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A.  STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATON

1. SAFETY NEED

1. Each year, thousands of pedestrians and cyaliststruck by motor vehicles. Most of these
accidents take place in urban areas where seridagabinjuries can be sustained at relatively low
speed, particularly in the case of children. Tiabal technical regulation (gtr) will significamtl
reduce the levels of injury sustained by pedesriavolved in frontal impacts with motor vehicles.

2.  This gtr is based on data from a number of ssyrincluding the International Harmonized
Research Activities (IHRA)/IPedestrian Safety working group (IHRA/PS). Th&dvas sourced
from Australia, Germany, Japan and the United Stat@merica. Data from IHRA/2Germany 8
Italy 4/, the UNECE_j Spain 6, Canada /7 the Netherlands/8Sweden A and Korea 10ndicate
that, annually: in the European Union about 8,0@@estrians and cyclists are killed and
about 300,000 injured; in North America approxinhate000 pedestrians are killed and 85,000
injured; in Japan approximately 3,300 pedestriars @yclists are killed and 27,000 seriously
injured; and in Korea around 3,600 pedestriangkidiezl and 90,000 injured.

3. The IHRA/PS study indicates the following:

(@) Distribution of the injuries
4.  Comparing the ages of those involved, statisticsv the highest frequency of accidents is for
children of five to nine years old, and for adutgr 60 years old. Children (aged 15 and under)

account for nearly one-third of all injuries in tii@aset, even though they constitute only 18 pérce
of the population in the four countries includedhie IHRA data.

Y IHRA is an inter-governmental initiative that arto facilitate greater harmony of vehicle
safety policies through multi-national collaboratio research.

2/ Anumber of reference documents is listed iraiygendix to this global technical regulation.
The documents are available on the UNECE WP.29 iteefisthe address:
http://www.unece.org/trans/main/welcwp29.htm

IHRA data are set forth in working paper No. 3 bé tinformal group on pedestrian safety
(INF GR/PS/3) at http://www.unece.org/trans/doc/206p29grsp/inf-gr-ps-3e.ppt#262,1, 1st
meeting of the Informal Group on Pedestrian Satety,in working paper No. 31 (INF GR/PS/31).
3/ INF GR/PS/12, /13 and /25

4/ INF GR/PS/14

5/ INF GR/PS/15

6/ INF GR/PS/16

7l INF GR/PS/20

8/ INF GR/PS/21

9/ INF GR/PS/41

100 INF GR/PS/70
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5. The frequency of fatal and serious injuries (Aated Injury Scale: AIS 2-6) is highest for
the child and adult head and adult leg body reg{this GR/PS/3).

(b) Crash speeds

6. Crash speeds between vehicles and pedestriaasoliected from pedestrian accident data.
The cumulative frequency of the crash speeds shimats crash speed of up to 40 km/h can cover
more than 75 percent of total pedestrian injurfd$ (1+) in all regions.

(c) Target population for this gtr

7. The IHRA injury data indicate the injury distuiion by body regions. Fatal and serious head
injuries (AlS2+) of children and adults as wellA&$2+ adult leg injuries were extracted from the
IHRA data base for clearly identified injury caugiparts on the vehicle and on the road
(INF GR/PS/131 and 169). It was found that borwiaj contacts caused 41 percent of child head
injuries of AlIS2+ and 19 percent of the adult AlS28ad injuries. Bumper contacts lead to 64
percent of adult AIS2+ leg injuries. The cumulativequency curves versus vehicle impact speed
for these injuries and their respective injury eaggarts show that 58 percent of the child head
AIS2+ injuries are addressed to a vehicle impaetdpup to 40 km/h, 40 percent to adult head
AIS2+ injuries and 50 percent of the adult leg AtSZjuries respectively. Based on these figures of
injuries by injury source and vehicle contact atba, target population of the above-mentioned
AIS2+ injuries for this proposed gtr is 24 perceinthild pedestrian head injuries, 8 percent oftadu
pedestrian head injuries, and 32 percent of adgltrijuries.

8. Each of these body regions, i.e. head of childfaand adult leg, covers more than 30 percent
of total fatal and severe injuries (INF GR/PS/Bhis gtr focuses on protecting these body regions.

9.  The major source of child head injuries is tieesurface of the bonnet/wing, while adult head
injuries result from impacts to the top surfacéoofnet/wing and windscreen area. For adult leg
injuries, the major source is the front bumper eicles.

(d) Applicability to motor vehicle categories

10. The maximum benefit from making vehicles petstfriendly would occur if all types of
vehicles comply with these technical provisiong,ibig recognized that their application to heavie
vehicles (large trucks and buses) as well as tpsmaall and light vehicles could be of limited valu
and may not be technically appropriate in theispree form. The tests proposed in this gtr hava bee
developed on the basis of current light vehickgsng into account the pedestrian kinematics when
impacted by such vehicles. For this reason, thpesof application is limited to passenger cars,
sport utility vehicles (SUV), light trucks and otHght commercial vehicles. Since these vehicle
categories represent the vast majority of vehicleeently in use, the proposed measures will have
the widest practicable effect in reducing pedestiiguries.
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2. SUMMARY: DESCRIPTION OF THE PROPOSED REGULATION
(@) Introduction

11. ltis generally accepted that in the most regméative pedestrian to car accident the pedestrian
is in normal walking posture, meaning that the gétmn is standing sideways to the vehicle, and is
struck by the vehicle from the side. This scengaritherefore also the basis for this gtr.

12. When an adult pedestrian is struck by vehielgdressed by this gtr, the first impact is
generally between the pedestrian knee region angehicle's front bumper. Because this initial
contact is usually below the pedestrian's centigrafity, the upper body in such a case begins to
rotate toward the vehicle. The pedestrian's badglarates linearly relative to the ground because
the pedestrian is being carried along by the vehithe second contact is usually between the upper
part of the grille or front edge of the bonnet éimel pedestrian's pelvic area. The pedestriarss leg
and pelvis have reached the linear velocity olvitgcle at this point and the upper body (head and
thorax) are still rotating toward the vehicle. Tl phase of the collision involves the head and
thorax striking the vehicle with a linear velociyproaching that of the initial striking velocitftbe
vehicle. IHRA research has shown that the lineadhmpact velocity averages about 80 percent of
the initial contact velocity.

13. Through the pedestrian accidents analysiasibeen concluded that child and adult heads and
adult legs are the body regions most affected hyemd with the front end of vehicles. On vehicles,
the bumper, the bonnet top and the windscreeniaading the A-pillars, are the vehicle regions
mostly identified with a high potential for contactAccording to the IHRA/PS study, the
above-mentioned areas can cover more than 65 pertctre fatal and serious injuries.

14. Based on these study results, the informalmpoioritized the development of approaches to
simulate a pedestrian impact and encourage couedsures that will improve pedestrian protection.
This gtr would improve pedestrian safety by reiqgirvehicle bonnets and bumpers to absorb
energy more efficiently when impacted in a 40 kigre per hour (km/h) vehicle-to-pedestrian
impact, which accounts for more than 75 percenthefpedestrian injured accidents (AIS 1+)
reported by IHRA/PS of the injury frequency.

15. During the activities of the gtr informal grolyeadform to windscreen testing was proposed to
be included in the gtr. IHRA accident studies nered above identify the windscreen, windscreen
frame and A-pillars as injury causing parts of ¢ieaicle in pedestrian to car collisions.

16. After several discussions on this issue thagdecided not to include these kinds of tests into
the gtr at this stage for the following reasons:

(i) The group recognized that the A-pillars, wingsmn roof and lower frame have to
be very stiff vehicle parts due to their functionedjuirements. As an example in
the lower windscreen area, the required deformatpate to meet a head impact
requirement is restricted by the instrument pan8bme components that are
required to meet governmental safety standardh,asidefrost/demist etc., make it
impossible to lower the dashboard significantlyn dddition, the structural
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components of the dashboard represent importashplaths in front or side crashes.
On the other hand, the entire windscreen frameldvoeed to be softened
extremely to pass any HIC (Head Injury Criterioajjuirement. This strongly
contradicts roll over requirements and other exgstegal and consumer demands
(see INF GR/PS/059 and INF GR/PS/035). In additie@group received detailed
data showing that extremely high HIC measuremergsraquently obtained in
these difficult areas (see INF GR/PS/072, 094,df2103) and agreed that there
are no technical design solutions or countermeasavailable so far to drastically
reduce HIC levels.

(i) The windscreen glass itself does not produeeere injuries and therefore the
amount of saved casualties will be very low. THeativeness of testing the
windscreen inner part is seen as very questionable.

(i) In addition, it was noted that vehicle mancifiarers believed that there are
problems related to scatter of HIC when perforntegjs in the windscreen and
that the reasons for the scatter are not yet tuilyerstood (see INF GR/PS/134,
163 and 164).

17. However, some delegates expressed interestvindidomestic regulations that apply head
protection requirements to the windscreen area ifitormal group did not believe the gtr would
foreclose any jurisdiction from applying head potiten requirements to the windscreen area by way
of domestic regulations.

(b) Overview

18. This gtr consists of two sets of performandeita applying to: (a) the bonnet top and wings;
and (b) the front bumper. Test procedures have eeeloped for each region using sub-system
impacts for adult and child head protection andtddg protection. 11

19. The head impact requirements will ensure tlwainbt tops and wings will provide head
protection when struck by a pedestrian. The botopeand wings would be impacted with a child
headform and an adult headform at 35 kilometresiper (km/h). The HIC must not exceed 1,000
over one half of a child headform test area and metsexceed 1,000 over two thirds of a combined
child and adult headform test areas. The HICHeremaining areas must not exceed 1,700 for both
headforms.

20. The leg protection requirements for the fronmper would require bumpers to subject
pedestrians to lower impact forces. This gtr decthat the vehicle bumper is struck at 40 km/h
with a legform that simulates the impact resporisn@dult's leg. Vehicles with a lower bumper
height of less than 425 millimetre (mm) are testét a lower legform, while vehicles with a lower

bumper height of more than 500 mm are tested withpger legform test device. Vehicles with a

11/ To develop these test procedures, the grouputbretudied the availability of the pedestrian
dummy as an alternative method for the test praesduThe group concluded that there is no test
dummy presently available that could be considerethble for regulatory use. Accordingly, the
informal group decided to select subsystem testoastwhich are readily available, and which have
the necessary reliability, repeatability and simipfi
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lower bumper height between 425 mm and 500 mmeated with either legform chosen by the
manufacturer. In the lower legform to bumper teshicles must meet limits on lateral knee
bending angle, knee shearing displacement, andldiieia acceleration. In the upper legform to
bumper test, limits are placed on the instantansomsof the impact forces with respect to time and
the bending moment of the test.

21. The performance requirements, test proceduaeswgpplementary information explaining the
rationale for this gtr are discussed in detaikitet sections of this preamble.

3. PROCEDURAL BACKGROUND

22. During the one-hundred-and-twenty-sixth sessfafifP.29 in March 2002, AC.3 concluded
their considerations of priorities for developinduire global technical regulations. WP.29 adopted
the 1998 Global Agreement Programme of Work, wincluded pedestrian safety, and decided to
start the work on pedestrian safety at the thirst-fession of GRSP in May 2002, by establishing a
informal group to draft the gtr. The formal propb® develop a gtr (TRANS/WP.29/AC.3/7) was
considered and adopted by the AC.3 at its tentsi@@sin March 2004. It is based on document
TRANS/WP.29/2004/26, which had been submitted leyEnropean Community, the technical
sponsor of the project.

23. Informal document No. 10 of the thirty-firsssen of GRSP lays down the terms of reference
of the group and the document was adopted by GREPGR/PS/2).

24. Informal document No. 7 of the thirty-secondssen of GRSP reported on the result of the
first meeting of the informal group (INF GR/PS/9).

25. Informal document No. 2 of the thirty-third sies of GRSP (INF GR/PS/47 Rev.1) was the
first preliminary report of the informal group amdsponds to paragraph 5 of documents
TRANS/WP.29/2002/24 and TRANS/WP.29/2002/49 as tetbpy AC.3 and endorsed during the
one-hundred-and-twenty-seventh session of WP.2@. dbcuments were consolidated in the final
document TRANS/WP.29/882. The preliminary repaswdopted as TRANS/WP.29/2003/99 by
AC.3 in November 2003.

26. Informal document No.GRSP-34-2 of the thirtyfih session of GRSP reported on the action
plan of the informal group (INF GR/PS/62).

27. Informal document No. GRSP-35-5 of the thiifihf session of GRSP was the second
preliminary report of the informal group (INF GR/B6 Rev2 and PS/88). This report was
considered by AC.3 in June 2004 as informal docuriNen WP.29-133-7.

28. Informal document No. GRSP-36-1 of the thiitgtissession of GRSP was the first draft gtr
of the informal group (INF GR/PS/116).

29. TRANS/WP.29/GRSP/2005/3 was proposed at thigtheventh session of GRSP and was a
revised draft gtr including the preamble, of thisrmal group (INF GR/PS/117).
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30. The group had held the following meetings:
(a) 4-5 September, 2002, Paris, France
(b) 10 December, 2002, Geneva, Switzerland
(c) 15-16 January, 2003, Santa Oliva, Spain
(d) 15-16 May, 2003, Tokyo, Japan
(e) 10-12 September, 2003, Ottawa, Canada
(f) 24-26 February, 2004, Paris, France
(g) 28-30 September, 2004, Paris, France
(h) 11-13 July, 2005, Brussels, Belgium
(i) 5-6 December, 2005, Geneva, Switzerland
() 16-19 January, 2006, Washington DC, USA

31. The meetings were attended by representatives o

32. Canada, France, Germany, European Community (&, Japan, Korea, the Netherlands,
Spain, Turkey, the United States of America (US29nsumers International (Cl), the European
Enhanced Vehicle-safety Committee (EEVC),1the European Association of Automotive
Suppliers (CLEPA) and the International Organizatd Motor Vehicle Manufacturers (OICA).

33. The meetings were chaired by Mr. Mizuno (Japad)Mr. Friedel/Mr. Cesari (EC), while the
secretariat was provided by Mr. Van der Plas (OICA)

4.  EXISTING REGULATIONS, DIRECTIVES, AND INTERNATIQIAL VOLUNTARY
STANDARDS

34. Atthe present time, there are no regulatiomeerning the provision of improved protection
for pedestrians and other vulnerable road usatsiiCompendium of Candidates.

35. The following is a summary of national and oegil legislation and of work in international
forums:

36. The Japanese Government has established atiegubn pedestrian protection. The
regulation addresses the issues of providing piotetor the child and adult heads. It applies to
passenger cars with up to 9 seats and to smakistiafaup to 2,500 kg Gross Vehicle Mass (GVM)
with application from 2005 for new vehicle typesidrom 2010 for existing vehicle types (certain
other vehicles have a timetable which is postpobgdwo years). The regulation requires
compliance with test requirements using represietaead impactors.

37. The European Parliament and Council adopteDitleetive 2003/102/EC which provides for
the introduction of requirements for leg injuriaed adult and child head injuries. The Directiné a
its requirements are incorporated into Communiyglation under the European Union (EU) whole
vehicle type approval system set up by EU Framewirective 70/156/EEC. It applies to

12/ The steering committee of the EEVC is composeemfesentatives from European national
governments. The EEVC conducts research in metucie safety and develops recommendations
for test devices and procedures that governmentsieeide to adopt into national regulations.
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passenger cars of category dhd to light commercial vehicles derived from gaggr cars of M
category, both up to 2,500 kg gross vehicle mad$, application dates in two phases starting
in 2005 and 2010. The requirements and the testbased on the research results that were
published by EEVC in the 1990's and that were thioed in a less severe form for the first phase
and intended to be introduced in the originallyqmeed form for the second phase. However, since
EEVC results have never been fully accepted binatllved parties, the Directive provided for a
feasibility review of the requirements for the plad second phase in 2004. This feasibility review
has taken place and may result in amendments tBut@pean requirements in its second phase,
starting in 2010.

38. Canadais currently reviewing its bumper retjyuta The Canadian bumper regulation is one
of the most stringent in the world (all the safietgtures of the vehicle have to be functional after
an 8 km/h impact). In addition, Canada and the @&Aconducting a preliminary investigation of

the effects of bumper design on different leg testices (Transport Research Laboratory (TRL)
legform impactor; Polar dummy and flexible pedestriegform impactor (Flex-PLlI)).

39. The United States research programmes havessddl how vehicles could be modified to
reduce the severity of head and leg impacts143The current US pedestrian protection research
programme supports the IHRA objectives. Currenividies include (1) pedestrian field data
analysis to develop test conditions, (2) evaluatdrpedestrian head and leg test tools, (3)
experimental impact testing of vehicle structuresassess aggressivity, (4) pedestrian case
reconstructions using a combination of field datamputer simulation, and testing to better
understand injury mechanisms, (5) computer modetldpment using available biomechanical
literature, and (6) completion of other IHRA Pediest Safety Working Group action items.

40. The IHRA Pedestrian Safety working group haslooted in-depth accident studies based on
pedestrian accident data collected from the merobentries. In addition, this group carefully
studied the front shape of passenger vehiclesdnmuSUVs, and used best available computer
simulation models to study the effective head meadslt and child head impacting speed during the
impact with vehicles and the impact angles.

41. Based onthese research results, the IHRA glevgloped test procedures and test devices for
adult and child head protection and for adult leafgction.

42. The International Organization for Standardma(lSO) created the pedestrian protection
working group (ISO/TC22/SC10/WG2) in 1987 to deyetest methods for the reduction of serious
injuries and fatalities for pedestrian to car aeoid. The mandate for ISO/WG2 was to produce test
methods, covering crash speeds up to 40 km/h, whilthcontribute to make cars pedestrian
friendly. Since then, the WG2 has developed pedestest procedures and has described the
necessary test tools. The study results were fidbd in the IHRA/PS group when IHRA/PS
developed the adult and child impactors.

13 Saul, R.A., Edlefson, J.F., Jarrett, K.L., Marclf.; "Vehicle Interactions with Pedestrians,"
Accidental Injury: Biomechanics and Prevention, Néwvk: Springer-Verlag, 2002.

14/ "Report to Congress: Pedestrian Injury Reduct®esearch,” NHTSA Report DOT
HS 808 026, June 1993.
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43. The ISO standards and draft standards are:
(@) 1SO 11096 2002 Road vehicles - Pedestrian gtiote- Impact test method for pedestrian
thigh, leg and knee,
(b) 1SO/DIS 14513 2006 Road vehicles - Pedestriateption - Head impact test method,
(c) 1SO 16850 2007 Road vehicles - Pedestrian gtiote- Child head impact test method.

5. GENERAL ISSUES
(&) Scope

44. From the review of pedestrian fatality and ipgtatistics from several countries, it was shown
that the head and the legs are the most frequieuiyed body regions in pedestrian accidents. It
was recommended that the gtr would encompasdteste adult head and leg, and the child head.
The studies also showed that the majority of pedestinjuries are occurring in urban
environments. Therefore, the gtr should test thvatecles found in this environment, including
passenger vehicles, vans, and light trucks.

45. As suggested by the terms of reference ofrtieernal group, consideration was given to the
use of the best available technology and improvésnartechnology that will provide significant
steps in developing methods and in achieving armaming benefits, including both active and
passive safety measures (TRANS/WP.29/GRSP/30).reTivas a discussion on whether the
proposed pedestrian gtr should regulate passiveractive safety systems. Active safety systems,
such as brake assist, anti-lock brakes and dayrligiming lights were suggested as solutions @r th
reduction of pedestrian injuries, but it was ultietgcounselled by GRSP and WP.29 to concentrate
on passive systems for this gtr, as this is theardamain of expertise of the GRSP working party,
and only to provide advice on the use of activeesys.

46. The group understood that active safety amdstriucture measures were not within the remit
of the group, but determined that it could be usafdl efficient to inform WP.29/AC.3 as well as
other authorities of the need to take these issuesccount for real world safety improvements.
The group also noted the importance of educatimegsures and the need to enforce existing road
traffic legislation. Some experts noted that cdesation of other safety measures, if properly
balanced with the passive safety requirements, rhiglp in ensuring that the vehicle passive safety
requirements are kept at a realistic and feas#dvel|

47. OICA, in particular, mentioned brake assisteys which can, in emergency situations,
substantially improve the braking performance amtsequently reduce the impact speed when the
impact is unavoidable. A study on the effectivasnsfssuch a system was presented by OICA using
the German In-Depth Accident Studies (GIDAS) dasel#NF GR/PS/25). This showed that if the
vehicle speed is 50 km/h at the start of braking collision speed (car versus pedestrian) would be
reduced to 40 km/h in general, to 35 km/h for apesgienced driver and to 25 km/h for cars
equipped with brake assist systems. Another spafformed by the Technical University of
Dresden on behalf of the European Automobile Mattufars' Association (ACEA) was presented
by OICA (INF GR/PS/92). This study confirmed thesjtive effect of brake assist systems on
pedestrian fatalities and injuries.
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48. As for infrastructure measures that could inprpedestrian safety, OICA presented the
results of a 1998 study conducted on behalf of A®E e consultants ORIENTATIONS (France)
and TMS Consultancy (United Kingdom) (INF GR/PS/ZBiis study, which evaluated the effect of
infrastructural measures based on real data ew@hsatconcluded that such measures could
dramatically reduce the number of pedestrian vistffatalities/injuries) at low cost.

(b) Applicability

49. The application of the requirements of thisrgfers, to the extent possible, to the revised
vehicle classification and definitions outlinedtire 1998 Global Agreement Special Resolution
No. 1 (S.R.1) concerning the common definitionsetiicle categories, masses and dimensions.

50. Difficulties, due to differing existing regulans and divergent vehicle fleets, were encountered
in determining which vehicles would be includedhe scope. The Japanese regulation applies to
passenger cars for up to nine occupants and coraheeticles up to a GVM of 2,500 kg. The
IHRA recommends tests and procedures for passemetpeies of GVM 2,500 kg or less. The
European Union (EU) Directive applies tg Mehicles up to 2,500 kg and Mehicles up to 2,500

kg, which are derived from M The ISO recommendations are for &hd N vehicles that have a
GVM of 3,500 kg or less. In addition, some couwegritaking into account their current fleet
composition, wanted to ensure that larger vehislesh as light trucks and sport utility vehicleghwi

a GVM of 4,500 kg or less, were not excluded.

51. The group originally reviewed in detail the INRecommendation in detail to take into
account the shape of the front of the vehicle amportant parameter when discussing the types of
pedestrian injuries to be mitigated. IHRA spesitieree groups of vehicle shape: sedan, SUV, and
1-box. For the adult and child head impacts, IHRPesees different impact test speeds and
differentimpact angles. The Japanese legislaibased on the IHRA recommended method. The
EU requirements, on the contrary, do not diffel@etbetween the various test speeds and impact
angles.

52. The group compared these various considerataoms on the basis of simulations
(INF GR/PS/129), concluded that the EU requiremanésfect are more severe than the Japanese
proposals. For safety reasons, the group theragmethe EU approach, not taking into account the
shape of the vehicle front in defining the requieens. Furthermore, the group also determined that
the IHRA recommendations would be difficult to patplace in the context of a regulatory and
certification approach.

53. There was considerable discussion over the ofasshicles to which this gtr should apply.
Using the categories described in S.R.1, sevetaimpwere examined. Some delegates wanted to
limit application of the gtr to vehicles in categdr-1 with a vehicle mass of less than 2,500 kg
GVM. Other delegates did not agree with a 2,500rkg on GVM, believing that since the front-
end structure of vehicles with a mass up to 4,59@KM is usually similar to that of lighter
vehicles, the application of the gtr should incltige heavier vehicles. In addition, some delegates
sought to limit application of the gtr to vehiclesa GVM of more than 500 kg, while other
delegates expressed concern about having a lowesr limat, believing that a particular jurisdiction
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might determine there is a need to apply the gmirements in that jurisdiction to vehicles with a
GVM of less than 500 kg. There was a suggestianttie gtr should also apply to vehicles in
category 2 that had the "same" general structulleshape forward of the A-pillars as vehicles in
category 1-1. However, some were concerned thatutd be unfeasible to define objectively what
was meant by "same".

54. After considering these issues, it was recont@eéhat the gtr should be drafted to have a
wide application to vehicles, to maximize the d@piif jurisdictions to effectively address regional
differences in pedestrian accident crash charatitesi The gtr would establish that if a jurisigint
determines that its domestic regulatory schemadls that full applicability is inappropriate, it pna
limit domestic regulation to certain vehicle categs or mass limits. The jurisdiction could also
decide to phase-in the requirements for certainclesh A footnote was added to the gtr text to
make it clear that jurisdictions can decide totithe applicability of the regulation. This appcha
recognizes that niche vehicles that are unique jtoisdiction would best be addressed by that
jurisdiction, without affecting the ability or neddr other jurisdictions to regulate the vehicles.
When a Contracting Party proposes to adopt thiatgtits domestic regulations, it is expected that
the Contracting Party will provide reasonable jicsttion concerning the application of the standard

55. While this approach maximizes the discretiojuofdictions to decide whether vehicles
should be excluded from the gtr for feasibilitypoactical reasons, or because there is no safety ne
to regulate the vehicles, the group also decideédommend excluding one unique vehicle type
from the regulation. The test procedures in thaigt based largely on the classic vehicle shagbe wi
along bonnet. Certain vehicles, generally carjucles, have a very short bonnet and a front shape
that is very close to the vertical. The pedestkarematics with these vehicles may be very
different, and, in addition, there are difficultiesapplying the tests to these vehicles, partityla
with regard to determination of test zone referdimas. For these reason, the group recommends
that those vehicles of category 1-2 and categomh2re the distance, measured longitudinally on a
horizontal plane, between the transverse centesdlithe front axle and the R-point of the driver's
seat is less than 1,000 mm, be exempt from theresgants of the regulation. In addition, some of
the group members raised a concern that this exemtuld create inconsistancies in the market if
category 1-1vehicles were not treated in a similanner and thus, consideration should be given to
the inclusion of this category of vehicles in teeammended exemption.

56. For these reasons, with the exception of themgtion discussed above, the gtr is
recommended to apply to category 1-1 vehicles ai#VM exceeding 500 kg; and to category 1-2
and category 2 vehicles with a GVM exceeding 500utgnot exceeding 4,500 kg. In addition, the
group recommends that a Contracting Party mayicesipplication of the requirements in its

domestic legislation if it decides that such resion is appropriate.

57. Regarding the applicability of this gtr, it sidbe noted that the requirements of the draft gtr
are substantially more severe than any existingleggon at the time of adoption of the gtr. In
addition, many countries do not yet have pedestgafety requirements. It is therefore
recommended that Contracting Parties implementirgydtr allow adequate lead time before full
mandatory application, considering the necessdrcleedevelopment time and product lifecycle.
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58. Furthermore, during the development phaseisfgtn, the main focus was on vehicles of a
GVM of 2,500 kg or less, that are also addressedl iexisting legislation. The later extension to
other vehicles however needs to recognise that solional lead-time may be necessary, because
many current vehicles, exempted from existing matior regional requirements, are now included.
In addition, while the test procedures and requéetis of this gtr were based on requirements
originally developed for "classical" (sedan typa$genger cars, the gtr now also covers vehicles wit
specific shapes or features (High Front Vehiclegcsl purpose vehicles, etc.), for which it is
recognised that special consideration may be needed

(c) Implementation generally

59. Theinformal group considers all tests in gigposed gtr to be technically feasible and able to
evaluate objectively the ability of vehicle bonnatgl bumpers to absorb energy more efficiently.
However, pedestrian accident crash characteriatidsvehicle baseline performance may differ

regionally. It will be the decision of each juristibn to determine whether the benefits achiewed b

requiring these tests justify the costs. Baseithisrdetermination, a jurisdiction can choosertutli

the application in its own regulation to speciféticle categories, specific tests, and/or it mayode

to phase in the regulations over time.

(d) Points tested

60. The informal group considered whether to spdudth the number of test points and the
minimum spacing of such test points. On consid@nathe group determined that the specification
of such points did not have a place within thispmsed gtr for the following reasons:

(i) For governments that use a self-certificatiegulatory framework, it was not
considered necessary to mention the number ofiegtsred for testing or their
spacing, as it would be incumbent on vehicle martufars to ensure that vehicles
comply with all the impact zone requirements dafimgthin this proposed gtr
when tested by the regulating authority.

(i) For type approval, the number of tests thagchto be carried out to satisfy the
relevant authority that vehicles meet the requirgsis an issue for that authority,
which may specify the number of tests and the sgdoetween the test points.

(i) The mention of a minimum number of tests an@mimum distance apart between
tests could result in manufacturers being burdeviddunnecessary tests and/or
authorities being unnecessarily restricted inggesgrams, as it would be difficult
to set a target that would encompass both thedaegel smallest test zones, and
the situation could arise where test zones couldmaller than the minimum
number of tests required that could be fitted thet zone.

(e) Vehicle design position

61. As vehicles come in many variants and modifoat the ride height may vary greatly. Taking
into account the differences between type appramdlself certification, it is recommended that
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Contracting Parties take this into account uporonat implementation of the gtr. As guidance to
Contracting Parties, the EU addresses this issugebging the concept of "primary reference
marks". This definition (paragraph 2.2 of EU Corasidn Decision of 23 December 2003) reads:
"Primary reference marks" means holes, surfacaksaad identification signs on the vehicle body.
The type of reference mark used and the verticap@aition of each mark relative to the ground
shall be specified by the vehicle manufacturer ating to the running conditions specified in
paragraph 2.3. These marks shall be selectedasucibe able to easily check the vehicle front and
rear ride heights and vehicle attitude.

62. If the primary reference marks are found tavithin + 25 mm of the design position in the
vertical (Z) axis, then the design position shalldonsidered to be the normal ride height. If this
condition is met, either the vehicle shall be amjdsto the design position, or all further
measurements shall be adjusted, and tests perfotmsinulate the vehicle being at the design
position.

()  Future consideration

63. During the discussions, it became clear thaesissues could not be fully resolved within the
timeframe of the terms of reference for the infargraup. The group determined that the following
issues should be considered further beyond this gtr

(i) Lower legform impactor

64. The lower legform impactor currently used ésting in Europe was designed by the Transport
Research Laboratory (TRL) in the United Kingdomowéver, it is known to also have certain
limitations regarding the biofidelity and the retadality of the test results. Therefore, Japan
proposed to use a completely new legform, the Hieec&lexible Pedestrian Legform Impactor
(FlexPLI). As the FlexPLI legform is considereddmyme to have high biofidelity and an excellent
ability to assess potential leg injuries, the Flebdhould be considered to replace the TRL lower
legform impactor in the future. However, becaug@e lack of experience in using the FlexPLI as a
certification tool, a further confirmation procésseeded. Therefore, a Technical Evaluation Group
(TEG) was established to evaluate the reliabilify the FlexPLI as a certification tool
(TRANS/WP.29/GRSP/36). The TEG is currently assgsbie FlexPLI and will advise GRSP by
the end of 2007 as to the suitability of the FlekiekL testing and compliance verification purposes
(TRANS/WP.29/GRSP/37). The TEG is also expecteprtwide its recommendation as to the
effective date of entry into force and the datemich the FlexPLI could replace the rigid lower
legform impactor. TEG will also consider a traimsitll period during which the FlexPLI and the
rigid lower legform impactor can be used as altévea.

(i)  Upper legform impactor to high bumper test
65. Some delegates had concerns about the bityidelthe upper legform impactor and the
limitations of the test tool in assessing injuHRA/PS is working on recommendations for an

improved upper legform impactor for possible futuse.

(i) Upper legform impactor to bonnet leading edgst
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66. Several accident studies from some regions admgp modern "streamline” vehicle fronts
registered in or after 1990 and old vehicles frova ¢ighties or seventies indicate a decrease in
AIS 2+ upper leg and pelvis injuries caused byoihvenet leading edge. The accident studies were
performed by the LAB using French data (INF GR/R%/and by the University of Dresden using
German GIDAS data (INF GR/PS/92). In addition, EEWorking Group 17 (WG17) summarized
in their 1998 report that no serious (AIS 2+) udpgror pelvis injuries caused by the bonnet legdin
edge were found for post-1990 car models impactingedestrian at a speed up to 40 km/h
(INF GR/PS/187 Rev.1). In contrast, data from theted States of America indicate a high
incidence of above-the-knee injuries due to thegdemce of light trucks and vans in the United
States fleet, and that consideration should bengivesvaluating thigh, hip, and pelvis injuries in
future test procedures.

67. Despite the desire to address any potentiati@y in the upper leg or pelvic area, the group
was also concerned that there was a serious laclofadlelity for the existing test device and the
respective test procedure to assess injury caystba fbonnet leading edge of high profile vehicles.
Therefore, the group recommended excluding therdpgi®rm impactor to bonnet leading edge test
at this stage. IHRA/PS is carrying out furtheremagh into an improved impactor and test
procedures for this test.

6. PEDESTRIAN HEAD PROTECTION

68. IHRA data show that a major source of child addlt pedestrian head injuries is the top
surface of the bonnet/wing of the striking vehickes explained in this section, this gtr requites t
bonnet/wing to perform at levels that decreasdikbhood that head impact with the bonnet/wing
in a 40 kilometre per hour (km/h) pedestrian-toigkshimpact will result in fatal or serious injury.

69. The bonnet/wing would be impacted with a headfat 35 km/h. The bonnet/wing would be
divided into a "child headform test area" and atuteheadform test area". The child headform test
area is the area of the bonnet/wing that is likelye impacted by the head of a 6-year-old chila in
pedestrian impact. A child headform is used tdueata the bonnet/wing in that area. Likewise, the
adult headform test area corresponds to the atba bbnnet/wing that the head of a mid-size adult
male pedestrian is likely to impact. An adult Heawh is used to test the bonnet/wing in the latter
area.

(@) Testareas

70. The bonnettop is an area bounded by refetig@sscorresponding to the bonnet leading edge,
the sides of the vehicle, and the rear of the bof@ii¢erms are objectively defined in this gtfhe

gtr divides the bonnet top into test areas usimpm@meter called the "wrap around distance"
(WAD). The WAD is the distance from a point on tireund directly below the bumper's leading
edge to a designated point on the bonnet, as mezhwuth a flexible device, such as a cloth tape
measure. A WAD of a specified distance, measusedieacribed in the gtr, defines points on the
vehicle's bonnet from which test areas can be m@ted.



ECE/TRANS/180/Add.9
page 18

71. The WAD is a good indicator of where head intpace likely to occur on the bonnet. Head
impact locations on the bonnet are largely expthimethe standing height of the pedestrian and the
frontal geometry of the striking vehicle. The WAlkasurement is based on both pedestrian height
and vehicle configuration. By use of the WAD,anhaeasonably be estimated where on a vehicle a
child or adult pedestrian's head may impact.

72. The WAD boundaries were selected based in lpageon accident data from Australia,
Europe, Japan and the United States of Americeeasacommonly struck by the head of a child and
adult pedestrian. They were also selected consgitire technical feasibility of regulating withan
test area. The child headform test area is bouimdb@ front by a boundary determined by a WAD
of 1,000 mm, and at the rear by a WAD of 1,700 nma.| A WAD of 1,000 mm was selected for
the front boundary of the child headform test aveaause accident data show that most child
pedestrian head contacts are above a WAD of 1,080 Discussion also took place on possibly
using a WAD of 900 mm. However, it was concludeat for many vehicles, a WAD of 900 mm
would be located in the headlamp assembly arearenthere would be feasibility problems in
meeting the head protection requirements of this gt

73. Based on accident studies of adult pedestrgau hmpacts to the bonnet area, the adult
headform test area begins in the front at a wrapatalistance of 1,700 mm, and ends at the rear
with a boundary determined by a WAD of 2,100 mmt{er rear edge of the bonnet for shorter
vehicles). The child and adult headform test zaoesr approximately 62 percent of the pedestrian
cases (United States of America). Although 35 garof the cases (United States of America)
occurred at WADs exceeding 2,100 mm, many of tloeserred in impacts greater than 40 km/h
(Three percent occurred below WAD 1,000). An oumerarea was also considered with a WAD
of 1,400 mm to 1,700 mm, where both adults anddofsil have received head injuries in actual
accidents. However, a defined boundary at 1,700masdetermined to be more suitable, because
little difference in the life-saving rate was pevesl between the two approaches and because the
boundary method provided a clearer approach.

(b) Head Injury criterion

74. The majority of pedestrian fatalities in roattidents are caused by head injuries. The
informal group determined that the head protegtierfiormance should be based on the Head Injury
Criterion (HIC) 15, given the ability of HIC to estimate the risks#rious to fatal head injury in
motor vehicle crashes. An HIC value of 1,000 isiealent to approximately a 15 percent risk
of AIS 4+ head injury.

15  The resultant acceleration at the location ofttrelerometer mounted in the headform will
be limited so that, for any two points in timgahd $, during the event which are separated by not
more than a 15 millisecond time interval and where less thant the maximum calculated head
injury criterion (HIC) shall not exceed 1,000, detéed using the resultant head acceleration at the
centre of gravity of the headform, @xpressed as a multiple of g (the acceleratiograv¥ity),
calculated using the expression:

1 t2 2.5
— t[adt] (t2- ta)

=
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75. The gtr specifies that HIC must not exceedd @fr one half of the child headform test area
and must not exceed 1,000 over two thirds of tmeloed child and adult headform test areas. The
HIC for the remaining areas must not exceed 1,800dth headforms (The need for "relaxation
zones," in which the HIC limit is 1,700, is discedsn the next section of this preamble).

76. HIC would be calculated within a 15 ms interv@he main reason that a longer interval was
not used was that head impacts to external cactates are very short, occurring within a few
milliseconds of contact. As the pulse itself issbort in time, there is no risk to lose part @ th
pulse during the HIC calculation--and no risk dbaer calculated HIC value--if a 15 ms interval
were used rather than a longer interval (INF GRIB8). Accordingly, using either a 15 ms or a
36 ms pulse window will provide the same HIC valioreover, the test is not intended to record
more than one impact. A short time duration avtheésisk that a second impact could be recorded
after rebound. A longer duration for the time g could result in distortions in the data re@ud

by the headform, which may lead to inaccurate Hi(ties.

(c) Relaxation zones

77. Within the child and adult headform test araes "relaxation zones" in which the HIC
threshold is 1,700 instead of 1,000. Virtuallyadhnets have hard substructures (e.g., shock)strut
beneath them that prevent attainment of a 1,000débrmance criterion at all areas within the test
area. The feasibility study detailed in INF GR#ISAnd 101 showed the problem areas on the
bonnet. Also, the feasibility study conducted oehddf of the European Commission
(INF GR/PS/89) acknowledged the need to defineg@a@n the bonnet for which a higher HIC limit
is needed. As the problems on the bonnet areheosame for every vehicle model, it was felt
necessary to set a maximum area with relaxed remeints that could be defined for every vehicle
by the manufacturer.

78. Theinformal group considered the feasibilftgoplying the relaxation zone separately for the
child and adult headform test areas, i.e., applgim¢dIC 1700 limit to a maximum of one third of
the child test zone. It was determined that, beeathe location of necessary under-bonnet
components, such as locks and suspension towarmtdze fundamentally changed; they need to be
located in the child headform test area. For dehiygpes with small child headform test areas, the
under bonnet components which are essential fatifumality will be located in this test area. As a
result, the relaxation zone for the child headftest area may be greater than one third of the zone
(see illustrations 1 and 2 of INF GR/PS/158Y. 16

79. The relaxed value of 1,700 HIC was the sulgjestuch discussion within the informal group.
It was noted that IHRA/PS recognized the techrimdaasibility of a headform test area without a
relaxation zone with a HIC of more than 1,000 (I8R/PS/5). The group also considered that
current regulations in Japan and Europe, as erd@ioee 2005, limit the HIC in the relaxation zone

16/  While the example in working paper INF GR/PS/Es®ws a needed relaxation zone of
around 40 percent in the child headform test @reagxample represents only one vehicle. The
informal group determined that a maximum 50 percglakation area in the child headform test area
is a reasonable approach taking into account alsaged vehicle types.
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to 2000. Although the European legislation alsings a Phase 2, beginning in 2010 and containing
the original EEVC WG17 requirements, that doesatiotv any relaxation in the headform test area,
the European legislation has provided for a revidihe Phase 2 requirements. This review is
ongoing, and has led to the conclusion that the@®haequirements (that specify no relaxation zone)
are technically infeasible (INF GR/PS/89, 91, 98 480). The European legislation also requires
any new requirements replacing the existing ondeetmore effective than those proposed by the
EEVC WG17. The feasibility study performed on Héhaf the European Commission
(INF GR/PS/120) has determined that, among otlggrirements, a HIC of 1,700 in the relaxation
zone not only represents the maximum achievableeron, but will also lead to higher
effectiveness, taking also into account feasibaitpects, whereas HIC values of less than 1,700
would bring back the feasibility problems. The wpotherefore decided to adopt the most
demanding and maximum achievable criterion forréh@xation zone, a HIC of 1,700.

(d) Headform

80. A child headform is used to test the bonneh# child headform test area, and an adult
headform is used in the adult headform test afba.appropriate headform impactor size and mass,
determined based on the characteristics of the hinody, are explained below (INF GR/PS/46, 74

and 93).

() Headform diameter

81. The diameter of the child headform is 165 mibue to the fact that the majority of child
pedestrian victims are 5 or 6 years old, this val@s determined based on the average head
diameter of a 6-year-old child (by averaging thenuiéter obtained from the circumference of the
head and the longitudinal and lateral measurenadrite head).

82. The diameter of the adult headform is 165 mhickvis the same diameter used in the test
procedures of EEVC and ISO. The value was corsitigr represent the diameter mainly of the
forehead portion of the 50th percentile adult mad#&er than the maximum outer diameter of the
head. The average height and weight of all acadeptrian victims in the IHRA dataset is about the
same as those of the 50th percentile male.

83. Thus the diameter of both the child and adedidfiorms is 165 mm. Although the diameter is
different from the diameter of actual child and ladwman heads, the diameter and moment of
inertia are appropriately designed so that thedcaild adult headforms can properly estimate
severity of injury to actual child and adult hunteads (see IHRA/PS N231).

84. Testing experience with the headforms show ttzebe highly repeatable and reproducible.
(i) Headform mass and moment of inertia
85. Computer simulations conducted in the IHRA g&ltbw that the effective mass of the head in

an impact with vehicles is identical to the actaks of the head. Accordingly, the headform mass
was therefore determined as follows:
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a. The mass of the child headform is 3.5 kilogrékg$, representing the mass of
the head of a 6-year-old child.

b. The mass of the adult headform is 4.5 kg, remtasg the mass of the head of
a 50th percentile adult male.

86. This proposed gtr specifies the moment of iaeftthe child and adult headforms as analyzed
by IHRA (INF GR/PS/177) based on the EEVC/WG17 psa (INF GR/PS/148) and the Japanese
proposal (INF GR/PS/149). The IHRA proposal is0840— 0.0102 kgfnfor the child headform
and 0.0103 — 0.0127 kdrfor the adult headform. The informal working goan pedestrian safety
adopted the proposal using the following roundethimers: 0.008 — 0.010 kdrfor the child
headform and 0.010 — 0.013 kgfor the adult headform at the tenth informal megtirSome
members wanted to check these new limits and,thtiemeeting, it was revealed the above moment
of inertia requirement is difficult to achieve farchild headform impactor which is developed in
Europe. Therefore, the informal group slightlyueded the upper limit for the child head impactor
and finally adopted following values for the gtraldéorm impactors: 0.008 — 0.012 kgfar the
child headform and 0.010 — 0.013 Kgfor the adult headform.

87. The informal group noted that the mass of thiel tieadform impactor (3.5 kg) differs from
that specified in the corresponding EU Directivé (&) and that the European Commission intends
to modify the latter to provide consistency.

(iif) Headform accelerometer

88. This proposed gtr recommends a damped acced@p(as specified in INF GR/PS/133) in the
adult and child headform impactors. As explaimeliNiF GR/PS/96, in a research program in 2002
using the Japanese New Car Assessment Program ABPNKeadform test with undamped
accelerometers, abnormal acceleration signals lgth HIC values were recorded frequently in
windshield impacts, and also in bonnet impactsal determined that this was due to the resonance
vibration of the undamped accelerometer, which @wontcur if the spectrum of the impact
waveform was near to the resonance frequency aidbelerometer. Once a high resonance, over
the Channel Amplitude Class (CAC) setting levelcws, it has a high chance to deform the
acceleration waveform, i.e. one cannot obtain eecbacceleration waveform from the undamped
accelerometer.

(e) Headform test speed and angle

89. The head impact conditions (speed and angle) eamsidered together. The head impact test
is representative of a vehicle-to-pedestrian impad0 km/h.

90. The gtr specifies that the child headform intpdbe bonnet top at 35 km/h at an angle
of 50 degrees to the horizontal. The adult headfonpacts the bonnet at 35 km/h at a 65 degree
angle.

91. Indetermining test speeds and angles of imgaeinformal group considered the findings of
IHRA and the EEVC. IHRA had explored whether vaswehicle shapes influenced the angle at
which a pedestrian's head impacted the bonneGomputer simulations were conducted, as part of
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the IHRA study, by the Japan Automobile Researstitlite (JARI), the United States National
Highway Traffic Safety Administration (NHTSA), atfte Road Accident Research Unit of Adelaide
University (RARU). The simulations used a 50thgeattile adult male model and a 6-year-old child
model. The distribution of headform impact spesus angles in various impacts was obtained by
simulating head impacts using three types of walkiositions, three types of vehicle frontal shapes
and two types of bonnet stiffness as parametdrs.siudies showed that the same headform impact
speed could be used for any type of vehicle frosttape. Further, the interpretation of the results
indicated an average speed of 32 km/h, which i$it&s the vehicle impact speed of 40 km/h. In
addition, various angles for adult and child impamtditions and for the three different shapes were
defined as well.

92. Incontrast, EEVC had concluded that one satgfes (50 degrees for the child headform test
and 65 degrees for the adult headform test) foreddicles is reasonable, simplifying any head test
procedure dramatically. EEVC's decisions concerhigad impact angles for child and adult tests
were based on two reports used as working documésiteser K.P. (1991), "Development of a
Head Impact Test Procedure for Pedestrian ProtettiBASt Report under contract N°
ETD/89/7750/M1/28 to the E.C. (INF GR/PS/150); ahssen E.G., Nieboer J.J. (1990),
"Protection of vulnerable road users in the evdna @ollision with a passenger car, part 1 —
computer simulations,” TNO Report N° 75405002/1.

93. The EEVC values were based on post-mortem hsmigject (PMHS) tests and simulation

results. The PMHS tests indicated a peak of tls&riblution of adult head impact angles to

be 60 degrees, with all the results falling betw&®i and 80°. Simulations gave a result
around 67 degrees for adults, and indicated thaitheshape had little influence on the angle of
impact. EEVC chose a value of 65 degrees, whichclk@se to the 67 degree angle resulting from
the simulation and to the average of the PMHS tesul

94. For child head impacts, EEVC considered sinuiat of a small adult female (close in
anthropometry to a 12-year-old child) and of a éry&ld child. Results of the small adult female
simulations were very close to the results of thruations for the 50th percentile male adult, whil
the simulations involving the 6-year-old child segted a value around 50 degrees. EEVC picked
the value of 50 degrees, believing that the sinanatof a 6-year-old child were more relevant than
those of a 12-year-old child for child pedestriaotection.

95. The informal group noted that the one set gfemfrom EEVC involves a different (higher)
impact speed than that specified by IHRA. The groonsidered which of the two approaches of
EEVC and IHRA was most stringent and thus offetirgmost protection to pedestrians. Working
paper INF GR/PS/129 showed, by both numerical &atiom and by simulation, that the set of
requirements defined by EEVC is more severe thamgfuirements defined by IHRA. The group
thus decided to use the EEVC 50 degrees and 6®ekegnpact angle for child and adult head
testing while maintaining the higher EEVC impacatag to the bonnet of 35 km/h (compared to the
IHRA speed of 32 km/h).

96. The informal group noted that the headform siglpat the time of impact, was lower than
specified in the corresponding EU Directive and tha European Commission intends to modify
the latter to provide consistency.
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7. PEDESTRIAN LEG PROTECTION
(& General
() Purpose

97. This proposed gtr would specify minimum perfanoe requirements for vehicle bumpers to
provide leg protection by subjecting pedestriarilswer impact forces. As the majority of victims
of leg injuries are adults, this proposed gtr sieuse of a legform impactor that simulates ége |

of a mid-size adult male. The performance of tamper would be evaluated by impacting the
bumper with either of the two legforms, a lowerftegh impactor or an upper legform impactor,
depending on the height of the bumper. The imgaeéd for both legform tests is the same as that
of the striking vehicle in a 40 km/h impact, andgtdetermined to be 40 km/h.

98. The lower legform impactor is used to test gkelsi with low bumpers, i.e., bumpers of heights
less than 425 mm to a reference line on the lowdase of the bumper. The large majority of
current passenger cars of the sedan type, as svelloaospace (mini-van) type vehicles, have a
lower bumper height around 200 to 250 mm abovegtband. Therefore, these vehicles will be
tested using the lower legform test procedure. ddjggform to bumper tests shall be carried out if
the lower bumper height is more than 500 mm, tyjyicepresented by vehicles with off-road
capabilities (SUVs). For vehicles that have a lolwemper height between 425 mm and 500 mm,
the vehicle manufacturer can elect to perform eighlewer legform test or an upper legform test.

(i) Rationale for limiting the lower legform test

99. The reason that the lower legform test would noapyglied to certain vehicles is due to the
height limitations of the impactor, and the fedgiplimitations of high-bumper vehicles to mee¢th
test. The contact point between impactor and burspeuld be below the knee, due to the
impactor's structure and characteristics./ 17The EEVC WG17 states in its report,
paragraph 7.2.1. (INF GR/PS/159):

Some vehicles, like off-road vehicles, have higimpars for certain functional
reasons. These high bumpers will impact the fepaut of the legform impactor,
where no acceleration is measured to assess khefffimctures. Moreover, there is
often no structure below the bumper to restraintibia part of the legform, for
instance because an off-road vehicle needs awreataip angle and ground clearance.
Therefore WG17 decided to include an optionalya#teve horizontal upper legform
test with an impact speed of 40 km/h, when the tdwemper height is more than
500 mm above the ground.

17/ There is also a concern that the lower leg testdcreadily be met by simply allowing the
lower legform to slide and/or rotate beneath thghumper. This could have an unintended
consequence of encouraging high bumpers as a wangéd the requirements, and lead to more
pedestrian injury due to run-over.
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100. The informal group concurs with the determorabf WG17 that the lower leg impactor test
would be inappropriate for vehicles with high bums&g.

101. At the same time, the informal group belietrest high bumpers should be more energy
absorbing, and for that reason adopts in thishgtrupper legform test for vehicles with a lower
bumper height of more than 500 mm.

102. For vehicles that have a lower bumper heighwéen 425 mm and 500 mm, the gtr provides
that the vehicle manufacturer can elect to perfeitimer a lower legform test or an upper legform
test. Investigations conducted with vehicles wathier bumper heights between 400 and 500 mm
indicate that a large majority of these vehiclegehi@atures for off-road capability. For these off
road vehicles, it is technically not feasible toda countermeasure that will enable the vehicle to
support the tibia part of the lower legform. Tisadata show (see INF GR/PS/175/Rev.2) that the
absence of a lower structure to support the loveet of the leg, due to the necessary off road
capacities, make it very difficult for these vek&lo meet the proposed lower leg criteria, eslhecia
the bending angle. Therefore, the group recommiengdise the upper legform to bumper test as an
optional alternative to the lower legform to bumpest for these vehicles.

103. The group recognizes that excluding vehiclas the lower legform test will affect the target
population of a lower extremity pedestrian regolatiand will reduce the benefits of the leg
protection requirements, particularly with regasdknee injuries.

(i) Handling procedures

104. Delegates to the informal group were concesaieuit the effects of humidity on the foam
flesh used in the legforms, recognizing that theemi@ can vary significantly in performance
depending on the humidity to which it is expos&tese concerns are addressed by specific controls
in the regulatory text of this gtr regarding therhdity and other conditions (such as soaking time
and a maximum time between removal from the soakiog and testing) under which the legform
tests should be performed.

105. In addition, the group noted that legforms halso be carefully handled, as handling of the
legform can affect variability in the bending angleearing displacement, and acceleration measured
by the impactors due to the sensitivity to humidifjhe group believed that handling instructions
generally were not necessary to be specified ingthéext, because the impactors are usually
provided with handling instructions, which are tiemal working tools for test houses and are
therefore believed to be sufficient to cover thenmal handling procedures. Nonetheless, the
informal group emphasized that careful and corddfiandling procedures, such as those developed

18 WG17 stated that the alternative legform tesuthbe available for vehicles with a lower
bumper height of more than 500 mm. However, WGdférenced a value that WG10 had
associated with the upper (rather than lower) bumgierence line. Also, since pedestrians are
usually wearing shoes, the bottom of the legformpaotor was determined to be 25 mm above the
ground, the same height as the sole of a shoe @RMPPS/98). Accordingly, the informal group
believes that the value of 425 mm (not 500 mm),sue=d to the lower bumper reference line is
consistent with WG17's provision.
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by the German Federal Highway Research InstitutSB@NF GR PS/154/Rev.1), are highly
important to ensure reliable test results.

(b) Lower legform test
() Impactor

106. It was agreed to recommend using the legforpactor developed by TRL, for the time being,
to evaluate the performance of vehicles in protgctihe lower leg. However, it was also

recommended to consider the possible future udedflex-PLI, which is considered by some to be
more biofidelic and expected to be highly usabld epeatable, following the evaluation to be
conducted by the Technical Evaluation Group (INFHE$5106) 18

107. The TRL legform is able to estimate human kingey risk and has been shown to be a
durable and repeatable test tool, provided thadlivean procedures for the legform are carefully
followed 20.

(ii)  Injury criteria

108. Knee injuries, which are one of the typical ilgjuries in pedestrian to car collisions, most
frequently involve the elongation or rupture of &rlgaments, and/or crush of knee articulation
surfaces (tibia plateau and/or femur condyle). &oleg injuries are not typically fatal, but leg

injuries generally involve longer periods of rectgimn. Knee injuries can be permanently
debilitating. The most common mechanism causirdegigian knee injury is a lateral bending
between the thigh and the leg, which can be adsaciwith shearing motion (horizontal

displacement between the tibia top and the femumetextremity in the direction of impact).

109. The 2001 Report of the IHRA/PS Working Groupl ahe September 2002 Report of
EEVC WG 17 21discuss several experimental research prograasviéire conducted in Europe,
Japan and the United States of America using PMit$ponents during the last decade. There were
also numerical simulations conducted to undersbatier what happens inside the knee joint during
the loading process.

110. These studies suggest a bending limit in dinge of 15° to 21° for knee protection. The
informal group determined that a value close toupper limit (21°) of this range should be

19 The size and mass of both the present rigid Ié@gform and the Flex-PLI were determined to
be equivalent to those of a 50th percentile adalientiiNF GR/PS/79). The results of computer
simulation analyses and experimental data inditatiethe mass of the upper body need not be taken
into consideration for those impacts where the bermgtrikes the legs below knee level
(INF GR/PS/105).

20/ "Use of the TRL Legform to Assess Lower Leg IgjRisk," Stammen and Mallory, NHTSA
VRTC, February 2006. INF GR/PS/XX

21/ EEVC Working Group 17 Report: "Improved Test Mwmdk to Evaluate Pedestrian Protection
Afforded by Passenger Cars (December 1998 with eBdpgr 2002 updates),” available at

WWW.EEVC.0rg
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considered, and not the average. The absencesmienione in the PMHS tests reduced the knee
stiffness of the subjects, and the high rigiditytteé impactor bones transferred to the knee joint a
part of the impact energy normally absorbed bydé®rmation of human long bones. For these
reasons, a bending limit of 19° was selected fisrdtr.

111. Withregard to knee shearing limits, the infalgroup selected a limit of 6 mm, based on the
analysis of PMHS by EEVC WG17 and WG10 that showed a 6 mm shear displacement

corresponds to a 4 kN shear force. The 4 kN doeee in the TRL device approximates the 3 kN

average peak shearing force acting at the kneelgigl that was found associated in the PMHS
tests with diaphysis/metaphysis failure.

112. With regard to limiting the maximum acceleyaton the tibia, results of a series of pedestrian
PMHS tests performed with modern cars suggestfihataximum tibia acceleration for the PMHS
sustaining a tibia fracture was 170g to 270g, Withaverage value of 222g. A value of 200g would
correspond to a 50 percent injury risk. To progehigher proportion of the population at risk, the
informal group recommends a maximum lateral tilweeteration limit of 170g.

113. In summary, it was concluded that the acceptéevels for the lower legform test should be
set at the following limits:

Maximum lateral knee bending angle€l9.0;
Maximum lateral knee shearing displacemeft0 mm,;
Maximum lateral tibia acceleratian170g.

114. These values are identical to those underaenagion by the EC in its review of the Phase 2
requirements of the European directive.

(i) Relaxation of acceleration limit

115. In order for the vehicle to provide adequapant protection in frontal crashes, portions of
the vehicle bumper structure will have to be gifbugh to enable the vehicle to absorb a sufficient
amount of the impact energy. In addition, the beangiructure contains towing hooks and other
devices. Because of these factors, certain partadrthe bumper will not be able to meet the
maximum lateral tibia acceleration limit of 170g@ss the full length of the bumper. For feasipilit
reasons, this gtr allows manufacturers to nomibateper test widths up to 264 mm in total where
the acceleration measured at the upper end ofttiaeshall not exceed 250g. The relaxation zone
of 264 mm corresponds to an area that is twicevitlth of the legform.

(c) Upper legform test for high bumpers

116. As discussed above, the informal group reaeghihat the lower leg impactor test would be

inappropriate for vehicles whose bumpers strikdelje above knee level, but the group believed
that vehicles with high bumpers should be subgeattest that would require the bumper to be more
energy absorbing. For that reason, the informaking group recommends an upper legform test
for vehicles with a lower bumper height of morertta®0 mm.
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117. Data providedin INF GR/PS/175 Rev.2 indithss, in order to meet the proposed criteria for
the upper legform test, energy absorbing foam Wwdéle to be added to the bumper; such
modifications are expected to reduce the riskartiires which also constitutes an important injury
risk.

() Impactor

118. As the majority of victims of upper leg injesiare adults, the informal group generally agreed
to recommend a subsystem test using a legform itop#tat represents an upper adult leg. The
impactor specifications in this proposed gtr amsthused in the EU Directive 2003/102/EC for the
upper legform impactor.

(ii)  Injury criteria

119. The gtr specifies that the instantaneous duheampact forces with respect to time shall not
exceed 7.5 kN and that the bending moment on thieingpactor shall not exceed 510 Nm.
Biomechanical research of WG17 has found an uggetdierance in the range of 4 to 7 kN peak
force, and 300 to 600 Nm bending moment. Thesgegahre based on PMHS test results, for a
three-point bending in the middle of the femur.e Hiosence of muscle tone in the PMHS tests and
the difference in the impact point between the PMét$s and the car impact would support a higher
tolerance, especially for the peak force value. cokdingly, the informal group decided to
recommend a 7.5 kN peak force limit, and a limibemding moment of 510 Nm. These limits are
the same as those under consideration by the ERhase 2 of the European directive.

(iif) Limits of the upper legform test

120. Some delegates to the informal group werearard that, although a test that encourages high
bumpers to be more energy absorbing has meritbé¢hefits resulting from the existing upper
legform test for high bumpers should be more gfiadtiand the suitability of the existing upper
legform as a test device should be further examiir@erest was also expressed in developing a test
device that could be used to test high bumpersdess their potential for knee, thigh, hip, andigpel
injuries. Research is continuing in this area.

8. OTHER ISSUES
(@) Systems or components that change position

121. Any vehicle system or component which couldnge shape or position, such as pop-up
headlights or headlamp cleaners, other than adéviees to protect pedestrians, were considered by
the informal group to possibly create additiongliip risks for pedestrians. It was therefore
discussed whether such systems need to meet thearmgnts in their "normal position of use" or in
any other possible position. During the discus#titbecame clear that currently, due to the fact of
the latest developments in lighting technology,vebicles with pop-up headlights exist on the
market. Other systems such as headlamp clean&eslack to their stowed position under a small
preload. Finally, the informal group decided toammend such active systems to be set to their
stowed position when determining the test areathieMperforming the tests, the vehicle shall
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comply with the requirements with the componentsdoh fixed shape or position (e.g. stowed and
popped-up).

(b) Active devices to protect pedestrians

122. The issue of active devices to protect peidestr such as deployable bonnets, was also
discussed in detail. The group fully agreed thahslevices must not create a higher risk of iaguri
for the pedestrians. A document entitled "Ceidificn Standard for Type Approval Testing of
Active Deployable Systems of the Bonnet/Windscre®ma,” proposed by the industry
(INF GR/PS/141) was found to be acceptable asdetine for certification of deployable devices,
but the deployable devices clearly also need tsfgatll other requirements of this gtr. Contragti
Parties who wish to implement national test procesifior these deployable devices may use the
certification standard as its basis.

(c) Impact on existing standards

123. During the discussions of the informal graupias generally recognized that any proposed
legislative requirements on pedestrian protectibobulkl be assessed against other vehicle
parameters.

124. It was pointed out that both existing and ffieituehicle requirements should be taken into
account, internationally as well as nationallyetsure that potential conflicts are reduced as much
as possible. The group also stressed that, irtiaddd legislative requirements, other vehicle
parameters also need verification, in terms of amast satisfaction, repairability, insurance
classification, comfort, handling, etc. A listalf necessary parameters was drafted for evaluation
(INF GR/PS/35). Impacts of these standards andinagents were taken into account amongst
others in the feasibility studies detailed in warkipapers INF GR/PS/91 and 101.

9. REGULATORY IMPACT AND ECONOMIC EFFECTIVENESS

125. This global technical regulation is expectecetuce the number of pedestrian fatalities and
injuries resulting from head impacts against thensb and leg impacts with the bumper. It will also
maximize economic effectiveness of pedestrian ptimte regulations globally.

126. It should not, however, be allowed to impaserastrictions on other measures, either active
or passive, which may be utilised by any Contraciarty to provide additional benefits for the
safety of vulnerable road users.

(a) Benefits

127. The informal working group recognizes thatéhere many variables affecting the potential
benefits of this gtr, such as region-to-regioneatiéhces in vehicle fleet composition, in driver
behaviour, in the degree to which existing vehioles meet the pedestrian protection requirements
of this gtr or are otherwise equipped with safedgtéires beneficial to pedestrians, and in the
prevalence of pedestrian-friendly infrastructufidne group also recognizes that in estimating the
potential benefits of this gtr, jurisdictions diféel to a degree in their methodology and assungption
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so that a direct comparison of benefits betweemonsgwas not possible. However, various
delegates have made very preliminary estimatesrwéfits based on limited data currently available
to the informal working group.

128. It is estimated that this gtr will preventweén 1 and 5 percent of all pedestrian fatalities,
depending on the region. Based on preliminary data,estimated that, mainly due to the head
protection requirementthe measures would result in the following reduciiopedestriafatalities
annually: in the European Union, about 320 livesedain Republic of Korea, 175 lives saved; in
Japan, 111 lives saved; and in the United Stat@snafrica, between 61 to 92 lives saved. It is also
expected that the head protection requirements dvbal beneficial for pedal-cyclists. In the
European Union, an estimated 46 pedal-cyclist lwesld be saved. Additionally, it is expected
that the gtr will provide some level of benefiiimpacts with speeds greater than 40 km/h because of
a reduction in injury levels (i.e. severe/serioyaries will become moderate/minor injuries).

129. In addition to the fatality estimates, thedpean Union also provided estimates for the impact
of this gtr on serious injuries. In 2003, thereavan estimated 68,016 to 160,504 serious pedestria
injuries and 46,286 to 109,226 pedal-cyclist irgarin the 25 European Union countries.

130. The estimated proportional savings in fatdiind injuries are based on data from the GIDAS
and IHRA databases and an examination of the Earoigaion vehicle fleet composition. The final
resulting analysis estimates an annual reductiob8893 serious pedestrian injuries and 5,168
serious pedal-cyclist injuries. 22

(b) Costs

131. The European Union analysis also providesasishates to implement necessary changes to
the vehicles to meet the gtr leg and head requingsr(@able 1). These costs include the price of
parts and the costs to the manufacturer for toddind assembly line outlays. These costs are
dependant on lead time to implement the regulai@hadvancements in technologies developed to
address the gtr requirements. It is expectedstbraie of these costs will decrease with time.

Table 1
Vehicle Style Cost per vehicle
(Euros)
Super Mini 45.98

Small Family Car 27.76
Large Family Car 36.93

Executive Car 37.64
Sports Car 85.77
Small MPV 30.80
Large MPV 34.53

Large Off-Roader | 47.41

22/ http:/lec.europa.eu/enterprise/automotive/pagegiround/pedestrianprotection/final_trl_2006.pdf
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(c) Other Analysis

132. The group did not have separate assessmehtsmdtential leg/knee injury benefits and costs
from each of the other regions. Other countriescarrently conducting such studies and will
consider the results when the gtr is establishedem national legislation. The preamble may be
amended to incorporate the completed analyses.
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10. APPENDIX - REFERENCE DOCUMENTS USED BY THE WORKs GROUP

A list of working papers used by the informal wargigroup is listed and available on the UNECE

WP.29 website (http://www.unece.org/trans/main/we29.htm).

Number of
working paper

Title of informal document

INF GR/PS/1 and
Rev 1

Agenda 1st meeting

INF GR/PS/2

Terms of reference

INF GR/PS/3

IHRA accident study presentation

INF GR/PS/4 and
Rev 1

JMLIT proposed legislation

INF GR/PS/5 IHRA feasibility study
INF GR/PS/6 Japan information on possible scope
INF GR/PS/7 Attendance list 1st meeting

INF GR/PS/8 and
Rev 1

Draft Meeting Minutes 1st meeting

INF GR/PS/9 and
Rev 1

Report to GRSP 32 inf doc

INF GR/PS/10

Draft action plan

INF GR/PS/11

Agenda 2nd meeting

INF GR/PS/12

GIDAS accident data

INF GR/PS/13

GIDAS accident data graphs

INF GR/PS/14

[talian accident data

INF GR/PS/15

UN accident data

INF GR/PS/16

Spanish accident data

INF GR/PS/17

ACEA accident data

INF GR/PS/18

Draft Meeting Minutes 2nd meeting

INF GR/PS/19

Agenda 3rd meeting

INF GR/PS/20

Canadian accident data

INF GR/PS/21

Netherlands accident data

INF GR/PS/22

Scope overview

INF GR/PS/23

Draft content table preliminary report

INF GR/PS/24

Attendance list 3rd meeting

INF GR/PS/25

GIDAS presentation

INF GR/PS/26

Leg injuries ITARDA

INF GR/PS/27
and Rev 1

Draft Meeting Minutes 3rd meeting

INF GR/PS/28

Technical feasibility general

INF GR/PS/29

Infrastructure effectiveness

INF GR/PS/30

Pelvis / Femur fracture

INF GR/PS/31

IHRA/PS-WG Pedestrian accident data

INF GR/PS/32

ESV summary paper on IHRA/PS-WG report
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Number of
working paper

Title of informal document

INF GR/PS/33

Introduction of the regulation of pgiti@n head protection in Japan;
Nishimoto, Toshiyuki

INF GR/PS/34

Proposal for a directive of the EusspParliament and the Council relati
to the protection of pedestrians and other vulderadad users in the even
of a collision with a motor vehicle and amendingdative 70/156/EEC;
Commission of the European Communities, Brusselsyuary 2003

INF GR/PS/35

List of conflicts with existing legagion / requirements

INF GR/PS/36

Draft preliminary report

INF GR/PS/37

Agenda 4th meeting

INF GR/PS/38

Technical prescriptions concerning pesvisions for pedestrian safety

INF GR/PS/39
and Rev 1

Vehicle safety standards report 1

INF GR/PS/40

US Cumulative 2002 Fleet GVMR

INF GR/PS/41

Swedish accident data

INF GR/PS/42

TRANS/WP.29/GRSG/2003/10 proposatonmon definitions

INF GR/PS/43

Category 1-1 GVM

INF GR/PS/44

Light duty truck

INF GR/PS/45

EURO-NCAP results and what they maaelation to EU Phase 1

INF GR/PS/46

JAMA / JARI child and adult head imizais

INF GR/PS/47
and Rev 1

Preliminary report to GRSP 33

INF GR/PS/48
and Rev 1

Draft meeting minutes 4th meeting

INF GR/PS/49

IHRA child head test method

INF GR/PS/50

IHRA adult head test method

INF GR/PS/51

Attendance list 4th meeting

INF GR/PS/52

Provisional agenda for the 5th meeting

INF GR/PS/53

Draft gtr format

INF GR/PS/54

gtr proposal to WP.29

INF GR/PS/55

Draft gtr

INF GR/PS/56
and Rev 1

Comparison table

INF GR/PS/57

Proposed schedule of the group

INF GR/PS/58

Presentation on vehicle shape, boyrihay, ...

INF GR/PS/59

A-pillar IHRA OICA presentation

INF GR/PS/60

ISO/TC22/SC10/WG2 N613

INF GR/PS/61

IHRA PS 237

INF GR/PS/62

Action plan from 5th meeting

INF GR/PS/63

Attendance list 5th meeting

INF GR/PS/64
and Rev 1

Draft meeting minutes 5th meeting
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Number of
working paper

Title of informal document

INF GR/PS/65
and Rev 1

Provisional agenda for the 6th meeting

INF GR/PS/66

AUS-NCAP pedestrian data

INF GR/PS/67

Test-method - active hood / bonndesys

INF GR/PS/68

Target population head injuries - US

INF GR/PS/69
and Rev 1

Working paper draft gtr

INF GR/PS/70

Korean information

INF GR/PS/71

Head test area windscreen + A-pillar

INF GR/PS/72

Head test data on windscreen

INF GR/PS/73

Head impact angle / speed re-assessrased on vehicle geometry

INF GR/PS/74

IHRA/PS/270 headform impactor speatfan

INF GR/PS/75

Powerpoint explanation of PS/67

INF GR/PS/76

IHRA legform discussions

INF GR/PS/77

Corridors proposed by UVA (lower lagi)

INF GR/PS/78

Bio rating method: Maltese

INF GR/PS/79

IHRA antropometric proposal

INF GR/PS/80

IHRA/PS/278

INF GR/PS/81

Schedule for legform impactor for gtr

INF GR/PS/82

Injury threshold for ped legform test

INF GR/PS/83

Decided items and action items ofttilemeeting

INF GR/PS/84

Draft meeting minutes of the 6th nregti

INF GR/PS/85

Attendance list of the 6th meeting

INF GR/PS/86
and Rev1/2

Draft gtr EU working document

INF GR/PS/87

IHRA PS 273 Development of FlexPLI2003

INF GR/PS/88

Second interim report to GRSP 35

INF GR/PS/89

EU Feasibility Study Phase 2

INF GR/PS/90

Provisional agenda for the 7th meeting

INF GR/PS/91

ACEA feasibility study Phase 2

INF GR/PS/92

ACEA equal effectiveness study Phase 2

INF GR/PS/93

Design of head impactor

INF GR/PS/94

Front windshield

INF GR/PS/95

JPN comment on PS 86 Rev 2 + Enghishaf Japanese technical standi

ard

INF GR/PS/96

Problem of undamped accelerometer

INF GR/PS/97

Durability and repeatability of headfoskin

INF GR/PS/98

IHRA PS 310 decision for legform test

INF GR/PS/99

Skin aging of head impactor

INF GR/PS/100

OICA proposed amendments to PS/95

INF GR/PS/101

JAMA feasibility study Phase 2

INF GR/PS/102

OICA windscreen testing accordingtRO-NCAP protocol

INF GR/PS/103

CLEPA windscreen testing on one cadeh
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Number of
working paper

Title of informal document

INF GR/PS/104

Draft CLEPA / OICA document on actib@nnet testing

INF GR/PS/105

Lower leg research for developingidors

INF GR/PS/106

J-MLIT proposal for FlexPLI answeritem 9 of PS/83

INF GR/PS/107

NHTSA proposal for guidelines of pnéde

INF GR/PS/108

JAMA information on high bumper défon

INF GR/PS/109

Chairman proposal for FlexPLI anédrighpactor use in gtr

INF GR/PS/110

OICA proposal for side and rear wimelsn reference line

INF GR/PS/111
and Rev 1

Guideline for preamble

INF GR/PS/112

Action plan

INF GR/PS/113

Revision of draft gtr

INF GR/PS/114

Attendance list

INF GR/PS/115
and Rev 1

Draft meeting minutes of the 7th meeting

INF GR/PS/116

Cleaned up version of draft gtr

INF GR/PS/117

Preamble and draft gtr off doc forSER37

INF GR/PS/118
and Rev 1

Provisional agenda for the 8th meeting

INF GR/PS/119

ISO Activities for Pedestrian Safety

INF GR/PS/120

EC final feasibility study

INF GR/PS/121

GRSP/2005/3 as amended during GRSP/37

INF GR/PS/122 | GRSP-37-18
INF GR/PS/123 | GRSP-37-15
INF GR/PS/124 | GRSP-37-16

INF GR/PS/125

Short report on comments receivethgBRSP-37

INF GR/PS/126

July meeting task list

INF GR/PS/127

Presentation on EU Phase 2

INF GR/PS/128

The need for harmonized legislatiopedestrian protection

INF GR/PS/129

Comparison between the J standarthendU Phase 2 proposal for heac
testing

|

INF GR/PS/130

List of references for EU / EEVC @atl impact angles

INF GR/PS/131

Analysis of pedestrian accident sitmaand portion addressed by this gtr

INF GR/PS/132

gtr testing and what it means forllgesituation

INF GR/PS/133
and Rev 1

Proposal to solve the undamped accelerometer proble

INF GR/PS/134

Concerns on 87.4 with testing onctir@re of the windscreen

INF GR/PS/135

OICA proposal for §3.33

INF GR/PS/136

OICA proposal for a mass for the upgg impactor

INF GR/PS/137

OICA proposal on definition of highnbper vehicles

INF GR/PS/138

Economic effectiveness study fromegor

INF GR/PS/139

Action list of 8th meeting

INF GR/PS/140

IHRA Injury breakdown background doemt for PS/131

INF GR/PS/141

Update of PS67 on certification sémddor deployable systems
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Number of
working paper

Title of informal document

INF GR/PS/142

Relative humidity of Korea

INF GR/PS/143
and Rev 1

Draft gtr based on INF GR/PS/121 as amended dtinm&th meeting

INF GR/PS/144
and Rev 1

Draft meeting minutes of the 8th meeting

INF GR/PS/145

Attendance list 8th meeting

INF GR/PS/146

Flex-TEG Activities updating PS/124

INF GR/PS/147

Actions 1 3 4 6 9 of 8th meeting

INF GR/PS/148

Action 9 of 8th meeting doc FTSS 4&lg headform

INF GR/PS/149

Adult headform moment of inertia

INF GR/PS/150

Development of a head impact teste&dr

INF GR/PS/151

gtr preamble for accelerometer

INF GR/PS/152

Provisional agenda for the 9th meetin

INF GR/PS/153

Explanation of amendments from PSt&a43S/143 Rev. 1

INF GR/PS/154
and Rev 1

Handling guide for the TRL leg

INF GR/PS/155

LWRL definition

INF GR/PS/156

Impact angles for headform to winelsortests

INF GR/PS/157

HIC limits for headform to windscrdents

INF GR/PS/158

Headform to bonnet tests

INF GR/PS/159

Definition high bumper vehicles

INF GR/PS/160

Revised preamble replacing the préamiPS/143 Rev. 1

INF GR/PS/161
and Rev1/2

EU proposed amendments to PS/143 Rev. 1

INF GR/PS/162

Explanation of EU proposals to ame8¢l43 Rev. 1

INF GR/PS/163

Windscreen impact testing

INF GR/PS/164

Windscreen fracture modes

INF GR/PS/165

Leg feasibility testing

INF GR/PS/166

Relaxation zone and GVWR application

INF GR/PS/167

EU field data on crossbeam height

INF GR/PS/168

HIC15 vs HIC36 headaccel analysis

INF GR/PS/169

Revising PS/131 ~ Analysis of Pedmstccident and gtr Application

INF GR/PS/170

Target population for this gtr

INF GR/PS/171

Draft meeting minutes of the 9th nmget

INF GR/PS/172

Attendance list 9th meeting

INF GR/PS/173

Provisional agenda for the 10th meeti

INF GR/PS/174
and Rev 1

Lower leg tests - EuroNCAP data - OICA presentat@nlan 06 meeting

INF GR/PS/175
and Rev1/2

Bumper Reference Lines - OICA presentation for@@&meeting

INF GR/PS/176
and Rev1/2

Headform test results - OICA presentation for Jam@eting
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Number of
working paper

Title of informal document

INF GR/PS/177

IHRA/PS Proposal for the Moment @frtia of gtr Adult-Child Headform
Impactors

INF GR/PS/178

Expected life-saving effect gtr Hekagpan

INF GR/PS/179

Ongoing Researches on Pedestriainpjgges Assessment

INF GR/PS/180

OICA position on the change of thiiniteon of the ble reference line

INF GR/PS/181

Comparison lower leg injuries fofetiént AIS levels

INF GR/PS/182

Foam memory for changing humidity

INF GR/PS/183
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TEXT OF THE REGULATION

PURPOSE

The purpose of this global technical regukai®to bring about an improvement in the
construction of certain parts of the front of vééscwhich have been identified as causing
injury when in collision with a pedestrian or ottvelinerable road user.

The vehicles to be tested under the regulatiemepresentative of the majority of vehicles in
circulation in the urban environment, where thera igreater potential for collision with
pedestrians and other vulnerable road users, ahdispassenger cars, vans and light trucks.

APPLICATION / SCOPE

This global technical regulation (gtr) shaglply to the frontal surfaces of power driven
vehicles of category 1-1 with a gross vehicle neag®eding 500 kg; and of category 1-2
with a gross vehicle mass exceeding 500 kg buercteding 4,500 kg; and of category 2
with a gross vehicle mass exceeding 500 kg buexaeeding 4,500 kiy. However, power
driven vehicles of category 1-2 and category 2,reliee distance, measured longitudinally
on a horizontal plane, between the transverseeéng of the front axle and the R-point of
the driver's seat is less than 1,000 mm, are exBomtthe requirements of this regulation.
All definitions of Special Resolution No. 1 shatiy as necessary.

DEFINITIONS

When performing measurements as described i#ris the vehicle should be positioned in
its normal ride attitude.

If the vehicle is fitted with a badge, mascot trey structure, which would bend back or
retract under an applied load of maximum 100 Ny thes load shall be applied before and/or
while these measurements are taken.

Any vehicle component which could change shap@asition, other than suspension
components or active devices to protect pedestrsnadl be set to their stowed position.

For the purposes of this regulation:
"Adult headform test arées an area on the outer surfaces of the frootsire. The area is

bounded, in the front, by a wrap around distancAD)\of 1,700 mm and, at the rear, by the
rear reference line for adult headform and, at e#d, by the side reference line.

"A-pillar* means the foremost and outermost roof suppoeneing from the chassis to the
roof of the vehicle.

1/ A Contracting Party may restrict application loé requirements in its domestic legislation if
it decides that such restriction is appropriate.
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3.3.

3.4.

3.5.

3.6.

"Bonnet leading edyeneans the edge of the front upper outer struabdirdne vehicle,
including the bonnet and wings, the upper and sidmbers of the headlight surrounds and
any other attachments. The reference line idengfthe position of the bonnet leading edge
is defined by its height above the ground refergrieee and by the horizontal distance
separating it from the bumper (bumper lead).

"Bonnet leading edge heigimeans, at any point on the bonnet leading edhgeyértical
distance between the ground reference plane anobtineet leading edge reference line at
that point.

"Bonnet leading edge reference 'lineeans the geometric trace of the points of cantac
between a straight edge 1,000 mm long and the $rnfeice of the bonnet, when the straight
edge, held parallel to the vertical longitudinalnp of the car and inclined rearwards by 50°
from the vertical and with the lower end 600 mm\abithe ground, is traversed across and in
contact with the bonnet leading edge (see Figure 1)

For vehicles having the bonnet top surface indiae50°, so that the straight edge makes a
continuous contact or multiple contacts rather tha@oint contact, determine the reference
line with the straight edge inclined rearwardsraaagle of 40° from the vertical.

For vehicles of such shape that the bottom enlen$traight edge makes first contact with
the vehicle then that contact is taken to be thenbbleading edge reference line, at that
lateral position.

For vehicles of such shape that the top end oftitaght edge makes first contact with the
vehicle then the geometric trace of 1,000 mm wraprad distance, will be used as bonnet
leading edge reference line at that lateral pasitio

The top edge of the bumper shall also be regasléite bonnet leading edge if it is contacted
by the straight edge during this procedure.

"Bonnet rear reference lihmeans the geometric trace of the most rearwardspof contact
between a 165 mm diameter sphere and the fromtsteuof the vehicle when the sphere is
traversed across the front structure of the vehidie maintaining contact with the
windscreen (see Figure 2). The wiper blades amd are removed during this process.

Where the bonnet rear reference line and thersféeence line do not intersect, the bonnet
rear reference line should be extended and/or meddifsing a semi-circular template, of
radius 100 mm. The template should be made oingfl#xible sheet material that easily
bends to a single curvature in any direction. {Eineplate should, preferably, resist double or
complex curvature where this could result in wingl The recommended material is a
foam backed thin plastic sheet to allow the tenegiat'grip” the surface of the vehicle. The
template should be marked up with four points '#bugh "D", as shown in Figure 3, while
the template is on a flat surface.
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The template should be placed on the vehicle Gitimers "A" and "B" coincident with the
side reference line. Ensuring these two cornermi coincident with the side reference
line, the template should be slid progressivelyweads until the arc of the template makes
first contact with the bonnet rear reference limkroughout the process, the template should
be curved to follow, as closely as possible, theelocontour of the vehicle's bonnet top,
without wrinkling or folding of the template. K¢ contact between the template and bonnet
rear reference line is tangential and the poitadency lies outside the arc scribed by points
"C" and "D", then the bonnet rear reference linextended and/or modified to follow the
circumferential arc of the template to meet thern®irside reference line, as shown in
Figure 4.

If the template cannot make simultaneous contilbttive bonnet side reference line at points
"A" and "B" and tangentially with the bonnet reafarence line, or the point at which the
bonnet rear reference line and template touchwi#sn the arc scribed by points "C" and
"D", then additional templates should be used whiezeadii are increased progressively in
increments of 20 mm, until all the above criteniea met.

"Bonnet topis the area which is bounded by (a), (b) andagchollows:
(a) the bonnet leading edge reference line;

(b) the bonnet rear reference line;

(c) the side reference lines.

"Bumpet means the front, lower, outer structure of a gkehi It includes all structures that
are intended to give protection to a vehicle wimeolved in a low speed frontal collision and
also any attachments to this structure. The reéeréeight and lateral limits of the bumper
are identified by the corners and the bumper raterdines.

"Bumper leatimeans for any longitudinal section of a vehithe, horizontal distance in the
vehicle longitudinal plane between the upper bumefarence line and the bonnet leading
edge reference line

"Bumper test artaneans the frontal surface of the bumper limitgdveo longitudinal
vertical planes intersecting the corners of the ppemand moved 66 mm parallel and inboard
of the corners of the bumpers.

"Centre of the kneef the lower legform impactor is defined as ttoénp about which the
knee effectively bends.

"Child headform test areia an area on the outer surfaces of the froaotaire. The area is
bounded, in the front, by the front reference fimrechild headform, and, at the rear, by the
WAD1700 line, and by the side reference lines.

"Corner of bumpé&means the vehicle's point of contact with a eattplane which makes an
angle of 60° with the vertical longitudinal plangtbe car and is tangential to the outer
surface of the bumper (see Figure 5).
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3.14.

3.15.

3.16.

3.17.

3.18.

3.19.

3.20.

3.21.

"Femut of the lower legform impactor is defined as ahgponents or parts of components
(including flesh, skin covering, damper, instrunaion and brackets, pulleys, etc. attached
to the impactor for the purpose of launching ithabdthe level of the centre of the knee.

"Front reference line for child headfdrmeans the geometric trace as described on the
vehicle front structure using a WADZ1000 line. he tase of vehicles where the wrap around
distance to the bonnet leading edge referencei$imeore than 1,000 mm at any point, then
the bonnet leading edge reference line will be usedhe front reference line for child
headform at that point.

"Front structufemeans all outer structures of the vehicle exdépt windscreen, the
windscreen header, the A-pillars and structuresvaal of these. It therefore includes, but is
not limited to, the bumper, the bonnet, wings, geLviper spindles and lower windscreen
frame.

"Ground reference pldhmeans a horizontal plane, either real or imagindrat passes
through the lowest points of contact for all typea vehicle while the vehicle is in its normal
ride attitude. If the vehicle is resting on thewgnd, then the ground level and the ground
reference plane are one and the same. If thelegkiised off the ground such as to allow
extra clearance below the bumper, then the groefetlance plane is above ground level.

"Head Injury Criterion (HIC)means the calculated result of accelerometer hirst®ries
using the following formula:

2.5
1
HIC = ——[adt| (t,-t,)
t, -1, t,
Where:
a is the resultant acceleration measured in ohiggavity "g" (1 g = 9.81 m/s?);

t;and t are the two time instants (expressed in seconat&#)@the impact, defining an
interval between the beginning and the end of éeending period for which the
value of HIC is a maximum At t; < 15 ms)

"Impact poirit means the point on the vehicle where initial eshtoy the test impactor
occurs. The proximity of this point to the targeint is dependent upon both the angle of
travel by the test impactor and the contour ofvibieicle surface (see point B in Figure 6).

"Lower bumper heighimeans the vertical distance between the grouederce plane and
the lower bumper reference line, with the vehiasipponed in its normal ride attitude.

"Lower bumper reference lihmeans the lower limit to significant points ofdesstrian
contact with the bumper. It is defined as the getointrace of the lowermost points of
contact between a straight edge 700 mm long anduhwper, when the straight edge, held
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parallel to the vertical longitudinal plane of tt&r and inclined forwards by 25° from the
vertical, is traversed across the front of the wduile maintaining contact with the ground
and with the surface of the bumper (see Figure 7).

"Normal ride attitudemeans the vehicle positioned on a flat horizosaface with its mass
in running order (as defined in Annex 3, paragrai Special Resolution No. 1), with the
tyres inflated to manufacturer recommended presstire front wheels in the straight-ahead
position and with a passenger mass (as definednimed 3, paragraph 6.2. of Special
Resolution No. 1) placed on the front passengetr. s€he front seats are placed at the
nominal mid-track position. The suspension shallsbt in normal running condition as
specified by the manufacturer for a speed of 4thkm/

"Rear reference line for adult headfomeans a geometric trace as described on the front
structure of the vehicle using a WAD2100 line.

"Side reference liheneans the geometric trace of the highest poiht®otact between a
straight edge 700 mm long and the sides of thecleelwhen the straight edge, held parallel
to the transverse vertical plane of the vehicleinalihed inwards by 45°, is traversed down,
and maintains contact with the sides of the fronicsure (see Figure 8).

"Target poiritmeans the intersection of the projection of tbadiorm longitudinal axis with
the front surface of the vehicle (see point A igUfe 6.).

"Tibid' of the lower legform impactor is defined as ahgponents or parts of components
(including flesh, skin covering, instrumentatiorddrackets, pulleys, etc. attached to the
impactor for the purpose of launching it) below lénel of the centre of the knee. Note that
the tibia as defined includes allowances for thesnatc., of the foot.

"Upper bumper reference linmeans the upper limit to significant points ofdpstrian
contact with the bumper. For vehicles with an td&ble bumper structure it is defined as
the geometric trace of the uppermost points of adnbetween a straight edge and the
bumper, when the straight edge, held paralleleos/grtical longitudinal plane of the car and
inclined rearwards by 20° to the vertical, is tn@esl across the front of the car, while
maintaining contact with the surface of the bunigee Figure 9).

For vehicles with no identifiable bumper structitrie defined as the geometric trace of the
uppermost points of contact between a straight 88enm long and the bumper area, when
the straight edge, held parallel to the verticalgitudinal plane of the car and inclined
rearwards by 20° from the vertical is traversedssthe front of the car, while maintaining
contact with the ground and with the surface oftthmper area (see Figure 9).

"Wrap Around Distance (WADineans the geometric trace described on the suitizrce of
the vehicle front structure by one end of a flegilbhpe, when it is held in a vertical
longitudinal plane of the vehicle and traverseadssthe front structure. The tape is held taut
throughout the operation with one end held at gidowfierence level, vertically below the
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front face of the bumper and the other end heldantact with the front structure (see
Figure 10). The vehicle is positioned in the ndrride attitude.

This procedure shall be followed, using alterreatapes of appropriate lengths, to describe
wrap around distances of 1,000 mm (WAD21000), ofo@,/ m (WAD1700) and of
2,100 mm (WAD2100).

3.29. "Windscreehmeans the frontal glazing of the vehicle situdtetiveen the A-pillars.

Bonnet leading edge
reference line

Straight edge
1,000 mm lon

Figure 1: Bonnet leading edge reference line (seagoaph 3.5.)

Bonnet rear
reference line Sphere

Figure 2: Bonnet rear reference line. (see paragBap)
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—/ Point ‘C’

R100 mm

Corner ‘A’

Corner ‘B\A Point ‘D’

45°

Figure 3: Template (see paragraph 3.6.)

New / Modified Old / Discarded end
end of Bonnet Rear of Bonnet Rear
Reference Line Reference Line
Windscreen

Semi-circular | 1 o
Template
Bonnet Side Bonnet Rear
Reference Line Reference Line

Figure 4: Marking of intersection between bonnet i@nd side reference lines
(see paragraph 3.6.)
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Vertical plane

Figure 5: Corner of bumper (see paragraph 3.13.)

A: Target point
B: Impact point
0 : Impact angle

Figure 6: Impact and target point (see paragragt and 3.25.)
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Straight edge
700mm Long
LBRL LBRW

\" 25° \A/

Figure 7: Lower bumper reference line, LBRL (sempeaph 3.21.)

Bonnet side
reference line

Straight edge
700 mm long

| L]
2

Figure 8: Side reference line (see paragraph 3.24.)
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Straight edge
700 mm long

\7/200 P

Figure 9: Upper bumper reference line, UBRL (seagaph 3.27.)

o

Wrap around
distance

Figure 10: Wrap around distance measurement @egm@mph 3.28.)
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GENERAL REQUIREMENTS

This global technical regulation specifies thadwing tests to verify compliance of
vehicles.

Legform test to bumper

For vehicles with a lower bumper height of lesant425 mm the requirements of
paragraph 4.1.1. shall be applied.

For vehicles with a lower bumper height which wstho greater than, or equal
to 425 mm and less than 500 mm the requiremermtistafr paragraph 4.1.1. or4.1.2.,
at the choice of the manufacturer, shall be applied

For vehicles with a lower bumper height of gredkem, or equal to, 500 mm the
requirements of paragraph 4.1.2. shall be applied.

Lower legform to bumper:

To verify compliance with the performance requiesits as specified in
paragraph 5.1.1., both the test impactor specifiggaragraph 6.3.1.1. and the test
procedures specified in paragraph 7.1.1. shallsee.u

Upper legform to bumper:

To verify compliance with the performance requiesits as specified in
paragraph 5.1.2., both the test impactor specifiggaragraph 6.3.1.2. and the test
procedures specified in paragraph 7.1.2. shallsee.u

Child headform impact

To verify compliance with the performance requiesmts as specified in
paragraph 5.2.1., both the test impactor specifigoragraph 6.3.2.1. and the test
procedures specified in paragraphs 7.2. and 7a8. ks used.

Adult headform impact

To verify compliance with the performance requiests as specified in
paragraph 5.2.2., both the test impactor specifigoragraph 6.3.2.2. and the test
procedures specified in paragraphs 7.2. and 7adl. lsh used.
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5.
5.1.

5.1.1.

5.1.2.

5.2.

5.2.1.

5.2.2.

5.2.3.

5.2.4.

5.2.4.1.

PERFORMANCE REQUIREMENTS

Legform to bumper

When tested in accordance with paragrapi.7(lbwer legform to bumper), the
maximum dynamic knee bending angle shall not exd®édthe maximum dynamic
knee shearing displacement shall not exceed 6.0amdthe acceleration measured at
the upper end of the tibia shall not exceed 17@gaddition, the manufacturer may
nominate bumper test widths up to a maximum of 264 in total where the
acceleration measured at the upper end of thediial not exceed 2509.

When tested in accordance with paragrapl2.7(tipper legform to bumper), the
instantaneous sum of the impact forces with resjpetitne shall not exceed 7.5 kN
and the bending moment on the test impactor sbakxceed 510 Nm.

Headform tests

Child headform to the front structure:

When tested in accordance with paragraphs 7.27 ghdhe HIC shall comply with
paragraph 5.2.3.

Adult headform to the front structure:

When tested in accordance with paragraph 7.2.7ahdhe HIC shall comply with
paragraph 5.2.3.

The HIC recorded shall not exceed 1,000 avarinimum of one half of the child
headform test area and 1,000 over two thirds oftimebined child and adult headform
test areas. The HIC for the remaining areas sbakxceed 1,700 for both headforms.

In case there is only a child headform test atbe, HIC recorded shall not
exceed 1,000 over two thirds of the test area.ti®remaining area the HIC shall not
exceed 1,700.

Splitting of headform test zone

The manufacturer shall identify the zooiethe bonnet top where the HIC must not
exceed 1,000 (HIC1000 Zone) or 1,700 (HIC1700 Z¢se$ Figure 11).
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HIC1000
Zone

HIC1700
Zone

Figure 11: Example of marking of HIC1000 zone ai@1¥00 zone

Marking of the "bonnet top" impact area wasll as "HIC1000 Zone" and
"HIC1700 Zone" will be based on a drawing supplmdthe manufacturer, when
viewed from a horizontal plane above the vehicleat tis parallel to the vehicle
horizontal zero plane. A sufficient number of xigrco-ordinates shall be supplied by
the manufacturer to mark up the areas on the avtldtle while considering the
vehicle outer contour in the z direction.

The areas of "HIC1000 Zone" and "HIC17068&’ may consist of several parts, with
the number of these parts not being limited.

The calculation of the surface of the iotp@mrea as well as the surface areas of
"HIC1000 Zone" and "HIC1700 Zone" shall be dondtanbasis of a projected bonnet
when viewed from a horizontal plane parallel to llogizontal zero plane above the
vehicle, on the basis of the drawing data supfiiethe manufacturer.

TEST SPECIFICATIONS

General test conditions

Temperature and humidity

At the time of testing, the test facility and tixehicle or sub-system shall have a
relative humidity of 40 percent + 30 percent arabized temperature of 204+°C.

Impact test site

The test site shall consist of a flat, smooth &add surface with a slope not
exceeding 1 percent.
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6.2.

6.2.1.

6.2.1.1.

6.2.1.2.

6.2.2.

6.2.3.

6.3.
6.3.1.

6.3.1.1.

6.3.1.1.1.

6.3.1.1.2.

Preparation of the vehicle

Either a complete vehicle, or a cut-bodjystéd to the following conditions shall be
used for the test.

The vehicle shall be in its normal ridéwade, and shall be either securely mounted on
raised supports or at rest on a flat horizontdserwith the parking brake applied.

The cut-body shall include, in the teléparts of the vehicle front structure, all under-
bonnet components and all components behind théseraen that may be involved in
a frontal impact with a vulnerable road user, tondaestrate the performance and
interactions of all the contributory vehicle compats. The cut-body shall be securely
mounted in the normal vehicle ride attitude.

All devices designed to protect vulnerabkedrusers when impacted by the vehicle
shall be correctly activated before and/or be adiiwring the relevant test. It shall be
the responsibility of the manufacturer to show #rat devices will act as intended in a
pedestrian impact.

For vehicle components which could changepslor position, other than active
devices to protect pedestrians, and which have thareone fixed shape or position
shall require the vehicle to comply with the comgats in each fixed shape or
position.

Test impactor specifications

Legform impactors:
Lower legform impactor:

The lower legform impactor shall consist of twaarfo covered rigid segments,
representing femur (upper leg) and tibia (lowe},lgmned by a deformable, simulated
knee joint. The overall length of the impactorlsha 926 + 5 mm, having a required
test mass of 13.4 £ 0.2 kg (see Figure 12).

Brackets, pulleys, etc. attached to the impaciotie purpose of launching it, may
extend the dimensions shown in Figure 12.

The diameter of the femur and tibialdtel70 + 1 mm and both shall be covered by
foam flesh and skin. The foam flesh shall be 25 thiok foam type CF-45 or
equivalent. The skin shall be made of neoprenefdaced with 0.5 mm thick nylon
cloth on both sides, with an overall thickness ofif®.

The knee joint shall be fitted with defable knee elements from the same batch as
those used in the certification tests.
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The total masses of the femur and tihiall be 8.6 + 0.1 kg and 4.8 £ 0.1 kg
respectively, and the total mass of the impactall §fe 13.4 + 0.2 kg. The centre of
gravity of the femur and tibia shall be 217 + 10 mana 233 + 10 mm from the centre
of the knee respectively. The moment of inertiathe femur and tibia, about a
horizontal axis through the respective centre @vily and perpendicular to the
direction of impact, shall be 0.127 + 0.010 kgmd &riL20 + 0.010 kgm? respectively.

For each test the impactor shall bedittith new foam flesh cut from one of up to
four consecutive sheets of foam type CF-45 flesteri@ or equivalent, produced from
the same batch of manufacture (cut from one blackun' of foam), provided that
foam from one of these sheets was used in the dgneertification test and the
individual weights of these sheets are within eg&ent of the weight of the sheet used
in the certification test.

The test impactor or at least the fol@shfshall be stored during a period of at least
four hours in a controlled storage area with aiktaiol humidity of 35 percent + 15
percent and a stabilized temperature of 20 + 4°%0Gr @o impactor removal for
calibration. After removal from the storage thepantor shall not be subjected to
conditions other than those pertaining in the desa.

Lower legform instrumentation

A uniaxial accelerometer shall be nedinon the non-impacted side of the
tibia, 66 £ 5 mm below the knee joint centre, withsensitive axis in the direction of
impact.

A damper shall be fitted to the slésgslacement system and may be mounted at any
point on the rear face of the impactor or integnalThe damper properties shall be
such that the impactor meets both the static anthrdic shear displacement
requirements and prevents excessive vibrationgeo$hear displacement system.

Transducers shall be fitted to measumee bending angle and knee shearing
displacement.

The instrumentation response valuaralafrequency class (CFC), as defined in
ISO 6487:2002, shall be 180 for all transduceitse CTAC response values, as defined
in 1ISO 6487:2002, shall be 50° for the knee bendingle, 10 mm for the shearing
displacement and 5009 for the acceleration. Taésdot require that the impactor
itself be able to physically bend and shear todlawyles and displacements.

Lower legform certification

The lower legform impactor shall miset performance requirements specified in
paragraph 8.
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6.3.1.1.7.2. The certified impactor may be used domaximum of 20 impacts before re-
certification. With each test new plastically def@able knee elements should be used.
The impactor shall also be re-certified if morarttone year has elapsed since the
previous certification, if any impactor transduoetput, in any impact, has exceeded

the specified CAC or has reached the mechanicaislimf the leg impactor

deformation capability.

50 mm
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Figure 12: Lower legform impactor (see paragraf@161.)
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Upper legform impactor:

The upper legform impactor shall be rigid, foanvered at the impact side,
and 350 = 5 mm long (see Figure 13).

The total mass of the upper legform ietgrancluding those propulsion and guidance
components which are effectively part of the impaduring the impact shall be 9.5 kg
+ 0.1 kg.

The total mass of the front member atetrocomponents in front of the load
transducer assemblies, together with those pattseedbad transducer assemblies in
front of the active elements, but excluding thetiand skin, shall be 1.95 + 0.05 kg.

The upper legform impactor for the burpst shall be mounted to the propulsion
system by a torque limiting joint and be insensitiv off-axis loading. The impactor
shall move only in the specified direction of impadien in contact with the vehicle
and shall be prevented from motion in other dimeetiincluding rotation about any
axis.

The torque limiting joint shall be setlsat the longitudinal axis of the front member
is vertical at the time of impact with a tolerarudet 2°, with the joint friction torque
setto 675 Nm = 25 Nm.

The centre of gravity of those partthefimpactor which are effectively forward of the
torque limiting joint, including any weights fittedhall lie on the longitudinal centre
line of the impactor, with a tolerance of £ 10 mm.

The length between the load transdwsdre lines shall be 310 £ 1 mm and the front
member diameter shall be 50 + 1 mm.

For each test the foam flesh shall be mew sheets of 25 mm thick foam type
CF-45 or equivalent, which shall be cut from theettof material used for the dynamic
certification test. The skin shall be a 1.5 mnekHibre reinforced rubber sheet. The
mass of the foam and the rubber skin together beall.6 +0.1 kg (this excludes any
reinforcement, mountings, etc. which are used tichtthe rear edges of the rubber
skin to the rear member). The foam and rubber skl be folded back towards the
rear, with the rubber skin attached via spacetkdoear member so that the sides of
the rubber skin are held parallel. The foam dbalbf such a size and shape that an
adequate gap is maintained between the foam angauwents behind the front
member, to avoid significant load paths betweerfdahen and these components.

The test impactor or at least the foashfshall be stored during a period of at least
four hours in a controlled storage area with a ikt humidity
of 35 percent + 15 percent and a stabilized tentperaf 20 + 4 °C prior to impactor
removal for calibration. After removal from theosige the impactor shall not be
subjected to conditions other than those pertaimrnbe test area.
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6.3.1.2.9.

6.3.1.2.9.1.

6.3.1.2.9.2.

6.3.1.2.9.3.

6.3.1.2.10.

Upper legform instrumentation

The front member shall be strain gdugemeasure bending moments in three
positions, as shown in Figure 13, each using a-agpahannel. The strain gauges are
located on the impactor on the back of the frontiper. The two outer strain gauges
are located 50 + 1 mm from the impactor's symmaltegis. The middle strain gauge
is located on the symmetrical axis with a £ 1 mier&nce.

Two load transducers shall be fitbteshéasure individually the forces applied at either
end of the upper legform impactor, plus strain gaugeasuring bending moments at
the centre of the upper legform impactor and attipos 50 mm either side of the
centre line (see Figure 13).

The instrumentation response value,@8@efined in ISO 6487:2002, shall be 180
for all transducers. The CAC response valuesefisatl in ISO 6487:2002, shall
be 10 kN for the force transducers and 1,000 Nm tfee bending moment
measurements.

Upper legform certification

6.3.1.2.10.1. The upper legform impactor shall nieetperformance requirements specified in

paragraph 8.

6.3.1.2.10.2. The certified impactor may be used domaximum of 20 impacts before re-

certification (this limit does not apply to propigis or guidance components). The

impactor shall also be re-certified if more thae gear has elapsed since the previous
certification or if any impactor transducer outpat,any impact, has exceeded the

specified CAC.
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Figure 13: Upper legform impactor (see paragrahl&.)
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6.3.2.

6.3.2.1.

6.3.2.1.1.

6.3.2.1.2.

Child and adult headform impactors
Child headform impactor (see Figure 14)

The child headform impactor shall be made of ahiom, be of homogenous
construction and be of spherical shape. The dwdieheter shall be 165 + 1 mm.
The mass shall be 3.5 £0.07 kg. The moment afimabout an axis through the
centre of gravity and perpendicular to the direcbbimpact shall be within the range
of 0.008 to 0.012 kgfn The centre of gravity of the headform impactarliiding
instrumentation shall be located in the geome#gritie of the sphere with a tolerance
of £ 2 mm.

The sphere shall be covered with a 14 + 0.5 maoktynthetic skin, which shall cover
at least half of the sphere.

Child headform instrumentation

A recess in the sphere shall allow for mounting dnaxial or three uniaxial
accelerometers within + 10 mm seismic mass locatitanance from the centre of the
sphere for the measurement axis, and + 1 mm semass location tolerance from the
centre of the sphere for the perpendicular diradiiothe measurement axis.

If three uniaxial accelerometers are used, onth@®faccelerometers shall have its
sensitive axis perpendicular to the mounting facesée Figure 14) and its seismic
mass shall be positioned within a cylindrical talere field of 1. mm radius and 20 mm
length. The centre line of the tolerance fieldllstum perpendicular to the mounting
face and its mid-point shall coincide with the certf the sphere of the headform
impactor.

The remaining accelerometers shall have theiribemsxes perpendicular to each
other and parallel to the mounting face A and teeismic mass shall be positioned
within a spherical tolerance field of 10 mm radidde centre of the tolerance field
shall coincide with the centre of the sphere offteadform impactor.

The instrumentation response value CFC, as definetbO 6487: 2002, shall
be 1,000. The CAC response value, as defineddr6lB7:2002, shall be 5009 for the
acceleration.

First natural frequency

The first natural frequency of the headform impashall be over 5,000 Hz.
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Figure 14: Child headform impactor (see paragrapli26l.)

Adult headform impactor (see Figure 15)

The adult headform impactor shall be made of ahivm, be of homogenous
construction and be of spherical shape. The dwieaheter is 165 + 1 mm as shown
in Figure 15. The mass shall be 4.5 + 0.1 kg. fMioenent of inertia about an axis
through the centre of gravity and perpendiculath® direction of impact shall be
within the range of 0.010 to 0.013 kgmThe centre of gravity of the headform
impactor including instrumentation shall be locatledhe geometric centre of the
sphere with a tolerance of £ 5 mm.

The sphere shall be covered with a 14 + 0.5 moktkynthetic skin, which shall cover
at least half of the sphere.
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6.3.2.2.1.
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Figure 15: Adult headform impactor (see paragrai2?&?)

Adult headform instrumentation

A recess in the sphere shall allow for mounting dnaxial or three uniaxial
accelerometers within + 10 mm seismic mass locatitanance from the centre of the
sphere for the measurement axis, and + 1 mm semass location tolerance from the
centre of the sphere for the perpendicular diradiiothe measurement axis.

If three uniaxial accelerometers are used, onth@®faccelerometers shall have its
sensitive axis perpendicular to the mounting facésée Figure 15) and its seismic
mass shall be positioned within a cylindrical talare field of 1. mm radius and 20 mm
length. The centre line of the tolerance fieldllstum perpendicular to the mounting
face and its mid-point shall coincide with the certf the sphere of the headform

impactor.

The remaining accelerometers shall have theiritbemsxes perpendicular to each
other and parallel to the mounting face A and teeismic mass shall be positioned
within a spherical tolerance field of 10 mm radiddhe centre of the tolerance field
shall coincide with the centre of the sphere offteadform impactor.
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6.3.2.3.

6.3.2.4.

7.1.

7.1.1.

7.1.1.1.

7.1.1.2.

7.1.1.3.
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The instrumentation response value CFC, as definelfO 6487: 2002, shall
be 1,000. The CAC response value, as defineddng&7: 2002, shall be 5009 for
the acceleration.

First natural frequency
The first natural frequency of the headform impashall be over 5,000 Hz.

Rear face of the headform impactors
Arear flat face shall be provided on the outefeme of the headform impactors which
is perpendicular to the direction of travel, anpi¢glly perpendicular to the axis of one
of the accelerometers as well as being a flat gigpable of providing for access to the
accelerometers and an attachment point for theusimm system.

Certification of the headform impactors
The headform impactors shall meet the performaecgiirements specified in
paragraph 8. The certified impactors may be usea aximum of 20 impacts before
re-certification. The impactors shall be re-cextfif more than one year has elapsed
since the previous certification or if the transelugutput, in any impact, has exceeded
the specified CAC.

TEST PROCEDURES

Legform to bumper test procedures

Lower legform to bumper test procedure:

Each test shall be completed within two hours béwthe impactor to be used is
removed from the controlled storage area.

The selected target points shall be irbtiraper test area.

The direction of the impact velocity veahball be in the horizontal plane and parallel
to the longitudinal vertical plane of the vehiclehe tolerance for the direction of the
velocity vector in the horizontal plane and inliegitudinal plane shall be + 2° at the
time of first contact. The axis of the impactoakbe perpendicular to the horizontal
plane with a tolerance of £ 2° in the lateral aodditudinal plane. The horizontal,
longitudinal and lateral planes are orthogonalacheother (see Figure 16).

The bottom of the impactor shall be ain®% above ground reference plane at the time
of first contact with the bumper (see Figure 17ithva + 10 mm tolerance. When
setting the height of the propulsion system, anwaihce must be made for the
influence of gravity during the period of free fiigof the impactor.
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7.1.1.3.1. The lower legform impactor for the bumtests shall be in 'free flight' at the moment
of impact. The impactor shall be released to flight at such a distance from the
vehicle that the test results are not influencedttmytact of the impactor with the
propulsion system during rebound of the impactor.

The impactor may be propelled by an air, springyaraulic gun, or by other means
that can be shown to give the same result.

7.1.1.3.2. At the time of first contact the impactball have the intended orientation about its
vertical axis, for the correct operation of its &rjeint, with a tolerance of £ 5° (see
Figure 16).

7.1.1.3.3. At the time of first contact the cerime of the impactor shall be within a + 10 mm
tolerance to the selected impact location.

7.1.1.3.4. During contact between the impactorthadehicle, the impactor shall not contact the
ground or any object which is not part of the véhic

7.1.1.4. The impact velocity of the impactor whaikeg the bumper shall be 11.1 + 0.2 m/s.
The effect of gravity shall be taken into accouhew the impact velocity is obtained
from measurements taken before the time of firatand.
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Figure 16: Tolerances of angles for the lower lagfampactor at the time of the
first impact (see paragraphs 7.1.1.2 and 7.1.}.3.2.
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Figure 17: Lower legform to bumper tests for cortgheehicle in normal ride attitude (left) and

7.1.2.

7.1.2.1.

7.1.2.2.

7.1.2.3.

71.2.

7.2.1.

for cut-body mounted on supports (right) (see paegiy 7.1.1.3)
Upper legform to bumper test procedure:

Each test shall be completed within two hours bEwthe impactor to be used is
removed from the controlled storage area.

The selected target points shall be iftimper test area as defined in paragraph 3.10.

The direction of impact shall be pardtighe longitudinal axis of the vehicle, with the
axis of the upper legform vertical at the time io$tfcontact. The tolerance to this
direction is + 2°.

At the time of first contact the impactor centrelshall be vertically midway between
the upper bumper reference line and the lower bungberence line with a 0 mm
tolerance and the impactor vertical centre lindldf& positioned laterally with the
selected impact location with a tolerance of + 1i.m

The impact velocity of the upper legfompactor when striking the bumper shall
be 11.1 + 0.2 m/s.

Headform test procedures

Propulsion of the headform impactors

The headform impactors shall be in "free flight"tlke moment of impact, at the
required impact velocity (as specified in parageapl3.4. and 7.4.4.) and the required
direction of impact (as specified in paragraphs5/.8nd 7.4.5.).
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7.2.2.

7.2.3.

7.3.

7.3.1.

7.3.2.

The impactors shall be released to "free flighsech a distance from the vehicle that
the test results are not influenced by contadt@frmpactor with the propulsion system
during rebound of the impactor.

Measurement of impact velocity

The velocity of the headform impactor shall be sugad at some point during the free
flight before impact, in accordance with the metbpdcified in ISO 3784:1976. The

accuracy of velocity measurement shall be + 0.08em/ The measured velocity shall
be adjusted considering all factors which may attee impactor between the point of
measurement and the point of impact, in orderterdene the velocity of the impactor

at the time of impact. The angle of the velociggtor at the time of impact shall be
calculated or measured.

Recording
The acceleration time histories shall be recorded, HIC shall be calculated. The
first point of contact on the front structure o trehicle shall be recorded. Recording

of test results shall be in accordance with ISO762@02.

Child headform test procedure

This test procedure is applicable with respect tte requirements of
paragraphs 5.2.1. and 5.2.3.

Tests shall be made to the front structuithinvthe boundaries as defined in
paragraph 3.12. For tests on the rear area didhaet top, the headform impactor
shall not contact the windscreen or A-pillar befongacting the bonnet top.

No impact point shall be located so thatitiqgactor will impact the test area with a
glancing blow resulting in a more severe secondachputside the test area.

Selected impact points on the bonnet for the digladform impactor shall be, at the
time of first contact:
€)) a minimum of 82.5 mm inside the defined siference lines, and;
(b) forward of the WAD1700 line, or,
a minimum of 82.5 mm forwards of the bonnet rederence line,
- whichever is most forward at the point of meament, and;
(c) be rearward of the WAD1000 line, or,
a minimum of 82.5 mm rearwards of the bonnetitepddge reference line,
- whichever is most rearward at the point of rmeasient.

These minimum distances are to be set with alflexape held tautly along the outer
surface of the vehicle.
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7.3.4.

7.3.5.

7.4.

7.4.1.

7.4.2.

7.4.3.

7.4.4.

7.4.5.
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The point of first contact of the headfompactor shall be within a £ 10 mm tolerance
to the selected impact point.

The headform velocity at the time of impstwll be 9.7 + 0.2 m/s.
The direction of impact shall be in the lilungjnal vertical plane of the vehicle to be
tested at an angle of 50 £ 2° to the horizontdie @irection of impact of tests to the

front structure shall be downward and rearward.

Adult headform test procedure

This test procedure is applicable with respetiéaequirements of paragraphs 5.2.2.
and 5.2.3.

Tests shall be made to the front structuithinvthe boundaries as defined in
paragraph 3.1. For tests at the rear of the bdopethe headform impactor shall not
contact the windscreen or A-pillar before impactihg bonnet top.

No impact point shall be located so thatitingactor will impact the test area with a
glancing blow resulting in a more severe secondachputside the test area.

Selected impact points on the bonnet for the dorddform impactor shall be, at the
time of first contact:
€)) a minimum of 82.5 mm inside the defined siefenence lines, and;
(b) forward of the WAD2100 line, or,
a minimum of 82.5 mm forward of the bonnet rederence line,
whichever is most forward at the point of measwest, and;
(c) rearward of the WAD1700 line.

These minimum distances are to be set with alflextape held tautly along the outer
surface of the vehicle.

The point of first contact of the headfompactor shall be within a + 10 mm tolerance
to the selected impact point.

The headform velocity at the time of impstwall be [9.7 £ 0.2 m/s].

The direction of impact shall be in the liiginal vertical plane of the paragraph of
the vehicle to be tested at an angle of 65° £ Zh&horizontal. The direction of
impact of tests to the front structure shall be dward and rearward.

CERTIFICATION OF IMPACTORS

The impactors that are used in the tests descnib#uds gtr are required to comply
with the following performance requirements.
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8.1.
8.1.1.

8.1.1.1.

8.1.1.2.

8.1.1.3.

8.1.1.4.

The requirements for the lower legform impacta specified in paragraph 8.1., the
upper legform impactor requirements are specifiqgghiragraph 8.2. and the adult and
child headform impactors requirements are specifigzhragraph 8.3.

Lower legform impactor certification

Static tests

The lower legform impactor shall meet#girements specified in paragraph 8.1.1.2.
when tested as specified in paragraph 8.1.1.4.teadequirements specified in
paragraph 8.1.1.3. when tested as specified irgpsph 8.1.1.5.

For both tests the impactor shall have the intdradgentation about its longitudinal
axis, for the correct operation of its knee joimith a tolerance of + 2°.

The stabilized temperature of the impactor dudedification shall be 20° + 2°C.

The CAC response values, as defined in ISO 6482:2ball be 50° for the knee
bending angle and 500 N for the applied force wherimpactor is loaded in bending
in accordance with paragraph 8.1.1.4., and 10 mmthi® shearing displacement
and 10 kN for the applied force when the impacdoaded in shearing in accordance
with paragraph 8.1.1.5. For both tests low-pdsifng at an appropriate frequency is
permitted, to remove higher frequency noise withsignificantly affecting the
measurement of the response of the impactor.

When the impactor is loaded in bendingdoordance with paragraph 8.1.1.4., the
applied force/bending angle response shall be mvitie limits shown in Figure 18.
Also, the energy taken to generate 15.0° of bensladi be 100 + 7 J.

When the impactor is loaded in shearingcicordance with paragraph 8.1.1.5., the
applied force/shearing displacement response $leallithin the limits shown in
Figure 19.

The impactor, without foam covering anith skhall be mounted with the tibia firmly
clamped to a fixed horizontal surface and a mata tonnected firmly to the femur,
as shown in Figure 20. The rotational axis of intpaknee joint shall be vertical. To
avoid friction errors, no support shall be providedhe femur section or the metal
tube. The bending moment applied at the centteeoknee joint, due to the mass of
the metal tube and other components (excludingl¢lgéorm itself), shall not
exceed 25 Nm.

A horizontal normal force shall be applied to thestah tube at a distance
of 2.0 +0.01 m from the centre of the knee joint and tbsuiting angle of knee
deflection shall be recorded. The load shall bereased at a rate
between 1.0 and 10°/s until the angle of deflectbthe knee is in excess of 22°.
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8.1.2.

8.1.2.1.

8.1.2.2.

8.1.2.2.1.

8.1.2.2.2.

8.1.2.2.3.

8.1.2.2.4.

8.1.2.3.

8.1.2.3.1.
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Brief excursions from these limits due, for instayto the use of a hand-pump shall be
permitted.

The energy is calculated by integrating the fordé wespect to the bending angle in
radians, and multiplying by the lever length of 2.0.01 m.

The impactor, without foam covering anith sghall be mounted with the tibia firmly
clamped to a fixed horizontal surface and a metad itonnected firmly to the femur
and restrained at 2.0 m from the centre of the koieg as shown in Figure 21.

A horizontal normal force shall be applied to teeur at a distance of 50 mm from
the centre of the knee joint and the resulting ksleearing displacement shall be
recorded. The load shall be increased betweear@120 mm/s until the shearing
displacement of the knee is in excess of 7.0 mth@toad is in excess of 6.0 kN.
Brief excursions from these limits due, for instto the use of a hand-pump shall be
permitted.

Dynamic tests

The lower legform impactor shall meetr#giirements specified in paragraph 8.1.2.3.
when tested as specified in paragraph 8.1.2.4.

Calibration

The foam flesh for the test impactodidie stored during a period of at least four
hours in a controlled storage area with a staldlizemidity of 35 + 10 percent and a
stabilized temperature of 20 + 2°C prior to impactanoval for calibration. The test
impactor itself shall have a temperature of 20°°€ at the time of impact. The
temperature tolerances for the test impactor shpfily at a relative humidity
of 40 + 30 percent after a soak period of at l&asgthours prior to their application in
a test.

The test facility used for the calilbwatitest shall have a stabilized humidity
of 40 £ 30 percent and a stabilized temperatu0af 4°C during calibration.

Each calibration shall be completed witivo hours of when the impactor to be
calibrated is removed from the controlled storagaa

Relative humidity and temperature ofciération area shall be measured at the time
of calibration and recorded in a calibration report

Requirements
When the impactor is impacted by a liyeaiided certification impactor, as specified

in paragraph 8.1.2.4., the maximum upper tibialecaton shall be not less than 120g
and not more than 250g. The maximum bending astgi# be not less than 6.2° and
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8.1.2.3.2.

8.1.2.4.

8.1.2.4.1.

8.1.2.4.2.

8.1.2.4.3.

8.1.2.4.4.

8.1.2.4.5.

not more than 8.2°. The maximum shearing displargnshall be not less
than 3.5 mm and not more than 6.0 mm.

For all these values, the readings used shallrdra the initial impact with the
certification impactor and not from the arrestitgpe. Any system used to arrest the
impactor or certification impactor shall be so aged that the arresting phase does not
overlap in time with the initial impact. The artieg system shall not cause the
transducer outputs to exceed the specified CAC.

The instrumentation response value C&Cdefined in ISO 6487:2002, shall
be 180 for all transducers. The CAC response saledefined in ISO 6487:2002,
shall be 50° for the knee bending angle, 10 mnthi@shearing displacement and 500g
for the acceleration. This does not require thaimpactor itself be able to physically
bend and shear to these angles and displacements.

Test procedure

The impactor, including foam covering akin, shall be suspended horizontally by
three wire ropes of 1.5 + 0.2 mm diameter and 6020m minimum length, as shown
in Figure 22. It shall be suspended with its ltuidinal axis horizontal, with a
tolerance oft 0.5°, and perpendicular to the direction of the cexdifion impactor
motion, with a tolerance af 2°. The impactor shall have the intended orientation
about its longitudinal axis, for the correct opernatof its knee joint, with a tolerance
of £ 2°. The impactor must meet the requiremefitpavagraph 6.3.1.1., with the
attachment bracket(s) for the wire ropes fitted.

The certification impactor shall havaass of 9.@& 0.05 kg, this mass includes those
propulsion and guidance components which are éftdgtpart of the impactor during
impact. The dimensions of the face of the cedtian impactor shall be as specified in
Figure 23. The face of the certification impactball be made of aluminium, with an
outer surface finish of better than 2.0 micrometers

The guidance system shall be fitted with low fantguides, insensitive to off-axis
loading, that allow the impactor to move only i thpecified direction of impact,
when in contact with the vehicle. The guides spialent motion in other directions
including rotation about any axis.

The impactor shall be certified withypoeisly unused foam.

The impactor foam shall not be exceshandled or deformed before, during or after
fitting.

The certification impactor shall be gl horizontally at a velocity of 7.5 £ 0.1 m/s
into the stationary impactor as shown in Figure P3e certification impactor shall be
positioned so that its centreline aligns with aifp@s on the tibia centreline of 50 mm
from the centre of the knee, with tolerances 8fmm laterally and 3 mm vertically.
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Upper legform impactor certification

The upper legform impactor shall meet tly@irements specified in paragraph 8.2.3.
when tested as specified in paragraph 8.2.4.

Calibration

The foam flesh for the test impactor shallstored during a period of at least four
hours in a controlled storage area with a staldltnemidity of 35 + 10 percent and a
stabilized temperature of 20° + 2°C prior to impaicemoval for calibration. The test
impactor itself shall have a temperature of 20°°€ 2t the time of impact. The
temperature tolerances for the test impactor sapfily at a relative humidity
of 40 £ 30 percent after a soak period of at l&asthours prior to their application in
a test.

The test facility used for the calibratitest shall have a stabilized humidity
of 40 + 30 percent and a stabilized temperatu206f 4°C during calibration.

Each calibration shall be completed witttwo hours of when the impactor to be
calibrated is removed from the controlled storagaa

Relative humidity and temperature of @léocation area shall be measured at the time
of calibration, and recorded in a calibration repor

Requirements

When the impactor is propelled into astatry cylindrical pendulum the peak force
measured in each load transducer shall be notthess 1.20 kN and not more
than 1.55 kN and the difference between the peate$omeasured in the top and
bottom load transducers shall not be more than KNLO Also, the peak bending
moment measured by the strain gauges shall nadsetthan 190 Nm and not more
than 250 Nm on the centre position and not less th@0 Nm and not more
than 220 Nm for the outer positions. The diffeehetween the upper and lower peak
bending moments shall not be more than 20 Nm.

For all these values, the readings used shallrdia the initial impact with the
pendulum and not from the arresting phase. Antegysised to arrest the impactor or
pendulum shall be so arranged that the arrestinggpoes not overlap in time with
the initial impact. The arresting system shall oatise the transducer outputs to
exceed the specified CAC.

The instrumentation response value CF@efised in ISO 6487:2002, shall be 180
for all transducers. The CAC response valuesefisatl in ISO 6487:2002, shall
be 10 kN for the force transducers and 1000 Nm tfer bending moment
measurements.
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8.2.4.

8.2.4.1.

8.2.4.2.

8.2.4.3.

8.2.4.4.

8.2.4.5.

8.2.4.6.

8.2.4.7.

8.3.
8.3.1.

8.3.1.1.

Test procedure

The impactor shall be mounted to the psap and guidance system, by a torque
limiting joint. The torque limiting joint shall beet so that the longitudinal axis of the
front member is perpendicular to the axis of thielgnice system, with a tolerance of
+ 2°, with the joint friction torque set to 675 5 Aim. The guidance system shall be
fitted with low friction guides that allow the imgr to move only in the specified
direction of impact, when in contact with the peloio

The impactor mass shall be adjusted ®@imass of 12 + 0.1 kg, this mass includes
those propulsion and guidance components whichftgetively part of the impactor
during impact.

The centre of gravity of those parts efithpactor which are effectively forward of the
torque limiting joint, including the extra massésefl, shall lie on the longitudinal
centreline of the impactor, with a tolerance ofGtrim.

The impactor shall be certified with poasly unused foam.

The impactor foam shall not be excessivahdled or deformed before, during or after
fitting.

The impactor with the front member vettishall be propelled horizontally at a
velocity of 7.1 £ 0.1 m/s into the stationary pelutho as shown in Figure 24.

The pendulum tube shall have a mass d@i.83kg, a wall thickness of 3 £ 0.15 mm
and an outside diameter of 150 1.4 mm Total pendulum tube length shall
be 275 £ 25 mm. The pendulum tube shall be manhe éold finished seamless steel
(metal surface plating is permissible for protecticom corrosion), with an outer
surface finish of better than 2.0 micrometer.hlilsbe suspended on two wire ropes
of 1.5 £ 0.2 mm diameter and of 2.0 m minimum léngkhe surface of the pendulum
shall be clean and dry. The pendulum tube shalbiséioned so that the longitudinal
axis of the cylinder is perpendicular to the frorember (i.e. level), with a tolerance
of £ 2°, and to the direction of impactor motion, wittoéetance ot 2°, and with the
centre of the pendulum tube aligned with the cerittbe impactor front member, with
tolerances o 5 mm laterally and 5 mm vertically.

Child and adult headform impactors certificati

Drop test
Performance criteria

The headform impactors shall meet the requiremsmesified in paragraph 8.3.2.
when tested as specified in paragraph 8.3.3.
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Requirements

When the headform impactors are dropped & height of 376 £ 1 mm in accordance
with paragraph 8.3.3. the peak resultant acceteratieasured by one triaxial (or three
uniaxial) accelerometer (accelerometers) in theltoeen impactor shall be:

(@) for the child headform impactor not less tAdhg and not more than 300g;
(b) for the adult headform impactor not less thahg and not more than 275g.
The acceleration time curve shall be uni-modal.

The instrumentation response values CRCGHC for each accelerometer shall
be 1,000 Hz and 5009 respectively as defined in688y:2002.

Temperature conditions

The headform impactors shall have a temperatu® af 2°C at the time of impact.
The temperature tolerances shall apply at a rel&inmidity of 40 + 30 percent after a
soak period of at least four hours prior to theiplecation in a test.

After complying with the certification teeach headform impactor can be used for a
maximum of 20 impact tests.

Test procedure
The headform impactor shall be suspenasd & drop rig as shown in Figure 25.

The headform impactor shall be droppethftbe specified height by means that
ensure instant release onto a rigidly supportechfiazontal steel plate, over 50 mm
thick and over 300 x 300 mm square which has anaeasurface and a surface finish
of between 0.2 and 2.0 micrometers.

The headform impactor shall be droppet thi¢ rear face of the impactor at the test
angle specified in paragraph 7.3.5. for the chileadform impactor and in
paragraph 7.4.5. for the adult headform impacttin véspect to the vertical as shown
in Figure 25. The suspension of the headform inguahall be such that it does not
rotate during the fall.

The drop test shall be performed threedirwith the headform impactor rotated 120°
around its symmetrical axis after each test.
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Figure 18: Force versus angle requirement in skawer legform impactor bending certification
test (see paragraph 8.1.1.2))
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Figure 19: Force versus displacement requiremestiitic lower legform impactor shearing
certification test (see paragraph 8.1.1.3.)
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Figure 20: Top View of Test set-up for static loiegform impactor bending certification test
(see paragraph 8.1.1.4.)

Applied Force

Res tnmt
Clamps
/ \‘ Metal tube lever arm
H H FIE'II'[lIl \

| e 7T
]

!
Tibia 30 mm

Enee Centrelme

20m

Figure 21: Top View of Test set-up for static lovegform impactor shearing
certification test (see paragraph 8.1.1.5.)
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Figure 22: Test set-up for dynamic lower legfornpauator certification test (side view top
diagram, view from above bottom diagram) (see pagpiy8.1.2.4.1.)




ECE/TRANS/180/Add.9

page 73
! /— SIE MOTE T
I
! 3o
! r.L..
! I R
! Tel e
! T

GCHIRE 1B0Ld BPTIGkAL 8
LI SEE WHIE 2 ‘

SO0

E 743 BLEND
TYP 2 FLANCES

Figure 23: Details of dynamic lower legform cediftion impactor face
(see paragraph 8.1.2.4.2.)

Notes
1. Saddle may be made as a complete diameter alad shown to make two components.
2. The shaded areas may be removed to give theatitee form shown.

3. Tolerance on all dimensions#isl.0 mm.
Material: Aluminium alloy.
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Figure 24. Test set-up for dynamic upper legforrpawtor certification test
(see paragraph 8.2.4.6)
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Figure 25. Test set-up for dynamic headform impdgstofidelity test
(see paragraph 8.3.3.1.)




