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A. STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATON

1. THE SAFETY CONCERN

1. Whiplash injuries are a set of common symptdmas ¢ccur in motor vehicle crashes and
involve the soft tissues of the head, neck andespisymptoms of pain in the head, neck,
shoulders, and arms may be present along with dancaguscles, ligaments and vertebrae, but
in many cases lesions are not evident. The orfisgtnoptoms may be delayed and may only last
a few hours; however, in some cases, effects ofirthgy may last for years or even be
permanent. The relatively short-term symptoms aseociated with muscle and ligament
trauma, while the long-term ones are associateul natve damage.

2. Whiplash injuries are a world-wide problem.tte European Community, there are over
1 million total whiplash injuries a year and thestof these injuries in the EC is estimated to be
€5 to €10 billion per annum and rising (Kroonenbargl Wismans, 1999; EEVC Report No
167). In the United Kingdom (UK) the cost of lorggh injuries alone has been reported as
£3billion. (UK Cost Benefit Analysis: Enhanced @Geairic Requirements, EEVC Report,
September 200°http://www.eevc.or)) In the Republic of Korea, rear end collisioes@unt for

34 per cent of all car to car collisions and caB%eper cent of fatalities and 37 per cent of
injuries. Additionally, rear impact collisions 260,000 neck injuries in 2002 or 57 per cent
of all neck injuries in car to car collisions. Japan, rear impacts account for 31 per cent of
collisions resulting in bodily injury. Of theseashes, 91 per cent of the injuries or 309,939 are
minor neck injuries. In 2004, among rear impadtigions resulting in bodily injury, 81.7 per
cent of male and 88 per cent of female drivershef itnpacted vehicles sustained minor neck
injuries.

3. Based on National Analysis Sampling System (NA&®a, the United States of America
estimated that between 1988 and 1996, 805,581 adtiphjuries Loccurred annually in crashes
involving passenger cars and LTVs (light trucks|tipurpose passenger vehicles, and vans). Of
these whiplash injuries, 272,464 occurred as dtrestear impacts. For rear impact crashes, the
average cost of whiplash injuries in 2002 dollar$9,994 (which includes $6,843 in economic
costs and $3,151 in quality of life impacts, but pmperty damage), resulting in a total annual
cost of approximately $2.7 billion. Although th@rit outboard seat occupants sustain most of
these injuries, whiplash is an issue for rear paasengers as well. During the same time frame,
an estimated 5,440 whiplash injuries were repodrdually for occupants of rear outboard
seating positions (HR-1-8).

2. UNDERSTANDING WHIPLASH

4. Although whiplash injuries can occur in any kiofl crash, an occupant's chances of
sustaining this type of injury are greatest in +&ad collisions. When a vehicle is struck from
behind, typically several things occur in quick @egsion to an occupant of that vehicle. First,
from the occupant's frame of reference, the badk@ieat moves forward into his or her torso,
straightening the spine and forcing the head te visrtically. Second, as the seat pushes the
occupant’s body forward, the unrestrained headstdndag behind. This causes the neck to

1/ Non-contact Abbreviated Injury Scale (AIS) 1 neck
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change shape, first taking on an S-shape and thediry backward. Third, the forces on the

neck accelerate the head, which catches up witll -depending on the seat back stiffness and if
the occupant is using a shoulder belt, passesrestmined torso. This motion of the head and
neck, which is like the lash of a whip, gives theuiting neck injuries their popular name.

3. CURRENT KNOWLEDGE

5. There are many hypotheses as to the mechaniswismash injuries. Despite a lack of
consensus with respect to whiplash injury biometdsartthere is research indicating that reduced
backset will result in reduced risk of whiplashuiryj. For example, one study of Volvo vehicles
reported that, when vehicle occupants involvedeir rcrashes had their heads against the head
restraint (an equivalent to 0 mm backset) duringdot, no whiplash injury occurred/ 2By
contrast, another study showed significant increasmjury and duration of symptoms when
occupant's head was more than 100 mm away fronhehe restraint at the time of the rear
impact._3

6. In addition, the persistence of whiplash injarie the current fleet of vehicles indicates
that the existing height is not sufficient to prevexcessive movement of the head and neck
relative to the torso for some people. Specificathe head restraints do not effectively limit
rearward movement of the head of a person at leastall as the average occupant.
Biomechanically, head restraints that reach at lgpago the centre of gravity of the head would
better prevent whiplash injuries, because the hesttaint can more effectively limit the
movement of the head and neck.

7. In a recent report from the Insurance InstifateHighway Safety (IIHS), Farmer, Wells,
and Lund examined automobile insurance claims terge@ne the rates of neck injuries in rear
end crashes for vehicles with the improved geoméitrof head restraints (reduced backset and
increased head restraint height). #heir data indicate that these improved head restrare
reducing the risk of whiplash injury. Specificallhere was an 18 per cent reduction in injury
claims. Similarly, United States of America comgrugenerated models have shown that the
reduction of the backset and an increase in thghheif the head restraint reduces the level of
neck loading and relative head-to-torso motion thay be related to the incidence of whiplash
injuries. 8

8. With respect to impact speeds, research andyingde data indicate that whiplash may
occur as a result of head and neck movements iosuff to cause hyperextension. Staged low
speed impacts indicate that mild whiplash symptaras occur without a person’s head

2/ Jakobsson et al., "Analysis of Head and Neck Besgs in Rear End Impacts - A New
Human-Like Model". Volvo Car Corporation Safety Rep(1994).

3/ Olsson et al.,, An In-depth Study of Neck Injuries Rear-end Collisions. International
IRCOBI Conference, pp 269-280 (1990).

4/ Farmer, Charles, Wells, JoAnn, Lund, Adrian, &ts of Head Restraint and Seat Redesign
on Neck Injury Risk in Rear —End Crashes", Insueahmstitute For Highway Safety, October
2002.

5/ "Effect of Head Restraint Position on Neck Injury Rear Impact”, World Congress of
Whiplash-Associated Disorders (1999), Vancouveitj®r Columbia.
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exceeding the normal range of motion. This mehat dur previous focus on preventing neck
hyperextension is insufficient to adequately protdicrear impact victims from risks of whiplash
injuries. Instead, to effectively prevent whiplasite head restraint must control smaller amounts
of rapid head and neck movement relative to theotor

9. In sum, in light of recent evidence that whiplasay also be caused by smaller amounts
of head and neck movements relative to the tors tlaat reduced backset and increased height
of head restraints help to better control thesedhaad neck movements, we agreed to
recommend that head restraints should be of sefficheight and positioned closer to the
occupant’s head in order to be more effective @venting whiplash.

4. PROCEDURAL BACKGROUND

10. During the one-hundred-twenty-sixth sessiothef World Forum for Harmonization of
Vehicle Regulation (WP.29) of March 2002, the ExemuCommittee of the 1998 Agreement
(AC.3) adopted a Program of Work, which includes ttevelopment of a global technical
regulation (gtr) to address neck injuries in crash€he United States of America volunteered to
lead the group's efforts and develop a documeailohet the recommended requirements for the
gtr. The United States of America presented amrimél document (WP.29-134-12) in
November 2004 proposing the work and highlighting televant issues to be addressed in the
gtr. This proposal was adopted at the March 2@8Sien of WP.29 (TRANS/WP.29/AC.3/13).
The Working Party on Passive Safety (GRSP) develdpe head restraint gtr. During the
course of development, GRSP sought and receivethgoe from AC.3 on some issues (WP.29-
142-23 and WP.29-143-23rev.1). At its December72€€ssion, GRSP concluded its work and
agreed to recommend to the Executive Committeeesit@blishment of this gtr into the Global
Reqistry.

5. GLOBAL TECHNICAL REGULATION REQUIREMENTS

(a) Applicability

11. The application of a head restraint gtr uses rbvised vehicle classification and
definitions of Special Resolution No. 1.

12.  There has been extensive discussion of thacappity of this gtr. The application of
United States of America Federal Motor Vehicle 8afstandard (FMVSS) No. 202 is different
to UNECE Regulation No. 17. FMVSS No. 202 requinesd restraints in all front outboard
seating positions and regulates head restraintengly installed in the rear outboard seating
positions for vehicles up to 4,536 kg. UNECE Reatjoh No. 17 requires head restraints in all
front outboard seating positions of vehicles ofegaty M, 6/, in all front outboard seating
positions of vehicles of category ;M6/ with a maximum gross vehicle mass (GVM) not
exceeding 3,500 kg, and all front outboard seapiogjtions of vehicles of category: ¥/ and
allows for optional type approval of head restsinptionally installed in other seating positions,
or in other vehicles.

6/ As defined in Annex 7 to the Consolidated Reguratia the Construction of Vehicles (R.E.3)
(document TRANS/WP.29/78/Amend.2, as last amengednbend. 4).
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13. It was proposed that the gtr, as it pertairfsaiot outboard seats, should apply to vehicles
up to 4,536 kg. The United States of America pmees justification (HR-4-4), developed in
1989, when the applicability of their regulation svacreased to 4,536 kg. By extending the
applicability from passenger cars to include trydksses, and multipurpose passenger vehicles,
there was an estimated reduction of 510 to 87@iegLat an average cost of $29.45 per vehicle
(1989 dollars). The United States of America pnése further analysis (HR-10-3) that showed
an additional 348 injuries reduced when the requinets of the gtr are applied to Category 2
vehicles (light trucks) between the range of 3,500500 kg GVM. Japan presented 2004 data
(HR-4-10) showing the breakdown, by vehicle weiglftcrashes resulting in whiplash injuries.
They show 7,173 (2.3 per cent) rear impacts inngiwehicles with a GVM over 3,500 kg that
resulted in bodily injury.

14. There is consensus to recommend a wide applicat the gtr. Specifically, that head
restraints in all front outboard seating positifmsCategory 1-1 /7vehicles, for Category 1-2 7

vehicles with a gross vehicle mass of up to 4,5§0akd for Category 2 vehicles with a gross

vehicle mass up to 4,500 kg.

15. Given the variability in target population iifferent jurisdictions, such as the differing
data from the United States of America and Jagaras recommended that the gtr should be
drafted to have a wide application to vehicles,ntaximize the ability of jurisdictions to
effectively address regional differences in whiplasash characteristics. The gtr would establish
that if a jurisdiction determines that its domeségulatory scheme is such that full applicability
is inappropriate, it may limit domestic regulatitmncertain vehicle categories or mass limits. The
jurisdiction could also decide to phase-in the nexuents for certain vehicles. A footnote was
added to the gtr text to make it clear that judidins can decide to limit the applicability of the
regulation. This approach recognizes that nicheclehthat are unique to a jurisdiction would
best be addressed by that jurisdiction, without@ihg the ability or need for other jurisdictions
to regulate the vehicles. When a Contracting Partposes to adopt the gtr into its domestic
regulations, it is expected that the ContractingtyPavill provide reasonable justification
concerning the limitation of the application of #tandard.

(b) Purpose

16. The informal group was unable to define a psepihat correlated with injury since the
mechanisms are not well understood. Therefore, ngereeral text was developed from the
definition of head restraints. The recommended fex the purpose is: "This gtr specifies
requirements for head restraints to reduce theuéecy and severity of injuries caused by
rearward displacement of the head."

7/ As defined in the Special Resolution No. 1 concegnihe PTO Common Definitions of
Vehicle Categories, Masses and Dimensions (docuiifRANS/WP.29/1045).
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(c) General Requirements

17. Due to the high occupancy rates of front outtha@ats, it is recommended that they are
equipped with head restraints that meet the reopgires of the gtr. These requirements include
dimensional and static evaluations, and may inctiydemic evaluations.

18. For all other seating position&itSis recommended that the installation of headraggs

is optional, but if installed these head restragfiall meet most of the requirements of the dtr. 9
Fewer rear seat occupants are exposed to risksamimpacts because rear seats are much less
likely to be occupied than front seats. An analydi the distribution of occupants by seating
position for all vehicle types in 2001 to 2003 lwitStates of America National Automotive
Sampling System (NASS) shows that 10 per centlad@upants sit in the second (or higher)
row of outboard seats. It is noted that childrad amall adults derive less benefit from higher
head restraints because their head centre of graitgn does not reach the height of 750 mm
above the H-point. Therefore, if these data aréhéun refined to include only occupants who are
13 years or older, the relevant percentage is edtltie approximately 5.1.10his conclusion
about rear seat occupancy is further supportedritetd States of America data (HR-1-3), which
indicate that out of a total of 272,464 annuallycwting whiplash injuries, approximately
21,429 (7.8 per cent) occur to the rear seat octapan summary, only a small percentage of
occupants who are tall enough to benefit from hidiead restraints sit in rear outboard seating
positions. These percentages are even small&ofurcentre and rear centre seating positions.

(d) Dynamic Test

19. Ideally, the degree of whiplash injury shoutddvaluated based on dynamic testing that
represents "real world" crashes; that is, baseal wrhicle acceleration that occurs in real crashes
and a dummy with high biofidelity that reflects th@ury mechanism, and injury indices.
However, at present, there is still not a suffici@mount of medical data to accurately define the
injury mechanism,; therefore appropriate injury oesi have not been developed. In the interim,
AC.3 recommends a dynamic testing option, as aerrative to the static performance
requirements in this gtr. A dynamic test optiorsvg@oposed primarily for two reasons. First, a
dynamic test better represents "real-world" injoausing events and thus is expected to produce
greater assurance than the static measuremenn apbteifective real world performance.

8/ The informal group did not reach agreement oefiniion of seating position, and therefore
this is left to each Contracting Party or regiom@bnomic integration organization.

9/ Head restraints at seating positions other thlantfoutboard are not required to meet the
backset requirements as explained later in thisitent.

10/ We further note that approximately 2 per centealr seat occupants sit in the centre seating
positions.
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Second, as explained below, it is believed thayraadhic test will help to encourage continued
development and use of "dynamic" head restraintesys 11 because the test is designed to
allow a manufacturer the flexibility necessary ffeoinnovative dynamic head restraint designs.

20. Dynamic head restraint systems deploy in thenewf a collision to minimize the
potential for whiplash. During the normal vehiclperation, the dynamic head restraint system
is "retracted.” Because a dynamic head restrgstes requires a certain range of motion to
work effectively, an "undeployed" dynamic head na&st system might not meet the static
performance requirements, in particular the backssisurement requirements.

21.  Although the dynamic compliance option is imked to ensure that the gtr encourages
continuing development of dynamic head restraistesys, the option is left to the manufacturer
and is available to both dynamic and conventiooalstatic,” head restraint systems. That is,
both types of head restraints can be evaluatedherestatic requirements or the dynamic test
option.

22. The United States of America currently hasdhby regulation with a dynamic testing
option. Under the United States of America dynaopton, the entire vehicle is exposed to a
half-sine deceleration pulse with a target of 88egk and 88 ms duration. The 50th percentile
male Hybrid IIl dummy in each seat must have a maxn head-to-torso rotation of less than
12 degrees and a HIC15 (Head Injury Criteria) s§lthan 500.

23. In this gtr under direction from AC.3, when thgamic test procedure with Hybrid 11l is
allowed the maximum relative head-to-torso rotatiatue is limited to 12 degrees with the 50th
percentile male dummy in all seats, with the hezsiraint adjusted vertically midway between
the lowest and the highest position of adjustmeértie head restraint is to be positioned at the
middle position of vertical adjustment becausedlame concerns with the effects of this gtr on
dynamic head restraint systems. As previousledtghere is a need to ensure that the dynamic
test option encourages continuing development nadyc head restraint systems. As discussed
below, research indicates that current head restsgstems can meet the head-to-torso rotation
limit in this gtr when the head restraint is adpgsmidway between the lowest and the highest
position of adjustment.

24. Using published data of low speed rear impadtitg of original equipment
manufacturer (OEM) seats with Hybrid [l 50th pertle male dummies (Viano, D.,
Davidsson, J., "Neck Displacement of VolunteergRBD P3 and Hybrid Il in Rear Impacts:
Implications to Whiplash Assessment by a Neck Rispiment Criterion (ND)," Traffic Injury

11/ For the purposes of this gtr, "dynamic head restsistem" means a system that is intended
to reduce the occupant’s injury by moving the hessdraint forward during a crash or when the
crash is about to occur ("pre-active” systems)e fibad restraint movement may be obtained by
"active" systems whereby the head restraint isvaiegd automatically (e.g. a pyrotechnic head
restraint system that utilizes a gas dischargeefay head restraints) or "reactive”, (using the
force generated when the occupant loads the sehe dime of rear-end collision) or by some
other driving force. The definition can be deterednby each Contracting Party or regional
economic integration organization.
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Prevention, 3:1005-116, 2002), and information dnplash injuries sustained by occupants of
these seats, a logistic regression was used tologee probability of whiplash injury as a
function of dummy head-to-torso rotation. The fime is shown in Figure 1.

0.8
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0.5
0.4 / _~

»

Risk of Whiplash Injury

0 10 20 30 40 50
head to torso rotation(deg)
= Prob. Of Injury —— +1 std. Dev. —=—-1 std. Dev.

Figure 1
Risk of Whiplash Injury versus head-to-torso ratati
on the Hybrid 11l 50th percentile male dummy

25. A 12-degree head-to-torso rotation corresponds?.3 per cent probability of whiplash.
This criterion was selected to ensure adequategioh for occupants who range in stature from
shorter females up to and including taller males,dil seats. In evaluating the head-to-torso
rotation limit, it was noted that in the past thdrias not been a consensus among the
biomechanics community on how best to measure ¢benpal for whiplash injury. Presently,
the relative head-to-torso rotation is the bestedon available, and will assure early head
restraint interaction. The goal in selecting perfance criterion limits for the dynamic
compliance option was to provide a level of safsimilar to that provided by the static
requirements. However, given the differences @ lthsic nature of the test requirements, it is
not believed to be possible to provide one-to-ameespondence between the two sets of tests.
Thus, a particular vehicle may be able to pass@stebut not the other.

26. The United States of America performed sledirtgsas specified in the dynamic
compliance option on a specially designed seakpioee how various seat characteristics affect
relative head rotation and other dummy injury measul2 An OEM seat with an adjustable
head restraint was modified by removing the origrealiner mechanism and replacing it with a
pin joint free to rotate. The seat back was atsoforced with steel channels that provided the
attachment points for a spring and damper systeeach side of the seat. Seat back strength in
the rearward direction was modified by changinggpengs and or their location of attachment
relative to the hinge joint. In addition to seathk strength, sensitivity analyses to head regtrain

12/ For full details of these tests, please see Diddke NHTSA-2000-8570-57, 58, 59.
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attachment strength and seat back upholstery cangdi were also performed. Tests were
performed with belted 5th percentile female, 50drcpntile male and 95th percentile male
Hybrid 1ll dummies.

27. The head restraint height was either 750 m80& mm and the backset was always
50 mm as measured by the HRMD. However, the ngjofi tests (20 tests) were performed
with the 50th percentile male dummy with a 750 mighhhead restraint. For all seat back
parameters tested with this configuration of dumamg head restraint height, the range of
relative head-to-torso rotation was 6 to 16 degreekC15 was measured for half of these tests
and ranged from 40 to 75. Nearly half of the smatfigurations (9 of 20) met the 12-degree
limit placed on the dynamic compliance option fohe@ad restraint in the lowest adjustment
position (750 mm). In general, the smallest re@tiotations were seen for the baseline seat
back strength_¥3and non-rotating seat backs irrespective of thieeroseat/head restraint
parameters. From these tests, it was concludedntadead rotation and HIC limits selected can
be met with typical seat back/head restraint desighen appropriate consideration is given to
design in terms of height, backset and strengtieafl restraint attachment.

28. In a separate set of tests, the United Stdtédsnerica subjected a MY 2000 Saab 9-3
seat to the sled pulse of the dynamic test optidn95th percentile male Hybrid 11l dummy
occupied the seat. The Saab 9-3 has a dynamicréstaint system, and the head restraint was
set to its highest position of adjustment. The imaxn head-to-torso rotation was 9 degrees.
Viano and Davidsson (Viano, D., Davidsson, J., '"NBesplacement of Volunteers, BioRID P3
and Hybrid Il in Rear Impacts: Implications to Wlash Assessment by a Neck Displacement
Criterion (ND)," Traffic Injury Prevention, 3:1006t6, 2002) also sled tested a 9— 3 head
restraint at a slightly lower, 16 kmAV, with the seat occupied by a 50th percentile niblbrid

[l dummy. With the head restraint in the up piasif the relative head rotation was measured at
6.5 degrees. With the head restraint midway beatwbe lowest and the highest position of
adjustment, the relative head rotation was 10 @esges 23.5 km/RAV. It is assumed that this
configuration would yield an even smaller headtiotaat the 17.2 km/AV.

29. In summary, research indicates that the heaorso rotation limit of 12 degrees will not
discourage the development of dynamic head ressggtems. Current systems, such as the one
in 2000 Saab 9-3 and the Toyota Whiplash Injuryskasg (WIL) seat (measured 6 degrees of
rotation), can meet the head-to-torso rotationtlimithis gtr. The United States of America
testing has also shown that current static heddarets/seats need more extensive modification
to meet the head-to-torso rotation limits. Thesanges might include increasing the strength of
attachment to the seat for adjustable head retgraimd optimization of the seat back upholstery
for compliance.

30. The gtr requires a HIC15 limit of 500 for thgndmic test option. The gtr does not
require the HIC15 limit as a means of limiting wiagh, but instead as a surrogate for the energy
absorption test required for the static compliaopéon. Because HIC15 is easily measured
during dynamic testing, it appears to be a more@pate measuring tool. The HIC15 level of

13/ The baseline seat back strength was obtained thratafic testing of OEM seats and
modeling to determine the corresponding amountaf back rotation. The static testing can be
found in Docket NHTSA-1998-4064—2
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500 is associated with an 18.8 per cent probal{/per cent confidence: 1.8 to 32.5 per cent)
of moderate (AIS 2+) head injury. A4Nhile the 80g limit and the HIC15 limit of 500 anet
necessarily equivalent, the two requirements doeskize same intent of mitigating potential
injury related to the head striking a rigid or iffszlently padded head restraint. Data were
analyzed from FMVSS No. 201 impactor tests on thekbof head restraints and also vehicle
seat sled test data. An 80g half sine acceleratas superimposed on the time duration of the
impacts from these tests. This resulted in rarig#é©15 values from approximately 425 to 800.
Accordingly, it is believed a limit of 500 is apjpmate. The greatest HIC15 value obtained in
testing sled testing using a 50th percentile malardy was 57. Thus, the HIC15 limit of 500 is
practicable. The 500 HIC15 limit will give a stigprindication of deleterious effects on the
occupant’s head and/or neck from deploying hedtaiess.

31. In the discussion of the dynamic test, someyssigd that a trigger point for a sensor
driven deployable head restraint should be includéddwas stated that such a specification
would be similar to one included in other Unitedt8s of America sled test options, and argued
that such a provision should be included in thedheatraint standard to ensure objective testing.
One participant cited their dynamic head restr#tiatt uses a pyrotechnic design. Once the
threshold acceleration is sensed, the pyrotechaement fires and the head restraint moves about
40 mm to 60 mm forward, depending on the heightstdjent, and rotates 9 degrees towards the
occupants head. It was argued that the half-daeacteristic of the deceleration pulse is not
representative of the pulse that its vehicle waaldse in a rear impact and that sensors designed
to the half-sine pulse may trigger head restraumsecessarily. There was a discussion
regarding pre-active head restraint systems indgathat a dedicated test protocol may be
required to evaluate them (HR-8-10).

32.  The specified sled pulse is representativenaf @xperienced in a crash when the head
restraint is needed to provide protection. The reympateness of theAV and average
acceleration of the pulse is supported by a 2002d&k study by Krafft and others (Krafft, M.,
Kullgren, A., Ydenius, A., and Tingvall, C. (200R)fluence of Crash Pulse Characteristics on
Whiplash Associated Disorders in Rear Impacts -siCRecording in Real-Life Impacts, Traffic
Injury Prevention, Vol. 3 (2), pp 141-149). Thisidy examined rear impact crashes with crash
recorders where the crash pulse was known (66 staghes). It examined the relationship
between whiplash injury risk and parameters such A®s peak acceleration, average
acceleration, and average windowed acceleratiod8ans, 36 ms, and 80 ms. It found that the
mean acceleration best correlated with whiplashrynjisk. For most occupants who had
whiplash symptoms for longer than a month, the naezaeleration of the crash pulse was greater
than 4.5g and aboveAV of 15 km/h. For this group, the mean accelemati@s 5.3g and the
averageAV was 20 km/h. The crash pulse has a 5.6g meaieaation and 17.3 km/RV. The
EEVC have published a review of the latest infororativailable concerning rear impact pulses
and their relationship to whiplash and associatedrders (Recommendations for a Low Speed

14/ Eppinger, R., et al. (1999) Development of Improwejdry Criteria for the Assessment of
Advanced Automotive Restraint Systems—Il. Avaiéaht
http://www-nrd.nhtsa.dot.gov/pdf/nrd-11/airbags/rev_critedé.p
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Rear Impact Sled Test Pulse, EEVC, September 204¥//www.eevc.org). 15 The report was

not able to recommend a single specific pulse slaeelating to injury, instead proposing
either a bimodal or triangular, with/& of 20 km/h and mean acceleration of 5-6g to asklre
longer-term (symptoms greater than one month curptil@ Therefore, it is believed that the
sensors should be designed to activate the he&dintésn such a situation. There is concern
that if a trigger point is specified, i.e., speedfithat the head restraint be activated at a specif
point in time as part of the test procedure, tlewald be no test of the sensors and no assurance
that the head restraint would activate during e tof crash simulated by the sled pulse. At
this time, GRSP does not recommend including @érigoint.

33. Research indicates that currently availableadyn head restraints can meet the
requirements of this option for the gtr. Given thia¢ informal group strongly encourages the
development of a future fully developed alternatiy@amic test procedure, including dummy
recommendations and criteria for evaluating whiplaguries, that would further encourage
innovative dynamic head restraint designs, furthecussion concerning revision of the current
dynamic option was suspended. Notwithstanding dhaalternative dynamic test, incorporating
BioRID IlI, may be introduced into this gtr, it ixgected that research to develop a single
dynamic test would supersede efforts to revise Higbrid 11l dynamic option. However, if
future information led to different conclusions thhose used to develop the existing procedure
and criteria (such as the trigger point or heatbtse angle rotation), amendments could be
made to this option.

34.  While GRSP is recommending this dynamic tesibapit acknowledges differing views
associated with the use of the Hybrid 1ll dummyn tBe one hand, there is a paper by Ford
(SAE 973342), which argues that the 50th percemtiede Hybrid Il neck is sufficiently
biofidelic in the rearward direction. Converseyn EEVC report "The Use of the Hybrid IlI
dummy in Low Speed Rear Impact Testing," (Septen20€7) 17 argues the 50th percentile
male Hybrid Il neck lacks sufficient biofidelityptbe a useful tool for rear impact testing and
therefore cautioned against its use. The EEVC afsoed that the interaction of the rigid

15 This report was made available to the informal grapproximately one month before the

session of GRSP where this gtr was finalized. Té&port is a compilation of data and provides
conclusions in support of presentations that weaglerto the informal group in January 2006.
While the EEVC presented some of the data to thiernmal group and to GRSP, some

Contracting Parties did not have sufficient timefutty evaluate the complete data set and the
conclusions of the report, and therefore have ootpted them at this time. It is anticipated that
it will be part of the discussion within Phase 2.

16/ Recommendations for a Low Speed Rear Impact kst Pulse, European Enhanced
Vehicle-safety Committee (EEVC) Report, Septem!@€72http://www.eevc.org

17/ This report was made available to the informal grapproximately one month before the

session of GRSP where this gtr was finalized. Té&port is a compilation of data and provides
conclusions in support of presentations that weaglerto the informal group in January 2006.
While the EEVC presented some of the data to thierrmal group and to GRSP, some

Contracting Parties did not have sufficient timefutly evaluate the complete data set and the
conclusions of the report, and therefore have ootpted them at this time. It is anticipated that
it will be part of the discussion within Phase 2.
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thoracic spine of the Hybrid Il with the seat basknot humanlike which might affect the real
world performance of dynamic head restraints.

35.  The group was informed of studies conductedheyEEVC concerning the Hybrid I,
BioRID Il and RID 3D test devices. At this poifiet EEVC research ("Dummy Measurements
and Criteria for a Low-speed Rear Impact Whiplaghminy" WG12 Report September 2007)
17/ argues that the BioRID Il has the highest levelbmfidelity of these three candidate
dummies.

36. As some Contracting Parties believed that aahya test should not be delayed, even if it
is only an interim step, the gtr contains recomnagiods, at the direction of AC.3, to permit the
use of the Hybrid Ill dummy in the assessment afadiyic head restraints. Nevertheless, GRSP
acknowledges the agreement of AC.3 that the ogtoa dynamic test using the BioRID II test
dummy also be recognised in this gtr. The inforgralup also recognise that some Contracting
Parties may wish to adopt alternative measuresgutiie BioRID Il dummy as soon as
procedures suitable to the needs of their jurigticire developed.

37. GRSP therefore understands that, in the firtance, any Contracting Party, including
those to the "1958 Agreementhay introduce into their national or regional laalternative
procedures for use in the dynamic assessment @ hesdraints. At the discretion of these
Contracting Parties, the procedures may be intrediueven before agreement aternative
procedures for this gtr.

38. In anticipation of this development, a seci®mreserved in the regulatory text to be used
for the incorporation of amendments to provide eagj@nt dynamic assessment criteria for the
BioRID Il dummy (test procedures, performance cidt@nd associated corridors).

39. For those Contracting Parties which would lilce encourage the development of

"dynamic" head restraints, but are not comfortatikh either of these dynamic options at this

time, GRSP is recommending that they be alloweekempt "dynamic" head restraints in their

national legislation. The exemption would inclutie backset requirement in paragraph 5.1.5.,
but Contracting Parties or regional economic iraéign organizations could chose to impose
any or all of the requirements of paragraph 5.2.

40. The informal group realizes that a full systemhiplash evaluation test, which
incorporates the combined performance of the seadthead restraint and uses the BioRID Il
dummy, is not currently available. GRSP recommeanald AC.3 agreed to initiate work for
Phase 2 to the gtr which will comprise of the depetent of full system dynamic test
procedures, injury criteria, and associated corsidor the BioRID 1l dummy.

(e) Seat Set Up and Measuring Procedure for SRaipiirements

41. There were two proposals under discussionseroimy the set-up of the seat for the
measurement of height and backset. One propogal ise the manufacturer's recommended
seating position as detailed in UNECE Regulation No The other is to use the procedure that
is outlined in the recently adopted United Statedmerica FMVSS No. 202, which positions
the seat in the highest position of adjustment satd the seat back angle at a fixed 25 degrees.
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GRSP recommends that the seat be measured at th&fatiarer's design position to allow
additional flexibility to account for vehicles witrery upright seat back design angles

42. It was argued that there are several vehiakeeqs (e.g., light trucks, minivans, SUV’s
and full size vans) in which a seat back angle ®fd2grees is not realistic nor feasible, thus
leading to a much larger backset using United StateAmerica’s procedure as compared to the
real world situation. It was stated that SAE J4a.10ly 2002 recommends a 22 degree nominal
torso design angle.

43.  Also, it was stated that 5th percentile fensilgure occupants do not sit at 25 degree
torso angles, but prefer about 18 degrees and smmdtle as 14. It argued that this more

upright back angle greatly reduces the backsdtd@oint it interferes with the head of some of

these occupants, not just the hair.

44.  After considering the arguments, the informalug believes the flexibility of using the
design seat back angle is appropriate. Additidlexibility is needed to account for vehicles
with very upright design angles. As a practicattera this approach provides some additional
backset flexibility for most seats, since the tgpiclesign seat back angle is 23.5 degrees.
Specifying that such a seat be tested at the desigh back angle instead of 25 degrees is
roughly equivalent to increasing the backset linyit4.5 to 6 mm. Therefore, this helps address
possible concerns related to comfort.

45. It was also noted that while the Head Restrbeisurement Device (HRMD) was
designed to be used at 25 degrees, the devicenhagieulation to allow for adjustment of the
head for varying torso angles. The device caretbez be used at different seat back angles. It
is relatively rare that a seat can be adjuste@te la seatback angle of exactly 25 degrees. Thus,
even prior to the change to specify seat back arthke standard specified testing in the
adjustment position closest to 25 degrees. Faethieasons, there should be no problem in
testing vehicles at the design seatback angle.

46. In addition to the set-up of the seat, the webtbf measuring height and backset was
discussed. Some recommend taking all measuremesig the R-point as the required
reference point. Another proposal is to use tH#6J8anikin as the primary measurement tool.
The use of the R-point allows measurements to b&adkto known design points on the vehicle
thus improving repeatability. The use of the J8@énikin allows the seat H-point to be
measured as it exists in the vehicle. It was atdgbat options in seat materials and manikin set
up can produce recordable differences from oneteeaother. UNECE experience shows that
the use of the R-point allows measurements to bidyezerified on a drawing and is also very
repeatable and reproducible when verified in a ¢ere use of H-point can address differences
in measurements caused by seat materials. GRSEedgo recommend that all static
measurements, except for backset, will use theiR-ps the required reference point. Because
of the sensitivity of the backset measurement tat se seat differences, GRSP agreed to
recommend that this measurement be taken with tp®ikt as the required reference point;
Contracting Parties may choose to allow backsétetoneasured with R-point as an alternative
and take into account the seat to seat differebgesquiring a smaller backset limit (see section
5.8. for further discussion of the backset meagunmethod and determination of limits). The
United States of America is currently the only ciounhat specifies use of the H-point for static
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measurements other than backset. The United Siatémerica agreed to specify R-point for

these other measurements, based on a belief tatultl not change the safety benefits of their
existing regulation. If it were shown that use Rfpoint instead of H-point changes a
measurement to such a degree that safety benedits hst, they may not be able to adopt R-
point for that measurement in their national legish.

() Height of the Head Restraint

47.  The recommendations for the height requiremamngs intended to prevent whiplash

injuries by requiring that head restraints be heglough to limit the movement of the head and
neck, even if such movements do not result in lgxtension of the neck. The persistence of
whiplash injuries in current vehicles that are tatgd to a 700 mm height indicates these
designs are not preventing whiplash injuries frarowring. Research has led to the conclusion
that prevention of hyperextension alone does gt wtiplash from occurring. Since a 700 mm

high head restraint is capable of preventing hygeresion in many occupants, it seems likely
that the persistence of whiplash may be the redutie inability of current head restraints to be
positioned to sufficiently limit relative head andck motion in the normal range of motion.

48. Research has shown that head restraints shewdtlleast as high as the centre of gravity
(C.G.) of the occupant's head to adequately comtation of the head and neck relative to the
torso. This does not mean that there would be niitiadal benefits for a head restraint with a

height greater than the height of the head C.Gwed¥er, this is likely to be controlled by other

factors such as backset, head restraint shapehandnderlying structure of the head restraint
under the upholstery.

49.  The recent IIHS study also suggests that hestdaints that are higher in relation to the
head C.G. and closer to the back of the head progidater protection against whiplash. The
informal group notes that head restraints rateddfdy IIHS (integral restraints with a height
less than 60 mm below the top to the head andwitBimm of the rear of the head) reduced the
likelihood of whiplash by 36 per cent in femalesid©® per cent in males. An 800 mm high
head restraint is likely to be high enough to kdedas "good" at all backsets within the "good"
range. GRSP believes that the proposed requirefeenbackset, in conjunction with the
proposed height requirements, would provide a Baamt contribution to improvements in
safety.

(i) Front Outboard

50. Both UNECE Regulation No. 17 and the FMVSS 862 Final Rule require front
outboard head restraints with a minimum height 60 8nm above the R-point/H-point,
respectively. A proposal was made to recommend iginmam height of 850 mm, to
accommodate the taller citizens of some counttiEsng recent anthropometric research (see
HR-3-6 and HR-4-16) it was demonstrated that whensitlering erect sitting height a "95
percentile Netherlands male needs a head resthaiight of 849 mm to give protection
equivalent to that of the average occupant. Thedukmitted data (HR-4-14 and HR-6-11)
showing their population is tall enough to neetktahead restraints. The UK also provided an
EEVC Cost Benefit Analysis (UK Cost Benefit AnakysEnhanced Geometric Requirements for
Vehicle Head Restraints, European Enhanced Vebafiety Committee (EEVC), September
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2007, http://www.eevc.org) 18demonstrating benefits for increasing head regtrheight
above 800 mm.

51. There are concerns with raising the heighthef ltead restraint above 800 mm at this
time. It was noted that with an 800 mm head redir# is starting to become a challenge for
manufacturers to be able to install seats in tliiicles and a larger head restraint can also réstric
occupant visibility (blocking vision rearward aralthe side) (see HR-3-5). Additional data was
presented (see HR-3-4) that showed that in smadl, &0 mm head restraints could severely
restrict rearward vision in the rearview mirror.

52.  Additionally, there are concerns that the metimowhich the height is measured may not
reflect the effective height that would be neededatldress the safety concerns of taller
occupants. There have been some proposals phttonnprove the measurement method, but
they were not yet fully developed for inclusion time gtr. (See section 5.6.4. for further
discussion of this measurement method.)

53. At this time, AC.3 has directed that the heigdguirement be limited to 800 mm, but
recommends that the discussion on increasing thghtheéequirement and/or revising the
measurement method be continued in Phase 2 tgtthis

(i) Front Centre and Rear Head Restraints

a. Defining a Front Centre and Rear Head reastrai

54. This gtr provides an objective definition andtest procedure for determining the
presence of a head restraint. A vehicle seatheliconsidered to have a head restraint if the
seatback or any independently adjustable seat coempaattached to or adjacent to the front
centre or rear seat back, that has a height equail greater than 700 mm, in any position of
backset and height adjustment.

55. This definition is recommended for the follogyimeasons. Based on the survey of
vehicles used to determine the cost effectivendsthie gtr, it was found that a 700 mm
threshold captured all of the seats that had ajlestcushion components at the top of the seat
back; i.e., what the general public would probatsysider being a head restraint/ Further,

this definition of the head restraint will allowethmanufacturers to provide a relatively tall seat

18/ This report was made available to the informalugr approximately one month before the
session of GRSP where this gtr was finalized. Téyort is a compilation of data and provides
conclusions in support of presentations that weaglanto the informal group in January 2006.
While the EEVC presented some of the data to thierrmal group and to GRSP, some

Contracting Parties did not have sufficient timefutty evaluate the complete data set and the
conclusions of the report, and therefore have oc¢jpted them at this time. It is anticipated that
it will be part of the discussion within Phase 2.

19 The survey included twelve 1999 model year vehi¢epassenger cars, 1 minivan, and
2 SUVs). Five of the twelve vehicles featured re@aiting systems that fell under our definition
of the rear head restraint.
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back (up to 700 mm) without having to comply withar head restraint requirements. It is

anticipated that such taller seat backs might cftene safety benefits to a certain portion of rear
seat occupants. Because rearward visibility resnaiconcern, it is noted that the manufacturer
will be able to determine whether providing a skatk structure above 700 mm would be

consistent with the amount of rearward visibilityy wish to provide.

b. Height of Front Centre and Rear Head Restraints

56. As stated earlier, the target population udnogt centre and rear head restraints is
considerably less then that for front seats anatoeipants of these seats tend to be shortes. It i
therefore recommended that optionally installechtfroentre and rear outboard head restraints
have a minimum height of 750 mm. Due to visibilitgncerns, there is no height requirement
for rear centre head restraints.

(i) Clearance Exemption

57.  There were several proposals considered regpthle need for some clearance between
the head restraint, when it is at its highest pmsitand the interior roofline (headliner) or rear
window. In some vehicles, the required head regttzeight may lead to interaction with the
vehicle interior. In addition, in 2 door vehiclefiere seats need to be rotated in order to allow
ingress or egress of the vehicle, the required hesttaint height may lead to the need for head
restraint or seat manipulation (e.g. lowering tle@d restraint manually) in order to be able to
rotate the seat back, thereby impeding emergenity &ithout the clearance, the seat could
contact the vehicle structure and slow down thesgprocess. Some delegates do not believe
that emergency egress is an issue and no datgowesented to justify this position.

58. One of the proposals considered allows 25 mmled#rance between the head restraint
and the interior roofline (headliner) or rear wimdavhen the head restraint is in the highest
position, the seat is in the lowest position, dmelseat back is at design angle. This is based on
the safety concern for maintaining the 800 mm hegjhthe head restraint. Another proposal
was put forth to allow the clearance exemption pgliad when the seat is in any position of
adjustment (HR-4-15). It was stated that this exon was needed to allow the rear seat
passengers to exit the vehicle in emergency. Witlloe clearance, the seat could contact the
vehicle structure and slow down the egress process.

59.  There is concern that the clearance exempbaoitdde applied when the seat is in the
highest position, thereby allowing head restra@stshort as 700 mm. It was stated that reducing
the height of a head restraint to less than apprately 780 mm will have an impact on the
benefits.

60.  After considering the reduction in safety bé&sefind a review of the fleet, it was
determined that the clearance exemption is notewéa front or rear seats for folding positions
and therefore it is recommended that an exemptio50mm only be applied in cases of
interference with the interior roofline (headlinem backlight. An exemption of 50 mm for
convertible roofs is also recommended to accounttlfi@ articulation of the folding top

mechanism.
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(iv) Adjustable Front Head Restraints — Front @ohSurface Area

61. It was initially proposed to include in the tite UNECE Regulation No. 17 requirement
that the height of the head restraint face be anmim of 100 mm to ensure sufficient surface for
the occupant’s head to contact. The UNECE Reguidtio. 17 requirement is measured in the
same manner as the overall height of the headamestrThere have been concerns expressed that
the measurement taken in this manner does not sgltite effective height of the restraint. In
the case of extremely contoured head restraingsh#ight of the surface that the head would
contact is less than the measured height. Tlisnsonstrated in Figure 2.

maximum backset
_H,..._,“
| ineffective part of head restraint
’_ B—— S—

}*&

**

Figure 2 — Ineffective Part of the Head Restraint

62. To address these concerns, a proposal was thatlall seats have a minimum front

contact surface area on a head restraint (HR-10FR)s proposal incorporates the dimensional
requirements of width, minimum 100 mm height of thead restraint, and backset. This
proposal is intended to provide a minimum levelpodtection for the occupant that is being

subjected to the dynamic process resulting fromaa end collision. This front contact surface

area is measured in an area bounded by two vepiaaks set at 85 mm on either side of the
centreline, the rear surface which complies wite backset requirement, and the horizontal
plane used to measure the height of the head irdstréhis proposal was countered by some as
not necessary because the shape of the head messrajoverned by the displacement test,
energy absorption test, and other requirements.

63. Absent a final decision on how the measurementld be made, analysis to determine
whether or not such a requirement would add benefih not begin. At this time, until a fully
developed proposal can be evaluated, GRSP agreexdammend that the gtr not include a
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minimum height requirement for front surface cobt@®a but recommends that the discussion
on this issue be continued in Phase 2 to this §ame Contracting Parties may wish to continue
regulating a 100 mm minimum height requirement urkeir current regulation scheme.

(g) Head Restraint Width

(i) Front and Rear Seats

64. It is recommended that all seats have a minin@gad restraint width to ensure a
minimum level of protection for the occupant in eathey do not contact directly on the
centreline. 170 mm is an existing standard angraviding appropriate protection for the
occupant. Therefore it is recommended that fos ttr, the minimum width of the head
restraints in all seating positions be 170 mm.

(i) Bench Seats

65. There was a proposal to recommend that headirgs have a minimum width of 254
mm when installed in the front outboard positionsbench seats. The need for this requirement
has been argued because a bench seat can causectipant to sit off-centre from the head
restraint (especially if unbelted) therefore a widead restraint is needed.

66. There was concern for regulating the wider hessdraints because the gtr would be
regulating misuse. Others stated this requirernreenb longer necessary, because the vehicle
bench seat of today is considerably different ftbmvehicle bench seat of 40 years ago. There
is also a concern that wider head restraints cioyéct visibility.

67. No justification was provided for this additedmequirement for bench seats. This is not
a requirement under the UNECE Regulations and & wat shown that bench seats head
restraints with a width of 170 mm pose any adddlornsks to occupants when compared to
bench seats head restraints with a width of 254 mirherefore this requirement is not

recommended for the gtr.

(h) Backset

68.  The consensus within the biomechanics commumitigat the backset dimension has an
important influence on forces applied to the nec# the length of time a person is disabled by
an injury. As early as 1967, Mertz and Patricktfshowed that reducing the initial separation
between the head restraint and head minimizesrgaai the head during a rear impact/. 20

More recently, the Olsson study, which examinedkrieguries in rear end collisions and the

correlation between the severity of injuries antiole parameters, showed that the duration of
neck symptoms was correlated to the head resthbaiokset. Specifically, reduced backset,

20/ Mertz, H.J.; Patrick, L.M.: "Investigation of thi§inematics and Kinetics of Whiplash,
"Proceedings of the 11th Stapp Car Crash Conferéraheim, California, 1967; pp. 267-317.
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coupled with greater head restraint height, resnltswer injury severity and shorter duration of
symptoms. 211

69. A different study examined sled tests to deieenthe influence of seat back and head
restraint properties on head-neck motion in regraicts. The study concluded that the head
restraint backset had the largest influence orh#ea-neck motion among all the seat properties
examined. With a smaller backset, the rearward meation was stopped earlier by the head
restraint, resulting in a smaller head to torsopldisement. The findings indicated that a
reduction in backset from 100 mm to 40 mm wouldiitei® a significant reduction in whiplash
injury risk. 22

70. A study conducted by Eichberger examined realdwear crashes and sled tests with
human volunteers to determine whiplash injury askl vehicle design parameters that influence
this risk. The study found a positive correlati@iween head restraint backset and head to torso
rotation of the volunteers and to the reported Vasip injury complaints. The most important
design parameters were a low horizontal distanbed®n the head and head restraint as well as
the head restraint height./23

71. A study conducted by Dr. Allan Tencer, PhD,dusgid occupant body models enhanced
with finite element models of the cervical spine $amulating rear impacts in order to examine
the effect of backset on neck kinematics and formed moments in the neck. The study
concluded larger backset correlates to greaterlatisment between cervical vertebrae and
shearing at the facet capsules that are likelyciestsal with whiplash injury. With the head
initially closer to the head restraint, the timdfatence between the occurrences of the peak
upper and lower neck shear forces are smaller50Amm backset and lower, the head moved
more in phase with the torso and extension of #edhwas reduced indicating a lower risk of
whiplash injury._24 IIHS, in its studies of head restraints, conside backset of 70 mm or less
to be "good". 2b

72. Based on this research, it was concluded tidihg a requirement specifying a limit on
backset would result in reduced angular displacéretween the head and torso in a crash.
One method used to assess the potential benefits bzfckset limit was through a computer

21/ Olsson, I., Bunketorp, O., Carlsson G., Gustafs€onPlanath, I., Norin, H., Ysander, L. An
In-Depth Study of Neck Injuries in Rear End Cobiss, 1990 International Conference on the
Biomechanics of Impacts, September, 1990, LyomdaaSee Table IV and the Appendix.

22/ Svensson, M., Lovsund, P., Haland, Y., Larsson[i& Influence of Seat-Back and Head-
Restraint Proerties on the Head-Neck Motion DuriRgar-Impact, 1993 International
Conference on the Biomechanics of Impacts, Septertib83, Eindhoven, Netherlands.

23/ Eichberger A, Geigl BC, Moser A, Fachbach B, Steffd, Hell W, Langwieder K.
Comparison of Different Car Seats Regarding HeadkN@nematics of Volunteers During Rear
End Impact, International IRCOBI Conference on Biemechanics of Impact, September,
1996, Dublin.

24/ Tencer, A., Mirza, S., Bensel, K. Internal Loadghe Cervical Spine During Motor Vehicle
Rear-End Impacts, SPINE, Vol. 27, No. 1, pp. 34211)2.

25/The IIHS head restraint rating criteria is dis@agsat:
Http://www.iihs.org/vehicle_ratings/head_restrafnead.htm
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modelling study in which the backset dimension wie$ined as the distance between two
vertical lateral planes; one plane passing throtinghrearmost point on the headform and the
other passing through the forward most part offibad restraint at its centreline. A seat model
intended to represent a 1986-1994 Pontiac Grand wam used with the head restraint
positioned in 21 different configurations with vamy heights and backsets. The vehicle seat, as
modelled, was relatively stiff in the longitudirditection in comparison to those currently on the
market. A model of a Hybrid Il 50th percentile imavas the seat occupant.

73. For both seat stiffnesses, no head-to-torsalangptation was greater than 2 degrees for
head restraints above 750 mm and backsets 50 mrolasel. At backsets up to 100 mm, all
head-to-torso angular rotations were less tharegtess for head restraints above 750 mm. Ata
backset of 150 mm, head rotations of 27 and 44edssgoccurred at head restraint heights of 750
mm and 800 mm, respectively. The computer modgilwlicates that the lowest head-to-torso
rotation value was seen when the backset was aippaigedy 50 mm.

(i) Backset Measurement Method

a. Measurement of Backset using the Head Retiviasurement Device

74.  The Head Restraint Measuring Device (HRMD) wesposed as a device to measure
backset. The HRMD consists of a SAE J826 threesdsional manikin with a headform
designed by Insurance Corporation of British Colian®®CBC) attached. The ICBC headform
includes a probe that slides rearward until contactnade with the head restraint, thereby
measuring backset. The benefit of using the HRBIEhat it eliminates the need for obtaining a
reference point from the vehicle manufacturer dnddasures the actual seat, as it exists in the
real world. During the discussion, many raisedassconcerning suitability of the HRMD as a
test device and the variability in backset measergmwhen the HRMD is used.

75.  An EEVC report was introduced (EEVC WG20 Repo8tatic test of Head Restraint
Geometry: Test Procedure and Recommendations (&7 HR-10-06) 2B which reported
on research efforts to produce a repeatable amddepible method of measuring head restraint
geometry (both height and backset). The reseagttiighted a number of concerns with the use
of the HRMD and H-point manikin including its repaility and reproducibility.

76.  The report cited concerns that the geometryhefseat and back pan of the H-point
manikin is not well controlled. While discrete pts on the surface of these pans are specified,
EEVC cautioned that this appears to be insufficienguarantee that devices from different
manufacturers or manufactured to differing versiarisparticular standards give identical
interaction with seats, particularly when the deatontoured. This could be significant for the

26/ This report was made available to the informalugr approximately one month before the
session of GRSP where this gtr was finalized. Téport is a compilation of data and provides
conclusions in support of presentations that weaglerto the informal group in January 2006.
While the EEVC presented some of the data to therrmal group and to GRSP, some

Contracting Parties did not have sufficient timefutly evaluate the complete data set and the
conclusions of the report, and therefore have ootpted them at this time. It is anticipated that
it will be part of the discussion within Phase 2.
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accurate determination of torso angle and, in aer, head restraint height and backset when
the H-point manikin is used in conjunction with tHRMD.

77. GRSP recommends that it is necessary that 4peird manikin and HRMD machine are
considered as a single tool and that they musetbes be calibrated together and remain as a
matched pair for use in regulatory assessmentsveker, GRSP has noted that at this time there
IS no agreed calibration procedure or generallyilavie calibration equipment to ensure
compliance with this recommendation.  This posegniBcant risk with respect to
reproducibility. It therefore recommends thatuéable calibration procedure and equipment be
incorporated into regulations that use type apgrasa method for approval.

78. Transport Canada conducted a study to verifgtindr the HRMD is an adequate tool to
measure backset. Among other things, the studghdédo verify specifications and dimensional
tolerances of the HRMD headform and measuring mobEransport Canada reported that the
headform is manufactured to have a mass of 3,150 grams, and all linear dimensions of the
headform are within = 0.25 mm of the drawing speatfons for the headform size "J" provided
in 1ISO DIS 6220 - Headforms for use in the testifigorotective helmets. It also reported that
both height and backset probes are within £ 2 mit@RONA Kinetics drawing specifications,
and that conformity with the drawing specificatiaasaccomplished with the specially designed
"jig". Dimensional drawings for this headform haween provided in the Annex to this gtr.

79. The HRMD is a purely mechanical device. Alsajike a crash dummy, it is not
subjected to crash test forces. The informal gmmetps that the International Insurance Whiplash
Prevention Group (IIWPG), of which ICBC is a membUsas identified that variability between
three-dimensional manikins can be an issue whearguke ICBC HRMD. To address this issue,
IIWPG has developed a "Gloria jig" to calibrate ttmembination together as one single unit. The
Working Group understands that the Gloria jig (t& $pecification) will not be available
commercially, but rather will be used by a commerenterprise to offer a calibration service.
For this reason the Working Group cannot spec#fyigie as part of this gtr. Therefore, although
no detailed calibration procedure is included ia tiir text, the group recommends that such
procedure is developed.

80. In a study conducted by the United States ofeAca (HR-5-4), variation in backset
measurements when using multiple laboratories wasnmed. This study concluded, among
other things, that taking the average of three &gickneasurements at each of three labs reduced
the average measurement range between the lalibytaalf (from 8.5 mm to 4.5 mm). Using
an average of three measurements in each of bapkséion of adjustment, at a 2 standard
deviation (s.d.) (97.7 per cent) level of certajhe expected variability was 5.64 mm; at a 3 s.d.
(99.9 per cent) level of certainty, the expectedalmlity was 8.47 mm. Data were presented by
Japan showing a variability of up to 29mm (HR-7-1@ata was presented by International
Organization of Motor Vehicle Manufacturers (OIC#8howing a variability of up to 11 mm.
(GRSP-41-22)

81. The Transport Canada study, which used eighiches, sought to verify whether the
HRMD is an adequate tool to measure backset. nicladed that the HRMD provides repeatable
and reproducible results after calibration. Itoal®und that increasing the number of
measurements always reduced the backset measuresniafility. Using an arithmetic mean of
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the three measurements in each backset positiadjo$tment, at a 2 s.d. (97.7 per cent) level of
certainty, the expected variability was 2.6 mmaa s.d. (99.9 per cent) level of certainty, the
expected variability was 3.9 mm.

82. Given that both the United States of America @ransport Canada studies indicated that
increasing the number of measurements reduces diackeasurement variability, it is
recommended that backset measured using the HRMI2tesmined by taking the arithmetic
mean of three measurements, rather than usingke sireasurement.

b. Backset Limit for Measurements using the HRMD

83.  As discussed in section 5.8. above, a backsitdf 50 mm is recommended for optimal

reduction in the head-to-torso rotation based omprder modeling. To account for the

tolerances of the HRMD (discussed in section 518)1it is recommended to set the maximum
allowable backset for front outboard designatedirsggositions to 55 mm.

c. Measurement of Backset using the R-point asahaired reference point

84.  Another proposal was presented separately BA@Ind Japan to measure backset using
the using the R-point as the required referencetporhe test method was developed using the
dimensions of the HRMD to develop a measuremenarapps that can fix the R-point to
dimensional information provided by the manufaatur@he repeatability of this method has
been shown by Japan to have very good variabiétyipdividual seat ranging from 0 mm to 1.0
mm in comparison to the backset measured usinglRD, which ranged from 2.5 mm to 6.0
mm (GRSP-41-3). In the data provided by OICA, aalgsis of the measurements across several
seats of the same build indicated excellent repéaya with differences between minimum and
maximum measurements on several samples of the saatenodel ranging between 0 and 3
mm. These same OICA data indicated a differenagpdb 11 mm on the same seats, using the
HRMD data. Therefore, it was decided to recomniad the gtr allow Contracting Parties and
regional economic integration organizations theiawptof allowing manufacturers a choice
between H-point and R-point, so that manufactundrieh did not wish to market their vehicles
in other countries would not have to incur potdregigpenses in retesting their head restraints to
measure backset from the H-point.

d. Backset Limit for Measurement Method using Bwpoint as the required
reference point

85.  While theoretically, the backsets measuredgugia methods outlined in sections 5.8.1.1.
and 5.8.1.3. should produce the same results, gpadson of the two measurement methods
performed separately by Japan and OICA showedothatverage the backset measured from R-
point is less than the backset measured using R An analysis, of the data provided by
OICA, showed an average offset of 7.9 mm. Japamdysis showed an average offset of 6.7
mm. Taking into account the variability in the loudesign discussed in section 5.8.1.3, it is
recommended to set the backset limit measuredthéttiR-point method at 45 mm.
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(i) Backset Limit and Comfort

86.  When the United States of America benefit agialfor regulating height and backset was

examined, it was noted that all the benefits ferftiont seat passengers come from regulating the
backset. These benefits are achieved by impraiagcurrent situation. The United States of

America proposed a backset limit of 55 mm measatedanufacturer’'s design seat back angle

and measured with the HRMD, using the H-point asittiitial reference. Others proposed a less
stringent backset of 70 mm.

87. The EEVC Cost Benefit Analysis (UK Cost Bengfibalysis: Enhanced Geometric
Requirements for Vehicle Head Restraints, EEVC, t&aper 2007, http://www.eevc.org)
considered the potential costs and benefits obdhtcing a backset limit of between 40 and
100mm. Benefits were determined by the evaluatibpotential casualty savings that might
occur as a result of a regulatory change with s t industry consistent based on the US data.
The study used UK data and proposed that signifisawings could be achieved through
changes to existing head restraint geometry (imetuthe introduction of a backset requirement,
Figure 3.
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Figure 3 Potential Long-term Whiplash Injury Sawng the UK through increased height and
backset requirements.

88. It has been argued that the 55 mm backsetresgent is too aggressive and will create
significant customer dissatisfaction. It has beeted that occupants may be intolerant of head
restraints very close to the back of their head, la@cause of differences in the occupants size,
posture and seat angle preference, the same haeainmecan yield different amounts of backset
clearance and thus comfort for different individual For instance, it was noted that 5th
percentile female stature occupants do not siBat@&so angles, but prefer about 18° and some
as little as 14°. It was also argued that thisemapright seatback angle greatly reduces the
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backset to the point of interference with the hehdome of these occupants, and not just the
hair.

89.  The importance of acceptable comfort for aliupants is recognized, including those of
short stature. However, it is believed that thailable data do not support the view that the 55
mm requirement will create any significant problefimsa well designed and well built seat. As
indicated by a review of IIHS backset data of 200ddel year vehicles, nearly half of the
current vehicles measured had a backset of 55 nlessrmore than 30 per cent had a backset of
45 mm or less, and 25 per cent had a backset ofd®r less. Moreover, these calculations
were made using a seatback angle of 25 degreesharthange to design seat back angle will
provide additional flexibility to typical vehiclesThus, a large number of vehicles in the current
fleet show that the new requirement can be metowithausing significant comfort issues.

90. Therefore, GRSP agreed to recommend a bacgksebf 55 mm when measured from

the H-point and 45 mm when measured from the Rtpo#it this limit there are significant
benefits and the costs of the regulation are redsen

() Gaps

(i) Gaps within Head Restraint

91. It is recommended that all gaps within a hestraint are evaluated to ensure a minimum
level of protection for the occupant and provid@rapriate relief to address rearward visibility
concerns. The proposed evaluation requires thheifjap is greater than 60 mm when measured
using 165 mm sphere then the gap is tested usegligplacement test with the headform
applied at the centre of the gap. This is an ExjdNECE Regulation No. 17 requirement and
is providing appropriate protection for the occupan

(i) Gaps between bottom of head restraint andbfcgeat back

92.  There were two proposals on how to addresgyéipebetween the bottom of the head
restraint and the top of the seat back. One peaptisat gaps between the bottom of the head
restraint and the top of the seat back have maximinmension of 60 mm when measured using
a 165 mm sphere. The other proposal allows a maxitmeight of 25 mm when measured using
the same method to measure overall height as descrin UNECE Regulation
No. 17. Requiring a minimum gap is recommendeprévent an occupant from contacting the
head restraint posts or other structure when tlagl hestraint is in the lowest position. GRSP
recommends regulating these gaps using either metAalditionally, GRSP recommends that
the gap for non-vertically adjustable head restsaghould have a maximum dimension of 60
mm.

() Head Restraint Height Adjustment Retention iDes (Locks)

93. GRSP recommends that performance requirementadjustable head restraints be
included in the gtr which are intended to assueg the front head restraints remain locked in
specific positions. A 1982 United States of AmardHTSA study (HR-3-13) found that the
effectiveness of integral head restraints was greatan adjustable head restraints. The study
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concluded that this difference in effectiveness d@as, in part, to adjustable head restraints not
being properly positioned. Although one reason fimproper positioning is a lack of
understanding on the part of the occupant on wteepace the head restraint, it also could be
due to the head restraint's moving out of posiéither during normal vehicle use or in a crash.
Adjustment locks can mitigate this problem by hedpio retain the adjusted position. [IHS has
also been critical of adjustable head restrairgiseeially when they do not provide locks, in their
evaluation of head restraints. This criticism haanifested itself in that IIHS, in its rating of
head restraints, automatically gave adjustableaiess a lower rating on the assumption that
these restraints would not be properly adjusted.addition, it only evaluated adjustable head
restraints without locks in their lowest positiohe United States of America has received
comments during its regulatory process to updatéhéad restraint regulation from consumer
groups and vehicle manufacturers supporting adjlesteead restraints that lock.

94. The proposed requirements of this gtr are drpet improve the performance of all
adjustable head restraints. The performance afistaljle head restraints may be further
improved if steps are taken to ensure that a iastramains in position after it has been set by
the user.

95. Therefore, GRSP is recommending that adjustaddel restraints for the front outboard
seating positions must maintain their height (ilegk) in several height positions under
application of a downward force. In addition tekng at a position of not less than 800 mm,
they must also lock at the highest adjustment jpost It may be that, for some designs, the
highest position is at 800 mm. Adjustable heatraegs for the front centre and rear outboard
seating positions must lock at the highest positibadjustment above 750 mm, if this position
exists. In addition to locking at these specifgditions of height adjustment, both front centre
and rear outboard head restraints must be capél#taining the minimum height of 750 mm
under application of a downward force. Adjustablad restraints for rear centre seating
positions must lock at the highest position of atipent above 700 mm and be capable of
retaining the minimum height of 700 mm under thpliaption of a downward force.

96. The proposed height adjustment retention leskliegins by applying a small initial load
to the head restraint. A headform is used to afipgyload and a reference position is recorded.
The reference position is measured with this Igaalied to eliminate variability associated with
the soft upholstery of the head restraint. A 50&d is then applied through the headform to
test the locking mechanism. Finally, the load hernt reduced to the initial value and the
headform is checked against its initial positiom order to comply, the locking and limiter
mechanisms must not have allowed the headform ¥e hzoved more than 25 mm from the
initial reference position.

97. Concern was expressed that this load was osexlgre, the forces were being applied in
the wrong direction, and that such a requiremeghtmegatively affect dynamic head restraint
system design. Data from Hybrid Ill dummies waevided on the representativeness of the
force levels (HR-2-8). For 23 rear impact crasigean average downward force was 539 N.
Based on these tests, the informal group beliekissidad is appropriate. Participants have
stated that there are advanced dynamic head rdstridnat, due to their mechanical nature,
displace more than 25 mm during the preload ofbthekset retention test. It was anticipated
that there may be advanced designs which, by tlygiamic nature, are unable to pass the static
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performance requirements in their undeployed pwsiti This is why Contracting Parties can
allow dynamic systems to meet the dynamic tesbapar to full or partially exempt the dynamic
systems from the gtr requirements.

98. It was also questioned whether to take the urea®ent at the top or bottom of the head

restraint. There was concern at taking the measemeat the top of the head restraint as it does
not take into account the foam hysteresis (HR-6-8herefore, GRSP recommends a test
procedure that uses the bottom of the head restaireference.

(k) Removability

99. GRSP is recommending new head restraint regeines to ensure that vehicle occupants
receive better protection from whiplash and relaitigdries. To achieve this purpose, the
informal group wants to take reasonable stepsdrease the likelihood that a head restraint is
available when needed. If head restraints wereetmily removable, chances are greater that
they will be removed. That, in turn, increases thances that the restraints might not be
reinstalled correctly, if at all. By prohibitingmovability without the use of deliberate action
distinct from any act necessary for upward adjustméne likelihood of inadvertent head
restraint removal will be reduced, thus increashmchances that vehicle occupants will receive
the benefits of properly positioned head restrainighile the informal group wants to increase
the likelihood that a head restraint is availableew needed, it is also important to ensure that
head restraints, especially in the rear outboasigdated seating positions, can be removed in
order to improve rear visibility, child restrait@mmodation, and cargo carrying capacity.

() Non-use Positions

100. The informal group is aware of rear seat heatraint designs which have the goal of
lessening the rearview obstruction by moving outhef way into non-use positions. GRSP is
not recommending to specifically compensate forgbeential rearview obstruction. However,
GRSP is recommending language which will allow fldding or retractable head restraints for
rear seats if they meet specific criteria. If sadhead restraint is adjusted to a non-use position
i.e., any position in which its minimum height es$ than that proposed in this document or in
which its backset is more than that proposed is tlicument, it must give the occupant an
unambiguous physical cue that the head restraimotsproperly positioned by altering the
normal torso angle of the occupant by at least dfreks, being rotated 60 degrees forward or
rearward, complying with the "discomfort metric" wh defines the zone the head restraint is in
when it is in the non-use position, or it must aoddically return to a position where it would
comply with all provisions of the regulation whémetseat is occupied.

() Front Outboard Seats

101. The informal group believed it was importambalance the need to ensure that the head
restraint is in the proper position while maintamthe functionality of the seat. In some current
designs the head restraint can be placed in a serpasition when the vehicle seat is folded
down to increase the cargo capacity of the vehidiehas been proposed to allow non-use
positions in the front outboard seats, as lonchag tiutomatically return to the proper position
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when the seat is occupied. GRSP is recommenditegtaprocedure using the 5th percentile
female Hybrid IIl dummy or a human surrogate toleate these systems.

(i) FEront Centre and Rear Seats

a. Manually adjusted non-use positions

102. It is recommended to regulate of non-use ipositin the rear seats, as long as the
position is "clearly recognizable to the occupan®here is discussion on how to objectively
evaluate this requirement. One proposal is tongefclearly recognizable™ as a head restraint
that rotates a minimum of 60 degrees forward ar dtere was concern that this definition is
too design restrictive as the sole method and iaddit methods have been proposed (HR-4-13).

103. The United States of America developed a hufaators study to determine if an
occupant would be likely to reposition their headtraint as a function of the torso angle change
the head restraint produced in the non-use pos(tis5-23). The baseline seat for this study
was the second row captain’s chair of a 2005 mpedat Dodge Grand Caravan. In its original
equipment manufacturer configuration, the seattecea nominal 5 degree torso angle change
between its non-use and in-use positions. The hestdaint was then modified by introducing
two forward offsets that generated either a 10 ®rdégree torso angle change. One other
condition that was used was to attach a labeldéddad restraint in the 5 degree condition. The
label was modified from a label used by Volvo.

104. Of the participants who adjusted the heattaies, 88 per cent adjusted it immediately

after sitting down. The 5 degree condition anctlatondition were unsuccessful in motivating

participants to adjust the head restraint. Foistidegree condition, only 3 out of 20 participants
(15 per cent) adjusted the head restraint. Norteeoparticipants (0 out of 20) adjusted the head
restraint as a result of the label. The 10 deg@adlition had a nearly 80 per cent success
rate, 19 out of 24. Only four participants weren rin the 15 degree condition since the

percentage of participants who adjusted the hestdaret in the 10 degree condition was high.

The 15 degree condition had a 100 per cent raaeljastment. Based on the results of this
study, GRSP agreed to recommend the 10 degreedongie change option as an alternative.

105. Some experts and participants support theotisgbels since these head restraints are
optional, and a label in a non-use position isdvdtian no label at all. Additionally, the need fo
labels was suggested because the use of the tmykoc&hange method or discomfort metric may
be incompatible with the installation of child nesbts. Some experts do not support the use of
labels, because there are already too many labéfeivehicles and, based on the United States
of America study, the labels were ineffective ingiag the occupant to move the head restraint
out of the non-use position, although 50 per cérthase questioned understood what the label
meant, and an additional 30 per cent understoodttteahead restraint was adjustable. To
accommodate all views in the gtr, labels will beammended as an optional method to be
accepted by the Contracting Party. Based on thdadle data, Contracting Parties can choose
the level of risk they are comfortable with.

106. Another proposal under consideration is acinfort metric" which defines the zone the
head restraint is in when it is in the non-use fomsi It is a method to define objectively the
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requirement that a non-use position be "clearlyge&zable to the occupant”. To reduce the
subjectivity of the UNECE language, a method waseltsmed based on the argument that
something which is uncomfortable, e.g. a step enabntour of the seat back, can be considered
clearly recognizable. To make the criterion ohjectand measurable the discomfort metric
option defines geometrical requirements, the simklacation of the seat back contour, when the
head restraint is in the non-use position. In @sttto the "change of torso angle" option, which
results mainly in a more upright seating positithte discomfort metric option is focused on
discomfort felt in the back of the occupant andreéfere results in an overall uncomfortable
seating condition.

107. To determine the appropriate dimensionakiat several studies were conducted by
OICA. One study (HR-8-11) showed that the thicknefsthe head restraint is more important

than the height of the lower edge of the headawdtras evidenced by the occupant moving the
head restraint from a non-use position to an inpesation. The other study showed that, when
the discomfort metric dimensions are the same asesourrent seat designs i.e. so called
"shingled" head restraints, a large percentagenalldemales can recognize the head restraint is
out of position.

108. A third study was conducted (GRSP-41-21) wighcandidates who represent the body
height distribution of the public. The study showkdt a shingled head restraint, designed with a
thickness of 40 mm and a position of the lower edlghe head restraint in non-use position of
460 mm above the R-point, is sufficient to resaltai recognition rate of 92 per cent. While
some countries felt these results were optimistithat the test conditions may have predisposed
participants to concentrate on comfort, all agrieat tthe recognition rate would likely be
sufficiently high to justify using these numberdlie gtr.

109. Apart from thickness and maximum height datefor the lower edge of the head

restraint, there are two additional criteria in@rgied in the discomfort metric option. A

minimum height of the lower edge prevents a seaigdewhere the lower edge is settled in the
area of the seat cushion and cannot be felt bp¢hapant anymore. Another criterion requires
the step in the seat back contour to rise up tdfuldhickness within a height distance of 25

mm, which assures that it is really a step andangiooth intersection, which would not be felt
by the occupant.

b. Automatically adjusted non-use positions

110. There is consensus, for the rear seatsctmmmend regulation of non-use positions that
automatically return to the proper position whea $leat is occupied. A test procedure using the
5th percentile female Hybrid Il dummy or a humamregate to evaluate these systems has been
added to the gtr.

(m) Energy Absorption

(i) Impactor

111. GRSP is recommending an energy absorptianresgent specifying that when the front
of the head restraint is impacted by a headfornd#éeeleration of the headform must not exceed
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80g continuously for more than 3 milliseconds. sThecommendation is different from the
current United States of America and UNECE Reguoitetiin that it does not specify a type of
impactor, but rather a required energy. This waalldw either the linear impactor, the free
motion impactor, or the pendulum impactor to bedul® testing. Studies showed that the
results of the test were similar regardless of wyyae of impactor was used (HR-4-8, HR-5-6).

(i) Radius of Curvature

112. The informal group discussed incorporatirgg ttNECE Regulation No. 17 requirement
that designated parts of the front of the headamstshall not exhibit areas with a radius of
curvature less than 5 mm pre- and post-test. Thei® concern that a breakage could occur
during the test which would produce a sharp edgeis sharp edge could harm occupants in a
secondary impact. The informal group was unablkegtee on a test procedure and therefore the
requirement was not included in the gtr at thisetinDue to these concerns, some Contracting
Parties may wish to continue regulating for radaiscurvature under their current regulation
scheme.

(n) Displacement Test Procedures/Adjustable Badkseking Test/Ultimate Strength

113. GRSP is recommending the incorporation ofiiregqents to evaluate the head restraint's
ability to resist deflection and significant loagin The displacement test requires that a head
restraint cannot deflect more than 102 mm when & [8ih moment is applied to the seat.
Additionally, the seat system must not fail when &0 N load is applied to the seat and
maintained for 5 seconds.

114. Additionally, GRSP is recommending, basedGCamtracting Party determination, that
head restraints with adjustable backset maintair fyosition while under load. Some strongly
believe that if an occupant adjusts his head riestlaackset so that it is less than the
requirement, then he should have some assurarnci With maintain that position when loaded.
Some further believe, that this requirement shoully apply to required head restraints and not
those optionally installed. Others strongly bedidvthat the safety needs are met at the
requirement. Therefore the gtr was drafted so &h@ontracting Party can designate whether
adjustable head restraints will be tested at aditpms of backset and to which head restraints
this will apply. The test for adjustable head n&sts incorporates both the evaluation for total
displacement of the head restraint and the evaluati the locking mechanism for the adjustable
backset.

6. LEADTIME
115. Itis recommended that Contracting Partigdementing this gtr allow adequate lead time
before full mandatory application, considering tieeessary vehicle development time and product
lifecycle.

7. REGULATORY IMPACT AND ECONOMIC EFFECTIVENESS

116. In the United States of America it is estimglathe annual number of whiplash injuries to
be approximately 272,464. 251,035 of these injuiieslve occupants of front outboard
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seats, 21,429 injuries involve occupants of redbaard seats. The average economic cost of
each whiplash injury resulting from a rear impaotlision is $9,994 (2002 dollars) which
includes $6,843 in economic costs and $3,151 ititgua life impacts. The total annual cost of
rear impact whiplash injuries is approximately $Billion. Based on a study conducted by
Kahane in 1982, the United States of America edg@sithat current integral head restraints are
17 per cent effective in reducing whiplash injuryrear impact crashes for adult occupants,
while adjustable head restraints are 10 per cdett@fe in reducing whiplash injury in rear
impact crashes for adult occupants (HR-3-14). Therall effectiveness of current head
restraints for passenger cars is estimated to depE3 cent.

117. It was estimated that upgrading the headaiaestequirements would yield the following

benefits 27 :

(@) For front seats, reducing the backset to 55 nmoreases the head restraint
effectiveness 5.83 per cent, resulting in 12,23Wefe whiplash injuries for front seat
occupants each year.

(b) For rear seats, increasing the height of valdlytinstalled rear head restraints increases the
effectiveness of these head restraints by 17.45@et; resulting in 1,559 fewer whiplash
injuries for rear seat occupants each year.

(c) The total annual reduction in rear impact wagh injuries is thus estimated at
(12,231+1,559) 13,790 or 5 per cent of the annualber of whiplash injuries (272,464).

118. It can be noted that with respect to whiplaguries, a 5 per cent reduction in the
incidence of whiplash is a significant step forwdrecause the current head restraints only
prevent 13.1 per cent of whiplash injuries occugiimrear impact crashes.

119. There are several reasons to believe thapotential benefits of this regulation are

understated. First, a separate analysis of bena$g®ciated with reduced position retention
requirement was not performed. Second, in theymiata there is an inherent underestimation
of whiplash injury costs due to the underreportifigguch injuries. Whiplash injuries are often

underreported because of late onset of symptoniérd, Tho estimate of the potential reduction
of higher-level neck injury more than Average Igj8cale (AlS) 1 was made. Although such
injuries are much less frequent, their associatstscare much greater.

8. REVIEW OF EXISTING INTERNATIONAL REGULATIONS

120. The following existing regulations, direcy@and standards pertain to head restraints:

(a) UNECE Regulation No. 17 - Uniform provisionsncerning the approval of vehicles with
regard to the seats, their anchorages, and anyrbastdints.

(b) UNECE Regulation No. 25 - Uniform provisionsncerning the approval of head restraints
(Head Rests), whether or not incorporated in vehsehats.

(c) European Union Directive 74/408/EEC (consokdit relating to motor vehicles with regard
to the seats, their anchorages and head restraints.

(d) European Union Directive 78/932/EEC.

27/ These benefits were based on measurements takerttfe H-point. Benefits realized from
the R-point may be different.
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(e) European Union Directive 96/03/EC, adaptingtéchnical progress Council Directive
74/408/EEC relating to the interior fittings of rootvehicles (strength of seats and of their
anchorages).

() United States of America Code of Federal Ragiohs Title 49: Transportation;
Part 571.202: Head Restraints.

(g) Australian Design Rule 3/00, Seats and Seahérages.

(h) Australian Design Rule 22/00, Head Restraints.

(i) Japan Safety Regulation for Road Vehicles AetR2 — Seat.

() Japan Safety Regulation for Road Vehicles AetR2-4 — Head Restraints, etc.

(k) Canada Motor Vehicle Safety Regulation No. 202ead Restraints.

(D International Voluntary Standards -SAE J211éVised March 1995 — Instrumentation for
Impact Test — Part 1 — Electronic.

(m)Korea Safety Regulation for Road Vehicles Aeti@9 — Head Restraints.

121. Additionally, research and activities beinghdacted by European Enhanced Vehicle
Safety Committee (EEVC) Working Group 12, EEVC Wogk Group 20, EuroNCAP, and
Korea NCAP were also considered.



ECE/TRANS/180/Add.7
page 35

B. TEXT OF THE REGULATION

1. PURPOSE

This regulation specifies requirements for heastragnts to reduce the frequency
and severity of injuries caused by rearward disgiant of the head.

2. APPLICATION / SCOPE
This regulation applies to all Category 1-1 vedsclCategory 1-2 vehicles with a
Gross Vehicle Mass of up to 4,500 kg; and Cateddryehicles with a Gross
Vehicle Mass of up to 4,500 kg/ 1

3. DEFINITIONS

3.1. "Adjustable head restrdinineans a head restraint that is capable of movemen

independent of the seatback between at least twihigoes of adjustment intended
for occupant use.

3.2. "Backlight means rearward-facing window glazing locatedhat itear of the roof
panel.
3.3. "Backsét means the horizontal distance between the fromtase of the head

restraint and the rearmost point of the head riestnmeasurement device, as
measured in accordance with Annex 4 or Annex 5.

3.4. "Head restraihtmeans, at any designated seating position, acdetviat limits
rearward displacement of a seated occupant's letative to the occupant's torso
and that has a height equal to or greater thann?®0at any point between two
vertical longitudinal planes passing at 85 mm dhegiside of the torso line, in any
position of backset and height adjustment, as nmedsn accordance with Annex 1.

3.5. "Head restraint measurement device (HRMDg¢ans a separate head shaped device
used with the H-point machine with the head formdafined in Annex 4, attached
with sliding scale at the back of the head forghgoose of measuring backset. 2

3.6. "Three-dimensional H-point machin@l-point machine) means the device used for
the determination of "H-points" and actual torsglas. This device is defined in
Annex 13.

1/ A contracting party may restrict application bétrequirements in its domestic legislation if it
decides that such restriction is appropriate.

2/ The technical specifications and detailed drawioHRMD, are deposited with the Secretary
General of the United Nations and may be consutedequest at the secretariat of the UNECE,
Palais des Nations, Geneva, Switzerland.
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3.7.

3.8.

3.9.

3.10.

3.10.1.

3.10.2.
3.10.3.
3.10.4.

3.11.

3.12.

3.13.

3.14.

4.1.

"Head restraint heightneans the distance from the R-point, measuredllphto
the torso line to the top of the head restrainagane normal to the torso line.

"Intended for occupant Usmeans, when used in reference to the adjustmfeat o
seat and head restraint, adjustment positions bgeseated occupants while the
vehicle is in motion, and not those intended soletythe purpose of allowing ease
of ingress and egress of occupants; access to céogage areas; and storage of
cargo in the vehicle.

"H-point means the pivot centre of the torso and thigthefH-point machine when
installed in a vehicle seat in accordance with And2. Once determined in
accordance with the procedure described in AnnexHe2"H" point is considered
fixed in relation to the seat-cushion structure sncbnsidered to move with it when
the seat is adjusted.

"R-point means a design point defined by the vehicle mactufer for each
designated seating position and established wipee to the three-dimensional
reference system as defined by Annex 11. The Rtpoi

Establishes the rearmost normal desigrindrior riding position of each designated
seating position in a vehicle;

Has coordinates established relative talésggned vehicle structure;
Simulates the position of the centre pofdhe human torso and thigh;
Is defined in Annex 12 of this regulation.

"Top of the head restrdinheans the point on the head restraint centrelitie the
greatest height.

"Torso lineé means the centreline of the probe of the H-ponaichine with the
probe in the fully rearward position.

"Actual torso anglemeans the angle measured between a verticatinoeigh the
H-point and the torso line using the back angledgaiat on the H-point machine.
The actual torso angle corresponds theoreticaltiigalesign torso angle.

"Design torso andleaneans the angle measured between a verticatHimogigh the
R-point and the torso line in a position which esponds to the design position of
the seat back established by the vehicle manufactur

GENERAL REQUIREMENTS

Whenever a range of measurements is spectfiedhead restraint shall meet the
requirement at any position of adjustment intenfdedccupant use.



4.2.

4.2.1.

4.2.2.

4.3.

4.3.1.

4.3.2.

4.4.

4.4.1.

4.4.2.

4.5.

4.6.

5.1.

5.1.1.

5.1.1.1.
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In each vehicle subject to the requirementthisf regulation, a head restraint shall

be provided at each front outboard designatedrggptsition, conforming to either
paragraph 4.2.1. or paragraph 4.2.2.

The head restraint shall conform to pardwgap.1., 5.2., 5.4., and 5.5. of this
regulation.

The head restraint shall conform to paradgap.1.1. through 5.1.4., 5.3., 5.4.,
and 5.5. of this regulation.

For vehicles equipped with rear outboard anttnt centre head restraints, the
head restraint shall conform to either paragraBtidor paragraph 4.3.2.

The head restraint shall conform to pardwap.1.1. through 5.1.4., 5.2., 5.4,
and 5.5. of this regulation.

The head restraint shall conform to pardwap.1.1. through 5.1.4., 5.3., 5.4,
and 5.5. of this regulation.

For vehicles equipped with rear centre headramts, the head restraint shall
conform toeither paragraph 4.4.1 or 4.4.2.

The head restraint shall conform to pardwgap.1.2. through 5.1.4., 5.2., 5.4.,
and 5.5. of this regulation.

The head restraint shall conform to pardwgap.1.2. through 5.1.4., 5.3., 5.4.,
and 5.5. of this regulation.

This regulation does not apply to auxiliaratsesuch as temporary or folding jump
seats or to side-facing or rear-facing seats.

At designated seating positions incapableeattisg the test dummy specified in
paragraph 5.3. of this regulation, the applicalgladchrestraint shall conform to either
paragraph 4.2.1., or 4.3.1, or 4.4.1. of this ragoih, as appropriate.
PERFORMANCE REQUIREMENTS

Dimensional requirements

Minimum Height

General specifications

The following requirements on minimum height shdlé demonstrated in
accordance with Annex 1.
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5.1.1.2.

5.1.1.3.

51.1.4.

5.1.15.

5.1.1.6.

Front outboard designated seating position

The top of a head restraint located in a fronboatd designated seating position
shall, except as provided in paragraph 5.1.1.thisfregulation, have a height of:

(&) not less than 800 mm in at least one posdfdread restraint adjustment, and
(b) notless than 750 mm in any position of hessdraint adjustment.

Front centre designated seating posiggogped with head restraints

The top of a head restraint located in the fraetie designated seating position
shall have a height of not less than 750 mm in@osttion of adjustment, except as
provided in paragraph 5.1.1.4. of this regulation.

Exception

The top of a head restraint located in a fronboatd designated seating position
shall have a height of not less than 700 mm wherh#ad restraint is adjusted to its
lowest position intended for occupant use; if théeiior surface of the vehicle
roofline, including the headliner, physically pret® a head restraint, located in the
front designated seating position, from attaininge theight required by
paragraphs 5.1.1.2. and 5.1.1.3. of this regulatiém those instances, the vertical
distance between the top of the head restrainttenihterior surface of the roofline,
including the headliner, shall not exceed 50 mmcfamvertibles and 25 mm for all
other vehicles, when the head restraint is adjustéd highest position intended for
occupant use.

Rear outboard designated seating posiggupped with head restraints

The top of a head restraint located in a rear aarth designated seating position
shall have a height of not less than 750 mm in@osttion of adjustment, except as
provided in paragraph 5.1.1.6. of this regulation,

Exception

The requirements of paragraph 5.1.1.5. of thisilegmn do not apply if the interior
surface of the vehicle roofline, including the heset, or backlight physically
prevent a head restraint, located in the rear @uthdesignated seating position,
from attaining the required height. In those insts, the maximum vertical
distance between the top of the head restraintirsedior surface of the roofline,
including the headliner, or the backlight shall eeteed 50 mm for convertibles
and 25 mm for all other vehicles, when the heatrais is adjusted to its highest
position intended for occupant use.



5.1.2.

5.1.3.

5.1.4.

5.1.5.

5.1.5.1.

5.15.1.1.

5.1.5.2.

5.1.5.2.1.

5.1.5.2.2.

5.1.5.2.3.
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Minimum width

When measured in accordance with Annex 2, thedateidth of a head restraint
shall be not less than 85 mm on either side ofttiso line (distances L and L'
measured as per Annex 2).

Gaps within head restraint

If a head restraint has any gap greater than 60when measured in accordance
with Annex 3, the maximum rearward displacementhef head form shall be less
than 102 mm when the head restraint is tested ait gap in accordance with
Annex 6.

Gaps between head restraint and the tdpeaddat back

When measured in accordance with Annex 3, theedl stot be a gap greater
than 60 mm between the bottom of the head restaamidtthe top of the seat back if
the head restraint can not be adjusted in height.

In the case of head restraints adjustable in héigmore than one position intended
for occupant use, when measured in accordanceAmitiex 3, there shall not be a
gap greater than 25 mm between the bottom of thd hestraint and the top of the
seat back, with the head restraint adjusted towsst height position.

Backset requirements

General specifications

Head restraints on the front outboarsigi@ted seating positions shall meet the
backset requirements of paragraph 5.1.5.2.

Static maximum backset requirements

For height adjustable head restraihts réquirements shall be met with the top of
the head restraint in all height positions of atfpent between 750 mm
and 800 mm, inclusive. If the top of the headreest, in its lowest position of
adjustment, is above 800 mm, the requirementsitégulation shall be met at that
position only.

When measured in accordance with Annexhd backset shall not be more
than 55 mm. Based on a determination by each &ctimig Party or regional

economic integration organization, the manufactunay be allowed the option to
measure in accordance with Annex 5 as an altemaitivwhich case the backset
shall not be more than 45 mm.

In the case of Annex 4, if the frontbmatrd head restraint is not attached to the seat
back, it shall not be possible to adjust the heattaint such that the backset is more
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5.1.5.2.4.

5.2.

5.2.1.

5.2.2.

5.2.3.
5.2.3.1.

5.2.3.1.1.

5.2.3.1.2.

5.2.3.2.

5.2.3.2.1.

than 55 mm when the seat back inclination is pmséd closer to vertical than the
position specified in Annex 4.

The above requirements on maximum backsdl be demonstrated by taking the
arithmetic mean of 3 measurements obtained in dacce with Annex 4 or
Annex 5.

Static performance requirements

Each head restraint shall conform to paragrapl2sl5.through 5.2.4. of this
regulation.

Energy absorption

When the front surface of the head restraint {gaiated in accordance with Annex 7,
the deceleration of the head form shall not exc&&& m/$ (80g) continuously for
more than 3 milliseconds.

Adjustable head restraint height retention

When tested in accordance with Annex 8, the mashaf the adjustable head
restraint shall not fail in such a way as to alldawnward movement of the head
restraint by more than 25 mm.

Displacement and backset retention

General Specifications.

In the case of head restraints with djustable backset, the head restraint shall
conform to the displacement and backset retentioequirements of
paragraph 5.2.3.2. of this regulation. Howeveseolaon the determination of each
Contracting Party or regional economic integratiwganization, the manufacturer
may be allowed to apply the displacement requirgsnehparagraph 5.2.3.3. as an
alternative.

All other head restraints shall confotm the displacement requirements of
paragraph 5.2.3.3.

Displacement and backset retention.

When the head restraint is tested inpasition of backset adjustment in accordance
with Annex 6, the head form shall:

5.2.3.2.1.1. Not be displaced more than 25 mm dutte application of the initial reference

moment of 37 Nm;
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5.2.3.2.1.2. Not be displaced more than 102 mmepetigularly and rearward of the displaced
extended torso line during the application of a BIf8 moment about the R-point;
and

5.2.3.2.1.3. Return to within 13 mm of its initr@ference position after the following sequence
occurs: application of a 373 Nm moment about th@okd; reduction of the
moment to 0 Nm; and by re-application of the initeference load 37 Nm.

5.2.3.3. Displacement

5.2.3.3.1. When the head restraint is tested inr¢laemost (relative to the seat) position of
horizontal adjustment (if provided) in accordandthvAnnex 6, the head form shall
not be displaced more than 102 mm perpendicularty rearward of the displaced
extended torso line during the application of a B3 moment about the R-point.

5.2.4. Head restraint strength

When the head restraint is tested in accordaniteAvinex 6, the load applied to the
head restraint shall reach 890 N and remain af\Bfi#y a period of 5 seconds.

5.3. Dynamic performance requirements

5.3.1. Based on a determination by each Contrackagty or regional economic
integration organization, either a Hybrid Il 50gercentile male dummy’ ®r a
BioRID II 50th percentile male dummy shall be usedietermine compliance. If a
Hybrid [l dummy is used, the head restraint shakket the requirements of
paragraph 5.3.2. If a BioRID Il dummy is used, tiead restraint shall meet the
requirements of paragraph 5.3.3.

5.3.2. Hybrid Il Requirements

5.3.2.1. When tested during forward acceleratiothefdynamic test platform, in accordance
with Annex 9, at each designated seating positgqpapped with a head restraint, the
head restraint shall conform to paragraphs 5.28d5.3.2.3.

5.3.2.2. Angular rotation
Limit the maximum rearward angular rotation betwebe head and torso of the

50th percentile male Hybrid Il test dummy to 12gdkes for the dummy in all
outboard designated seating positions;

3/ The technical specifications and detailed drawimigdybrid Il dummy, corresponding to the
principal dimensions of a 50th percentile male loé tUnited States of America, and the
specifications for its adjustment for this test deposited with the Secretary General of the
United Nations and may be consulted on requesheatseécretariat of the UNECE, Palais des
Nations, Geneva, Switzerland.
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5.3.2.3.

5.3.3.

5.3.3.1.

5.3.3.2.

5.4.
5.4.1.

5.4.2.

5.4.3.

Head injury criteria

Limit the maximum HIC15 value to 500. HIC15 idatdated as follows: For any
two points in time,tand %, during the event which are separated by not rtiaae
a 15 millisecond time interval and wheied less than,t the head injury criterion
(HIC15) is determined using the resultant head lacagon at the centre of gravity
of the dummy head,,aexpressed as a multiple of g (the acceleratiagrafity) and
is calculated using the expression:

2.5

(tz-ta)

t2

jam

t1

HIC =

(t2-ta)

BioRID Il Requirements

Reserved: Until BioRID Il requirements are inahddin this regulation or adopted
in the national regulation of a Contracting Partyregional economic integration
organization, head restraints shall comply withesitparagraph 5.3.3.1. or 5.3.3.2.
as appropriate.

Based on a determination by each Comgciarty or regional economic
integration organization, dynamic head restraihtdlcomply with any or all of the
items contained in paragraph 5.2.

All other head restraints shall meet #guirements of either paragraph 4.2.1, 4.3.1,
or 4.4.1, as appropriate.

Non-use positions

A driver head restraint shall not have a-ns@ position.

A front outboard passenger head restraigtbeaadjusted to a position at which its
height does not comply with the requirements ofageaph 5.1.1.2. of this
regulation. However, in any such position, thenfroutboard passenger head
restraint shall meet paragraph 5.4.4.1. of thislledgn.

All rear head restraints and any front eeitead restraint may be adjusted to a
position at which their height does not comply witte requirements of either
paragraph 5.1.1.3. or 5.1.1.5. of this regulatiblowever, in any such position, the
head restraint shall also meet one additional requent from a set of several
alternative test requirements.

The set of alternative test requirements may béheachoice of the manufacturer
either paragraph 5.4.4.1., or 5.4.4.2., or 5.4@.5.4.4.4. of this regulation.

Based on a determination by each Contracting Partyregional economic
integration organization, the manufacturer may atls® allowed to choose



5.4.4.

5.4.4.1.

5.4.4.2.

5.4.4.3.

5.4.4.4.

5.4.4.5
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paragraph 5.4.4.5. of this regulation as an altermao paragraphs 5.4.4.1. through
5.4.4.4.

Alternative requirements

All of the items described in paragraphs 5.4.#htough 5.4.4.5. are permitted as
additional features.

In all designated seating positions ecgdpwith head restraints, except the driver's
designated seating position, the head restraitit sb@matically return from a non-
use position to a position in which its minimumdtdiis not less than that specified
in paragraph 5.1.1. of this regulation when a Sicentile female Hybrid 11l test
dummy 4 is positioned in the seat in accordance with Anb@x At the option of
the manufacturer, instead of using a 5th percefaiteale Hybrid Il test dummy,
human beings may be used as specified in Annex 10.

In front centre and rear designated sgatositions equipped with head restraints,
the head restraint shall, when tested in accordantde Annex 10, be capable of
manually rotating either forward or rearward by fests than 60 degrees from any
position of adjustment intended for occupant usehich its minimum height is not
less than that specified in paragraph 5.1.1. afréngulation.

When measured in accordance with AnnexhEOlower edge of the head restraint
(HLE) shall be not more than 460 mm, but not |éemnt250 mm from the R-point
and the thickness (S) shall not be less than 40 mm.

When tested in accordance with Annex A@,head restraint shall cause the torso
line angle to be at least 10 degrees closer tacaktthan when the head restraint is

in any position of adjustment in which its heightrot less than that specified in

paragraph 5.1.1. of this regulation.

The head restraint shall be marked witabellin the form of a pictogram which
may include explanatory text. The label shalleitprovide an indication when the
head restraint is in a non-use position or prowdermation to enable an occupant
to determine whether the head restraint is in ausenposition. The label shall be
durably affixed and located such that it is clearigible by an occupant when
entering the vehicle to the designated seatingipasiExamples of possible designs
of pictograms are shown in Figure 1.

4/ The technical specifications and detailed drawipigdybrid Il dummy, corresponding to the
principal dimensions of a 5th percentile femaletloé United States of America, and the
specifications for its adjustment for this test deposited with the Secretary General of the
United Nations and may be consulted on requesheatseécretariat of the UNECE, Palais des
Nations, Geneva, Switzerland.
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LI

5.5.

6.1.

6.2.

6.3.

(a)
Figure 1

Removability of head restraints

The head restraints shall not be removable witlhodéliberate action distinct from
any action necessary for upward head restrainsadgnt.

TEST CONDITIONS

The test procedures described in the followingeaes are to be performed using
any or all of the following:

A full vehicle including at least the seabttested and all necessary seat and head
restraint equipment.

A vehicle body in white including at least geat to be tested and all necessary seat
and head restraint equipment.

A seat equipped with its head restraint dhdegessary attachment hardware, as
well as all necessary equipment for the activatibdynamic head restraints.
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Annex 1
MINIMUM HEIGHT MEASUREMENT TEST PROCEDURE
PURPOSE

The purpose of this test procedure is to demamesttampliance with the minimum
height requirements described in paragraph 5.1 thioregulation.

PROCEDURE FOR HEIGHT MEASUREMENT

Compliance with the requirements of paragraphl54df. this regulation is demonstrated
by using the height measurement apparatus definpdragraph 2.2. below.

The seat is adjusted such that its H-point coexiith the R- point; if the seat back is
adjustable, it is set at the design seat back amglth of these adjustments are in
accordance with the requirements of paragraph tielow. The height of the head
restraint is the distance between point A andrnlersection of lines AE and FG.

Relationship between the H-point and the Rypoi

When the seat is positioned in accordance to theufacturer's specifications, the H-
point, as defined by its coordinates, shall liehimta square of 50 mm side length with
horizontal and vertical sides whose diagonals $etetr at the R-point, and the actual
torso angle is within 5 degrees of the design tarsgle.

If these conditions are met, the R-point treddesign torso angle are used to determine
the height of the head restraints in accordande this Annex.

If the H-point or the actual torso angle sloeot satisfy the requirements of

paragraph 2.1., the H-point and the actual torgeaare determined twice more (three

times in all). If the results of two of these thr@perations satisfy the requirements, the
conditions of paragraph 2.1.1. shall apply.

If the results of at least two of the thoperations described in paragraph 2.1.2. do not
satisfy the requirements of paragraph 2.1. theroehof the three measured points or
the average of the three measured angles is usetdeanegarded as applicable in all
cases where the R-point or the design torso asgkferred to in this Annex.

Height measuring apparatus

The height measurement apparatus consists oF{geee 1-1):

A straight edge AE. The lower point A iag#d at the R point location in accordance
with paragraph 2.1. of this Annex. The line A& allel to the design torso angle.
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2.2.2.

2.3.

2.3.1.

2.3.2.

2.3.2.1.

2.3.2.2.

2.4.

2.4.1.

2.4.2.

24.2.1.

A straight edge FG, perpendicular to the At and in contact with the top of the head
restraint. The height of the head restraint is distance between point A and the
intersection of the lines AE and FG.

Height measurement for front outboard heanlaiess

If adjustable, adjust the top of the heatragnt to the highest position and measure the
height.

If adjustable, adjust the top of the head restreonthe lowest position intended for
normal use, other than any non-use position destriim paragraph 5.4. of this
regulation, and measure the height.

For front outboard head restraints that @evented by the interior surface of the
vehicle roofline from meeting the required heightspecified in paragraph 5.1.1.2. of
this regulation, the requirements of paragraphl541of this regulation are assessed by
the following procedure:

Adjust the head restraint to its maximwight and measure the clearance between the
top of the head restraint and the interior surfaicthe roofline or the rear backlight, by
attempting to pass a 25 = 0.5 mm sphere between. the the case of convertibles, the
diameter of the sphere is 50 £ 0.5 mm.

Adjust the top of the head restraint t® libwest position of adjustment intended for
normal use, other than any non-use position desdrilm paragraph 5.4. of this
regulation, and measure the height.

Height measurement for front centre and re#ivaard head restraints

If adjustable, adjust the top of the headraint to the lowest position of adjustment
intended for normal use, other than any non-usdiposiescribed in paragraph 5.4. of
this regulation and measure the height.

For head restraints that are prevented éyirtterior surface of the vehicle roofline or
rear backlight from meeting the required heightsascified in paragraphs 5.1.1.3.
or 5.1.1.5. of this regulation, the requirementspafagraphs 5.1.1.4. and 5.1.1.6. are
assessed by the following procedure:

If adjustable, adjust the head restrairitst maximum height and measure the clearance
between the top of the head restraint or the sszkt bt all seat back angles for intended
use and the interior surface of the roofline or ibar backlight, by attempting to pass
a 25 = 0.5 mm sphere between them. In the cas®rifectibles, the diameter of the
sphere is 50 = 0.5 mm.
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head restraint height (mm)

A . Design torso angle

Figure 1-1
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MINIMUM WIDTH MEASUREMENT TEST PROCEDURE
1. PURPOSE

2.1

2.2.

2.3.

2.4,

The purpose of this test procedure is to demaest@mpliance with the minimum width
requirements described in paragraph 5.1.2. ofréfgslation.

PROCEDURE FOR WIDTH MEASUREMENT
The seat is adjusted such that its H-poimtades with the R-point; if the seat back is

adjustable, it is set at the design seat back ahgté these adjustments are in accordance
with the requirements of paragraph 2.1. of Annex 1.

The plane S1 is a plane perpendicular todference line and situated £ mm below
the top of the head restraint.

Planes P and P' are vertical longitudinal gdartangential to each side of the head
restraint to be measured.

Measure the distance L and L', measured iplthee S1 between the vertical longitudinal
plane passing through the torso line and vertmagitudinal planes P and P'.

Flane 51

Trace of vertical ’;
medion plane of seat

Figure 2-1
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Annex 3
GAP MEASUREMENTTEST PROCEDURE
PURPOSE

The purpose of this test procedure is to evalaategaps within head restraints as well
as gaps between the bottom of the head restraohtttaa top of the seat back, in
accordance with the requirements of paragraph8.5ahd 5.1.4. of this regulation.

Any gaps within the head restraint are measuradjuke sphere procedure described in
paragraph 2. of this Annex.

Gaps between the bottom of the head restraintlentbp of the seat back areeasured
using either the sphere procedure described ingpguhs 2.1. through 2.5. of this
Annex, or, at the manufacturer optioosing the linear procedure described in
paragraph 3. of this Annex.

GAP MEASUREMENT USING A SPHERE

The seat is adjusted such that its H-poimtaides with the R-point; if the seat back is
adjustable, it is set at the design seat back argih these adjustments are in
accordance with the requirements of paragrapho2 Annex 1.

The head restraint is adjusted to its lowesgjhit position and any backset position
intended for occupant use.

The area of measurement is anywhere betweeneviical longitudinal planes passing
at 85 mm on either side of the torso line and altbedop of the seat back.

Applying a load of no more than 5 N again& #rea of measurement specified in
paragraph 2.3. above, place a #3 mm diameter spherical head form against any gap
such that at least two points of contact are mat@mthe area.

Determine the gap dimension by measuring titaégst line distance between the inner
edges of the two furthest contact points, as shaviaigures 3-1 and 3-2.

For gaps within the head restraint, if the sne@ment determined in paragraph 2.5 of
this Annex exceeds 60 mm, then in order to dematestcompliance with the
requirements of paragraph 5.1.3. of this regulatitve seat back displacement test
procedure described in Annex 6 is performed, bylyapg to each gap, using a sphere
of 165 mm in diameter, a force passing throughctrgre of gravity of the smallest of
the sections of the gap, along transversal plarasllpl to the torso line, and
reproducing a moment of 373 Nm about the R point.



ECE/TRANS/180/Add.7
page 50
Annex 3

165 mm dia.
sphere

Section A-A

Figure 3-1 - Measurement of a vertical gap "a".

\ Y
165 mm dia.

/— sphere

Section A-A

Figure 3-2 - Measurement of a horizontal gap "a".
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3. LINEAR MEASUREMENT OF GAP

3.1. The seat is adjusted such that its H-pointaides with the R-point; if the seat back is
adjustable, it is set at the design seat back argih these adjustments are in
accordance with the requirements of paragrapho? Annex 1.

3.2. The head restraint is adjusted to its lowesgjhit position and any backset position
intended for occupant use.

3.3. The gap between the bottom of the head rastad the top of the seat is measured as
the perpendicular distance between two parallehgda described as follows (see
Figure 3-3).

3.3.1. Each plane is perpendicular to the desiggotiine.
3.3.2. One of the planes is tangent to the bottbtheohead restraint.

3.3.3. The other plane is tangent to the top okt back.

Figure 3-3
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2.1

2.2.

2.3.

2.4.

2.5.

2.6.

2.7.

2.8.

Annex 4

BACKSET MEASUREMENT TEST PROCEDURE USING THE HRMDEBMHOD

PURPOSE

Demonstrate compliance with paragraph 5.1.5.2migasuring the backset using the
H-point as the reference point.

PROCEDURE FOR BACKSET MEASUREMENT USING H-POINAS THE
REFERENCE POINT

Demonstrate compliance with paragraph 5.1.5.2mbgsuring the backset of the head
restraint using the three-dimensional H-point maehidefined in Annex 13, and the
HRMD (Figure 4-1). This procedure uses the H-pasthe reference point.

The test vehicle is levelled using the dodir(Bont to rear level) and centre luggage
compartment (side to side level) as reference point

The test vehicle is preconditioned at a tertpee of 20 °C + 10 °C to ensure that the
seat material reaches room temperature.

Remove the head room probe from the threesthineal H-point machine and install
the two washers (supplied with the HRMD) in the cggaremaining on the H-point
pivot.

Set up the seat as described in Annex 12gmgrh 3.3. If the seat back is adjustable, it
is set at an initial inclination position closestdesign angle as measured by the three-
dimensional H-point machine. If there is more tlwae inclination position closest to
design angle, set the seat back inclination tgothsstion closest to and rearward of the
design angle.

Set up the H-point machine as described irekri2, paragraphs 3.4. through 3.10.

Confirm the H-point assembly is level, facidgectly forward and located in the
centreline of the vehicle seat. As necessary répoghe seat pan.

Install the right and left buttock weightsstall four of the torso weights used in
Annex 12, paragraph 3.11., and the two larger HRMBst weights; alternating left to
right. The HRMD torso weights are installed last avith the flat side down. Maintain
H-point machine level.

Confirm the actual torso angle is +1° of thesign torso angle by placing an
inclinometer on the lower brace of the torso weigahgers. If the measured angle is
outside this range, if possible adjust the seak lzangle to be +1° of the design seat
back angle. If an adjustment is made, remove thidkiand torso weights and repeat
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the steps contained in paragraphs 3.9. through 8flBnnex 12, along with steps as
described in paragraphs 2.6. and 2.7. of this A the actual torso angle is +1° of
the design seat back angle.

Perform the steps contained in paragraph 8fl&nnex 12.
Attach the HRMD to the three-dimensional Hapaachine.

Confirm the actual torso angle remained bflthe design seat back angle by placing
an inclinometer on the lower brace of the torsogivehangers. If the actual torso angle
is outside this range, if possible carefully adjst seat back angle to be + 1° of the
design seat back angle. If the legs and seat patheofthree-dimensional H-point
machine move during this procedure, remove the HRMB buttock and torso weights,
and repeat the steps contained in paragraphshBaigh 3.11. of Annex 12, along with
steps as described in paragraphs 2.6. through @f%fis Annex until the actual torso
angle is £1° of the design seat back angle.

Level the HRMD and extend the sliding scalettee back of the head until it contacts
the head restraint. Confirm that the scale is msd laterally within 15 mm of the
torso line and take the backset measurement.

A = 17357 in (441 cm)
| B = 1898in (4.8cm)
Lt C = 5827in {14.8cm)
D = 0892in (2.3 cm)
E = 14030 in (356 cm)
F = 7980in {203 cm)

Figure 4-1
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Annex 5

BACKSET MEASUREMENT TEST PROCEDURE USING THE R-PAIMETHOD

2.1

2.1.1.

2.1.2.

2.2.

2.2.1.

2.2.2.

2.2.3.

2.2.4.

PURPOSE

Demonstrate compliance with paragraph 5.1.5.2nbgsuring the backset using the R-
point as the reference point.

PROCEDURE FOR BACKSET MEASUREMENT USING R-POINAS THE
REFERENCE POINT

Demonstrate compliance with paragraph 5.1.5.2mbgsuring the backset of the head
restraint using the backset measurement apparafused in paragraph 2.1. of this
Annex and the following procedures:

Backset measuring apparatus

The backset measurement apparatus consists dfipae 5-2):

A straight edge (lower arm) AB. The lowein A is placed at the R point location.
Point B is located at a distance of 504.5 mm frdra R point. The line AB
is 2.6 degrees forward of the design torso angle.

A vertical straight edge (upper arm) BC.inP€ is located at a distance of 203 mm
vertically up from point B.

Adjust the seat such that its H-point coinsidéth the R-point, in accordance with the
following requirements.

Relationship between the H-point and theoRip

When the seat is positioned in accordance to theufacturer's specifications, the H-
point, as defined by its co-ordinates, shall li¢hwi a square of 50 mm side length with
horizontal and vertical sides whose diagonals satetr at the R-point, and the actual
torso angle is within 5 degree of the design tensgle.

If these conditions are met, the R-point &he design torso angle are used to
demonstrate compliance with the provisions of paaaly 5.1.5.2. of this regulation.

If the H-point or the actual torso angle gloeot satisfy the requirements of
paragraph 2.2.1., the H-point and the actual t@sgle are determined twice more
(three times in all). If the results of two of #eethree operations satisfy the
requirements, the conditions of paragraph 2.2.2ll sipply.

If the results of at least two of the thoperations described in paragraph 2.2.3. do not
satisfy the requirements of paragraph 2.2.1. tiiraiel of the three measured points or
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the average of the three measured angles is usetdeanegarded as applicable in all
cases where the R-point or the design torso asgkferred to in this Annex.

Adjust the seat back to its design angle.
Adjust the front head restraint so that ifs i®at any height between and inclusive of
750 mm and 800 mm. If the lowest position of adjestt is above 800mm, adjust the

head restraint to that lowest position of adjustimen

In the case of head restraint with adjusthblekset, adjust the head restraint at the most
rearward position, such that the backset is imhg&mum position.

Establish point D on the head restraint, pBirlieing the intersection of a line drawn
from point C horizontally in the x-direction, withe front surface of the head restraint.

Measure the distance CD. The backset is #asured distance CD minus 71 mm.

203 mm

™ Design lorso angle - 2,6°

Figure 5-2
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Annex 6
DISPLACEMENT, BACKSET RETENTION, AND STRENGTH TESHROCEDURE
1. PURPOSE

Demonstrate compliance with the displacement reqents of paragraph 5.1.3. of
this regulation with paragraph 2. of this Annex.

Demonstrate compliance with the displacement reqents of paragraph 5.2.3.3. of
this regulation with paragraph 2. of this Annex.

Demonstrate compliance with the displacement awkdet retention requirements of
paragraph 5.2.3.2. of this regulation with paragrapof this Annex.

Demonstrate compliance with the strength requiremef paragraph 5.2.4. of this
regulation with paragraph 4. of this Annex.

2. PROCEDURE FOR DISPLACEMENT

The load vectors that generate moment on the essticint are initially contained in a
vertical plane parallel to the vertical longitudiaaro plane.

2.1. Seat set-up

If the seat back is adjustable, it is adjusted tpoaition specified by the vehicle

manufacturer. If there is more than one inclinatpmsition closest to the position

specified by the manufacturer, set the seat badknation to the position closest to

and rearward of the manufacturer specified posititinthe head restraint position is

independent of the seat back inclination positmympliance is determined at a seat
back inclination position specified by the manutmet. Adjust the head restraint to
the highest position of vertical adjustment intethfler occupant use. Adjust the head
restraint to the rearmost (relative to the seasjtipm of horizontal adjustment backset
position.

2.2. In the seat, place a test device having, wimmed laterally, the back pan dimensions
and torso line (vertical centre line) of the thr@enensional H-point machine, as
specified in Annex 13, with the head room probghmfull back position.

2.3. Establish the displaced torso line by creangearward moment of 3237.5 Nm
about the R-point by applying a force to the seakithrough the back pan at the rate
of 2.5 Nm/second to 37.3 Nm/second. The initiaton on the back pan of the
moment generating force vector has a height of280+ 13 mm. Apply the force
vector normal to the torso line and maintain ithivit2 degrees of a vertical plane
parallel to the vehicle vertical longitudinal zgrane. Constrain the back pan to rotate
about the R-point. Rotate the force vector dimctith the back pan.
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ECE/TRANS/180/Add.7
page 57
Annex 6

Maintain the position of the back pan as distaéd in paragraph 2.3. of this Annex.
Using a 165+ 2 mm diameter spherical head form, establish #edhorm initial
reference position by applying, perpendicular te thsplaced torso line, a rearward
initial load at the seat centreline at a height#68 mm below the top of the head
restraint that will produce a 373 Nm moment abbetR-point. After maintaining this
moment for 5 seconds, measure the rearward digpimeof the head form during the
application of the load.

When determining the rearward displacementhiead restraints at a gap greater
than 60 mm in accordance with paragraph 5.1.3.hef tegulation, the load of
paragraph 2.4. of this Annex is applied throughdémetre of gravity of the smallest of
the sections of the gap, along transversal plaaeslel to the torso line.

If the presence of gaps prevents the applicatf the force, as described in
paragraph 2.4. of this Annex at 65 + 3 mm from tbe of the head restraint, the
distance may be reduced so that the axis of thee fpasses through the centre line of
the frame element nearest to the gap.

PROCEDURES FOR BACKSET RETENTION AND DISPLACEMEN

If the seat back is adjustable, it is adjusted tpoaition specified by the vehicle

manufacturer. If there is more than one inclinatposition closest to the position

specified by the manufacturer, set the seat badknation to the position closest to

and rearward of the manufacturer specified posititithe head restraint position is

independent of the seat back inclination positmompliance is determined at a seat
back inclination position specified by the manuimet. Adjust the head restraint to
the highest position of vertical adjustment inteshél® occupant use.

Adjust the head restraint to any backset position.

In the seat, place a test device having the baonkdpaensions and torso line (vertical
centre line), when viewed laterally, with the headm probe in the full back position,
of the three-dimensional H-point machine.

Establish the displaced torso line by creating award moment of 3787.5 Nm
about the R-point by applying a force to the seakithrough the back pan at the rate
between 2.5 Nm/second and 37.3 Nm/second. Thalilotation on the back pan of
the moment generating force vector has a heigg0fmm= 13 mm. Apply the force
vector normal to the torso line and maintain ithivit2 degrees of a vertical plane
parallel to the vehicle vertical longitudinal zgriane. Constrain the back pan to rotate
about the R-point. Rotate the force vector diggctvith the back pan.

Maintain the position of the back pan as eihédt in paragraph 3.4. of this Annex.
Using a 165+ 2 mm diameter spherical head form, establish #edhorm initial
reference position by applying, perpendicular te thsplaced torso line, a rearward
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3.6.

3.7.

3.8.

initial load at the seat centreline at a height#63 mm below the top of the head
restraint that will produce a 37 Nm moment aboet f/apoint. Measure the rearward
displacement of the head form during the applicatibthe load.

If the presence of gaps prevents the appdicatf the forces, as described in
paragraph 3.5. of this Annex at 65 + 3 mm from the of the head restraint, the

distance may be reduced so that the axis of thee fpasses through the centre line of
the frame element nearest to the gap.

Increase the initial load at the rate of 2.B/decond to 37.3 Nm/second until
a 373 Nm moment about the R-point is produced. nk@ the load level producing
that moment for not less than 5 seconds and thexsune the rearward displacement
of the head form relative to the displaced toree.li

Reduce the load at the rate of 2.5 Nm/secan®@%3 Nm/second untii O Nm.
Wait 10 minutes. Re-load to 37 Nm about the R4poiwhile maintaining the load
level producing that moment, measure the rearw#glatement of the head form
position with respect to its initial reference piws.

STRENGTH
Increase the load specified in paragraph 2.6acagraph 3.8. of this Annex at the rate

between 5 N/second and 200 N/second to at leasN&2td maintain the applied load
for not less than 5 seconds.
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Annex 7
ENERGY ABSORPTION TEST PROCEDURE

PURPOSE

Evaluate the energy absorption ability of the heaadtraint by demonstrating
compliance with paragraph 5.2.1. of this regulatioaccordance with this Annex.

SEAT SET-UP

The seat is either mounted in the vehicle or fyrmeécured to the test bench, as
mounted in the vehicle with the attachment parts/ipled by the manufacturer, so as
to remain stationary when the impact is applietie $eat-back, if adjustable, is locked
in the design position specified by the vehicle ofaaoturer. If the seat is fitted with a

head restraint, the head restraint is mounted ersélat-back as in the vehicle. Where
the head restraint is separate, it is securecetpait of the vehicle structure to which it
is normally attached.

PROCEDURES FOR ENERGY ABSORPTION

The adjustable head restraints are measured inhaight and backset position of
adjustment.

Test equipment

Use an impactor with a semispherical heau faof a 165+ 2 mm diameter. The head
form and associated base have a combined masshaidcht a speed of not more than
24.1 km/h at the time of impact an energy of 1528 will be reached.

Instrument the impactor with an accelerasensing device whose output is recorded
in a data channel that conforms to the requiremfenta 600 Hz channel class filter as
specified in ISO Standard 6487 (2002). The axishef acceleration-sensing device
coincides with the geometric center of the headhfand the direction of impact. As an
alternative the impactor can be equipped with Ztometers sensing in the direction
of impact and placed symmetrically in comparisontiie geometric centre of the
spherical head form. In this case the deceleratie is taken as the simultaneous
average of the readings on the two accelerometers.

Accuracy of the test equipment

The recording instrument used is such that measamts can be made with the
following degrees of accuracy:
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3.2.1.

3.2.2.

3.2.3.

3.3.

3.3.1.

3.3.2.

Acceleration:

Accuracy = + 5 per cent of the actual value;
Cross-axis sensitivity = < 5 per cent of the lowssnt on the scale.

Speed:

Accuracy: + 2.5 per cent of the actual value;
Sensitivity: 0.5 km/h.

Time recording:

The instrumentation shall enable the action todo®rded throughout its duration and
readings to be made to within one one-thousandth eécond; the beginning of the
impact at the moment of first contact between thadhform and the item being tested
is detected on the recordings used for analyziadeht.

Test procedure

Propel the impactor toward the head redtradt the time of impact, the longitudinal
axis of the impactor is within = 2 degrees of beimyizontal and parallel to the
vehicle longitudinal axis and the impactor speeabismore than 24.1 km/h.

Impact the front surface of the head restrat any point with a height greater
than 635 mm from the R-point and within a distamfethe head restraint vertical
centre line of 70 mm and measure the acceleration.
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Annex 8
HEIGHT RETENTION TEST PROCEDURE
PURPOSE

Demonstrate compliance with the height retentequirements of paragraph 5.2.2. of
this regulation in accordance with this Annex.

PROCEDURES FOR HEIGHT RETENTION
Seat set-up

Adjust the adjustable head restraint so thatadpsis at any of the following height
positions at any backset position:

For front outboard designated seating poysti

The highest position; and

Not less than, but closest to 800 mm

For rear outboard and front centre desighsgating positions

The highest position; and

Not less than, but closest to 750 mm.

For rear centre designated seating position

The highest position; and

Not less than, but closest to 700 mm.

Orient a cylindrical test device having a 1652 mm diameter in plane view

(perpendicular to the axis of revolution), and & Hm length in profile (through the

axis of revolution), such that the axis of the fdation is horizontal and in the

longitudinal vertical plane through the verticahdgtudinal zero plane of the head
restraint. Position the midpoint of the bottomface of the cylinder in contact with

the head restraint.

Establish initial reference position by apptya vertical downward load of 50 + 1 N at

a rate of 250 + 50 N/minute. Determine the refeeeposition after 5 seconds at this
load. Mark an initial reference position for theald restraint.
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2.4,

2.5.

2.6.

2.7.

2.8.

2.9.

Measure the vertical distance between the dbweint on the underside of the head
restraint and the top of the seat back. (see paphd2.9. of this Annex)

Increase the load at the rate of 2580 N/minute to at least 500 N and maintain this
load for not less than 5 seconds.

Reduce the load at a rate of 250 + 50 N/ml th&é load is completely removed.
Maintain this condition for no more than two minaiteIncrease the load at a rate
of 250 + 50 N/minute to 50 + 1 N and, after 5 setomt this load, determine the
position of the cylindrical device with respecttwinitial reference position.

Repeat the measurement of the vertical distargasured between the lowest point on
the underside of the head restraint and the tdheokeat back. (see paragraph 2.9. of
this Annex)

Compare the measurements from paragraphsaBdt.2.7. of this Annex. The
difference is the measurement required to complth vaaragraph 5.2.2. of this
regulation.

If the design of the head restraint is suet ithis not possible to measure to the top of
the seat then the vertical measurement is takenarking a horizontal line across the

front of the seat back at least 25 mm below theskiwoint of the head restraint and

the measurement is taken from this line to the tside of the head restraint.



2.1

2.2.

2.2.1.

2.2.1.1.

2.2.3.

2.2.4.

3.1.

3.2.

3.3.

3.4.

3.4.1.

ECE/TRANS/180/Add.7
page 63
Annex 9

Annex 9
DYNAMIC PERFORMANCE TEST PROCEDURE
PURPOSE

Demonstrate compliance with paragraph 5.3. in @aree with this Annex, using a
50th percentile male Hybrid Il test dummy.

TEST EQUIPMENT

An acceleration or deceleration test sled
50th percentile male test dummy

Hybrid 111

Three accelerometers are in the headyctvimeasure orthogonal accelerations at
the centre of gravity of the head assembly. Theetlaccelerometers are mounted in
an orthogonal array, and the intersection of tlamgsd containing the sensitivity axis
of the three sensors will be the origin of the yrra

Equipment for measuring the head to torgbean
Equipment for measuring and recording steglarations.
PROCEDURES FOR TEST SET-UP

Mount the vehicle on a dynamic test platfontisat the vertical longitudinal zero
plane of the vehicle is parallel to the directidritee test platform travel and so that
movement between the base of the vehicle and tbie platform is prevented.
Instrument the platform with an accelerometer aath ghrocessing system. Position
the accelerometer sensitive axis parallel to thection of test platform travel.

Remove the tires, wheels, fluids, and all oossd components. Rigidly secure the
engine, transmission, axles, exhaust system, \eelifelme and any other vehicle
component necessary to assure that all points enatiteleration vs. time plot
measured by an accelerometer on the dynamic tagoph fall within the corridor
described in Figure 9-1 and Table 9-1.

Place any moveable windows in the fully opesiton.
Seat Adjustment

At each designated seating position, ifsit back is adjustable, it is set at an initial
inclination position closest to 25 degrees fromwbdical, as measured by the three-
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3.4.2.

3.4.3.

3.4.4.

3.4.5.

3.5.

3.6.

dimensional H-point machine, as specified in And&x If there is more than one
inclination position closest to 25 degrees from trextical, set the seat back
inclination to the position closest to and rearwair@5 degrees.

Using any control that primarily moves timire seat vertically, place the seat in the
lowest position. Using any control that primanihpves the entire seat in the fore and
aft directions, place the seat midway between dne@drdmost and rearmost position.
If an adjustment position does not exist midwayween the forwardmost and
rearmost positions, the closest adjustment positidhe rear of the midpoint is used.

If the seat cushion adjusts independentlthefseat back, position the seat cushion
such that the highest H-point position is achiewsgith respect to the seat back, as
measured by three-dimensional H-point machine asifsgd in Annex 13. If the
specified position of the H-point can be achieveithva range of seat cushion
inclination angles, adjust the seat inclinationhstitat the most forward part of the
seat cushion is at its lowest position with respethe most rearward part.

If the head restraint is adjustable, adibhettop of the head restraint to a position
midway between the lowest position of adjustmend d@ime highest position of
adjustment. If an adjustment position midway betwéhe lowest and the highest
position does not exist, adjust the head resttairg position below and nearest to
midway between the lowest position of adjustmendl d@ime highest position of
adjustment.

Adjustable lumbar supports are positionethabd the lumbar support is in its lowest
retracted or deflated position.

Seat Belt Adjustment

Prior to placing the seat belt around the testrdynfully extend the webbing from

the seat belt retractor(s) and release it threedino remove slack. If an upper
adjustable seat belt turning loop (adjustable beltD-ring anchorage) exists, place
it in the adjustment position closest to the midipon. If an adjustment position

does not exist midway between the highest and lovpesition, the closest

adjustment position above the midpoint is used.

Dress and adjust each test dummy as follows:

Each test dummy is clothed in a form fitting cattstretch short sleeve shirt with
above-the-elbow sleeves and above-the-knee leragitep The mass of the shirt or
pants shall not exceed 0.06 kg each. Each fodteotdst dummy is equipped with a
size 11XW shoe whose mass is 0.51 + 0.09 kg. Lonits are set at 1g, barely
restraining the weight of the limb when extendedzumtally. Leg joints are adjusted
with the torso in the supine position.
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Hybrid 1l Test dummy positioning procedure
Place a test dummy at each designated seatingoposguipped with a head restraint.
Head

The transverse instrumentation platform of thedhisalevel within 1/2 degree. To
level the head of the test dummy, the followingusete is followed. First, adjust
the position of the H-point/1to level the transverse instrumentation platfairhe
head of the test dummy. If the transverse instniai®n platform of the head is still
not level, then adjust the pelvic angle of the tdsimmy. If the transverse
instrumentation platform of the head is still ne¥dl, then adjust the neck bracket of
the dummy the minimum amount necessary from the-adpusted "0" setting to
ensure that the transverse instrumentation platfirtne head is horizontal within
1/2 degree. The test dummy remains within thetsinspecified inl/ after any
adjustment of the neck bracket.

Upper arms and hands
Position each test dummy as specified below:

The driver's upper arms shall be adjaietite torso with the centre lines as close to
a vertical plane as possible.

The passenger's upper arms are in cowititithe seat back and the sides of the
torso.

The palms of the drivers test dummy areoimact with the outer part of the steering
wheel rim at the rim's horizontal centre line. Thambs are over the steering wheel
rim and are lightly taped to the steering wheel smthat if the hand of the test
dummy is pushed upward by a force of not less tha#@1l kg and not more
than 2.27 kg, the tape shall release the hand thersteering wheel rim.

The palms of the passenger test dummynazentact with the outside of the thigh.
The little finger is in contact with the seat cushi

Upper Torso

Position each test dummy such that the upper t@sis against the seat back. The
midsagittal plane of the dummy is aligned within &Bn of the head restraint

1/ The H-points of the driver and passenger test diesishall coincide within 12.5 mm in the
vertical dimension and 12.5 mm in the horizontaheinsion of a point 6.25 mm below the
position of the H-point determined by using the ipment and procedures specified in except
that the length of the lower leg and thigh segmenthe H-point machine shall be adjusted to
414 mm and 401 mm, respectively.
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3.7.4.

3.7.5.

3.7.6.

3.7.7.
3.7.7.1.

3.7.7.1.1.

3.7.7.1.2.

centreline. If the midsagittal plane of the dumoaynot be aligned within 15 mm of
the head restraint centreline then align the midisédglane of the dummy as close as
possible to the head restraint centreline.

Lower Torso

The H-points of the driver and passenger test diesishall coincide within 12.5 mm
in the vertical dimension and 12.5 mm in the harab dimension of a point
6.25 mm below the position of the H-point determdiri®y the manikin defined in
Annexes 12 and 13.

Pelvic Angle

As determined using the pelvic angle gage whidhgerted into the H-point gauging
hole of the dummy, the angle measured from thezbotal on the 76 mm flat surface
of the gage is 22.5 + 2.5 degrees.

Legs
Position each test dummy as follows:

The upper legs of the driver and passenger tasides shall rest against the seat
cushion to the extent permitted by placement of¢let. The initial distance between
the outboard knee clevis flange surfaces is 269 mmthe extent practicable, the left
leg of the driver dummy and both legs of the pageerdummy are in vertical
longitudinal planes. To the extent practicable, tight leg of the driver dummy is in
a vertical plane. Final adjustment to accommodag¢eptiacement of feet in various
passenger compartment configurations is permitted.

Feet
Driver's position

If the vehicle has an adjustable acatter pedal, adjust it to the full forward
position. Rest the right foot of the test dummytbe undepressed accelerator pedal
with the rearmost point of the heel on the floon pa the plane of the pedal. If the
foot cannot be placed on the accelerator pedalit seitially perpendicular to the
lowest leg and then place it as far forward as iptessn the direction of the pedal
centreline with the rearmost point of the heelingsbn the floor pan. If the vehicle
has an adjustable accelerator pedal and the righti$ not touching the accelerator
pedal when positioned as above, move the pedalaearuntil it touches the right
foot. If the accelerator pedal still does not totiod foot in the full rearward position,
leave the pedal in that position.

Place the left foot on the toeboard \thh rearmost point of the heel resting on the
floor pan as close as possible to the point ofrgatetion of the planes described by
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the toeboard and the floor pan and not on the wiedigprojection. If the foot cannot

be positioned on the toeboard, set it initiallygserdicular to the lower leg and place
it as far forward as possible with the heel restingthe floor pan. If necessary to
avoid contact with the vehicle's brake or clutchalerotate the test dummy's left foot
about the lower leg. If there is still pedal ifégence, rotate the left leg outboard
about the hip the minimum distance necessary tidabe pedal interference. For
vehicles with a foot rest that does not elevatdeaftefoot above the level of the right

foot, place the left foot on the foot rest so tthet upper and lower leg centrelines fall
in a vertical plane.

Front Passenger's position
Vehicles with a flat floor pan/toeboard

Place the right and left feet on the vehicle'dt@ed with the heels resting on the
floor pan as close as possible to the intersegimnt with the toeboard. If the feet
cannot be placed flat on the toeboard, set thenpepelicular to the lower leg

centrelines and place them as far forward as plessilih the heels resting on the
floor pan.

Vehicles with wheelhouse projectionpassenger compartment

Place the right and left feet in the well of tHeof pan/toeboard and not on the
wheelhouse projection. If the feet cannot be pldtatdon the toeboard, initially set
them perpendicular to the lower leg centrelines thieth place them as far forward as
possible with the heels resting on the floor pan.

Rear Passenger's position

Position each test dummy as specified in parag2apfi.2. of this Annex, except that
feet of the test dummy are placed flat on the fftaorand beneath the front seat as far
forward as possible without front seat interferenc#d necessary, the distance
between the knees can be changed in order to fhladeet beneath the seat.

All tests specified by this standard are catel at an ambient temperature of 18 to
28°C.

All tests are performed with the ignition "on."
TEST PROCEDURE.

Accelerate or decelerate the dynamic tesfqptatto reach a delta V of 178
0.6 km/h. All of the points on the acceleration tusie curve fall within the corridor
described in Figure 9-1 and Table 9-1 when filtei@a@hannel class 60, as specified
in the SAE Recommended Practice J211/1 (revisiomcMd995). Measure the
maximum rearward angular displacement.
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4.2. Calculate the angular displacement from thipudwf instrumentation placed in the
torso and head of the test dummy and an algoritpaltle of determining the
relative angular displacement to within one degred conforming to the
requirements of a 600 Hz channel class, as spedifiSAE Recommended Practice
J211/1, (revision March 1995). No data generatea 200 ms from the beginning of
the forward acceleration are used in determiningubar displacement of the head
with respect to the torso.

4.3. Calculate the HIC15 from the output of instamtation placed in the head of the test

dummy, using the equation in paragraph 5.3.2.&iefregulation and conforming to
the requirements for a 1,000 Hz channel class esifsggd in SAE Recommended
Practice J211/1 (revision March 1995). No dataegated after 200 ms from the
beginning of the forward acceleration are usecetewhining HIC.

Reference Point Time (ms)|  Acceleration (/s

A 0 1C
B 28 94
C 60 94
D 92 0
E 4 0

F 38.t 8C
G 49.t 8C
H 84 0

Table 9-1 — Sled pulse corridor reference poinations.
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Figure 9-1 — Sled pulse acceleration corridor.

The target acceleration with time expressed iniseitionds is a = 86 sirt(88) m/<,
for V =17.3 £ 0.6 km/h. The time zero for the testiégfined by the point when the
sled acceleration achieves 2.5 h{&25g's).
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2.1

2.1.1.

2.1.2.

2.1.3.

2.1.4.

Annex 10
NON-USE POSITION TEST PROCEDURE
PURPOSE

Procedures for folding or retracting head restsaim all designated seating positions
equipped with head restraints, except the drivkrSgnated seating position.

PROCEDURES TO TEST AUTOMATIC RETURN HEAD RESTRMIIS

Demonstrate compliance with paragraph 5.4.4.1h wie ignition "on", and using

a 5th percentile female Hybrid 11l test dummyid accordance with paragraph 2.1.
of this Annex, or a human surrogate in accordarnite paragraph 2.2. of this Annex.
Compliance is determined at a temperature of ZBteC.

5th percentile Hybrid Il Dummy

Position the test dummy in the seat sudhtileadummy's midsagittal plane is aligned
within 15 mm of the seating position centreline ascparallel to a vertical plane
parallel to the vehicle vertical longitudinal zgrane.

Hold the dummy's thighs down and push reahwa the upper torso to maximize the
dummy's pelvic angle.

Place the legs as close as possible to @@eke to the thighs. Push rearward on the
dummy's knees to force the pelvis into the sedhste is no gap between the pelvis

and the seat back or until contact occurs betwleemack of the dummy's calves and

the front of the seat cushion such that the angteden the dummy's thighs and legs

begins to change.

Note the position of the head restraintmBee the dummy from the seat. If the head
restraint returns to a retracted position upon re&hof the dummy, manually place it
in the noted position. Determine compliance witie theight requirements of
paragraph 5.1.1. by using the test procedures neRA.

1/ The technical specifications and detailed drawing Hybrid 11l dummy, corresponding to
the principal dimensions of a 5th percentile femaflehe United States of America, and the
specifications for its adjustment for this test deposited with the Secretary General of the
United Nations and may be consulted on requesthatsecretariat of the United Nations
Economic Commission for Europe, Palais des NatiGesieva, Switzerland.
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Human surrogate
A human being who weighs between 47 and 51 kg, whd is between 140
and 150 cm tall may be used. The human surrogateessed in a cotton T-shirt, full
length cotton trousers, and sneakers. Specifieghtgeand heights include clothing.

Position the human in the centre of the withtthe pelvis touching the seat back and
the back against the seat back.

Verify the human's midsagittal plane is ieattand within £ 15 mm of the seating
position centreline.

Verify the transverse distance betweercémres of the front of the knees is 160 to
170 mm. Centre the knee separation with respabtietseat centreline.

If needed, extend the legs until the feehdbcontact the floor pan. The thighs are
resting on the seat cushion.

If the human contacts the interior movedbat rearward until a maximum clearance
of 5 mm is achieved or the seat is in the closetrd position which does not cause
human contact.

Passenger foot positioning.

Place feet flat on the toe board, or

If the feet cannot be placed flat on the Iboard, the feet are perpendicular to the
lower leg, and the heel is as far forward as ptssibd resting on the floor pan, or

If the heels do not touch the floor p&e, legs are vertical and the feet parallel to the
floor pan.

Passenger arm/hand positioning.

Place the human's upper arms adjacehettotso with the arm centrelines as close
to a vertical longitudinal plane as possible.

Place the palms of the human in contattt thie outer part of the thighs.

Place the little fingers in contact witle seat cushion.

Start the vehicle engine or place the ignitiothe "on" position, whichever will turn
on the suppression system, and close all vehiadesdo Note the position of the head

restraint. Remove the human from the seat. Ihted restraint returns to a retracted
position upon removal of the human, manually pldéicen the noted position.
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2.4,

3.1.

3.1.1.

3.1.2.

3.1.3.

4.1.

4.2.

4.2.1.

4.2.2.

4.2.3.

4.2.4.

Determine compliance with the height requiremerfitgavagraph 5.1.1. by using the
test procedures of Annex 1.

Return the ignition switch to the "off" positi.
60° ROTATION EVALUATION

Procedures for the rear and front centre designsgating positions to demonstrate
compliance with paragraph 5.4.4.2.

Place the head restraint in any position mgetithe requirements of
paragraph 5.1.1.3. or paragraph 5.1.1.5. of thela&gn;

Mark a line on the head restraint with ond at the point of rotation. Measure the
angle or range of angles of the head restrainrerée line as projected onto a
vertical longitudinal vehicle plane;

Fold or retract the head restraint to atwsiin which its minimum height is less
than that specified in paragraph 5.1.1.3. or paay5.1.1.5.;

Determine the minimum change in the heataies reference line angle as projected
onto a vertical longitudinal vehicle plane from #egle or range of angles measured
in paragraph 3.1.1. of this Annex.

DISCOMFORT METRIC

Procedures for the rear and front centre designsgating positions to demonstrate
compliance with paragraph 5.4.4.3. of this regatati

The He and S dimensions are defined in Figure 10-1. feéid®-1 is a vertical fore-
aft plane passing through the R-point (i.e. atrthée point of the designated seating
position) intersecting the seat cushion, seat backthe head restraint.

Adjust the head restraint to the non-use joosit

He is the distance from the R-point to the lower edfjthe head restraint measured
along the torso line.

S is the maximum thickness of the headawstfas determined within 25 mm of the
head restraint lower edge) measured perpendicnltret torso line betweenyTand
Tsfrom line P.

P is a line parallel to the torso line whilctersects the head restraint gt T

Ty is the line perpendicular to the torso line amy&nt to the lower edge of the head
restraint.
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4.2.5. Tsis the line parallel to and 25 mm from.T

Figure 10-1

5. 10° TORSO LINE CHANGE

Procedures for the rear and front centre desigrsgating positions to demonstrate
compliance with paragraph 5.4.4.4.

5.1. Place the head restraint into any positiontimgéehe requirements of paragraph 5.1.1
of this regulation;

5.2. Measure the torso line angle with the threeetisional H-point machine defined in
Annex 13;
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5.3. Fold or retract the head restraint to anytmosin which its minimum height is less
than that specified in paragraph 5.1.1. of thisul&ion or in which its backset is
more than that specified in paragraph 5.1.5. aftagulation; and

5.4. Again measure the torso line angle.
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Annex 11
THREE-DIMENSIONAL REFERENCE SYSTEM

The three dimensional reference system is defibg three orthogonal planes
established by the vehicle manufacturer (see Figyliré) ¥

The vehicle measuring attitude is established pbgitioning the vehicle on the
supporting surface such that the co ordinates effidiucial marks correspond to the

values indicated by the manufacturer.

The coordinates of the "R" point and the "H"mcare established in relation to the
fiducial marks defined by the vehicle manufacturer.

Zero Y plane (verticol

longitudinal zero plane)

Y +X

+Z

Zero X plone (vertical
transverse zero plane)

Figure 11-1 - Three-dimensional reference system

1/ The reference system corresponds to ISO starda@: 1978.
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PROCEDURE FOR VALIDATION OF THE H-POINT AND R-POINRELATIONSHIP FOR
SEATING POSITIONS IN MOTOR VEHICLES

1. PURPOSE
The procedure described in this Annex is usedtabdish the H-point location and the
actual torso angle for one or several seating ipositin a motor vehicle and to verify
the relationship of measured data to design spatidns given by the vehicle
manufacturer.

2. DEFINITIONS

For the purposes of this Annex:

2.1. "Reference ddtameans one or several of the following charactiegsof a seating
position:

2.1.1. the H- point and the R-point and their retzahip,

2.1.2. the actual torso angle and the design tmgte and their relationship.

2.2. "Three-dimensional H-point machine (3-D H niaeli means the device used for the
determination of H-points and actual torso angle$his device is described in
Annex 13;

2.3. "Centre plane of occupant (C/l"Opeans the median plane of the 3-D H machine

positioned in each designated seating positias;rgpresented by the coordinate of the
H-point on the "Y" axis. For individual seats, tbentre plane of the seat coincides
with the centre plane of the occupant. For otkets the centre plane of the occupant
is specified by the manufacturer;

2.4. "Three-dimensional reference systeneans a system as described in Annex 11;

2.5. "Fiducial marks are physical points (holes, surfaces, marks demations) on the
vehicle body as defined by the manufacturer;

2.6. "Vehicle measuring attitullaneans the position of the vehicle as defined thy t
coordinates of fiducial marks in the three-dimenaiaeference system.

3. PROCEDURE FOR H-POINT AND ACTUAL TORSO ANGLE DERMINATION

3.1 The vehicle is preconditioned at a temperadfi2d °C + 10 °C to ensure that the seat
material reaches room temperature.
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The vehicle is at the measuring attitude @efim paragraph 2.6. of this Annex.

The seat, if it is adjustable, is adjustesit fio the rearmost normal driving position, as
indicated by the vehicle manufacturer, taking iotmsideration only the longitudinal
adjustment of the seat, excluding seat travel dsedpurposes other than normal
driving positions. Where other modes of seat ddjasat exist (vertical, angular, seat
back, etc.) these will be then adjusted to the twsispecified by the vehicle
manufacturer. For suspension seats, the vertasatipn is rigidly fixed corresponding
to a normal driving position as specified by thenofacturer.

The area of the seating position contactedhiey3-D H machine is covered by a
muslin cotton, of sufficient size and appropriagttire, described as a plain cotton
fabric having 18.9 threads per tand weighing 0.228 kg/fror knitted or non woven
fabric having equivalent characteristics.

If the test is run on a seat outside the vehtble floor on which the seat is placed shall
have the same essential characteristics (tilt anigéght difference with a seat
mounting, surface texture, etc.) as the floor efvkhicle in which the seat is intended
to be used.

Place the seat and back assembly of the 3aathine so that the centre plane of the
occupant (C/LO) coincides with the centre planetted 3-D H machine. At the
manufacturer's request, the 3-D H machine may beethmboard with respect to the
C/LO if the 3-D H machine is located so far outlibtirat the seat edge will not permit
levelling of the 3-D H machine.

Attach the foot and lower leg assemblies eodbat pan assembly, either individually
or by using the T bar and lower leg assembly. r# lthrough the "H" point sight
buttons is parallel to the ground and perpendicidahe longitudinal centre plane of
the seat.

Adjust the feet and leg positions of the 3-Enkichine as follows:
In the case of front outboard seats:

Both feet and leg assemblies are movesafar in such a way that the feet take up
natural positions on the floor, between the opegaipedals if necessary. Where
possible the left foot is located approximately shene distance to the left of the centre
plane of the 3-D H machine as the right foot isht® right. The spirit level verifying
the transverse orientation of the 3-D H machinebrisught to the horizontal by
readjustment of the seat pan if necessary, or pystwg the leg and foot assemblies
towards the rear. The line passing through theoltpsight buttons is maintained
perpendicular to the longitudinal centre planehef $eat.



ECE/TRANS/180/Add.7

page 78

Annex 12

3.7.1.2.

3.7.2.

3.7.3.

3.8.

3.9.

3.9.1.

3.9.2.

3.10.

3.11.

3.12.

If the left leg cannot be kept parallelth@ right leg and the left foot cannot be
supported by the structure, move the left footluhis supported. The alignment of
the sight buttons is maintained.

In the case of rear outboard seats:

For rear seats or auxiliary seats, the legs aratdal as specified by the manufacturer.
If the feet then rest on parts of the floor whigk at different levels, the foot which
first comes into contact with the front seat skallve as a reference and the other foot
is so arranged that the spirit level giving thengngerse orientation of the seat of the
device indicates the horizontal.

In the case of other seats:

The general procedure indicated in paragraph .3of.this Annex is followed except
that the feet are placed as specified by the vemenufacturer.

Apply lower leg and thigh weights and leved 8tD H machine.

Tilt the back pan forward against the forwstop and draw the 3-D H machine away
from the seat back using the T bar. Reposition3tiieH machine on the seat by one
of the following methods:

If the 3-D H machine tends to slide rearwarsk the following procedure. Allow
the 3-D H machine to slide rearward until a forwhatizontal restraining load on the
T bar is no longer required i.e. until the seat pantacts the seat back. If necessary,
reposition the lower leg.

If the 3-D H machine does not tend to shearward, use the following procedure.
Slide the 3-D H machine rearwards by applying azootal rearward load to the T bar
until the seat pan contacts the seat back (seegifi:2 of Annex 13).

Apply a 100 = 10 N load to the back and pssembly of the 3-D H machine at the
intersection of the hip angle quadrant and the THeausing. The direction of load
application is maintained along a line passingh®ydabove intersection to a point just
above the thigh bar housing (see Figure 13-2 ofe&ntB). Then carefully return the
back pan to the seat back. Care must be exertisedghout the remainder of the
procedure to prevent the 3-D H machine from slidorgvard.

Install the right and left buttock weightdahen, alternately, the eight torso weights.
Maintain the 3-D H machine level.

Tilt the back pan forward to release theitemsn the seat back. Rock the 3-D H
machine from side to side through 10 degrees ade@bees to each side of the vertical
centre plane) for three complete cycles to releamseaccumulated friction between the
3-D H machine and the seat.
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During the rocking action, the T bar of 88® H machine may tend to diverge from
the specified horizontal and vertical alignmenheTl bar must therefore be restrained
by applying an appropriate lateral load during theking motions. Care is exercised
in holding the T bar and rocking the 3-D H machtneensure that no inadvertent
exterior loads are applied in a vertical or fore aft direction.

The feet of the 3-D H machine are not todstrained or held during this step. If the
feet change position, they should be allowed tcaiarm that attitude for the moment.

Carefully return the back pan to the seakland check the two spirit levels for zero
position. If any movement of the feet has occuderdng the rocking operation of the
3-D H machine, they must be repositioned as follows

Alternately, lift each foot off the floohég minimum necessary amount until no
additional foot movement is obtained. During thisng, the feet are to be free to
rotate; and no forward or lateral loads are to peliad. When each foot is placed
back in the down position, the heel is to be intaohwith the structure designed for
this.

Check the lateral spirit level for zeroifios; if necessary, apply a lateral load to the
top of the back pan sufficient to level the 3-D ldahine's seat pan on the seat.

Holding the T bar to prevent the 3-D H maehfrom sliding forward on the seat
cushion, proceed as follows:

Return the back pan to the seat back;

Alternately apply and release a horizorgalward load, not to exceed 25 N, to the
back angle bar at a height approximately at théreeat the torso weights until the hip

angle quadrant indicates that a stable position deen reached after load release.
Care is exercised to ensure that no exterior dowshwelateral loads are applied to the
3-D H machine. If another level adjustment of 83B H machine is necessary, rotate
the back pan forward, re-level, and repeat thegq@tore from paragraph 3.12. of this
Annex.

Take all measurements:

The coordinates of the "H" point are meagwith respect to the three dimensional
reference system.

The actual torso angle is read at the baglke quadrant of the 3-D H machine with the
probe in its fully rearward position.

If a rerun of the installation of the 3-D Hohine is desired, the seat assembly should
remain unloaded for a minimum period of 30 minytésr to the rerun. The 3-D H
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machine should not be left loaded on the seat ddgdanger than the time required to
perform the test.

3.16. If the seats in the same row can be regadeimilar (bench seat, identical seats, etc.)
only one "H" point and one "actual torso angleti&ermined for each row of seats,

the 3-D H machine described in Annex 13 being skatea place regarded as
representative for the row. This place is:

3.16.1. Inthe case of the front row, the drive€at;

3.16.2. Inthe case of the rear row or rows, aemsgat.
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Annex 13

DESCRIPTION OF THE THREE-DIMENSIONAL H-POINT MACHIE I/
(3-D H machine)

BACK AND SEAT PANS

The back and seat pans are constructed of readgotastic and metal; they stimulate
the human torso and thigh and are mechanicallyelirag the "H" point. A quadrant is
fastened to the probe hinged at the H-point to oreathe actual torso angle. An
adjustable thigh bar, attached to the seat paabledies the thigh centreline and serves
as a baseline for the hip angle quadrant.

BODY AND LEG ELEMENTS

Lower leg segments are connected to the seat gsamdly at the T bar joining the
knees, which is a lateral extension of the adjustahigh bar. Quadrants are
incorporated in the lower leg segments to measuee kangles. Shoe and foot
assemblies are calibrated to measure the foot afigl® spirit levels orient the device
in space. Body element weights are placed at éhegponding centres of gravity to
provide seat penetration equivalent to a 76 kg malk joints of the 3-D H machine
should be checked for free movement without eneaurg noticeable friction.

1/ For details of the construction of the 3-D H miaelrefer to Society of Automotive Engineers
(SAE), 400 Commonwealth Drive, Warrendale, Penrayitv 15096, United States of America
(SAE J826 1995 version). The machine correspoodbdt described in ISO Standard 6549:

1999.
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Head room probe

Back pan

Hip ongle guadrant

Seat p
=3 an Back angle

Thigh weight pad quadrant

H—point sight

button

T—bar Jjoining

the knees
H—point pivot

Lateral level

Thigh bar

Knee angle guadrant

Foot angle gquadrant

Figure 11-1 - 3-D H machine elements designation
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Figure 11-2 - Dimensions of the 3-D H machine elets@nd load distribution
(Dimensions in millimeters)



