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A. STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATON

1. SAFETY NEED

1. Each year, thousands of pedestrians and cyeliststruck by motor vehicles. Most of
these accidents take place in urban areas whei@usesr fatal injuries can be sustained at
relatively low speed, particularly in the case bfldren. This global technical regulation (gtr)
will significantly reduce the levels of injury sasted by pedestrians involved in frontal impacts
with motor vehicles.

2.  This gtr is based on data from a number of ssyracluding the International Harmonized
Research Activities (IHRA) /A Pedestrian Safety working group (IHRA/PS). Thaadwas
sourced from Australia, Germany, Japan and theedritates of America. Data from IHRA 2
Germany 3 ltaly 4/, the UNECE B Spain_6, Canada/] the Netherlands/8 Sweden 8 and
Korea_1@ indicate that, annually: in the European Unionw8,000 pedestrians and cyclists are
killed and about 300,000 injured; in North Ameriaproximately 5,000 pedestrians are killed
and 85,000 injured; in Japan approximately 3,3Qfeptians and cyclists are killed and 27,000
seriously injured; and in Korea around 3,600 pedext are killed and 90,000 injured.

3. The IHRA/PS study indicates the following:

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

under) account for nearly one-third of all injurieshe dataset, even though they constitute only
18 percent of the population in the four countimesuded in the IHRA data.

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

2/ A number of reference documents is listed in #ppendix to this global technical
regulation. The documents are available on the OREVP.29 website at the 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/doc20(p29grsp/inf-gr-ps-3e.ppt#262,1, 1st
meeting of the Informal Group on Pedestrian Safetpd 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

7/ INF GR/PS/20

8/ INF GR/PS/21

9/ INF GR/PS/41

10  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 bodyoregy(INF GR/PS/3).

(b) Crash speeds

6. Crash speeds between vehicles and pedestriames ookected from pedestrian accident
data. The cumulative frequency of the crash spsbkd#sis that a crash speed of up to 40 km/h
can cover more than 75 percent of total pedesimjarnies (AIS 1+) in all regions.

(c) Target population for this gtr

7. The IHRA injury data indicate the injury distniion by body regions. Fatal and serious
head injuries (AlS2+) of children and adults aslvasl AIS2+ adult leg injuries were extracted

from the IHRA data base for clearly identified injicausing parts on the vehicle and on the road
(INF GR/PS/131 and 169). It was found that bonwviatj contacts caused 41 percent of child

head injuries of AIS2+ and 19 percent of the adl2+ head injuries. Bumper contacts lead to
64 percent of adult AIS2+ leg injuries. The cuntivka frequency curves versus vehicle impact
speed for these injuries and their respective yngauusing parts show that 58 percent of the child
head AIS2+ injuries are addressed to a vehicle anpeed up to 40 km/h, 40 percent to adult
head AIS2+ injuries and 50 percent of the adultA&82+ injuries respectively. Based on these
figures of injuries by injury source and vehiclentact area, the target population of the above-
mentioned AIS2+ injuries for this proposed gtr &percent of child pedestrian head injuries, 8
percent of adult pedestrian head injuries, ande32emt of adult leg injuries.

8. Each of these body regions, i.e. head of childtaand adult leg, covers more than 30
percent of total fatal and severe injuries (INF B®/3). This gtr focuses on protecting these
body regions.

9. The major source of child head injuries is the surface of the bonnet/wing, while adult
head injuries result from impacts to the top swfa€ bonnet/wing and windscreen area. For
adult leg injuries, the major source is the fromtiiper of vehicles.

(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 provisionst ibus recognized that their application to
heavier vehicles (large trucks and buses) as geib asery small and light vehicles could be of
limited value and may not be technically approgriattheir present form. The tests proposed in
this gtr have been developed on the basis of cutignt vehicles, taking into account the
pedestrian kinematics when impacted by such vehidkor this reason, the scope of application
is limited to passenger cars, sport utility velso{8UV), light trucks and other light commercial
vehicles. Since these vehicle categories reprébentast majority of vehicles currently in use,
the proposed measures will have the widest prddéceffect in reducing pedestrian injuries.
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2. SUMMARY: DESCRIPTION OF THE PROPOSED REGULATION
(@) Introduction

11. It is generally accepted that in the most regméative pedestrian to car accident the
pedestrian is in normal walking posture, meanirad the pedestrian is standing sideways to the
vehicle, and is struck by the vehicle from the sidéis scenario is therefore also the basis for
this gtr.

12. When an adult pedestrian is struck by vehialddressed 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 centiggafity, the upper body in such a case begins to
rotate toward the vehicle. The pedestrian's bathelarates linearly relative to the ground
because the pedestrian is being carried along éyéhicle. The second contact is usually
between the upper part of the grille or front edf¢he bonnet and the pedestrian's pelvic area.
The pedestrian's legs and pelvis have reachednibar Ivelocity of the vehicle at this point and
the upper body (head and thorax) are still rotatowgard the vehicle. The final phase of the
collision involves the head and thorax striking edicle with a linear velocity approaching that
of the initial striking velocity of the vehicle. HRA research has shown that the linear head
impact velocity averages about 80 percent of thimircontact velocity.

13. Through the pedestrian accidents analysigsti®en concluded that child and adult heads
and adult legs are the body regions most affecyecbhtact with the front end of vehicles. On
vehicles, the bumper, the bonnet top and the wnegscarea, including the A-pillars, are the
vehicle regions mostly identified with a high pdiahfor contact. According to the IHRA/PS
study, the above-mentioned areas can cover monesthaercent of the fatal and serious injuries.

14. Based on these study results, the informalmpoioritized the development of approaches
to simulate a pedestrian impact and encourage eousasures that will improve pedestrian
protection. This gtr would improve pedestrian safgy requiring vehicle bonnets and bumpers
to absorb energy more efficiently when impactec 0 kilometre per hour (km/h) vehicle-to-

pedestrian impact, which accounts for more thampéigent of the pedestrian injured accidents
(AIS 1+) reported by IHRA/PS of the injury frequenc

15. During the activities of the gtr informal grqupeadform to windscreen testing was
proposed to be included in the gtr. IHRA accidstidies mentioned above identify the
windscreen, windscreen frame and A-pillars as ingausing parts of the vehicle in pedestrian to
car collisions.

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

(i) The group recognized that the A-pillars, wingsmn roof and lower frame have
to be very stiff vehicle parts due to their funotbrequirements. As an example
in the lower windscreen area, the required defdonaspace to meet a head
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impact requirement is restricted by the instrunpgamel. Some components that
are required to meet governmental safety standatas$) as defrost/demist etc.,
make it impossible to lower the dashboard signififa In addition, the
structural components of the dashboard represquuriamt load paths in front or
side crashes. On the other hand, the entire wiedsdrame would need to be
softened extremely to pass any HIC (Head Injurye@ion) requirement. This
strongly contradicts roll over requirements anceo#xisting legal and consumer
demands (see INF GR/PS/059 and INF GR/PS/035).adulition the group
received detailed data showing that extremely Hif€ measurements are
frequently obtained in these difficult areas (sH& GR/PS/072, 094, 102 and
103) and agreed that there are no technical desilyions or countermeasures
available so far to drastically reduce HIC levels.

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

(ii) In addition, it was noted that vehicle manctiarers believed that there are
problems related to scatter of HIC when perforntesjs 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 interestvingidomestic regulations that apply head
protection requirements to the windscreen areae informal group did not believe the gtr
would foreclose any jurisdiction from applying heawbtection requirements to the windscreen
area by way of domestic regulations.

(b) Overview

18. This gtr consists of two sets of performandeega applying to: (a) the bonnet top and
wings; and (b) the front bumper. Test procedur@sghbeen developed for each region using
sub-system impacts for adult and child head priste@nd adult leg protection. 11

19. The head impact requirements will ensure tlainbt tops and wings will provide head
protection when struck by a pedestrian. The botmgtand wings would be impacted with a
child headform and an adult headform at 35 kiloegefper hour (km/h). The HIC must not
exceed 1,000 over one half of a child headform @aes& and must not exceed 1,000 over two
thirds of a combined child and adult headform &estis. The HIC for the remaining areas must
not exceed 1,700 for both headforms.

20. The leg protection requirements for the fronimper would require bumpers to subject

11 To develop these test procedures, the group ubredtudied the availability of the
pedestrian dummy as an alternative method for ébegrocedures. The group concluded that
there is no test dummy presently available thatdcbe considered suitable for regulatory use.
Accordingly, the informal group decided to seleabsystem test methods which are readily
available, and which have the necessary reliabigyeatability and simplicity.
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pedestrians to lower impact forces. This gtr dpecithat the vehicle bumper is struck at 40
km/h with a legform that simulates the impact res@oof an adult's leg. Vehicles with a lower
bumper height of less than 425 millimetre (mm) tested with a lower legform, while vehicles
with a lower bumper height of more than 500 mmtasted with an upper legform test device.
Vehicles with a lower bumper height between 425 muml 500 mm are tested with either
legform chosen by the manufacturer. In the lovegfdrm to bumper test, vehicles must meet
limits on lateral knee bending angle, knee sheadisglacement, and lateral tibia acceleration.
In the upper legform to bumper test, limits arecpthon the instantaneous sum of the impact
forces with respect to time and the bending moroétiie test.

21. The performance requirements, test procedur@sapplementary information explaining
the rationale for this gtr are discussed in détdihiter sections of this preamble.

3. PROCEDURAL BACKGROUND

22. During the one-hundred-and-twenty-sixth sess@dnWP.29 in March 2002, AC.3
concluded their considerations of priorities foveleping future global technical regulations.
WP.29 adopted the 1998 Global Agreement Programim&ark, which included pedestrian
safety, and decided to start the work on pedestgadety at the thirty-first session of GRSP in
May 2002, by establishing an informal group to dthé gtr. The formal proposal to develop a
gtr (TRANS/WP.29/AC.3/7) was considered and adopigdhe AC.3 at its tenth session, in
March 2004. It is based on document TRANS/WP.294226, which had been submitted by the
European Community, the technical sponsor of tiogept.

23. Informal document No. 10 of the thirty-firstsseon of GRSP lays down the terms of
reference of the group and the document was ad@gt&RSP (INF GR/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 siesm of GRSP (INF GR/PS/47 Rev.1) was
the first preliminary report of the informal gromd responds to paragraph 5 of documents
TRANS/WP.29/2002/24 and TRANS/WP.29/2002/49 as satbpy AC.3 and endorsed during
the one-hundred-and-twenty-seventh session of WPT2@ documents were consolidated in the
final document TRANS/WP.29/882. The preliminary pog was adopted as
TRANS/WP.29/2003/99 by AC.3 in November 2003.

26. Informal document No.GRSP-34-2 of the thirtwth 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 thilgtés session of GRSP was the first draft
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gtr of the informal group (INF GR/PS/116).

29. TRANS/WP.29/GRSP/2005/3 was proposed at thytheventh session of GRSP and was
a revised draft gtr including the preamble, ofitifermal group (INF GR/PS/117).

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
(j) 16-19 January, 2006, Washington DC, USA

31. The meetings were attended by representatives o

32. Canada, France, Germany, European Community), (E@ly, Japan, Korea, the
Netherlands, Spain, Turkey, the United States oeAra (USA), Consumers International (CI),
the European Enhanced Vehicle-safety Committee (BEMY, the European Association of
Automotive Suppliers (CLEPA) and the Internation@rganization of Motor Vehicle

Manufacturers (OICA).

33. The meetings were chaired by Mr. Mizuno (Jaena) Mr. Friedel/Mr. Cesari (EC), while
the secretariat was provided by Mr. Van der PId€K).

4. EXISTING REGULATIONS, DIRECTIVES, AND INTERNATIQAL
VOLUNTARY STANDARDS

34. At the present time, there are no regulatiooscerning the provision of improved
protection for pedestrians and other vulnerabld teers in the Compendium 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 attegubn pedestrian protection. The
regulation addresses the issues of providing ptiotetor the child and adult heads. It applies to
passenger cars with up to 9 seats and to smaksrat up to 2,500 kg Gross Vehicle Mass

12/ The steering committee of the EEVC is composedepiresentatives from European
national governments. The EEVC conducts reseancimator vehicle safety and develops
recommendations for test devices and procedurdsgthgernments can decide to adopt into
national regulations.
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(GVM) with application from 2005 for new vehiclepys and from 2010 for existing vehicle
types (certain other vehicles have a timetable Wwiggostponed by two years). The regulation
requires compliance with test requirements usipgagentative head impactors.

37. The European Parliament and Council adopte®ifextive 2003/102/EC which provides
for the introduction of requirements for leg ingsj and adult and child head injuries. The
Directive and its requirements are incorporated @ommunity legislation under the European
Union (EU) whole vehicle type approval system seby EU Framework Directive 70/156/EEC.

It applies to passenger cars of category aid to light commercial vehicles derived from
passenger cars of Mategory, both up to 2,500 kg gross vehicle magh, application dates in
two phases starting in 2005 and 2010. The reqangsnand the tests are based on the research
results that were published by EEVC in the 1990 that were introduced in a less severe form
for the first phase and intended to be introducethe originally proposed form for the second
phase. However, since EEVC results have never fudlgraccepted by all involved parties, the
Directive provided for a feasibility review of thequirements for the planned second phase
in 2004. This feasibility review has taken placel anay result in amendments to the European
requirements in its second phase, starting in 2010.

38. Canada is currently reviewing its bumper retjpia The Canadian bumper regulation is
one of the most stringent in the world (all theesafeatures of the vehicle have to be functional
after an 8 km/h impact). In addition, Canada ahd USA are conducting a preliminary
investigation of the effects of bumper design oifiedént leg test devices (Transport Research
Laboratory (TRL) legform impactor; Polar dummy afteixible pedestrian legform impactor
(Flex-PLI)).

39. The United States research programmes havessddl how vehicles could be modified to
reduce the severity of head and leg impact$.148 The current US pedestrian protection
research programme supports the IHRA objectivagredt activities include (1) pedestrian field
data analysis to develop test conditions, (2) esadn of pedestrian head and leg test tools, (3)
experimental impact testing of vehicle structuresassess aggressivity, (4) pedestrian case
reconstructions using a combination of field dat@mputer simulation, and testing to better
understand injury mechanisms, (5) computer modetldpment using available biomechanical
literature, and (6) completion of other IHRA Pedest Safety Working Group action items.

40. The IHRA Pedestrian Safety working group hasdooted in-depth accident studies based
on pedestrian accident data collected from the neengountries. In addition, this group
carefully studied the front shape of passengerclehiincluding SUVs, and used best available
computer simulation models to study the effectiemd mass, adult and child head impacting
speed during the impact with vehicles and the impagles.

13 Saul, R.A., Edlefson, J.F., Jarrett, K.L., MarcukR.; "Vehicle Interactions with
Pedestrians,” Accidental Injury: Biomechanics andevEntion, New York: Springer-
Verlag, 2002.

14/ "Report to Congress: Pedestrian Injury ReductResearch,” NHTSA Report DOT
HS 808 026, June 1993.
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41. Based on these research results, the IHRA giteuploped test procedures and test devices
for adult and child head protection and for adedf protection.

42. The International Organization for Standardara(ISO) created the pedestrian protection
working group (ISO/TC22/SC10/WG2) in 1987 to deyelest methods for the reduction of
serious injuries and fatalities for pedestrian @o &ccidents. The mandate for ISO/WG2 was to
produce test methods, covering crash speeds up korvh, which will contribute to make cars
pedestrian friendly. Since then, the WG2 has dgpesl pedestrian test procedures and has
described the necessary test tools. The studitsesere fully used in the IHRA/PS group when
IHRA/PS developed the adult and child impactors.

43. The ISO standards and draft standards are:
(@ ISO 11096 2002 Road vehicles - Pedestrian giote - Impact test method for
pedestrian thigh, leg and knee,
(b) 1SO/DIS 14513 2006 Road vehicles - Pedestriateption - Head impact test method,
(c) 1ISO 16850 2007 Road vehicles - Pedestrian gtiote - Child head impact test
method.

5.  GENERAL ISSUES
(@) Scope

44. From the review of pedestrian fatality and iipjstatistics from several countries, it was

shown that the head and the legs are the mostengéiguinjured body regions in pedestrian

accidents. It was recommended that the gtr wontbmpass tests for the adult head and leg,
and the child head. The studies also showed hieainijority of pedestrian injuries are occurring

in urban environments. Therefore, the gtr shoe&l those vehicles found in this environment,
including passenger vehicles, vans, and light suck

45. As suggested by the terms of reference ofrifegmal group, consideration was given to
the use of the best available technology and imgm@nts in technology that will provide
significant steps in developing methods and inedhg and improving benefits, including both
active and passive safety measures (TRANS/WP.29PGR$ There was a discussion on
whether the proposed pedestrian gtr should regpksive and/or active safety systems. Active
safety systems, such as brake assist, anti-lodebrand day-light running lights were suggested
as solutions for the reduction of pedestrian igsiribut it was ultimately counselled by GRSP
and WP.29 to concentrate on passive systems ®gthias this is the main domain of expertise
of the GRSP working party, and only to provide adwn the use of active systems.

46. The group understood that active safety angstriucture measures were not within the
remit of the group, but determined that it coulduseful and efficient to inform WP.29/AC.3 as
well as other authorities of the need to take thesaes into account for real world safety
improvements. The group also noted the importarioeducational measures and the need to
enforce existing road traffic legislation. Someperts noted that consideration of other safety
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measures, if properly balanced with the passivetgaéquirements, might help in ensuring that
the vehicle passive safety requirements are keptealistic and feasible level.

47. OICA, in particular, mentioned brake assisteys which can, in emergency situations,
substantially improve the braking performance aodsequently reduce the impact speed when
the impact is unavoidable. A study on the effemtizss of such a system was presented by OICA
using the German In-Depth Accident Studies (GIDAS)base (INF GR/PS/25). This showed
that if the vehicle speed is 50 km/h at the stdérbmaking, the collision speed (car versus
pedestrian) would be reduced to 40 km/h in genéwaB5 km/h for an experienced driver and
to 25 km/h for cars equipped with brake assistesyst Another study performed by the
Technical University of Dresden on behalf of therdpiean Automobile Manufacturers'
Association (ACEA) was presented by OICA (INF GRAZ3. This study confirmed the
positive effect of brake assist systems on pedestatalities and injuries.

48. As for infrastructure measures that could inaprpedestrian safety, OICA presented the
results of a 1998 study conducted on behalf of AGBAthe consultants ORIENTATIONS
(France) and TMS Consultancy (United Kingdom) (IGBR/PS/29). This study, which evaluated
the effect of infrastructural measures based oh de#a evaluations, concluded that such
measures could dramatically reduce the number d@égigan victims (fatalities/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 reguiahs and divergent vehicle fleets, were
encountered in determining which vehicles wouldih@uded in the scope. The Japanese
regulation applies to passenger cars for up to ngwpants and commercial vehicles up to a
GVM of 2,500 kg. The IHRA recommends tests andedures for passenger vehicles of GVM
2,500 kg or less. The European Union (EU) Directpplies to Mvehicles up to 2,500 kg and
N; vehicles up to 2,500 kg, which are derived from Mhe ISO recommendations are fof M
and N vehicles that have a GVM of 3,500 kg or less.adilition, some countries, taking into
account their current fleet composition, wanteensure that larger vehicles, such as light trucks
and sport utility vehicles with a GVM of 4,500 kgless, were not excluded.

51. The group originally reviewed in detail the IARecommendation in detail to take into
account the shape of the front of the vehicle asmortant parameter when discussing the types
of pedestrian injuries to be mitigated. IHRA sfiesi three groups of vehicle shape: sedan,
SUV, and 1-box. For the adult and child head ingpaHRA foresees different impact test
speeds and different impact angles. The Japanegislation is based on the IHRA
recommended method. The EU requirements, on thgary, do not differentiate between the
various test speeds and impact angles.
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52. The group compared these various considerateory on the basis of simulations
(INF GR/PS/129), concluded that the EU requirementsffect are more severe than the
Japanese proposals. For safety reasons, the tirexgfore uses the EU approach, not taking into
account the shape of the vehicle front in defirtimg requirements. Furthermore, the group also
determined that the IHRA recommendations would ifecdlt to put in place in the context of a
regulatory and certification approach.

53. There was considerable discussion over the ofaszhicles to which this gtr should apply.
Using the categories described in S.R.1, sevetades were examined. Some delegates wanted
to limit application of the gtr to vehicles in cgtey 1-1 with a vehicle mass of less than 2,500 kg
GVM. Other delegates did not agree with a 2,500ikgt on GVM, believing that since the
front-end structure of vehicles with a mass up &0@ kg GVM is usually similar to that of
lighter vehicles, the application of the gtr shouddiude the heavier vehicles. In addition, some
delegates sought to limit application of the gtwéhicles of a GVM of more than 500 kg, while
other delegates expressed concern about havingex Imass limit, believing that a particular
jurisdiction might determine there is a need tolppipe gtr requirements in that jurisdiction to
vehicles with a GVM of less than 500 kg. There wasiggestion that the gtr should also apply
to vehicles in category 2 that had the "same" gdrstructure and shape forward of the A-pillars
as vehicles in category 1-1. However, some weneamed that it would be unfeasible to define
objectively what was meant by "same”.

54. After considering these issues, it was reconueéhat the gtr should be drafted to have a
wide application to vehicles, to maximize the abilof jurisdictions to effectively address
regional differences in pedestrian accident crémstnacteristics. The gtr would establish that if a
jurisdiction determines that its domestic regukatscheme is such that full applicability is
inappropriate, it may limit domestic regulationdertain vehicle categories or mass limits. The
jurisdiction could also decide to phase-in the negments for certain vehicles. A footnote was
added to the gtr text to make it clear that juddns can decide to limit the applicability of the
regulation. This approach recognizes that nicliecles that are unique to a jurisdiction would
best be addressed by that jurisdiction, withowciihg the ability or need for other jurisdictions
to regulate the vehicles. When a Contracting Pambposes to adopt the gtr into its domestic
regulations, it is expected that the ContractingtyPavill provide reasonable justification
concerning the application of the standard.

55. While this approach maximizes the discretioguofdictions to decide whether vehicles
should be excluded from the gtr for feasibilitypyactical reasons, or because there is no safety
need to regulate the vehicles, the group also dddiol recommend excluding one unique vehicle
type from the regulation. The test procedureshendtr are based largely on the classic vehicle
shape with a long bonnet. Certain vehicles, gdigerargo vehicles, have a very short bonnet
and a front shape that is very close to the vdrtithe pedestrian kinematics with these vehicles
may be very different, and, in addition, there difficulties in applying the tests to these
vehicles, particularly with regard to determinatmfitest zone reference lines. For these reason,
the group recommends that those vehicles of cateh@ and category 2, where the distance,
measured longitudinally on a horizontal plane, leemthe transverse centre line of the front axle
and the R-point of the driver's seat is less th@A mm, be exempt from the requirements of
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the regulation. In addition, some of the group rbera raised a concern that this exemption
could create inconsistancies in the market if cated-1vehicles were not treated in a similar
manner and thus, consideration should be givehdariclusion of this category of vehicles in

the recommended exemption.

56. For these reasons, with the exception of themgtion discussed above, the gtr is
recommended to apply to category 1-1 vehicles witBVM exceeding 500 kg; and to category
1-2 and category 2 vehicles with a GVM exceedin@ &§ but not exceeding 4,500 kg. In
addition, the group recommends that a ContractiagtyPmay restrict application of the
requirements in its domestic legislation if it des that such restriction is appropriate.

57. Regarding the applicability of this gtr, it stab be noted that the requirements of the draft
gtr are substantially more severe than any exidéggslation at the time of adoption of the gtr.

In addition, many countries do not yet have pedestsafety requirements. It is therefore

recommended that Contracting Parties implemenhisygtr allow adequate lead time before full

mandatory application, considering the necessatyickee development time and product

lifecycle.

58. Furthermore, during the development phaseisfgtn, the main focus was on vehicles of a
GVM of 2,500 kg or less, that are also addressedlliaxisting legislation. The later extension
to other vehicles however needs to recognise thraesadditional lead-time may be necessary,
because many current vehicles, exempted from egistational or regional requirements, are
now included. In addition, while the test procemtuand requirements of this gtr were based on
requirements originally developed for "classicaédan type) passenger cars, the gtr now also
covers vehicles with specific shapes or featuragh(Hfront Vehicles, special purpose vehicles,
etc.), for which it is recognised that special ¢desation may be needed.

(c) Implementation generally

59. The informal group considers all tests in fiisposed gtr to be technically feasible and
able to evaluate objectively the ability of vehitdlennets and bumpers to absorb energy more
efficiently. However, pedestrian accident crashrabteristics and vehicle baseline performance
may differ regionally. It will be the decision @ach jurisdiction to determine whether the
benefits achieved by requiring these tests judtily costs. Based on this determination, a
jurisdiction can choose to limit the application i3 own regulation to specific vehicle
categories, specific tests, and/or it may decideh@se in the regulations over time.

(d) Points tested

60. The informal group considered whether to spduaiith the number of test points and the
minimum spacing of such test points. On considmnmatthe group determined that the
specification of such points did not have a plagthiw this proposed gtr for the following
reasons:
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(i) For governments that use a self-certificatiegulatory framework, it was not
considered necessary to mention the number of tesisired for testing or
their spacing, as it would be incumbent on vehickufacturers to ensure that
vehicles comply with all the impact zone requiretsedefined within this
proposed gtr when tested by the regulating authorit

(i) For type approval, the number of tests thagcheo be carried out to satisfy the
relevant authority that vehicles meet the requimshds an issue for that
authority, which may specify the number of testd #me spacing between the
test points.

(i) The mention of a minimum number of tests omanimum distance apart
between tests could result in manufacturers beurgdmed with unnecessary
tests and/or authorities being unnecessarily oésttiin test programs, as it
would be difficult to set a target that would engass both the largest and
smallest test zones, and the situation could amwisere test zones could be
smaller than the minimum number of tests requihed tould be fitted into that
zone.

(e) Vehicle design position

61. As vehicles come in many variants and modifices, the ride height may vary greatly.
Taking into account the differences between typ@r@aml and self certification, it is
recommended that Contracting Parties take thisantmunt upon national implementation of the
gtr. As guidance to Contracting Parties, the Edraskes this issue by defining the concept of
"primary reference marks". This definition (pargghn 2.2 of EU Commission Decision of 23
December 2003) reads: "Primary reference marksanmeholes, surfaces, marks and
identification signs on the vehicle body. The tygfereference mark used and the vertical (2)
position of each mark relative to the ground slal specified by the vehicle manufacturer
according to the running conditions specified imagaaph 2.3. These marks shall be selected
such as to be able to easily check the vehicld fiod 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 amdjdsto the design position, or all further
measurements shall be adjusted, and tests perfptmeinulate the vehicle being at the design
position.

(f)  Future consideration
63. During the discussions, it became clear thatesissues could not be fully resolved within

the timeframe of the terms of reference for thenmfal group. The group determined that the
following issues should be considered further belyiis gtr.

(i) Lower legform impactor
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64. The lower legform impactor currently used festing in Europe was designed by the
Transport Research Laboratory (TRL) in the Unitddgdom. However, it is known to also
have certain limitations regarding the biofideliznd the repeatability of the test results.
Therefore, Japan proposed to use a completely agferm, the so-called Flexible Pedestrian
Legform Impactor (FlexPLI). As the FlexPLI legforia considered by some to have high
biofidelity and an excellent ability to assess pt# leg injuries, the FlexPLI should be
considered to replace the TRL lower legform impaatothe future. However, because of the
lack of experience in using the FlexPLI as a dedifon tool, a further confirmation process is
needed. Therefore, a Technical Evaluation GrouRQ)l was established to evaluate the
reliability of the FlexPLl as a certification todTRANS/WP.29/GRSP/36). The TEG is
currently assessing the FlexPLI and will advise BR§ the end of 2007 as to the suitability of
the FlexPLI for testing and compliance verificatiparposes (TRANS/WP.29/GRSP/37). The
TEG is also expected to provide its recommendaa®mo the effective date of entry into force
and the date on which the FlexPLI could replaceritiel lower legform impactor. TEG will
also consider a transitional period during whicle tRlexPLI and the rigid lower legform
impactor can be used as alternatives.

Several years passed after the above situation, thehe TEG finalised their technical
evaluation on the FlexPLI by a majority of the TEGmembers in [2009], therefore, this gtr
also includes the FlexPLI requirements as well ashé RIGID/TRL legform impactor
requirements.

(i)  Upper legform impactor to high bumper test

65. Some delegates had concerns about the bidjiadlthe upper legform impactor and the
limitations of the test tool in assessing injulfdRA/PS is working on recommendations for an
improved upper legform impactor for possible futuse.

(i) Upper legform impactor to bonnet leading edgst

66. Several accident studies from some regions agngp modern "streamline” vehicle fronts
registered in or after 1990 and old vehicles frowva ¢ighties or seventies indicate a decrease in
AIS 2+ upper leg and pelvis injuries caused bylibanet leading edge. The accident studies
were performed by the LAB using French data (INFEH30), and by the University of
Dresden using German GIDAS data (INF GR/PS/92).addition, EEVC Working Group 17
(WG17) summarized in their 1998 report that noaesi(AIS 2+) upper leg or pelvis injuries
caused by the bonnet leading edge were found f&trJ#00 car models impacting a pedestrian at
a speed up to 40 km/h (INF GR/PS/187 Rev.l). Intrast, data from the United States of
America indicate a high incidence of above-the-kinggies due to the prevalence of light trucks
and vans in the United States fleet, and that denaiion should be given to evaluating thigh,
hip, and pelvis injuries in future test procedures.

67. Despite the desire to address any potentialigg in the upper leg or pelvic area, the group
was also concerned that there was a serious lagiofidelity for the existing test device and the
respective test procedure to assess injury caugettiebbonnet leading edge of high profile
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vehicles. Therefore, the group recommended exofuthe upper legform impactor to bonnet
leading edge test at this stage. IHRA/PS is aagryut further research 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 vehiclkes explained in this section, this gtr requires
the bonnet/wing to perform at levels that decrethee likelihood that head impact with the
bonnet/wing in a 40 kilometre per hour (km/h) pedas-to-vehicle impact 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"adult headform test area”. The child
headform test area is the area of the bonnet/vinagis likely to be impacted by the head of a 6-
year-old child in a pedestrian impact. A child diieam is used to evaluate the bonnet/wing in
that area. Likewise, the adult headform test aoeeesponds to the area of the bonnet/wing that
the head of a mid-size adult male pedestrian &lyliko impact. An adult headform is used to
test the bonnet/wing in the latter area.

(@) Testareas

70. The bonnet top is an area bounded by referame® corresponding to the bonnet leading
edge, the sides of the vehicle, and the rear obtinmet (all terms are objectively defined in this
gtr). The gtr divides the bonnet top into testaaresing a parameter called the "wrap around
distance” (WAD). The WAD is the distance from anpoon the ground directly below the
bumper's leading edge to a designated point omdheet, as measured with a flexible device,
such as a cloth tape measure. A WAD of a specdisthnce, measured as described in the gtr,
defines points on the vehicle's bonnet from whedt aireas can be determined.

71. The WAD is a good indicator of where head intpae likely to occur on the bonnet.

Head impact locations on the bonnet are largelylagx@d by the standing height of the

pedestrian and the frontal geometry of the strikiaicle. The WAD measurement is based on
both pedestrian height and vehicle configuratiddy use of the WAD, it can reasonably be

estimated where on a vehicle a child or adult pieidess head may impact.

72. The WAD boundaries were selected based in lpageon accident data from Australia,
Europe, Japan and the United States of Americaeaisacommonly struck by the head of a child
and adult pedestrian. They were also selecteddsmirsg the technical feasibility of regulating
within a test area. The child headform test asdzounded in the front by a boundary determined
by a WAD of 1,000 mm, and at the rear by a WAD @100 mm line. A WAD of 1,000 mm was
selected for the front boundary of the child heatfdest area because accident data show that
most child pedestrian head contacts are above a \WWADO00 mm. Discussion also took place
on possibly using a WAD of 900 mm. However, it wamcluded that for many vehicles, a
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WAD of 900 mm would be located in the headlamp mddg area, where there would be
feasibility problems in meeting the head protectiequirements of this gtr.

73. Based on accident studies of adult pedestru mpacts 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(a rear edge of the bonnet for shorter
vehicles). The child and adult headform test zooeger approximately 62 percent of the
pedestrian cases (United States of America). Algho35 percent of the cases (United States of
America) occurred at WADs exceeding 2,100 mm, mainthese occurred in impacts greater
than 40 km/h (Three percent occurred below WADQ)0 An overlap area was also considered
with a WAD of 1,400 mm to 1,700 mm, where both #&&l@nd children have received head
injuries in actual accidents. However, a definedirfdary at 1,700 mm was determined to be
more suitable, because little difference in the-§aving rate was perceived between the two
approaches and because the boundary method pravicledrer 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 protecperformance should be based on the Head
Injury Criterion (HIC)_13, given the ability of HIC to estimate the risk sérious to fatal head
injury in motor vehicle crashes. An HIC value ¢d00 is equivalent to approximately a 15
percent risk of AIS 4+ head injury.

75. The gtr specifies that HIC must not exceed @ ®&r one half of the child headform test
area and must not exceed 1,000 over two thirdeeicombined child and adult headform test
areas. The HIC for the remaining areas must nogek 1,700 for both headforms (The need for
"relaxation zones," in which the HIC limit is 1,708 discussed in the next section of this
preamble).

76. HIC would be calculated within a 15 ms intervdlhe main reason that a longer interval
was not used was that head impacts to externataastures are very short, occurring within a
few milliseconds of contact. As the pulse itselso short in time, there is no risk to lose pért o
the pulse during the HIC calculation--and no rigkadower calculated HIC value--if a 15 ms
interval were used rather than a longer intervillF(GR/PS/168). Accordingly, using either
a 15 ms or a 36 ms pulse window will provide thmsaHIC value. Moreover, the test is not

15  The resultant acceleration at the location ofdbeelerometer mounted in the headform
will be limited so that, for any two points in tipig and ¢, during the event which are separated
by not more than a 15 millisecond time interval amdere t is less than,t the maximum
calculated head injury criterion (HIC) shall noterd 1,000, determined using the resultant head
acceleration at the centre of gravity of the headfoa, expressed as a multiple of g (the
acceleration of gravity), calculated using the egpron:

25

1 t2
jadt} (t2- ta)
t1

HIC =
(t2-ta)
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intended to record more than one impact. A shoré tduration avoids the risk that a second
impact could be recorded after rebound. A longeation for the time interval could result in
distortions in the data recorded by the headforhickvmay lead to inaccurate HIC values.

(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. Virtually laiinnets have hard substructures (e.g., shock
struts) beneath them that prevent attainment of080LHIC performance criterion at all areas
within the test area. The feasibility study detdiln INF GR/PS/91 and 101 showed the problem
areas on the bonnet. Also, the feasibility stualydticted on behalf of the European Commission
(INF GR/PS/89) acknowledged the need to defineraa an the bonnet for which a higher HIC
limit is needed. As the problems on the bonnemnatethe same for every vehicle model, it was
felt necessary to set a maximum area with relargdirements that could be defined for every
vehicle by the manufacturer.

78. The informal group considered the feasibilitypplying the relaxation zone separately for
the child and adult headform test areas, i.e.,yapplan HIC 1700 limit to a maximum of one
third of the child test zone. It was determinedttibecause the location of necessary under-
bonnet components, such as locks and suspensi@ensogannot be fundamentally changed; they
need to be located in the child headform test afea. vehicle types with small child headform
test areas, the under bonnet components whichsaenial for functionality will be located in
this test area. As a result, the relaxation zoné¢hfe child headform test area may be greater than
one third of the zone (see illustrations 1 and IN6f GR/PS/158). 16

79. The relaxed value of 1,700 HIC was the subpéanuch discussion within the informal
group. It was noted that IHRA/PS recognized thérnemal infeasibility of a headform test area
without a relaxation zone with a HIC of more tha@®QD (INF GR/PS/5). The group also
considered that current regulations in Japan amdgey as enforced since 2005, limit the HIC in
the relaxation zone to 2000. Although the Eurofegislation also defines a Phase 2, beginning
in 2010 and containing the original EEVC WG17 regoients, that does not allow any
relaxation in the headform test area, the Europegisliation has provided for a review of the
Phase 2 requirements. This review is ongoing, leaxlled to the conclusion that the Phase 2
requirements (that specify no relaxation zone)tachnically infeasible (INF GR/PS/89, 91, 92
and 120). The European legislation also requirgsreew requirements replacing the existing
ones to be more effective than those proposed eyEEVC WG17. The feasibility study
performed on behalf of the European Commission @W7PS/120) has determined that, among
other requirements, a HIC of 1,700 in the relaxatemne not only represents the maximum
achievable criterion, but will also lead to higlediectiveness, taking also into account feasibility
aspects, whereas HIC values of less than 1,700dnmihg back the feasibility problems. The

16/  While the example in working paper INF GR/PS/Edws a needed relaxation zone of
around 40 percent in the child headform test aheagxample represents only one vehicle. The
informal group determined that a maximum 50 percelaixation area in the child headform test
area is a reasonable approach taking into accdem\asaged vehicle types.
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group therefore decided to adopt the most demaratidgmaximum achievable criterion for the
relaxation zone, a HIC of 1,700.

(d) Headform

80. A child headform is used to test the bonnahan child headform test area, and an adult
headform is used in the adult headform test afd@e appropriate headform impactor size and
mass, determined based on the characteristics efhtiman body, are explained below
(INF GR/PS/46, 74 and 93).

() Headform diameter

81. The diameter of the child headform is 165 miue to the fact that the majority of child
pedestrian victims are 5 or 6 years old, this valas determined based on the average head
diameter of a 6-year-old child (by averaging thentieter obtained from the circumference of the
head and the longitudinal and lateral measurenwdritee 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 consitigr represent the diameter mainly of the
forehead portion of the 50th percentile adult medther than the maximum outer diameter of
the head. The average height and weight of allt ghdestrian 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 adeladforms is 165 mm. Although the
diameter is different from the diameter of actualccand adult human heads, the diameter and
moment of inertia are appropriately designed so tthea child and adult headforms can properly
estimate severity of injury to actual child and lattuman heads (see IHRA/PS N231).

84. Testing experience with the headforms show thteembe highly repeatable and
reproducible.

(i) Headform mass and moment of inertia

85. Computer simulations conducted in the IHRA gtaow that the effective mass of the
head in an impact with vehicles is identical to #wtual mass of the head. Accordingly, the
headform mass was therefore determined as follows:
a. The mass of the child headform is 3.5 kilogr#ékg3, representing the mass
of the head of a 6-year-old child.
b. The mass of the adult headform is 4.5 kg, regmtasy the mass of the head
of a 50th percentile adult male.

86. This proposed gtr specifies the moment of iaest the child and adult headforms as
analyzed by IHRA (INF GR/PS/177) based on the EBNGA7 proposal (INF GR/PS/148) and
the Japanese proposal (INF GR/PS/149). The IHRbgmal is 0.0084 — 0.0102 kgrfor the
child headform and 0.0103 — 0.0127 Kgfor the adult headform. The informal working goou
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on pedestrian safety adopted the proposal usindptlmving rounded numbers: 0.008 — 0.010
kgm?for the child headform and 0.010 — 0.013 Kdon the adult headform at the tenth informal
meeting. Some members wanted to check these meits land, after that meeting, it was
revealed the above moment of inertia requirememiffgcult to achieve for a child headform
impactor which is developed in Europe. Therefahe informal group slightly adjusted the
upper limit for the child head impactor and finadigopted following values for the gtr headform
impactors: 0.008 — 0.012 kdrfor the child headform and 0.010 — 0.013 Kdor the adult
headform.

87. The informal group noted that the mass of thiéd dheadform impactor (3.5 kg) differs
from that specified in the corresponding EU Direeti(2.5 kg) and that the European
Commission intends to modify the latter to provid@sistency.

(i) Headform accelerometer

88. This proposed gtr recommends a damped accetezofas specified in INF GR/PS/133) in
the adult and child headform impactors. As exgdim INF GR/PS/96, in a research program
in 2002 using the Japanese New Car AssessmentaRro{ii-NCAP) headform test with
undamped accelerometers, abnormal acceleratiomlsigvith high HIC values were recorded
frequently in windshield impacts, and also in bdningpacts. It was determined that this was
due to the resonance vibration of the undampedl|exoreeter, which would occur if the
spectrum of the impact waveform was near to thenasce frequency of the accelerometer.
Once a high resonance, over the Channel AmplitudessGCAC) setting level, occurs, it has a
high chance to deform the acceleration waveforel,dne cannot obtain a correct acceleration
waveform from the undamped accelerometer.

(e) Headform test speed and angle

89. The head impact conditions (speed and angle) aensidered together. The head impact
test is representative of a vehicle-to-pedestrngpaict at 40 km/h.

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

91. In determining test speeds and angles of imgaeinformal group considered the findings
of IHRA and the EEVC. IHRA had explored whetherigas vehicle shapes influenced the
angle at which a pedestrian's head impacted thendbotop. Computer simulations were
conducted, as part of the IHRA study, by the Jafsatomobile Research Institute (JARI), the
United States National Highway Traffic Safety Adistration (NHTSA), and the Road Accident
Research Unit of Adelaide University (RARU). Theslations used a 50th percentile adult
male model and a 6-year-old child model. The thstron of headform impact speeds and
angles in various impacts was obtained by simuati@ad impacts using three types of walking
positions, three types of vehicle frontal shapeas tavo types of bonnet stiffness as parameters.
The studies showed that the same headform impaetdspould be used for any type of vehicle
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frontal shape. Further, the interpretation of tbsults indicated an average speed of 32 km/h,
which is 0.8 times the vehicle impact speed of gk In addition, various angles for adult and
child impact conditions and for the three differehapes were defined as well.

92. In contrast, EEVC had concluded that one sengfes (50 degrees for the child headform
test and 65 degrees for the adult headform testalfovehicles is reasonable, simplifying any

head test procedure dramatically. EEVC's decistomeerning head impact angles for child and
adult tests were based on two reports used as mgprifocuments: Glaeser K.P. (1991),

"Development of a Head Impact Test Procedure faleBian Protection,” BASt Report under

contract N° ETD/89/7750/M1/28 to the E.C. (INF GRBR/P50); and Janssen E.G., Nieboer J.J.
(1990), "Protection of vulnerable road users in ¢wvent of a collision with a passenger car,
part 1 — computer simulations,” TNO Report N° 750%/1.

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

results. The PMHS tests indicated a peak of tls&rildution 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 tHaitheeshape had little influence on the angle of
impact. EEVC chose a value of 65 degrees, which elase to the 67 degree angle resulting
from the simulation and to the average of the PMeéksllts.

94. For child head impacts, EEVC considered sinarat of a small adult female (close in
anthropometry to a 12-year-old child) and of a éry@d child. Results of the small adult female
simulations were very close to the results of tineukations for the 50th percentile male adult,
while the simulations involving the 6-year-old chduggested a value around 50 degrees. EEVC
picked the value of 50 degrees, believing thatdsiheulations of a 6-year-old child were more
relevant than those of a 12-year-old child for@lpiedestrian protection.

95. The informal group noted that the one set djlesfrom EEVC involves a different
(higher) impact speed than that specified by IHRAhe group considered which of the two
approaches of EEVC and IHRA was most stringent g offering the most protection to
pedestrians. Working paper INF GR/PS/129 showgdbdih numerical calculation and by
simulation, that the set of requirements definedEB//C is more severe than the requirements
defined by IHRA. The group thus decided to useBEER®/C 50 degrees and 65 degrees impact
angle for child and adult head testing while mamie the higher EEVC impact speed to the
bonnet of 35 km/h (compared to the IHRA speed dkrdzh).

96. The informal group noted that the headform cigfpat the time of impact, was lower than
specified in the corresponding EU Directive andt ttiee European Commission intends to
modify the latter to provide consistency.

7. PEDESTRIAN LEG PROTECTION

(@ General

(i) Purpose
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97. This proposed gtr would specify minimum perfanoe requirements for vehicle bumpers
to provide leg protection by subjecting pedestrism$ower impact forces. As the majority of
victims of leg injuries are adults, this proposdd gpecifies use of a legform impactor that
simulates the leg of a mid-size adult male. Thdopeance of the bumper would be evaluated
by impacting the bumper with either of the two mghs, a lower legform impactor or an upper
legform impactor, depending on the height of thenpar. The impact speed for both legform
tests is the same as that of the striking vehicke 40 km/h impact, and thus determined to be 40
km/h.

98. The lower legform impactor is used to test oigsi with low bumpers, i.e., bumpers of

heights less than 425 mm to a reference line onawer surface of the bumper. The large

majority of current passenger cars of the sedam, tgs well as monospace (mini-van) type
vehicles, have a lower bumper height around 2@bbmm above the ground. Therefore, these
vehicles will be tested using the lower legformt f@ocedure. Upper legform to bumper tests
shall be carried out if the lower bumper heightmisre than 500 mm, typically represented by
vehicles with off-road capabilities (SUVs). Forhides that have a lower bumper height
between 425 mm and 500 mm, the vehicle manufactaerelect to perform either a lower

legform test or an upper legform test.

(i) Rationale for limiting the lower legform test

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

Some vehicles, like off-road vehicles, have higmpars for certain functional
reasons. These high bumpers will impact the fepaut of the legform impactor,
where no acceleration is measured to assess khef fiactures. Moreover, there is
often no structure below the bumper to restraintibia part of the legform, for
instance because an off-road vehicle needs a mergamp angle and ground
clearance. Therefore WG17 decided to include dromgl, alternative horizontal
upper legform test with an impact speed of 40 kiwten the lower bumper 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 trghHhumper. This could have an unintended
consequence of encouraging high bumpers as a waneéd 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 himhmpers 18

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 heigitvbeen 425 mm and 500 mm, the gtr
provides that the vehicle manufacturer can elegbddorm either a lower legform test or an
upper legform test. Investigations conducted wehicles with lower bumper heights between
400 and 500 mm indicate that a large majority adseh vehicles have features for off-road
capability. For these off-road vehicles, it isheically not feasible to have a countermeasure
that will enable the vehicle to support the tibaatpf the lower legform. That is, data show (see
INF GR/PS/175/Rev.2) that the absence of a lowecsitre to support the lower part of the leg,
due to the necessary off road capacities, makerit difficult for these vehicles to meet the
proposed lower leg criteria, especially the bendingle. Therefore, the group recommends to
use the upper legform to bumper test as an opt@iteinative to the lower legform to bumper
test for these vehicleshe test methods for high bumper vehicles can be pfed not only to

the case of using the RIGID/TRL lower legform impator but also to the case of using the
FlexPLI.

103. The group recognizes that excluding vehidlemfthe lower legform test will affect the
target population of a lower extremity pedestriagulation, and will reduce the benefits of the
leg protection requirements, particularly with nebto knee injuries.

(i) Handling procedures

104. Delegates to the informal group were conceateit the effects of humidity on the foam
flesh used in the legforms, recognizing that theeni@ can vary significantly in performance
depending on the humidity to which it is exposebhese concerns are addressed by specific
controls in the regulatory text of this gtr regaglithe humidity and other conditions (such as
soaking time and a maximum time between removah ftibe soaking room and testing) under
which the legform tests should be performed.

105. In addition, the group noted that legforms tralso be carefully handled, as handling of
the legform can affect variability in the bendinggke, shearing displacement, and acceleration
measured by the impactors due to the sensitivityutmidity. The group believed that handling

18 WG17 stated that the alternative legform tesughbe available for vehicles with a lower
bumper height of more than 500 mm. However, WGAférenced a value that WG10 had
associated with the upper (rather than lower) bumgference line. Also, since pedestrians are
usually wearing shoes, the bottom of the legformaotor was determined to be 25 mm above
the ground, the same height as the sole of a dNBeGR/PS/98). Accordingly, the informal
group believes that the value of 425 mm (not 500 hmeasured to the lower bumper reference
line is consistent with WG17's provision.
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instructions generally were not necessary to beifspe in the gtr text, because the impactors are
usually provided with handling instructions, whiate the normal working tools for test houses
and are therefore believed to be sufficient to colve normal handling procedures. Nonetheless,
the informal group emphasized that careful androlletl handling procedures, such as those
developed by the German Federal Highway Reseastiue BASt (INF GR PS/154/Rev.1), are
highly important to ensure reliable test results.

(b) Lower legform test
(i) Impactor

106. It was agreed to recommend using the legfonpactor developed by TRL, for the time
being, to evaluate the performance of vehiclesratgating the lower leg. However, it was also
recommended to consider the possible future usiedflex-PLI, which is considered by some to
be more biofidelic and expected to be highly usallé repeatable, following the evaluation to
be conducted by the Technical Evaluation GréURG) (INF GR/PS/106) 19 Several years
passed, then the TEG finalised their technical evahtion on the FlexPLI by a majority of
the TEG members in [2009], therefore, this gtr alsancludes the FlexPLI requirements as
well as the RIGID/TRL legform impactor requirements.

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

(i)  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 &laments, 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 recigi®mn. Knee injuries can be permanently
debilitating. The most common mechanism causirdegian knee injury is a latral bending
between the thigh and the leg, which can be adsociwith shearing motion (horizontal

displacement between the tibia top and the femuelt@xtremity in the direction of impact).

109. The 2001 Report of the IHRA/PS Working Group dhe September 2002 Report of

19 The size and mass of both the present rigid lolggform and the Flex-PLI were
determined to be equivalent to those of a 50thgmdile adult male (INF GR/PS/79). The results
of computer simulation analyses and experimentt ohalicate that the mass of the upper body
need not be taken into consideration for those atgpahere the bumper strikes the legs below
knee level (INF GR/PS/105).

20/ "Use of the TRL Legform to Assess Lower Leg IgjiRisk,” Stammen and Mallory,
NHTSA VRTC, February 2006. INF GR/PS/XX
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EEVC WG 17_271 discuss several experimental research programas wiere conducted in
Europe, Japan and the United States of Americg&WHS components during the last decade.
There were also numerical simulations conductedniberstand better what happens inside the
knee joint during the loading process.

110. These studies suggest a bending limit in dnge of 15° to 21° for knee protection. The
informal group determined that a value close toupper limit (21°) of this range should be
considered, and not the average. The absencesdienione in the PMHS tests reduced the knee
stiffness of the subjects, and the high rigiditytted impactor bones transferred to the knee joint a
part of the impact energy normally absorbed bydii®rmation of human long bones. For these
reasons, a bending limit of 1&% the RIGID/TRL lower legform was selected for this gtAs

for the Flex-PLI, a limit of medial collateral ligament (MCL) elongation at the knee was set

as [20 mm] based on the TEG discussions.

111. With regard to knee shearing limits, the infal group selected a limit of 6 mfar the
RIGID/TRL lower legform impactor , based on the analysis of PMHS by EEVC WG17 and
WG10 that showed that a 6 mm shear displacemergspmnds to a 4 kN shear force. The 4 kN
shear force in the TRL device approximates the 3akBrage peak shearing force acting at the
knee joint level that was found associated in tNHB tests with diaphysis/metaphysis failure.
As for the FlexPLlI, a limit of anterior cruciate ligament (ACL) elongation and a limit of
posterior cruciate ligament (PCL) elongation at theknee are both set as [12.7] mm only for
monitoring purposes because ACL or PCL injury withaut MCL rupture is very rare in
car-pedestrian accidents.

112. With regard to limiting the maximum acceleyation the tibia, results of a series of
pedestrian PMHS tests performed with modern caggesis that the maximum tibia acceleration
for the PMHS sustaining a tibia fracture was 17®@170g, with the average value of 222g. A
value of 200g would correspond to a 50 percentynjisk. To protect a higher proportion of the
population at risk, the informal group recommendsiaimum lateral tibia acceleration limit
of 170gfor the RIGID/TRL lower legform impactor. As for t he FlexPLI, the limit of tibia
bending moment is set as [312] Nm based on the TEd&cussions.

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

For RIGID/TRL lower legform impactor
Maximum lateral knee bending angl€l9.0;
Maximum lateral knee shearing displacemet0 mm;
Maximum lateral tibia acceleratian170g.

21/ EEVC Working Group 17 Report: "Improved Test Mmdb to Evaluate Pedestrian
Protection Afforded by Passenger Cars (Decembei8 Mih September 2002 updates),”
available atvww.eevc.org
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For FlexPLI
Maximum MCL elongation < [20] mm;
Maximum Tibia bending moment< [312] Nm;
Maximum ACL and PCL elongation < [12.7] mm only for monitoring purposes.

114. These values are identical to those underideraion 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 adequateupant protection in frontal crashes, portions
of the vehicle bumper structure will have to bdf hough to enable the vehicle to absorb a
sufficient amount of the impact energy. In additithe bumper structure contains towing hooks
and other devices. Because of these factors,icgrtations of the bumper will not be able to
meet the maximum lateral tibia acceleration linfitl@d0g across the full length of the bumper.
For feasibility reasons, this gtr allows manufaetarto nominate bumper test widths up
to 264 mm in total where the acceleration measwtedhe upper end of the tibiaf the
RIGID/TRL lower legform impactor shall not exceed 250g. The relaxation zone of 264
corresponds to an area that is twice the widthhef legform. [As for the FlexPLI, for
feasibility reasons, TEG proposed to allow manufacirers to nominate bumper test widths

up to 264 mm in total where the tibia bending mometof the FlexPLI shall not exceed TBD
Nm and the MCL elongation of the FlexPLI shall notexceed TBD mm].

(c) Upper legform test for high bumpers

116. As discussed above, the informal group reaaghthat the lower leg impactor test would
be inappropriate for vehicles whose bumpers stifile legs above knee level, but the group
believed that vehicles with high bumpers shouldshbject to a test that would require the
bumper to be more energy absorbing. For that redke informal working group recommends
an upper legform test for vehicles with a lower Ipg@mheight of more than 500 mm.

117. Data provided in INF GR/PS/175 Rev.2 indi¢htd, in order to meet the proposed criteria
for the upper legform test, energy absorbing foaith vave to be added to the bumper; such
modifications are expected to reduce the risk attfires which also constitutes an important
injury risk.

(i) Impactor
118. As the majority of victims of upper leg injesi are adults, the informal group generally
agreed to recommend a subsystem test using a hegfopactor that represents an upper adult
leg. The impactor specifications in this propoggd are those used in the EU Directive
2003/102/EC for the upper legform impactor.

(i)  Injury criteria
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119. The gtr specifies that the instantaneous dutfmeampact forces with respect to time shall
not exceed 7.5 kN and that the bending moment ertast impactor shall not exceed 510 Nm.
Biomechanical research of WG17 has found an uggetdlerance in the range of 4 to 7 kN peak
force, and 300 to 600 Nm bending moment. Thesgegaare based on PMHS test results, for a
three-point bending in the middle of the femur.eTdbsence of muscle tone in the PMHS tests
and the difference in the impact point betweenRNHS tests and the car impact would support
a higher tolerance, especially for the peak for@leie. Accordingly, the informal group decided
to recommend a 7.5 kN peak force limit, and a lionit bending moment of 510 Nm. These
limits are the same as those under consideratiagheblC for Phase 2 of the European directive.

(iif) Limits of the upper legform test

120. Some delegates to the informal group wereeroed that, although a test that encourages
high bumpers to be more energy absorbing has ntleetbenefits resulting from the existing
upper legform test for high bumpers should be ngmantified and the suitability of the existing
upper legform as a test device should be furthemémxed. Interest was also expressed in
developing a test device that could be used tchightbumpers to assess their potential for knee,
thigh, hip, and pelvis injuries. Research is amntig 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 adfie@ices to protect pedestrians, were
considered by the informal group to possibly creatéitional injury risks for pedestrians. It was
therefore discussed whether such systems needetoth@erequirements in their "normal position
of use" or in any other possible position. Durthg discussion it became clear that currently,
due to the fact of the latest developments in iighttechnology, no vehicles with pop-up
headlights exist on the market. Other systems sischeadlamp cleaners move back to their
stowed position under a small preload. Finallg, itiformal group decided to recommend such
active systems to be set to their stowed positidrerwdetermining the test areas. When
performing the tests, the vehicle shall comply viitd requirements with the components in each
fixed shape or position (e.g. stowed and popped-up)

(b) Active devices to protect pedestrians

122. The issue of active devices to protect pedestr such as deployable bonnets, was also
discussed in detail. The group fully agreed thathsdevices must not create a higher risk of
injuries for the pedestrians. A document entitl€ertification Standard for Type Approval
Testing of Active Deployable Systems of the BorWwatdscreen Area,” proposed by the
industry (INF GR/PS/141) was found to be acceptaddea guideline for certification of
deployable devices, but the deployable deviceglglaéso need to satisfy all other requirements
of this gtr. Contracting Parties who wish to impknt national test procedures for these
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deployable devices may use the certification stahda its basis.
(c) Impact on existing standards

123. During the discussions of the informal groitpwas generally recognized that any
proposed legislative requirements on pedestriateption should be assessed against other
vehicle parameters.

124. It was pointed out that both existing and rieiteehicle requirements should be taken into
account, internationally as well as nationally,etzsure that potential conflicts are reduced as
much as possible. The group also stressed thatddition to legislative requirements, other
vehicle parameters also need verification, in temfiscustomer satisfaction, repairability,
insurance classification, comfort, handling, eclist of all necessary parameters was drafted for
evaluation (INF GR/PS/35). Impacts of these stedglaand requirements were taken into
account amongst others in the feasibility studietaited in working papers INF GR/PS/91
and 101.

9. REGULATORY IMPACT AND ECONOMIC EFFECTIVENESS

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

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

(@) Benefits

127. The informal working group recognizes thatre¢h@re many variables affecting the
potential benefits of this gtr, such as regiondgion differences in vehicle fleet composition, in
driver behaviour, in the degree to which existirghicles now meet the pedestrian protection
requirements of this gtr or are otherwise equippét safety features beneficial to pedestrians,
and in the prevalence of pedestrian-friendly inftacture. The group also recognizes that in
estimating the potential benefits of this gtr, gdictions differed to a degree in their methodology
and assumptions so that a direct comparison of filerimetween regions was not possible.
However, various delegates have made very prelmyiastimates of benefits based on limited
data currently available to the informal workin@gp.

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 requirementshe measures would result in the following reduttio pedestrian

fatalities annually: in the European Union, abaz® 8ves saved; in Republic of Korea, 175 lives
saved; in Japan, 111 lives saved; and in the UrStates of America, between 61 to 92 lives
saved. It is also expected that the head protecggairements would be beneficial for pedal-
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cyclists. In the European Union, an estimatedefapcyclist lives would be saved.
Additionally, it is expected that the gtr will priole some level of benefit in impacts with speeds
greater than 40 km/h because of a reduction imryngvels ( i.e. severe/serious injuries 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 200%re were an estimated 68,016 to 160,504 serious
pedestrian injuries and 46,286 to 109,226 peddlstymjuries in the 25 European Union
countries.

130. The estimated proportional savings in fatditand injuries are based on data from the
GIDAS and IHRA databases and an examination of Hugopean Union vehicle fleet
composition. The final resulting analysis estilmatn annual reduction of 18,893 serious
pedestrian injuries and 5,168 serious pedal-cyicljsties. 22

(b) Costs

131. The European Union analysis also provides estghates to implement necessary changes
to the vehicles to meet the gtr leg and head rements (Table 1). These costs include the price
of parts and the costs to the manufacturer foirigand assembly line outlays. These costs are
dependant on lead time to implement the regulamhadvancements in technologies developed
to address the gtr requirements. It is expectatdsbme 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

(c) Other Analysis

132. The group did not have separate assessmetiie pbtential leg/knee injury benefits and

costs from each of the other regions. Other castare currently conducting such studies and
will consider the results when the gtr is estal@isin their national legislation. The preamble

may be amended to incorporate the completed arsalyse

22/ http://ec.europa.eu/enterprise/automotive/pagEairound/pedestrianprotection/final_trl_2006.pdf
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10. METHOD OF INTRODUCING THE FLEX-PLI

133. As for the new lower legform impactor, FlexPLI, inroduction to the each contracting
party, the TEG provided its recommendation as follavs;

Effective date of the amendment 1 to the original ersion entry into force at each
contracting party: from the date when this gtr is adopted by the [WP29].

TEG also proposed to finish the period of alternatre using impactors of RIGID/TRL

lower legform impactor or FlexPLI by [20XX] [[ XX] months after the date of entry into
forcel].

1011. APPENDIX — REFERENCE DOCUMENTS USED BY THE WORKENGROUP

A list of working papers used by the informal wardigroup is listed and available on the
UNECE WP.29 website (http://www.unece.org/transhiveelcwp29.htm).

Number of Title of informal document
working paper

INF GR/PS/1 and Agenda 1st meeting

Rev 1

INF GR/PS/2 Terms of reference

INF GR/PS/3 IHRA accident study presentation
INF GR/PS/4 and JMLIT proposed legislation

Rev 1

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 Draft Meeting Minutes 1st meeting
Rev 1

INF GR/PS/9 and Report to GRSP 32 inf doc

Rev 1

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
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Number of
working paper

Title of informal document

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

INF GR/PS/33

Introduction of the regulation of pgti@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 event

of a collision with a motor vehicle and amendingdative 70/156/EEC,;
Commission of the European Communities, Brusselsrdary 2003

N

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 meaelation to EU Phase 1

INF GR/PS/46

JAMA / JARI child and adult head imjoais

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

g
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Number of
working paper

Title of informal document

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, boyruay, ...

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

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-assessased 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 legi)

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 ofetilemeeting

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
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Number of
working paper

Title of informal document

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 stand:

ard

INF GR/PS/96

Problem of undamped accelerometer

INF GR/PS/97

Durability and repeatability of headfiocskin

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 accordingt#RO-NCAP protocol

INF GR/PS/103

CLEPA windscreen testing on one cadleh

INF GR/PS/104

Draft CLEPA / OICA document on actbanet testing

INF GR/PS/105

Lower leg research for developingidors

INF GR/PS/106

J-MLIT proposal for FlexPLI answeritgm 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 wamelen 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 forSEPR37

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 receivethguBRSP-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
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Number of
working paper

Title of informal document

INF GR/PS/129

Comparison between the J standarthendU Phase 2 proposal for heag
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 forlgesituation

INF GR/PS/133
and Rev 1

Proposal to solve the undamped accelerometer pnoble

INF GR/PS/134

Concerns on 87.4 with testing orcér@re of the windscreen

INF GR/PS/135

OICA proposal for §3.33

INF GR/PS/136

OICA proposal for a mass for the uppg impactor

INF GR/PS/137

OICA proposal on definition of highnlper 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 séaddor deployable systems

INF GR/PS/142

Relative humidity of Korea

INF GR/PS/143
and Rev 1
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TEXT OF THE REGULATION

PURPOSE

The purpose of this global technical regufai® 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 othverinerable road user.

The vehicles to be tested under the regulatian representative of the majority of

vehicles in circulation in the urban environmenhene there is a greater potential for

collision with pedestrians and other vulnerabledramers, and include passenger cars,
vans and light trucks.

APPLICATION / SCOPE

This global technical regulation (gtr) shalply to the frontal surfaces of power driven
vehicles of category 1-1 with a gross vehicle meagseding 500 kg; and of category 1-2
with a gross vehicle mass exceeding 500 kg buerceeding 4,500 kg; and of category 2
with a gross vehicle mass exceeding 500 kg butemoeeding 4,500 kg/1 However,
power driven vehicles of category 1-2 and categdrywhere the distance, measured
longitudinally on a horizontal plane, between th@nsverse centre line of the front axle
and the R-point of the driver's seat is less tha®0DA mm, are exempt from the
requirements of this regulation. All definitions $pecial Resolution No. 1 shall apply as
necessary.

DEFINITIONS

When performing measurements as described in Raid, the vehicle should be
positioned in its normal ride attitude.

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

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

For the purposes of this regulation:
"Adult headform test arés an area on the outer surfaces of the froocgire. The area

is bounded, in the front, by a wrap around distagW¢AD) of 1,700 mm and, at the rear,
by the rear reference line for adult headform an@ach side, by the side reference line.

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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3.2.

3.3.

3.4.

3.5.

3.6.

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

"Bonnet leading edfjeneans the edge of the front upper outer struabfirdne vehicle,
including the bonnet and wings, the upper and sidenbers of the headlight surrounds
and any other attachments. The reference linetifgieiy the position of the bonnet
leading edge is defined by its height above theumploreference plane and by the
horizontal distance separating it from the bumpen{per lead).

"Bonnet leading edge heiyjimeans, at any point on the bonnet leading edigeyértical
distance between the ground reference plane anobtireet 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 Borface of the bonnet, when the

straight edge, held parallel to the vertical loadihal plane of the car and inclined

rearwards by 50° from the vertical and with the éovend 600 mm above the ground, is
traversed across and in contact with the bonndirigaedge (see Figure 1).

For vehicles having the bonnet top surface indliae50°, so that the straight edge makes
a continuous contact or multiple contacts rathemtl point contact, determine the

reference line with the straight edge inclined weads at an angle of 40° from the

vertical.

For vehicles of such shape that the bottom enthefstraight edge makes first contact
with the vehicle then that contact is taken tohme lionnet leading edge reference line, at
that lateral position.

For vehicles of such shape that the top end oftraght edge makes first contact with
the vehicle then the geometric trace of 1,000 mmapwaround distance, will be used as
bonnet leading edge reference line at that laparsition.

The top edge of the bumper shall also be regasgethe bonnet leading edge if it is
contacted by the straight edge during this proadur

"Bonnet rear reference liheneans the geometric trace of the most rearwardtpof
contact between a 165 mm diameter sphere anddhediructure of the vehicle when the
sphere is traversed across the front structurkeo¥€hicle while maintaining contact with
the windscreen (see Figure 2). The wiper blades @&ams are removed during this
process.

Where the bonnet rear reference line and the iti¥ence line do not intersect, the
bonnet rear reference line should be extended amddmlified using a semi-circular
template, of radius 100 mm. The template shouldmagle of a thin flexible sheet
material that easily bends to a single curvaturarg direction. The template should,



3.7.

3.8.
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3.10.

3.11.

ECE/TRANS/180/Add.9
page 39

preferably, resist double or complex curvature wheéis could result in wrinkling. The
recommended material is a foam backed thin plasieet to allow the template to "grip"
the surface of the vehicle. The template shouldraeked up with four points "A"

through "D", as shown in Figure 3, while the tentplia on a flat surface.

The template should be placed on the vehicle ®@ainers "A" and "B" coincident with
the side reference line. Ensuring these two cermemain coincident with the side
reference line, the template should be slid praively rearwards until the arc of the
template makes first contact with the bonnet reterence line. Throughout the process,
the template should be curved to follow, as closslypossible, the outer contour of the
vehicle's bonnet top, without wrinkling or foldirg the template. If the contact between
the template and bonnet rear reference line isetatig and the point of tangency lies
outside the arc scribed by points "C" and "D", tltae bonnet rear reference line is
extended and/or modified to follow the circumferahtirc of the template to meet the
bonnet side reference line, as shown in Figure 4.

If the template cannot make simultaneous contdttt the bonnet side reference line at
points "A" and "B" and tangentially with the bonretar reference line, or the point at
which the bonnet rear reference line and templatelt lies within the arc scribed by
points "C" and "D", then additional templates sluoloé used where the radii are increased
progressively in increments of 20 mm, until all #i®ove criteria are met.

"Bonnet topis the area which is bounded by (a), (b) andagchollows:
(@) 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 gkhi It includes all structures
that are intended to give protection to a vehicleemw involved in a low speed frontal
collision and also any attachments to this strécturhe reference height and lateral limits
of the bumper are identified by the corners anditlmaper reference lines.

"Bumper leatimeans for any longitudinal section of a vehitkee horizontal distance in
the vehicle longitudinal plane between the uppenger reference line and the bonnet
leading edge reference line

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

"Centre of the knkef the lower legform impactor is defined as thénp about which the
knee effectively bends.
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3.12. "Child headform test arfeia an area on the outer surfaces of the frontciire. The area
is bounded, in the front, by the front referenoe lior child headform, and, at the rear, by
the WAD1700 line, and by the side reference lines.

3.13. "Corner of bumpérmeans the vehicle's point of contact with a waitiplane which
makes an angle of 60° with the vertical longitutlipiane of the car and is tangential to
the outer surface of the bumper (see Figure 5).

3.14. "Femudt of the lower legform impactor is defined as athngponents or parts of
components (including flesh, skin covering, dampiastrumentation and brackets,
pulleys, etc. attached to the impactor for the psepof launching it) above the level of
the centre of the knee.

3.15. "Front reference line for child headfdrmeans the geometric trace as described on the
vehicle front structure using a WAD1000 line. hetcase of vehicles where the wrap
around distance to the bonnet leading edge refereme, is more than 1,000 mm at any
point, then the bonnet leading edge referenceviiebe used as the front reference line
for child headform at that point.

3.16. "Front structufemeans all outer structures of the vehicle exdbpt windscreen, the
windscreen header, the A-pillars and structuresva@ of these. It therefore includes,
but is not limited to, the bumper, the bonnet, wingcuttle, wiper spindles and lower
windscreen frame.

3.17. "Ground reference pldnmeans a horizontal plane, either real or imagintrat passes
through the lowest points of contact for all tyadsa vehicle while the vehicle is in its
normal ride attitude. If the vehicle is restingtbe ground, then the ground level and the
ground reference plane are one and the samee ffdhicle is raised off the ground such
as to allow extra clearance below the bumper, thenground reference plane is above
ground level.

3.18. "Head Injury Criterion (HIC)means the calculated result of accelerometer hisries
using the following formula:

2.5

1
t, =t
2 1t
Where:
a is the resultant acceleration measured in ohigsavity "g" (1 g = 9.81 m/s?);

t;and ¢ are the two time instants (expressed in seconat#glthe impact, defining an
interval between the beginning and the end of éisending period for which the
value of HIC is a maximum At t; < 15 ms)
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"Impact poiritmeans the point on the vehicle where initial eghtby 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 ofileicle surface (see point B in Figure 6).

"Lower bumper heightmeans the vertical distance between the groufedenrece plane
and the lower bumper reference line, with the ehjositioned in its normal ride
attitude.

"Lower bumper reference linemeans the lower limit to significant points ofdastrian
contact with the bumper. It is defined as the getio trace of the lowermost points of
contact between a straight edge 700 mm long anduingper, when the straight edge,
held parallel to the vertical longitudinal plane tbe car and inclined forwards by 25°
from the vertical, is traversed across the fronthef car, while maintaining contact with
the ground and with the surface of the bumper sgare 7).

"Normal ride attitudemeans the vehicle positioned on a flat horizostaface with its
mass in running order (as defined in Annex 3, pa@ty 3 of Special Resolution No. 1),
with the tyres inflated to manufacturer recommengegssures, the front wheels in the
straight-ahead position and with a passenger naasddfined in Annex 3, paragraph 6.2.
of Special Resolution No. 1) placed on the frordsgmger seat. The front seats are placed
at the nominal mid-track position. The suspensstiall be set in normal running
condition as specified by the manufacturer for eespof 40 km/h.

"Rear reference line for adult headfbmeans 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 thecleehwhen the straight edge, held
parallel to the transverse vertical plane of thaisle and inclined inwards by 45°, is
traversed down, and maintains contact with thessade¢he front structure (see Figure 8).

"Target poiritmeans the intersection of the projection of tkeadform longitudinal axis
with the front surface of the vehicle (see poinhA-igure 6.).

"Tibid of the lower legform impactor is defined as albngponents or parts of

components (including flesh, skin covering, insteamtation and brackets, pulleys, etc.
attached to the impactor for the purpose of laurgli) below the level of the centre of
the knee. Note that the tibia as defined incluadiesvances for the mass, etc., of the foot.

"Upper bumper reference linmeans the upper limit to significant points ofdpstrian
contact with the bumper. For vehicles with an tdble bumper structure it is defined
as the geometric trace of the uppermost pointoofact between a straight edge and the
bumper, when the straight edge, held parallel éovigrtical longitudinal plane of the car




ECE/TRANS/180/Add.9
page 42

and inclined rearwards by 20° to the verticalyavérsed across the front of the car, while
maintaining contact with the surface of the bun{gee Figure 9).

For vehicles with no identifiable bumper structiires defined as the geometric trace of
the uppermost points of contact between a stradige 700 mm long and the bumper
area, when the straight edge, held parallel toséngcal longitudinal plane of the car and
inclined rearwards by 20° from the vertical is #eed across the front of the car, while
maintaining contact with the ground and with thefare of the bumper area (see
Figure 9).

3.28. "Wrap Around Distance (WAD)means the geometric trace described on the outer
surface of the vehicle front structure by one eha dlexible tape, when it is held in a
vertical longitudinal plane of the vehicle and #esed across the front structure. The tape
is held taut throughout the operation with one dmdd at ground reference level,
vertically below the front face of the bumper ahé pther end held in contact with the
front structure (see Figure 10). The vehicle isifp@ned in the normal ride attitude.

This procedure shall be followed, using alterratbapes of appropriate lengths, to
describe wrap around distances of 1,000 mm (WAD},0f01,700 mm (WAD1700) and
of 2,200 mm (WAD2100).

3.29. "Windscre€hmeans the frontal glazing of the vehicle situatetiveen the A-pillars.

Bonnet leading edge
reference line

Straight edge
1,000 mm lon

600 mm

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

Figure 2: Bonnet rear reference line. (see paragBap)

v

Corner ‘A

Point ‘C’

R100 mm

Corner ‘Bx

Point ‘D’

Figure 3: Template (see paragraph 3.6.)
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New / Modified Old / Discarded end
end of Bonnet Rear of Bonnet Rear
Reference Line Reference Line
Windscreen
Semi-circular I Y
Template
Bonnet Side Bonnet Rear
Reference Line Reference Line

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

Vertical plane

Figure 5: Corner of bumper (see paragraph 3.13.)
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A: Target point
B: Impact point
0 : Impact angle

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

s

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

Bonnet side
reference line

Straight edge
700 mm long

Figure 8: Side reference line (see paragraph 3.24.)
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Straight edge
700 mm long
/-
X uBRLJ/UBRL w

\/’200 -«

Figure 9: Upper bumper reference line, UBRL (seag@aph 3.27.)

A

Wrap around
distance

Figure 10: Wrap around distance measurement @egaph 3.28.)
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4.

4.1.

4.1.1.

4.1.2.

4.2.

4.3.

GENERAL REQUIREMENTS

This global technical regulation specifies thédaing 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 isthb greater than, or equal
to 425 mm and less than 500 mm the requirementsitoér paragraph 4.1.1. or
4.1.2., at the choice of the manufacturer, shaddied.

For vehicles with a lower bumper height of gredtem, 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 requiezns as specified in
paragraph 5.1.1., both the test impactor specifigoaragraph 6.3.1.1. and the test
procedures specified in paragraph 7.1.1. shalsled.u

Upper legform to bumper:

To verify compliance with the performance requiezns as specified in
paragraph 5.1.2., both the test impactor specifigoaragraph 6.3.1.2. and the test
procedures specified in paragraph 7.1.2. shalksled.u

Child headform impact

To verify compliance with the performance requiezns as specified in
paragraph 5.2.1., both the test impactor specifigoaragraph 6.3.2.1. and the test
procedures specified in paragraphs 7.2. and 7al. s used.

Adult headform imparct

To verify compliance with the performance requiezns as specified in
paragraph 5.2.2., both the test impactor specifigoaragraph 6.3.2.2. and the test
procedures specified in paragraphs 7.2. and 7adl. s used.
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5.2.
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5.2.3.
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PERFORMANCE REQUIREMENTS

Legform to bumper

When tested in accordance with paragraph 7.1.1. (REBID/TRL lower legform
to bumper) or paragraph 7.1.2. (Flex-PLI to bumper)according to the choice
of manufacturers, the results shall comply with 5.11.1 or 5.1.1.2 respectively.

When tested in accordance with paragraph 7.1.&.,ntximum dynamic knee

bending angle shall not exceed 19°, the maximumaiwiyn knee shearing

displacement shall not exceed 6.0 mm, and the erati®ln measured at the upper
end of the tibia shall not exceed 170g. In addijtibhe manufacturer may nominate
bumper test widths up to a maximum of 264 mm imltethere the acceleration

measured at the upper end of the tibia shall noéeck 2509.

When tested in accordance with paragraph 7.1.2., t(hmaximum dynamic medial

collateral ligament elongation at knee shall not eceed [20 mm], and the
dynamic bending moments at tibia shall not exceed812 Nm]. The maximum
dynamic anterior cruciate ligament and posterior cuciate ligament elongation
shall be monitored with a reference value of [12,7mm. [In addition, the

manufacturer may nominate bumper test widths up toca maximum of 264 mm
in total where the tibia bending moment of the FleRLI shall not exceed TBD
Nm and the MCL elongation of the FlexPLI shall notexceed TBD mm]

When tested in accordance with paragrapR3.(upper legform to bumper), the
instantaneous sum of the impact forces with resjpetiine 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&hdhe 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 averinimum of one half of the child
headform test area and 1,000 over two thirds ofdbmbined child and adult
headform test areas. The HIC for the remainingsashall not exceed 1,700 for
both headforms.
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5.2.4.

5.2.4.1.

5.24.2.

5.2.4.3.

5.2.4.4.

6.1.

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

Splitting of headform test zone

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

HIC1000

Zone \

HIC1700 /

Zone

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

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

The areas of "HIC1000 Zone" and "HIC17@m& may consist of several parts,
with the number of these parts not being limited.

The calculation of the surface of the iotp@rea as well as the surface areas of
"HIC1000 Zone" and "HIC1700 Zone" shall be donetbea basis of a projected
bonnet when viewed from a horizontal plane pardtiethe horizontal zero plane
above the vehicle, on the basis of the drawing siapglied by the manufacturer.
TEST SPECIFICATIONS

General test conditions
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6.3.

6.3.1.

6.3.1.1.
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Temperature and humidity

At the time of testing, the test facility and thehicle or sub-system shall have a
relative humidity of 40 percent + 30 percent arabsized 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.

Preparation of the vehicle

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

The vehicle shall be in its normal ridgt@ade, and shall be either securely mounted
on raised supports or at rest on a flat horizostaface with the parking brake
applied.

The cut-body shall include, in the te#itparts of the vehicle front structure, all
under-bonnet components and all components behmdvindscreen that may be
involved in a frontal impact with a vulnerable roader, to demonstrate the
performance and interactions of all the contribyteehicle components. The cut-
body shall be securely mounted in the normal vehide attitude.

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

For vehicle components which could changestor position, other than active
devices to protect pedestrians, and which have niwae one fixed shape or
position shall require the vehicle to comply witietcomponents in each fixed
shape or position.

Test impactor specifications

Legform impactors:
RIGID/TRL lower legform impactor:

The lower legform impactor shall consist of twaario covered rigid segments,
representing femur (upper leg) and tibia (lower),lggined by a deformable,
simulated knee joint. The overall length of thepautor shall be 926 + 5 mm,
having a required test mass of 13.4 £ 0.2 kg (sgeré€ 12).
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6.3.1.1.1.

6.3.1.1.2.

6.3.1.1.3.

6.3.1.1.4.

6.3.1.1.5.

6.3.1.1.6.

6.3.1.1.6.1.

6.3.1.1.6.2.

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

The diameter of the femur and tibialdb@l70 £ 1 mm and both shall be covered
by foam flesh and skin. The foam flesh shall barith thick foam type CF-45 or
equivalent. The skin shall be made of neoprenenfdaced with 0.5 mm thick
nylon cloth on both sides, with an overall thickhe$6 mm.

The knee joint shall be fitted with defable knee elements from the same batch as
those used in the certification tests.

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 impactatl 4fe 13.4 + 0.2 kg. The centre
of gravity of the femur and tibia shall be 217 xréh and 233 £ 10 mm from the
centre of the knee respectively. The moment atimef the femur and tibia, about
a horizontal axis through the respective centrgrafiity and perpendicular to the
direction of impact, shall be 0.127 £0.010 kgm? d &rL20 + 0.010 kgm?2
respectively.

For each test the impactor shall beditvith new foam flesh cut from one of up to
four consecutive sheets of foam type CF-45 fleskeria or equivalent, produced
from the same batch of manufacture (cut from owekobr 'bun’ of foam), provided
that foam from one of these sheets was used idyth@mic certification test and the
individual weights of these sheets are within zePcent of the weight of the sheet
used in the certification test.

The test impactor or at least the fdashfshall 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 thepautor 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, wtthsensitive axis in the direction
of impact.

A damper shall be fitted to the shbgplacement system and may be mounted at
any point on the rear face of the impactor or imaly. The damper properties shall
be such that the impactor meets both the staticdyndmic shear displacement
requirements and prevents excessive vibrationseo$hear displacement system.
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Transducers shall be fitted to measmee bending angle and knee shearing
displacement.

The instrumentation response valuaradafrequency class (CFC), as defined in
ISO 6487:2002, shall be 180 for all transducershe TAC response values, as
defined in 1ISO 6487:2002, shall be 50° for the kheading angle, 10 mm for the
shearing displacement and 5009 for the accelerafidnis does not require that the
impactor itself be able to physically bend and sh&a these angles and
displacements.

Lower legform certification

The lower legform impactor shall mibet performance requirements specified in
paragraph 8.

The certified impactor may be used gdomaximum of 20 impacts before re-
certification. With each test new plastically defable knee elements should be
used. The impactor shall also be re-certifiedafenthan one year has elapsed since
the previous certification, if any impactor transdu output, in any impact, has
exceeded the specified CAC or has reached the mieahdimits of the leg
impactor deformation capability.
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Figure 12: RIGID/TRL klower legform impactor (see paragraph 6.3.1.1.)
6.3.1.2. Flexible pedestrian lower legform impactofFlexPLI):

The lower legform impactor shall consist of fleshflexible long bone segments
(representing femur and tibia), and a knee joint ashown in Figure 13.

The overall length of the impactor shall be 928 £3] mm, having a required
mass of 12.95 * [0.4] kg including flesh. The letlg of the femur, knee joint,
and tibia shall be 339 £ [2] mm, 185 + [1] mm, and04 + [2] mm respectively.
The knee joint centre position shall be 94 + [1] mnirom the top of the knee

joint.
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Brackets, pulleys, protectors, etc. attached to thimpactor for the purpose of
launching and/or protecting may extend beyond the ichensions shown in
Figure 13.

The cross-sectional shape perpendicular the Z axis of the femur and tibia
main bodies shall be 90 £ [2] mm in width along th& axis, and 84 + [1] mm in
width along the X axis as shown in Figure 14 (a)The impact face shall be 30 +
[1] mm in radius, 30 + [1] mm in width along the Yaxis, and 48 £ [1] mm in
width along the X axis as shown in Figure 14 (a).

The cross-sectional shape perpendicularthe Z axis of the knee joint shall be
108 £ [2] mm in width along the Y axis, and 118 #1] mm in width along the X
axis as shown in Figure 14 (b). The impact face sthae 103 £ [1] mm in radius,
12 + [1] mm in width along the Y axis, and 86 £ [1mm in width along the X
axis as shown in Figure 14 (b).

The masses of the femur and tibia withbflesh, including the connection part
to the knee joint, shall be 2.45 + [0.05] kg and @3 + [0.05] kg respectively. The
mass of the knee joint without flesh shall be 4.28 [0.1] kg. The total mass of
the femur, knee joint, and tibia shall be 9.36 * [@] kg.

The centre of gravity of the femur and tibia withaut flesh, including the
connection part to the knee joint, shall be 167 £3] mm and 200 + [3] mm
respectively from the top, but not including the canection part to the knee
joint, of each part as shown in Figure 13. The cére of gravity of the knee
shall be 93 £ [3] mm from the top of the knee joinas shown in Figure 13.

The moment of inertia of the femur and tibia withaut flesh, including the
connection part inserted to the knee joint, about lie X axis through the
respective centre of gravity shall be 0.0288 + [(0DA] kgm?
and 0.0456 + [0.002] kgm? respectively. The momemtf inertia of the knee
joint about the X axis through the respective ceng of gravity shall
be 0.018 + [0.0015] kgm2.

For each test, the impactor (femur, kngeint, and tibia) shall be covered by
flesh composed of synthetic rubber sheets (R1, Rahd neoprene sheets (N1F,
N2F, N1T, N2T, N3) as shown in Figure 15. The sheaetire required to have a
compression characteristic as shown in Figure 16. HE compression
characteristic shall be checked using the same batof sheets as those used for
the impactor flesh. The size and weight of the she&s shall be within the
requirements described in Figure 16.

The test impactor or at least the flesthall be stored for at least four hours in
a controlled storage area with a stabilised tempetare of 20 + 4°C prior to
impactor removal for calibration. After removal from the storage, the
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6.3.1.2.6.

6.3.1.2.6.1.

6.3.1.2.6.2.

6.3.1.2.6.3.

6.3.1.2.7.

6.3.1.2.7.1.

6.3.1.2.7.2.

impactor shall not be subjected to conditions othethan those pertaining in the
test area.

Lower legform instrumentation

Four transducers shall be installed ithe tibia to measure bending moments
applied to the tibia. The sensing locations of eacbf the transducers are as
follows: tibia-1: 134 £ [1] mm, tibia-2: 214 * [1]mm, tibia-3: 294 + [1] mm, and
tibia-4: 374 +£[1] mm below the knee joint centre espectively as shown in
Figure 17. The measurement axis of each transducehall be the X axis of the
impactor.

Three transducers shall be installed the knee joint to measure elongations of
the medial collateral ligament (MCL), anterior cruciate ligament (ACL), and
posterior cruciate ligament (PCL). The measurementlocations of each
transducer are shown in Figure 17. The measuremetdcations shall be within
+ [3] mm along the X axis from the knee joint cente.

The instrumentation response value amael frequency class (CFC), as defined
in 1ISO 6487:2002, shall be 180 for all transducersThe CAC response values,
as defined in ISO 6487:2002, shall be 30 mm for thenee ligament elongations
and 350 Nm for the tibia bending moments. This d@enot require that the
impactor itself be able to physically elongate or &nd until these values.

Lower legform certification

The lower legform impactor shall meethe performance requirements
specified in paragraph 8.

The certified impactor can be used farp to [20] impacts before requiring re-
certification in dynamic certification [tests] which [are] described [in 8.1.2.2
and 8.1.2.3.] The impactor shall be re-certified Yy these tests if more than one
year has elapsed since the previous dynamic certétion tests, if any impactor
transducer output has exceeded the specified CACIf the impactor fails the
tests, it shall be re-certified by using the statitest described in 8.1.2.1. in order
to detect which parts shall be changed to new parts
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Figure 13: Flex-PLI; Dimensions and C.G. location®f femur, knee joint, and tibia
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Figure 14: Flex-PLI; femur, tibia, and knee dimensons (Top view)
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Figure 16: Flex-PLI; flesh compression characterists
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Instruments locations
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Figure 17: Flex-PLI; instrument locations
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Upper legform impactor:

The upper legform impactor shall be rigid, foamvered at the impact side,
and 350 + 5 mm long (see FigureB).3

The total mass of the upper legform impactariuding those propulsion and
guidance components which are effectively parthef itnpactor during the impact
shall be 9.5 kg = 0.1 kg.

The total mass of the front member and othenpmments in front of the load
transducer assemblies, together with those patteedbad transducer assemblies in
front of the active elements, but excluding the nioaand skin, shall
be 1.95 + 0.05 kg.

The upper legform impactor for the bumper $&&tll be mounted to the propulsion
system by a torque limiting joint and be insensitito off-axis loading. The
impactor shall move only in the specified directmnimpact when in contact with
the vehicle and shall be prevented from motiontireodirections including rotation
about any axis.

The torque limiting joint shall be set so thié longitudinal axis of the front
member is vertical at the time of impact with aetahce of + 2°, with the joint
friction torque set to 675 Nm = 25 Nm.

The centre of gravity of those parts of theawctpr which are effectively forward of
the torque limiting joint, including any weightdtéd, shall lie on the longitudinal
centre line of the impactor, with a tolerance dfGtmm.

The length between the load transducer ceimes lshall be 310 £+ 1 mm and the
front member diameter shall be 50 £ 1 mm.

For each test the foam flesh shall be two nkeeets of 25 mm thick foam type
CF-45 or equivalent, which shall be cut from theethof material used for the
dynamic certification test. The skin shall be & rhm thick fibre reinforced rubber
sheet. The mass of the foam and the rubber sggther shall be 0.6 8.1 kg (this
excludes any reinforcement, mountings, etc. whrehused to attach the rear edges
of the rubber skin to the rear member). The foawh mbber skin shall be folded
back towards the rear, with the rubber skin attdcha spacers to the rear member
so that the sides of the rubber skin are held lghralhe foam shall be of such a
size and shape that an adequate gap is maintairtgedn the foam and
components behind the front member, to avoid dcamt load paths between the
foam and these components.

The test impactor or at least the foam flesdil &fe stored during a period of at least
four hours in a controlled storage area with a iktaol humidity
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of 35 percent + 15 percent and a stabilized tenperaof 20 +4 °C prior to
impactor removal for calibration. After removabiin the storage the impactor shall
not be subjected to conditions other than thoseipéng in the test area.

6.3.1-38.9. Upper legform instrumentation

6.3.1-38.9.1.The front member shall be strain gauged tasme bending moments in three
positions, as shown in Figure8 3ach using a separate channel. The strain gauges
are located on the impactor on the back of thetfre@mber. The two outer strain
gauges are located 50 + 1 mm from the impactorisnstrical axis. The middle
strain gauge is located on the symmetrical axib @it 1 mm tolerance.

6.3.1-38.9.2. Two load transducers shall be fitted to measudividually the forces applied at
either end of the upper legform impactor, plusistgauges measuring bending
moments at the centre of the upper legform impaator at positions 50 mm either
side of the centre line (see Figure8)lL.3

6.3.1-38.9.3. The instrumentation response value CFC, ésetdkin ISO 6487:2002, shall be
180 for all transducers. The CAC response valasgjefined in ISO 6487:2002,
shall be 10 kN for the force transducers and 1M@0for the bending moment
measurements.

6.3.1-38.10. Upper legform certification

6.3.1-38.10.1. The upper legform impactor shall meet théopmance requirements specified
in paragraph 8.

6.3.1-38.10.2. The certified impactor may be used for a imar of 20 impacts before re-
certification (this limit does not apply to propwis or guidance components). The
impactor shall also be re-certified if more thareoyear has elapsed since the
previous certification or if any impactor transduaaitput, in any impact, has
exceeded the specified CAC.
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Figure 13: Upper legform impactor (see paragraptiie23.)
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Child and adult headform impactors
Child headform impactor (see Figu4é9)

The child headform impactor shall be made of ahiom, be of homogenous
construction and be of spherical shape. The dwdiaheter shall be 165 + 1 mm.
The mass shall be 3.5 £ 0.07 kg. The momentertia about an axis through the
centre of gravity and perpendicular to the directad impact shall be within the
range of 0.008 to 0.012 kgm The centre of gravity of the headform impactor
including instrumentation shall be located in tle@metric centre of the sphere with
a tolerance of + 2 mm.

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

Child headform instrumentation

A recess in the sphere shall allow for mountinge dnaxial or three uniaxial
accelerometers within £ 10 mm seismic mass locatterance from the centre of
the sphere for the measurement axis, and + 1 memgeimass location tolerance
from the centre of the sphere for the perpendicdiegction to the measurement
axis.

If three uniaxial accelerometers are used, onth@faccelerometers shall have its
sensitive axis perpendicular to the mounting facgs@e Figure-419) and its
seismic mass shall be positioned within a cylirartolerance field of 1 mm radius
and 20 mm length. The centre line of the tolerdrald shall run perpendicular to
the mounting face and its mid-point shall coincidién the centre of 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 oftteadform impactor.

The instrumentation response value CFC, as definel6O 6487: 2002, shall
be 1,000. The CAC response value, as defineddn@&37:2002, 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-419: Child headform impactor (see paragraph 6.3.2.1.)

Adult headform impactor (see Figur@2@5

The adult headform impactor shall be made of ahumi, be of homogenous
construction and be of spherical shape. The dvdraieter is 165+ 1 mm as
shown in Figure 15. The mass shall be 4.5 = 0.1 Kge moment of inertia about
an axis through the centre of gravity and perpendicto the direction of impact
shall be within the range of 0.010 to 0.013 kgniThe centre of gravity of the
headform impactor including instrumentation sha#l located in the geometric
centre of the sphere with a tolerance of £ 5 mm.

The sphere shall be covered with a 14 £ 0.5 migkteynthetic skin, which shall
cover at least half of the sphere.
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6.3.2.2.1.
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Figure120: Adult headform impactor (see paragraph 6.3.2.2)

Adult headform instrumentation

A recess in the sphere shall allow for mountinge dnaxial or three uniaxial

accelerometers within £ 10 mm seismic mass locatterance from the centre of
the sphere for the measurement axis, and + 1 memgeimass location tolerance
from the centre of the sphere for the perpendicdiegction to the measurement

axis.

If three uniaxial accelerometers are used, onth@faccelerometers shall have its
sensitive axis perpendicular to the mounting facgs@e Figure—20) and its
seismic mass shall be positioned within a cylirartolerance field of 1 mm radius
and 20 mm length. The centre line of the tolerdrald shall run perpendicular to
the mounting face and its mid-point shall coincidién the centre of 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
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within a spherical tolerance field of 10 mm radidshe centre of the tolerance field
shall coincide with the centre of the sphere oftteadform impactor.

The instrumentation response value CFC, as definel6O 6487: 2002, shall
be 1,000. The CAC response value, as defineddn@&37: 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
A rear flat face shall be provided on the outerffame of the headform impactors
which is perpendicular to the direction of travaahd typically perpendicular to the
axis of one of the accelerometers as well as baifigt plate capable of providing
for access to the accelerometers and an attactpogntfor the propulsion system.
Certification of the headform impactors
The headform impactors shall meet the performamecgiirements specified in
paragraph 8. The certified impactors may be usedafmaximum of 20 impacts
before re-certification. The impactors shall beedified if more than one year has
elapsed since the previous certification or if tremsducer output, in any impact,
has exceeded the specified CAC.

TEST PROCEDURES

Legform to bumper test procedures

RIGID/TRL &tlower 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 irbtimper test area.

The direction of the impact velocity vecthall be in the horizontal plane and
parallel to the longitudinal vertical plane of threhicle. The tolerance for the
direction of the velocity vector in the horizon@ane and in the longitudinal plane
shall be +2° at the time of first contact. Thesawf the impactor shall be
perpendicular to the horizontal plane with a tatee of £ 2° in the lateral and
longitudinal plane. The horizontal, longitudinaldalateral planes are orthogonal to
each other (see Figuré21l).
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7.1.1.3.

7.1.1.3.1.

7.1.1.3.2.

7.1.1.3.3.

7.1.1.3.4.

7.1.1.4.

The bottom of the impactor shall be atr#6 above ground reference plane at the
time of first contact with the bumper (see Figu#2), with a = 10 mm tolerance.
When setting the height of the propulsion systemaldowance must be made for
the influence of gravity during the period of fiiight of the impactor.

The lower legform impactor for the bumpests shall be in ‘free flight' at the
moment of impact. The impactor shall be releasefilete flight at such a distance
from the vehicle that the test results are nougriiced by contact of the impactor
with the propulsion system during rebound of thpaetor.

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

At the time of first contact the impactball have the intended orientation about its
vertical axis, for the correct operation of its &neint, with a tolerance of + 5° (see
Figure-621).

At the time of first contact the cerine of the impactor shall be within a £ 10 mm
tolerance to the selected impact location.

During contact between the impactortaedvehicle, the impactor shall not contact
the ground or any object which is not part of teaigle.

The impact velocity of the impactor wheiriking the bumper shall
be 11.1 £ 0.2 m/s. The effect of gravity shalltéleen into account when the impact
velocity is obtained from measurements taken befordime of first contact.
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Figure-B21: Tolerances of angles for the lower legform impaeit the time of the
first impact (see paragraphs 7.1.1.2 and 7.1.1.3.2.
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Figure-I722: Lower legform to bumper tests for complete vehiaol normal ride attitude

(left) and for cut-body mounted on supports (rigste paragraph 7.1.1.3)



ECE/TRANS/180/Add.9

page 70

7.1.2.
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7.1.2.3.1.
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7.1.2.3.3.

7.1.2.3.4.

7.1.2.4.

FlexPLI to bumper test procedure

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

The selected target points shall be in theimper test area.

The direction of the impact velocity vectoshall be in the horizontal plane and
parallel to the longitudinal vertical plane of thevehicle. The tolerance for the
direction of the velocity vector in the horizontalplane and in the longitudinal
plane shall be + 2° at the time of first contact.The axis of the impactor shall be
perpendicular to the horizontal plane with a tolerace of + 2° in the lateral and
longitudinal plane. The horizontal, longitudinal and lateral planes are
orthogonal to each other (see Figure 23).

The bottom of the impactor shall be at 7m above ground reference plane at
the time of first contact with the bumper (see Figte 24), with a £10 mm
tolerance. When setting the height of the propulsn system, an allowance
must be made for the influence of gravity during tke period of free flight of the
impactor.

The lower legform impactor for the bumpetests shall be in ‘free flight' at the
moment of impact. The impactor shall be releasedotfree flight at such a
distance from the vehicle that the test results areot influenced by contact of
the impactor with the propulsion system during rebaind of the impactor.

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

At the time of first contact the impactoshall have the intended orientation
about its vertical axis, for the correct operation of its knee joint, with a
tolerance of £ 5° (see Figure 23).

At the time of first contact the centrdine of the impactor shall be within
a £ 10 mm tolerance to the selected impact location

During contact between the impactor anthe vehicle, the impactor shall not
contact the ground or any object which is not parof the vehicle.

The impact velocity of the impactor when tsking the bumper shall
be 11.1 £ 0.2 m/s. The effect of gravity shall k@ken into account when the
impact velocity is obtained from measurements takemefore the time of first
contact.
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Figure 23: Tolerances of angles for the lower legfm impactor at the time of the
first impact (see paragraphs 7.1.2.2. and 7.1.2.3)2
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Figure 24: Flex-PLI to bumper tests for complete viicle in normal ride attitude (left) and
for cut-body mounted on supports (right) (see paragph 7.1.2.3.)
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7.128.

7.1-23.1.

7.1-23.2.

7.1-38.3.

7.2

7.2.1.

7.2.2.

7.2.3.

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 in the mrmigst area as defined in
paragraph 3.10.

The direction of impact shall be parallel te thngitudinal axis of the vehicle, with
the axis of the upper legform vertical at the tiofdirst contact. The tolerance to
this direction is * 2°.

At the time of first contact the impactor centieel shall be vertically midway
between the upper bumper reference line and therlbwmper reference line with a
+ 10 mm tolerance and the impactor vertical cemtie $hall be positioned laterally
with the selected impact location with a tolerante 10 mm.

The impact velocity of the upper legform immacivhen 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"tike moment of impact, at the
required impact velocity (as specified in parageaph3.4. and 7.4.4.) and the
required direction of impact (as specified in paapls 7.3.5. and 7.4.5.).

The impactors shall be released to "free flightSwich a distance from the vehicle
that the test results are not influenced by coraftte impactor 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 theethod specified in
ISO 3784:1976. The accuracy of velocity measurersieall be + 0.01 m/sec. The
measured velocity shall be adjusted consideringaaliors which may affect the
impactor between the point of measurement and ¢het of impact, in order to
determine the velocity of the impactor at the tiofeimpact. The angle of the
velocity vector at the time of impact shall be ctd¢ed or measured.

Recording
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7.3.5.

7.4.
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The acceleration time histories shall be recorded, HIC shall be calculated. The
first point of contact on the front structure ofettvehicle shall be recorded.
Recording of test results shall be in accordantle &8O 6487:2002.

Child headform test procedure

This test procedure is applicable with respect ttee 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 didheet top, the headform impactor
shall not contact the windscreen or A-pillar befongacting the bonnet top.

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

Selected impact points on the bonnet for the chdddform impactor shall be, at
the time of first contact:
(@) a minimum of 82.5 mm inside the defined sefenrence lines, and;
(b) forward of the WAD21700 line, or,
a minimum of 82.5 mm forwards of the bonnet reéerence line,
- whichever is most forward at the point of measwent, and,;
(c) be rearward of the WAD21000 line, or,
a minimum of 82.5 mm rearwards of the bonnetilepddge reference line,
- whichever is most rearward at the point of rmeasent.

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

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

The headform velocity at the time of impsiwall be 9.7 £ 0.2 m/s.
The direction of impact shall be in the libmdinal vertical plane of the vehicle to
be tested at an angle of 50 * 2° to the horizontdle direction of impact of tests to

the front structure shall be downward and rearward.

Adult headform test procedure

This test procedure is applicable with respect ttee requirements of
paragraphs 5.2.2. and 5.2.3.



ECE/TRANS/180/Add.9

page 74

7.4.1.

7.4.2.

7.4.3.

7.4.4.

7.4.5.

8.1.
8.1.1.

8.1.1.1.

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

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

Selected impact points on the bonnet for the adegidform 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 WAD2100 line, or,
a minimum of 82.5 mm forward of the bonnet redierence line,
whichever is most forward at the point of measeet, and;
(c) rearward of the WAD1700 line.

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

The point of first contact of the headformpactor 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 libmdinal vertical plane of the paragraph

of the vehicle to be tested at an angle of 65° #toZhe horizontal. The direction of
impact of tests to the front structure shall be deard and rearward.

CERTIFICATION OF IMPACTORS

The impactors that are used in the tests descinb#ds gtr are required to comply
with the following performance requirements.

The requirements for the lower legform impacta specified in paragraph 84dr.

8.2, the upper legform impactor requirements are $ipéeldin paragraph-8823.and
the adult and child headform impactors requirememi® specified in
paragraph-834.

RIGID/TRL Elower legform impactor certification

Static tests

The lower legform impactor shall meet tmequirements specified in
paragraph 8.1.1.2. when tested as specified ingpgh 8.1.1.4. and the
requirements specified in paragraph 8.1.1.3. whentetl as specified in
paragraph 8.1.1.5.
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For both tests the impactor shall have the intdradéentation about its longitudinal
axis, for the correct operation of its knee jowith a tolerance of + 2°.

The stabilized temperature of the impactor dudegification 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 wttem impactor is loaded in
bending in accordance with paragraph 8.1.1.4., a6dmm for the shearing
displacement and 10 kN for the applied force whiea impactor is loaded in
shearing in accordance with paragraph 8.1.1.5. bBtr tests low-pass filtering at
an appropriate frequency is permitted, to remoghdr frequency noise without
significantly affecting the measurement of the cese of the impactor.

When the impactor is loaded in bendingdoordance with paragraph 8.1.1.4., the
applied force/bending angle response shall be mittiie limits shown in
Figure1&5. Also, the energy taken to generate 15.0° of imgnshall be 100 + 7 J.

When the impactor is loaded in shearingcicordance with paragraph 8.1.1.5., the
applied force/shearing displacement response $8eallithin the limits shown in
Figure-126.

The impactor, without foam covering andhsishall be mounted with the tibia
firmly clamped to a fixed horizontal surface andhatal tube connected firmly to
the femur, as shown in FigureZ0 The rotational axis of impactor knee joint shall
be vertical. To avoid friction errors, no suppehall be provided to the femur
section or the metal tube. The bending momentieg@t the centre of the knee
joint, due to the mass of the metal tube and otmenponents (excluding the
legform 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 tbsulting angle of knee

deflection shall be recorded. The load shall bereased at a rate

between 1.0 and 10°/s until the angle of deflectbithe knee is in excess of 22°.
Brief excursions from these limits due, for instanio the use of a hand-pump shall
be permitted.

The energy is calculated by integrating the fordth wespect to the bending angle
in radians, and multiplying by the lever lengti2dd +0.01 m.

The impactor, without foam covering andhsishall be mounted with the tibia
firmly clamped to a fixed horizontal surface andhatal tube connected firmly to
the femur and restrained at 2.0 m from the centréh® knee joint, as shown in
Figure-228.
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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.

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 betweeard120 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 instanio the use of a hand-pump shall
be permitted.

Dynamic tests

The lower legform impactor shall meet tmequirements specified in
paragraph 8.1.2.3. when tested as specified irgpgyh 8.1.2.4.

Calibration

The foam flesh for the test impactorldbe 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 inmtpacemoval for calibration. The
test impactor itself shall have a temperature §f20°C 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 |éast hours prior to their application
in a test.

The test facility used for the calibvatitest shall have a stabilized humidity
of 40 = 30 percent and a stabilized temperatu@0af 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 of¢hkbration area shall be measured at the
time of calibration and recorded in a calibratiepart.

Requirements

When the impactor is impacted by a ligeguided certification impactor, as
specified in paragraph 8.1.2.4., the maximum upibé acceleration shall be not
less than 120g and not more than 250g. The maxifmemding angle shall be not
less than 6.2° and not more than 8.2°. The maxirshearing displacement shall
be not less than 3.5 mm and not more than 6.0 mm.

For all these values, the readings used shallrdoa the initial impact with the
certification impactor and not from the arrestiritape. Any system used to arrest
the impactor or certification impactor shall beaoanged that the arresting phase
does not overlap in time with the initial impactThe arresting system shall not
cause the transducer outputs to exceed the spECAE.
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The instrumentation response value C&Cdefined in ISO 6487:2002, shall
be 180 for all transducers. The CAC response sakgdefined in ISO 6487:2002,
shall be 50° for the knee bending angle, 10 mmtershearing displacement and
500g for the acceleration. This does not requieg the impactor itself be able to
physically bend and shear to these angles andadismients.

Test procedure

The impactor, including foam covering akin, shall be suspended horizontally by
three wire ropes of 1.5 + 0.2 mm diameter and d@026hm minimum length, as
shown in Figure-229. It shall be suspended with its longitudinal akxaizontal,
with a tolerance oft 0.5°, and perpendicular to the direction of the cexdifion
impactor motion, with a tolerance af2°. The impactor shall have the intended
orientation about its longitudinal axis, for therrext operation of its knee joint,
with a tolerance of+ 2°. The impactor must mebe trequirements of
paragraph 6.3.1.1., with the attachment brack&if(ghe wire ropes fitted.

The certification impactor shall havenass of 9.Gt 0.05 kg, this mass includes
those propulsion and guidance components which efilectively part of the
impactor during impact. The dimensions of the faté¢he certification impactor
shall be as specified in Figure3B The face of the certification impactor shall be
made of aluminium, with an outer surface finistbefter 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 ir thpecified direction of impact,
when in contact with the vehicle. The guides shmkvent motion in other
directions including rotation about any axis.

The impactor shall be certified withyioeisly unused foam.

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

The certification impactor shall be pmitgd horizontally at a velocity
of 7.5 +£0.1 m/s into the stationary impactor a®vam in Figure 230. The
certification impactor shall be positioned so titgicentreline aligns with a position
on the tibia centreline of 50 mm from the centretloé knee, with tolerances
of £ 3 mm laterally andt 3 mm vertically.
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8.2.
8.2.1.

8.2.1.1.

8.2.1.2.

8.2.1.3.

8.2.1.4.

8.2.1.5.

Flex-PLI certification

Static certification tests

The femur and tibia of the lower legformmpactor shall meet the requirements
respectively specified in paragraph 8.2.1.2. whenested as specified in
paragraph 8.2.1.4. The knee joint of the lower ldgrm impactor shall meet the

requirements specified in paragraph 8.2.1.3. whenested as specified in
paragraph 8.2.1.5. The stabilised temperature of # impactor during the

certification tests shall be 20° + 2°C.

The CAC response values, as defined in ISO 6487() shall be 30 mm for the
knee ligament elongations and 5 kN for the applie@xternal load. For these
tests low-pass filtering at an appropriate frequeng is permitted, to remove
higher frequency noise without significantly affecing the measurement of the
response of the impactor.

When the femur and tibia of the impactor & loaded in bending in accordance
with paragraph 8.2.1.4., the applied moment and gemated deflection at the
centre of the femur and tibia (M. and D;) shall be within the corridors shown
in Figure 31.

When the knee joint of the impactor is laded in bending in accordance with
paragraph 8.2.1.5., the MCL, ACL, and PCL elongatios and applied bending
moment or force at the centre of the knee joint (Mor F¢) shall be within the
corridors shown in Figure 32.

The edges,of the femur and tibia, not bemd parts, shall be mounted to the
support rig firmly as shown in Figure 33. The Y axs of the impactor shall be
parallel to the loading axis within 180 + 2° tolerace. In order to avoid friction
errors, roller plates shall be set underneath the upport rigs. To avoid
impactor damage, a neoprene sheet shall be set undeath the loading ram.
The neoprene sheet used in this test shall have corassion characteristics as
shown in Figure 16.

The centre of the loading force shall be applied ahe centre of the femur and
tibia within £ [2°] tolerance along the Z axis. Tte force shall be increased at a
rate between 10 and 100 mm/minute until the bendingnoment at the centre
part (M ¢) of the femur or tibia reaches 312 Nm.

The edges of the knee joint, not bendinguqts, shall be mounted to the support
rig firmly as shown in Figure 35. The Y axis of thampactor shall be parallel to
the loading axis within 180 + 2°. In order to aval friction errors, roller plates
shall be set underneath the support rigs. To avoidmpactor damage, a
neoprene sheet shall be set underneath the loadingm and shall be removed
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the impactor face of the knee joint which is descdpbed in the Figure 14. The
neoprene sheet used in this test shall have compsem characteristics as
shown in Figure 16.

The centre of the loading force shall be applied ahe centre of the Knee joint
within * [2]° tolerance along the Z axis. The exteal load shall be increased
at a rate between 10 and 100 mm/minute until the Imeling moment at the
centre part of the knee joint (M) reaches 300 Nm.

Dynamic certification tests (Pendulum Type)

The lower legform impactor (femur, knee jmt, and tibia are
connected/assembled firmly) shall meet the requireemts specified in
paragraph 8.2.2.3. when tested as specified in payaph 8.2.2.4.

Calibration

The test facility used for the calibratin test shall have a stabilised temperature
of 20 + 4°C during calibration.

The temperature of the calibration areashall be measured at the time of
calibration and recorded in a calibration report.

Requirements

When the lower legform impactor is usefbr a test as specified in paragraph
8.1.2.2.4., the maximum bending moment of the tibiat tibia-1 shall be not less
than [267] Nm and not more than [218] Nm, the maximmm bending moment at
tibia-2 shall be not less than [221] Nm and not mer than [181] Nm, the
maximum bending moment at tibia-3 shall be not lesthan [172] Nm and not
more than [141] Nm, and the maximum bending momendt tibia-4 shall be not
less than [119] Nm and not more than [97] Nm. Thenaximum elongation of
MCL shall be not less than [24.6] mm and not morehan [20.0] mm, the
maximum elongation of ACL shall be not less than [®] mm and not more
than [7.4] mm, and the maximum elongation of PCL sall be not less than [5.4]
mm and not more than [4.4] mm.

For all these values, the readings used shall bem the initial impact timing to
250 ms after the impact timing.

The instrumentation response value CF@s defined in ISO 6487:2002, shall
be 180 for all transducers. The CAC response valae as defined in
ISO 6487:2002, shall be 30 mm for the knee ligamertongations and 350 Nm
for the tibia bending moments. This does not requé that the impactor itself
be able to physically elongate and bend to theseluas.
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8.2.2.4.

8.2.2.4.1.

8.2.2.4.2.

8.2.2.4.3.

8.2.3.

8.2.3.1.

8.2.3.2.

8.2.3.2.1.

8.2.3.2.3.

8.2.3.3.

8.2.3.3.1.

Test procedure

The impactor, excluding flesh, shall besuspended from the dynamic
certification test rig 15+ 1° upward from the horizontal as shown in Figure 36.
The impactor shall be released from the suspendegabsition, whereupon the
impactor falls freely against the pin joint of thetest rig as shown in Figure 36.

The stopper block, attached to the frontf the stopper bar, shall have
compression characteristics as shown in Figure 16 shall generate maximum
compression force from 3.5 to 4 kN when it is subgted to the drop test shown
in Figure 37.

The knee joint centre of the impactor sitl be 30x [1] mm below the bottom
line of the stopper bar, and the tibia impact faceshall be located 13t [1] mm
from the front upper edge of the stopper bar when he stopper block is
removed from the stopper bar and then hung from thampactor without any
contact (see Figure 36).

Dynamic certification tests (Inverse Type)

The lower legform impactor with flesh (femar, knee joint, and tibia are
connected/assembled firmly) shall meet the requireamts specified in
paragraph 8.2.3.3. when tested as specified in payaph 8.2.3.4.

Calibration

The test facility used for the calibratin test shall have a stabilised temperature
of 20 + 4°C during calibration.

The temperature of the calibration areashall be measured at the time of
calibration and recorded in a calibration report.

Requirements

When the lower legform impactor is usefbr the test specified in paragraph
8.2.3.4., the maximum bending moment of the tibiatdibia-1 shall be not less
than [270] Nm and not more than [230] Nm, the maximmm bending moment at
tibia-2 shall be not less than [230] Nm and not mar than [200] Nm, the
maximum bending moment at tibia-3 shall be not lesthan [170] Nm and not
more than [150] Nm, and the maximum bending momendt tibia-4 shall be not
less than [110] Nm and not more than [80] Nm. Thenaximum elongation of
the MCL shall be not less than [20] mm and not mor¢han [18] mm, that of the
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ACL shall be not less than [12.5] mm and not morehtan [8] mm, and that of
the PCL shall be not less than [5] mm and not morthan [3] mm.

For all these values, the readings used shall bem the initial impact timing to
50 ms after the impact timing.

The instrumentation response value CF@s defined in ISO 6487:2002, shall
be 180 for all transducers. The CAC response valae as defined in
ISO 6487:2002, shall be 30 mm for the knee ligamertongations and 350 Nm
for the tibia bending moments. This does not requé that the impactor itself
be able to physically elongate and bend to theseluas.

Test procedure

The impactor covered by flesh shall baihg vertically as shown in Figure 38.
The impactor shall be impacted by a moving ram of & + 0.1 kg mass, at an
impact speed of 11.1+ 0.2 m/s. The impactor shall be released from the
hanging system within 5 ms after the moving ram imgacts the impactor.

The honeycomb, which is attached in frorof the moving ram, shall have a
crash strength of 75 = 7.5 psi, and it shall have the dimensions shown in
Figure 38.

The honeycomb shall be set in front ohé moving ram with its top line
matching the knee joint centre line within a tolerance of 0+ 3 mm along the
vertical axis at the impact timing. The top line & the impact face of the
moving ram also shall match the knee joint centreihe within a tolerance of 0O
+ 3 mm along the vertical axis at the impact timing.

The honeycomb shall not be excessively handled aleformed before the
impact test.

The impact direction of the moving ramtell be parallel to the horizontal axis
with a tolerance oft 2°.
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8.23.

8-23.1.

8-23.2.

8-23.2.1.

8-23.2.2.

8-23.2.3.

8-23.2.4.

8-23.3.

8-23.3.1.

8-23.3.2.

Upper legform impactor certification

The upper legform impactor shall meet the neomeénts specified in paragraph 8.
23.3. when tested as specified in paragraptBal.2

Calibration

The foam flesh for the test impactor shalstmred during a period of at least four
hours in a controlled storage area with a stalalizemidity of 35 + 10 percent and
a stabilized temperature of 20° £ 2°C prior to ictpa removal for calibration. The
test impactor itself shall have a temperature §f20°C 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 |éast hours prior to their application
in a test.

The test facility used for the calibratiorstteshall have a stabilized humidity
of 40 = 30 percent and a stabilized temperatu@0dtt 4°C during calibration.

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

Relative humidity and temperature of thelralion area shall be measured at the
time of calibration, and recorded in a calibratieport.

Requirements

When the impactor is propelled into a statgncylindrical pendulum the peak
force measured in each load transducer shall béeesstthan 1.20 kN and not more
than 1.55 kN and the difference between the peste$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 thé0 Nm and not more

than 220 Nm for the outer positions. The diffeebetween the upper and lower
peak bending moments shall not be more than 20 Nm.

For all these values, the readings used shallrdoa the initial impact with the
pendulum and not from the arresting phase. Antesysised to arrest the impactor
or pendulum shall be so arranged that the arregtiage does not overlap in time
with the initial impact. The arresting system $inalt cause the transducer outputs
to exceed the specified CAC.

The instrumentation response value CFC, @isedkin 1ISO 6487:2002, shall be
180 for all transducers. The CAC response valasgjefined in ISO 6487:2002,
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shall be 10 kN for the force transducers and 1000 fdr the bending moment
measurements.

Test procedure

The impactor shall be mounted to the propualsind guidance system, by a torque
limiting joint. The torque limiting joint shall bget so that the longitudinal axis of
the front member is perpendicular to the axis & guidance system, with a
tolerance of + 2°, with the joint friction torquetsto 675 £ 25 Nm. The guidance
system shall be fitted with low friction guides tlalow the impactor to move only
in the specified direction of impact, when in cantaith the pendulum.

The impactor mass shall be adjusted to giveaas of 12 + 0.1 kg, this mass
includes those propulsion and guidance componehtshware effectively part of
the impactor during impact.

The centre of gravity of those parts of th@actor which are effectively forward of
the torque limiting joint, including the extra massfitted, shall lie on the
longitudinal centreline of the impactor, with ad@nce of + 10 mm.

The impactor shall be certified with previgushused foam.

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

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

The pendulum tube shall have a mass of 3 @8 kg, a wall thickness
of 3+0.15 mm and an outside diameter of 150 thiff’4nm Total pendulum
tube length shall be 275 + 25 mm. The pendulune tsifiall be made from cold
finished seamless steel (metal surface platingersnssible for protection from
corrosion), with an outer surface finish of betiigan 2.0 micrometer. It shall be
suspended on two wire ropes of 1.5+ 0.2 mm diamatel of 2.0 m minimum
length. The surface of the pendulum shall be ckeach dry. The pendulum tube
shall be positioned so that the longitudinal aXishe cylinder is perpendicular to
the front member (i.e. level), with a tolerancexd’, and to the direction of
impactor motion, with a tolerance 6f2°, and with the centre of the pendulum tube
aligned with the centre of the impactor front memlveth tolerances of 5 mm
laterally andt 5 mm vertically.

Child and adult headform impactors certification

Drop test
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8.34.1.1.

8.34.2.

8.34.2.1.

8.34.2.2.

8.34.2.3.

8.34.2.4.

8.34.3.

8.34.3.1.

8.34.3.2.

8.34.3.3.

Performance criteria

The headform impactors shall meet the requiremspgsified in paragraph-84.2.
when tested as specified in paragraph483.3

Requirements

When the headform impactors are dropped feorheight of 376 £ 1 mm in
accordance with paragraph 8.3.3. the peak resudizceleration measured by one
triaxial (or three uniaxial) accelerometer (acomheeters) in the headform impactor
shall be:

(@) for the child headform impactor not less tl2&%g and not more than
300g;

(b)  for the adult headform impactor not less t&bg and not more than
275g.
The acceleration time curve shall be uni-modal.

The instrumentation response values CFC ah@ ©r each accelerometer shall
be 1,000 Hz and 500g 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 veldiumidity of 40 + 30 percent
after a soak period of at least four hours pricthr application in a test.

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

Test procedure

The headform impactor shall be suspended fodrop rig as shown in Figure
2538.

The headform impactor shall be dropped from gpecified height by means that
ensure instant release onto a rigidly supported Harizontal steel plate,
over 50 mm thick and over 300 x 300 mm square whaha clean dry surface and
a surface finish of between 0.2 and 2.0 micrometers

The headform impactor shall be dropped with rear face of the impactor at the
test angle specified in paragraph 7.3.5. for thidcheadform impactor and in

paragraph 7.4.5. for the adult headform impactdh wespect to the vertical as
shown in Figure257. The suspension of the headform impactor shafiuoh that

it does not rotate during the fall.
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8.24.3.4. The drop test shall be performed three timegh the headform impactor
rotated 120° around its symmetrical axis after é¢ash
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Figure-125: Force versus angle requirement in static lowgiolen impactor bending
certification test (see paragraph 8.1.1.2.)

Force (IV)

Shearing Displacement (mm)

Figure-B26. Force versus displacement requirement in statiet legform impactor
shearing certification test (see paragraph 8.2.1.3.
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Enee Centreline
2.0m

Clamps

\‘H .- Femur

Figure2@7:

)}.«" .____________-__
Metal tube lever arm ﬁ

Tihia
Applied Force

Top View of Test set-up for static lower legformpactor bending certification
test (see paragraph 8.1.1.4.)

Chaps Applied Force Restrain t
/ \‘__ 1 Metal tube lever arm
F -
Hemm \

; ‘ )

/
Tibia o 30 mm

EKnee Centrelme

Z20m

Figure228  Top View of Test set-up for static lower legformpactor shearing

certification test (see paragraph 8.1.1.5.)
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o oo / Wire length 2.0 m minmmum
. . Optional weights to
Optional arresting P E'l
adjust to required mass
system . :
Linearly guided
\ certification
___________ @i eglipactor
Susp ension wires
Plate for attachient
of wires
Optional
arresting Impwtul face
systein

Damper ' Linearly guided

o
wmn '?:F:'zﬂz ' certification imp actor

~ Susp ension wire
Figure-229: Test set-up for dynamic lower legform impactortifieation test (side view top
diagram, view from above bottom diagram) (see pary3.1.2.4.1.)
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Figure-230: Details of dynamic lower legform certification jpactor face
(see paragraph 8.1.2.4.2.)

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

3. Tolerance on all dimensions#isl.0 mm.
Material: Aluminium alloy.
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(a) Femur bending corridor
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(b) Tibia bending corridor

Figure 31: Requirement corridor of femur and tibia in static certification test
(see paragraph 8.2.1.2.)
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Figure 32: Requirement corridors for knee joint in static certification test
(see paragraph 8.2.1.3.)
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354 mm
Y axis N g
7 axis ' Load
Xaxis transducer
ILoading axds Neoprene sheet. ¢ DeMe = Loading ram
P (1sheet) flat loading surface
(surface size: 30 mm) Sectional i
ectional image
L of Femur
Knee joint side
Femﬂr(l) FemLIEEZ) i Femur(3)
il | ] ml \‘I = —
—%__ )
Support rig R Edge of Femur Edge of Femur
cylindrical shape (no bending part) (not bending part) cylindrical shape
(R =75 mm) / (R =75 mm)
(W =71 mm) (W =71 mm)
7700077777777 7 75257
Fe/2 [J 165 mm 165 mm J Fe/2
Support Length: 330 mm

F.: External loading force at center of the femur Neoprene sheet

D.: Deflection at center of the femur (22 g/sheet)

Mc: Moment Center (Nm) = Fc/2 (N) x 0.165 (m) 150 .

R: Radius, W: Width along to the side axis ~ Longitudinal

A .
° Side axs
N axis

A4

« Tolerance of size of above: +/-5 mm for each sheet.
« Tolerance of weight of abowve: +/- 5 g for each sheet.
« Thickness of the sheet and tolerance: 5 +/-0.75 mm.

Figure 33: Test set-up for femur in static certifi@tion tests
(see paragraph 8.2.1.4.)
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i 434 mm
Y axis < >
Z axis . L5
X transducer
I Loading axis Neoprene sheet Loading ram
Sectional image (1sheet) _Fe.De Mo flat loading surface
of Tibia (surface size p 30 mm) cylindrical shape
| (R=75 mm)
Knee joint side \ Wt o
/
\ ° Tibia (1) Tibia (2) Tibia (3)
= g — g
A A S S| N1 JE
il 5 H 5| o 5| m H

Support rig
cylindrical shape Edge of Tibia Edge of Tibia
(R=75 mm) (no bending part) (no bending part)

S e ——
7777777/

Fe/2 205 mm 205 mm Fel2

<
<

A

\4

Support Length: 410 mm

. L / Neoprene sheet \
F.: External loading force at center of the tibia (22 gisheet)
D.: Deflection at center of the tibia
Mc: Moment Center (Nm) = F¢/2 (N) x 0.205 (m) 150 > Longitudinal
R: Radius, W: Width along to the side axis ongitudina
° Side axs
S :
P axs

« Tolerance of size of above: +/-5 mm for each sheet.
« Tolerance of weight of above: +/- 5 g for each sheet.
« Thickness of the sheet and tolerance: 5 +/-0.75 mm.

Figure 34: Test set-up for tibia in static certifiation tests
(see paragraph 8.2.1.4.)
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Fo: External loading force at center of knee joint
F1: Support force of Femur side of knee
Mc: Bending moment at Knee joint center (Nm) =F; (N) x 0.2 (m)
R: Radius, W: Width along to the side axis

Figure 35:

>

Neoprene sheet

(22 g/sheet)
150
o
ﬁ I

>
>

« Tolerance of size of above: +/-5 mm for each sheet.
« Tolerance of weight of above: +/-5 g for each sheet.

Side
axis

~

Longitudinal
axis

« Thickness of the sheet and tolerance: 5 +/-0.75 mm.

Test set-up for knee joint in static ceification test
(see paragraph 8.2.1.5.)
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Additional Mass
5kg

FlexPLlI

Released
(Free fall around
the pin joint)

Stopper Block

Synthetic Rubber Sheets
t=5mm, H= 100 mm, W= 150 mm
x 3sheets

Neoprene Sheets
t=5mm, H= 100 mm, W= 150 mm
x2sheets

Suspension angle
15 deg.

Neoprene
Sheets
(18 g/sheet)

ﬂ/nthetic Rubber
Sheets

(105 g/sheet)

150

>
>

150

100
|
100

A4
Vertical
axis
Impact
« Tolerance of size of above: +/-5 mm for
each sheet.

« Tolerance of weight of above: +/- 20 g for
one synthetic rubber sheet, and +/- 4 g

for one Neoprene sheet.

t=25mm
(5mm x 5 sheets)

« Thickness of each sheet and toleran
+/-0.75 mm.

Figure 36: Test set-up for dynamic lower legform inpactor certification test,
Pendulum type (see paragraph 8.2.2.4.)

Accelerometer

Moving ram (cylindrical shape)
Total Mass: 7 +/-0.07 kg
Impact speed: 2 +/- 0.1 m/s
(drop height: 200 mm)

Impact face
Diameter: 50 +/- 0.5 mm

Diameter .

7%7/ Stopper Block

Figure 37: Test set-up for stopper block certificabn test
(see paragraph 8.2.2.4.)
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Hanging System
Z axis
release the FlexPLlI
within 5 ms after the
moving ram impact
Y axis X axis M
———
] lel— FlexPLI with Flesh
(cross sectional image)
———
Moving ram _ —]
Total Mass: 8,1 kg Thickness
Impact speed: 11,1 m/s 60 +/-2mm K |
O+/—_3mm 0 +/-3mm
ameact atmpact Knee joint center
— — —r
———]
———]
Impact face
Honeycomb
Width
225 +/- 25 mm ————
———]
A
Height ————
160 +/- 2 mm
A 4
1 ————
Crash strength: 75 psi +/- 10%

Figure 38: Test set-up for dynamic lower legform inpactor certification test,
Inverse type (see paragraph 8.2.3.4.)
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Figure-24809. Test set-up for dynamic upper legform impactatitteation test
(see paragraph 8.2.4.6)
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Figure-2310. Test set-up for dynamic headform impactor bidfigeest
(see paragraph 8.3.3.1.)




