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A STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATON
1. THE SAFETY CONCERN
1. Whiplash injuries are a set of common symptdmas éccur in motor vehicle crashes and

involve the soft tissues of the head, neck andespilsymptoms 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 orisgthgptoms may be delayed and may only last
a few hours; however, in some cases, effects ofithgy 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 associateu magtve damage.

2. Whiplash injuries are a world-wide problem.the 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 lorgh injuries alone has been reported as
£3billion. (UK Cost Benefit Analysis: Enhanced @eairic Requirements, EEVC Report,
September 200http://www.eevc.or) In the Republic of Korea, rear end collisiogs@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 impadtisions resulting in bodily injury, 81.7 per
cent of male and 88 per cent of female drivershef inpacted 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 agtiphjuries’ occurred annually in crashes
involving passenger cars and LTVs (light trucks Jtipurpose passenger vehicles, and vans). Of
these whiplash injuries, 272,464 occurred as dtrektear 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 repodadually for occupants of rear outboard
seating positions (HR-1-8).

2. UNDERSTANDING WHIPLASH

4. Although whiplash injuries can occur in any kiafl crash, an occupant's chances of
sustaining this type of injury are greatest in fead collisions. When a vehicle is struck from
behind, typically several things occur in quick segsion to an occupant of that vehicle. First,
from the occupant's frame of reference, the badk®fseat 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 thedirg backward. Third, the forces on the

neck accelerate the head, which catches up withl -depending on the seat back stiffness and if
the occupant is using a shoulder belt, passesretimined torso. This motion of the head and
neck, which is like the lash of a whip, gives thsuiting 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 biomesathere is research indicating that reduced
backset will result in reduced risk of whiplashuiryi. For example, one study of Volvo vehicles
reported that, when vehicle occupants involvedeir crashes had their heads against the head
restraint (an equivalent to 0 mm backset) duringadot, no whiplash injury occurred. By
contrast, another study showed significant increasijury and duration of symptoms when
occupa?r}t's head was more than 100 mm away fronhehe restraint at the time of the rear
impact.®

6. In addition, the persistence of whiplash injsrie 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 lgago the centre of gravity of the head would
better prevent whiplash injuries, because the hemstiaint can more effectively limit the
movement of the head and neck.

7. In a recent report from the Insurance InstifoteHighway Safety (IIHS), Farmer, Wells,
and Lund examined automobile insurance claims terdene the rates of neck injuries in rear
end crashes for vehicles with the improved geométrof head restraints (reduced backset and
increased head restraint heighft). Their data indicate that these improved head ressrare
reducing the risk of whiplash injury. Specificallhere was an 18 per cent reduction in injury
claims. Similarly, United States of America conmgrugenerated models have shown that the
reduction of the backset and an increase in thghheif the head restraint reduces the level of
neck Io%?ling and relative head-to-torso motion thay be related to the incidence of whiplash
injuries.>

8. With respect to impact speeds, research andyinie 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
exceeding the normal range of motion. This mehat dur previous focus on preventing neck

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

9 Qlsson et al., An In-depth Study of Neck InjuriesRear-end Collisions. International IRCOBI
Conference, pp 269-280 (1990).

4 Farmer, Charles, Wells, JoAnn, Lund, Adrian, "Effecf Head Restraint and Seat Redesign on
Neck Injury Risk in Rear —End Crashes", Insuramstitute For Highway Safety, October 2002.
¥ "Effect of Head Restraint Position on Neck Injury Rear Impact’, World Congress of
Whiplash-Associated Disorders (1999), Vancouveitj$r Columbia.
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hyperextension is insufficient to adequately protdicrear impact victims from risks of whiplash
injuries. Instead, to effectively prevent whiplagtihe 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 torsw 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 Exe®iCommittee of the 1998 Agreement
(AC.3) adopted a Program of Work, which includes tlevelopment 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@85Sien 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

5.1. 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 Regjoh No. 17 requires head restraints in all
front outboard seating positions of vehicles ofegaty My 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 seapiasjtions of vehicles of category; K and
allows for optional type approval of head restsimptionally installed in other seating positions,
or in other vehicles.

¥ As defined in Annex 7 to the Consolidated Regutatio the Construction of Vehicles (R.E.3)
(document TRANS/WP.29/78/Amend.2 at last amendedrbgnd. 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 pres justification (HR-4-4), developed in
1989, when the applicability of their regulation smMacreased 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 870igguat 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 requénets of the gtr are applied to Category 2
vehicles (light trucks) between the range of 3,560500 kg GVM. Japan presented 2004 data
(HR-4-10) showing the breakdown, by vehicle weiglitcrashes resulting in whiplash injuries.
They show 7,173 (2.3 per cent) rear impacts inmgiwehicles with a GVM over 3,500 kg that
resulted in bodily injury.

14. There is consensus to recommend a wide apphcat the gtr. Specifically, that
head restraints in all front outboard seating parsst for Category 1-1/4ehicles, for Category
1-2 7 vehicles with a gross vehicle mass of up to 4 &§0and for Category 2 vehicles with a
gross vehicle mass up to 4,500 kg.

15. Given the variability in target population irfferent jurisdictions, such as the differing
data from the United States of America and Jagamas 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 domes#éigulatory 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 neuents for certain vehicles. A footnote was
added to the gtr text to make it clear that judgidins can decide to limit the applicability of the
regulation. This approach recognizes that nichaclehthat are unique to a jurisdiction would
best be addressed by that jurisdiction, withoutihg 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.

5.2. 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."

" As defined in the Special Resolution No. 1 conaegnihe PTO Common Definitions of
Vehicle Categories, Masses and Dimensions (docuiifRANS/WP.29/1045).



ECE/TRANS/WP.29/2008/54
page 6

5.3. General Requirements

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

18. For all other seating positiofist is recommended that the installation of headraéss

is optional, but if installed these head restragitall meet most of the requirements of the%tr.
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 léwitStates of America National Automotive
Sampling System (NASS) shows that 10 per centladaupants sit in the second (or higher)
row of outboard seats. It is noted that childred 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 arénéu refined to include only occupants who are
13 years or older, the relevant percentage is estltic approximately 5% This conclusion
about rear seat occupancy is further supportedritet) States of America data (HR-1-3), which
indicate that out of a total of 272,464 annuallycweing 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 hidtesad restraints sit in rear outboard seating
positions. These percentages are even small&ofurcentre and rear centre seating positions.

5.4. Dynamic Test

19. Ideally, the degree of whiplash injury shoutddvaluated based on dynamic testing
that represents "real world" crashes; that is, dasea vehicle acceleration that occurs in real
crashes and a dummy with high biofidelity thateefs the injury 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 oeli 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 measurementnogpticeffective real world performance.
Second, as explained below, it is believed thayrenhic test will help to encourage continued
development and use of "dynamic" head restrairiesys- because the test is designed to allow
a manufacturer the flexibility necessary to offamavative dynamic head restraint designs.

% The informal group did not reach agreement onfmitien of seating position, and therefore
this is left to each Contracting Party or regiop@bnomic integration organization.

¥ Head restraints at seating positions other thantfoutboard are not required to meet the
backset requirements as explained later in thisicent.

1% Wwe further note that approximately 2 per centeafrrseat occupants sit in the centre seating
positions.

Y For the purposes of this gtr, "dynamic head restrgstem” 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 fiad restraint movement may be obtained by
"active" systems whereby the head restraint isvaied automatically (e.g. a pyrotechnic head
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20. Dynamic head restraint systems deploy in tlenewf a collision to minimize the
potential for whiplash. During the normal vehidjeration, 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 ma&st system might not meet the static
performance requirements, in particular the backssgisurement requirements.

21. Although the dynamic compliance option is imket 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 conventiooal static," head restraint systems. That is,
both types of head restraints can be evaluatedtherestatic requirements or the dynamic test
option.

22. The United States of America currently has ¢y regulation with a dynamic
testing option. Under the United States of Amedgaamic option, the entire vehicle is exposed
to a half-sine deceleration pulse with a targe8& g peak and 88 ms duration. The 50th
percentile male Hybrid 1l dummy in each seat mhste a maximum head-to-torso rotation of
less than 12 degrees and a HIC15 (Head Injury i@jtef less than 500.

23. In this gtr under direction from AC.3, when tignamic test procedure with Hybrid

[l is allowed the maximum relative head-to-torstation value is limited to 12 degrees with the
50th percentile male dummy in all seats, with tlead restraint adjusted vertically midway
between the lowest and the highest position ofsadjant. The head restraint is to be positioned
at the middle position of vertical adjustment bessathere are concerns with the effects of this
gtr on dynamic head restraint systems. As prelyostated, there is a need to ensure that the
dynamic test option encourages continuing developroedynamic head restraint systems. As
discussed below, research indicates that currextt resstraint systems can meet the head-to-torso
rotation limit in this gtr when the head restrasmadjusted midway between the lowest and the
highest position of adjustment.

24. Using published data of low speed rear impastirtig of original equipment
manufacturer (OEM) seats with Hybrid 11l 50th pertle male dummies (Viano, D., Davidsson,
J., "Neck Displacement of Volunteers, BioRID P3 &hybrid 11l in Rear Impacts: Implications

to Whiplash Assessment by a Neck Displacement i@ite(ND)," Traffic Injury Prevention,
3:1005-116, 2002), and information on whiplash rig@s sustained by occupants of these seats, a
logistic regression was used to develop a prolgtfi whiplash injury as a function of dummy
head-to-torso rotation. The function is showniiguire 1.

restraint system that utilizes a gas dischargeefoy 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.



ECE/TRANS/WP.29/2008/54
page 8

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 Il 50th percentile male dummy

25. A 12-degree head-to-torso rotation correspaweds: 7.3 per cent probability of
whiplash. This criterion was selected to ensugadte protection for occupants who range in
stature from shorter females up to and includirgrtanales, for all seats. In evaluating the
head-to-torso rotation limit, it was noted thathe past there has not been a consensus among
the biomechanics community on how best to meashee potential for whiplash injury.
Presently, the relative head-to-torso rotatiorhes lvest criterion available, and will assure early
head restraint interaction. The goal in selecfiegformance 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-ocoreespondence between the two sets of tests.
Thus, a particular vehicle may be able to passtestebut not the other.

26. The United States of America performed sledingsas specified in the dynamic
compliance option on a specially designed seakpioee how various seat characteristics affect
relative head rotation and other dummy injury meesd? An OEM seat with an adjustable
head restraint was modified by removing the orignealiner 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 systesach 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 seatk strength, sensitivity analyses to head regtrain
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 Il dummies.

12 Eor full details of these tests, please see DadkeNHTSA-2000-8570-57, 58, 59.
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27. The head restraint height was either 750 m@00rmm and the backset was always
50 mm as measured by the HRMD. However, the ngjofitests (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 dumamgd head restraint height, the range of
relative head-to-torso rotation was 6 to 16 degreé#kC15 was measured for half of these tests
and ranged from 40 to 75. Nearly half of the smmatfigurations (9 of 20) met the 12-degree
limit placed on the dynamic compliance option foh@ad restraint in the lowest adjustment
position (750 mm). In general, the smallest re@tiotations were seen for the baseline seat
back strength!¥ and non-rotating seat backs irrespective of tHeerotseat/head restraint
parameters. From these tests, it was concludedhidead 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 St&t@merica subjected a MY 2000 Saab 9-3
seat to the sled pulse of the dynamic test optidn95th percentile male Hybrid Il dummy
occupied the seat. The Saab 9-3 has a dynamicrés@aint 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., 'NBisplacement of Volunteers, BioRID P3
and Hybrid Il in Rear Impacts: Implications to Wilash Assessment by a Neck Displacement
Criterion (ND)," Traffic Injury Prevention, 3:100616, 2002) also sled tested a 9- 3 head
restraint at a slightly lower, 16 kmAV, with the seat occupied by a 50th percentile nilbrid

[l dummy. With the head restraint in the up piosit the relative head rotation was measured at
6.5 degrees. With the head restraint midway betvwbe lowest and the highest position of
adjustment, the relative head rotation was 10 dsgeg 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 heddrso rotation limit of 12 degrees will
not discourage the development of dynamic headaiassystems. Current systems, such as the
one in 2000 Saab 9-3 and the Toyota Whiplash Injiegsening (WIL) seat (measured 6
degrees of rotation), can meet the head-to-torsdion limit in this gtr. The United States of
America testing has also shown that current statiad restraints/seats need more extensive
modification to meet the head-to-torso rotationitn These changes might include increasing
the strength of attachment to the seat for adjiestabad restraints and 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 wiaigh, but instead as a surrogate for the energy
absorption test required for the static complianopéon. Because HIC15 is easily measured
during dynamic testing, it appears to be a more@pfate measuring tool. The HIC15 level of
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 injuryy While the 80g limit and the HIC15 limit of 500 anet

¥ The baseline seat back strength was obtained thretafic 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

14 Eppinger, R., et al. (1999) Development of Improwejiry Criteria for the Assessment of
Advanced Automotive Restraint Systems—II. Avaliéaht
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necessarily equivalent, the two requirements daeskize same intent of mitigating potential

injury related to the head striking a rigid or iffstiently padded head restraint. Data were
analyzed from FMVSS No. 201 impactor tests on theklof 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 rarigél @15 values from approximately 425 to 800.

Accordingly, it is believed a limit of 500 is apjprate. The greatest HIC15 value obtained in
testing sled testing using a 50th percentile malamdy was 57. Thus, the HIC15 limit of 500 is

practicable. The 500 HIC15 limit will give a stgprindication of deleterious effects on the

occupant’s head and/or neck from deploying heainaiess.

31. In the discussion of the dynamic test, somgesigd that a trigger point for a sensor
driven deployable head restraint should be includédwas 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 thedhreatraint standard to ensure objective testing.
One participant cited their dynamic head restréat uses a pyrotechnic design. Once the
threshold acceleration is sensed, the pyrotechament 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-diaeacteristic of the deceleration pulse is not
representative of the pulse that its vehicle waddse in a rear impact and that sensors designed
to the half-sine pulse may trigger head restraumtsecessarily. There was a discussion
regarding pre-active head restraint systems indigathat a dedicated test protocol may be
required to evaluate them (HR-8-10).

32. The specified sled pulse is representativenefexperienced in a crash when the head
restraint is needed to provide protection. The rayppateness of theAV and average
acceleration of the pulse is supported by a 2008d&k study by Krafft and others (Krafft, M.,
Kullgren, A., Ydenius, A., and Tingvall, C. (200Rjfluence 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). Thisdy examined rear impact crashes with crash
recorders where the crash pulse was known (66 stasghes). It examined the relationship
between whiplash injury risk and parameters suchA¥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 nazaeleration of the crash pulse was greater
than 4.5g and aboveAV of 15 km/h. For this group, the mean accelerati@s 5.3g and the
averageAV was 20 km/h. The crash pulse has a 5.6g meaglemation and 17.3 km/AV. The
EEVC have published a review of the latest infoiorativailable concerning rear impact pulses
and their relationship to whiplash and associatedrders (Recommendations for a Low Speed
Rear Impact Sled Test Pulse, EEVC, September 206%//www.eevc.org)*® The report was

http://www-nrd.nhtsa.dot.gov/pdf/nrd-11/airbags/rev_critedd.p

¥ This final report was made available to the inforgr@up approximately one month before

the session of GRSP where this gtr was finaliZElis report is a compilation of data in support
of presentations that were made to the informalgron January 2006. While the EEVC

provided routine updates to the informal group em&RSP, some Contracting Parties did not
have sufficient time to fully evaluate the finalpoet, and therefore have not accepted its
conclusions at this time. It is anticipated thatill be part of the discussion within Phase 2.




ECE/TRANS/WP.29/2008/54
page 11

not able to recommend a single specific pulse shaeelating to injury, instead proposing
either a bimodal or triangular, with// of 20 km/h and mean acceleration of 5-6g to askire
longer-term (symptoms greater than one month Ch.lT)aﬂg Therefore, it is believed that the
sensors should be designed to activate the he&dingésn such a situation. There is concern
that if a trigger point is specified, i.e., speedithat the head restraint be activated at a specif
point in time as part of the test procedure, thesald be no test of the sensors and no assurance
that the head restraint would activate during thee 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 tkia¢ informal group strongly encourages the
development of a future fully developed alternatilygnamic 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 dnadlternative dynamic test, incorporating
BioRID II, may be introduced into this gtr, it ixgected that research to develop a single
dynamic test would supersede efforts to reviseHfgbrid 11l dynamic option. However, if
future information led to different conclusions ithidnose used to develop the existing procedure
and criteria (such as the trigger point or heatbtee angle rotation), amendments could be
made to this option.

34. While GRSP is recommending this dynamic tesioap it acknowledgegriticism
associated with the use of the Hybrid Il dummy.lthAugh there is a paper by Ford (SAE
973342), which argues that the 50th percentile ragdarid Il neck is sufficiently biofidelic in
the rearward direction. The EEVC report "The Utsthe Hybrid Il dummy in Low Speed Rear
Impact Testing," (September 200'7) showed the 50th percentile male Hybrid 11l neckkiac
sufficient biofidelity to be a useful tool for remnpact testing and therefore cautioned against its
use. The EEVC also observed that the interactiae rigid thoracic spine of the Hybrid IlI
with the seat back is not humanlike which migheeffthe real world performance of dynamic
head restraints.

35. The group was informed of studies conductedheyEEVC concerning the Hybrid
[ll, BioRID Il and RID 3D test devices. At this g the EEVC research ("Dummy
Measurements and Criteria for a Low-speed Rear ¢mpéhiplash Dummy" WG12 Report
September 2002’ has shown that the BioRID Il has the highest lefebiofidelity of these
three candidate dummies.

18 Recommendations for a Low Speed Rear Impact Skest Pulse, European Enhanced
Vehicle-safety Committee (EEVC) Report, Septemi@x72http://www.eevc.org

7 This final report was made available to the informg@up approximately one month before

the session of GRSP where this gtr was finaliZEkis report is a compilation of data in support
of presentations that were made to the informaugrim January 2006. While the EEVC

provided routine updates to the informal group em&RSP, some Contracting Parties did not
have sufficient time to fully evaluate the finalpoet, and therefore have not accepted its
conclusions at this time. It is anticipated thatill be part of the discussion within Phase 2.
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36. As some Contracting Parties believed that ahyo test should not be delayed, even
if it is only an interim step, the gtr contains seamendations, at the direction of AC.3, to permit
the use of the Hybrid 1l dummy in the assessmdrdymamic head restraints. Nevertheless,
GRSP acknowledges the agreement of AC.3 that therofor a dynamic test using the BioRID
Il test dummy also be recognised in this gtr. Tim@rmal group also recognise that some
Contracting Parties may wish to adopt alternatieasures using the BioRID Il dummy as soon
as procedures suitable to the needs of their jotied are developed.

37. GRSP therefore recommends that, in the firstamce, Contracting Parties may
introduce into their national or regional laws aittive procedures for use in the dynamic
assessment of head restraints. At the discrefidheoContracting Party, these procedures may
be used in concert with this gtr. In making theeammendation GRSP understands that those
Contracting Parties will bring forward separatelgquivalent recommendations for the
introduction of these alternative procedures ihte gtr.

38. In anticipation of this development, a sect®reserved in the regulatory text to be
used for the incorporation of amendments to proeigigivalent dynamic assessment criteria for
the BioRID Il dummy (test procedures, performandeda and associated corridors).

39. For those Contracting Parties which would likeencourage the development of

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

time, GRSP is recommending that they be alloweextempt "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 systevhiplash evaluation test, which
incorporates the combined performance of the sedthead restraint and uses the BioRID Il
dummy, is not currently available. GRSP recommesuad 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.

5.5. Seat Set Up and Measuring Procedure foicRaguirements

41. There were two proposals under discussionsecoimy the set-up of the seat for the
measurement of height and backset. One propogal use the manufacturer's recommended
seating position as detailed in UNECE Regulation Nb 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.
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 vehicteeaus (e.g., light trucks, minivans,
SUV’s and full size vans) in which a seat back angfl 25 degrees is not realistic nor feasible,
thus leading to a much larger backset using UrStedies of America’s procedure as compared to
the real world situation. It was stated that SAE100 July 2002 recommends a 22 degree
nominal torso design angle.
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43. Also, it was stated that 5th percentile fensiddure occupants do not sit at 25 degree
torso angles, but prefer about 18 degrees and smnidgtle as 14. It argued that this more

upright back angle greatly reduces the backsdtaqoint 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. Additilexibility is needed to account for vehicles
with very upright design angles. As a practicaktera this approach provides some additional
backset flexibility for most seats, since the tgbpiclesign seat back angle is 23.5 degrees.
Specifying that such a seat be tested at the desgh 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 Restiisieasurement 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 carefbez be used at different seat back angles. It
is relatively rare that a seat can be adjustedte 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. Fmetheasons, there should be no problem in
testing vehicles at the design seatback angle.

46. In addition to the set-up of the seat, the wekthf measuring height and backset was
discussed. Some recommend taking all measuremesig the R-point as the required
reference point. Another proposal is to use tl&6 J&anikin as the primary measurement tool.
The use of the R-point allows measurements to béeadkto known design points on the vehicle
thus improving repeatability. The use of the J8@&nikin allows the seat H-point to be
measured as it exists in the vehicle. It was atghat options in seat materials and manikin set
up can produce recordable differences from onetseatother. 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. GRSfedago recommend that all static
measurements, except for backset, will use theiRtps the required reference point. Because
of the sensitivity of the backset measurement tat $e 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 backséetoneasured with R-point as an alternative
and take into account the seat to seat differebg@esquiring a smaller backset limit (see section
5.8. for further discussion of the backset meagunrethod and determination of limits). The
United States of America is currently the only cioythat specifies use of the H-point for static
measurements other than backset. The United Siatémerica agreed to specify R-point for
these other measurements, based on a belief thaultd 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 leagish.
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5.6. Height of the Head Restraint

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

injuries by requiring that head restraints be reglough 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 tated to a 700 mm height indicates these
designs are not preventing whiplash injuries fraouwring. Research has led to the conclusion
that prevention of hyperextension alone does gt wthiplash from occurring. Since a 700 mm
high head restraint is capable of preventing hygersion in many occupants, it seems likely
that the persistence of whiplash may be the redulte 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 comtaiion 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.Gweder, 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 rateddgdy IIHS (integral restraints with a height
less than 60 mm below the top to the head andmwitBimm 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 dedas "good" at all backsets within the "good"
range. GRSP believes that the proposed requirefeenbackset, in conjunction with the
proposed height requirements, would provide a Bggmt contribution to improvements in
safety.

5.6.1. Front Outboard

50. Both UNECE Regulation No. 17 and the FMVSS 8062 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 igimuam height of 850 mm, to
accommodate the taller citizens of some counttissng 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 resthaiigtht of 849 mm to give protection
equivalent to that of the average occupant. Thedulkmitted data (HR-4-14 and HR-6-11)
showing their population is tall enough to neetketahead restraints. The UK also provided an
EEVC Cost Benefit Analysis (UK Cost Benefit AnalysEnhanced Geometric Requirements for
Vehicle Head Restraints, European Enhanced Vebafiety Committee (EEVC), September
2007, http://www.eevc.orgf demonstrating benefits for increasing head restrhieight

¥ Thjs final report was made available to the infatmgroup approximately one month before
the session of GRSP where this gtr was finaliZEais report is a compilation of data in support
of presentations that were made to the informalgron January 2006. While the EEVC

provided routine updates to the informal group am@&RSP, some Contracting Parties did not
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above 800 mm.

51. There are concerns with raising the heighthef head restraint above 800 mm at this
time. It was noted that with an 800 mm head resiré is starting to become a challenge for
manufacturers to be able to install seats in tlincle 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 smad, &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 phttéoinprove 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 thghtheequirement and/or revising the
measurement method be continued in Phase 2 tgtthis

5.6.2. _Front Centre and Rear Head Restraints

5.6.2.1. Defining a Front Centre and Rear Heattamt

54.  This gtr provides an objective definition andtest procedure for determining the
presence of a head restraint. A vehicle seathliconsidered 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 equal greater than 700 mm, in any position of
backset and height adjustment.

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

this definition of the head restraint will allowettmanufacturers to provide a relatively tall seat
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 remaiconcern, 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.

have sufficient time to fully evaluate the finalpoet, and therefore have not accepted its
conclusions at this time. It is anticipated thatill be part of the discussion within Phase 2.

¥ The survey included twelve 1999 model year vehi¢®passenger cars, 1 minivan, and 2
SUVs). Five of the twelve vehicles featured reatisg systems that fell under our definition of
the rear head restraint.
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5.6.2.2. _Height of Front Centre and Rear HeadrRies$

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

5.6.3. Clearance Exemption

57. There were several proposals considered regpthe need for some clearance between
the head restraint, when it is at its highest pwsitand the interior roofline (headliner) or rear
window. In some vehicles, the required head redtizeight may lead to interaction with the
vehicle interior. In addition, in 2 door vehiclefere seats need to be rotated in order to allow
ingress or egress of the vehicle, the required hestdaint 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 datgonesented to justify this position.

58. One of the proposals considered allows 25 mmlesrance between the head restraint
and the interior roofline (headliner) or rear windavhen the head restraint is in the highest
position, the seat is in the lowest position, dmel seat back is at design angle. This is based on
the safety concern for maintaining the 800 mm heajhthe 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 epiion was needed to allow the rear seat
passengers to exit the vehicle in emergency. Withioe clearance, the seat could contact the
vehicle structure and slow down the egress process.

59. There is concern that the clearance exemptoidde 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&seéind a review of the fleet, it was
determined that the clearance exemption is notewéat front or rear seats for folding positions
and therefore it is recommended that an exemptfo@50mm only be applied in cases of
interference with the interior roofline (headlinen) backlight. An exemption of 50 mm for
convertible roofs is also recommended to accoumttlfie articulation of the folding top

mechanism.

5.6.4. Adjustable Front Head Restraints — Fronit@ct Surface Area

61. It was initially proposed to include in the tie UNECE Regulation No. 17 requirement
that the height of the head restraint face be ammoim 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 headhnestrThere have been concerns expressed that
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the measurement taken in this manner does not sgltle 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. Thisnsonstrated in Figure 2.

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

\:i\*a’

%
,’.i

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 levelpobtection for the occupant that is being

subjected to the dynamic process resulting froraaa 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 with Hackset requirement, and the horizontal
plane used to measure the height of the head irdstrghis proposal was countered by some as
not necessary because the shape of the head mestrajoverned by the displacement test,
energy absorption test, and other requirements.

63. Absent a final decision on how the measurementild be made, analysis to determine
whether or not such a requirement would add beneéih not begin. At this time, until a fully
developed proposal can be evaluated, GRSP agreexdammend that the gtr not include a
minimum height requirement for front surface coht@®a but recommends that the discussion
on this issue be continued in Phase 2 to this §time Contracting Parties may wish to continue
regulating a 100 mm minimum height requirement urideir current regulation scheme.
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5.7. Head Restraint Width
5.7.1. Front and Rear Seats
64. It is recommended that all seats have a minirhead restraint width to ensure a

minimum level of protection for the occupant in €athey do not contact directly on the
centreline. 170 mm is an existing standard ang@raviding appropriate protection for the
occupant. Therefore it is recommended that fos tir, the minimum width of the head
restraints in all seating positions be 170 mm.

5.7.2. Bench Seats

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

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

67. No justification was provided for this additadmequirement for bench seats. This is
not a requirement under the UNECE Regulations ameas not shown that bench seats head
restraints with a width of 170 mm pose any adddiorisks to occupants when compared to
bench seats head restraints with a width of 254 mirherefore this requirement is not
recommended for the gtr.

5.8. Backset

68. The consensus within the biomechanics commumitiyat the backset dimension has an
important influence on forces applied to the nec#t 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 minimizesrigadih the head during a rear impaét.
More recently, the Olsson study, which examinedknegries in rear end collisions and the
correlation between the severity of injuries andieke parameters, showed that the duration of
neck symptoms was correlated to the head resthaiokset. Specifically, reduced backset,
coupled with greater head restraint height, resnltswer injury severity and shorter duration of
symptoms2¥

2 Mertz, H.J.; Patrick, L.M.: "Investigation of thinematics and Kinetics of Whiplash,
"Proceedings of the 11th Stapp Car Crash Conferékeeheim, California, 1967; pp. 267-317.

2Y Olsson, 1., Bunketorp, O., Carlsson G., Gustafs&nPlanath, I., Norin, H., Ysander, L. An
In-Depth Study of Neck Injuries in Rear End Cotiiss, 1990 International Conference on the
Biomechanics of Impacts, September, 1990, LyomdaaSee Table IV and the Appendix.
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69. A different study examined sled tests to deiteenthe influence of seat back and head
restraint properties on head-neck motion in regsaiots. The study concluded that the head
restraint backset had the largest influence orh#a&l-neck motion among all the seat properties
examined. With a smaller backset, the rearwardl 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 correlatimiween head restraint backset and head to torso
rotation of the volunteers and to the reported Velsip injury complaints. The most important
design parameters were a low horizontal distantedsn the head and head restraint as well as
the head restraint heigh?

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 greaterlagisment 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 timéfetience between the occurrences of the peak
upper and lower neck shear forces are smaller50Amnm backset and lower, the head moved
more in phase with the torso and extension of #edhwas reduced indicating a lower risk of
whiplash ir;g'_}/ury.M [IHS, in its studies of head restraints, consdebackset of 70 mm or less to
be "good" =

72. Based on this research, it was concluded thdihg a requirement specifying a limit on
backset would result in reduced angular displacérhetween the head and torso in a crash.
One method used to assess the potential benefiés bfckset limit was through a computer
modelling study in which the backset dimension wde$ined as the distance between two
vertical lateral planes; one plane passing throtnghrearmost point on the headform and the
other passing through the forward most part ofttbad restraint at its centreline. A seat model
intended to represent a 1986-1994 Pontiac Grand was used with the head restraint
positioned in 21 different configurations with vamy heights and backsets. The vehicle seat, as

2 gyensson, M., Lovsund, P., Haland, Y., LarssonTt® Influence of Seat-Back and Head-
Restraint Proerties on the Head-Neck Motion DuriRgar-Impact, 1993 International
Conference on the Biomechanics of Impacts, Septertb83, 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.

2 Tencer, A., Mirza, S., Bensel, K. Internal Loadshe Cervical Spine During Motor Vehicle
Rear-End Impacts, SPINE, Vol. 27, No. 1, pp. 342002.

BThe IIHS head restraint rating criteria is discasse at:
Http://www.iihs.org/vehicle_ratings/head_restraihead.htm
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modelled, was relatively stiff in the longitudirdgitection 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-torsalangotation was greater than 2 degrees for
head restraints above 750 mm and backsets 50 mmolaser. At backsets up to 100 mm, all
head-to-torso angular rotations were less thare@tegs for head restraints above 750 mm. At a
backset of 150 mm, head rotations of 27 and 44edsgoccurred at head restraint heights of 750
mm and 800 mm, respectively. The computer modgllwaicates that the lowest head-to-torso
rotation value was seen when the backset was aippaigdy 50 mm.

5.8.1. Backset Measurement Method

58.1.1. Measurement of Backset using the Heatkr&rt Measurement 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 HREIEhat 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 raised @ssconcerning suitability of the HRMD as a
test device and the variability in backset measergsmwhen the HRMD is used.

75.  An EEVC report was introduced (EEVC WG20 Repo8tatic test of Head Restraint
Geometry: Test Procedure and Recommendations (€ci97 HR-10-065%) which reported
on research efforts to produce a repeatable amddegpible 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 repaaility and reproducibility.

76. The report cited concerns that the geometrthefseat 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 versiaisparticular standards give identical
interaction with seats, particularly when the geatontoured. This could be significant for the
accurate determination of torso angle and, in @ar, head restraint height and backset when
the H-point manikin is used in conjunction with tHRMD.

77. GRSP recommends that it is necessary that 4peitd manikin and HRMD machine are
considered as a single tool and that they musetber be calibrated together and remain as a

% This final report was made available to the infafmroup approximately one month before
the session of GRSP where this gtr was finaliZElis report is a compilation of data in support
of presentations that were made to the informaugran January 2006. While the EEVC

provided routine updates to the informal group em&RSP, some Contracting Parties did not
have sufficient time to fully evaluate the finalpoet, and therefore have not accepted its
conclusions at this time. It is anticipated thatill be part of the discussion within Phase 2.
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matched pair for use in regulatory assessmentsveker, GRSP has noted that at this time there
is no agreed calibration procedure or generallyilabvie calibration equipment to ensure
compliance with this recommendation. This posegnicant risk with respect to
reproducibility. It therefore recommends thatpéable calibration procedure and equipment be
incorporated into regulations that use type apprasa method for approval.

78.  Transport Canada conducted a study to verifgtiadr 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 gobEransport 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 ISO DIS 6220 - Headforms for use in the testigrotective helmets. It also reported that
both height and backset probes are within £ 2 mth@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. Alsojike a crash dummy, it is not
subjected to crash test forces. The informal gmoates that the International Insurance Whiplash
Prevention Group (IIWPG), of which ICBC is a membwas identified that variability between
three-dimensional manikins can be an issue wherguke ICBC HRMD. To address this issue,
[IWPG has developed a "Gloria jig" to calibrate tdwmbination 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 commereinterprise to offer a calibration service.
For this reason the Working Group cannot specifyute as part of this gtr. Therefore, although
no detailed calibration procedure is included ia tjir text, the group recommends that such
procedure is developed.

80. In a study conducted by the United States okeAra (HR-5-4), variation in backset
measurements when using multiple laboratories wasnmed. This study concluded, among
other things, that taking the average of three &etcikneasurements at each of three labs reduced
the average measurement range between the lalimby lalf (from 8.5 mm to 4.5 mm). Using
an average of three measurements in each of bapksdton of adjustment, at a 2 standard
deviation (s.d.) (97.7 per cent) level of certajiihe expected variability was 5.64 mm; at a 3 s.d.
(99.9 per cent) level of certainty, the expectedatdlity was 8.47 mm. Data were presented by
Japan showing a variability of up to 29mm (HR-7-1(pata was presented by International
Organization of Motor Vehicle Manufacturers (OIC8howing a variability of up to 11 mm.
(GRSP-41-22)

81. The Transport Canada study, which used eighicles, 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
the three measurements in each backset positiadje$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.
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82. Given that both the United States of Americd @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.

5.8.1.2. Backset Limit for Measurements usingHiRMD

83. As discussed in section 5.8. above, a backsét df 50 mm is recommended for
optimal reduction in the head-to-torso rotationdahen computer 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 designatedirsgg@ositions to 55 mm.

5.8.1.3. Measurement of Backset using the R-@srihe required reference point

84.  Another proposal was presented separately BAQ@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 measurementiabps 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 usingiRMD, which ranged from 2.5 mm to 6.0
mm (GRSP-41-3). In the data provided by OICA, aalysis 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 recommtéiadi the gtr allow Contracting Parties and
regional economic integration organizations theiawptof allowing manufacturers a choice
between H-point and R-point, so that manufactudrieh did not wish to market their vehicles
in other countries would not have to incur potdrepenses in retesting their head restraints to
measure backset from the H-point.

5.8.1.4. Backset Limit for Measurement Method gsine R-point as the required
reference point

85.  While theoretically, the backsets measuredguia methods outlined in sections 5.8.1.1.
and 5.8.1.3. should produce the same results, gaason of the two measurement methods
performed separately by Japan and OICA showedbtihatverage 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. Japamedysis showed an average offset of 6.7
mm. Taking into account the variability in the ldudesign discussed in section 5.8.1.3, it is
recommended to set the backset limit measuredtitiR-point method at 45 mm.

5.8.2. 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
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and measured with the HRMD, using the H-point asititial reference. Others proposed a less
stringent backset of 70 mm.

87. The EEVC Cost Benefit Analysis (UK Cost Benefihalysis: Enhanced Geometric
Requirements for Vehicle Head Restraints, EEVC, t&aper 2007, http://www.eevc.org)
considered the potential costs and benefits obdhicing 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 e t© industry consistent based on the US data.
The study used UK data and proposed that signifisawvings could be achieved through
changes to existing head restraint geometry (imatuthe introduction of a backset requirement,
Figure 3.
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Figure 3 Potential Long-term Whiplash Injury Sawrig 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, lagcause of differences in the occupants size,
posture and seat angle preference, the same h&taaimecan 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 thisenapright seatback angle greatly reduces the
backset to the point of interference with the hehdome of these occupants, and not just the
hair.

89.  The importance of acceptable comfort for atiugants 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



ECE/TRANS/WP.29/2008/54
page 24

indicated by a review of IIHS backset data of 2008ddel year vehicles, nearly half of the
current vehicles measured had a backset of 55 mlessrmore than 30 per cent had a backset of
45 mm or less, and 25 per cent had a backset ofdQr less. Moreover, these calculations
were made using a seatback angle of 25 degreesharehange 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 metonitibausing significant comfort issues.

90. Therefore, GRSP agreed to recommend a badksiétof 55 mm when measured
from the H-point and 45 mm when measured from tigoRt. At this limit there are significant
benefits and the costs of the regulation are redden

5.9. Gaps
5.9.1. Gaps within Head Restraint
91. It is recommended that all gaps within a hesstraint are evaluated to ensure a

minimum level of protection for the occupant andvpde appropriate relief to address rearward
visibility concerns. The proposed evaluation reegithat if the gap is greater than 60 mm when
measured using 165 mm sphere then the gap is tesiad the displacement test with the
headform applied at the centre of the gap. Thisams existing UNECE Regulation
No. 17 requirement and is providing appropriatdagrtion for the occupant.

5.9.2. Gaps between bottom of head restraint @moftseat back

92. There were two proposals on how to addresgdpebetween 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 maximiomension of 60 mm when measured using
a 165 mm sphere. The other proposal allows a maximeight 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 mhetAalditionally, GRSP recommends that
the gap for non-vertically adjustable head restsaghould have a maximum dimension of 60
mm.

5.10. Head Restraint Height Adjustment Retenti@ewiBes (Locks)

93. GRSP recommends that performance requirementadjustable head restraints be
included in the gtr which are intended to assued 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 grethan adjustable head restraints. The study
concluded that this difference in effectiveness das, in part, to adjustable head restraints not
being properly positioned. Although one reason iimproper positioning is a lack of
understanding on the part of the occupant on wtemace 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 hedpto retain the adjusted position. 1IHS has
also been critical of adjustable head restrairgigeeially when they do not provide locks, in their
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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 positioThe United States of America has received
comments during its regulatory process to updatééad restraint regulation from consumer
groups and vehicle manufacturers supporting adjiestaead restraints that lock.

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

95. Therefore, GRSP is recommending that adjusthkeled restraints for the front
outboard seating positions must maintain theirfiitefige., lock) 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 jposit It may be that, for some designs, the
highest position is at 800 mm. Adjustable heatta@ds 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 specifpditions of height adjustment, both front centre
and rear outboard head restraints must be capébétaining 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 atipnent above 700 mm and be capable of
retaining the minimum height of 700 mm under thpl@gation of a downward force.

96. The proposed height adjustment retention lesk begins by applying a small initial
load to the head restraint. A headform is usedpply the load and a reference position is
recorded. The reference position is measured thith load applied to eliminate variability
associated with the soft upholstery of the heattass. A 500 N load is then applied through
the headform to test the locking mechanism. HRmdile load is then reduced to the initial value
and the headform is checked against its initialitpss In order to comply, the locking and
limiter mechanisms must not have allowed the headfo have moved more than 25 mm from
the initial reference position.

97. Concern was expressed that this load was owsslere, the forces were being
applied in the wrong direction, and that such airegnent might negatively affect dynamic head
restraint system design. Data from Hybrid Il dur@snwas provided on the representativeness
of the force levels (HR-2-8). For 23 rear impaetsh tests, an average downward force was 539
N. Based on these tests, the informal group bedigkiis load is appropriate. Participants have
stated that there are advanced dynamic head rdstrdiat, 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 ¢ysiamic nature, are unable to pass the static
performance requirements in their undeployed pwssti 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 umeasent at the top or bottom of the
head restraint. There was concern at taking theesarement at the top of the head restraint as it
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does not take into account the foam hysteresis §FR- Therefore, GRSP recommends a test
procedure that uses the bottom of the head restraireference.

5.11. Removability

99. GRSP is recommending new head restraint regemés to ensure that vehicle occupants
receive better protection from whiplash and relatgjdries. 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 wereetsily removable, chances are greater that
they will be removed. That, in turn, increases tiiances 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 adjustméhe likelihood of inadvertent head
restraint removal will be reduced, thus increasirggchances 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 restrailt@mmodation, and cargo carrying capacity.

5.12. 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 sachead 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 ia ttaicument, 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 leastddreks, being rotated 60 degrees forward or
rearward, complying with the "discomfort metric" iwh 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 whémtseat is occupied.

5.12.1. 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 maintamgihe 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 longhag automatically return to the proper position
when the seat is occupied. GRSP is recommenditggtaprocedure using the 5th percentile
female Hybrid 1l dummy or a human surrogate toleate these systems.

5.12.2. Front Centre and Rear Seats

5.12.2.1. Manually adjusted non-use positions
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102. It is recommended to regulate of non-usetiposiin the rear seats, as long as the position
is "clearly recognizable to the occupant”. Theardiscussion on how to objectively evaluate this
requirement. One proposal is to define "clearlyogmizable” as a head restraint that rotates a
minimum of 60 degrees forward or aft. There wasceon that this definition is too design
restrictive as the sole method and additional nagh@mve been proposed (HR-4-13).

103. The United States of America developed a mufaetors study to determine if an occupant
would be likely to reposition their head restraasta function of the torso angle change the head
restraint produced in the non-use position (HR-h-2Bhe baseline seat for this study was the
second row captain’s chair of a 2005 model year geoGrand Caravan. In its original
equipment manufacturer configuration, the seattetea nominal 5 degree torso angle change
between its non-use and in-use positions. The hestdhint 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 labelédtad restraint in the 5 degree condition. The
label was modified from a label used by Volvo.

104. Of the participants who adjusted the headaiest 88 per cent adjusted it immediately after
sitting down. The 5 degree condition and labeldition were unsuccessful in motivating
participants to adjust the head restraint. Forstidegree condition, only 3 out of 20 participants
(15 per cent) adjusted the head restraint. Norteeoparticipants (O out of 20) adjusted the head
restraint as a result of the label. The 10 deg@alition 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 hestdaiet 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 degreeange change option as an alternative.

105. Some experts and participants support theotidabels since these head restraints are
optional, and a label in a non-use position isdvétian no label at all. Additionally, the need fo
labels was suggested because the use of the toykochange method or discomfort metric may
be incompatible with the installation of child neshts. 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 imgiag 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 understoot ttiea head 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 actdigort 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
requirement that a non-use position be "clearlypgezable to the occupant”. To reduce the
subjectivity of the UNECE language, a method waseliged 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 ohyectand measurable the discomfort metric
option defines geometrical requirements, the siklacation of the seat back contour, when the
head restraint is in the non-use position. In @sitto the "change of torso angle" option, which
results mainly in a more upright seating positite discomfort metric option is focused on



ECE/TRANS/WP.29/2008/54
page 28

discomfort felt in the back of the occupant andréf@re results in an overall uncomfortable
seating condition.

107. To determine the appropriate dimensional rasitseveral studies were conducted by OICA.
One study (HR-8-11) showed that the thickness efhiad restraint is more important than the
height of the lower edge of the head restrainte\adenced by the occupant moving the head
restraint from a non-use position to an in-usetmosi The other study showed that, when the
discomfort metric dimensions are the same as samert seat designs i.e. so called "shingled"
head restraints, a large percentage of small feamzde recognize the head restraint is out of
position.

108. A third study was conducted (GRSP-41-21) withcandidates 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 edighe head restraint in non-use position of
460 mm above the R-point, is sufficient to resultai recognition rate of 92%. While some
countries felt these results were optimistic, iattthe test conditions may have predisposed
participants to concentrate on comfort, all agreat tthe recognition rate would likely be
sufficiently high to justify using these numberdfie gtr.

109. Apart from thickness and maximum height datéor the lower edge of the head restraint,
there are two additional criteria incorporatedha tiscomfort metric option. A minimum height
of the lower edge prevents a seat design wheréter edge is settled in the area of the seat
cushion and cannot be felt by the occupant anym@éwother criterion requires the step in the
seat back contour to rise up to the full thicknesthin a height distance of 25 mm, which
assures that it is really a step and not a smau#rsection, which would not be felt by the
occupant.

5.12.2.2. Automatically adjusted non-use positions

110. There is consensus, for the rear seats, tomeend 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.

5.13. Energy Absorption

5.13.1. Impactor

111. GRSP is recommending an energy absorptionreggent specifying that when the front of

the head restraint is impacted by a headform tleeldeation of the headform must not exceed
80g continuously for more than 3 milliseconds. sThecommendation is different from the

current United States of America and UNECE Regoietiin 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 beduk® testing. Studies showed that the
results of the test were similar regardless of i@ of impactor was used (HR-4-8, HR-5-6).
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5.13.2. Radius of Curvature

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

5.14. Displacement Test Procedures/Adjustablek®std ocking Test/Ultimate
Strength

113. GRSP is recommending the incorporation of irequents 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, based ontfacting Party determination, that head
restraints with adjustable backset maintain thesigion while under load. Some strongly
believe that if an occupant adjusts his head nestidackset so that it is less than the
requirement, then he should have some assurantci With maintain that position when loaded.
Some further believe, that this requirement shouly apply to required head restraints and not
those optionally installed. Others strongly bediévthat the safety needs are met at the
requirement. Therefore the gtr was drafted so #éh@ontracting Party can designate whether
adjustable head restraints will be tested at aditipms of backset and to which head restraints
this will apply. The test for adjustable head rasts incorporates both the evaluation for total
displacement of the head restraint and the evaluati the locking mechanism for the adjustable
backset.

6. LEADTIME

115. It is recommended that Contracting Partiedempnting 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 estirdatee annual number of whiplash injuries to be
approximately 272,464. 251,035 of these injuriesolive occupants of front outboard seats,
21,429 injuries involve occupants of rear outbosedts. The average economic cost of each
whiplash injury resulting from a rear impact cabis is $9,994 (2002 dollars) which includes
$6,843 in economic costs and $3,151 in qualityifef impacts. The total annual cost of rear
impact whiplash injuries is approximately $2.7 ibil. Based on a study conducted by Kahane
in 1982, the United States of America estimatas tlurrent integral head restraints are 17 per
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cent effective in reducing whiplash injury in reiampact crashes for adult occupants, while
adjustable head restraints are 10 per cent eftedtivveducing whiplash injury in rear impact
crashes for adult occupants (HR-3-14). The ovexi@dictiveness of current head restraints for
passenger cars is estimated to be 13.1 per cent.

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

benefits?” :

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

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

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

118. It can be noted that with respect to whipiagiries, a 5 per cent reduction in the incidence
of whiplash is a significant step forward becaudmedurrent head restraints only prevent 13.1 per
cent of whiplash injuries occurring in rear impacdshes.

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

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

underreported because of late onset of symptonisrd, Tho estimate of the potential reduction
of higher-level neck injury more than Average Igj8cale (AlIS) 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, directivasd standards pertain to head restraints:

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

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

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

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

(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 Seahgrages.

27 These benefits were based on measurements takertfe H-point. Benefits realized from
the R-point may be different.
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(h) Australian Design Rule 22/00, Head Restraints.

(i) Japan Safety Regulation for Road Vehicles Aet2 — Seat.

() Japan Safety Regulation for Road Vehicles Aet2-4 — Head Restraints, etc.

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

() 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.

Additionally, research and activities being coneédcby European Enhanced Vehicle Safety
Committee (EEVC) Working Group 12, EEVC Working @po20, EuroNCAP, and Korea
NCAP were also considered.
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B.

1.

3.1.

3.2.

3.3.

3.4.

3.5.

TEXT OF REGULATION

PURPOSE

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

APPLICATION / SCOPE:

This regulation applies to all Category 1-1 vedmsglCategory 1-2 vehicles with a
Gross Vehicle Mass of up to 4,500 kg; and Categbmehicles with a Gross
Vehicle Mass of up to 4,500 k.

DEFINITIONS:

"Adjustable head restrdintneans a head restraint that is capable of movemen
independent of the seatback between at least teitigoes of adjustment intended
for occupant use.

"Backlight means rearward-facing window glazing locatechatrear of the roof
panel.

"Backseét means the horizontal distance between the frarfiase of the head
restraint and the rearmost point of the head restraeasurement device, as
measured in accordance with Annex 4 or Annex 5.

"Head restraihtmeans, at any designated seating position, acdeWiat limits
rearward displacement of a seated occupant's le¢atil/e to the occupant's torso
and that has a height equal to or greater thanni®Oat any point between two
vertical longitudinal planes passing at 85 mm dhegiside of the torso line, in
any position of backset and height adjustment, aasared in accordance with
Annex 1.

"Head restraint measurement device (HRMDeans a separate head shaped
device used with the H-point machine with the hiad, as defined in Annex 4,
attached with sliding scale at the back of the headhe purpose of measuring
backset?

¥ A contracting party may restrict application bé requirements in its domestic legislation if

it decides that such restriction is appropriate.

Z 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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3.6. "Three-dimensional H-point machin@-point machine) means the device used
for the determination of "H-points" and actual toesgles. This device is defined
in Annex 13.
3.7. "Head restraint heighineans the distance from the R-point, measureallphto

the torso line to the top of the head restraina @iane normal to the torso line.

3.8. "Intended for occupant Useeans, when used in reference to the adjustnfemnt o
seat and head restraint, adjustment positions bigestated occupants while the
vehicle is in motion, and not those intended sofelythe purpose of allowing
ease of ingress and egress of occupants; acceasym storage areas; and storage
of cargo in the vehicle.

3.9. "H-point means the pivot centre of the torso and thighhef H-point machine
when installed in a vehicle seat in accordance wWithex 12. Once determined
in accordance with the procedure described in Anfigx the "H" point is
considered fixed in relation to the seat-cushiamcstire and is considered to
move with it when the seat is adjusted.

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

3.10.1. Establishes the rearmost normal designingrivor riding position of each
designated seating position in a vehicle;

3.10.2. Has coordinates established relative talésggned vehicle structure;

3.10.3. Simulates the position of the centre pofdhe human torso and thigh;

3.10.4. Is defined in Annex 12 of this regulation.

3.11. "Top of the head restrdinheans the point on the head restraint centreliile

the greatest height.

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

3.13. "Actual torso anglemeans the angle measured between a verticathinegh the
H-point and the torso line using the back angledgaiat on the H-point machine.
The actual torso angle corresponds theoreticaltijgalesign torso angle.
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3.14.

4.1.

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.

"Design torso andlaneans the angle measured between a verticakhimeigh
the R-point and the torso line in a position whiobrresponds to the design
position of the seat back established by the vem@nufacturer.

GENERAL REQUIREMENTS

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

In each vehicle subject to the requirementhisfregulation, a head restraint shall
be provided at each front outboard designated rgggiosition, conforming to
either paragraph 4.2.1. or paragraph 4.2.2.

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

The head restraint shall conform to pardggapl.1. through 5.1.4., 5.3., 5.4,
and 5.5. of this regulation.

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

The head restraint shall conform to paradwapl.1. through 5.1.4., 5.2., 5.4,
and 5.5. of this regulation.

The head restraint shall conform to paradwapl.1. through 5.1.4., 5.3., 5.4.,
and 5.5. of this regulation.

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

The head restraint shall conform to pardggapl.2. through 5.1.4., 5.2., 5.4,
and 5.5. of this regulation.

The head restraint shall conform to pardwggapl.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 incapableeatisg the test dummy specified in
paragraph 5.3. of this regulation, the applicatdachrestraint shall conform to
either paragraph 4.2.1., or 4.3.1, or 4.4.1. of thgulation, as appropriate.
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5.1.1.

5.1.1.1.

5.1.1.2.

5.1.1.3.
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5.1.1.5.

5.1.1.6.
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PERFORMANCE REQUIREMENTS

Dimensional requirements

Minimum Height

General specifications

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

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

Front centre designated seating positgugoped with head restraints

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

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 usehé interior surface of the vehicle
roofline, including the headliner, physically prev® a head restraint, located in
the front designated seating position, from attajnihe height required by
paragraphs 5.1.1.2. and 5.1.1.3. of this regulationthose instances, the vertical
distance between the top of the head restraint thadinterior surface of the
roofline, including the headliner, shall not exceB@d mm for convertibles
and 25 mm for all other vehicles, when the heattaed is adjusted to its highest
position intended for occupant use.

Rear outboard designated seating posiéiqugped with head restraints

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

Exception

The requirements of paragraph 5.1.1.5. of thisuleggpn do not apply if the
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5.1.2.

5.1.8.

5.1.4.

5.1.5.
5.1.5.1.

5.1.5.1.1.

5.1.5.2.

5.1.5.2.1.

interior surface of the vehicle roofline, includirtge headliner, or backlight
physically prevent a head restraint, located inré@ outboard designated seating
position, from attaining the required height. hose instances, the maximum
vertical distance between the top of the headawstand interior surface of the
roofline, including the headliner, or the backligstiall not exceed 50 mm for
convertibles and 25 mm for all other vehicles, whiga head restraint is adjusted
to its highest position intended for occupant use.

Minimum width

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

Gaps within head restraint

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

Annex 6.

Gaps between head restraint and the tdmedfdat back

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

In the case of head restraints adjustable in hdighmore than one position
intended for occupant use, when measured in accoedaith Annex 3, there
shall not be a gap greater than 25 mm between dtierb of the head restraint
and the top of the seat back, with the head restealjusted to its lowest height
position.

Backset requirements

General specifications

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

Static maximum backset requirements

For height adjustable head restraihsréquirements shall be met with the top of
the head restraint in all height positions of atipent between 750 mm
and 800 mm, inclusive. If the top of the headreast, in its lowest position of
adjustment, is above 800 mm, the requirementsisfrégulation shall be met at
that position only.
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5.1.5.2.3.
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5.2.

5.2.1.

5.2.2.
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5.2.3.1.

5.2.3.1.1.

5.2.3.1.2.
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When measured in accordance with Anneihd backset shall not be more
than 55 mm. Based on a determination by each &citig Party or regional
economic integration organization, the manufactoray 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 gedirestraint such that the backset
is more than 55 mm when the seat back inclinasgoossitioned closer to vertical
than the position specified in Annex 4.

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

Static performance requirements

Each head restraint shall conform to paragrapBsl5through 5.2.4. of this
regulation.

Energy absorption

When the front surface of the head restraint ipaated in accordance with
Annex 7, the deceleration of the head form shatl exxeed 785 m?s(80g)
continuously for more than 3 milliseconds.

Adjustable head restraint height retention

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

Displacement and backset retention

General Specifications.

In the case of head restraints with @gjustable backset, the head restraint shall
conform to the displacement and backset retenti@guirements of
paragraph 5.2.3.2. of this regulation. Howeversedaon the determination of
each Contracting Party or regional economic intigma organization, the
manufacturer may be allowed to apply the displacemequirements of
paragraph 5.2.3.3. as an alternative.

All other head restraints shall confotonthe displacement requirements of
paragraph 5.2.3.3.
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5.2.3.2. Displacement and backset retention.

5.2.3.2.1. When the head restraint is tested in position 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 dutie application of the initial reference
moment of 37 Nm;

5.2.3.2.1.2. Not be displaced more than 102 mm guelipularly and rearward of the
displaced extended torso line during the applicatba 373 Nm moment about
the R-point; and

5.2.3.2.1.3. Return to within 13 mm of its initied¢ference position after the following
sequence occurs: application of a 373 Nm momenitahe R-point; reduction of
the moment to 0 Nm; and by re-application of theahreference load 37 Nm.

5.2.3.3. Displacement

5.2.3.3.1. When the head restraint is tested irréhemost (relative to the seat) position of
horizontal adjustment (if provided) in accordancéhwAnnex 6, the head form
shall not be displaced more than 102 mm perperatiguand rearward of the
displaced extended torso line during the applicatiba 373 Nm moment about
the R-point.

5.2.3. Head restraint strength

When the head restraint is tested in accordantte Avinex 6, the load applied to
the head restraint shall reach 890 N and rema88@MN for a period of 5 seconds.

5.3. Dynamic performance requirements

5.3.1. Based on a determination by each Contracagy or regional economic
integration organization, either a Hybrid Ill 5Qpercentile male dummy or a
BioRID II 50th percentile male dummy shall be usedetermine compliance. If
a Hybrid Il dummy is used, the head restraint lshaet the requirements of
paragraph 5.3.2. If a BioRID Il dummy is used, lead restraint shall meet the
requirements of paragraph 5.3.3.

5.3.2. Hybrid 1l Requirements

5.3.2.1. When tested during forward accelerationtluf dynamic test platform, in

¥ The technical specifications and detailed drawipigslybrid 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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accordance with Annex 9, at each designated seatisgion equipped with a
head restraint, the head restraint shall conforpatagraphs 5.3.2.2 and 5.3.2.3.

Angular rotation

Limit the maximum rearward angular rotation betwelee head and torso of the
50th percentile male Hybrid Il test dummy to 1Zydees for the dummy in all
outboard designated seating positions;

Head injury criteria

Limit the maximum HIC15 value to 500. HIC15 idadated as follows: For any
two points in time, tand %, during the event which are separated by not more
than a 15 millisecond time interval and wheyastless than,f the head injury
criterion (HIC15) is determined using the resulthead acceleration at the centre
of gravity of the dummy head;, @xpressed as a multiple of g (the acceleration of
gravity) and is calculated using the expression:

2.5

(tz- tq)

t2

Iam

t1

=

(tz-ta)

BioRID Il Requirements

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

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

All other head restraints shall meet thguirements 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-us& position.

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

All rear head restraints and any front eethiead restraint may be adjusted to a
position at which their height does not comply witle requirements of either
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5.4.4.

54.4.1.

5.4.4.2.

5.4.4.3.

54.4.4.

paragraph 5.1.1.3. or 5.1.1.5. of this regulatid¢ftowever, in any such position,
the head restraint shall also meet one additiegalirement from a set of several
alternative test requirements.

The set of alternative test requirements may btheachoice 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 Partyegional economic
integration organization, the manufacturer may als allowed to choose
paragraph 5.4.4.5. of this regulation as an altemmato paragraphs 5.4.4.1.
through 5.4.4.4.

Alternative requirements

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

In all designated seating positions ecedpwith head restraints, except the
driver's designated seating position, the headaiestshall automatically return
from a non-use position to a position in whichnitsmimum height is not less than
that specified in paragraph 5.1.1. of this regafativhen a 5th percentile female
Hybrid 11l test dummy? is positioned in the seat in accordance with Anh@x
At the option of the manufacturer, instead of usngth percentile female Hybrid
[l test dummy, human beings may be used as spddifi Annex 10.

In front centre and rear designated sggiisitions equipped with head restraints,
the head restraint shall, when tested in accordaitteAnnex 10, be capable of
manually rotating either forward or rearward by lests than 60 degrees from any
position of adjustment intended for occupant use/ich its minimum height is
not less than that specified in paragraph 5.1.thisfregulation.

When measured in accordance with Annexhdpwer edge of the head restraint
(HLE) shall be not more than 460 mm, but not l&és®1t250 mm from the R-point
and the thickness (S) shall not be less than 40 mm.

When tested in accordance with Annex i® head restraint shall cause the torso
line angle to be at least 10 degrees closer ticatthan when the head restraint
is in any position of adjustment in which its heighnot less than that specified in
paragraph 5.1.1. of this regulation.

¥ The technical specifications and detailed drawinigslybrid 11l dummy, corresponding to the
principal dimensions of a 5th percentile femaletioé 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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The head restraint shall be marked withballin the form of a pictogram which
may include explanatory text. The label shall eitprovide an indication when
the head restraint is in a non-use position or igwnformation to enable an
occupant to determine whether the head restraiint & non-use position. The
label shall be durably affixed and located suclt thas clearly visible by an
occupant when entering the vehicle to the desighs¢ating position. Examples
of possible designs of pictograms are shown inreidu

LI

5.5.

6.1.

6.2.

6.3.

(a)
Figure 1

Removability of head restraints

The head restraints shall not be removable witlouleliberate action distinct
from any action necessary for upward head restaaijustment.

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 seabwtested 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.



ECE/TRANS/WP.29/2008/54

page 42
Annex 1
ANNEX 1
MINIMUM HEIGHT MEASUREMENT TEST PROCEDURE
1. PURPOSE

2.1.

2.1.1.

2.1.2.

2.1.3.

2.2.

2.2.1.

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

PROCEDURE FOR HEIGHT MEASUREMENT

Compliance with the requirements of paragraphl5df.this regulation is demonstrated
by using the height measurement apparatus definpdragraph 2.2. below.

The seat is adjusted such that its H-point coegMith 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 andntersection of lines AE and FG.

Relationship between the H-point and the Rypoi

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

If these conditions are met, the R-point tnieddesign 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 torgpeaare determined twice more (three
times in all). If the results of two of these threperations 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. theraehof the three measured points or
the average of the three measured angles is usktbeanegarded 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 iaged 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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2.3.

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.
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A straight edge FG, perpendicular to the A 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 heatraint to the highest position and measure the
height.

If adjustable, adjust the top of the head restrainthe lowest position intended for
normal use, other than any non-use position desdriim 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 paragraphl%1of 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 ® ltwest position of adjustment intended for
normal use, other than any non-use position dexdrilm paragraph 5.4. of this
regulation, and measure the height.

Height measurement for front centre and refisaard head restraints

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

For head restraints that are prevented dyinterior 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 restraintst maximum height and measure the clearance
between the top of the head restraint or the seek at all seat back angles for intended
use and the interior surface of the roofline or risar backlight, by attempting to pass
a 25 = 0.5 mm sphere between them. In the cas®roifectibles, 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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Annex 2
MINIMUM WIDTH MEASUREMENT TEST PROCEDURE
PURPOSE

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

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 ahgtl these adjustments are in accordance
with the requirements of paragraph 2.1. of Annex 1.

The plane S1 is a plane perpendicular togference line and situated 3 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 f
median plane of segt

Figure 2-1
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Annex 3
GAP MEASUREMENTTEST PROCEDURE
1. PURPOSE

2.1.

2.2.

2.3.

2.4,

2.5.

2.6.

The purpose of this test procedure is to evalaajegaps 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.;ahd 5.1.4. of this regulation.

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

Gaps between the bottom of the head restraintrentbp of the seat back areeasured
using either the sphere procedure described ingpgwhs 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-poimiaides with the R-point; if the seat back is
adjustable, it is set at the design seat back arghh these adjustments are in
accordance with the requirements of paragrapho2 Annex 1.

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

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

Applying a load of no more than 5 N againg #rea of measurement specified in
paragraph 2.3. above, place a #65 mm diameter spherical head form against any gap
such that at least two points of contact are mati@mthe area.

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

For gaps within the head restraint, if the sne@ament 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 throughcteir@re 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.
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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-poimtaides with the R-point; if the seat back is
adjustable, it is set at the design seat back arglh these adjustments are in
accordance with the requirements of paragrapho? Annex 1.

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

3.3. The gap between the bottom of the head rast@ai 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 desiggottine.
3.3.2. One of the planes is tangent to the bottbtheohead restraint.

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

Figure 3-3
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Annex 4

BACKSET MEASUREMENT TEST PROCEDURE USING THE HRMDBMHOD

PURPOSE

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

PROCEDURE FOR BACKSET MEASUREMENT USING H-POINAS THE
REFERENCE POINT

Demonstrate compliance with paragraph 5.1.5.2nbgsuring 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-pasithe reference point.

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

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

Remove the head room probe from the threesthioeal 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 tloge inclination position closest to
design angle, set the seat back inclination tgpthgtion closest to and rearward of the
design angle.

Set up the H-point machine as described ire&rir2, 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 répodhe 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 HR&Bst weights; alternating left to
right. The HRMD torso weights are installed lastl 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 weilgangers. 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 tlidkiand torso weights and repeat



ECE/TRANS/WP.29/2008/54
page 50
Annex 4

2.9.

2.10.

2.11.

2.12.

the steps contained in paragraphs 3.9. through 8f18nnex 12, along with steps as
described in paragraphs 2.6. and 2.7. of this Anmg 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 adjus seat back angle to be £ 1° of the
design seat back angle. If the legs and seat pathedfthree-dimensional H-point
machine move during this procedure, remove the HR¥B buttock and torso weights,
and repeat the steps contained in paragraphshBd@igh 3.11. of Annex 12, along with
steps as described in paragraphs 2.6. through @t18is Annex until the actual torso
angle is £1° of the design seat back angle.

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

A = 17.357in (441 cm)
| B = 1898in (48cm)
Ll C = 5827in (148 cm)
D = 0892in (2.3 cm)
E = 14030in (356 cm)
| F = 7.980in (20.3 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 5.1.5.2nbgisuring the backset using the R-
point as the reference point.

PROCEDURE FOR BACKSET MEASUREMENT USING R-POINAS THE
REFERENCE POINT

Demonstrate compliance with paragraph 5.1.5.2nbgsuring the backset of the head
restraint using the backset measurement apparatiused 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 loweim A is placed at the R point location.
Point B is located at a distance of 504.5 mm frdme 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 coinsidath the R-point, in accordance with the
following requirements.

Relationship between the H-point and theoRtp

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 satefr at the R-point, and the actual
torso angle is within 5 degree of the design tarsgle.

If these conditions are met, the R-point dhe design torso angle are used to
demonstrate compliance with the provisions of paaly 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@msgle are determined twice more
(three times in all). If the results of two of #eethree operations satisfy the
requirements, the conditions of paragraph 2.2.2l sipply.

If the results of at least two of the thogerations described in paragraph 2.2.3. do not
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2.3.

2.4.

2.5.

2.6.

2.7.

satisfy the requirements of paragraph 2.2.1. tiéraiel of the three measured points or
the average of the three measured angles is usktheanegarded 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 i3 i at any height between and inclusive of
750 mm and 800 mm. If the lowest position of adpestt is above 800mm, adjust the
head restraint to that lowest position of adjustmen

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

Establish point D on the head restraint, pBiriieing 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 mum

™ Design lorso angle - 2,6°

Figure 5-2
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Annex 6

DISPLACEMENT, BACKSET RETENTION, AND STRENGTH TESHROCEDURE

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 requents of paragraph 5.2.3.3. of
this regulation with paragraph 2. of this Annex.

Demonstrate compliance with the displacement aatkd®et retention requirements
of paragraph 5.2.3.2. of this regulation with paagpdy 3. of this Annex.

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

PROCEDURE FOR DISPLACEMENT

The load vectors that generate moment on the festicint are initially contained in
a vertical plane parallel to the vertical longituali zero plane.

Seat set-up

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

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

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

and rearward of the manufacturer specified positiirthe head restraint position is

independent of the seat back inclination positemmpliance is determined at a seat
back inclination position specified by the manuimet. Adjust the head restraint to

the highest position of vertical adjustment inteshder occupant use. Adjust the

head restraint to the rearmost (relative to the) gesition of horizontal adjustment

backset position.

In the seat, place a test device having, whiewed laterally, the back pan
dimensions and torso line (vertical centre line)tloé three dimensional H-point
machine, as specified in Annex 13, with the heaohrgrobe in the full back
position.

Establish the displaced torso line by creatingarward moment of 3237.5 Nm
about the R-point by applying a force to the sematkbthrough the back pan at the
rate of 2.5 Nm/second to 37.3 Nm/second. Theainibcation on the back pan of the
moment generating force vector has a height ofr280+ 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 zeptane. Constrain the back pan to
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2.4,

2.5.

2.6.

3.1

3.2

3.3

3.4

3.5

rotate about the R-point. Rotate the force vedi@ction with the back pan.

Maintain the position of the back pan as distadd in paragraph 2.3. of this Annex.
Using a 165+ 2 mm diameter spherical head form, establish #edform initial
reference position by applying, perpendicular t® dsplaced torso line, a rearward
initial load at the seat centreline at a heightt#63 mm below the top of the head
restraint that will produce a 373 Nm moment abtwet R-point. After maintaining
this moment for 5 seconds, measure the rearwapladesment of the head form
during the application of the load.

When determining the rearward displacementhiad 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 throughdbetre of gravity of the smallest
of the sections of the gap, along transversal slgaeallel 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 tibe of the head restraint, the
distance may be reduced so that the axis of the foasses 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 inclimatpmsition closest to the position

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

and rearward of the manufacturer specified positiirthe head restraint position is

independent of the seat back inclination positmympliance is determined at a seat
back inclination position specified by the manufmet. Adjust the head restraint to
the highest position of vertical adjustment inteshfler occupant use.

Adjust the head restraint to any backset position.

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

Establish the displaced torso line by creating aaward moment of 378 7.5 Nm
about the R-point by applying a force to the seaklthrough the back pan at the rate
between 2.5 Nm/second and 37.3 Nm/second. Thalildtation on the back pan of
the moment generating force vector has a heig298fmm+ 13 mm. Apply the
force vector normal to the torso line and maintiaiwithin 2 degrees of a vertical
plane parallel to the vehicle vertical longitudizero plane. Constrain the back pan
to rotate about the R-point. Rotate the forcearedirection with the back pan.

Maintain the position of the back pan as eithbdt in paragraph 3.4. of this Annex.
Using a 165t 2 mm diameter spherical head form, establish #edHorm initial
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reference position by applying, perpendicular te dsplaced 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 37 Nm moment aboetRapoint. Measure the rearward
displacement of the head form during the applicatibthe load.

If the presence of gaps prevents the appdicatif the forces, as described in

paragraph 3.5. of this Annex at 65 + 3 mm from tibkg of the head restraint, the

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

Increase the initial load at the rate of 2.B/8econd to 37.3 Nm/second until
a 373 Nm moment about the R-point is produced. nkai the load level producing
that moment for not less than 5 seconds and thersune the rearward displacement
of the head form relative to the displaced toree.li

Reduce the load at the rate of 2.5 Nm/secon@7t3 Nm/second until O Nm.
Wait 10 minutes. Re-load to 37 Nm about the R-poMvhile maintaining the load
level producing that moment, measure the rearwaplatement of the head form
position with respect to its initial reference fimsi.

STRENGTH

Increase the load specified in paragraph 2.6. cagvaph 3.8. of this Annex at the
rate between 5 N/second and 200 N/second to at888sN and maintain the applied
load for not less than 5 seconds.
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3.1.

3.1.1.

3.1.2.

3.2.

Annex 7
ENERGY ABSORPTION TEST PROCEDURE
PURPOSE

Evaluate the energy absorption ability of the headtraint 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 firmécured to the test bench, as
mounted in the vehicle with the attachment pantwipled by the manufacturer, so as
to remain stationary when the impact is applieche Beat-back, if adjustable, is

locked in the design position specified by the glhmanufacturer. If the seat is

fitted with a head restraint, the head restraimh@inted on the seat-back as in the
vehicle. Where the head restraint is separate, secured to the part of the vehicle
structure to which it is normally attached.

PROCEDURES FOR ENERGY ABSORPTION

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

Test equipment

Use an impactor with a semispherical head fof a 165t 2 mm diameter. The head
form and associated base have a combined masshaict a speed of not more than
24.1 km/h at the time of impact an energy of 1526 will be reached.

Instrument the impactor with an accelerasensing device whose output is recorded
in a data channel that conforms to the requiremiemta 600 Hz channel class filter
as specified in ISO Standard 6487 (2002). The akithe acceleration-sensing
device coincides with the geometric center of tlkachform and the direction of
impact. As an alternative the impactor can be qupdpwith 2 accelerometers
sensing in the direction of impact and placed symmuoadly in comparison to the
geometric centre of the spherical head form. Ia tlaise the deceleration rate is taken
as the simultaneous average of the readings omvthaccelerometers.

Accuracy of the test equipment

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

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

3.2.2. Speed:

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

3.2.3. Time recording:

The instrumentation shall enable the action tadmorded throughout its duration
and readings to be made to within one one-thoubamida second; the beginning of
the impact at the moment of first contact betwdenttead form and the item being
tested is detected on the recordings used for zinglyhe test.

3.3. Test procedure
3.3.1. Propel the impactor toward the head redtrai the time of impact, the longitudinal

axis of the impactor is within + 2 degrees of behlgizontal and parallel to the
vehicle longitudinal axis and the impactor speeabismore than 24.1 km/h.

3.3.2. Impact the front surface of the head restrat any point with a height greater
than 635 mm from the R-point and within a distan€ghe head restraint vertical
centre line of 70 mm and measure the acceleration.
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2.1

2.1.1.
2.1.1.1.
2.1.1.2.
2.1.2.
2.1.2.1.
2.1.2.2.
2.1.3.
2.1.3.1.
2.1.3.2.

2.2.

2.3.

2.4.

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 thatogsis at any of the following height
positions at any backset position:

For front outboard designated seating oyt

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 & &m length in profile (through the
axis of revolution), such that the axis of the Hation is horizontal and in the
longitudinal vertical plane through the verticahd¢ptudinal 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 thermfee position after 5 seconds at

this load. Mark an initial reference position the head restraint.

Measure the vertical distance between the dopeint on the underside of the head
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restraint and the top of the seat back. (see pgphd2.9. of this Annex)

Increase the load at the rate of 250 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 dinéi load is completely removed.
Maintain this condition for no more than two mirgitelncrease the load at a rate
of 250 + 50 N/minute to 50 + 1 N and, after 5 satat this load, determine the
position of the cylindrical device with respecitt®initial reference position.

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

Compare the measurements from paragraphsafdt.2.7. of this Annex. The
difference is the measurement required to complih iaragraph 5.2.2. of this
regulation.

If the design of the head restraint is suelt iths not possible to measure to the top of
the seat then the vertical measurement is takemdrking a horizontal line across
the front of the seat back at least 25 mm belowldivest point of the head restraint
and the measurement is taken from this line tatiderside of the head restraint.
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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.

Annex 9
DYNAMIC PERFORMANCE TEST PROCEDURE
PURPOSE

Demonstrate compliance with paragraph 5.3. in @zoae with this Annex, using a
50th percentile male Hybrid 1l test dummy.

TEST EQUIPMENT

An acceleration or deceleration test sled

50th percentile male test dummy

Hybrid 1lI

Three accelerometers are in the headyctvitmeasure orthogonal accelerations at
the centre of gravity of the head assembly. Theetlaccelerometers are mounted in

an orthogonal array, and the intersection of tlamgs containing the sensitivity axis
of the three sensors will be the origin of the yarra

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

Mount the vehicle on a dynamic test platfolntisat the vertical longitudinal zero
plane of the vehicle is parallel to the directidrtlee test platform travel and so that
movement between the base of the vehicle and thie 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 ooesd 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 tagoh 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 from\tadical, as measured by the three-
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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 timtire seat vertically, place the seat in the
lowest position. Using any control that primarihpves the entire seat in the fore and
aft directions, place the seat midway between dn@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 achiewetth respect to the seat back, as
measured by three-dimensional H-point machine asisgd 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 respe¢he most rearward part.

If the head restraint is adjustable, adjbsttop 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 positionethab 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 threedito remove slack. If an upper
adjustable seat belt turning loop (adjustable beltD-ring anchorage) exists, place
it in the adjustment position closest to the migipon. 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 leragitsp The mass of the shirt or
pants shall not exceed 0.06 kg each. Each fodieotast dummy is equipped with a
size 11XW shoe whose mass is 0.51 + 0.09 kg. Ljonts are set at 1g, barely
restraining the weight of the limb when extendedzuwmtally. Leg joints are adjusted
with the torso in the supine position.
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3.7.

3.7.1.

3.7.2.

3.7.2.1.

3.7.2.2.

3.7.2.3.

3.7.2.4.

3.7.3.

Hybrid 11l 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/1o level the transverse instrumentation platfaithe
head of the test dummy. If the transverse instniat®n platform of the head is still
not level, then adjust the pelvic angle of the tdsmmy. If the transverse
instrumentation platform of the head is still ne¥él, then adjust the neck bracket of
the dummy the minimum amount necessary from the-aupusted "0" setting to
ensure that the transverse instrumentation platiirthe head is horizontal within
1/2 degree. The test dummy remains within thetsinsipecified in¥ 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 cowitittthe seat back and the sides of the
torso.

The palms of the drivers test dummy areoimtact 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 emthat 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 tinersteering wheel rim.

The palms of the passenger test dummynagentact 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@sits against the seat back. The

Y The H-points of the driver and passenger test digsishall coincide within 12.5 mm in the
vertical dimension and 12.5 mm in the horizontaheision of a point 6.25 mm below the
position of the H-point determined by using theipment and procedures specified in except
that the length of the lower leg and thigh segmeithie H-point machine shall be adjusted to
414 mm and 401 mm, respectively.
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midsagittal plane of the dummy is aligned within fifbm of the head restraint

centreline. If the midsagittal plane of the dumoaynot be aligned within 15 mm of

the head restraint centreline then align the midisdglane of the dummy as close as
possible to the head restraint centreline.

Lower Torso

The H-points of the driver and passenger test desishall coincide within 12.5 mm
in the vertical dimension and 12.5 mm in the hartab dimension of a point 6.25
mm below the position of the H-point determinedtyy manikin defined in Annexes
12 and 13.

Pelvic Angle

As determined using the pelvic angle gage whidhgsrted 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 offdéleé. 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 accommoda¢epiacement 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 dummytle 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 rigtti$ not touching the accelerator
pedal when positioned as above, move the pedalvaedruntil it touches the right
foot. If the accelerator pedal still does not totiwh foot in the full rearward position,
leave the pedal in that position.

Place the left foot on the toeboard whih rearmost point of the heel resting on the
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3.7.7.2.

3.7.7.2.1.

3.7.7.2.2.

3.7.7.3.

3.8.

3.9

4.1.

floor pan as close as possible to the point ofrsetetion of the planes described by
the toeboard and the floor pan and not on the wiedkprojection. If the foot cannot
be positioned on the toeboard, set it initiallygeedicular 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 clutctalerotate 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 tadabe pedal interference. For
vehicles with a foot rest that does not elevatdéfigoot above the level of the right
foot, place the left foot on the foot rest so ttet 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 therpepelicular to the lower leg

centrelines and place them as far forward as plessitith 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 centrelinesthieth 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 parag2apli.2. of this Annex, except that
feet of the test dummy are placed flat on the f\aorand beneath the front seat as far
forward as possible without front seat interferencé necessary, the distance
between the knees can be changed in order to fhladeet beneath the seat.

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

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

Accelerate or decelerate the dynamic tesfgpiatto reach a delta V of 17.8
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 filtel@a@hannel class 60, as specified
in the SAE Recommended Practice J211/1 (revisiomcMd995). Measure the
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maximum rearward angular displacement.

Calculate the angular displacement from thpuwuwf instrumentation placed in the
torso and head of the test dummy and an algorithpaldle of determining the
relative angular displacement to within one degeeed conforming to the

requirements of a 600 Hz channel class, as spedifiSAE Recommended Practice
J211/1, (revision March 1995). No data generatteat 200 ms from the beginning of
the forward acceleration are used in determiningukar displacement of the head
with respect to the torso.

Calculate the HIC15 from the output of instatation placed in the head of the test
dummy, using the equation in paragraph 5.3.2.8nisfregulation and conforming to
the requirements for a 1,000 Hz channel class esif@gd in SAE Recommended
Practice J211/1 (revision March 1995). No dataegated after 200 ms from the
beginning of the forward acceleration are useckeitenining HIC.

Reference Point Time (ms)|  Acceleration (/s

A 0 10
B 28 94
C 60 94
D 92 0
E 4 0

F 38.t 80
G 49.t 80
H 84 0

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

ACCELERATION (m/s?)

The target acceleration with time expressed iniseitionds is a = 86 sirt(88) m/<,
forV=17.3 £ 0.6 km/h. The time zero for the testiégfined by the point when the
sled acceleration achieves 2.5 n{&25g's).
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Annex 10
NON-USE POSITION TEST PROCEDURE
PURPOSE

Procedures for folding or retracting head restsain 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 Il test dumfiyn accordance with paragraph 2.1. of
this Annex, or a human surrogate in accordance pattagraph 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 sucttiieadummy's midsagittal plane is aligned
within 15 mm of the seating position centreline ascarallel to a vertical plane
parallel to the vehicle vertical longitudinal zgrane.

Hold the dummy's thighs down and push reahwea 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 sedhsre is no gap between the pelvis

and the seat back or until contact occurs betwieermack 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 reahof the dummy, manually place it
in the noted position. Determine compliance witte theight requirements of
paragraph 5.1.1. by using the test procedures nERAA.

Human surrogate

i

The technical specifications and detailed drawiofyslybrid Il dummy, corresponding

to the principal dimensions of a 5th percentile damof the 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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2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.2.5.

2.2.6.

2.2.6.1.

2.2.6.2.

2.2.6.3.

2.2.7.

2.2.7.1.

2.2.7.2.
2.2.7.3.

2.3.

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 w#thtthe pelvis touching the seat back and
the back against the seat back.

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

Verify the transverse distance betweercdmgres of the front of the knees is 160 to
170 mm. Centre the knee separation with respdbitseat 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 movedtat rearward until a maximum clearance
of 5 mm is achieved or the seat is in the closestrd 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 lboard, 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 contaitt thie outer part of the thighs.
Place the little fingers in contact whie 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. Ihte restraint returns to a retracted
position upon removal of the human, manually plétcen the noted position.
Determine compliance with the height requiremetitpasagraph 5.1.1. by using the
test procedures of Annex 1.
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Return the ignition switch to the "off" positi.
60° ROTATION EVALUATION

Procedures for the rear and front centre designsg@ting 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 restrainreste line as projected onto a
vertical longitudinal vehicle plane;

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

Determine the minimum change in the heatlaies 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 regafati

The He and S dimensions are defined in Figure 10-1. reidid-1 is a vertical fore-
aft plane passing through the R-point (i.e. atrthe 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 heada®st(as determined within 25 mm of the
head restraint lower edge) measured perpendiocultret torso line betweenyTand
Tsfrom line P.

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

Ty is the line perpendicular to the torso line any&nt to the lower edge of the head
restraint.

Tsis the line parallel to and 25 mm from.T
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5.1.

5.2.

5.3.

5.4.

Figure 10-1

10° TORSO LINE CHANGE

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

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

Measure the torso line angle with the threeedisional H-point machine defined in
Annex 13;

Fold or retract the head restraint to anytmosin which its minimum height is less
than that specified in paragraph 5.1.1. of thisuk&ipn or in which its backset is
more than that specified in paragraph 5.1.5. af tagulation; and

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

The three dimensional reference system is ddafiby three orthogonal planes
established by the vehicle manufacturer (see Figyliri)=

The vehicle measuring attitude is establishedpbgitioning the vehicle on the
supporting surface such that the co ordinates efittucial marks correspond to the

values indicated by the manufacturer.

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

Zero Y plane (vertical

longitudinal zerc plane)

Zero X plane (vertical

transverse zero plane)

N

2

Zero Z plane
horizanial zero plane)

Figure 11-1 - Three-dimensional reference system

Y The reference system corresponds to ISO stand&@t 4978.
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Annex 12

PROCEDURE FOR VALIDATION OF THE H-POINT AND R-POINRELATIONSHIP FOR

2.1

2.1.1.

2.1.2.

2.2.

2.3.

2.4,

2.5.

2.6.

SEATING POSITIONS IN MOTOR VEHICLES
PURPOSE
The procedure described in this Annex is used tabésh the H-point location and
the actual torso angle for one or several seatositipns in a motor vehicle and to
verify the relationship of measured data to desigecifications given by the vehicle
manufacturer.
DEFINITIONS

For the purposes of this Annex:

"Reference ddtaneans one or several of the following charactiegsof a seating
position:

the H- point and the R-point and their ietathip,
the actual torso angle and the design tmgte and their relationship.
"Three-dimensional H-point machine (3-D H miaeli means the device used for

the determination of H-points and actual torso @sgl This device is described in
Annex 13;

"Centre plane of occupant (C/I'Opeans the median plane of the 3-D H machine
positioned in each designated seating positiois; iepresented by the coordinate of

the H-point on the "Y" axis. For individual seatbe centre plane of the seat

coincides with the centre plane of the occupardr dther seats, the centre plane of
the occupant is specified by the manufacturer;

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

"Fiducial marKsare physical points (holes, surfaces, marks deiations) on the
vehicle body as defined by the manufacturer;

"Vehicle measuring attituleneans the position of the vehicle as defined Hwy t
coordinates of fiducial marks in the three-dimenaiaeference system.
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PROCEDURE FOR H-POINT AND ACTUAL TORSO ANGLE
DETERMINATION

The vehicle is preconditioned at a temperad@i@0 °C + 10 °C to ensure that the seat
material reaches room temperature.

The vehicle is at the measuring attitude @efim paragraph 2.6. of this Annex.

The seat, if it is adjustable, is adjustest fio the rearmost normal driving position, as
indicated by the vehicle manufacturer, taking icbmsideration only the longitudinal
adjustment of the seat, excluding seat travel dsecurposes other than normal
driving positions. Where other modes of seat dnjast exist (vertical, angular, seat
back, etc.) these will be then adjusted to the tpwsispecified by the vehicle
manufacturer. For suspension seats, the verticaitipn is rigidly fixed
corresponding to a normal driving position as Speetiby the manufacturer.

The area of the seating position contactedhby3-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/or knitted or non woven
fabric having equivalent characteristics.

If the test is run on a seat outside the vehitle,floor on which the seat is placed
shall have the same essential characteristicsaftdte, height difference with a seat
mounting, surface texture, etc.) as the floor af trehicle in which the seat is
intended to be used.

Place the seat and back assembly of the 3aia¢hine so that the centre plane of the
occupant (C/LO) coincides with the centre planeth® 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 outlib#inat the seat edge will not
permit levelling of the 3-D H machine.

Attach the foot and lower leg assemblies eoshat pan assembly, either individually
or by using the T bar and lower leg assembly. rf lihrough the "H" point sight
buttons is parallel to the ground and perpendicialahe longitudinal centre plane of
the seat.

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

Both feet and leg assemblies are movesafor in such a way that the feet take up
natural positions on the floor, between the opegapedals if necessary. Where
possible the left foot is located approximately #ame distance to the left of the
centre plane of the 3-D H machine as the right fedb the right. The spirit level

verifying the transverse orientation of the 3-D ldahine is brought to the horizontal
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3.7.1.2.

3.7.2.

3.7.3.

3.8.

3.9.

3.9.1.

3.9.2.

3.10.

3.11.

by readjustment of the seat pan if necessary, oradjysting the leg and foot
assemblies towards the rear. The line passingigivahe H-point sight buttons is
maintained perpendicular to the longitudinal cepteme of the seat.

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

In the case of rear outboard seats:

For rear seats or auxiliary seats, the legs a&téad as specified by the manufacturer.
If the feet then rest on parts of the floor whick at different levels, the foot which
first comes into contact with the front seat skalive 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 velnignufacturer.

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

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

If the 3-D H machine tends to slide rearwask 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 shel@rward, 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 backH{geee 13-2 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 mhmausing. 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 ofekriB). Then carefully return the

back pan to the seat back. Care must be exertfisedghout the remainder of the
procedure to prevent the 3-D H machine from slidovgvard.

Install the right and left buttock weightsiahen, alternately, the eight torso weights.
Maintain the 3-D H machine level.
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Tilt the back pan forward to release theitensn the seat back. Rock the 3-D H
machine from side to side through 10 degrees arde(frees to each side of the
vertical centre plane) for three complete cycleselease any accumulated friction
between the 3-D H machine and the seat.

During the rocking action, the T bar of 88® H machine may tend to diverge from
the specified horizontal and vertical alignment.heTT bar must therefore be
restrained by applying an appropriate lateral ldadng the rocking motions. Care is
exercised in holding the T bar and rocking the 3Dmachine to ensure that no
inadvertent exterior loads are applied in a verbcdore and 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 toaianmin that attitude for the
moment.

Carefully return the back pan to the saakland check the two spirit levels for zero
position. If any movement of the feet has occuradng the rocking operation of
the 3-D H machine, they must be repositioned devis!:

Alternately, lift each foot off the floohé minimum necessary amount until no
additional foot movement is obtained. During thiisng, the feet are to be free to

rotate; and no forward or lateral loads are to jyglied. 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 zeroipos; 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 maehirom 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 theéreesf the torso weights until the
hip angle quadrant indicates that a stable posktambeen reached after load release.
Care is exercised to ensure that no exterior dowehwa lateral loads are applied to
the 3-D H machine. If another level adjustmenthaf 3-D H machine is necessary,
rotate the back pan forward, re-level, and repeatprocedure from paragraph 3.12.
of this Annex.

Take all measurements:

The coordinates of the "H" point are meedwrith respect to the three dimensional
reference system.
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3.14.2. The actual torso angle is read at the hagke quadrant of the 3-D H machine with
the probe in its fully rearward position.

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

3.16. If the seats in the same row can be regaadesimilar (bench seat, identical seats,
etc.) only one "H" point and one "actual torso afigs determined for each row of
seats, the 3-D H machine described in Annex 13gbs@ated in a place regarded as
representative for the row. This place is:

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

3.16.2. In the case of the rear row or rows, agrosgat.
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Annex 13

DESCRIPTION OF THE THREE-DIMENSIONAL H-POINT MACHINY
(3-D H machine)

BACK AND SEAT PANS

The back and seat pans are constructed of reirfqriestic and metal; they stimulate
the human torso and thigh and are mechanicallyedirag the "H" point. A quadrant

is fastened to the probe hinged at the H-point ¢éasare the actual torso angle. An
adjustable thigh bar, attached to the seat paapksttes 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 g@mady at the T bar joining the
knees, which is a lateral extension of the adjustdabigh bar. Quadrants are
incorporated in the lower leg segments to measmee kangles. Shoe and foot
assemblies are calibrated to measure the foot angleo spirit levels orient the

device in space. Body element weights are platgtieacorresponding centres of
gravity to provide seat penetration equivalent #6&g male. All joints of the 3-D H

machine should be checked for free movement witrentountering noticeable

friction.

Y For details of the construction of the 3-D H maehiefer to Society of Automotive Engineers
(SAE), 400 Commonwealth Drive, Warrendale, Penrayity 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
£a 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)



