measure the front and rear axle weights and determine the total weight of the
vehicle. The total weight is the “unladen kerb mass” of the vehicle. Record this
mass in the test details.

1.1.9 Measure and record the ride heights of the vehicle at all four wheels.

1.2 Reference Loads
1.2.1 Calculate 10 percent of the fuel tank capacity mass as determined in 1.13

1.2.2 Remove this mass of ballast from the fuel tank, leaving 90 percent of the mass in
the tank.

1.2.3 Place both front seats in their mid-positions. If there is no notch at this position, set
the seat in the nearest notch rearward (this will be done more completely in
section 6).

1.2.4 Place a mass equivalent to the 50th%ile driver test dummy (including
instrumentation and cables) and a 5th%ile passenger test dummy on the front
seats.

1.2.5 Place 36kg in the luggage compartment of the vehicle. The normal luggage
compartment should be used i.e. rear seats should not be folded to increase the
luggage capacity. Spread the weights as evenly as possible over the base of the
luggage compartment. If the weights cannot be evenly distributed, concentrate
weights towards the centre of the compartment.
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1.2.6 Roll the vehicle back and forth to “settle” the tyres and suspension with extra
weight on board. Weight the front and rear axle weights of the vehicle. These loads
are the “axle reference loads” and the total weight.

1.2.7 Record the axle reference loads and reference mass in the test details.

1.2.8 Record the ride heights of the vehicle at the point of the wheel arch in the same
transverse plane as the wheel centres. Do this for all four wheels.

1.2.9 Remove the weights from the luggage compartment and the front and rear seats.

1.3 Vehicle width and Overlap

1.3.1 Determine the centreline of the vehicle. Mark a line along the centreline of the
vehicle. This line will align with the vertical centreline of the load cell wall.

1.4 Vehicle Preparation

Care should be taken during the vehicle preparation that the ignition is not switched on with
the battery or airbag disconnected. This will result in an airbag warning light coming on and
the airbag system will need to be reset. The manufacturer will need to be contacted if this
occurs.
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14.1

1.4.2

143

144

1.4.5

1.4.6

1.4.7

1.4.8

1.4.9

Ensure that live battery is connected, if possible in its standard position and that
the driver airbag is connected. Check that the dashboard light for the airbag circuit
functions as normal. The vehicle battery may be replaced with a dummy unit and
live battery placed in the luggage compartment of the vehicle. This action is at the
test labs discretion, but the manufacturer must be consulted to ascertain if this is
likely to cause problems with any of the vehicle’s systems.

In the event that the engine fluids are to be drained then drain the coolant, oil, air-
conditioning (air conditioning fluid, and replace with an equivalent weight of water
or other ballast).

If the fluids are drained then measure the weights of each of these fluids, excluding
the air conditioning fluid, and replace with an equivalent weight of water or other
ballast.

Remove the luggage area carpeting, spare wheel, and any tools or jack from the
car. The spare wheel should only be removed if it will not affect the crash
performance of the vehicle.

An emergency abort braking system may be fitted to the vehicle. This is optional;
the test facility may elect to test without an abort system. Where such a system is
fitted its inclusion shall not influence the operation or function of any of the foot
controls, in particular the brake pedal. The position and resistance to the
movement of the pedals shall be the same prior to fitment of the system. Remove
as little as possible of the interior trim; any mass compensation will be made when
all equipment has been fitted.

Fit the on-board data acquisition equipment in the boot of the car. Also fit any
associated cables, cabling boxes and power sources.

Place a weights equivalent to the 50%ile driver test dummy (including
instrumentation and cables) on each of the front seats (with the seats in their mid
positions).

Weigh the front and rear axle weights of the vehicle. Compare these weights with
those determined in section 1.2.6

If the axle weights differ from those measured in 1.2.6 by more than 5% (of the axle
reference loads) or by more than 20 kg, remove or add items which do not
influence the structural crash performance of the vehicle. Similarly, if the total
vehicle mass differs by more than 25 kg from the reference mass, non-structural
items may be removed or added. The levels of ballast in the fuel tank (equivalent
in mass to 90% capacity fuel) may also be adjusted to help achieve the desired axle
weights. Any additional mass that is added to the vehicle should be securely and
rigidly attached.
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1.5 Suspension Settling

This activity should be performed twice; firstly to check that the normal ride attitude, as
defined in section 1.6 below, is within the manufacturer tolerances and secondly to measure
the ride attitude just prior to performing the test, i.e. when all dummies are in the car and
the car is ready to roll back from the block for the test. Please note that target and pin to
record horizontal and vertical impact accuracy (section 9.3.3) should be fixed and aligned
when second set of measurements is taken.

1.5.1 Roll the vehicle forwards by a distance of at least 1 metre
1.5.2 Roll the vehicle backwards by a distance of at least 1 metre
1.5.3 Repeat steps 1.5.1 and 1.5.2 for three complete cycles.

1.5.4 Measure and record the ride heights of the vehicle at the point on the wheel arch
in the same transverse plane as the wheel centres. Do this for all four wheels.

1.6 Normal Ride Attitude

1.6.1 After following the above procedures the vehicle is in its Normal Ride Attitude
when the vehicle attitude is in running order positioned on the ground, with the
tyres inflated to the recommended pressures, the front wheels in the straight-
ahead position, with maximum capacity of all fluids necessary for operation of the
vehicle, with all standard equipment as provided by the vehicle manufacturer, with
a 75 kg mass placed on the driver's seat and with a 50 kg mass placed on the front
passenger's seat, and with the suspension set for a driving speed of 56 km/h in
normal running conditions specified by the manufacturer (especially for vehicles
with an active suspension or a device for automatic levelling). The manufacturer
shall specify the Normal Ride Attitude with reference to the vertical (Z) position of
any marks, holes, surfaces and identification signs on the vehicle body, above the
ground. These marks shall be selected such as to be able to easily check the vehicle
front and rear ride heights and vehicle attitude.

1.6.2
Note: Tolerances to manufacturers design position ad procedure to follow if these
are not met still need to be determined if the AE-FW test is intended to be used to
take compatibility measures with a high resolution load cell wall.

1.6.3 Allride heights measured are the Normal Ride Attitude ride heights.
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2 INTRUSION MEASUREMENTS
2.1 Before test

2.1.1 Determine and mark the centre of the clutch, brake and accelerator pedals.

2.1.2 Set the steering wheel to its mid-position, if it is adjustable for either rake or reach
(for full description of how to do this, see section 6)

2.1.3 Remove the centre of the steering wheel or, if fitted, the airbag assembly to expose
the end of the steering column. When doing this, carefully note the connections to
the airbag which will need to be remade on re-assembly. Follow the manufacturer’s
instructions when removing the airbag and/or steering wheel assemblies.

2.1.4 Determine and mark the centre of the top of the steering-column.

2.1.5 Remove the carpet, trim and spare wheel from the luggage compartment. The
plastic trim or rubber seals that might influence the latching mechanism should be
re-fitted once the intrusion measurements have been recorded. This is to ensure
that any opening of the rear door during the impact is not caused by the omission
of some part of the trim around the latching mechanism.

2.1.6 Locate the vehicle axis reference frame (see Figure 2.1) centrally to the rear of the
vehicle.

CAR LEVEL

e \\ MEASURE HEIGHT
~ . OF sTUDS
~ AXIS FRAME E—

J,-’/-—— - LEVEL 'l—j {
IIr U/ /<4 \ < /j

\_I]l/ﬂo 1' ". Pt l [____
\SL y &\1

el

Figure 2.1: Setting up axis reference frame
2.1.7 Level the reference frame

2.1.8 Measure and record the stud heights of the reference frame. These will be used
after the test to help reset the reference frame, if required.

2.1.9 |If it is necessary to lean on the vehicle to reach the following points, the vehicle
should be supported to maintain the ride heights during measuring.

2.1.10 Set up the vehicle co-ordinate axes in the 3D arm or similar device.

2.1.11 Mark and record the position of at least 5 datum points on the rear of the vehicle.
These points should be on structures which are not expected to be deformed in the
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test and should be positioned such that they have wide spaced locations in three
dimensions and can all be reached with the 3D measuring system in one position.

2.1.12 Working on the passenger side of the vehicle determine and mark the positions of
the B-post which are
i) at a distance of 100mm above the sill

ii) at a distance of 100 mm beneath the lowest level of the side window aperture.

2.1.13 All points should be as close as possible to the rubber sealing strip around the door
aperture.

2.1.14 Measure and record the pre-impact positions of the two aperture points.

2.1.15 Working on the driver’s side of the vehicle determine and mark the positions on
the A and B-post which are

i) at a distance of 100mm above the sill
ii) at a distance of 100 mm beneath the lowest level of the side window aperture.
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2.1.16 All points should be as close as possible to the rubber sealing strip around the door
aperture.

2.1.17 Use the arm to measure the pre-impact positions of the centre of the top of the
steering-column and the four door aperture points.

2.1.18 Record the position of the centre of the undepressed clutch, brake and accelerator
pedals and where applicable foot operated parking brake. If the pedal is adjustable,
set it to the mid position or a reasonable variation from this in accordance with the
manufacturer’s recommendations for the 50th percentile position.

2.1.19 Replace the steering wheel and airbag assembly. Check that all bolts are securely
fastened. Ensure that all connections to the airbag are replaced and check the
dashboard light to confirm the circuit is functional.

2.1.20 For optional additional intrusion measurements for compatibility please see
section 2.3. Please note that these should be recorded for all FIMCAR project tests.

2.2 After test

2.2.1 Before dummy removal measure the distance between all foot pedals and a fixed
point in the footwell e.g. seat runner, seat mounting bolt. If access cannot be
gained remove the dummies according to section 9.6, taking care not to disturb any
pedals and then record the measurement. This measurement should be re-checked
before the pedals are measured with the 3D measuring system. If the pedal has
moved re-position the pedal using the measurement taken previously.

2.2.2 Remove the dummies according to section 9.6 and remove the data acquisition and
emergency abort equipment (if fitted) from the luggage compartment.

2.2.3 Remove the centre of the steering wheel or airbag assembly.

2.2.4 Use any 3 of the 5 datum points at the rear of the vehicle, and their pre-impact
measurements, to redefine the measurement axes.

2.2.5 If the axes cannot be redefined from any 3 of the datum points relocate the axis
reference frame in the same position as in section 2.1.8. Set the studs of the frame
to the same heights as in section 2.2.11 (figure 2.2). The frame should now be in
the same position relative to the car as it was before impact. Set up measurement
axes from the frame.

2.2.6 Record the post-impact positions of the B-post points on the passenger’s side of the
vehicle.

2.2.7 Compare the vertical co-ordinate of the B-post sill point before (section 2.1.12) and
after (section 2.2.5) the test.

2.2.8 Find the angle 0 that best satisfies the following equation: z = -x’sin® +z’cos® for
the B-post sill point ( where z = pre impact vertical measurement and x’,z’= post-
impact longitudinal and vertical).
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2.2.9 Working on the driver’s side of the vehicle, record the post-impact co-ordinates of

the centre of the steering column, the centre of the clutch, brake and accelerator
pedals, and where applicable a foot operated parking brake, with no load applied
to them and in the blocked position (loaded with 200N to produce the maximum
moment about the pedal pivot), the door aperture points. Prior to the ‘blocked’
pedal measurement, i.e. with the 200N applied, the brake fluid shall be removed to
avoid the build up of hydraulic pressure. If the steering column has become
detached during impact due to the operation of the shear capsules, the column
should be repositioned before measurement in the upward and lateral directions
so that it is in contact with whatever structure(s) last constrained it from further
movement. If any of the foot pedals become detached do not take a measurement
of that pedal.

2.2.10 Transform the post impact longitudinal and vertical measurement ( x’,2’ ) using the

following equations.

X cosd sind X

7 -sin® cos ¢ z

2.2.11 Where ¢ is the angle determined in Section 2.2.8. X and Z should now be in the

same frame of reference as the pre-impact measurements. *

2.2.12 From the pre-impact and adjusted post-impact data collected, determine

ii.
iii.
iv.

the longitudinal, lateral and vertical movement of the centre of the top of the
steering column

the longitudinal and vertical movement of all of the foot operated pedals

the rearward movement of the A-post at waist level

the reduction in width of the door aperture at waist and sill levels.

2.2.13 Record these intrusion measurements in the test details.

STUDS AT SAME
LENGTH AS BEFORE
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Figure 2.2: Re-setting axis reference frame after test

! This assumes that the point on the passenger B-post sill is not displaced vertically or
laterally during the impact.

2.3 [Optional intrusion measurements]

Note: These measurements should be taken for all tests performed in the FIMCAR project.

Vehicle Pre-Test Measurements

7 700000000000000200000222 Reqired

Door Apertures at waist and sill level X

All Accelerometer Positions X

Steering Wheel Centre X

Pedal Centres X

Pedal axis (outboard end of clutch pedal) X

Dashboard / Footwell Points Compatibility footwell grid and dash
points (see below for details)

Compatibility Intrusion Measurements (pre- and post-test)

2.3.1 Instrument Panel Top (IPT)

Locate front lower corner of the side window in Z.

Locate outer edge of IP within height Z to Z+25mm and place target sticker 1.

Locate subsequent target stickers every 100mm (at the height defined by 2) inboard until the
centreline of the vehicle. (typically 6 stickers)

Note: Z is positive in the downwards direction

2.3.2 Instrument Panel Base (IPB)

Locate the highest point along the centreline of the seat squab and determine height in Z and
distance from vehicle centreline

Locate target sticker in on nearest point on the IP in the same Z height and distance from the
vehicle centreline.

Locate target stickers every 100mm inboard and outboard along the IP until the centre
console and the outer edge of the IP is reached
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] 2] [ 4] [s] [e]

2.3.3 Problems with IP target location

If significant deviation is needed then best judgement is needed and the criteria that need
consideration are:
1. Try to locate target stickers on major components of the instrument panel.

Example
Do not locate on the steering column surround as this will move independently of the majority
of the IP.

2. At all times try to maintain the target stickers in the Z and X axis defined and only vary the Y
axis by 100mm.

Example
If going below the instrument binnacle requires less deviation than proceeding around the top
then place the target stickers in the former position.

2.3.4 Footwell Intrusion

Minimum footwell intrusion measurements are the three black marked points behind the brake
pedal.

If more measurements will be performed please follow the recommendations:

1. Remove all carpet from the footwell requiring measurement.

2. Locate a target sticker behind the brake pedal in the same X and Z location as that
brake pedal.

3. Place a pre-cut carpet with holes spaced at 100mm in the footwell and locate one of
the pre-cut holes over the target sticker defined in 2. (Carpet can follow the contours
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of the footwell). If pre-cut carpet not available, use the 3D Arm to position target
stickers.

4. Locate additional target stickers in the location of the pre-cut holes. Only place
stickers up to a maximum of 200 mm either side of the brake pedal. Place stickers up
to a maximum of 200 mm (if possible) above and 300mm below the point defined in
2.

5. If locations tie up with local features on the footwell (such as drain holes) then move
target sticker the minimum distance to clear such feature.

o O O O O
O o G

100mm

O €0

O
\
O Q Brake Pedal

o

O
O O O O

(J
o O O O

200mm

3 DUMMY PREPARATION AND CERTIFICATION

3.1 General

3.1.1 Hybrid Ill test dummies should be used for the front seat driver and passenger
positions. They should conform to U.S. Department of transportation, Code of
Federal Regulations Part 572 Subpart E and ECE Regulation No. 94, except for
modifications and additions stated later — See Section 3.3.

3.2 Dummy Certification

Full details of the certification procedure for the Hybrid-Ill dummy are available elsewhere
(see Part 572 Subpart E of US Department of Transportation Code of Federal Regulations and
Annex 10 of ECE Regulation No. 94). No manufacturer shall have access to any pre-test
information regarding the test equipment to be used in the test, or be permitted to influence
it selection in any way.
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3.2.1 The Hybrid-lll dummies should be re-certified after every THREE impact tests. With
exception to the knee slider, which shall be certified to 10mm after every NINE
impact tests.

3.2.2 If an injury criterion reaches or exceeds its normally accepted limit (e.g. HIC of
1000) then that part of the dummy shall be re-certified.

3.2.3 If any part of the dummy is broken in a test then the part shall be replaced with a
fully certified component.

3.2.4 Copies of the dummy certification certificates will be provided as part of the full
report for a test.

3.3 Additions and Modifications to the Hybrid Ill Dummies

3.3.1 The additions and modifications which will change the dynamic behaviour of the
test dummies from Part 572E specification dummies are:

3.3.2 Ford 45 degree dorsi-flexion ankles/feet with rubber bump stops and padded heels
are fitted.

3.3.3 Roller ball-bearing knees, such as those supplied by ASTC, shall be fitted.

3.3.4 Extra instrumentation is also fitted such as enhanced instrumented lower legs and
a 6-axis neck. See Section 4 for a full instrumentation list.

3.3.5 Foam neck shields, such as those supplied by ASTC, must be fitted to the driver and
passenger if a frontal protection airbag is present.

3.3.6 Dummy Clothing and Footwear
3.3.7 Hybrid-lll dummies

3.3.8 Each dummy will be clothed with formfitting cotton stretch garments with short
sleeves and pants which should not cover the dummy’s knees.

3.3.9 Each dummy shall be fitted with shoes equivalent to those specified in MIL-S13192
rev P. (size XW)

3.4 Dummy Test Condition
3.4.1 Dummy Temperature
3.4.1.1 The dummy shall have a stabilised temperature in the range of 19°C to 22°C.

3.4.1.2 A stabilised temperature shall be obtained by soaking the dummy in
temperatures that are within the range specified above for at least 5 hours prior
to the test.

3.4.1.3 Measure the temperature of the dummy using a recording electronic
thermometer placed inside the dummy’s flesh. The temperature should be
recorded at intervals of exceeding 10 minutes.
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3.4.1.4 A printout of the temperature readings is to be supplied as part of the standard
output of the test.

3.4.2 Dummy Joints

All constant friction joints should have their ‘stiffness’ set by the following method

3.4.2.1 Stabilise the dummy temperature by soaking in the required temperature range
for at least 5 hours.

3.4.2.2 The tensioning screw or bolt which acts on the constant friction surfaces should
be adjusted until the joint can just hold the adjoining limb in the horizontal. When
a small downward force is applied and then removed, the limb should continue to
fall.

3.4.2.3 The dummy joint stiffnesses should be set as close as possible to the time of the
test and, in any case, not more than 24 hours before the test.

3.4.2.4 Maintain the dummy temperature within the range 19° to 22°C between the time
of setting the limbs and up to a maximum of 10 minutes before the time of the
test.

3.4.3 Dummy face painting

3.4.3.1 With the exception of the Hybrid-Ill face, the dummies should have masking tape
placed on the areas to be painted using the size table below. The tape should be
completely covered with the following coloured paints. The paint should be
applied close to the time of the test to ensure that the paint will still be wet on
impact.

Hybrid-llIs

Eyebrows (left and right) Red

Nose Green

Chin Yellow

Left Knee Red

Right Knee Green

Left Tibia (top to bottom) Blue, Green, Red, Yellow
Right Tibia (top to bottom) Yellow, Red, Green, Blue
NOTE: The tape should be completely covered with the coloured paints specified.
Paint Area Sizes:

Hybrid-llls

Eyebrows = (25/2) x 50mm

Nose = 25 x 40mm strip, down nose centre line

Chin =25 x 25mm square, centre line of chin
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Knees = 50 x 50mm square, knee centre line with bottom edge level with top
of tibia flesh

Tibias = 25mm x 50mm, 4 adjacent areas down leg centre line with top edge
level with top of tibia flesh

front, extending to the head C of G at each side.

3.5 Post Test Dummy Inspection

3.5.1 The dummies should be visually inspected immediately after the test. Any
lacerations of the skin or breakages of a dummy should be noted in the test
specification. A dummy may have to be re-certified in this case. Refer to Section
3.2.

4 INSTRUMENTATION

All instrumentation shall be calibrated before the test programme. The Channel Amplitude
Class (CAC) for each transducer shall be chosen to cover the Minimum Amplitude listed in
the table. In order to retain sensitivity, CACs which are orders of magnitude greater than the
Minimum Amplitude should not be used. A transducer shall be re-calibrated if it reaches its
CAC during any test. All instrumentation shall be re-calibrated after one year, regardless of
the number of tests for which it has been used. A list of instrumentation along with
calibration dates should be supplied as part of the standard results of the test. The
transducers are mounted according to procedures laid out in SAE J211 (1995). The sign
convention used for configuring the transducers is stated in SAE J211.
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4.1 Dummy Instrumentation

Hybrid-III
Location Parameter Minimum Driver No Pazsenger No of
Amplitude of channel: channels
Head Accelerations, Az Ay A 250g 3 3
Mack Forces FxFr SkN 2 2
F. 14kN 1 1
Moments, Mx My Mz 290Nm 3 3
Chast Accelerations, A A A, 150g 3 3
Deflaction, D 100mmny 1 1
Palvis Accelerations, Ay A A, 150g 3 3
Famurs (L & E) Forces, F; 20kN 2 2
Eneasz (L & E) Dizplacements, Dy, 15mm 2 2
Upper Tibia Forces, Fx F: 12kN 4 4
(L&R) -
Moments, My M, 400Nm 4 4
Lower Tibia® Forces, Fx Fz (Fy) 12kN 4 4
(L&R) -
Moments, My My 400Nm 4 4
Total Chamnels per Dummy 36 36
Total Channels T2

" Note that for both dummies the measurement of Fris at the laboratory’s discretion.
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4.2 Vehicle Instrumentation

4.2.1 The vehicle is to be fitted with an accelerometer on each B-post. The
accelerometers are to be fitted in the fore/aft direction (Ax)

4.2.2 Remove carpet and the necessary interior trim to gain access to the sill directly
below the B-post.

4.2.3 Securely attach a mounting plate for the accelerometer horizontally on to the sill,
without adversely affecting seat belt retractors and/or pretensioners.

4.2.4 Fix the accelerometer to the mounting plate. Ensure the accelerometer is
horizontal to a tolerance of 1 degree and parallel to the X-axis of the vehicle.

4.2.5 Attach lightweight (<100g) seatbelt loadcells to the shoulder section of the driver
and passenger seatbelts. For FIMCAR tests also attach lightweight (<100g) seatbelt
loadcells to the lap section of the driver and passenger seatbelts.

VEHICLE
Location Parameter Minimum Amplitade | No of channel:
B-Post LHS Accelerations, Ay 150g 1
B-Post RHS Accelerations, Ay 150g 1
Driver Seatbelt Foree, Fangoon 16kN 1
Shoulder Section
Passenger Seatbelt Force, Fagonm 18kN 1
Shoulder Section

Total Channels per Vehicle 4

Accelerometers for compatibility measures, note these should be included for all FIMCAR
project tests
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4.2.6 Additional accelerometers

Vehicle Instrumentation (Accelerometers)

Location X CAC Y CAC CAC
RHS A-Pillar Lower X 750
LHS A-Pillar Lower X 750
RHS A-Pillar above Dash X 750
LHS A-Pillar above Dash X 750
Engine Top, Central X 2000
Engine Sump, Central X 2000
Gearbox, Central X 2000
RHS B-Pillar Lower X 250
LHS B-Pillar Lower X 250
Rear Cross Beam, Central X 250 X 250 X 250
Tunnel at Cof G X 250 250 250
Tunnel at Rate Sensor X 250 250 250
Subframe (when Present) X 2000

Total Channels 19

Note:

To summarise and to get an overview over all used sensors, please use the following table

for the documentation:
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Number Location ISO code Long name
001 RHS A-Pillar Lower ?3APILRILOOOAC?? A-Pillar Right
Lower

002 LHS A-Pillar Lower ?1APILLELOOOAC?? A-Pillar Left Lower

003 RHS A-Pillar above | ?3APILRIMIOOAC?? A-Pillar Right
Dash Middle

004 LHS A-Pillar above | ?1APILLEMIOOAC?? A-Pillar Left Middle
Dash

005 Engine Top, Central | P0ENGNTPOOOOAC?? Engine Top

006 Engine Sump, | P0ENGNBOOOO0OAC?? Engine Bottom
Central

007 Gearbox, Central ?0GEAROOOOOQAC?? Gear Box

008 RHS B-Pillar Lower ?6BPILRILOOOAC?? B-Pillar Right

Lower

009 LHS B-Pillar Lower ?4BPILLELOOOAC?? B-Pillar Left Lower

010 Rear Cross Beam, | ?SCRMEREMIO0AC?? Cross Member
Central Rear Middle

011 Tunnelat Cof G ?5TUNNCDOOOOAC?? Tunnel CoG

012 Tunnel at  Rate | 70CEUNOOOOOOAC?? Central Unit
Sensor

013 Subframe (when | ??SUFR????00AC?? Sub Frame
Present)

014 Additional  vehicle
channel(s)
Dummy channels

....... LCW channels

4.2.7 Event switches

1 Time Zero Event TO1

2 Time Zero Event T02

3 VEHICLE AIRBAG SENSOR TRIGGER TIME USING 2 CURRENT CLAMPS

Note: for FIMCAR project tests Time Zero Event contact should be included between barrier
and car and vehicle and current clamps should be used to sense airbag trigger time for all

airbags.

4.2.8 Rate Sensor

Rate sensor positioned at tunnel C. of G.
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4.3

4.3.1

[Load Cell Wall]

The load cell wall is to be formed by a matrix of individual load cells with a spacing
of 125 mm in the horizontal and vertical directions. The centre spacing of the load
cells is 125 mm x 125 mm. The width of the load cell wall is to be equal to or
greater than the width of the deformable barrier and to be exactly divisible by
250 mm. The height is to be equal to or greater than the height of the deformable
element. [Width 2000 mm, height 1000 mm]. The lower edge of the load cell wall is
to be parallel to the ground and at a height of 80 mm relative to the ground. The
load cell wall is to be rigidly attached to the barrier with its front face in the same
plane as the front face of the barrier.

Dimensions and layout

4.3.2

4.3.3

434

4.3.5

4.3.6

Each load cell tile on the load cell wall (LCW) has a nominal frontal area of 125 mm
x 125 mm. However, when mounted on the LCW the load cells must have sufficient
clearance between the adjacent cells to prevent interaction of the load cell tiles
under maximum shear loads. The suggested external dimensions of each individual
load cell face in the LCW are shown.

O O

O

WwG0 + Ww G'eCT

O O] |

123.5mm £ 0.5mm

<
<«

<

Y

Each load cell shall be faced with an 18 mm thick MDF panel the same size as the
load cell face. Any of these MDF facings which become damaged (e.g. dented, split,
etc.) should be replaced with undamaged MDF facings.

Each load cell must have threaded holes on the loading face to allow the mounting
of deformable barrier faces and the MDF facings. A suggested pattern of holes is
shown in the previous figure.

The full load cell wall, for the purposes of the FWDB test, is to comprise of 128 load
cells arranged in a matrix of cells 16 wide by 8 high. The full LCW should have
frontal dimensions of 2000 mm wide by 1000 mm high. The height of the bottom of
the LCW above ground should be adjustable. [For the FWDB test, the height of the
bottom of the LCW above ground is 80 mm.]

The load cells shall be spaced such that the centre of each load cell is 125 mm apart
in the vertical and horizontal direction. This spacing shall be measured from the
centre of the uppermost corner cell on the load cell wall in order to avoid
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compound errors. This can be achieved by mounting the load cells on a backplate
to provide the precise location of each load cell.

A

[
575 »

A
h
A\ 4

T4

0S¢

So Pad N ’ Load
=7 Cells

4.3.7 The impact face of the load cell wall, including MDF facings, should be flat - no cell
should be either recessed or protrude relative to any of its surrounding cells. The
surface flatness is check by offering up a flat edge to the load cell wall - this flat
edge should bridge two or more load cells. There should be no visible gap [greater
than 0.5mm] between the flat edge and the surface of a load cell. If any cells are
found to protrude or be recessed, remedial action should be taken to correct this.

Technical Specifications

Nominal area of each load cell impact face 125 x 125mm
Rated load 300kN

Safe overload 600kN

Shear load 100kN

Offset loading error < 3% (300kN)
Linearity error <1.1% (300kN)
Compression / Shear load crosstalk < 0.5% (300kN)
Cell Mass < 6kg

Mass difference tolerance between load cells | + 0.2kg
Dynamic response > 10kHz
Resonant frequency > 5kHz
Operational temperature range 0°C to +70°C

Note :- Processing of LCW data should be carried out with a filter of CFC60
5 CAMERA LOCATIONS

All cameras 1000 fps

Note: For indication of camera angles see Euro NCAP test protocol.
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Camera No. Camera Type Shot Content

1 1000 fps high speed Driver (tight)

2 1000 fps high speed Driver (wide)

3 1000 fps high speed Passenger (tight)

4 1000 fps high speed Passenger (wide)

5 1000 fps high speed I;:ri;l view (wide — whole

6 1000 fps high speed Plan view (tight)

7 1000 fps high speed Front view driver &
passenger

8 1000 fps high speed Driver (wide — whole car)

9 1000 fps high speed Underside (pit) view engine
bay including subframe
attachment to firewall

6 PASSENGER COMPARTMENT ADJUSTMENTS

Vehicle adjustments
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Adjustment

Fequired Settmg

Notas

Methods

Seat Fora/Aft

Whd posiion as
defined m Section 6.1

May be szet to first notch
rearwards of mid position 1f
not lockable at mod position

Ses Section 6.1

Seat Base Tik Manmufacturer's design | Permiszible up to Mad See Section
position Position 6.1.11
Seat Height Lowest position

Seat Back Angle (as
defined by torso angle)

Manufacturer's design
position

Otherwise 257 to vertical

Az defined by Torse anzle

See Section 7.1.1

Front Head Festraints

Highest position

Head Restraint Tilt

Manufacturar's design
Position

Otherwise mud peosition

Seat Lumbar Suppert

Manmufacturer's design
position

Otherwise fully retractad

Ses Section
6112

Steering wheel -
vertical

Mid pesition

Ses Section 6.3

Steering wheel -
hornzontal

Wid posiion

Ses Section 6.2

Fear Head Eestramts

Femove or Lowast

Unlass instructad otherwise
by the mamufacturer

Fear Seat Fore/Aft

Mid pesiton

Ses Sectton 6.4.1

Fear Seat Facing

Forwards

Ses Sectton 6.4.1

Armo-rests
(Front seats)

Lowered position

MMay be left up 1f dummoy
positioning does not allow
lowaring

Arm-rests (Fear seats)

Stowed posifion

Glazmg

Front - Lowared
Rear - Lowered or
Femoved

This applies to opening
wmdeows only

Gear change laver

In the neutral position

Pedals

Normal position of rast

Doaors

Closed, not locked

Foof

Lowered

Where applicable

Sun Visors

Stowed posifion

Fear view muror

Normal position of use

Seat belt anchorage

Manufacturar’s 50th
percentile design
position

Ifno design position then sat
to mid-position, or nearest
notch upwards

Note:- Adjustments not listed will be set to
lower or outboard.

mid-positions or nearest positions rearward,
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6.1 Determination of and Setting the Fore/aft, Tilt and Lumbar Settings of the Seats

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

6.1.6

6.1.7

6.1.8

6.1.9

6.1.10

6.1.11

6.1.12

The manufacturers seat fore/aft position which corresponds to the 95th percentile
male seating position will have been provided.

Place a mark on the moving part of seat runner close to the unmoving seat guide.
Move the seat to its most forward position of travel.

Mark the unmoving seat guide in line with the mark on the seat runner. This
corresponds to the seat in its most forward position.

Move the seat to the position of its travel provided for the 95th percentile male.

Mark the unmoving seat guide in line with the mark on the seat runner. This
corresponds to the 95th percentile male’s seating position.

Measure the distance between the forwards and rearwards marks. Place a third
mark on the seat guide mid-way between the forwards and rearwards marks

Move the seat so that the mark on the seat runner aligns with the mark on the seat
guide.

Lock the seat at this position. Ensure that the seat is fully latched in its runners on
both sides of the seat. The seat is now defined as being at its ‘mid seating position’.
The vehicle will be tested with the seat in this position.

If the seat will not lock in this position, move the seat to the first locking position
that is rear of the mid seating position. The vehicle will be tested with the seat in
this position.

If the seat base is adjustable for tilt it may be set to any angle from the flattest up
to its mid position according to the manufacturer’s preference. The same seat tilt
setting must be used for frontal and side impact.

If the seat back is adjustable for lumbar support it should be set to the fully
retracted position, unless the manufacturer specifies otherwise or the dummy
prevents this.

6.2 Setting the Steering Wheel Horizontal Adjustment

6.2.1

6.2.2

6.2.3

Choose a part of the facia that is adjacent to the steering column and can be used
as a reference.

Move the steering wheel to the most forward position of its travel

Mark the steering column in line with an unmoving part of the facia. This
corresponds to the most forward travel of the steering wheel.
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6.2.4 Move the steering wheel to the most rearwards position of its travel Mark the
steering column in line with an unmoving part of the facia. This corresponds to the
most rearwards travel of the steering wheel.

6.2.5 Measure the distance between the forwards and rearwards marks on the steering
column. Place a third mark on the steering column mid-way between the forwards
and rearwards marks. This corresponds to the centre of travel of the steering
wheel.

6.2.6 Move the steering wheel so that the mark on the steering column aligns with the
facia.

6.2.7 Lock the steering column at this position. The steering wheel is now in its mid
position of travel. The vehicle will be tested with the steering wheel in this
position.

6.3 Setting the Steering Wheel Vertical Adjustment

A method that is in principle the same as Section 6.2 should be used to determine and set
the steering wheel vertical adjustment to the mid position. It is unlikely that the same part of
the facia used during the setting procedures for the horizontal adjustments could be used
for the vertical adjustment. Care should be taken to avoid unintentional adjustment of the
horizontal setting during the vertical adjustment procedure.

7 DUMMY POSITIONING AND MEASUREMENTS

The table detailing the timetable for dummy position and measurements found under the
section heading is replaced with the following table:-

Timetable When this is done

. Determine the H-point of the driver’s seat Day before test

. Determine the H-point of the passenger seat Day before test

Test day

1

2

3. Dummy installation

4. Dummy placement

5. Dummy positioning

6. Dummy positioning

7.1 Determine the H-Point of front seats

The device to be used is the H-point machine as described in SAE J826. If the seat is new and
has never been sat upon, a person of mass 75 + 10kg should sit on the seat for 1 minute
twice to flex the cushions. The seat shall have been at room temperature and not been
loaded for at least 1 hour previous to any installation of the machine.

For Driver’s Seat

7.1.1 Set the seat back so that the torso of the dummy is as close as possible to the
manufacturers reasonable recommendations for normal use. In absence of such

VIII-123



frontal im ment research

VIII Full-Width Test Procedure: Updated Protocol

7.1.2

7.1.3

7.1.4

7.1.5

7.1.6

7.1.7

7.1.8

7.1.9

7.1.10

7.1.11

7.1.12

7.1.13

7.1.14

7.1.15

7.1.16

7.1.17

7.1.18

recommendations, an angle of 25 degrees towards the rear from vertical will be
used.

Place a piece of muslin cloth on the seat. Tuck the edge of the cloth into the seat
pan/back join, but allow plenty of slack.

Place the seat and back assembly of the H-point machine on the seat at the centre
line of the seat.

Set the thigh and lower leg segment lengths to 401 and 414mm respectively.

Attach lower legs to machine, ensuring that the transverse member of the T-bar is
parallel to the ground.

Place right foot on undepressed accelerator pedal, with the heel as far forwards as
allowable. The distance from the centre line of the machine should be noted.

Place left foot at equal distance from centre line of machine as the right leg is from
centre line. Place foot flat on footwell.

Apply lower leg and thigh weights.

Tilt the back pan forwards to the end stop and draw the machine away from the
seatback.

Apply a 10kg load twice to the back and pan assembly positioned at the
intersection of the hip angle intersection to a point just above the thigh bar
housing.

Return the machine back to the seat back.
Install the right and left buttock weights.
Apply the torso weights alternately left and right.

Tilt the machine back forwards to the end stop and rock the pan by 5 degrees
either side of the vertical. The feet are NOT to be restrained during the rocking.
After rocking the T-bar should be parallel to the ground.

Reposition the feet by lifting the leg and then lowering the leg so that the heel
contacts the floor and the sole lies on the undepressed accelerator pedal.

Return the machine back to the seat back.

Check the lateral spirit level and if necessary apply a lateral force to the top of the
machine back, sufficient to level the seat pan of the machine.

Adjust the seat back angle to the angle determined in 7.1.1, measured using the
spirit level and torso angle gauge of the H-point machine. Ensure that the torso
remains in contact with the seat back at all times. Ensure that the machine pan
remains level at all times.
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7.1.19 Measure and record in the test details the position of the H-point relative to some

7.1.20 easily identifiable part of the vehicle structure

For Passenger’s Seat

Follow the procedure for the determination of the driver’s H-point ensuring that the
distance from the centre line to the legs is the same as that used in the determination of the
driver’s H-point. For both right and left feet, place the feet flat on the floor.

7.2 Dummy Installation

It is the intention that the dummy should not be left to sit directly on the seat for more than
2 hours prior to the test. It is acceptable for the dummy to be left in the vehicle for a longer
period, provided that the dummy is not left in overnight or for a similarly lengthy period. If it
is known that the dummy will be in the vehicle for a time longer than 2 hours, then the
dummy should be sat on plywood boards placed over the seat. This should eliminate
unrealistic compression of the seat.

7.3 Dummy Placement

Driver dummy (50" percentile Hybrid I1)

7.3.1 Ensure that the seat is in the correct position as defined by Section 6.1.

7.3.2 Place the dummy in the seat with the torso against the seat back, the upper arms
against the seat back and the lower arms and hands against the outside of the
upper leg.

7.3.3 Carefully place the seat belt across the dummy and lock as normal.

7.3.3.1 Apply a small rearwards force to the lower torso and a small forwards force to the
upper torso to flex the upper torso forwards from the seat back. Then rock the
torso left and right four times, going to between 14 and 16 degrees to the vertical.

7.3.3.2 Maintaining the small rearwards force to the lower torso, apply a small rearwards
force to the upper torso to return the upper torso to the seat back. Slowly remove
this force.

Passenger dummy (5th percentile Hybrid 111)

Follow procedure in FMVSS208 Section 16.3.3.

7.4 Front Driver Dummy Positioning

Dummy positioning should be carried out immediately before the test and the vehicle should
not be moved or shaken thereafter until the test has begun. If a test run is aborted and the
vehicle brought to a standstill using an emergency braking method, the dummy placement
procedure should be repeated. If the dummy, after three attempts cannot be positioned
within the tolerances below then it is to be placed as close to the tolerance limits as
possible.

Record this in the test details.
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7.4.1

7.4.2

743

7.4.4

7.4.5

7.4.6

7.4.7

748

H-point

The dummy’s H-point shall be within 13mm in the vertical dimension and 13mm in
the horizontal dimension of a point 6mm below the H-point as determined in
Section. Record the position of the dummy H-point in the test details.

Pelvic Angle

The pelvic angle measurement gauge should read 22.5° + 2.5° from the horizontal.
Record the measured angle in the test details.

Head

The transverse instrumentation platform of the head shall be horizontal to within
2.5°

Levelling of the head shall be carried out in this order:

-Adjust the H-point within the limit (par. 7.5.1)

-Adjust the pelvic angle within the limits (par. 7.5.2)

-Adjust the neck bracket the minimum to ensure that the transverse instrumentation
platform is level within limits. Record the measured angle in the test details.

Arms

The driver’s upper arms shall be adjacent to the torso as far as is possible. The
passenger’s arms shall be adjacent to the torso and in contact with the seat back.
Hands

The driver dummy’s hands shall have their palms placed against the steering wheel at
a position of a quarter to three. The thumbs should be lightly taped to the wheel.

The passenger’s hands should be placed with the palms in contact with the outside of
the legs and the little finger in contact with the seat cushion.

Torso

The dummies’ backs should be in contact with the seat back and the centre line of
the dummies should be lined up with the centre line of their respective seats.

Legs

The upper legs of both dummies shall be in contact with the seat cushion as far as
possible. The distance apart of the outside metal surfaces of the knees of each
dummy shall be 270mm £ 10mm (except if the left foot is placed on a footrest in par.
7.5.8 below). The legs of the dummies should be in vertical longitudinal planes as far
as is possible.

Feet

The driver dummy’s right foot shall rest on the undepressed accelerator pedal with
the heel on the floor. If the foot cannot be placed on the pedal then it should be
placed as far forwards as possible with the foot perpendicular to the lower tibia, in
line with the centre line of the pedal. The left foot should be placed as flat as possible
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on the toe-board parallel to the centre line of the vehicle. If any part of the left foot is
in contact with a foot-rest or wheel arch when in this position then place the foot
fully on this rest providing a normal seating position can still be achieved. Keep the
legs in the same vertical longitudinal plane. The knee gap requirement of 270mm +
10mm may be ignored in this case. Note the knee gap in the test details.

The passenger dummy’s feet shall be placed with the heel as far forwards as possible and
the feet as flat as possible. Both feet shall be parallel to the centre line of the vehicle.

7.5 Front Passenger Dummy Positioning
Follow procedure in FMVSS208 Section 16.3.3.

7.6 Dummy Measurements

The following measurements are to be recorded prior to the test after the dummy settling
and positioning procedures have been carried out.

Front Seated Dummies

G
B
T
A f_,’;
1
C
F
E
D
|

Recording dummy position — Pre-test
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Driver's Side Passenger's Side

A Chin to top of rim A Chin to facia

B Nose to top edge of glass B Nose to top edge of glass

C Stomach to rim C Stomach to facia*

D H-point to top of sill D H-point to top of sill

E Knee bolt to top edge of sill E Knee bolt to top edge of sill

F Knee bolt to top edge of bolster F Knee bolt to top edge of bolster*

G Head to roof surface G Head to roof surface

0 Neck Angle 0 Neck Angle
H-Point Co-ordinates (to vehicle) H-Point Co-ordinates (to vehicle)

o Seat back angle (as defined by o Seat back angle (as defined by
torso angle) torso angle)

* Shortest distance
8 STILL PHOTOGRAPHY

The following photographs will be taken pre and post-test unless otherwise indicated. Pre-
test photographs will be taken with the dummies in their final positions.

1 Front view of barrier.

2 Side view of barrier.

3 Side view of barrier at 45 degrees to front.

4 Side view of barrier with vehicle.

5 Car RHS, with camera centred on junction of B-post waist, showing full car.

6 Car RHS, with camera centred on B-post waist, showing rear passenger compartment.
7 Car RHS, with camera aimed at waist height, showing driver's compartment.

8 Car RHS at 45 degrees to front.

9 Front view of car.

10 Car LHS at 45 degrees to front.

11 Car LHS, with camera aimed at waist height, showing front passenger's compartment.
12 Car LHS, with camera centred on B-post waist, showing rear passenger compartment.
13 Car LHS, with camera centred on B-post waist, showing full car.

14 Driver and seat to show driver compartment and position of seat relative to the sill.
15 To show area immediately in front of driver.

16 To show driver's footwell area and location of dummy's feet and pedals.

17 Passenger and seat to show compartment and position of seat relative to sill.

18 To show area immediately in front of passenger.

VIII - 128



frontal im, ment research

Annex C: Full Width Test and Assessment Protocol

19 To show passenger footwell area and dummy's feet.

20 *QOverall view of where the car has come to rest after impact (including barrier).]

21 *To show position of all door latches and/or open doors.

22 *To show driver knee contacts with facia (airbag should be lifted if obscuring view).

23 *To show passenger knee contacts with facia (airbag should be lifted if obscuring view).
After Dummy Removal

24 Passenger compartment from rear window.

25 LHS interior from RHS of car.

26 RHS interior from LHS of car.

27 LHS front door area.

28 RHS front door area.

29 Facia.

30 Passenger footwell.

31 Driver footwell.

32 Steering wheel taken perpendicular to driver's side.

33 Driver right knee impact point.

34 Driver left knee impact point.

35 Passenger knee impact area.

36 Positions of all accelerometers

37 Position of rate sensor

Note: The above photos are for a RHD car, for a LHD car camera locations will switch sides.
9 TEST PARAMETERS

9.1 Load Cell Wall and Deformable Barrier

9.1.1 A high resolution Load Cell Wall as described in section 4.3 is included in the

protocol as an option. Please note that for all APROSYS project tests the LCW
should be included in all tests.

9.1.2 A deformable barrier as described in section 11 is included in the protocol as an
option. Please note that for APROSYS project tests the deformable barrier should
be included in appropriate tests.

9.2 Speed
9.2.1 Measure the speed of the vehicle as near as possible to the point of impact.

9.2.2 This speed should be 56km/h +/-1km/h. Record the test speed in the test details.
TARGET SPEED = 50km/h £+ 1km/h
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9.3 Alignment of vehicle to barrier

The fore/aft centre line of the vehicle is to be aligned with the vertical centre line of the
deformable element facing the barrier.

9.3.1 Alignment of the load cell wall

The lower edge of the load cell wall is to be parallel to the ground and at a height of 80 mm
relative to the ground. The load cell wall is to be rigidly attached to the barrier with its front
face in the same plane as the front face of the barrier. The load cell wall must not overlap
the edges of the barrier.

9.3.2 Alignment of deformable element

The lower edge of the deformable element, excluding the mounting flanges, is to be aligned
with the lower edge of the load cell wall. The vertical centreline of the deformable element
is to be aligned with the vertical centre line of the load cell wall. In order to attach the
deformable element to the load cell wall, the MDF facings on the lower row of load cells are
to extend below the lower edge of the load cells. The barrier is fixed to the load cell wall by
means of a clamping plate along the upper edge and along the lower edge.]

9.3.3 Record the horizontal and vertical accuracy
TARGET OVERLAP = 100%

9.4 Door Opening Forces
9.4.1 Check that none of the doors have locked during the test

9.4.2 Try to open each of the doors (front doors followed by rear doors) using a spring-
pull attached to the external handle. The opening force should be applied
perpendicular to the door, in a horizontal plane, unless this is not possible. The
manufacturer may specify a reasonable variation in the angle of the applied force.
Gradually increase the force on the spring-pull, up to a maximum of 500N, until the
door unlatches. If the door does not open record this then try to unlatch the door
using the internal handle. Again attempt to open the door using the spring-pull
attached to the external handle. Record the forces required to unlatch the door and
to open it to 45° in the test details.

9.4.3 If a door does not open with a force of 500N then try the adjacent door on the
same side of the vehicle. If this door then opens normally, retry the first door.

9.4.4 If the door still does not open, record in the test details whether the door could be
opened using extreme hand force or if tools were needed.

Note: In the event that sliding doors are fitted, the force required to open the door
sufficiently enough for an adult to escape should be recorded in place of the 45° opening
force.
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9.5 Dummy Removal
9.5.1 Do not move the driver or passenger seats. Try to remove the dummies.

9.5.2 If the dummies cannot be removed with the seats in their original positions, recline
the seat back and try again. Note any entrapment of the dummy.

9.5.3 If the dummies can still not be removed, try to slide the seats back on their
runners.

9.5.4 If the dummies can still not be moved, the seats can be cut out of the car.

9.5.5 Record the method used to remove the dummies.
9.6 Intrusion Measurements

Take the vehicle intrusion measurements. See Section 2.2 for a full description of how to do
this.

10 CALCULATION OF INJURY PARAMETERS

This section of the Euro NCAP frontal impact testing protocol is replaced by the following.
The following table lists all of the channels which are to be measured and the Channel
Frequency Class at which they are to be filtered. Traces should be plotted of all of these
channels. The injury calculation column lists the parameters which will be calculated for each
location. If the injury parameter is not a simple peak value and involves some further
calculation, details are given subsequently. Peak levels of head or neck parameters occurring
from impacts after the dummy head rebounds from an initial contact are not considered
when calculating maximum levels of injury parameters.

Location | Parameter CFC?® | Injury Calculation

Head Accelerations, Ax Ay Az | 1000 Peak Resultant acceleration
HIC3s HIC1s

Resultant 3msec exceedence

Neck Forces, FxFyF: 1000 Tension (+Fz) continuous

Moments, Mx My M- 600 exceedence

Shear (Fx) continuous exceedence
Peak Extension (My)I
Nij for US FMVSS208 SNPRM

Chest Accelerations, Ax AyAz | 180 Peak resultant acceleration
Deflection, D 180 Resultant 3 msec exceedence
Peak deflection

Viscous Criterion

Pelvis Accelerations, Ax AyAz | 180 Peak resultant acceleration

Resultant 3 msec exceedence

Femurs Forces, F: 600 Compressive Axial Force (-F-)
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(L &R) Continuous exceedence

Knees Displacements, D 180 Peak displacement

(L&R)

Upper Forces, FxF: 600 Peak displacement

Tibia Moments, Mx My 600 Peak Tibia Compression (-Fz)

(L &R) Tibia Index

Lower Forces, FxF: 600 Peak Tibia Compression (-Fz)

Tibia Moments, Mx My 600 Tibia Index

(L&R)

3 All CFCs taken from SAE J211

Using the above channels, dummy injury parameters can be calculated according to the
following procedures:

10.1 Head

10.1.1 Calculate the resultant head acceleration AR from the three components Ax, Ay
and Az after they have been filtered and determine the maximum value of AR

Ap = /A§+A§+A§

10.1.2 Determine the highest value of the resultant head acceleration

10.1.3 Calculate the Head Injury Criterion (HIC) according to

2,5
f Ap.dt
(tz —t)

where AR is expressed in multiples of g. Maximise HIC for any time ‘window’ (t2 —t1) up to
36 milliseconds.

HIC = (t, — t;)

10.1.4 Determine the acceleration level which AR exceeds for a cumulative time period of
three milliseconds i.e. the head 3msec exceedence.

10.2 Neck

10.2.1 Calculate the neck extension bending moment from
(M,)i =M, — fx.d

Where My and Fx are bending moment and shear force respectively measured at the
transducer and d is the distance from the transducer to the interface

(d=0.01778). See (SAEJ1733).
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10.2.2 Determine the ‘continuous exceedence’ of both the neck tension (Fz positive) and
neck shear (Fx) forces.

D

()
Copy = —=2
® ™ 0,229

10.3 Chest

V is the velocity of deflection and is calculated as the differential of the deflection with
respect to time:

8% [Disy = Die—y] = [Die42) = Die—2)]
oy = 126t

where 6t is the time interval between successive digital samples of D(t). Calculate V(t)*C(t)
continuously with time and determine its greatest value.

10.4 Femurs

10.4.1 For each of the femurs, calculate the continuous exceedence in compression (Fz
negative)

10.5 Knees

10.5.1 For each of the knees, determine the greatest value of the knee displacement D

10.6 Tibia

10.6.1 At the upper and lower of both the left and the right tibias, calculate the resultant
bending moment MR from Mx and My after they have been filtered.

Mp@y = Mg + Mi

10.6.2 Calculate the Tibia Index (TI) at the upper and lower tibia of each leg according to
the equation

Mg Fz)
(Mg)cl  1(Fz)c¢

TI(t) is the instantaneous value of the Tibia Index at time t. (MR)C is the critical value of the
bending moment = 225Nm and (FZ)C is the critical value of the axial force = 35.9kN. The
vertical lines indicate that the modulus should be taken.

TI(t) =

10.6.3 Determine the highest value of the Tibia Index.

10.6.4 Determine the highest value of the axial compressive force measured at either the
upper or lower tibia.

11 DEFORMABLE BARRIER SPECIFICATION

The external dimensions of the barrier are illustrated in Figure C.1. The deformable element is
formed from two layers of aluminium honeycomb, with an overall depth of 300 mm, a height
of 1000 mm and a width of 2000 mm. [For larger vehicles the height and the width of the
deformable element should be increased in 125 mm increments vertically and 250 mm
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increments horizontally to ensure that no part of the vehicle directly impacts the LCW.]

nd
2" ) over— 1 710MPa \%mm
2 laver_024NMDS \150mm

/

1000mm

N

\ v
300mm <

2000mm

v

Figure C.1: Full Width Deformable Barrier external dimensions (not to scale).

The first (front) layer of the deformable element has a crush strength of 0.34 MPa and is
150 mm deep, the second (rear) layer has a crush strength of 1.71 MPa and is 150 mm deep.
In addition, the second layer is segmented every 125 mm in the horizontal and vertical
directions starting at 125 mm from the outer edges. The position of each of the slots is to be
measured from the outer edge of the barrier to prevent compound errors. The two layers are
joined with a muslin interlayer and there is to be no cladding on any faces other than the
mounting face. The mounting face is the rear face of the 1.71 MPa layer. The mounting face
is to be clad with a 0.5 mm aluminium sheet which protrudes a set distance of 40 mm from
the upper and lower faces of the barrier to provide mounting flanges for attachment to the
load cell wall.

Front honeycomb layer

Height: 1000 mm (in direction of honeycomb ribbon axis)
Width: 2000 mm
Depth: 150 mm (in direction of honeycomb cell axes)

Material: Aluminium 3003 (ISO 209, part 1)
Foil thickness: 0.076 mm

Cell size: 19.14 mm

Density: 28.6 kg/m3

Crush strength: 0.342 MPa +0% -10%

Rear honeycomb layer

Height: 1000 mm [[_2.5 mm] (in direction of honeycomb ribbon axis)
Width: 2000 mm [[]2.5 mm]

Depth: 150 mm [[ ] ] mm] (in direction of honeycomb cell axes)
Material: Aluminium 3003 (ISO 209, part 1)
Foil thickness: 0.076 mm

Cell size: 6.4 mm

Density: 82.6 kg/ m3

Crush strength: 1.711 MPa +0% -10%
Backing sheet
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Height: 1080 mm []2.5 mm
Width: 2000 mm [ ] 2.5 mm
Thickness:  0.5mm []0.] mm
Material: Aluminium 5251

Deformable Barrier Face Construction

The rear honeycomb layer is segmented every 125 mm in the horizontal and vertical
directions starting at 125 mm from the outer edges. The position of each of the segmentation
slots is to be measured from the outer edge of the barrier to prevent compound errors. [The
slot size is to be less than 5 mm wide.]

The rear honeycomb layer shall be bonded to the backing sheet with adhesive such that the
cell axes are perpendicular to the sheet.

The front honeycomb layer shall be adhesively bonded to the rear honeycomb layer by means
of a muslin interlayer sheet, such that the cell axes are perpendicular to the sheet. The
deformable element is formed from two layers of aluminium honeycomb, with an overall
depth of 300 mm, a minimum height and width of 1000 mm and 2000 mm respectively. [For
larger vehicles the height and the width of the deformable element should be increased in
125mm increments vertically and 250 mm increments horizontally to ensure that no part of
the vehicle directly impacts the LCW.]

The certification procedure that should be followed for the materials in the Full Width
Deformable Barrier is described in Annex 9 Paragraph 2 of Regulation 94, these materials
having a crush strength of 0.342 MPa and 1.711 MPa respectively.

The adhesive to be used throughout should be a two-part polyurethane (such as Ciba-Geigy
XB5090/1 resin with XB5304 hardener, or equivalent). The adhesive bonding procedure that
should be followed for materials in the Full Width Deformable Barrier is described in Annex 9
Paragraph 3 of Regulation 94.

Deformable Barrier Face Mounting

The lower edge of the deformable element, excluding the mounting flanges, is to be aligned
with the lower edge of the load cell wall. The vertical centreline of the deformable element is
to be aligned with the vertical centre line of the load cell wall. In order to attach the
deformable element to the load cell wall, the MDF facings on the lower row of load cells are
to extend below the lower edge of the load cells. The barrier is fixed to the load cell wall by
means of a clamping plate along the upper edge and along the lower edge. The bolts used to
attach the clamping plate must not pass through the mounting flange.
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Deformable
Load Cell Wall Element
&Mounting Flange
Load Cell Facing —7 ~— . 80mm
(Plywood/MDF) L | Clamping Plate
Ground

[If the impact area of the test vehicle were likely to exceed the upper edge of the deformable
element when at the minimum height of 1000 mm, an alternative option to increasing the
height of the deformable element would be to increase the height of the LCW relative to the
ground. This is provided that the lower edge of the impact area is a minimum of 125 mm
further from the ground level in the vertical direction than the lower edge of the deformable
element when in the new position. The proposed increase in height would be in 125 mm steps
beginning at 80 mm relative to the ground.]

12 COMPATIBILITY METRIC

Up to time of 40 msec

F4 + F3 2 [MIN(200, 0.4Fr45) kN I o
F4 = [MIN(100, 0.2F745) kN > Fail
F3 = [MIN((100-LR), (0.2F145-LR))] kN/

l‘res

Pass

with:
Frao = Maximum of total LCVV force up to time of 40 msec
Limit Reduction (LR) = [F2-70] kN and 0 KN = LR = 50 kN

Figure C.2: FWDB Metric with Limit Reduction
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ANNEX D: FULL WIDTH TEST REPORTS

Table of Contents

SUPERMINI 1 FWDB 56 KM/H (1) @ BAST
SUPERMINI 1 FWDB 56 KM/H (2) @ BAST
SUPERMINI 1 FWDB 56 KM/H (3) @ FIAT
SUPERMINI 1 FWDB 56 KM/H (LOWERED) @ IDIADA
SUPERMINI 1 FWDB 56 KM/H (RAISED) @ PSA
SUPERMINI 2 FWRB 50 KM/H @ IDIADA
CITYCAR 1 FWDB 56 KM/H @ RENAULT
MINICAR 2 FWDB 56 KM/H @ FIAT

SUV 1 FWDB 56 KM/H @ TRL

SUV 2 FWDB 56 KM/H @ IDIADA

SMALL FAMILY CAR 1 FWDB 56 KM/H @ BAST
SUPERMINI 2 FWDB 40 KM/H @ BAST

138
148
159
168
174
183
190
199
208
218
226
237
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SUPERMINI 1 FWDB 56 KM/H (1) @ BAST
FWDB Supermini 1

Test Date 05/02/2012 il
Location BASt
Topic Full Width test -
Test Number | FMOSC3FW i
Test Protocol | Draft FWDEB
protocol - 2
v1.doc
D
56 km/h
Vehicle 1 Bamner Full Width
Branditype Supermini 1 150mm 0.34 MPa
Impact side: Front 150mm 171 MPa
Speed 36 km'h Segmented
Ovwerlap: :ggllylg Impact S mm left
Test mass LHS - Hybsid I 50th accuracy 0mm
Dummy: RHS - Hybrid III 5th LCW ground 20 mm
clearance
LCW / bamer 2000 mm wide
dimensions 750 mm high
Test parameters

Vehicle data: Supermini 1, LHD
Engine/ Transmission: 1.41diesel/5 gear
Testspeed: 56.02 km/h
Testweight: F 757 ka / R 544ka Total 1301 kg
Testimpactaccuracy: 8 mm left, 0 mmup

Test vehicle status:
* Notraised (references see next slides)
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Car hight
Ride heights ( wing edge to floor distance ) [ mm ]
Left side Right side
Front 650 654
Rear 635 643
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Pre-test Pictures

Pre-test Pictures
Barrier

& i

LW
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Supermini 1front end structure

Height [mm]

100

50 -

-1,000 -800 -600 -460 -200 0 200 400 600 800 1,000
Position [mm]
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LCW Forces at 40 ms

| -687.50 |-562.50 |-437.50 :-312,50 -187.50 i-ﬁZ.Sﬂ 552.50 | 187.50 |3|2.5D 437.50 i55'&50 ESBT‘SCI 812.50 :937.50 :§|m1 Row:
1017.50 [mm] |0.00 0.00 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0,00 0,00 0.00 0.00 0,00 0.00

|892.50 [mm] [0.00 3 0.00 0.00 0.00 i 0.00 i 0.00 0.00

| 767.50[mm] & ; .' 76 2,46

| 642.50 [mm] - 3

[ 517.50 [mm]

| 267.50 [mm]
142.50 [mm]

Post-test Pictures
Vehicle 1
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Post-test Pictures
Barrier

Plot: row forces over time
500

400

w
o
o

Force [kN]
%)
S

100

0O 10 20 30 40 50 60 70 80 950 100 110 120
Time [ms]
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Plot: Row forces over deflection

500

400 —row 2
350 3 —row 3
300 —row 4
250 —row 5
200 —row 6

Force [kN]

150 ==total

100
50

0 0,1 0,2 0,3 0,4 0,5 06 .. Q7
deflection [m]

Plot: Vehicle acceleration (a+b pillar)

10

50 100 150 200

o

-10

acceleration [g]

Max acc approximately 53 g

time [ms]
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Plot: Velocity over time
20

15

10

velocity [m/s]

0 50 100 — 150 200

time [ms]

Plot: Deflection over time

deflection[m]

0 50 100 150 200
time [ms]
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Dummy values FW Test

[ERCSEW Supermini 1 vs. FWDB day Supermini 1 vs. FWDB
FMOSCIFW Towitn Frontal Impact it e Frontal Impact
2012-03-05 [— Euro NCAP 2012-03-05 g Euro NCAP
Left
Criterion Driver SP 1 (H3) Co-Driver SP 3 (HF) Comgression Upper Fz- <190 kN 4000 *| 075 KN
Head & Neck 3000 > 0.000 * Compression Lower Fz- -2682 kN 3585 -1.04 kN
Tibia Index Upper o069 272 0.88
Head Tibia Index Lower 0.32 4000 * 082
HIC 38 707.83 g1282
Acceleration Resultant 23 4.000 * 84.08 .
3ms cumulative 7123 : 8443 : Compression Upper Fz- 186 kN 4000 ® 068 kN
Compression Lower Fz- =277 kN 3488 084 kN
Neok Tibia index Upper 072 2500 * 050
Shear Force Fr+ 065 kN 4000 *#| 010 kN 0000 * Titia index Lower 0.44 3823 032
Shear Foroe Fx- 027 kN 4000 * 035 kN 0000 *
Tensile Force Fz+ 148 kN 4000 *| 138 kN 0000 * Sum 14.500 (0.000)
Extension My- -1083 Nm 4000 *| -35080 Nm
Chest 4.000 * A
i
Defiection 011 mm 4000 *| -27.55 mm :
VC max 025 mis 4.000 * 0.14 mis L
belt at upper diagonal belt Foroe 532 kN 480 &N 2 Rati ithout 5ifi
*
Femur & Knee 4.000 Point
*
Lat 2670-39%9
Femur Force Fz- 020 kN 4000 * % 1.330.2669
: -t 2330 -
Knee Shder Displacement 034 mm 4.000 ; * 0.001-1329
%
Right 0.000
Femur Force Fz- -184 kN 4000 *
Knee Sider Displacement 045 mm 4000 *
Tibia 2508 *
Results Passengers
Front
Vehicle 1
Driver Passenger
Points Peants.
HEAD
Peaak resultant acceleration - g 4493 4.000) 4297 4.000
HICy 350,03 I *
Resultant Acc. 3 msec exeedence - g 44,38 41.89 3
Unstable asbag contact g out or payment 1 0,000, 0.000 Driver Passenger
Steering wheel displacement (-1) mm
e i Fice, Famur and Pers amsemsment a0 [ a0
THead Assessmant
HECK
Shear level exceeded - kN 042 40000 037 4000 LOWER LEG
duration of excesdence - ms 0 0.00 Left compression - kN 214 3.907 158 4.000
Tension level exceeded - kN 140 2000 126 4000 Left Upper Tibia Index Q47 3689 036 4,000
duration of exceedence - ms ] Left Lower Tibia Index 0.26 4.000) 023 4,000
Extension - Nm 16.40 Brake pedal vedical {-1) mm 43 0000,
Heck Assessment Left Lower Leg assessment 3@ -
Right compression - kN 0,82 4,000 142 4,000
—— Righl Upper Tibia Index 042 im 0.3% 4.000
Compression - mm ERT 2691 224 2966 Boht Lo m:‘:';‘] - bze ton eR AW
Viscous crterion - mis 013 4000l 011 4000 —lane pede elies -
Steering wheel contact [-1) 0.000)0 Right Lower Leq assessment 3mm -
A-Pillar displacement (-2} mm -4 0,000
Unstable passenger compartment (1) 0,000 - FOOT and ANKLE
Shoulder belt load - kKN 533 498 Clutch pedal honzantal displacement - mm -85 4,000
Chest Incomect mant Modar 0.090 0.000 Foatwell Rupture (1) : 0,000
Cm—— T —- Pl Boctim ) o___oumd
Foot and Ankle assessment
KNEE, FEMUR and PELVIS
Le Knee Side - mm 0.0 4,000 00 4000
Lok Famt Comprossion e oxcended - i 021 b TS e e — Ui S
siaaacsds TR g SR
Variable contact {-1) 2 0,000 0,000
Cancentrated loading {-1) 3 0,000 a.000 Head and Neck assessment A0
Incorrect airb: it .000 0,000 Chest assessment 2,691 2 9665
Left Knee, Femur and Pelvis Assessment - - Knee, Femur and Pelvis assesament
Right Knea Skde - mm [T 4,000} 0.0 4,000 Lower Leg. Foot and Ankle Assessment 3.689
Right Femur Compression level exceeded - kN 0.16 4,000 02 4000
Sty ™ — |
Variable contact {-1) 2 0,000 0,000 14,380 14,966
Concentratad loading (-1) A 0,000 0,000

Incormect ai il 0,000 0,000
[ T T T Ty e — - TOTAL FRONTAL 14,380
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Metrics evaluation

Supermini 1 FWDB, FMO05SC3FW
Value |0.2°Ft40 | OK/KO

F3> MIN[100. 0.2Ft40]
F4 > MIN[100, 0.2Ft40]
Global

F4>Min(100kN, 0,2'F,)

F3>Min(100kN, 0.2'Fry) Fail

Pass

Other findings

* Dummy pelvis were loaded due to seat pan structure
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Conclusions

« Supermini 1 test with 56 km/h FWDB
» Max vehicle acceleration: 53 g
* High head and neck loading on the passenger dummy

* Vehicle has one load path, the longitudinals are located
in the part 581 zone and they are in agreement with US
voluntary agreement.

+ Forces on row 3 are lower and forces on row 4 are
higher compared to the previous test at BASt

+ However, the vehicle will pass the metric but is close to
fail

SUPERMINI 1 FWDB 56 KM/H (2) @ BAST

FWDB Supermini 1

Test Date 2810212012
Location BASt
Topic Full Width test e 2
Test Number | FMO4C3FW / 8
Test Protocol | Draft FWDEBE { a2
protocol o - u_ g :
vl.doc : )
_
56 km/h
Vehicle 1 Barrier Full Width
Branditype Supermini 1 150 mm 0 34 MPa
Impact ade Front 150 mm 1.71 MPa
Speed 56 km'h Segmented
Overlap: 100% Impact 18 mm left
Test mass 1300 kg accuracy 2mm up
Dummy LHS - Hybrid ITI 50th | LCW ground 20 mm
RHS - Hybrid IIT 5th clearance
LCW / barrier 2000 mm wide
dimenstons 750 mm high
Test objectives:
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Test parameters

« Vehicle data: Supermini 1, LHD

* Engine/ Transmission: 1.4|diesel/ 5 gear

+ Testspeed: 56.02 km/h

« Testweight: F 759 kg /R 541 kg Total 1300 kg
« Testimpactaccuracy: 18 mm left, 2 mm up

» Testvehicle status:
» Notraised (references see next slides)

Car hight
Ride heights ( wing edge to floor distance ) [ mm ]
Left side Right side
Front 648 653
Rear 638 643
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Pre-test Pictures
Barrier

& TL LRSS s s b tim
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(451)

(526)
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Vehicle Structure with LCW

SN

Height (mm]
8

-1,000 -800 -600 -400 -200 0 200 400 600 800 1,000

LCW Forces at 40 ms

[BO0RmEN s07.50 |-562.50 |-437.50 [-31250 |-187.50 |-62.50 [62.50 [187.50 [312.50 [437.50 s6250 [687.50 |[812.50 [937.50 |SumRows

|1017.50 [mm] |0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
|892.50 [mm] |0. 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
| 767.50 [mm]

|642.50 [mm]
|517.50 [mm]
1392.50 [mm]

14250 [mm] [ 7 A2 3 01 2 |23
'Sum Columns [12.28  40.31 28.71 34.99 3293 2433 4561 41,18 4530 3243 2655 8.62 16,51 0.76 401,92
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Post-test Pictures
Vehicle 1

Post-test Pictures
Barrier
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Plots: Row forces overtime

500
400
300

200

Force [kN]

100

0O 10 20 30 40 50 60 70 80 S0 100 110 120
Time [ms]

Metrics evaluation

Supermini 1 FWDB, FM04C3FW
Value |0.2°Ft40 | OK/KO

F3> MIN[100, 0.2Ft40]
F4 > MIN[100, 0.2Ft40]

Global

F4>Min(100kN, 0,2'Fr,o)
F3>Min(100kN, 0,2'Fr)

Pass
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Plot: Row forces over deflection

500
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Plot: Vehicle acceleration (a+b pillar)
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Plot: Velocity over time
20
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o w
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Ul
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time [ms]

Plot: Deflection over time
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Dummy values FW Test

Tibia 1855 *
Criterion Driver SP 1 (H3) Co-Driver SP 3 (HF)
Head & Neck 4000 * 0000 %[ | Left
Compression Upper Fz- -264 kN 3572 -0.75 kN
Head Compression Lower Fz- -316 kN 3229 -1.00 kN
HIC 36 545.85 Tibia Index Upper 0.86 1955 * 0.80
Acceleration Resultant 6576 g 4.000 Tibia Index Lower 0.29 4000 * 0.55
3ms cumulative 6375 g
Right
Neck Compression Upper Fz- 168 kN 4000 * -0.70 kN
Shear Force Fx+ 0.77 kN 4000 * Compression Lower Fz- 246 kM 3696 -0.93 kN
Shear Force Fx- -0.37 kN 4000 * Tibia Index Upper 0.76 2307 * 061
Tensile Force Fz+ 156 kN 4000 * Tibia Index Lower 0.51 3.500 035
Extension My- -1417 Nm 4000 *
Sum (0.000)
Chest 4,000 *
Deflection -0.08 mm 4000 %
VC max 027 mis 4000 *
belt at upper diagonal bett Force 5.44 kN
Femur & Knee 0000 *
Rating without modifiers
Left
Femur Force Fz- -029 kN 4000 * Points
Knee Slider Displacement -040 mm 4000 * % 4.000
2,670 -3.999
Right * 1.330 -2.669
Femur Force Fz- -2080 kN 0000 % % 0.001-1.329
Knee Slider Displacement 051 mm 4000 % * 0.000
Driver Passenger
Points Peants.
HEAD
Paak resultant acceleration - g 4493 £.000) 4297 4,000
HICs 350,03 33344 *
Resultant Acc. 3 msec exeedance - g 44,38 41.89 3
Unstabie aibag cantact out o i 0,000 0.000 Driver Passenger
Steering wheel displacement (-1) mm 4 0.000)
T i % K Famur ond Parvs ssessment______aow [ o
Head Assessment
NECK
Shear level exceeded - kN 042 4000 037 4000 LOWER LEG
duration of exceedence - ms 0 0.00 Left compression - kN 24 3,907 158 4,000
Tension level exceeded - KN 140 2,000 1.2% 4.000 Left Upper Tibia Index 047 3.689) 038 4,000
duration of exceedence - ms ] 000 Left Lower Tibia Index 0.26 4,000 023 4,000
Extengion - Hm 18.40 4000 2r.e0 4.000 Brake pedal vedical {-1) mm -49 0.000;
Heck Assessment Left Lower Leg assessment 3@ -
Right compression - kN 092 4,000 142 4000
ST Right Upper Tibia Index 042 3m 0.3% 4.000
Vokgaon . 1 2681 a 2966 glghl Lower Tibéa Index 0.29 4.000 022 4,000
" 7 rake pedal vedical {-1) mm -49 0,000]
Viscous crenon - mis 013 £.000 Q.11 4.000
Steering wheel contact [-1) 0.000) Right Lower Leq assessment 3m -
A-Pillar displacement {-2) mm 24 0,040
Unstable passenger comparment (1] 0,000 B FOOT and ANKLE
Shoulder belt load - kN 533 498 Clutch pedal honzantal displacement - mm -85 4,000
Chest Incomect mant Modar 0.000! 0.000 Footwell Rupture (-1) i 0,000
T — o — Pt Bockny (1) o____swe
Foot and Ankle assessment
HKNEE, FEMUR and PELVIS
Left Knee Shde - mm 0.0 4,000 00 4000
Lok Famt Comprossion e ecended - I Y b TS S G A i S
duration of exceadence - ms 1] 0.0
Variable contact (-1 3 0.000 0,000 somwRRY
Concentrated loading (-1) " 0,000/ 0,000 Head and Neck assessment
Incomect aithag d it 10,000 0,000 Chest assessment 2,691 2 966
Left Knee, Femur and Pelvis Assessment Knee, Femur and Pelvis assessment
Right Knea Skde - mm [ 4,040 4,000 Lower Leg. Foot and Ankle Assessment 3.689)
Fight Femur Compresaion level excesded - kKN 0,16 4,000} 02 4,000
e 8 : T —— |
Variable contact (-1) b 0,000 0.000 14,380 14.966
Concentrated loading (-1) " 10,000 0,000
Incomect ai il 0.000 0.000
Knee, Femur and Pelvis Assessment TOTAL FRONTAL 14,380
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Conclusions

* Supermini 1 test with 56 km/h FWDB

* Max vehicle acceleration: 54 g

» High dummy values for the HIll 5" Dummy on front seat
passenger side (head and neck)

* Vehicle has one load path, the longitudinals are located
in the part 581 zone and they are in agreement with US
voluntary agreement.

» According to the LCW forces calculated, the Vehicle
passes the FWDB metric
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SUPERMINI 1 FWDB 56 KM/H (3) @ FIAT

FWDB Supermini 1

Test Date 1011201
Location FIAT Safety
Center =
Topic Full Width test ; i
Mass Ratio Hia ) :
Test Mumber | 17459 2 e =
Test Frotocol | Draft PWDEB
protocal .
v1.doc 56 km/h
Vehucle 1; Small car Bamer: Full Width
Brandftype Supermini 1 150 mm 0.34 MPa
Impact side: Front 150 mm 171 MPa
Speed: 56.39 km'h Segmented
Owerlap: 100% Impact 10mm left
Test mass: 1289 kg accuracy Omm
Dummy LHS - Hybrid ITT 50th | LCW ground 20 mm
RHS - Hybrid IIT 5th | clearance
LCW { barrier 2 mwide
dimensions 0.75mgh
Testobjectives:
Test parameters

* Vehicledata: Supermini 1 LHD
 Engine/ Transmission: 1.4 HDi/Manual
+ Testspeed: 56.39 kph
+ Testweight:F755 kg /R 534 kg Total 1289 kg
+ Testimpactaccuracy: 10mm left, Omm up
« Testvehicle status:
« Standardride heights:

* Fender heightRF 647
Fender heightL F 649
Fender heightRR 616
Fender heightLR 620
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Pre-test Pictures
Vehicle 1

Pre-test Pictures
Barrier
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Alignment of Vehicle Structure with LCW

A8 B3 cs (=] EB Fa G3 Ha (] 48 L] Ls Mg L o8 L

ET FT &7 HT [} J7 L)

NP W

02 -l

Post-test Pictures
Vehicle 1
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Post-test Pictures
Barrier

Separation between crossmember and CB/Iongltudiﬁél
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Annex D: Full Width Test Reports

Aditional iures (2/2)

N

“Failure of rear fuel tank fixages

Static measurements

Rearw. Upward Lateral Beaii. Abilai Rearward pedal 1
Frontal Impact Steering wheel | Steering wheel | Steering wheel | .~ ™ P fixation

: : . displacement | ..

displacment displacement |displacement displacement

Remarks (mm) (mm) (mm) (mm) (mm)
FWDB - 56kph - 17459 -36 -72 0 5 35
Occupant Upward.
compartment ;3;?;%"5 gii?)gééjnigr?tls P_edais G max SAE 60
stability displacement
(mm) (mm) @
FWDB - 56kph - 17459 Yes No 20 (accel) -22 (accel) 61
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Car Accelerations
VS.

Time Displacement

2006 300G
ETX EX
[50G &0

B T T TR BT (R IR [ ™ T @ A & & & &

Engine acceleration
VS.

Time Displacement

| 17 455 AVEMODC 8|
II _||
|. |
s H - |
] .:‘
I‘ ||
1 Il |
[ | AAnn | 1, "
hv—sihaiia | Ifll'l | —fhiec .'-:,""_-_-‘L'v?.',-'-_'-"-;-‘-j-“‘l"-"‘-,__rl LT - e -%M"’"‘-‘&'!I""llf‘-‘r‘y‘u w ﬂ‘ i
M T A i
! ST ; I
o b |! | | ;\..l ||
| »'Il-'-lu ‘ ‘ i vy
o "\ | ||I | ;ll | / e L I |‘|
\ | | | -..\ 4 b
III (! vl || \ i I'II ,l Il.I |
| || I W Sead | ll_.' |ﬁ
{/ il |\ |
[ou G I , Rl \f
Y e 8 | ] | ¥ | £ d &l gl “dl | |
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Annex D: Full Width Test Reports

Dummy criteria comparison. - standard FIMCAR database output

Driver Passenger
Prinks Prinks
HEAD
Penk rellend nocelersiion - g 5720 40| 104 D000
HICx w2 14254 LCNERIED.
Lefl compwresssinn - kW 234 3773 [1011) 4000
Ao Zmeec -n Lt ] AMLTE Lefl Lipper Tibin e DAS 2389 0o 4000
Tead A we et e I 18 Lower Titia bk 035 T T
peial il (1) mm 1 D000
NECK LeBlowerleg ase=mment B [
Shewr kel exaeedend kN nE a0l oM
S0 233 27m 00 4000
14 4000 - 4000 D59 215 D00 4000
sl - nas ET s I T T
J 1] D000
1 000
DOIO
1]

ow

KMEE, FEMUR 2 nd FELVIE
Ledl K Sl - mm
Ledl Fermr Compmesain kel moeesded -k

Head and Meck 2w et
C et 2 v

sl of saeedece - e
Lol Koy, Femr 2md P edviss Ao ut
Fighl Knee Slide - mm
Righl Fermusr Compresrsion el sceederd - kN

sl K e, Frsm o e P A v

Retractor 19ms
DAB 29ms
PAB 39 ms

K, Frmmr amd Pelvis s wment

Lower Leg. Foot amd i mkie A = vomeut

PEE o
2825
2859
136 | -]

Dummy Criteria Comparison - % of Reference Value (Reg 94)

160.00

140.00

120,00

M Driver

H Passenger

100.00

80.00

60.00

% of ECE94 reference value

40,00

i

HIC36 Head Meck shear Meck Chest
resultant level extension My| compression
acceleration

0.00
Viscous
criterion

Meck tension
level

Head and neck Chest

Femur Knee Tibia
compression displacement | compression

Tibia index

Upper leg Lower leg
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LCW force vs time

(550000 N
[500000 N _ Rowti
[450000 N __ RowZ
U000 N _ Rows
Lvetan ___ Rowd4
[J00000 N
[Z50000 N

Lm,, a9 29 | | el K g &) )

LCW force vs B-pillar displacement

Row1
500000 N
Row2
Row3
[AT0000 N
Row4
(30000 N
[Z00000 N
[TO0000 N
TR T =
[
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Metrics evaluation

Method B(1) FWDB:up to 400kN = F3 + F4 > 180kN AND F3 > 85 kN AND F4 > 85 kN

Supermini 1 FWDB

Value OK/KD
Time at 400kN (ms) 378 MA
F3+F4 = 180 kN (kN) 221.1
F3 = 85 kN (kN) 105.3
F4 = 85 kN (kN) 115.8

Global

Method B(2) FWDB:up to 40 ms - F3> 75 kN AND F4 > 75 kN

Supermini 1 FWDB

Up to 40 ms, F3 =75 kN (kN)
Up to 40 ms, F4 =75 kN (kN)
Glohal

Upgrade1 FWDB:upto 40ms = F3 > [MIN(100, 0.2Ft40)] AND F4 > [MIN(100, 0.2Ft40)]

Supermini 1 FWDB
Value 0.2*Fi40
F3 = MIN[100, 0.2Fi0] 106.4 89.0
F4 = MIN[100, 0.2Ft40] 142.8

Global
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frontal impact and compatibility assessment research

SUPERMINI 1 FWDB 56 KM/H (LOWERED) @ IDIADA

Supermini 1 (lowered) FWDB test

Test Date
Location
Topic

Mass Ratio
Test Number
Test Protocol

IMowv. 14, 2011
IDIADA
FWDB

M4
114601FF
FIMCAR

56 km/ :
+—
56 km/h

Wehicle 1: Small family Ride height measured at wheel arch:
Brandftype Supermini 1
Impact side: Front Frontleft: 618 mm
Speed: 36 km'h Fromt right: 619 mm
Overlap: 100 %
Test mass: ]lj-%;-ﬂll-{[gbrid — Rearleft: 621 mm
D : - HY 2 R ht: 621

mm RHS - Hybrid [T 50th | o 2 B

Test objective: Car to FWDE test with lowered vehicle, 37 mm to the nominal position.

Full Frontal FWDB impact test on Supermini 1 (lowered)

Structural analysis

IDIADA test no. 114601FF

Vehicle: Supermini 1

Ground clearance: 413 mm to bumper beam CTR

hottom

AR -

Loweredadr{
UTAC report 488 —451 =

z/; = |
488 mm
BN
4581 mm

ustmentto ach |eve according

{449]‘ 1228) “{526}
(451)

Mominal conditions according UTAC report
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Full Frontal FWDB impact test on Supermini 1 (lowered)
Test conditions

IDIADA test no. 114601FF

Vehicle: Supermini 1

Test Vehicle Mass: 1337.0kg

Test velocity: 56.33 km/h

Ground clearance: 413 mm to bumper heam CTR
bottom

=U T - i sy
Head and Neck assessment & 4000 1.850

(TLLOCETTTER g™ ATTEE LA

Chest assessment . 5 ‘2643 1716
Knee, Femur and Pelvis assessment i 4000 4000
Lower Leg, Foot and Ankle Assessment 2.644 3.644
TOTAL 13487 11.210
Door Opening 0.00

TOTAL FRONTAL 10.410

Supermini 1 (lowered) FWDB Impact
Pre-Test photos
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Supermini 1 (lowered) FWDB Impact
Static measurement results

STATIC MEASUREMENTS

* No door opening during the test. +ve= up aft Jeft
¥ STEERING WHEEL
+ No door opening after the test. Fore/aft displacement - mm 9
Verical displacement - mm -3
Lateral displacement - mm 4
P [APILLAR
Supermlnl 1 [Waistline displacement - mm 5
PEDAL DISPLACEMENTS
Brake Vertical displacement - mm -33
Brake Horizontal displacemert - mm 15
Clutch Verical displacement - mm -32
Clutch Horizontal displacement - mm 5]
Accel Vertical displacement - mm -29
Accel Horizontal displacement - mm 20
MAXIMUM PEDAL MOVEMENT
vertical displacement - mm -29
horizontal displacement - mm 20
DOOR APERTURE
YWaist level collapse - mm -6
Sill level collapse - mm -1
Supermini 1 (lowered) FWDB Impact
Dummy results (i ke S W e 0s eom
Let Femur Compression leel exceedad - kN 0z 4.000 0z 4000
durgtion of exceedence - ms o oo
“ariable contact (13 = 0.000 0000
Concentrated loading (-1 i 0.o00 oooo

Passenger
Paints
8167 1.850
81206
806D
0.000
0.000

Citrogn C3
Driver
Points

HELD
Peak resultant acceleration - g 7842 4.000
HICq 548,33
Fezultant Acc. 3 meec exeedence - g G845
Unstable sbag cortact, ing out or b p 3 D0.000
Steering whed displacemeant -1) mm 4 0.000
ngomect airbag deployiment 0.000
Head Assessert
MECK
Shear lewl excesded - kN 0.30 4.000

duration of exceedence - ms 0
Tension lewel exceaded - kN 132 4.000

durgtion of exceedence - ms
Extension - Nm 4.000

Meck fsze sanent

2433

CHEST
Compression - mm 31.80
“dscous chiterion - mis 0.18

Steering whed contact (-1
A Pillar dizplacerment (-2) mm i1
Unstable passenger compatment (-1

Shoulder belt load - kN

2643
4.000
0000
0.000
0.000

047 4000
oon
zn 4.000
oon

4394 3749

3vea 1716
036 4000
ooo

hcomect aibag deployment
Left Hree, Femur and Pelvis Assesanert

Fight knee Slide - mm 04 4.000 o1 4000

Fight Fermur Compression lewd exceeded - kN 0az 4.000 01 4000
duation ofexceedence - ms o oo

“wariable contact (-1) % 0.ooo 0000

Concentrated loading (-17 -§ 0.o00 oooo

hcomect aibag deployment
Right Knee, Fernur and Pelvis Assessnent

LOWER LEG

Let compreszion - kN 286 2427 206 2.060
Let Upper Tibia hdex 0.52 3.200 044 3822
Let Lower Tibiz ndex 066 2.844] o022 4000
peda wertical (-13mm -29 0.000

Left Lower Leg assesmmernt 2844 3822
Fight comprassion - kM 240 3.400 154 4.000
Fight Lbper Tibia ndex 0.52 3.200 042 3644
Right Lower Tibia hdex 024 4.000 oaz 4.000
pedd werical (-13mm -29 0.000

Right Lower Leq asse ssment 3200 3644
FOOT and ANKLE

pedd horizontd displacement - mm 0 4.000

Footwell Rupture (1) ) |

Pedal Blocking (1)

Foot and Ankle assessnent
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Supermini 1 (lowered) FWDB Impact
Vehicle pulse

Time

B-Pillar Left side

Displacement

B—Pillar Leftside

10 Wbk Aocek @ty @) 1o thblﬂ&!hl‘l‘blg
H g T 3 F T EE i H '
E o A ' B ELETTT FEETTE SRS . E
a Ry : : : - : -
g.m ....... : shameenbenaendeaande -4 g.
| o | | | |
20 dennn paisni p pedd iy S T AR RE L EEES
| | i i H
| | |
I IR P PR | . i
: H
ST.TL ST e b o ane
: i : :
- el t :
: : ; : e, B-pilarBask Lenx ik Base L
! ' T L e hknar ek Rt T et base RNt 1
=0 i i i i i i i i i =0 i i + i i i i
0 oot @02 003 004 0OS 0D OO 00 008 O 0.4 02 03 0+ 0s 0s oi L]
Tme f] DEpaceme it ]

Supermini 1 (lowered) FWDB Impact
Vehicle velocity

“ehicle velocty (m/fs)

;0?1?.5
‘-é L 1 5 ’ Wel. Tuwne | Middk
= Vel B-PIlEr Bage Lemx
4 - Vel B-Plr Base ROVt
k] i i
AT AR
1 1
| i
1 1
A L
1 1
i i
i i
1 1
S i R ST
\ h
| )
i i
1 1
. \
S S
| |
| |
1 1
| i
............... L W« B
| |
i i
| |
i i
| |
} }
012 014 018
Time [g]
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Supermini 1 (lowered) FWDB Impact
LCW Force

Time

Displacement

B—Pillar Leftside

LW Foree ) Lo Foree Ny
<m0 : - <500 .
= 1 H H = | |
B + Total Force B ~—Totl Forc
Bl setefesainatasinasa g e Bl s S s D i o LA s e i e T T e e e
SR Ry U pow
———Fi RO
e S s T s e e e D S P eeed e EEREN Bnnadina g el
R T B S S s T - ot R SEEEE SR SR R S| P
T eemene e
I - A S W N S | N
. LT Ll
1 1 1 = ' v
gt : : i e ;
o I I I + + + + T . o T . . { + + +
0 oo Obz 003 004 OO OODF OOF  O0F 009 Od o o4 0z 03 o4 05 05 o7 0

D Eplcame it ]

Supermini 1 (lowered) FWDB Impact
Post-test photos
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Supermini 1 (lowered) FWDB Impact

Metrics
s+ Metric1
- Stage 1 Metric @ total LCW force 400 kN
F3+F4>[180(160)] kN F3+F4=228.0kN PASS
F3>[85 (75)] kN F3=135.8kN PASS
F4=>[85 (75)] kN F4=92.2kN PASS

Note: Limits in brackets are forvehicles forwhich the total LC\W forceis lessthan 400 kN

- Stage 2 (if stage 1 not met and eligibility met)
Metric up to time of40 ms

F3>[100]kN F3=124.4kN
F4>[100] kN F4=112.5kN

+  Metric 2 "upgrade”

Metric up to time of40 ms

F3z[MIN(100, 0.2xFT40) kN F3=124.4 kN;0.2xFT40=85.9 kN PASS
F4z[MIN(100, 0.2xFT40] kN F4=112.5kN;0.2xFT40=85.9 kN PASS
FT40=Maximum oftotal LC\W force up to time of 40 ms

Supermini 1 (lowered) FWDB Impact
Conclusions

« Dummy injury bellow R94 limits

« The Supermini 1 (lowered) passes the FWDB Original
an Upgrade Metrics
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SUPERMINI 1 FWDB 56 KM/H (RAISED) @ PSA

FWDB Supermini 1 raised +39mm

Test Date 311102011
Location THO Safety
Center Y =
Topic Full Width test ; a8
Test Mumber | F114202 [ iy s
Test Protocol | Draft FWDB e )
protocol -—
56 km/h
Vehicle 1; Small car Barrier: Full Width
Branditype Supermini 1, LHD 150 mm 0.34 hiPa
TImpact side: Front 150mm 1.71 WPa
Epeed: 35 8kamh Segmented
Crvetlap: 100% Impact fmm below
Test mass: 1315 ¢ accuracy
Dummy: Left - HITI 50th LCW ground 30 mm
Right HITT 50th clearance
LCW / barrier 2 mwide
dimensions 1 tn high
Test parameters

« Vehicledata: Supermini 1

* Testnumber F114202

« Engine/Transmission: 1.4 HDi/Manual 5+R

+ Testspeed: 55.8 kph

+ Testweight: F787.5kg /R 527.5 kg Total 1315 kg
+ Testimpactaccuracy: 6mm below

* Testvehicle status:

« Raised frontand rear ride heights +39mm

* Fender heightRF 685
Fender heightLF 681 r
Fender heightRR 654 &m&] ---------
Fender heightLR 651
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Annex D: Full Width Test Reports

Pre-test Pictures
Vehicle 1 (raised +39mm)

Pre-test Pictures
Barrier

FWDB Cellbond 2000x1000x300mm
Jstages of cells: 0.34MPay1.7MPa

DL = B
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Alignment of Vehicle Structure with LCW

] so im 1sn |
L + + R |
e it |

__________________________

BEEERY B

Post-test Pictures
Vehicle 1
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Annex D: Full Width Test Reports

Post-test Pictures
Barrier

LEFT : Failure between frontmember and crash box, partial collapsing ofthe crash box
RIGHT : No failure between frontmember and crash box, no collapsing ofthe crash box (bendingand side
displacement), butbeginning of failure on the front cross member (see orange mark)
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Additional pictures (2/3)

Beginning of crushing of the 2 windscreen pillars, more important on right side
This appear between 60 and 65ms.

Additional pictures (2/3)

2 attachments of the rear fuel tank has been broken
No leakage observed.
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Static measurements

(raised +39mm)

Rearward
steering wheel
displacement
{(mm)

Upward steering
wheel
displacement
{(mm)

Lateral steering

wheel
displacement
{mm)

Rearward A
pillar
displacement
{mm)

FRONTAL 50

-30

-3

9

IMPACT

Qcaupant
compartmernt
stability

Footwell failures

Rearward pedals

displacement
{(mm)

Upward pedals
displacement
{mm)

Gmax CFC60(g)

Yes

No

16

-23

62.3

Supermini 1 raised +39mm Car accelerations

Time

AR EEE

VS.

 LeftBPillarvstime |

Displacement

NN

LeftB Pillar \'5 displacement
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Dummy criteria comparison. - standard FIMCAR database output

[Raisedvehicle DRIVER CO-DRIVER
Walue Pairts Welug Faints
HEAD
HIC 36m= 570.00 4.000 506.00 2194
Acceeration 3ms () 63.50 4000 80.50
[ 4w ]
HECK
Shear Fx (kM) 0.87 4.000 0.4 4.000
Tension Fz (kM) 1.73 4.000 1.85 4.000
My Extension (M.m] 16.30 4000 57.00 0.000
[ 4w ]
CHEST
Compression (mm) .70 1186 35.80 2029 DEVER L DEBER
‘iscous criteion (m/s) 037 4000 0.20 HEAD & NECK I
I | cHEsT
KHEE & FEMUR KMEE & FEMUR
Let Femur Compression (k) 0.4@ 4.000 l]_._24 4.000 INE MEMBERS i
Let Knee Slids (mm) 049 4000 1.% 4,000 ToTaLl
[ a0 ]
Right Femur Compression (kM) 0.40 4.000 0.10 4.000
Right Knee Slide (mm) 025 4.000 0.06 4.000
[ a0 ]
INF MEMBERS
Let Compression tikia Upper (kM) 215 3800 1.9 4.000
Let compression tibialower (kM) .'1.64 4.000 .'1.91. 4.000
Let Tl upper 037 4.000 0.60 311 . ]
Let Tl lower 056 3289 [I:ﬂ 4.000 Mmovie analysis
o [ aam__| Retractor  18ms
Right compression tiia upper (ki) 307 3267 1.57 4000 DAEB 26ms
Right compression tibia lower (M) _ﬂ.;zs‘ 2407 1?9 4.000 PAB A9 ms
Right Tl upper .82 2133 0.% 3733
Right Tl lower M s 4,000
3.733

Dummy Criteria Comparison - % of Reference Value (Reg 94)

1200

H Driver %
H Pasenger %

E Pcrumng KB4 (It

Fermar Enee

HE36 Healresutamt  Meckshear  Nedktension Medk estenvsion Chest iscours.
accel eration level lewel My COMpressinn Ooerion comression  dplacenment  Compression
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Force (N)

LCW force vs time

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 o1 Time(s)

LCW force vs B-pillar displacement

Force (N) ' |

—— LINE2
LINES |
LINE4
LINES |

L A T I R A N R B

——LINET !

1
~— LINE& |

——TOTAL |
1

b 0.1 oi 0.3 0.4 05 05 0.7 | Disp(m)
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Compatibility criteria (aised+3omm)

Method B(1) FWWDB:up to 400kN = F3 + F4 > 180kN AND F3 > 85 kN AND F4 > 85kN

Supermini 1 FWDB raised

Value OK/KO
Time at 400kN (ms) 40,0 A

F3+F4 > 180 kN (kN) 185.7
F3 > 85 kN (kN) 62.9
F1 > 85 kN (kN) 122.8

Glohal

Method B(2) FWWDB:upto40ms = F3> 75 kN AND F4 > 75 kN

Supermini 1 FWDB raised

Value
Up to 40 ms, F3 =75 kN (kN) 62.9
Up to 40 ms, F4 =75 kN {kN) 122.8

Global

Upgrade! FWDB: upto 40ms - F3 > [MIN(100, 0.2Ft40)] AND F4 > [MIN(100, 0.2Ft40)]

Supermini 1 FWDB raised +39mm
Value 0.2*Ft40
F3 = MIN[100, 0.2Ft40] 62.9 79.7
F4 > MIN[100, 0.2Ft40] 122.3 79.7

Glohal
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SUPERMINI 2 FWRB 50 KM/H @ IDIADA

Test Date Jul. 18, 2011
Location IDIADA
Topic FWEE —
Mass Ratio A ; )
Test Number | 112001FF i 5
Test Protocol | FIMCAR s ST, RN
‘—
50 km/h
WVehicle 1: Super-mini Ride height measured at wheel arch:
Eranditype Supermini 2
Impact side: Front Frontleft: 620 mm
Speed: 50 kmh Front nght: 623 mm
Owerlap: 100%
Test mass 1159 kg Rearleft 614 mm
Dummy; LHS - HIIT 50% Rearnght: 624 mm
RHS - HIII 5%
Test object

+ Vehicle 1data: Supermini 2
* Engine/Transmission: 1.2/Manual
+ Testweight: F648.5_kg/R 474.5_kg Total 1159_kg

+ Testvehicle status:
Normal vehicle conditions

« SEAS 215 mm below PEAS, SEAS well connected to the
subframe which is 400 mm behind.
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Structure analysis

215 mm

Ground

Dummy criteria comparison. - standard FIMCAR database output

Supermini 2 FWRB

Summary.

Head and Neck Assessment 4.000
2173
1.938

Lower leg, 1 0.356

TBA: Modiflers to be assessed

Overall Frontal Assessment B.467

Mote: Score controlled by Driver results, Passenger Hill 5%file
cannot be directly compared to the Euro NCAP result

EURONCAP

Adult occupant protection

Frontal impact driver

Front: 15.1

Eron impact griver Eropt imoast i
Malyg O ATy 4000
7856 - [ -
™My - g i
TEA TEA
TEA TEA
TEA
£.000 2000
LIHEE] oTIN
O0Cms 4000 000ma L0008
14N OTEIN
000ms L0008 000ms 000N
23N 000 AETINN 40000
000 w00
000 2000
MLTaem QT 30,49 men 3787
03 e L0 37w W00
TEA
TEA
TEA
Lt e site Y 01w L4000V
Lo e esvereien baceed 03944 07 N
esien o tecerienie G0Cms 000 000ms L4000
TEA TEA
TEA A
a0
158 000mm  WD00H
a3
1092 000ms L4000
TEA TEA
TEA TEA
4000
BN 000
163 1,200
X1 08400
ot
14008 37N
3,510 1.2
4000 L
TEA
0356
TEA
TEA
A
30382 3n Tatc mesureent (TEA
()
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Dummy and restraint analysis

Vehicle equipped with seatbelt
pretensioners, driver and
passenger head airbag and driver
knee airbag.

The driver’s knee were protected
by the airbag, during the restraint
the right femur was loaded up to
6.31 kN, the knee slider was of
10.64 mm.

Structure analysis
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Acce krEton

Euro NCAP positions measured in the FWRB test

o B efore {mm)} After (mm) Difference (mmj

X NS = X ¥ Z X Y z

A-Pillar Lett Tap 4725 G844 02,2 4731 -EEE2 | G033 05 14 1.2
&-Pillar Left Bottam 4744 87,0 1709 4745 | BEET | 1748 0,0 A7 3,8
B-Fillar Lett Top 15703 6596 6586 | 15707 | 660G | 6554 04 12 02
B-Pillar Right Top 15727 E77 1 6702 1571 8 E77.3 6695 -08 02 -04
B-Pillar Lett Bottam 15138 7006 1897 | 15144 | 7012 | 1895 06 06 02
B-Pillar Right Bottom 15204 7205 1966 | 15m2 | TM3 | 1957 09 08 04

Stesring Wheel 7251 3272 662,85 7087 | -3250 | 6708 | 154 22 8,1
Accelerstorpedal 3552 1593 183,85 3736 | 1630 | 1910 | 184 38 7.2
Brake pedal 3692 -263 6 2204 36853 -264 2 2207 161 4.4 03
Clutch pedal 366,3 3859 2223 3323 | 3842 | 2011 | 340 16 22

Supermini 2 F\WRB Accelerations

Time

B—Pillar Left side

—:—Ao::.il-’nar?

nutﬂie

o oot opz 0oy ooDd 0o

Welkoby m#]

B—Pillar Left side

Displacement

Acce kratos ||
-]

t e | B-PIIE Strvck £k

25

o o8
DEpBome s fmm]
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Annex D: Full Width Test Reports

Supermini 2 F\WRB Engine Analysis

Time

B—Pillar Left side

P —-VeLAGS. B-PUBT Base L4NX

T ECLAGENGNE WdaK W

i e LAGE, Enghg MBSOk Top X
S RS B T

S S T SO0 N - SO
PR o R e R e i
25 4 :.. .....
ot R T .
11 S S edimmsadieesadieasadianas

-

| | : : : : 4 4 H
o oo ppz  o0pd 0Dd 0D 0OE  OODF OO ODS [ K]
Tae [

The velocities of engine and gear box drop from 15 to 27 ms. At 27
ms both are stopped due to the contact with the rigid wall.

Supermini 2 F\WWRB Load Cell Wall

Time Displacement

B—Pillar Left side

B—Pillar Left side

Vot Row 142

[ 4' ...... ...... ' ,,,,,, ; o ;. - ;J..;....; .....

H H } H : : H H H -100
o ool oDz 0o ODd DD DD 0OF 0D 009 04 o
TEe [

H H ' H H H H H H
0os 8] 015 0.2 02s 03 03s o4 04 s
DEpEGmENt )

Total: 202 kN @6.9ms  Row 1+2: 94 kN @ 69ms  Row 3+4: 98 kN @ 6.9ms
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VIl Full-Width Test Procedure: Updated Protocol

Supermini 2 F\WRB Load Cell Wall

[
a— S

s |

Row 1+2: 94 kKN @ 6 9ms ; Row 3+4: 98 kN @ 6.9ms h

Row 1. 7 kN @ 6.9ms Row 3: 44 kN @ 6.9ms

Row 2: 87 kN @ 6 9ms Row4: 54 kN @ 6.9ms

FWRB Metric

* Current status
Metric @ total LCW force 200 kN
F3+F4>80kN F3+F4=98 kN PASS
0.2<(F4/(F4+F3)<0.8 F4/(F4+F3)=0.55 PASS
» Metric upgrade
Metric @ total LCW force 200 kN
F3+F4>(100 kN-LR) LR=35;: F3+F4=98 kN PASS
F4>35 kN F4=54 kN PASS
F3>(35 kN-LR) F3=44 kN PASS

Limit Reduction = Min [(F2+F1-25kN): 35 kN]
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frontal impact and compatibility as

ssessment research

Annex D: Full Width Test Reports

Conclusions

* Dummy injury bellow R94 limits, however, high loading in
femurs and lower legs were observed

« LCW recorded 200 kN at 6.9 ms, before engine dumps,
which starts at 15 ms

e Current status and Metric Upgrade of FWRB PASS
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VIl Full-Width Test Procedure: Updated Protocol

»
FIMCARD

rch

frontal impact and compatibility assessment resear

CITYCAR 1 FWDB 56 KM/H @ RENAULT

Test Date 2112

Location UTAC

Topic Full Width test

Mass Ratio /A

Test Mumber | AFFSEP1102
938

Test Frotocol | Draft FWDB
protocol
v1.doc

56 km/h

WVehicle 1:
Branditype
Impact side:
Speed:
Owerlap:
Test mass:
Dummy:

Super-mini

City Car 1

Front

56 km'h

100%

1174 kg

LHS - Hybrid TIT 50th
RHS - Hybrid III 5th

Barrier:

Impact
accuracy
LCW ground
clearance
LCW { barrier
dimensions

Full Width

150 mm 0.34 MPa
150mm 1.71 MPa
Segmented

Smm left

Smm up

80 mm

2m wide

1t high

with WP3 criteria.

Test objectives: Test performed with FIMCAR WP3 configurations in orderto check City Car 1

Test parameters

* Vehicle data: City Car 1

* Engine/Transmission: Petrol/Manual gearbox

+ Testspeed: 56kph

+ Testweight: F673 kg /R 499 kg Total 1174 kg

« Testimpactaccuracy: lateral and vertical

+ Testvehicle status:
 Testmass as Euro NCAP test

[
FIMCARV D

fontal impact and compatibility assessment research

SEVENTH FRAMEWORK
PROGRAMME
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frontal impact and compatibility assessment research

Annex D: Full Width Test Reports

Pre-test Pictures
Vehicle

SEVENTH FRAMEWORK
fontal impact and compatibility assessment research PROGRAMME

Pre-test Pictures
Barrier

[
FIMCARV D

SEVENTH FRAMEWORK
fontal impact and compatibility assessment research PROGRAMME
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VIII Full-Width Test Procedure: Updated Protocol FIMCAE’

Description of front-end structure

Pictures / description of front- -

end structure: o

City Car 1 front end z

structure composed of two load

path (crossheam and O 14 =z

advanced subframe), with = (04 A=
vertical connections between \ 0- —2 T
both. Tk L

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

Description of front-end structure

City car 1 front end structure is composed of two load paths (crossbeam and
advanced subframe), with 2 vertical connections between both.

The advanced subframe is stiffer than the crossbeam

SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research
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FIMCAE‘ Annex D: Full Width Test Reports

Post-test Pictures
Vehicle

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

Post-test Pictures
Barrier

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research
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VIl Full-Width Test Procedure: Updated Protocol

o 2A
FIMCARMN

frontal impact and compatibility assessment research

Additional

pictures to show detailed deformation of

car or barrier

fontal impact and compatibility assessment research

SEVENTH FRAMEWORK
PROGRAMME

Example: Static deformations in x-direction, y and z also collected.

Vehicle: X X X X X
Test Humber: AAX KKK vy Wy WY Wy
Test type: EuHCAP ODB c2c W c2C W C2C W2 C2C W2
Velocity | C 40 mph 35 mph Dx-EuHCAP dx 35 mph Dx-EuNCAP dx
di [=Ed di i di
M_AFLT Left &-post 100 mmm below
wirida
M BPL1 Left B-post 100 mm below
Intrusions (mm) :
-15 -10 -5 0 5 10 15 20 25 30 35 L
Left A PILLAR 19 ]
Right A PILLAR 9 Ll
5 32 :
-11SIEEERIR L
-1 18 L
AR SILL |0 7
Right A PILLAR SILL [—31 3
Displacement (mm)

W_EMSR Ergnelow Ao & |
rnourt to subframe

l,—l

i; —

First 13 rows are EUNCAP positions, Brake Pedal Axle definedby UTAC for PDB tests,
last 6 rows are for structural interaction analysis.

(S
FIMCARMN

fontal impact and compatibility assessment research

SEVENTH FRAMEWORK
PROGRAMME
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frontal impact and compatibility assessment research

Annex D: Full Width Test Reports

Structural results

* VVehicle 1

Good general comportement of the occupant space.

Barrier

Deformation from subframe are at least as important thant those from
crossbeam

SEVENTH FRAMEWORK
fontal impact and compatibility assessment rezea PROGRAMME

Car Accelerations
VS.

Time Displacement

B-Pillar B-Fillar

Acceleration (g)
]
—1
\-
Acceleration (g)
8 &

Time (s) Displacement (m)

[
FIMCARV D

SEVENTH FRAMEWORK
fontal impact and compatibility assessment research PROGRAMME
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frontal impact and compatibility assessment research

VIl Full-Width Test Procedure: Updated Protocol

Dummy criteria comparison
FWDB (without modifiers) EURONCAP (without modifiers)

. Fani
o, m| sax  com
nazm
wam
Ll o0m|
oom| oom
om
om com| ox com
om
om wom| 1 eom
om
om wom| am  som
2 z3m| 22m  3om
= wom| om  som
o0m|
o0m|
0m|
m
om
om m| oz som
o m s com
oo
om | -
om g &
om
e m| 03 som
om m| oz om
oo
om | m
om ] 5
om
“om
“om
\ <om
f \
A asm
Wy (L) a0
f “om
U. i
o\ m|
w m|
Passenger

14,02 13,29 14,65

SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

Dummy and restraint analysis

* Restraint fire time,

— Seat belt at 10ms for both front passenger,

— Airbag at 16ms for both front passenger

I I M CA m’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research
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FIMCAE Annex D: Full Width Test Reports

LCW force vs time

LCW force representation during all the pulse and FWDB criteria

LCW total forces

600.00 3
—— LCW line 1 total forces
——— LCW line 2 total forces
500.00
= LCW line 3 total forces
400.00 -LCW line 4 total forces
LCW line 5 total forces
g.. 300.00 —— LCW line 6 total forces
= LCW line 7 total forces
§ 200.00 —— LCW line B total forces
= Limit at 40ms
100.00 = = =« Thresholds FWDB criteria Ligne 3
Thresholds FWDB criteria Ligne 4
0.00
0.000 0.020 0.040 0.060 0.080 0.100
10000 - : :
Time (s)

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

LCW force vs B-pillar displacement

LCW force representation during all the pulse

——LCW total forces
400.00 ——LCW line 1 total forces
——LCW line 2 total forces

——LCW line 3 total forces

300.00

LCW line 4 total forces
g ——LCW line 5 total forces
¥ 20000
§ 2 —— LCW line 6 total forces
LT

—— LCW line 7 total forces
100.00 ——LCW line 8 total forces

——Displacement at 40ms

0.00 .
0.000 . . . . 0.600

-100.00

Displacement {m)

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research
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frontal impact and compatibility assessment research

VIl Full-Width Test Procedure: Updated Protocol

Metrics evaluation

Method B(1) FWDB: up to 400 kN = F3 + F4 > 180 kN AND F3 > 85 kN AND

F4 > 85 kN
City car 1 FWDB
Value OKKO
Time at 400kN (ms) 271 NA
F3+F4 > 180 kN (kN) 206,72 e

F3 > 85 kN (kN) 13893 | 0K
F4 > 85 kN (kN) 67.79
Global

Method B(1) FWDB: up to 40 ms - F3 > 75 kN AND F4 > 75 kN

City car 1 FWDB
Vaue | OWKO _

Up to 40 ms, F3 > 75 kN (kN) 12655 [ oKk |
Up to 40 ms, F4 > 75 kN (kN) 61.67
Global

Upgrade1 FWDB: up to 40 ms = F3 > [MIN(100, 0.2Ft40)] AND F4 >
[MIN(100, 0.2Ft40)]

City car 1 FWDB

=5 Value 0.ZFt40 | OK/KO I
F3 > MIN[100, 0.2Ft40] 153.01 96.15 T
F4 > MIN[100, 0.2Ft40] 76.73 36,15

Global

. Rl
=Y . PROGRAMME,

fontal impact and compatibility assessment research

Conclusions

» City car 1 has higher dummy valuse
compared to the Euro NCAP test

 The vehicle has its PEAS beneath the common
alignment zone.

« LCWforces in row 4 are low, thus it does not
fulfill the metric
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ntal impact and compatibility assessr

Annex D: Full Width Test Reports

MINICAR 2 FWDB 56 KM/H @ FIAT

Test Date 26/09/2011
Location FIAT Safety
Center -
Topic Full Width test 8
Mass Ratio N/A &D
Test Mumber | 17423 s N
Test Protocol | Draft FWDB oy i
protocol =
¥1405 56 km/h
Wehicle 1. Super-mini Barer, Full Width
Branditype Supermini 2 150 mm 0.34 MPa
Impact side: Front 150mm 171 MPa
Speed: 56.49 km/h Zegmented
Owetlap: 100% Impact 5mm left
Test mass: 106 kg accuracy 4 mm up
Dummy; LHS-Hybnd IIT 50th | LCW ground 80mm
RHS - Hybnd ITI 5th clearance
LCW/ barrier | 2000 mm wide
dimensions 7530 mm high
Test objectives:
Test parameters

+ Vehicle data: Supermini 2 LHD
* Engine/Transmission: 1.2 Petrol/Manual
* Testspeed: 56.49
* Testweight: F666 kg / R 440 kg Total 1106 kg
+ Testimpactaccuracy: 5 mm left, 4 mmup
* Testvehicle status:
« Standardride heights:

* Fender heightRF 628
Fender heightL F 627
Fender heightRR 636
Fender heightLR 634

(S
FIMCARVN

SEVENTH FRAMEWORK
fontal impact and compatibility assessment research PROGRAMME
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frontal impact and compatibility assessment research

VIl Full-Width Test Procedure: Updated Protocol

Pre-test Pictures
Vehicle 1

[
FIMCARV D

SEVENTH FRAMEWORK
fontal impact and co mpatibility assessment research PROGRAMME

Pre-test Pictures
Barrier

FIMCARMN

fontal impact and compatibility assessment research

SEVENTH FRAMEWORK
PROGRAMME
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frontal impact and compatibility assessment research

Annex D: Full Width Test Reports

Alignment of Vehicle Structure with LCW

A B8 ca D8 E8 F8 G8 H8 18 Ja K8 Lg M8 NE 08 P8
A7 7| o7 o7 | E7 F7 61| w1 7 97 K7 L7 M| nNt| o7 P7
AB B6 | 6 /B\"\Eﬁ_ E el 6 |t Rl 16| 6| me| o8| s
| Ll L FA : =~ © . 1
as | es [\ JeEs \Ms Ns| os| ms
—
Ad B4 c4 " ki [m*& 04 P4
A3 | B3 <‘&t /g / é\ ’ X Mi| N3| o03| P3
— W= 40545
- 36405
A2 B2 c2 ’ N2 02 P12 %
2527
18 22
13518
A1 B1| o1 et | T m 3 mi| N1 o1 RS
045

(Sl
FIMCARMY

fontal impact and compatibility aszessment reseal

rch

fontal impact and compatibility aszessment reseal

Post-test Pictures
Vehicle 1

SEVENTH FRAMEWORK
PROGRAMME

SEVENTH FRAMEWORK
PROGRAMME
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frontal impact and compatibility assessment research

VIl Full-Width Test Procedure: Updated Protocol

Post-test Pictures
Barrier

———
—
—

I I M CA E’ SEVENTH FRAMEWORK
o rch PROGRAMME

EEEEEEEEEEEEEE
PROGRAMME

(S
FIMCARMN

fontal impact and compatibility assessment research
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frontal impact and compatibility assessment research

Annex D: Full Width Test Reports

Additional pictures (2/2)

Structural results

* Supermini 2: main rails and third load paths
folded, good stability of passenger
compartment and door rings.

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research
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VIII Full-Width Test Procedure: Updated Protocol

Static measurements

Rearw. Upward Lateral Steering Rearwiih. il Rearward pedal
Frontal Impact Steering wheel |Steering wheel |wheel displac.emznt fixation
displacment displacement [displacement displacement
Remarks (mm) (mm) (mm) {mm) (mm)
PWDB - 56kph - 17423 -23 8 4 1.7 22
Qeeupant Footwell Rearw. Pedals HPward,
compartment Ruptures displacement Pedals G max SAE 60
stability displacement
(mm) (mm) (9)
| FWDB - 56kph - 17423 Yes No 5 {accel) 0 {clutch) 62

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

Normalized acceleration Vs. time

10,2000

0,0000

-0,2000

=
Fi
=
H
g -0,4000
g
=]
2
=
2
E P =—PDB 60 kph [Peak : 70.4% USHCAP peak)
] i ——M-PDB SO0 kph (Peak : 94.3% USNCAP peak)
% ———M-PDB 56 kph (Peak : 111.6% USMCAP peak)
&
L ——Eu NCAP (Peak : 73.6% USNCAP peak)
-0.8000 ] ——ECEQ4 (Peak : 57.0% USNCAP peak)
——FWDE (Peak : 111.75% USNCAP peak)
——USANCAP (100.0%)
-1,0000
-1,2000

Time [ms]

I I M CA m’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research
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FIMCAE Annex D: Full Width Test Reports

Normalized acceleration Vs. displacement

02

30,0000 90,0000

0,2

4

Pulse normalized to USANCAP peak

0.8
—PDB

——Mpdb_50

——Mpdb_S56
——EuNCAP
——ECE94
——FWDB

- USANCAP

Displacement [em]

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

Dummy criteria comparison
FWDB EU-NCAP

Drhver Fassenger Dr hear Passenger
HEAD Value Polnts Soored Value P Init s Seo red HEAD Value Polnts Scored Valug Paolnts Soored
Paak razultant accalaatian- g A0, 74 1.334 B2.42 4,000 Paak razultant accalaration -g 58.58] 4,000 455k 4,000
HICH 830,78 73490 4,000 i=T] 5B2.75 4.000)| 35b.BE 4,000
fart A0, 3 msar agaadanca -g 7R 74| ER.43 4,000 | Arr. 3 meac ] -3 58.71] 4,000 44 B3 4,000
Head Assessmert m Head Assessment
HECHK MECH
Shear lewel exceaded - kN 0.57| 4.000 0.83 4000 Shear lewdl exceeded - kN 0.B7] 4,000 0.28 4.000]
Tension level exceeded - kN 2.42) pE] 4.000] Tension lewel exceeded - kN 1.72] 4.000) 0BT 4,000
Extarsion - Nm 19.53 35.85 4,000 Extansion- Nim 18.85 4,000 1838 4.000]
i — Heck fzzessmert
CHEST CHEST
{Cam prazsian- mm 37.00] L1857 25.40 3.5144 {Cam prazsian - mm 23.27] 3.820] 2243 3.240]
[V Ecols citanan- mis 0. 2B 4.000 0.15 4.000| VoL itenian - m)s 0.08] 4,000 [xhix) 4,000
ik | kM 3.5 3.7L T b 3.77] 3.24
2514 3.0 2.840
KHEE, FEMUR ard PELVIS KMEE, FEMUR =nd PELWIS
Laft kiaa Slde - mm L4 4.000 0.4 4.000| Laft Knea Slde - mm 0.B) 4.000) 05 4.000)
Left Fernur Compresson lewl exceeded - kN 0.48) 4.000 0.53 4.000| Left Ferrur Compression kel exceeded - kN 0.52| 4,000 028 4,000
durgtion of exceedence - ms ol ] “whriable cortact 0,000 0000
Left Knee, Fernur and Pelvis Assessmert ‘ Left Kree, Fernur and Pelvis Assessment
Right knaa Shaa - mm 7.7 3.2B2 =X 4,000 Fight Knaa Shda - mm 2.5 4,000 03 4,000
Fight Fermur Compression kel exceeded - kN 3.84) 3.em 0.8E 4,000 Fight Fermur Comprassion lewel exceeded - kN 0.59) 4.000] 030 4000
durgtion of exceedence - ms ol ] “whriable cortact 0000 0000
ight Kree, Ferur and Pelvis Assessment 3.262 ernr and Pelvis Assessmert
sessment | 3.262 t
LOWER LEG LOWER LEG
Laft com piassian- kb 3.43 3.047 3.75 2.833 Laft cam prazsion - kh 3.07| 3.240) 224 3840
Laft Uppar Tibua Indax 0,58 3.200 0,48 3.pa4| Laft Uppar Tibia Indax 0.47] 3. B30 035 4,000
Left Lawar Tibia Indax 0.41] 3956 0.bL 3.067|  |LeftLowar Tiba Indax 0.52| 3.470) 022 4.000)
Left Lower Leg assessment 3.047 2833 Left Lower Leg azsessmert 3.290 3840
Fight comprassian - kb 3.80| 2.800 3.22 3.187| Right compression- kn 2.3B| 3. 780 127 4.000)|
Right Lipper Tibia Index 0,72 2.578 L0 0,444 Fight Uppai Tibia Indax 0.43 3.870) 035 4,000
Right Lower Tibia Indax 0.51] 3.0B7 0.99 1.378] Right Lowear Tibia Indax 0.3 4.000) 042 3.910]
H L 3.760) 2.810)
s 3.200 3840
ead and Neck assessmert

Head and Meck assessment
Chest assessmert
F Krea, Fernur and Peluiz assessrment

Chest assessmert
Kree, Fernur and Pdvis assessmert
Lower Leg, Foot and Ankle Azsessment

Lower Leg, Foot and Arkle Azsessmert
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VIII Full-Width Test Procedure: Updated Protocol FIMCAE‘

Dummy Criteria Comparison - % of Reference Value (Reg 94)

100.0

80,0

70,0
=
§ 600
g
& 500
o
g
E 400 W Driver
= M Passenger

300

200

- i l

00

{\& k '6‘
@&ﬂﬁ' “é} ep‘* ° 3 ‘4_9‘*’ fa‘ \‘f? &@!‘? 434,
& &" :5"' &
Q‘g'

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

LCW force vs time

Row1
.
5U0000 N i T Row2
5 Row3
{ kY o
/ Row4
(400000 N
[300000 N
j.
[Z00000 N

VIII - 206



AL
FIMCARNE

frontal impact and cor
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Annex D: Full Width Test Reports

[5U0000 N

|200000 N

[F00000 N

[Z00000 N

LCW force vs B-pillar displacement

__ Rowt
__ Row2
__ Row3
__ Rowd

Metrics evaluation

Method B(1) FWDB: up to 400kN - F3 + F4 > 180kN AND F3 > 85 kN AND F4 > 85 kN

Supermini 2 FWDB

Value | OK'KO

Time at J00kN {ms})

24.7 MNA

F3+F4 = 180 kN (kN)

211.7

F3 > 85 kN (kN}

96.1

F4 > 85 kN (kN}

Global

115.5

Method B(2) FWDB:upto 40ms = F3>75kNAND F4 > 75 kN

Supermini 2 FWDB

Value

Up to 40 ms, F3 > 75 kN (kN)

140.1

Up to 40 ms, F4 =75 kN (kN)

Glohal

1431

Upgrade1 FWDB:upto 40ms = F3 > [MIN(100, 0.2Ft40)] AND F4 > [MIN(100, 0.2Ft40)]

Supermini 2 FWDB

Value

0.2'F140

F3 > MIN[100, 0.2Ft40] 140.1

108.7

F4 > MIN[100, 0.2FHi0]

14581

Global

108.7
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VIl Full-Width Test Procedure

: Updated Protocol

»
FIMCARD

rch

frontal impact and compatibility assessment resear

SUV 1 FWDB 56 KM/H @ TRL

Test Drate
Location
Topic

Idass Eatio
Test Mumber
Test Protocol

230312

TEL

Full "Width test
MiA

B4767

Draft FWDEB
protocol
w.doc

56 km/h

Vehicle 1:
Branditype

Impact side:

Epeed:
Crvetlap:
Test mass:
Dumimy:

SUV 1

Front

56 km/th

100%

1961kg

LHS —Hybrid III 50th
EHS —Hybrid III 5th
both with RibEye
chest deflection

Barrier:

Impact
accuracy
LW ground
clearance
LCW batrier

dimensions

Full Width
150 mm 0.34 WPa
150mm 1.71 WPa
Zegmented
Lostin test

A0 mim

2m wide
lm high

Test parameters

* Vehicledata: SUV 1
+ Engine/ Transmission: 2.0LDCi/Manual4WD
+ Testspeed: 55.8km/h
+ Testweight: F1147kg /R 814 kg Total 1961 kg
- Testimpactaccuracy: Lostin test
+ Testvehicle status:

« RL=757mm

+ Standardride height
« FL=760mm

FR=758mm
RR=755mm

e
FIMCARMD

Tontal impact and compatibility assessment research

SEVENTH FRAMEWORK
PROGRAMME
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frontal impact and compatibility assessment research

Annex D: Full Width Test Reports

Pre-test Pictures
SUV 1

[
FIMCARMY

SEVENTH FRAMEWORK
fontal impact and compatibility assessment research PROGRAMME

Pre-test Pictures
‘Barrier

SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility aszessment reseal
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frontal impact and compatibility assessment research

VIl Full-Width Test Procedure: Updated Protocol

Description of front-end structure

Two main longitudinal rails, each with cross-sectional area (y)59mm x (z)94mm.
Bumper crossbeam connecting the two rails horizontally. A hanger from each side
of the rails connects to a subframe 26mm rearwards and 209mm below the rails.

SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

Alignment of Venhicle Structure
with LCW

I I M CA m’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research
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FIMCAE‘ Annex D: Full Width Test Reports

Post-test Pictures
Vehlcle 1

SEVENTH FRAMEWORK
fontal impact and compatibility assessment research PROGRAMME

Post-test Pictures
Barrier

[
FIMCARV D

SEVENTH FRAMEWORK
fontal impact and compatibility assessment research PROGRAMME
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VIII Full-Width Test Procedure: Updated Protocol FIMCAE

Deformation measurements

Vehicle: Renault Koleos

Test Number: B4767 SUV 1

Test type: FWDB

Velocity / Co ts: 56km‘h
dX (muTy

M_APL1 Left Apost 100 mm below 5

window

M_BPL1 Left B-post 100 mm below K]

window

M_APL3 Left Apost 100 mm above 0

=il }

M _BPL3 Left B-post 100 mm above 1]

=ill

M_SCT Top of steering colurm 38

M_AP  Accelerator pedal 12

M_APZ Accelerator pedal 200H 18

MBP Brake pedal 56

M EP2 Brake pedal 200 H 148

M_CP  Clutch pedal 106

M CPA Brake Pedal Axle (hinge) =

M CP2 Clutch pedal 200 H 110

M_EPR1 Iiig‘rtB-pos 100 mm A

M_APR3 RightB-post 100 mm 2

above sill

M_FSML Left front end of side
member

M_FSMR Rightiront end of side

M SFL  Subframe left front side
M_SFR  Subframe right front side

M_EMSL Engine lowLeft -at
mount to subframe

M_EMSRE Engine low Right - at
mount to subframe

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

Structural results

* \Vehicle

— Crumplingand bending of main rails with much greater deformation of RHSrail comparedto
LHS rail.
— Bendingof bumper crossbeamin middle

 Barrier

— Barrier deformation as expected for large vehicle with significant deformation in areas of
vehicle with structure
— Barrierbottomed outin locations of longitudinalrails

rvcar s L

fontal impact and compatibility assessment research
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Car Accelerations
VS.

Time Displacement

10 10
1] a
o 20 40 &0 50 100 0.9
~-10 =10
2 2
5 H
®-20 ®-20
2 2
2 8
< -30 < -30
=40 =40
-50 -50 :
Time (ms) Displacement (m)

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

Engine acceleration
VS.

Time Vehicle displacement

20 20

-20

B
=

Acceleration (g)
8 i

Acceleration (g)

@
a

'
-
o
o

A
I
o

=120 Displacement (m)} Displacement (m)

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research
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Driver Dummy Criteria Comparison - % of Reg 94 limits
100% -
90% -
80%

70% -

60% -

50% - :

40% -

30% - F

20% - A m - —

IEERREREY

0% - . ) : o : . . : i
2 K a&\p\* s

| = SUV 1

o o o o Lo -5 w5 -8
R P A S & & & §
b & & o & & 7 'y & o+ &t +
O@ i ‘;‘07, (9} g r & & 4 & \Qb x‘\&
o o 4 & 15 & @ = @
& & ¢ & & & & &S
P o & & E e QQQQ' & &
& ,‘;er & *e,@ A Q2 b P

Note: After test shoulder belt anchorage point for passenger dummy could
move ~ 2 cm up/down in a manner which indicated that height adjustment
mechanism was broken

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

Dummy and restraint analysis — airbag firing times

Driver Passenger
17ms 17ms

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

VIII - 214



FIMCAE Annex D: Full Width Test Reports

RibEye analysis - driver

Peak X-Displacment Buckle Side Peak X-Displacment Anchor Side
-a0 -35 -30 -25 -20 -15 -10 5 ] 0 -10 -20 -30 -40
-33.49 } : 1. Rib
31.55 : 2. Rib | 1. Rib
: | 2. Rib
-29.93 3. Rib
E3.Rib
-28.11 4. Rib E4. Rib
-29.08 ) 5. Rib B5. Rib
| B 6. Rippe
= 6. Rippe
: e B Chest Pot
B69 Chest Pot H3
Peak Resultant Displacment Buckle Side Peak Resultant Displacment Anchor Side
-40.0 -35.0 -300 -250 =200 <150 -10,0 50 oo oo -10.0 200 -30.0 -400
-35.0 : 1. Rib
340 : 2. Rib E1.Rib
' m2. Rib
-32.4 3. Rib
| | | B 3. Rib
-30.7 4. Rib B4, Rib
. la1s 5. Rib ES.Rib
| W6. Rippe
- 6. Rippe
=1 el @ Chest Pot
-36.9 Chest Pot H3
Peak X-Displacment Buckle Side Peak X-Displacment Anchor Side
=400 -35.0 -30.0 =250 =200 -15.0 -10.0 5.0 0.0
: m 1. Rib
| 2. Rib
H 3. Rib
- - E 4. Rib
B5. Rib
m6. Rippe
B Chest Pot
: H3
Peak Resultant Displacment Buckle Side
-40.0 -35.0 -300 =250 =200 -15.0 -10.0 50 oo oo ~10.0 2000 -30.0 -40.0
oo
-30.0 i 2. Rib | 1. Rib
— B 2. Rib
-289 3. Rib
| | 3. Rib
=279 4, Rib B4 Rib
W5, Rib k=
| 6. Rippe
B Chest Pot
l-262 y Chest Pot H3
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LCW force vs time

200 4

[—Row 1
—Row 2
800 | ——Row 3
——Row 4
700 - -——Row 5
===Row &
600 - |===Row 7
E- -== Row 8
= 500 | —Total LCW force |
]
£ 400
'™
300
200 -
100 -
0 4 = e
0 120

Time (ms)

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

fontal impact and compatibility assessment research

LCW force vs B-pillar displacement

900
=——Row 1
800 - |=——Row 2
——Row 3
700 - |—Row 4
-==Row 5
600 |===Row &
L] -—=—Row 7
£ s0 - Rows
] = Total LCW force |
£ 400
w

(9]
(=]
(=]

200 -

100 -

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Displacement (m)

(S
FIMCARMN

SEVENTH FRAMEWORK
fontal impact and compatibility assessment research PROGRAMME
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Annex D: Full Width Test Reports

LCW cell forces

(1] 100

o 100

mA
FIMCARMY

SEVENTH FRAMEWORK
fontal impact and compatibility assessment research PROGRAMME

Metrics evaluation

Method B(1) FWDB: up to 400 kN - F3 + F4 > 180 kN AND F3 > 85 kN AND

F4 > 85 kN SUV 1 FWDB
Value OK/KO
Time at 400kN {ms) 31.8 A&
F3+F4 = 180 kN (kN) 182.6
F3 > 85 kN ({kN) 56.8
F4 > 85 kN {kN) 125.8
Global

Method B(1) FWDB: up to 40 ms - F3 > 75 kN AND F4 > 75 kN

SUV 1 FWDB

Value OK/KO
Up to 40 ms, F3 =75 kN (kN) 151

Up to 40 ms, F4 =75 kN (kN) 192
Glohal

Upgrade1 FWDB: up to 40 ms > F3 > [MIN(100, 0.2Ft40)] AND F4 >

[MIN(100, 0.2Ft40)f SUV 1 FWDB
= Value 0.2°Ftd0 0K/KO L
F3 > MIN[100, 0.2F140] 151 1354
F4 > MIN[100, 0.2F10] 192 135.4

Global

' BN WE W AW
fontal impact and compatibility assessment research

PROGRAMME
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VIl Full-Width Test Procedure: Updated Protocol

Conclusions

+ LCW

— Likely that hanger structure between rails and subframe
contributed significantly to load on row 3 because of its large
frontal area

« LCW metrics
— SUV 1 met:

+ Up1o 40 ms F3 > [MIN(100, 0.2Ft40)] AND F4 > [MIN(100, 0.2Ft40)
+ lnto 40 ms > F3> 75 kN AND F4 > 75 kN

— SUV 1 did not meet:
+ Upto 400kN = F3 + F4 > 180 kN AND F3 > 85 kN AND F4 > 85 kN

* Dummy results

— All driver dummy values less than 73% of current R94
performance limits

SUV 2 FWDB 56 KM/H @ IDIADA
FIMCARYS _ ﬁn
Fonad rapaa sedl coenpial i, 5a 0 SrnarI T ke R A

WP3 testing activities
SuUV 2
FWDB at IDIADA

R
FIMCARVE

fontal Inpact and compatiolly assessment reseach
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Annex D: Full Width Test Reports

4

SV NTH I EAMI WO
PR o ol

A
FIMCARME

Frorasd rapad sendl cormpia i, S B AORET T AT

SUV 2 FWDB test

Tt Dt Amg 31, 1011
Location IDIADA

MamFaso | ¥A
Tont Niumbar | 123514FF
Towt Prosocal | FIMCAR b =

——
56 kmi/h
Viakdchs 1: 4xd Rids hedght meewprad 21 whesl
Brandtyps VI arch:
Impact vidar Fromt
Spaad: 3 bmh Froot Jaft: T41 mem
Cromrlag: 100 %5 Froot sight: 48 mam
Tt ez 13460 ks
Draremy LHS - HIII 3% Rear fofit T30 mm
FEHS - HIII 336 Fernaly | Rear right: 746 mm

Test ob)sctive: Carto FWDS =st

RN
owese

Full Frental FWDE impact teston SUW 2

Structural analyzis

IDADA testno. 123514FF

Wehicle: SUW 2

Ground clearance: 475 mm to bumper beam CTR bottom

SITINTH I EAMI WOSE
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VIII Full-Width Test Procedure: Updated Protocol

ST N TH I RAMI OSSR
PO A

A
FIMCARVN

ool Ienpady aed

Full Frental FWDE impact teston SUW 2
Test conditions

IDADA testno. 123514FF

Wehicle: SUW 2

Test Vehicle Mass: 1845.0 kg

Test velocity: 56.54 km'h

Ground clearance: 475 mm to bumper beam CTR
bottom

P i Mtk ssvians. ane
CFeh A A TR AN
Wrasa, Mareur srad Pabda s ssassane

Lowar Lag Mosivand Ankdi Asusss ne
Teme i

Dt r Ot il gy [N

TOTAL FRONTAL 10,944

Lol ol il

SITVINTH IEAM] WOSE
PO A

A
FIMCARMS

ol g sl

SUV 2 FWDB Impact
Fre-Testphotos

i

{ '.\“-r £
# . o # “— | L
A B MLt Lt R

—ra =

L . T
A [,
=
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Annex D: Full Width Test Reports

RN
FIMCARMS

SUV 2 FWDB Impact
Static measurement resulis

* Mo dooropening during the test.

AURTRTH § AN R
PR kol

* Mo dooropening afterthe test. A-Pillor LoR Top 32
A Pillar Loft Bottom 1.0
B-Pillor Laft Top =38
B.Pillar Lofl Boltom oy
A-Fillar Fight Top 0.6
A-Fillar FRight Boticm =1.1
B-Pillar Fight Top 37
B-FPillar Right Boticam 1.7
Staeding YWheel £3.%
Accaleralon padal 30
Brake pedil 0.5
Chach padnl E_E-]
FIMCARMN R
o el r FETR RAM
SUV 2 FWDB Impact
FHNIL, MR rad POV
Dummy results L s ek ren N a wa
Lt P Corepani o el dlechic] - B ari 1,4 ETe il
it o e ekl = L ] [T}
"l Coreme () ey
e anaraad headling 1 =5 35]
Iraczeric radiag idagda reans (e
. Lad Wraa, Mare ur s Pakoda. Saspa rmare
BN ] [X] tﬂ*
Fighy Faermr Coempma o] el delhic] - K5 T [ 1T
Farm Fdm ity o ekl = L 1] [T}
[} = =) "ashad o () ol
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iy Soe S A Ak i s gt Teme s Falle i ae foare B
g rad Mg e e — =] o
[radzeric rudiag cagda e (e
il
L
[ s o Lt cormprat o - By ) - 4 all
e b s s by T [+ Ere Lt gl Teda irchae: [ I (-] b
e o dkehr ok - L [ [+ ] [F JF. =S (- (-2 =2
Tl ol bkl - T i L s il = e L]
dmiond acsates-m. B bt ot Eoas o aasmar g piy
[l - P Fo Fl LT
ok P A 3 caragama o - by A F3-] ST
- gqﬂw“m T [ s
o L T e W EL
T Eﬂiuﬂm [l ] =5
aI=T e Lomrar g damaatars are
(= T i - ] =2 _
‘acoan, ciarian - rai it 5 L0 MO0 i ARRLE
e whiell SoTaEr = o phedd Parizeerdl i plseadenans e -
e i phsenlernany ) P Foomedll Fupmem (40 ﬁ
Aok (B AR LI [ ) P [ o g =
rauici bl s - b 4T L e e T
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VIII Full-Width Test Procedure: Updated Protocol

»
FIMCARD

m;A

FIMVCAR} S

SUV 2 FWDB Impact
Fost-test photos

—
A NTH | RAMI WO
PO A

_ ST RN
FROGEAMML

SUV 2 FWDB Impact
Post-test photos
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RN
FIMCARMS

SUV 2 FWDB Impact

et -
AUELNTH § EAMI WOSE
PR kol

Metrics
LCW forces at time of 40 ms Moxdified Metric
FT = B35.57 kN
FZ=35.02 kN + Up fo time of 40 msec
ijepes) = Fd+ F3 2 MING200,0.4F,,, kN
F3=50.23 kM {5.0%) Bl
Fd = 534 44 kM [B3.8%) O E M OO-L Rl (0.2 v L) K
FE= 102.40 kN — e

v Frygg = Mammem of ot LLYY foroe up o b of 40 masc
+ Ll Rductaon (LR = [F2- 10 G and O N € LR £ 50 kN

Metric up to time of 40 ms
0.2 xFT40 = 334 B2 kN

F3=66.03 kN FAIL

F4 =534 .44 kN FASS

Limit Reduction

F2= 5651 kN Below TO kN

A
FIMCARYN —ﬁé

SUV 2 FWDB Impact
Conclusions

« SUV 2 FWDB impact with 56 km/h in standard configuration (not
raised)

= The rails were in alignment with row 4 and produces there the main
amount of forces at the LCW {more than 50 %)

« The SUV 2 was in standard configuration, however it does not fulfill
the geometric requirement of stage of the US voluntary agreement
(rails too high)

« The SUV 2 failed the FWDB metrics as it should

*  Dummy injury values were below R94 limits, maximum acceleration
bh g
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SMALL FAMILY CAR 1 FWDB 56 KM/H @ BAST

Small Family Car 1
FWDB 56 km/h
Test No. FMO7RMFW

Thorsten Adolph FIMCAR WP 3, 241" September 2012

Tobias Langner

[
FIMCARVD

fon & impact and compatibdity 3ssessment research

FWDB Small Family Car 1

SEVENTH FRAMEWORK
PROGRAMME

Test Date 15/06/2012
Location BASt
Topic FWDB Test = =R S S |
Test Number | FMOTRMFW 13 : ] Il
Test Protocol | Draft FWDB [ % o h
protocol S O e
vl.doc i '
-
56 km/h
Vehicle 1: Small Family Cars 1 Barrier: FWDB barrier
Brand/type (sitver) (750mm)
Impact side: Front
Speed: 56,02 kmh
Overlap: 100 % Impact 8 mm left
Test mass: 1441 kg accuracy 0 mm
Dummy- LHS — Hybrid 111 50th | Barrier ground | 80 mm
RHS —Hybrid III 5th clearance
LCW / barrier | 2000 mm wide
dimensions 750 mm high
300 mm deep
Test objectives: To complete the test data set for the FWDB approach; to add additional data and
compare with previous tests (e.g. Renault Megane vs. Renault Koleos)

Small Family Car 1, FWDB 56 km/h,

.
FIMCARMS

fron &l impact and oompatibiity assessment research

FMO7RMFW

SEVENTH FRAMEWORK
PROGRAMME
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frontal impact and compatibility assessment research

Test parameters

* Vehicle data: Small Family Car 1(Left hand drive)

* Vehicle identification no (VIN):

* Engine/ Transmission: Diesel, manualtransmission
+ Testspeed: 56,02 km/h

 Testweight: 1441 kg

» Testimpactaccuracy:0 mm,10 mmup

+ Testvehicle status:
* Nochangesin ride height

Annex D: Full Width Test Reports

FIMCA5= Small Family Car 1, FWDB 56 km/h,

FMO7RMFW SEE P

fontsl impact and compatibility assessment research

Pre-test Pictures Vehicle

FIMCA5= Small Family Car 1, FWDB 56 km/h,

FMO7RMFW S

fon &1 impsct and compatibility 3ssessment ressarch
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VIl Full-Width Test Procedure: Updated Protocol

Pre-test Pictures Vehicle

Fl MCAgS Small Family Car 1, FWDB 56 km/h,

FMO7RMFW SR

mosct 3nd oo mpstindity ssssssment resesna

Pre-test Pictures Dummy

FMO7RMFW S

F| McAg; Small Family Car 1, FWDB 56 km/h,

mpact and compatibility 3sssssmeant resesnh
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Annex D: Full Width Test Reports

Pre-test Pictures
Barrier / Trolley

Small Family Car 1, FWDB 56 km/h,
FMO7RMFW SEVERTY FRATERORK

A
FIMCARM

mpact 3nd compatibility sssssment ressarch

Post-test Pictures
Vehicle Overview

= Small Family Car 1, FWDB 56 km/h,
oo FMO7RMFW SEVERN AR

P
FIMCARP

mpact 3nd compatibility sssssment rassarch
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VIl Full-Width Test Procedure: Updated Protocol

Post-test Pictures
Vehicle Structure

.! Small Family Car 1, FWDB 56 km/h,
FIMVCARM FMO7RMFW S

Fon & impact and compatibiity assessment research

Post-test Pictures
Barrier

Small Family Car 1, FWDB 56 km/h,
FMO7RMFW SEVERTY FRAMEOR

A
FIMCARMN

fontsl impact and compatibility assessment research

VIII - 230



frontal impact and compatibility assessment research

Annex D: Full Width Test Reports

Post-test Pictures Dummy

FIMCA5= Small Family Car 1, FWDB 56 km/h,

FMO7RMFW SEE P

fontsl impact and compatibility assessment research

Small Family Car 1 front end structure

HIGHER CROSSBEAM LOWER CHOSSEEAM CRUSH CAN
(middie plane)
Top |Bottom| f oy D'fﬁﬁ'lfﬁef??'" Top |Bottom| b ) Rm'iﬁﬂﬁﬁféﬁi Bauom|_Top
height | height #Kis centra height | height Conte height | Height
503 | 411 40 627 277 | 232 54 588 227 | 278
E’ Small Family Car 1, FWDB 56 km/h,
F I M CA FMO7RMFW sﬁﬁgﬁr%ﬁdﬁx

fon &1 impsct and compatibility 3ssessment ressarch
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Plot: Row forces over time

700
---Row 1
600 - : |==-Row 2
—Row 3
500 - |—Row 4
---Row 5
z |==-Row 6
Z 400 i
St
- | 4 0\ ——
2
o 300
L
200
100
0 20 40 60 80 100

Time (ms)

FlMCAg= Small Family Car 1, FWDB 56 km/h,

FMO7RMFW ST

Fon B impsct 30d compatibiity ssesEment ressanch

Metrics evaluation

Upgrade1 FWDB: up to 40 ms
—>F3 > [MIN(100, 0.2Ft40)] AND
—>F4 > [MIN(100, 0.2Ft40)]

Megane FWDB
Value kN | 0.2°Ft40 | OKINO
F3 > MIN[100, 0.2Ft40] 107 109

F4 > MIN[100, 0.2Ft40] 188

Global
LR [F2-7T0kN]

Modified Metric

F4>Min(100kN, 0,2*Fr4o)

Eai ™ Up to time of 40 msec
F3>Min(100kN, 0,2*Fr,) 5

— F4+F3 2 [MIN(200,0.4F o) kN

= F4 2 [MIN(100,0.2F 7, kN

= F3 2 [MIN((100-LR), (0.2F4;-LR)) kN

— where:
* Fray = Maximum of total LCW force up to time of 40 mseg
+ Limit Reduction (LR) = [F2-T0] kN.and O kN = LR = 50 kN

Pass

FIMCA5= Small Family Car 1, FWDB 56 km/h,

FMO7RMFW S

fon &1 impsct and compatibility 3ssessment ressarch
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Annex D: Full Width Test Reports

Plot: Vehicle acceleration (x, a pillar)

10 -

0 ~ —t— L B F—r—— L B i
0\,\ 0,02 0,04 0,06 /0,38 01 0,12
-10 -+ e

\ [_\ / — — A-Pitar teft Left Lower AC

Acceleration [g]
w
o
\

f X
- AV
50 +
: \/ — A-Pillar right Right Lower
| AC X
€0 max: 57,2 g
70 L ‘

Time in Seconds

MCAg; Small Family Car 1, FWDB 56 km/h,

FMO7RMFW SEE P

Fontlir

mpact 3nd compatibility sssssment ressarch

Plot: Vehicle acceleration (x, B-pillar)

10 -

; 08 01 0,12

10 =
s \ /
= 20
5 \/\ /
§-30 A\ B-Piitar right Right Lower
m |-
R Y VA
Q -40 L
* \ |V

50

, —B-Pillar left Left Lower
I AC X
60— max: 62,8 ¢
70 L ‘

Time in Seconds

FMO7RMFW S

F| MCAg; Small Family Car 1, FWDB 56 km/h,

mpact 3nd compatibility sssssment rassarch
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Plot: Vehicle acceleration (Res, B-pillar)

70 - :
i max: 63,7 g
60 - J \
—20 i A Resultierende B-Pillar
I / left Left Lower AC X
54 -
: IV
330 v z ;
S —Resultierende B-Pillar
b right Right Lower AC X
) :_./-/M- \MA
0 =L + + v v vy TR S S e = B

0 0,02 0,04 0,06 0,08 0,1 0,12
Time in Seconds

FlMCAg= Small Family Car 1, FWDB 56 km/h,

FMO7RMFW ST

Fon B impsct 30d compatibiity ssesEment ressanch

Plot: Vehicle velocity (b pillar)

B-Siule links SP 4 {VE}

ik
[e1]

-
o]

—
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\8]
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TR e T T
o

-Saule links|SP 4
/E}

=/ m

Velocity [m/s]

o N B OO @

,02 0,04 0,086 0,08 0,1 0,12

N

A

Time in Seconds

FIMCA5= Small Family Car 1, FWDB 56 km/h,

FMO7RMFW S

fon &1 impsct and compatibility 3ssessment ressarch

VIII - 234



FIMCAE‘ Annex D: Full Width Test Reports

Plot: Vehicle displacement (b pillar)
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Dummy values FWDB Test

Criterion Driver SP 1 (H3) Co-Driver SP 3 (HF)
Head & Neck 0.000 & 0000 * . B
_ The restraint system was not fired!
HIC 36 2670.91 0.000 €)| 3069.15
Acceleration Resultant 15555 g 23146 g
3ms cumulative 14293 g 0.000 €| 15932 g
Neck
Shear Force Fx+ 024 kN 4.000 * 121 kN 0000 * injs 4
Shear Force Fi- 330 kN 0000 *| .079 kN 0o0pp * Criterion Driver SP 1 (H3) Co-Driver SP 3 (HF)
Tensile Force Fz+ 943 kN 0000 * 266 kN 0000 * Femur & Knee 4000 *
Extension My- BE66 Nm 0.000 €| -3840 Nm
Left
Chest 0915 * Femur Force Fz- 057 KN 4000 *
Knee Slider Displacement -1.61 mm 4.000 *
Deflection 4360 mm 0915 *| -2494 mm
VC max 040 mis 4000 * 025 mis Right
belt at upper diagonal belt Force 428 kN 446 kN Femur Force Fz- 217 kN 4000 *
Knee Slider Displacement -535 mm 4.000 *
Tibia 2300 *
Left
Compression Upper Fz- -281 kKN 3459 -237 kN
Compression Lower Fz- =277 kN 3.484 . -2.74 kN
Tibia Index Upper 072 2598 ® 0.94
Tibia Index Lower 0.67 2.808 0.32
Right
Compression Upper Fz- 412 KN 2586 * -1.80 kN
Compression Lower Fz- 455 kN 2300 * -2.05 kN
Tibia Index Upper 0.76 2398 ® 1.50
Tibia Index Lower 0.44 3.837 0.59

FIMCA5= Small Family Car 1, FWDB 56 km/h,

FMO7RMFW S

fon &1 impsct and compatibility 3ssessment ressarch
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Dummy values Euro NCAP Test

Small Family Car 1
RATING SCORE

ADULT OCCUPANT ront: 15.8

i i A 37 ;ide: 16
CHILD OCCUPANT

e 8.6 39
PEDESTRIAN

@ b & iy 11

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

Fon &1 impact and oo mpstibiity assessment ressanmn

Conclusions

* Small Family Car 1 tested with 56 km/h against FWDB

* The vehicle has two load paths
— Longitudinals which are located in row 3 and 4
— Subframe with a crossbeam in height of row 2
* The Small Family Car 1 has its main rails slightly higher than
would be ideal to meet the original metric requirements easily
but because it has a lower load path the modified metric
allows it to have its rails at this height and still meet the metric
requirements easily

* Max vehicle acceleration: 52 g
* The restraint system was not activated during the test

FIMCAE; Small Family Car 1, FWDB 56 km/h,

FMO7RMFW S

fontsl impact and compatibility assessment research
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Annex D: Full Width Test Reports

SUPERMINI 2 FWDB 40 KM/H @ BAST

Supermini 2
FWDB 40 km/h
Test No. FMO8F5FW

Thorsten Adolph FIMCAR WP 3, 20" September 2012

[ ]
FIMCARMS

fon ! impact and compatibifity assessment research

SEVENTH FRAMEWORK
PROGRAMME

FWDB Supermini 2

Test Date 07/09/2012
Location BASt
Topic FWDB Test g = e e g |
Test Number | FMOSFSFW 1} 4 -] Il
Test Protocol | Draft FWDB 5= % = h
protocol ¢ S __Ji_ g
vl.doc 7 '
‘.—..
56 km/h
Vehicle 1: Supermini 2 Barrier: FWDB bartier
Brand/type (black) (750mm)
Impact side: Front
Speed: 39,96 kmh
Overlap: 100 % Impact 35 mm left
Test mass: 1106 kg accuracy 18 mm
Dummy: LHS — Hybrid III 50th | Barrier ground | 80 mm
RHS — Hybrid III 5th clearance
LCW / barrier | 2000 mm wide
dimensions 750 mm high
300 mm deep
Test objectives:
To investigate the changes of the FWDB metric with a lower test speed
To investigate the dummy performance with a lower test speed

[
FIMCARMS

fon B! impact and compatibiity ass.

Supermini 2, FWDB 40 km/h, FMOSFSFW

SEVENTH FRAMEWORK
PROGRAMME
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Test parameters

* Vehicle data: Supermini 2 (Left hand drive)

» Vehicle identification no (VIN):

* Engine/ Transmission: 1,2 |, manualtransmission
+ Testspeed: 39,96 km/h

+ Testweight: Front664 kg / Rear 442 Total 1106 kg

+ Testimpactaccuracy: 85 mmleft, 18 mmup

+ Testvehicle status:

» Normalride height but adjusted to
previous Supermini 2 test at FIAT

FIMCA5= Supermini 2, FWDB 40 km/h, FMO8F5FW

SEVENTH FRAMEWORK
fontsl impact and compatibility assessment research PROGRAMME

Ride Height
Left Right Left Right
Supermini 2
BASt (50 km/h) 020 628 628 631
Supermini 2 627 e - -

Fiat (56 km/h)

FIMCA5= Supermini 2, FWDB 40 km/h, FMO8F5FW

SEVENTH FRAMEWORK
fon &1 impact and compstiblity assessment ressars PROGRAMME
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Pre-test Pictures Vehicle

EJ'\"CAE'; P —

SEVENTH FRAMEWORK
impact and compatibdity assessment resaarch PROGRAMME

Pre-test Pictures Vehicle

EJ'\"CAE'; S —

SEVENTH FRAMEWORK
impact and compatibdity assessment resaarch PROGRAMME
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Pre-test Pictures Dummy

Supermini 2, FWDB 40 km/h, FMO8F5FW 7/
F I M CA m’ sﬁﬁgsr%ﬁdﬁx

ctand oompatibility assessmen

Post-test Pictures
Vehicle Overview

SEVENTH FRAMEWORK
PROGRAMME
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Post-test Pictures
Barrier

[
FIMCARM D

fontsl impact and compatibility assessment research

Supermini 2, FWDB 40 km/h, FMO8F5FW

SEVENTH FRAMEWORK
PROGRAMME

Post-test Pictures Dummy

FIMCA5= Supermini 2, FWDB 40 km/h, FMO8F5FW

SEVENTH FRAMEWORK
fFon =l impact and oo moatiblity sssessment rasearon PROGRAMME
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Dimensions

Front end structure ]

JyBlay do)

Engine 737 167 470 263
Three front load paths GearBox 370 160 372 -
PEAS 514 401 - -
- Upper load path: Frontend assembly/radiator support at bonnet leading edge
- Lower load path: Longitudinals / crush can/ bumper crossbeam 2 PEAS
- 3 Joad path: Sub frame/crush can/crossheam 2 SEAS
- Vertical connection between all load paths

Fi MCAgi Supermini 2, FWDB 40 km/h, FMO8F5FW

SEVENTH FRAMEWORK
fontsl impact and compatibility assessment research PROGRAMME

Plot: Row forces over time

40 km/h FWDB 56 km/h FWDB
Peak forcesup to 40ms:
Total = 376kN
Row 1 = 38.8kN
Row 2 =68.7kN — Rowl
Row 3 = 117.0kN — ___ Row2
Row 4 = 97.7kN __Rowd
__ Rowd
400 (490000 N
= i
300 — o3 70000 N
—Row 4
250 ——Total Wall Force (kN)
iZDD oo
N/ = AL AN
5 . T e N
’ [} 20 40 60 80 100 0 ﬂ' 2 'ﬁl J!l K] -ﬂl E

Time (ms)

FI MCAgi Supermini 2, FWDB 40 km/h, FMO8F5FW

SEVENTH FRAMEWORK
fontsl impact and compatibility assessment research PROGRAMME
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Metrics evaluation

40 km/h FWDB 56 km/h FWDB
Supermini 2 40km/h Supermini 2 FWDB 56 km/h
Value |0.2*Ft40 | OK/IKO Value |0.2*Ft40 | OK/IKO

F3 > MIN[100, 0.2Ft40]
F4 > MIN[100, 0.2Ft40]

Global

F3 > MIN[100, 0.2Ft40]
F4 > MIN[100, 0.2Ft40]

Global

F4>Min(100kN, 0,2*Fr,)
F3>Min(100kN, 0.2*Fy,)

Fail

Pass

FIMCAg; Supermini 2, FWDB 40 km/h, FMO8F5FW

SEVENTH FRAMEWORK
fon sl impact and compatibility assessment resesrch PROGRAMME

Plot: Vehicle acceleration (x, B-pillar)
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Plot: Venhicle velocity / displacement (b pillar)
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SEVENTH FRAMEWORK
Fon &zl impact and compatibdity 3sssssment ressarh PROGRAMME

Dummy values

Criterion Driver SP 1 (H3) Co-Driver SP 3 (HF) Criterion Driver SP 1 (H3) Co-Driver SP 3 (HF)
Head & Neck 4.000 * 0.000 * Femur & Knee 3857
HIC 38 718.07 1110.30 Lett
J < Femur Force Fz- 054 kN 4000 *
Acceleration Resultant 76.13 g 4000 * 8803 g " .
il i g 7438 g 8678 g Knee Shder Displacement 014 mm 4.000 *
Neck Right
Femur Force Fz- <360 kN 4.000 *
Shear Force Fx+ 0.78 kN 4.000 * 041 kN 0000 % <
Shear Foroe Fx- 025 KN 4000 *| 041 kN 000 % KneeSider Displacement 877 mm 3.857
Tensile Force Fz+ 128 kN 4000 * 088 kN 0000 % "
Extension My- 1403 Nm 4000 *| -1828 Nm Wil 2128 %
Chest 2321 Lot
Compressicn Upper Fz- -1.81 kN 4000 * -145 kN
Deflection 2675 mm 2.321 2051 mm Compressicn Lower Fz- -1.83 kN 4000 * -1.72 kN
VG max 0.18 mis 4000 * 0.18 mis Tibia Index Upper 0.52 3.483 044
belt at upper diagonal belt Force 244 kN 383 kN Tibia Index Lower 0.37 4000 * 0.85
Right
Compression Upper Fz- -407 kN 2618 & -1.20 kN
Compression Lower Fz- 481 kN 2128 % -1.56 kN
Tibia Index Upper 0.52 2445 0.80
Tibia Index Lower 0.45 778 0.72
Sum 13.108 (0.000)

FlMCAg; Supermini 2, FWDB 40 km/h, FMO8F5FW

SEVENTH FRAMEWORK
Fon &zl impact and compatibdity 3sssssmant ressars PROGRAMME

VIII - 244



FIMCAE‘ Annex D: Full Width Test Reports

Dummy values Euro NCAP Test

SUMMARY Supermini 2

Adult Occupant Rating

Yok Aokok

Head and Neck assessment

Chest assessment

Knee, Femur and Pelvi assessment_
Lower Leg, Foot and Ankle assessme

I I M CA E’ SEVENTH FRAMEWORK
PROGRAMME

ct and compatibility assessment research

Conclusions

* High head acceleration for the 5% HIlIl Dummy on the
passenger seat due to airbag deployment

» Higher loading of the lower extremity for the driver
compared to the Euro NCAP test

+ Maximum vehicle acceleration of 46 g

* Vehicle has a far forward located lower load path.
However it passes the metric in the 56 km/h test.

* Inthis 40 km/h test the vehicle passes as well the FWDB
metric even without the need of a lower limit reduction

Supermini 2, FWDB 40 km/h, FMO8F5FW 7/
F I M CA E’ %ﬁrwﬁdﬁx

ct and compatibility assessment research
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