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A. STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATON
1. THE SAFETY CONCERN

Whiplash injuries are a set of common symptomsdhatir in motor vehicle crashes and involve

the soft tissues of the head, neck and spine. &mgoof pain in the head, neck, shoulders, and
arms may be present along with damage to mus@j@snénts and vertebrae, but in many cases
lesions are not evident. The onset of symptoms Ioeagielayed and may only last a few hours;

however, in some cases, effects of the injury nasf for years or even be permanent. The
relatively short-term symptoms are associated witfscle and ligament trauma, while the long-

term ones are associated with nerve damage.

Whiplash injuries are a world-wide problem. In tBeropean Community (EC), 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). The estimated cost
in the United Kingdom (UK) is approximately £800llioh per annum (Batchelor, 2001) (this is
equivalent to £30 of every motor insurance premiunii) the Republic of Korea, rear end
collisions account for 34 per cent of all car to callisions and cause 31 per cent of fatalities
and 37 per cent of injuries. Additionally, rearpiatt collisions cause 260,000 neck injuries in
2002 or 57 per cent of all neck injuries in cac#éo collisions. In Japan, rear impacts account for
30 per cent of collisions resulting in bodily injurOf these crashes, 90 per cent of the injuries o
309,939 are minor neck injuries. Among rear imgaadlisions resulting in bodily injury, 81.7
per cent of male and 88 per cent of female drieéthe impacted vehicles sustained minor neck
injuries.

Based on National Analysis Sampling System (NAS&pdthe United States of America
(U.S.A)) estimated that between 1988 and 1996 ,5815whiplash injuries /loccurred annually

in crashes involving passenger cars and LTVs (lightks, multipurpose passenger vehicles, and
vans). Of these whiplash injuries, 272,464 occuaga result of rear impacts. For rear impact
crashes, the average cost of whiplash injurie®@22ollars is $9,994 (which includes $6,843 in
economic costs and $3,151 in quality of life impadiut not property damage), resulting in a
total annual cost of approximately $2.7 billion.Ithdugh the front outboard seat occupants
sustain most of these injuries, whiplash is anedsu rear seat passengers as well. During the
same time frame, an estimated 5,440 whiplash egunere reported annually for occupants of
rear outboard seating positions (HR-1-8).

2. UNDERSTANDING WHIPLASH

Although whiplash injuries can occur in any kindasésh, an occupant's chances of sustaining
this type of injury are greatest in rear-end culis. When a vehicle is struck from behind,
typically several things occur in quick succesgimmn occupant of that vehicle. First, from the
occupant's frame of reference, the back of the ssates 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 headsteéndag behind. This causes the neck to
change shape, first taking on an S-shape and thedig backward. Third, the forces on the

1/ Non-contact Abbreviated Injury Scale (AIS) 1 neck
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neck accelerate the head, which catches up witld -depending on the seat back stiffness and if
the occupant is using a shoulder belt, passesretitmined torso. This motion of the head and
neck, which is like the lash of a whip, gives theuiting neck injuries their popular name.

3. CURRENT KNOWLEDGE.

There are many hypotheses as to the mechanismshipfash injuries. Despite a lack of
consensus with respect to whiplash injury biomeidsarthere is research indicating that reduced
backset will result in reduced risk of whiplashuirj. 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) duringaot, no whiplash injury occurred/ 2By
contrast, another study showed significant incraas@jury and duration of symptoms when
occupant's head was more than 100 mm away fronhdld restraint at the time of the rear
impact._3

In addition, the persistence of whiplash injurieghie current fleet of vehicles indicates that the

existing height is not sufficient to prevent exéessnovement of the head and neck relative to

the torso for some people. Specifically, the hesgtraints do not effectively limit rearward

movement of the head of a person at least asstélfienaverage occupag@iomechanicallyhead ML/ - - Deleted: Research indicates ti |
restraintghat reach at least up to the center of gravitthefheadvould better prevent whiplasi_ - *{Deleted: at heights of 750 to so})
injuries, because the head restraint can more taféde limit the movement of the head and ™™

neck.

In a recent report from the Insurance Institute Highway Safety (IIHS), Farmer, Wells, and
Lund examined automobile insurance claims to ddterthe rates of neck injuries in rear end
crashes for vehicles with the improved geometricofi head restraints (reduced backset and
increased head restraint height). #heir data indicate that these improved head riestrare
reducing the risk of whiplash injury. Specificalthere was an 18 per cent reduction in injury
claims. Similarly, U.S.A. computer generated medehve shown that the reduction of the
backset and an increase in the height of the hestchint reduces the level of neck loading and
relative head-to-torso motion that may be relatetihé incidence of whiplash injuried. 5

With respect to impact speeds, research and imateydata indicate that whiplash may occur as
a result of head and neck movements insufficierdaiese hyperextension. Staged low speed
impacts indicate that mild whiplash symptoms cacuoavithout a person’s head exceeding the

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

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

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

5/ "Effect of Head Restraint Position on Neck Injury Rear Impact,” World Congress of
Whiplash-Associated Disorders (1999), Vancouveitjgbr Columbia.
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normal range of motion. This means that our previfmcus on preventing neck hyperextension
is insufficient to adequately protect all rear imopaictims from risks of whiplash injuries.
Instead, to effectively prevent whiplash, the hesstraint must control smaller amounts of rapid
head and neck movement relative to the torso.

In sum, in light of recent evidence that whiplasyralsobe caused by smaller amounts of head
and neck movements relative to the torso, andrédthtced backset and increased height of head

head restraints should be of sufficient height poditioned closer to the occupant’s head in
order to be more effective in preventing whiplash.

4, PROCEDURAL BACKGROUND

During the one-hundred-twenty-sixth session ofWarld Forum for Harmonization of Vehicle
Regulation (WP.29) of March 2002, the Executive @Guttee of the 1998 Agreement (AC.3)
adopted a Program of Work, which includes the dgwekent of a global technical regulation
(gtr) to address neck injuries in crashes. TheAJ.8olunteered to lead the group's efforts and

an informal document (WP.29-134-12) in November&pfoposing the work and highlighting
the relevant issues to be addressed in the gtis gioposal was adopted at the March 2005
session of WP.29 (TRANS/WP.29/AC.3/13). [The WogkiParty on Passive Safety (GRSP)
developed the head restraint gtr. At its May 2085s®n, GRSP concluded its work and agreed
to recommend to the Executive Committee the estalent of this gtr into the Global

Registry.]
5. GLOBAL TECHNICAL REGULATION REQUIREMENTS
5.1. Applicability

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

There has been extensive discussion of the appiigadi¥ this gtr. The application of U.S.A.
Federal Motor Vehicle Safety Standard (FMVSS) Na2 %5 different than UNECE Regulation
No. 17. FMVSS No. 202 requires head restraintalirfront outboard seating positions and
regulates head restraints optionally installechariear outboard seating positions for vehicles up
to 4,536 kg. UNECE Regulation No. 17 requires hEaIIraintsi in all front outboard seating

positions of vehicles of category M,Gn all front outboard seating positions of véagcof - {Comment [sm1]: Verify statement with
777777777777777777777777777777777777777777 OICA.

category M_6with a maximum gross vehicle mass (GVM) not exiieg 3,500 kg, and all front
outboard seating positions of vehicles of cateddr/ and allows for optional type approval of
head restraints optionally installed in other sgapositions, or in other vehicles.

It was proposed that the gtr, as it pertains tatfroutboard seats, should apply to vehicles
up to 4,536 kg. The U.S.A. presented justificatiptR-4-4), developed in 1989, when the

6/ As defined in Annex 7 to the Consolidated Regafabn the Construction of Vehicles (R.E.3)
(document TRANS/WP.29/78/Amend.2 at last amendedrbgnd. 4).
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applicability of their regulation was increased4i636 kg. By extending the applicability from
passenger cars to include trucks, buses, and mrgtge passenger vehicles, there was an
estimated reduction of 510 to 870 injuries at arerage cost of $29.45 per vehicle
(1989 dollars). Japan presented data (HR-4-10)istgpthe breakdown, by vehicle weight, of
crashes resulting in whiplash injuries. They siHo®40 (0.7 per cent) rear impacts involving
vehicles with a GVM over 3,500 kg that resultedbadily injury.

There is consensus to recommend that the gtr shegloimmend head restraints in all front
outboard seating positions for Category 1+iéhicles, for Category 1-2 Vehicles with a gross
vehicle mass of up to [3,500 kg][4,500 kg], and @ategory 2 7vehicles with a gross vehicle
mass up to [3,500 kg][4,500 kg].

5.2. Scope

The working group had difficulty in defining theage by referencing the injuries and the type
of accidents in which those injuries occur. Theref text was developed from the definition of

head restraints. The recommended text for theesopThis gtr specifies requirements for head
restraints to reduce the frequency and severitgjofies caused by rearward displacement of the
head."

3 General Requirements | - - { Deleted:

Due to the high occupancy rates of front outbo@ats it is recommended that head restraints
that meet the requirements of the gtr shall ballest. These requirements include dimensional,
static, and dynamic evaluations.

For all other seating positions, it is recommendeat the installation of head restraints is
optional, but if installed these head restraintstmeet the requirements of the standard, except
for the backset requirement. Fewer rear seat @rutgpare exposed to risks in rear impacts
because rear seat are much less likely to be cadupian front seats. An analysis of the
distribution of occupants by seating position fdir \eehicle types in 2001 to 2003 U.S.A.
National Automotive Sampling System (NASS) showe tt0 per cent of all occupants sit in the
second (or higher) row of outboard seats. It iddhat children and small adults derive less
benefit from taller head restraints because theadhcentre of gravity often does not reach the
height of 750 mm above the H-point. Thereforghdse data is further refined to include only
occupants who are 13 years or older, the relevarteptage is reduced to approximately 5/1. 8
This conclusion about rear seat occupancy is fuheported by U.S.A. data, which indicate
that out of a total of 272,464 annually occurrinigiplash injuries, approximately 21,429 (7.8 per
cent) occur to the rear seat occupants. In suly,aoemall percentage of occupants who are tall
enough to benefit from taller head restraints sitréar outboard seating positions. These
percentages are even smaller for front centrergpptisitions.

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

8/ We further note that approximately 2 per centezfr seat occupants sit in the centre seating
positions.
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| v __ - | Deleted: [All seating positions can also be
7777777777777777777777777777 R T T = S tested to an optional dynamic test, which would
5.4, Seat Set Up and Measuring Procedure for H&idgsdickset et e o o1 et of backebt

and some other requirements. The dynamic test
H H . _ is run using a Hybrid 11l 50th percentile male

There were two p_roposals under discussions con@rme set-up of tht'e seat for the | jimmy. which does not represent the full

measurement of height and backset. One propogal ise the manufacturer's recommended | spectrum of occupants in the seat. In order to

H it H H H H ensure that these dynamically tested head
seating position as detailed in UNECE Regulation Nb The oth.er is to use the procedqre that | - Ciraints do not pose a risk of exacerbating
is outlined in the recently adopted U.S.A. FMVSS. 02, which positions the seat in the | whiplash injuries for occupants smaller or larger

; i : H ; than the Hybrid 1l dummy, it is recommended
highest position of adjustment and sets the sezkt bagle at a fixed 25 Qegrees._ _The WOrKING | 1 i ese head restraints must conform o the
group recommends that the seat be measured at dhafacturer's design position to allow | height, width, gap, non-use position,

e il B : : f removability, and energy absorption
additional flexibility to account for vehicles witlery upright seat back design angles requirements of this gtr 11

It was noted that the 25-degree seat back angleritparison to steeper angles represents a more
stringent requirement for backset measurementsusecid maximizes the distance between the
head and head restraint. However, a 25-degreee d@ngless stringent for measuring head
restraint height. It was stated that if the wogkigroup decided to recommend the
manufacturer’s design seat back angle, typicathyiad 23 degrees/ ¢he gtr would be requiring
taller head restraints. It was also noted thatdmpmmending a single measurement angle for
both height and backset, it would reduce unnecgssanplexity in measurements and increase
accuracy of testing results. Finally, it was notieat using the same angle for the measurement
of backset and height for every seat, rather tharmanufacturer’'s design seat back angle, will
allow comparison of height and backset measurefnemt seat to seat.

It was argued that there are several vehicle cdadepy., light trucks, minivans, SUV’s and full

much larger backset using U.S.A.’s procedure aspewed to the real world situation. It was
stated that SAE J-1100 July 2002 recommends a @2e@ominal torso design angle.

Also, it was stated that 5th percentile femaleustaioccupants do not sit at 25 degree torso
angles, but prefer about 18 degrees and somdlasbt14. It argued that this more upright back
angle greatly reduces the backset to the poinnbtérfieres with the head of some of these
occupants, not just the hair.

After considering the arguments, the working grdagdieves a small amount of additional
flexibility is appropriate. Additional flexibilityis needed to account for vehicles with very
upright design angles. As indicated above, it af@sied that there are several vehicle concepts
(e.g., light trucks, minivans, SUV’s and full sizans) in which a seat back angle of 25 degrees
'iwteﬂl @EIQMF 777777777777777777777777777777777777777777777777 - {Comment [sm3]: Alliance recommendation]
e ‘[Deleted: not J
As a practical matter, this approach provides sadditional backset flexibility for most seats,
since the typical design seat back angle is 23gbeds. Specifying that such a seat be tested at
the design seat back angle instead of 25 degreesighly equivalent to increasing the backset
limit by 4.5 to 6 mm. Therefore, this will alsolp@ddress possible concerns related to comfort.

9/ SAE J1100 — Motor Vehicle Dimensions. All 199902 make and model data submitted to
the U.S.A,, the data ranged from 18 to 28 degrees.
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In considering specifying design angle instead bfdegrees, the analysis of University of
Michigan Transportation Research Institute (UMTRESta does not show a good correlation
between design seat back angle and selected amfpevever, the UMTRI data was limited

to 17 vehicles with design angles ranging from @26 degrees, with a majority of vehicles
having design angles of 24 and 25 degrees. Bethasi#ata represent such a limited number of
different design angles, it has limited value isessing the correlation between average selected
seat back angle and design angle for a spectrudesifjn angles. Data was not presented to
contradict the belief that a reasonable way oftifigng the seats that are most likely to be used
at very steep angles is to rely on the manufactigeign seat back angle.

It was also noted that while the Head Restraint ddeament Device (HRMD) was designed to
be used at 25 degrees, the device has an artouladi allow for adjustment of the head for
varying torso angles. The device can thereforaudexd at different seat back angles. It is
relatively rare that a seat can be adjusted to haseatback angle of exactly 25 degrees. Thus,
even prior to the change to specify seat back arnple standard specified testing in the
adjustment position closest to 25 degrees. Faetheasons, there should be no problem in
testing vehicles at the design seatback anglevast also noted that specifying testing at design
seat back angle will slightly affect the heightuggment.

In addition to the set-up of the seat, the methiosh@asuring height and backset was discussed.
Some recommend taking all measurements using tipeiflR-as the initial reference point.
Another proposal is to use the J826 manikin agptiteary measurement tool. The use of the
R-point allows measurements to be verified to knosdsign points on the vehicle thus
improving repeatability. The use of the J826 mem@lows the seat H-point to be measured as
it exists in the vehicle and when it is under lodidwas argued that options in seat materials and
manikin set up can produce recordable differenaea bne seat to another. UNECE experience
shows that the use of the R-point allows measur&rterbe easily verified on a drawing and is
also very repeatable and reproducible when verified car. The use of H-point can address
differences in measurements caused by seat mateffdle working group determined that both
measuring methods are valid and instead of choositgg over the other, both methods are
allowed for use in measuring height and backset.

Since the H-point method and the R-point method different measuring tools, a statistical
analysis was used to determine the equivalencyh@fhieight and backset limits for the two
methods (HR-7-12). Several vehicle seats were medausing both methods and an analysis
was conducted comparing the two sets of measuramedintwas estimated that the height as
measured from the H-point is equivalent to the sdmight value when measured from the
R-point. Conversely, the R-point backset was [1B]riess than the equivalent H-point backset.

5.5. Height of the Head Restraint

The recommendations for the height requirementdrdeaded to prevent whiplash injuries by
requiring that head restraints be high enoughntdt he movement of the head and neck, even if
such movements do not result in hyperextensionhefrieck. The persistence of whiplash
injuries in current vehicles that are regulate@ 600 mm height indicates these designs are not
preventing whiplash injuries from occurring. Resbahas led to the conclusion that prevention
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of hyperextension alone does not stop whiplash fomrurring. Since a 700 mm high head
restraint is capable of preventing hyperextensiormiany occupants, it seems likely that the
persistence of whiplash may be the result of thability of current head restraints to be
positioned to sufficiently limit relative head andck motion in the normal range of motion.

Research has shown that head restraints shoultllbasaas high as the centre of gravity (C.G.)
of the occupant's head to adequately control matiothe head and neck relative to the torso.
This does not mean that there would be no additibeaefits for a head restraint with a height
greater than the height of the head C.G. Howaehs,is likely to be controlled by other factors

such as backset, head restraint shape and thelyingestructure of the head restraint under the
upholstery.

The recent IIHS study also suggests that headametstrthat are higher in relation to the head
centre of gravity and closer to the back of thedhe@vide greater protection against whiplash.
The working group notes that head restraints régedd" by IIHS (integral restraints with a
height less than 60 mm below the top to the heablvethin 70 mm of the rear of the head)
reduced the likelihood of whiplash by 36 per cenfémales and 10 per cent in males. An 800
mm high head restraint is likely to be high enotmbe rated as "good" at all backsets within the
"good" range. The working group believes that fiteposed requirement for backset, in
conjunction with the proposed height requiremewtsyld lead to a significant improvement in
safety.

5.5.1. Front Outboard
[Maintain 800 mm in reqg text. Concern about larberght, but there are also concerns with

measuring method. New method being developed.e@rs developed and its affect on other
aspects can be evaluated will revisit the limiddAdiscussion of EEVC benefits analysis.]

Both UNECE Regulation No. 17 and the FMVSS No. Edfal Rule require front outboard head
restraints with a minimum height of 800 mm above WR-point/H-point, respectively. A
proposal was made to recommend a minimum heigt856f mm, to accommodate the taller
citizens of some countries.

Data was provided showing that the average sittieight for adults in Netherlands and the
United States has increased over the last 10 yeaks higher head restraint is needed to protect
these occupants (see HR-3-6). Japan presented(skaHR-4-10) showing that Japanese
females and males are smaller than the United SStawpulation and that the current height
requirement of 800 mm is appropriate for their dapon. The United Kingdom also submitted
data (see HR-4-14 and HR-6-11) that showed althélgin population is not increasing in size,
they are tall enough to need taller head restraints

Using the Netherlands and UMTRI data for automositéng height, it was calculated that a
800 mm height of head restraints is sufficient tot@ct up to almost a 95th percentile
Netherlands male (see HR-4-2). This data waseduig include spine straightening and it still
did not support raising the height to 850 mm. Tingtification for using this measurement
calculation is that it incorporates the effect atkset and it measures occupants as they sit in a
vehicle.
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The justification for the Netherlands data is thamneasures erect sitting height and does not
need to take in account spine straightening. Swmpeesentatives questioned the necessity of
taking into account spine straightening. It wagest that spine straightening may not be a factor
when there is a reduced backset. Additionallwas stated that the spine straightening research
of Kroonenberg, which showed a T1 z-displacemenB&fmm (SAE paper 983158), was
conducted on a standard (cushioned) car seat, asiohier research of Ono (which showed
similar effects) was conducted on a rigid boartiwas discussed that this phenomenon would
not be as pronounced in a cushioned automotive seat

There are concerns with raising the height of teadhrestraint above 800 mm. It was noted that
with an 800 mm head restraint, it is starting todme a challenge for manufacturers to be able
to install seats in the vehicle, and a larger hesstraint can also restrict occupant visibility
(blocking vision rearward and to the side) (see 3#R:. Additional data was presented (see
HR-3-4) that showed that in small cars (smallemtimaini), 850 mm head restraints could
severely restrict rearward vision in the rearvieisron.

The U.S.A. reviewed their cost benefits analysishfieight and backset and found that there are
no benefits to increasing the height to 850 mm (HRL). The benefits calculated are solely
influenced by the 55 mm backset. Benefits fronghtdo not come into account until backset is
very large.

Based of the benefits calculations from the U.SaAd the other concerns expressed, it is
recommended that the height of front outboard leadaints be limited to 800 mm.

5.5.2. Front Centre and Rear Head Restraints

5.5.2.1. _Defining a Front Centre and Rear Headaigst

This gtr recommends an objective definition andst procedure for determining the presence of
a rear head restraint. A vehicle seat will be m®red to have a rear 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 equai greater than 700 mm, in any position of
backset and height adjustment.

This method is recommended for the following reasoBased on the survey of vehicles used to
determine the cost effectiveness of this gtr, is fi@und that a 700 mm threshold captured all of
the seats that had adjustable cushion componetite &ip of the seat back; i.e., what the general
public would probably consider being a head restrdiQ Further, this definition of the head

restraint will allow the manufacturers to provideredatively tall seat back (up to 700 mm)

without having to comply with rear head restragquirements. It is anticipated that such taller
seat backs might offer some safety benefits tor@ioeportion of rear seat occupants. Because

10/ The survey included twelve 1999 model year vesid© passenger cars, 1 minivan, and 2
SUVs). Five of the twelve vehicles featured reatieg systems that fell under our definition of
the rear head restraint.
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rearward visibility remains a concern, it is nothdt the manufacturer will be able to determine
whether providing a seat back structure above 760would be consistent with the amount of
rearward visibility they wish to provide.

5.5.2.2. _Height of Front Centre and Read Head Ries$r

As stated earlier, the target population usingtficentre and rear head restraints is considerably
less then that for front seats and the occupantiesfe seats tend to be shorter. It is therefore
recommended that optionally installed front cerdral rear outboard head restraints have a
minimum height of 750 mm. Due to visibility connsr there is no height requirement for rear
centre head restraints.

5.5.3. Clearance Exemption

There were two proposals considered. One allowsm®b of clearance between the head

lowest position, the seat is in the lowest posijtamd the seat back angle measures 25 degrees.
This is based on the safety concern for maintaiireg 800 mm height of the head restraint.
Another proposal was put forth to allow the cleamexemption be applied when the seat is in
any position of adjustment (HR-4-15). It was diateat this exemption was needed to allow the
rear seat passengers to exit the vehicle in emeygeiVithout the clearance, the seat could
contact the vehicle structure and slow down thesgprocess.

Some delegates do not believe that emergency egressissue and no data was presented to
justify this position. There is also concern ttiat clearance exemption could be applied when
the seat is in the highest position, thereby alguliead restraints as short as 700 mm. It was
stategthatreducing the height of a head restraint to less #pproximately 780 mm will have an_ - { comment [sm5]: Aliance recommendation

impact on the benefits. | peleted: the )

After considering the reduction in safety beneditsl a review of the fleet, it was determined that
the clearance exemption is not needed for froméar seats for folding positions and therefore it
is recommended that this exemption only be appliedases of interference with theterior

roofline ( headlinerbr backlight. - { Comment [sm6]: Alliance recommendatic ]

With regard to the seat setup, it was discussediiimexemption be applied when the seat is in
the lowest position and the head restraint is m tighest position, since this would be the
position of the tallest occupant. It is also reaoended that the measurement be taken at any
point of forward or aft adjustment. An additiordemption of 50 mm for convertible roofs is
also recommended to account for the articulatiotheffolding top mechanism.

5.5.4. Adjustable Front Head Restraints — FronfagearHeight

It has been proposed to include in the gtr the UNBER2gulation No. 17 requirement that the
height of the head restraint face be a minimum@ff tam to ensure sufficient surface for the
occupant’s head to contact. The UNECE Regulation ¥ requirement is measured in the
same manner as the overall height of the headamestrThere have been concerns expressed that
the measurement taken in this manner does not ssltite effective height of the restraint. In
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the case of extremely contoured head restraingsh#éight of the surface that the head would
contact is less than the measured height. It bas proposed that the 100 mm requirement be
applied to this effective height of the head restraThis effective height is measured in an area
bounded by two vertical planes set at 85 mm oreeitfide of the centreline, the rear surface
which complies with the backset requirement, anal hbrizontal plane used to measure the
height of the head restraint. This proposal wastared by some as not necessary because the
shape of the head restraint is governed by thdatdisment test, energy absorption test, and other

requirements.

[Front contact surface of a head restraint

Front and rear seats
It is recommended that all seats have a minimumt frontact surface of a head restraint. The ’

minimum width of this surface is already part abt TR. The minimum height for this surfaceg
can be derived from an existing standard in UNE@ERation 17 (par.5.6.1.). Here 100 mm for
a head restraint surface height is an existingirement to provide appropriate support for the "
head. This ensures a minimum level of protectiarttie occupant that is being subjected to the

dynamic process resulting from a rear end collision !

Front seats
Because within the GTR a backset is proposed #ofrtnt seats, it is recommended to apply |’

this backset requirements to the front contacteserbf the head restraint. !

Rear seats
Because within the GTR no backset is proposechforear seats, the front contact surface of

rear seats will not be subjected to backset remuargs. ] A

Head Restraint Width

I

5.6.1. Front and Rear Seats ’

It is recommended that all seats have a minimund hestraint width to ensure a minimum Ievel
of protection for the occupant in case they doawsttact directly on the centreline. 170 mm |s

an existing standard and is providing appropriatagetion for the occupant. Therefore it |s
recommended that for this gtr, the minimum widthtteg head restraints in all seating p05|t|o,ns

be 170 mm. !

Bench Seats

There was a proposal to recommend that head msttzve a minimum width of 254 mm when

installed in the front outboard positions on besehts. The need for this requirement has been

argued because a bench seat can cause the octopEhbff-centre from the head restraint
(especially if unbelted) therefore a wider headra@st is needed.

Deleted: [Although this proposal
is similar to the current UNECE
Regulation No. 17 requirement, no
justification was presented to
support the necessity of this
requirement in the gtr. Currently
in the U.S.A. and Canada, this type
of requirement does not exist and
there does not appear to be any
safety disbenefits. Therefore the
working recommends that this
requirement is not included in the
gtr.]1

1

[This requirement was proposed
for the incorporation in the gtr and
suitable justification is needed. [f
no justification is provided, the
bracketed text above will stand.]q|

Deleted: [Front contact surface
of a head restraint{

1

Front and rear seatsf

It is recommended that all seats
have a minimum front contact
surface of a head restraint. The

minimum width of this surface is
already part of this GTR. The
minimum height for this surface
can be derived from an existing
standard in UNECE Regulation 17
(par.5.6.1.). Here 100 mm for a
head restraint surface height is an
existing requirement to provide
appropriate support for the head.
This ensures a minimum level of
protection for the occupant that ig
being subjected to the dynamic
process resulting from a rear end
collision. |
1
Front seatsf
Because within the GTR a backset
is proposed for the front seats, it |s
recommended to apply this backse
requirements to the front contact
surface of the head restraint.
1
Rear seats
Because within the GTR no
backset is proposed for the rear
seats, the front contact surface o
rear seats will not be subjected tq

-

backset requirements. 11
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There was concern for regulating the wider heattaieds because the gtr would be regulating
misuse. Others stated this requirement is no longeessary, because the vehicle bench seat of
today is considerably different from the vehiclentie seat of 40 years ago. There is also a
concern that wider head restraints could impadb ity .

No justification was provided for this additionaquirement for bench seats. This is not a
requirement under the UNECE Regulations and it masshow that bench seats head restraints
with a width of 170 mm pose any additional risksotwupants when compared to bench seats
head restraints with a width of 254 mm. Theretthie requirement is not recommended for the

gtr.

5.7. Backset

The consensus within the biomechanics communitgh& the backset dimension has an
important influence on forces applied to the necét 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 minimizesrigaoih the head during a rear impact/ 11

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

correlation between the severity of injuries andicke parameters, showed that the duration of
neck symptoms was correlated to the head restbainkset. Specifically, reduced backset,
coupled with greater head restraint height, resnltswer injury severity and shorter duration of

symptoms. 1P

A different study examined sled tests to deterntiveeinfluence of seat back and head restraint
properties on head-neck motion in rear impactse $tudy concluded that the head restraint
backset had the largest influence on the head-meclion 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 torsgpldisement. The findings indicated that a
reduction in backset from 100 mm to 40 mm wouldikieis a significant reduction in whiplash
injury risk. 13

A study conducted by Eichberger examined real weekt crashes and sled tests with human
volunteers to determine whiplash injury risk andhiee design parameters that influence this
risk. The study found a positive correlation bedwéhead restraint backset and head to torso
rotation of the volunteers and to the reported Valsip injury complaints. The most important

11 Mertz, H.J.; Patrick, L.M.: "Investigation of thi€inematics and Kinetics of Whiplash,
"Proceedings of the 11th Stapp Car Crash Conferéraheim, California, 1967; pp. 267-317.
12/ Olsson, I., Bunketorp, O., Carlsson G., GustaisC., Planath, 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, Lyomd&aSee Table IV and the Appendix.

13/ Svensson, M., Lovsund, P., Haland, Y., LarssonTl® Influence of Seat-Back and Head-
Restraint Proerties on the Head-Neck Motion DuriRgar-Impact, 1993 International
Conference on the Biomechanics of Impacts, Septertb@3, Eindhoven, Netherlands.
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design parameters were a low horizontal distantedsn the head and head restraint as well as
the head restraint height./14

A study conducted by Dr. Allan Tencer, PhD, useidrioccupant body models enhanced with
finite element models of the cervical spine for @glating rear impacts in order to examine the
effect of backset on neck kinematics and forcesmaathents in the neck. The study concluded
larger backset correlates to greater displacememtden cervical vertebrae and shearing at the
facet capsules that are likely associated with {alip injury. With the head initially closer to
the head restraint, the time difference betweerotreirrences of the peak upper and lower neck
shear forces are smaller. At 50 mm backset anérotiie head moved more in phase with the
torso and extension of the head was reduced imggcatiower risk of whiplash injury. 141IHS,

in its studies of head restraints, considers adeta 70 mm or less to be "good"/15

Based on this research, it was concluded that gadirequirement specifying a limit on backset
would result in reduced angular displacement batwtbe head and torso in a crash. One
method used to assess the potential benefits atlksbt limit was through a computer modelling
study in which the backset dimension was definethasdistance between two vertical lateral
planes; one plane passing through the rearmost poirthe headform and the other passing
through the forward most part of the head restrafirits centreline. A seat model intended to
represent a 1986-1994 Pontiac Grand Am was usel thié head restraint positioned
in 21 different configurations with varying heigtdad backsets. The vehicle seat, as modelled,
was relatively stiff in the longitudinal directian comparison to those currently on the market.
A model of a Hybrid 11l 50th percentile male wag theat occupant.

For both seat stiffnesses, no head-to-torso angatation was greater than 2 degrees for head
restraints above 750 mm and backsets 50 mm anercléd backsets up to 100 mm, all head-to-
torso angular rotations were less than 21 degardasefad restraints above 750 mm. At a backset
of 150 mm, head rotations of 27 and 44 degreesrmxtat head restraint heights of 750 mm
and 800 mm, respectively.

The computer modelling indicates that the lowesidhi-torso rotation value was seen when the
backset was approximately 50 mm. Based on thiga& concluded that this amount of backset
is appropriate for front outboard seating positions

5.7.1. Backset Measurement Method

57.1.1. Measurement of Backset using the Heattd&esMeasurement Device

14/ Eichberger A, Geigl BC, Moser A, Fachbach B, faefH, 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.

14/ Tencer, A., Mirza, S., Bensel, K. Internal Loanlshe Cervical Spine During Motor Vehicle
Rear-End Impacts, SPINE, Vol. 27, No. 1, pp. 34241%)2.

15 The IIHS head restraint rating criteria is dissm at:
Http://www.iihs.org/vehicle_ratings/head_restrafhead.htm




ECEARANSANP . 29/2007/47
page 14

The Head Restraint Measuring Device (HRMD) was psagol as a device to measure backset.
The HRMD consists of a SAE J826 three-dimensionahikin with a head form designed by
Insurance Corporation of British Columbia (ICBC)aghed. The ICBC head form includes a
probe that slides rearward until contact is madth whe head restraint, thereby measuring
backset. The benefit of using the HRMD is thaliininates the need for obtaining a theoretical
reference point from the vehicle manufacturer dmddasures the actual seat, as it exists in the
real world. This device is readily available amdnenonly used throughout the world to measure
backset. During the discussion, many raised issarserning suitability of the HRMD as a test
device and the variability in backset measuremehtsn the HRMD is used.

Transport Canada conducted a study to verify whdtleeHRMD is an adequate tool to measure
backset. Among other things, the study sought é¢ofy 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 g¢rams, 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 testiigrrotective helmets. It also reported that- {Comment [sm7]: Verify reference with
both height and backset probes are within + 2 mih@RONA Kinetics drawing specifications, | ©21ada. Allance questions whether silla DIS.
and that conformity with the drawing specificatiaasaccomplished with the specially designed

"jig". Dimensional drawings for this headform hdween provided in the annex to this gtr.

The HRMD is a purely mechanical device. Also, kmla crash dummy, it is not subjected to
crash test forces. Given these considerationshelieve that calibration should not really be
needed. We note that the International Insuranbiglsh Prevention Group (IIWPG), of which
ICBC is a member, has identified that variabiligtieen three-dimensional manikins can be an
issue when using the ICBC HRMD. To address ttgads [ IWPG has developed a "Gloria jig"
to calibrate the combination together as one singie

In a study conducted by the U.S.A., variation ircks®t measurements when using multiple

laboratories was examined. This study concludexbrg other things, that taking the average of
three backset measurements at each of three lahsed the average measurement range
between the labs by about half (from 8.5 mm tomrB). The backset measurement variability

across labs fit between the estimates made frora gedsented by Japan and International
Organization of Motor Vehicle Manufacturers (OICA)sing an average of three measurements
in each of backset position of adjustment, at ga@dard deviation (s.d.) (97.7 per cent) level of

certainty, the expected variability was 5.64 mma & s.d. (99.9 per cent) level of certainty, the

expected variability was 8.47 mm.

The Transport Canada study, which used eight vehidought to verify whether the HRMD is
an adequate tool to measure backset. It concltitdthe HRMD provides repeatable and
reproducible results. It also found that incregdime number of measurements always reduced
the backset measurement variability. Using an apeerof the three measurements in each
backset position of adjustment, at a 2 s.d. (9&F qent) level of certainty, the expected
variability was 2.6 mm; at a 3 s.d. (99.9 per cdetel of certainty, the expected variability
was 3.9 mm.
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Given that both the U.S.A. and Transport Canaddiessuindicated that increasing the number of
measurements reduces backset measurement vayiabilé recommended that the backset is

determined by taking the arithmetic average ofdhmeasurements, rather than using a single
measurement. Based on these studies, it is bdlivet the HRMD is an adequate and

appropriate tool to measure backset, providingatgide and reproducible results.

5.7.1.2. _Measurement of Backset using the R-pairha initial reference point

[Note: Insert discussion of test procedure basedatidation testing.]

[Another proposal was presented to measure bacisseg) the dimensions of the HRMD and
using the R-point as the initial reference. Irstimethod, the seat is not loaded and therefore the
measured backset will be different than the backseasured by HRMD method discussed
above.

Based on validation testing, it is believed thas tmeasurement method is appropriate to
measure backset, providing repeatable and reliasldts.]

5.7.1.3. _Backset Limit

When the U.S.A. benefit analysis for regulatinggheiand backset was examined, it is noted that
all the benefits for the front seat passengers ciwom regulating the backset. These benefits
are achieved by improving the current situatiome T.S.A. proposed a backset limit of 55 mm
measured at manufacturer’s design seat back andlenaasured with the HRMD, using the H-
point as the initial reference. Others propostba stringent backset of 70 mm.

It has been argued that the 55 mm backset requiteimsetoo 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, laecause of differences in the occupants size,
posture and seat angle preference, the same r&taainkecan yield different amounts of backset
clearance and thus comfort for different individual For instance, it was noted that 5th
percentile female stature occupants do not siBat@so angles, but prefer about 18° and some
as little as 14°. It was also argued that thisemapright seatback angle greatly reduces the
backset to the point of interference with the headome of these occupants, and not just the
hair.

To address the issue of comfort, an analysis waduwied on backset data for model year 2004
vehicles, provided by the IIHS. IIHS measured thackset of vehicles representing
approximately 100 make/models, or about half of th8.A. vehicle fleet. Some make/models
were measured multiple times using different ald@aseat trim levels. Slightly more than half
of the vehicles had a backset of 60 mm or less 26 @egree torso angle. Moreover, more
The U.S.A. National Highway Traffic Safety Admiristion (NHTSA) Office of Defect
Investigation maintains a database for consumerptaints. This database was searched for
complaints concerning head restraints on 2000 ated imodel year vehicles. Two hundred and
five complaints were found. These were categoragdarious types of complaints. The vast
majority of the complaints (59 per cent) pertainedhe lack of head restraint in the rear seating
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positions of vehicles. Most of these were for pjg& with two seat rows. Only two complaints
(1 per cent) specifically mention a lack of suffici backset. The vehicles with these complaints
were a 2003 Toyota Camry and a 2004 Honda Pilot.

Given that nearly half of current head restrairaseha backset of 55 mm or less (tested at a
seatback angle of 25 degrees) and the absence yofsignificant number of consumer
complaints, it raises questions concerning OICAlgli®s claiming that the minimum backset
required to satisfy 85 per ceoit drivers is 69 to 89 mm (with an even higher eaheeded for a
regulatory requirement due to issues related t@mbdity). Few details were submitted of how
this comfort study was performed. However, itvient that the study was not a blind study in
that the participants were aware of what was beirgjuated. Nor was it dynamic, i.e., it was
not done in a moving vehicle. These factors ctnalde had a strong influence on the results. In
any event, no evidence has been presented thdistastial number of drivers are dissatisfied
with the backset of the head restraints in haHlb¥ehicles.

The importance of acceptable comfort for all oceupds recognized, including those of short
stature. However, it is believed that the avaéatihta do not support the view that the 55 mm
requirement will create any significant problems fowell designed and well built seat. As
indicated above, nearly half of the current velsigteeasured by IIHS had a backset of 55 mm or
less, more than 30 per cemhd a backset of 45 mm or less, and 25 per_ladta backset

of 40 mm or less. Moreover, these calculationseweade using a seatback angle of 25 degrees,
and the change to design seat back angle will deoadditional flexibility to typical vehicles.
Thus, a large number of vehicles in the currerdgtfhow that the new requirement can be met
without causing significant comfort issues.

Therefore, the working group agreed to recommehddckset limit of [55 mm] when measured
from the H-point and [40] when measured from thpdiit. At this limit there are significant
benefits and the costs of the regulation are redder(Figure 1).
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5.8. Gaps
5.8.1. Gaps within Head Restraint

It is recommended that all gaps witha head restraint are evaluated to ensure a minifaueh |

of protection for the occupant and provide appmtprirelief to address rearward visibility
concerns. The proposed evaluation requires thiagifjap is greater than 60 mm when measured
using 165 mm sphere then the gap is tested usiagdigplacement test with the headform
applied at the centre of the gap. This is an exgdUNECE Regulation No. 17 requirement and
is providing appropriate protection for the occupan

5.8.2. Gaps between bottom of head restraint gndfteseat back

There were two proposals on how to address thebgapeen the bottom of the head restraint
and the top of the seat back. One proposed tipst lgatween the bottom of the head restraint
and the top of the seat back have maximum dimensfo60 mm when measured using
a 165 mm sphere. The other proposal allows a maxitmeight of 25 mm when measured using
the same method to measure overall height as #edcriin  UNECE Regulation
No. 17. Requiring a minimum gap is recommendegravent an occupant from contacting the
head restraint posts or other structure when tlagl hestraint is in the lowest position. The
working group recommends regulating these gapsgusither method. Additionally, the
working group recommends that the gap for non-wallif adjustable head restraints should have
a maximum dimension of 60 mm.
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5.9. Head Restraint Height Adjustment RetentioniBes/(Locks)

The working group recommends that performance rements for adjustable head restraints be
included in the gtr which are intended to assued the front head restraints remain locked in
specific positions. A 1982 U.S.A. NHTSA study fauthat the effectiveness of integral head
restraints was greater than adjustable head netstraihe study concluded that this difference in
effectiveness was due, in part, to adjustable heatlaints not being properly positioned.

Although one reason for improper positioning isaakl of understanding on the part of the

occupant on where to place the head restraintsat @uld be due to the head restraint's moving
out of position either during normal vehicle useéroa crash. Adjustment locks can mitigate this
problem by helping to retain the adjusted positititlS has also been critical of adjustable head
restraints, especially when they do not providédoin their evaluation of head restraints. This
criticism has manifested itself in that IIHS, i1 itating of head restraints, automatically gave
adjustable restraints a lower rating on the assiomphat these restraints would not be properly
adjusted. In addition, it only evaluated adjustalwbad restraints without locks in their lowest
position. The U.S.A. has received comments duittisgegulatory process to update it's head
restraint regulation from consumer groups and Vehianufacturers supporting adjustable head
restraints that lock.

The proposed requirements of this gtr are expectéaprove the performance of all adjustable
head restraints. The performance of adjustabld hestraints may be further improved if steps
are taken to ensure that a restraint remains itiposfter it has been set by the user.

In making this proposal, the working group has resig to require specific methods for
adjustment and locking. A typical adjustable hesstraint design allows manual adjustment by
sliding the head restraint in and out of the semtkbon posts attached to the head restraint.
Position locking is achieved by notches in the shldwing for a detent mechanism. There are
also powered adjustable head restraints whichrdimitely adjustable within a specific range.
When the adjustment mechanism is inactive, the hesitaint is, in effect, locked in position.
Under this recommended proposal, these and otlo&imlp methods would be permissible as
long as the performance criteria below are met.

Therefore, the working group is proposing that atdjhle head restraints for the front outboard
seating positions must maintain their height (ileck) in several height positions under

application of a downward force. In addition t@hong 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 heatraeds 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 speciffmbitions of height adjustment, both front and
rear head restraints must be capable of retainmeg nhinimum height of 750 mm under

application of a downward force. Adjustable headtraints for rear centre seating positions
must lock at the highest position of adjustmentvabd00 mm and be capable of retaining the
minimum height of 700 mm under the application afoavnward force.

The proposed height adjustment retention lockbegins by applying a small initial load to the
head restraint. A headform is used to apply tlael land a reference position is recorded. The
reference position is measured with this load &gplo eliminate variability associated with the
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soft upholstery of the head restraint. A 500 Ndlé&then applied through the headform to test
the locking mechanism. Finally, the load is theduced to the initial value and the head form is
checked against its initial position. In ordeictomply, the locking and limiter mechanisms must
not have allowed the headform to have moved mane 5 mm] the initial reference position.

Concern was expressed that this load was overlgreethe forces were being applied in the
wrong direction, and that such a requirement migiggatively affect active head restraint system
design. Data from Hybrid Ill dummies was provided the representativeness of the force
levels (HR-2-8). For 23 rear impact crash testsawerage downward force was 539 N. Based
on these tests, the working group believes thid Isappropriate.

It was also questioned whether to take the measrreat the top or bottom of the head restraint.
There was concern at taking the measurement dbgthef the head restraint as it does not take
into account the foam hysteresis (HR-6-8). Thersfthe working group recommends a test
procedure that uses the bottom of the head resasireference.

5.10. Removability

The working group is recommending new head redtnaquirements to ensure that vehicle
occupants receive better protection from whiplasth ilated injuries. To achieve this purpose,
the working group wants to take reasonable stefsctease the likelihood that a head restraint
is available when needed. If head restraints wayecasily removable, chances are greater that
they will be removed. That, in turn, increases thances that the restraints might not be
reinstalled correctly, if at all. By prohibitingmovability without the use of deliberate action
distinct from any act necessary for upward adjustméhe likelihood of inadvertent head
restraint removal will be reduced, thus increashmgchances that vehicle occupants will receive
the benefits of properly positioned head restraintghile working group wants to increase the
likelihood that a head restraint is available wheeded, it is also important to ensure that head
restraints, especially in the rear outboard des@ghaeating positions, can be removed in order
to improve rear visibility, child restraint accomdation, and cargo carrying capacity.

5.11. Non-use Positions

The working group is aware of rear seat head liestdgsigns which have the goal of lessening
the rearview obstruction by moving out of the waipinon-use positions. The working group is
not recommending to specifically compensate forgbtential rearview obstruction. However,
the working group is recommending language which aliow for folding or retractable head
restraints for rear seats if they meet specifitedd. If such a head restraint is adjusted tora n
use position, i.e., any position in which its minim height is less than that proposed in this
document or in which its backset is more than giraposed in this document, it must give the
occupant an unambiguous physical cue that the hestdaint is not properly positioned by

altering the normal torso angle of the occuffantat least 10 degréeseing rotated 60 degreds -

Comment [sm8]: Alliance
suggestion

|

restraint is in when it is in the non-use positibn,it must automatically return to a positi n/{

where it would comply with all provisions of thegrdation when the seat is occupied.

Comment [sm9]: Added by
Alliance, edited by susan.

|
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5.11.1. Front Outboard Seats

The working group believed it was important to Ipakathe need to ensure that the head restraint
is in the proper position while maintaining the dtionality of the seat. In some current designs
the head restraint can be placed in a non-useigosithen the vehicle seat is folded down to
increase the cargo capacity of the vehicle. Itheen proposed to allow non-use positions in the
front outboard seats, as long as they automaticatlyn to the proper position when the seat is
occupied. The working group is recommending apestedure using the 5th percentile female
Hybrid Il dummy or a human surrogate to evaluagse systems.

5.11.2. Front Centre and Rear Seats

5.11.2.1. Manually adjusted non-use positions

There is consensus to recommend regulation of serpositions in the rear seats, as long as the
position is "clearly recognizable to the occupanfhere is discussion on how to objectively
evaluate this requirement. One proposal is tonéefclearly recognizable" as a head restraint
that rotates a minimum of 60 degrees forward ar dtere was concern that this definition is
too design restrictive as the sole method and iaddit methods have been proposed (HR-4-13).

The U.S.A. developed a human factors study to oeter if an occupant would be likely to
reposition their head restraint as a function eftibrso angle change the head restraint produced
in the non-use position (HR-5-23). The baselira f& this study was the second row captain’s
chair of a 2005 model year (MY) Dodge Grand Caravimits original equipment manufacturer
(OEM) configuration, the seat created a nominakgrde torso angle change between its non-
use and in-use positions. The head restraint vas modified by introducing two forward
offsets that generated either a 10 or 15 degree #mngle change. One other condition that was
used was to attach a label to the head restrathi® degree condition. The label was modified
from a label used by Volvo.

Of the participants who adjusted the head resir&®tper cent adjusted it immediately after
sitting down. The 5 degree condition and labeldition were unsuccessful in motivating
participants to adjust the head restraint. Forbtidegree condition, only 3 out of 20 participants
(15 per cent) adjusted the head restraint. Norbkeoparticipants (0 out of 20) adjusted the head
restraint as a result of the label. The 10 degaalition had a nearly 80 per cent success
rate, 19 out of 24. Only four participants weren rin the 15 degree condition since the
percentage of participants who adjusted the hestdaret in the 10 degree condition was high.
The 15 degree condition had a 100 per cent rageljostment. Based on the results of this
study, the working group agreed to recommend theeyee torso angle change option as an
alternative.

Some representatives and delegates support thefulsdels since these head restraints are
optional, and a label in a non-use position isdrdtian no label at all. Additiorig) the need for
labels was suggested because the use of the tgkoahange method or discomfort metric may
be incompatible with the installation on child resits. Some delegates do not support the use
of labels, because there are already too manyddhethe vehicles and, based on the U.S.A.
study, the labels were ineffective in causing theupant to move the head restraint out of the
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non-use position, although 50 per cent of thosestipreed understood what the label meant, and
an additional 30 per cent understood that the hesitiaint was adjustable. To accommodate all
views, in the gtr labels will be recommended asogtional method to be accepted by the
Contracting Party. Based on the available datatr@oting Parties can choose the level of risk
they are comfortable with.

[Another proposal under consideration is a “discatifeetric” which defines the zone the head

restraint is in when it is in the non-use positidi.is a-attemptnethod to define objectively @ - { Deleted: n )
requirement in UNECE Regulation 17 which requiresh@n-use position to be “clearl
recognizable to the occupant”. To reduce the stibjy of the UNECE language, a methad

was developed based on the argument that someiiiodp is uncomfortable, e.qg. a step in the
contour of the seat back, can be considered cleeghygnizable. To make the criterion objective
and measurable the discomfort metric option defipesmetrical requirements, the size ahd
location of the seat back contour, when the hestilaiat is in the non-use position—Fhis-concept
is—simiarto In contrast to the “change of torso angle” optianich results mainly in a mor
upright -an-everal-uncomfortabkeating-conditiomposition,-butthe discomfort metric option i
focused on discomfort felt in the back of the o@mipand therefore results in an overall
uncomfortable seating condition.

To determine the appropriate dimensional critesgveral studies were conducted by OICA.
study (HR-8-11) showed that the thickness of thedhestraint is more important than the height
of the lower edge of the head restraint, as evig@rnmy the occupant moving the head restraint
from a non-use position to an in-use position. dther study showed that, when the discomfprt
metric dimensions are the same as some currentdssains i.e. so called “shingled” head

restraints, a large percentage of small femalesezognize the head restraint is out of position.

A third study was conducted (GRSP-41-21) with 78didates which represent the body height
distribution of the public. The study showed thashingled head restraint, designed with a
thickness of 40 mm and a position of the lower eofghe head restraint in non-use position |of
460 mm above the R-point, is sufficient to resaltai recognition rate of 92%. While some

countries felt these results were optimistic, iattthe test conditions may have predisposed
participants to concentrate on comfort, all agrleat tthe recognition rate would likely b
sufficiently high to justify using these numberdhe GTR.
Apart from thickness and maximum height criteriatfoe lower edge of the head restraint, there
are two additional criteria incorporated in thecdimfort metric option: A minimum height o
the lower edge prevents a seat design where therledge is settled in the area of the sgat
cushion and cannot be felt by the occupant anyméwmother criterion requires the step in the

seat back contour to rise up to the full thicknesthin a height distance of 25 mm, whi

assures that it is really a step and not a smout#rsection, which would not be felt by tHe .- Deleted: Another proposal unde
_7 | consideration is a "discomfort
occupa J ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, metric" which defines the zone th
head restraint is in when it is in the
. . . - ition. Thi t
5.11.2.2. _Automatically adjusted non-use positions was aceaptod for recommendatioln
by the working group, because it |s
. . . imilar i t to the t
There is consensus, for the rear seats, to recothmegulation of non-use positions that | ingie changs ovaluation. 1

automatically return to the proper position whea $leat is occupied. A test procedure usingthe |1
Justification is needed to support

dimensional requirements
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5th percentile female Hybrid 11l dummy or a humamregate to evaluate these systems has been
added to the gtr.

5.12. Energy Absorption

5.12.1. Impactor

The working group is recommending an energy absorgequirement specifying that when the
front of the head restraint is impacted by a heaohfthe deceleration of the head form must not
exceed 80g continuously for more than 3 millisesond@his recommendation is different from
the current U.S.A. and UNECE regulations in thatdes not specify a type of impactor, but
rather a required energy. This would allow eittiner linear impactor, the free motion impactor,
or the pendulum impactor to be used for testinfudigs showed that the results of the test were
similar regardless of what type of impactor wasdu$¢R-4-8, HR-5-6).

5.12.2. Radius of Curvature

The working group discussed incorporating the UNBER&gulation No. 17 requirement that
designated parts of the front of the head restsdiatl not exhibit areas with a radius of curvature
less than 5 mm pre- and post-test. There was ooticat a breakage could occur during the test
which would produce a sharp edge. This sharp edgdd harm occupants in a secondary
impact. The working group was unable to defineobjective test procedure and therefore the
requirement was not included in the gtr. Due ®sthconcerns, some contracting parties may
wish to continue regulating for radius of curvatureler their current regulation scheme.

5.13. Displacement Test Procedures/Adjustable Bradlacking Test/Ultimate Strength

The working group is recommending the incorporatidnrequirements to evaluate the head

restraint's ability to resist deflection and sigegaht loading. The displacement test requires that
a head restraint cannot deflect more than 102 menveh373 Nm 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.

Additionally, the working group is recommending,sbd on contracting party determination,
that head restraints with adjustable backset miairtteeir position while under load. Some
strongly believe that if an occupant adjusts hiacheestraint backset so that it is less than the
requirement, then he should have some assurarici Wikh maintain that position when loaded.

those optionally installed. Others strongly betiévthat the safety needs are met at ‘the{oeleted: place for

requirement. Therefore the gtr was drafted so ¢habntracting party can designate whether
adjustable head restraints will be tested at aditjpms of backset and to which head restraints
this will apply. The test for adjustable head n&ists incorporates both the evaluation for total
displacement of the head restraint and the evaluati the locking mechanism for the adjustable
backset.

5.14. Dynamic Test
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[This section needs to be revised. Concerns laqgt@o strong that working group is
recommending — need to express that these wepvgikble options at this time. Also need t
better express acknowledgement that hardship arsindthat there is an option here. Better
discussion of the which aspects of the HybriddHttwere controversial — trigger, angle. No
general consensus to evaluate with injury criteBié&scussion of BioRID — criteria, procedure,

pulse, etc.]

[The working group recommends a dynamic testingoopfor forward facing seats as an
alternative to the backset requirements in this glthe dynamic test option was proposed
primarily for two reasons. First, the dynamic tbstter represents "real-world" injury-causing
events and thus produces greater assurance thatatitemeasurement option of effective real
world performance. Second, as explained belois, bielieved that the dynamic test will help to
encourage continued development and use of "actigall restraint systems because the test is
designed to allow a manufacturer the flexibilitycassary to offer innovative active head
restraint designs while still ensuring a minimaideof head restraint performance.

Active head restraint systems deploy vthe event of a collision to minimize the pdiehfor
whiplash. During the normal vehicle operation, #utive head restraint system is "retracted."”
Because an active head restraint system requgegain range of motion to work effectively, an
"undeployed” active head restraint system might moeet the backset measurement
requirements.

Although the dynamic compliance option is intentle@nsure that the gtr encourages continuing
development of active head restraint systems, ft@mis left to the manufacturer ang |
available to both active and conventional, or stdtead restraint systems. That is, both types
of head restraints can be evaluated to eithecgeguirements or the dynamic test option.

17/ Besides mechanical deployment, some systems ulser anethods. For example,
BMW 760Li uses a pyrotechnic head restraint systemhutilizes a gas discharge to deploy head
restraints.
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The working group is also recommending that, based determination by each Contracting
Parties or regional economic integration organigtithe dynamic testing option use either a
Hybrid 11l 50" percentile male dummy or a BioRID-2"5@ercentile male dummy. Although. -

in the US head restraint regulation, recent resewiith the BioRID-2 has shown potential for
better biofidelity in rear impacts. Research hesgmssed to the point where the BioRID-2
could be used as a test device to [insert summaigbwever, further research would be
necessary to use the BioRID-2 as an instrumentedndu to evaluate whiplash injury.
Therefore, in the interim, the working group beéisvthat Contracting Parties and regional
economic integration organizations should havedéasion of which of these tests to allow as
an alternative to the backset requirements.

The working group realizes that a fully requlateshainy and dynamic whiplash evaluation are
considered to be a longer term solution to the ialip problem. The working group

recommends that WP.29/AC.3 revisit the decisiondena this gtr about dynamic performance
values and the test device as more advanced dunargedeveloped and the injury criteria
achieve broader consensus. It is believed thedaotition of a modified dynamic test alternative
should not be delayed, even if it is only an imestep toward a more advanced test procedure.

Under theHybrid 1l dynamic option, the entire vehicle is exposed twak-sine deceleration
pulse with a target of 8.8g peak and 88 ms duratiime 50th percentile male Hybrid Il dummy
in each seat must have a maximum head-to-torstiootaf less than 12 degrees and a HIC15
(Head Injury Criteria) of less than 500.

degrees with the 50th percentile male dummy inoatboard seats, with the head restralnt
adjusted vertically midway between the lowest dralhighest position of adjustment. The héad
restraint is to be positioned at one middle positad vertical adjustment because there are
concerns with the effects of this gtr on activechesstraint systems. As previously stated, there
is a need to ensure that the dynamic test opti@oweages continuing development of actlve
head restraint systems. As discussed below, @sdadicates that current head restralnt
systems can easily meet the head-to-torso rotéition in this gtr when the head restraint |$

adjusted midway between the lowest and the highesition of adjustment. i

Using published data of low speed rear impact rigsof original equipment manufacturer:
(OEM) seats with Hybrid Ill 50th percentile malensimies (Viano et al., 2002), and information:
on whiplash injuries sustained by occupants oféhsmsats, a logistic regression was used to
develop a probability of whiplash injury as a fuootof dummy head-to-torso rotation. The !
function is shown in Figure 2. i

{ Formatted: Superscript
the Hybrid Ill dummy has been used for years imtab crash regulations, and is currently used { Formatted: Superscript

I'| test alternative should not be delayed, even if
I'| is only an interim step toward a more advanc
|

|| test procedure. 1

uoq

[ Deleted: |

Deleted: There was some criticism associat
with the use of the Hybrid IIl dummy.
Specifically, some assert that the 50th percern
male Hybrid 11l neck lacks sufficient biofidelit
to be a useful tool for rear impact testing. Th
group was informed of newly developed test
devices, BioRID Il andf

RID 2, which purport to model a human neck
more accurately. There is also a paper by Fq
(SAE 973342), which argues that the 50th
percentile male Hybrid 11l neck is sufficiently
biofidelic in the rearward direction.

1

The working group realizes that a fully
regulated dummy and dynamic whiplash
evaluation are considered to be a longer term
solution to the whiplash problem. The workini
group recommends that WP.29/AC.3 revisit t
decisions made in this gtr about dynamic
performance values and the test device as m
advanced dummies are developed and the in
criteria achieve broader consensus. Itis
believed the introduction of a modified dynam

( Deleted: J[20]
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Risk of Whiplash Injury

O T T T T

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

Figure 2
Risk of Whiplash Injury versus head to torso ratati
on the Hybrid 11l 50th percentile male dummy

A 12-degree head-to-torso rotation corresponds IBger cent probability of whiplash. This
criterion was selected to ensure adequate proteddio occupants who range in stature from
shorter females up to and including taller malesafl outboard seats. In evaluating the head-to-
torso rotation limit, it was noted that in the pdstre has not been a consensus among the
biomechanics community on how best to measure diengal for whiplash injury. Presently,
the relative head-to-torso rotation is the bestedon available, and will assure early head
restraint interaction. The goal in selecting perfance criterion limits for the dynamic
compliance option was to provide a level of safsiyilar to that provided by the static
requirements. However, given the differences & hhasic nature of the test requirements, it is
not believed to be possible to provide one-to-cmeespondence between the two sets of tests.
Thus, a particular vehicle may be able to passestebut not the other.

The U.S.A. performed sled testing as specifiechendynamic compliance option on a specially
designed seat to explore how various seat chaistatsraffect relative head rotation and other
dummy injury measures. 18An OEM seat with an adjustable head restrairg wadified by
removing the original recliner mechanism and repkadt with a pin joint free to rotate. The
seat back was also reinforced with steel chanhalsprovided the attachment points for a spring
and damper system on each side of the seat. Sektstrength in the rearward direction was
modified by changing the springs and or their lmsabf attachment relative to the hinge joint.
In addition to seat back strength, sensitivity gee$ to head restraint attachment strength and
seat back upholstery compliance were also performeeists were performed with belted 5th
percentile female, 50th percentile male and 95thgugile male Hybrid Ill dummies.

18/ For full details of these tests, please see Diddke NHTSA-2002—-8570-57, 58, 59.
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The head restraint height was either 750 mm orr8f0and the backset was always 50 mm as
measured by the HRMD. However, the majority of¢€20 tests) were performed with the 50th
percentile male dummy with a 750 mm high head agdtr For all seat back parameters tested
with this configuration of dummy and head restrdinight, the range of relative head-to-torso
rotation was 6 to 16 degrees. HIC15 was measureldlf of these tests and ranged from 40 to
75. Nearly half of the seat configurations (9 &) 2Znet the 12-degree limit placed on the
dynamic compliance option for a head restrainhim lbwest adjustment position (750 mm). In
general, the smallest relative rotations were $eethe baseline seat back strengtth 4®d non-
rotating seat backs irrespective of the other Bead restraint parameters. From these tests, it
was concluded that the head rotation and HIC lirsdtected can be met with typical seat
back/head restraint designs when appropriate ceraidn is given to design in terms of height,
backset and strength of head restraint attachment.

In a separate set of tests, the U.S.A. subjectddy 2000 Saab 9-3 seat to the sled pulse of the
dynamic test option. A 95th percentile male Hybtidlummy occupied the seat. The Saab 9-3
has an active head restraint system, and the hestdhint was set to its highest position of
adjustment. The maximum head-to-torso rotation Yvaggrees. Viano and Davidsson (2002)
also sled tested a 9- 3 head restraint at a sfifgler, 16 km/MV, with the seat occupied by a
50th percentile male Hybrid Il dummy. With thedderestraint in the up position, the relative
head rotation was measured at 6.5 degrees. Wathdhd restraint midway between the lowest
and the highest position of adjustment, the redatiead rotation was 10 degrees at 23.5 km/h
AV. We believe that this configuration would yiemh even smaller head rotation at
the 17.2 km/mV.

In summary, research indicates that the head-smteotation limit of 12 degrees will not
discourage the development of active head restsgistems. Current systems, such as the one
in 2000 Saab 9-3 and the Toyota Whiplash Injuryskagy (WIL) seat (measured 6 degrees of
rotation), can readily meet the head-to-torso raatimit in this gtr. U.S.A. testing has also
shown that current static head restraints/seatd ne@e extensive modification to meet the
head-to-torso rotation limits. These changes migtitide increasing the strength of attachment
to the seat for adjustable head restraints andniggtion of the seat back upholstery for
compliance.

The gtr recommends a HIC15 limit of 500 for the alync test option. The gtr does not
recommend the HIC15 limit as a means of limitingpédsh, but instead as a surrogate for the
80g energy absorption test required for the stadimpliance option. If the HIC15 limit were
eliminated from the dynamic compliance test, thg B&it energy absorption test required for
static compliance would need to be re-introduc&kcause HIC15 is easily measured during
dynamic testing, it appears to be a more appraprisgasuring tool. The HIC15 level of 500 is
associated with an 18.8 per cent probability (96 gant confidence: 1.8 to 32.5 per cent) of
moderate (AIS 2+) head injury. 20While the 80g limit and the HIC15 limit of 50@Feanot

19/ The baseline seat back strength was obtainedughrestatic testing of OEM seats and

modeling to determine the corresponding amouneaf back rotation. The static testing can be
found in Docket NHTSA-1998-4064-2

20/ Eppinger, R., et al. (1999) Development of ImmaJnjury Criteria for the Assessment of

Advanced Automotive Restraint Systems—Il. Avaldaat
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necessarily equivalent, the two requirements doesktae same intent of mitigating potential
injury related to the head’s striking a rigid owsifficiently padded head restraint. Data was
analyzed from FMVSS No. 201 impactor tests on thekbof head restraints and also vehicle
seat sled test data. An 80g half sine acceleratas superimposed on the time duration of the
impacts from these tests. This resulted in rarfigél @15 values from approximately 425 to 800.
Accordingly, it is believed a limit of 500 is apgmiate. The greatest HIC15 value obtained in
testing sled testing using a 50th percentile malamy was 57. Thus, the HIC15 limit of 500 is
practicable. The 500 HIC15 limit will give a stigrindication of deleterious effects on the
occupant’s head and/or neck from deploying heataiass.

In the discussion of the dynamic test, some sugdestat a trigger point for a sensor driven
deployable head restraint should be included. d$ wtated that such a specification would be
similar to one included in other U.S.A. sled tgstians, and argued that such a provision should
be included in the head restraint standard to enghjective testing. One representative cited
their active head restraint that uses a pyrotectegign. Once the threshold acceleration is
sensed, the pyrotechnic element fires and the hesidaint moves about 40 mm to 60 mm
forward, depending on the height adjustment, atates 9 degrees towards the occupants head.
It was argued that the half-sine deceleration pigsaot representative of the pulse that its
vehicle would sense in a rear impact.

The specified sled pulse is representative of aperenced in a crash when the head restraint is
needed to provide protection. The appropriatenéghe AV and average acceleration of the
pulse is supported by a 2002 Swedish study by Keaffl others. This study examined rear
impact crashes with crash recorders where crasbepwhs a known (66 such crashes). It
examined the relationship between whiplash injusk rand parameters such a¥, peak
acceleration, average acceleration, and averagelowied acceleration for 18 ms, 36 ms,
and 80 ms. It found that average accelerationdmstlated with whiplash injury risk.

For most occupants who had whiplash symptoms fogdothan a month, the mean acceleration
of the crash pulse was greater than 4.5g and adbaveof 15 km/h. For this group, the average
mean acceleration was 5.3g and the aversdewvas 20 km/h. The crash pulse has a 5.6g
average acceleration and 17.3 km¥i. Therefore, it is believed that the sensors khde
designed to activate the head restraint in sudtuati®on. There is concern that if a trigger point

is specified, i.e., specified that the head restia¢ activated at a specific point in time as pért

the test procedure, there would be no test of énem@'s and no assurance that the head restraint
would activate during the type of crash simulatgdhe sled pulse.

Research indicates that currently available dynahead restraints can readily meet the
requirements of thisption for thegtr. It is believed that thelybrid |1l dynamic test option ig
sufficiently flexible to encourage continuing demainent of dynamic head restraint systems.

e [ Deleted: suggestions on

Given thafthe working group strongly encourages the developroéa future fully developed+ - { Deleted: However,

head restraint designsurther discussion of the Hybrid Ill option wasspended It is expected

http://www-nrd.nhtsa.dot.gov/pdf/nrd-11/airbags/rev_critedd.p
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that research to develop a single dynamic test dveupersede efforts to revise the Hybrid Il
dynamic option. However, if future information leml different conclusions used to develop the
existing procedure and criteria, amendments coelohlde to this optioh.

Under the BioRID-2 dynamic option, [reserved fodiacussion of the procedure and criteria to
be provided by EEVC].

6.  REGULATORY IMPACT AND ECONOMIC EFFECTIVENESS T {
! ‘| Deleted: Although the Hybrid I11 dummy

In the U.S.A. it is estimated the annual numberwtifiplash injuries to be approximately
272,464. 251,035 of these injuries involve occupanft front outboard seats, 21,429 injuries
involve occupants of rear outboard seats. Thea@eeeconomic cost of each whiplash injury:
resulting from a rear impact collision is $9,9940@2 dollars) which includes $6,843 in
economic costs and $3,151 in quality of life imgactThe total annual cost of rear impact
whiplash injuries is approximately $2.7 billion.aged on a study conducted by Kahane in 1982,
the U.S.A. estimates that current integral heatraieds are 17 per cent effective in reducing
whiplash injury in rear impact crashes for adultuggants, while adjustable head restraints
are 10 per cent effective in reducing whiplash rpjin rear impact crashes for adult occupants
(HR-3-14). The overall effectiveness of currerddheestraints for passenger cars is estimated to
be 13.1 per cent.

It was estimated that upgrading the head restna@iquirements would yield the following

benefits:

(a) For front seats, reducing the backset to 55 imtreases the head restraint effectiveness
5.83 per cent, resulting in 12,231 fewer whiplagtries for front seat occupants each year.

(b) For rear seats, increasing the height of valilytinstalled rear head restraints increases the
effectiveness of these head restraints by 17.45xeet, resulting in 1,246 fewer whiplash
injuries for rear seat occupants each year.

(c) The total annual reduction in rear impact whgbl injuries is thus estimated at
(12,231+1,246) 13,477 or 5 per cent of the annuallrer of whiplash injuries (272,464).

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

There are several reasons to believe that the faitéenefits of this regulation are understated.
First, a separate analysis of benefits associatdraduced position retention requirement was
not performed. Second, in the injury data them@nisnherent underestimation of whiplash injury
costs due to the underreporting of such injuriéhiplash injuries are often underreported
because of late onset of symptoms. Third, no eséirof the potential reduction of higher-level
neck injury more than Average Injury Scale 1 (Alswlas made. Although such injuries are
much less frequent, their associated costs are ignactter.

7. REVIEW OF EXISTING INTERNATIONAL REGULATIONS

The following existing regulations, directives, astdndards pertain to head restraints:

Comment [sm10]: Alliance recommended
language.

has been used for yearsin frontal crash
regulations, BioRID Il hasshown potential
for better biofidelity in rear impacts.
However, further work is necessary to
develop a test device acceptablefor usein a
gtr. For example, thereproducibility of
BioRID |1

( Deleted: has

1

Deleted: isnot at an acceptablelevel at this
moment dueto the lack of detail on the
calibration method (HR-3-7, HR-3-8, HR-5-
19). Therefore, it isrecommended to set up
an expert group for the establishment of
appropriate methods for testing and
evaluating whiplash injury, as phase 2 and to
provide feedback for the draft gtr on head
restraints]
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(a) UNECE Regulation No. 17 - Uniform provisionsncerning the approval of vehicles with
regard to the seats, their anchorages, and anyrastdints.

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

(c) European Union Directive 74/408/EEC (consobddt 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, adaptingteéchnical progress Council Directive
74/408/EEC relating to the interior fittings of rootvehicles (strength of seats and of their
anchorages).

(f) United States Code of Federal Regulations (CFRg 49: Transportation; Part 571.202:
Head Restraints.

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

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

(i) Japan Safety Regulation for Road Vehicles AgtR2 — Seat.

() Japan Safety Regulation for Road Vehicles Agtk2-4 — Head Restraints, etc.

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

() International Voluntary Standards -SAE J211¢Vised 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 conédcby European Enhanced Vehicle Safety
Committee (EEVC) Working Group 12, EEVC Working @Gpo20, EuroNCAP, and Korea
NCAP are also being considered.



3.1.

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

TEXT OF REGULATION

SCOPE AND PURPOSE This gtr specifies requirements for head restsaio

reduce the frequency and severity of injuries cduserearward displacement of the
head.

APPLICATION

[This regulation applies to all Category 1-1 vebs;l Category 1-2 vehicles with a
Gross Vehicle Mass of up to 3,500 kg; and Cate@ovghicles with a Gross Vehicle
Mass of up to 3,500 kg.]
[This regulation applies to all Category 1-1 vebs;l Category 1-2 vehicles with a
Gross Vehicle Mass of up to 4,500 kg; and Cate@ovghicles with a Gross Vehicle
Mass of up to 4,500 kg.]

DEFINITIONS

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

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

"Backset means the minimum horizontal distance betweenfriiet surface of the
head restraint and the rear surface of the heddai®s measurement device, as
measured in accordance with paragraph 7.1.5.

"Head restraiitmeans, at any designated seating position, aceethat limits
rearward displacement of a seated occupant's heative to the occupant’s torso
that has a height equal to or greater than 700 mamypoint between two vertical

of backset and height adjustment, as measuredcordance with paragraph 7.1.1.

"Head restraint measurement device (HRMDgans a separate head shaped device

used with the H-point machine with the head forsmdefined in Annex 3, attached
with sliding scale at the back of the head forghegpose of measuring backset. 1
"Three-dimensional H-point machin@-point machine) means the device used for
the determination of "H-points" and actual tors@laa. This device is defined in
Annex 11.

"Head Restraint Heightneans the distance from tfepoin} measured parallel to - - { comment [sm11]: Per wP29-142-23

e e

theforso lineto the top of the head restraint on a plane notmtdeforso line - {

N ‘[ Deleted: torso reference line

1/ The head form is designed by and available fioenl€BC, 151 West Esplanade, North
Vancouver, BC V7M 3H9, Canadanyw.icbc.con).

Deleted: [This regulation applies to all
Category 1-1 vehicles; to all Category 1-2
vehicles with a Gross Vehicle Mass of up to
3,500 kg; to Category 1-2 vehicles with a Gross
Vehicle Mass greater than 3,500 kg up to 4,5p0
kg that are equipped with head restraints, to all
Category 2 vehicles with a Gross Vehicle Mass
of up to 3,500 kg; and to Category 2 vehicles
with a Gross Vehicle Mass greater than 3,501
kg up to 4,500 kg that are equipped with hea
restraints.]1

Deleted: [H-point][R-point][H-point or R-
point]

N
{ Deleted: torso reference line

o o
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3.9.

3.10.

3.11.1.

3.11.2.
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3.11.4.

3.12.
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3.14.

3.15.

[Note for

[3.16.
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"Intended for occupant Usmeans, when used in reference to the adjustnienseat
and head restraint, adjustment positions used d&gdeccupants while the vehicle is
in motion, and not those intended solely for theppae of allowing ease of ingress
and egress of occupants; access to cargo storage; and storage of cargo in the
vehicle.

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

"R-point' means a design point defined by the vehicle megtufer for each
designated seating position and established wispe@ to the three-dimensional
reference system as defined by Annex 10. The Rtpoi

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

Has coordinates established relative ta#siggned vehicle structure;
Simulates the position of the centre pofdhe human torso and thigh;
Is defined in Annex 11 of this gtr.

"Top of the head restrdimheans the point on the head restraint centreliitie the
greatest height.

in the fully rearward position.

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

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

3.16.: The Netherland's proposal: Inchkets until justification is provided for
inclusion of requirement. Without justificatiomjs will be deleted.]

"Front contact surfatef a head restraint means the surface that catitfe seated
occupant’s head to limit rearward displacement.]

GENERAL REQUIREMENTS
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4.1. Whenever a range of measurements is spectfiedhead restraint shall meet the
requirement at any position of adjustment as irgerfdr occupant use.

[4.2. In each vehicle subject to the requirementhisfregulation, a head restraint shall be
provided at each front outboard designated segiogition that shall conform to
either paragraph 4.2.1. or 4.2.2.

4.2.1. The head restraint shall conform to paradwdnl.l. through 5.2., 5.4., and 5.5. of
this regulation.

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

[4.3. For vehicles equipped with rear outboard anfiiémt centre head restraints, the head
restraint shall conform to either paragraph 4.8t14.3.2]

4.3.1. The head restraint shall conform to pardwgap.l1.1. through 5.1.4., [5.1.6., ]5.2,,
5.4., and 5.5. of this regulation.

4.3.2. The head restraint shall conform to parawapl.l. through 5.1.4., 5.3., 5.4., and
5.5. of this regulation.

4.4, For vehicles equipped with rear centre headtraimts, the head restraint shall
conform to either paragraph 4.4.1. or 4.4.2.

4.4.1. The head restraint shall conform to pardwgap.1.2. through 5.1.4., [5.1.6., ]5.2.,
5.4., and 5.5. of this regulation.

4.4.2. The head restraint shall conform to parawapl.2. through 5.1.4., 5.3., 5.4., and
5.5. of this regulation.

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

4.6. At designated seating positions incapablesafisg a 50th percentile male Hybrid Il
test dummy, the applicable head restraint shalfaonto paragraphs 5.1., 5.2, 5.4.,
and 5.5. of this regulation.

[4.7. When options concern the H-point and R-paimt specified, each Contracting Party

or regional economic integration organization skallermine which initial reference
point to apply.]
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PERFORMANCE REQUIREMENTS

Dimensional requirements

Minimum Height

Each front outboard head restraint shall conformp#tyagraph 5.1.1.1. of this
regulation; each front centre head restraint gwiform to paragraph 5.1.1.2. of this
regulation; each rear outboard head restraint slomform to paragraph 5.1.1.4. of
this regulation:

Front outboard designated seating position

When measured in accordance with paragraph 7thé.top of a head restraint

located in a front outboard designated seatingtipasshall have a height of: (a) not

less than 800 mm in at least one position of heattaint adjustment; and (b) not less
than 750 mm in any position of head restraint ddjest. See exception in 5.1.1.3 of
this regulation.

Front centre designated seating posiggugped with head restraints

When measured in accordance with paragraph 7.thé.top of a head restraint
located in the front centre designated seatingtipasshall have a height not less
than 750 mm in any position of adjustment. Seesption in paragraph 5.1.1.3. of
this regulation.

Exception

The requirements of paragraphs 5.1.1.1. and 5.1oi tBis regulation do not apply if
the interior surface of the vehicle roofline, indilng the headlinerphysically

prevents a head restraint, located in the fronigdesed seating position, from
attaining the required height. In those instaribeshich this head restraint cannot
attain the required height, when measured in aecme with paragraph 7.1.1., the
maximum vertical distance between the top of thadheestraint and the interior
surface of the roofline, including the headlinehals not exceed 50 mm for
convertibles and 25 mm for all other vehicle, willea seat is in the lowest position
of adjustment; in any horizontal position of sedjuatment; and the highegbsition

of head restraint adjustment intended for occupasg. Notwithstanding this
exception, when measured in accordance with pgshgral.l., the top of a head
restraint located in a front outboard designatediisg position shall have a height of
not less than 700 mm in the lowest position of siient intended for occupant use.

Rear outboard designated seating posiéigugpped with head restraints

When measured in accordance with paragraph 7.thé.top of a head restraint
located in a rear outboard designated seatingipoghall have a height not less than
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51.15.

5.1.2.

5.1.3.

5.1.4.

5.1.5.

750 mm in any position of adjustment, except ayigesl in paragraph 5.1.1.5. of
this regulation,

Exception

The requirements of paragraph 5.1.1.4. of thislegigun do not apply if the interior
surface of the vehicle roofline, including the higeet, or backlight physically
prevent a head restraint, located in the rear @uthdesignated seating position, from
attaining the required height. In those instaricewhich this head restraint cannot
attain the required height, when measured in aecme with paragraph 7.1.1., the
maximum vertical distance between the top of thedhestraint and interior surface
of the roofline, including the headliner, or theckigght shall not exceed 50 mm for
convertibles and 25 mm for all other vehicles, whienseat in théowest position of
adjustment; in any horizontal position of seat atifent; and the highepbsition of
head restraint adjustment intended for occupant use

Minimum width

When measured in accordance with paragraph 7the@.Jateral width of a head
restraint shall be not less than 170 mm between \ertical longitudinal planes

passing at 85 mm on either side of thieso line - [ Deleted: torso reference lir

Gaps within head restraint

If a head restraint has any gap greater than 60nhnem measured in accordance with
paragraph 7.1.3., the maximum rearward displacemietite headform shall be less
than 102 mm when the head restraint is tested att gap in accordance with

paragraph 7.2.3.

Gaps between head restraint and the tdpeafdat back

When measured in accordance with paragraph 7thefe shall not be a gap greater
than 60 mm between the head restraint and theifstegt head restraint can not be
adjustable vertically between in-use positions. eéWlmeasured in accordance with
paragraph 7.1.4., there shall not be a gap gréfaéer 25 mm between a vertically
adjustable head restraint and the seat, with tlagl hestraint adjusted to its lowest
height position.

Minimum backset for front outboard desigdateating positions

For adjustable restraints, the requirements ofrégsilation shall be met with the top
of the head restraint in all height positions ojuatment between 750 mm and 800
mm, inclusive. If the top of the head restraintjts lowest position of adjustment, is
above 800 mm, the requirements of this regulati@ail ¥e met at that position. If the
front outboard head restraint is not attached éostrat back, the head restraint cannot
beadjusted such that the backset is more than ttsigrted in paragraph 5.1.5.1. or
paragraph 5.1.5.2. when the seat back inclinaquositioned closer to vertical than
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the position specified in paragraph 7.]¢5. If theasuring reference point is the H:/{ Deleted: [
,,,,,,,,,,,, _ - [ Deleted: ]
reference point is the R-point, the head restisdiatl conform to paragraph 5.1.@.; :gF\ \{De,eted:[

point, the head restraint shall conform to paragr&pl.5.1,; if the measurin
When measured in accordance with paragfdp8.1., the backset shall not be mg \ré\

When measured in accordance with paragidpB.2., the backset shall not be mqre

~
\ N
N

When measured in accordance with Annex 12, ther adges of the front contac\t\ "
surface of a head restraint have to enclose, agminom, the intersections of the '
following planes with the head restraint:

(@) two vertical longitudinal planes set at 85 mm aither side of the vertical
median plane of the seat,
(b) two horizontal planes 100 mm apart.

The intersection with the upper horizontal planallsteach to at least the required
minimum height of head restraint that counts fax ttoncerned designated seating
position.

However, to be taken into account as a valid p@intthe outer edge of the front
contact surface, a point must be no further reatsvdhan the maximum allowed
backset for the concerned designated seating pogiti

Static performance requirements

Each head restraint shall conform to paragraphsl5.through 5.2.5. of this
regulation:

Energy absorption

When the front surface of the head restraint is aotgd in accordance with
paragraph 7.2.1., the deceleration of the head firall not exceed 785 mM/&0g)
continuously for more than 3 milliseconds.

Adjustable head restraint height retention

When tested in accordance with paragraph 7.2.2.nthchanism of the adjustable

head restraint shall not fail in such a way aslbwadownward movement of the
head restraint by more than [25] mm.

T ‘[Comment [sm13]: Brackets

\ {Deleted: [

Comment [sm12]: Brackets
removed per WP-142-23

{ Deleted: ]

removed per WP-142-23

— J A JC

( Deleted: J[70 mm]

Comment [sm14]: Brackets
removed and value changed per
WP-142-23

{Deleted: [40 mm]
( Deleted: [55 mm]

Deleted: [Note for 5.1.6.:
Netherland's proposal: In bracket|
until justification is provided for
inclusion of requirement. Withou
justification, this will be deleted.]
1

A
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5.2.3. Displacement and Backset Retention

If a head restraint has a fixed backset then thed hestraint shall conform to
paragraph 5.2.3.1. If a head restraint has anstaljle backset, based on the
determination of each Contracting Party or regioredonomic integration

organization, the head restraint shall conform tthee paragraph 5.2.3.1. or
paragraph 5.2.3.2.

5.2.3.1. Displacement
When the head restraint is tested in the rearnresitive to the seat) position of

horizontal adjustment in accordance with paragfagtB., the head form shall not be
displaced more than 102 mm perpendicularly andvasar of the displaced extended

forso lineduring the application of a 3237.5 Nm m,o,m@]t,@@‘!lﬂt,tﬂ&@: ,,,,,, - { Commenti e e
\i\{\" [ Deleted: torso reference line
5.2.3.2. Displacement and Backset Retention { Deleted: [R-point, H-point R-paint
\\ {Deleted: 1

5.2.3.2.1. When the head restraint is tested inpasjtion of backset adjustment in accordance\{ Deleted: or H-poin]

A

with paragraph 7.2.3., the head form shall:

5.2.3.2.1.1.Not be displaced more than 25 mm duttireg application of the initial reference
moment of 3% 0.7 Nm;

5.2.3.2.1.2.Not be displaced more than 102 mm pelipelarly and rearward of the displaced

extendedtorso lineduring the application of a 378 7.5 Nm moment about tfﬁg— __{ Deleted: torso reference line

point, and ~~ { Deleted: H-point

" { comment [sm16]: Per wP-142-23

5.2.3.2.1.3.Return to within 13 mm of its initi@ference position after the following sequence

| occurs: application of a 378 7.5 Nm moment about tfﬂg-point; reduction of the - { comment [sm17]: Per wp-142-23

moment to 0 Nm; and by re-application of the ititeference load 3% 0.7 Nm. ) *[ Deleted: H

U A

5.2.4. Head restraint strength

When the head restraint is tested in accordandepaitagraph 7.2.4., the load applied
to the head restraint shall reach 890 N and reatz®®0 N for a period of 5 seconds.

| [5.3. [Dynamic performance requirements

When tested during forward acceleration of the dyioaest platform, in accordance
with paragraph 7.3., at each designated seatingtiggosequipped with a head
restraint, the head restraint shall conform to gemgh 5.3.1. Based on a
determination by each Contracting Party or regiomonomic integration

organization, either, ddybrid Il 50th percentile male dummgr a BioRID-2 56‘7: | Deleted: A

percentile male dumnshall be used to determine compliance. o [ Formatted: Superscript
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5.3.1. Injury criteria If a Hybrid Il dummy is used, thdéé head restraint shall_ - | Deleted: 1

— - .- - - - - .- - - - - - - - - - - - - - —————-—————1

meet the following requirementsf paragraph 5.3.1.1.. If a BioRID-2 dummy (s 1

used, the head restraint shall meet the requirenoémiaragraph 5.3.1.2..

{ Formatted: Underline

(N

Hybrid Il Requirements

5.3.11.1.

5.3.11.2.

5.3.1.2.

Angular rotation |

Limit posterior angular rotation between the head torso of the 50th percentile

male Hybrid 1l test dummy tp 12 degrees for thenduy in all outboard designateh- { Deleted: [

seating positions; - [ Deleted: ] [20]

Head injury criteria |

Limit the maximum HIC15 value to 500. HIC15 is @ahted as follows: For any
two points in time,tand %, during the event which are separated by not rteae
a 15 millisecond time interval and whereid less than,t the head injury criterion
(HIC15) is determined using the resultant headlacaton at the centre of gravity of
the dummy head,aexpressed as a multiple of g (the acceleratiografity) and is
calculated using the expression:
t2

1
(tz2-t9) '[

t1

HIC={ ardtl | (t2-t9)]] |

BioRID-2 Requirements [Reserved awaitinglfrequirements from EEVC]. «

5.4.

54.1.

5.4.2.

5.4.3.

~ ~ 7| Formatted: Tabs: -0.32 cm,
Left

Non-use positions

A driver head restraint shall not have a hon-usition.

A front outboard passenger head restraiyt Imeaadjusted to a position at which its
height does not comply with the requirements oageaph 5.1.1.1. of this regulation.
However, in any such position, the front outboaadgenger head restraint shall meet
paragraph 5.4.3.1. of this regulation.

All rear head restraints and any front eertead restraint may be adjusted to a

position at which its height does not comply withet requirements of

paragraph 5.1.1. of this regulation. However,ng auch position, the head restraint

shall also meet one additional requirement fromet f several alternative test

requirements. Based on a determination by eachir&uimg Party or regional

economic integration organization, the set of aliéive test requirements may be:

(a) At the choice of the manufacturer. paragraph3sl. or paragraph 5.4.3.2. or
paragraph 5.4.3.3. or paragraph 5.4.3.4. of tlyslation, or

(b) At the choice of the manufacturer: paragraph3®l or paragraph 5.4.3.2. or
paragraph 5.4.3.3. or paragraph 5.4.3.4. or pgphdsat.3.5. of this regulation.

Alternative requirements
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5.4.3.1.

5.4.3.2.

5.4.3.3.

‘ 5.4.3.4.

| 5.4.3.5.

All of the items described in paragraphs 5.4.3htough 5.4.3.5. are permitted as
additional features.

In all designated seating positions eqedpwith head restraints, except the driver's
designated seating position, the head restraik abomatically return from a non-
use position to a position in which its minimumdtdiis not less than that specified
in paragraph 5.1.1. of this regulation when a Sthcentile female Hybrid Il test
dummy is positioned in the seat in accordance wéttagraph 7.4. At the option of
the manufacturer, instead of using a 5th percefgieale Hybrid Il test dummy,
human beings may be used as specified in paragrdph

In rear and front centre designated sgaiisitions equipped with head restraints, the
head restraint shall, when tested in accordanck paragraph 7.4., be capable of
manually rotating either forward or rearward by fheds than 60 degrees from any
position of adjustment intended for occupant usetiich its minimum height is not
less than that specified in paragraph 5.1.1. sfrigulation.

When measured in accordance with paragraph the lower edge of the head

restraint (H ) shall be not more tha¢60 mm, but not less than 250 mm from the R- { Deleted:

777777777777777777777777777777777 { Deleted:

N ‘[ Deleted:

When tested in accordance with paragraphtie head restraint shall causettiieo \‘[Deleted:

line angle to be at least 10 degrees closer to vettieal when the head restraint is in - { Deleted: torso reference it

U

any position of adjustment in which its height ist dess than that specified in
paragraph 5.1.1. of this regulation.
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|ncIude explanatory text. The label shall eithesviide an indication when the head
restraint is in a non-use position or provide infation to enable an occupant to
determine whether the head restraint is in a nenpagsition. The label shall be
durably affixed and located such that it is cleavigible by an occupant when
entering the vehicle to the designated seatingtiipasiExamples of possible designs

- { Deleted:
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5.5.

7.1.

7.1.1.

7.1.2.

7.1.3.

7.1.4.

(a) {b)

Figure 1
Removability of head restraints

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

TEST CONDITIONS
Demonstrate compliance with paragraphs 5.1. thr&ughof this regulation with any

adjustable lumbar support adjusted to its moswaat nominal design position. If
the seat cushion adjusts independently of thelsez, position the seat cushion such

that the lowegH-point position is achieved with respect to thatseck. | - - { Deleted: [

"~ { Deleted: Jinighest

TEST PROCEDURES

Dimensional Requirements

Height of Head Restraints

Compliance with paragraphs 5.1.1.1., 5.1.1.2,,1531,. 5.1.1.4., and 5.1.1.5. is
demonstrated by taking the arithmetic average odethmeasurements obtained in
accordance with Annex 1.

Minimum Width

Compliance with paragraph 5.1.2. is demonstratestaordance with Annex 2.

Gaps within head restraints

Compliance with paragraph 5.1.3. is demonstratextgordance with Annex 4.

Gaps between head restraint and top obseht

Compliance with paragraph 5.1.4. is demonstratextcordance with Annex 4.
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7.1.5.

7.1.5.1.
7.15.2.

7.2.

7.2.1.

7.2.2.

7.2.3.

7.2.4.

| [7.3.

7.4.

Minimum Backset for front outboard desigdateating positions

Compliance with paragraph 5.1.5.1. is destrated by taking the arithmetic average
of three measurements obtained in accordance witieA 3 paragraph 2

Compliance with paragraph 5.1.5.2. is destrated by taking the arithmetic average
of three measurements obtained in accordance witieA3 paragraph 3

Static Performance Requirements

Energy Absorption
Compliance with paragraph 5.2.1. is demonstratetaordance with Annex 5.
Height Retention
Compliance with paragraph 5.2.3. is demonstratetgordance with Annex 6.
Backset Retention and Displacement
Compliance with paragraph 5.2.4. is demonstratetaordance with Annex 7.
Head Restraint Strength
Compliance with paragraph 5.2.5. is demonstratetagordance with Annex 7.

Dynamic Performance Requirements

Compliance with paragraph 5.3. is demonstrated¢@om@ance with Annex B.

Non-Use Positions

Compliance with paragraph 5.4. is demonstrated¢do@ance with Annex 9.
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Annex 1 Comment [sm18]: Per WP-
/| 142-23

restraint can be measured using
, /| H-point or the R-point as the

1| reference point. Paragraph 2. of
1. PURPOSE /,/ this annex outlines the test
procedure when the H-point
reference is used.

MINIMUM HEIGHT MEASUREMENT TEST PROCEDURE /| Deleted: The height of the “ead‘he

Comment [sm19]: Deleted per|
/| wp-142-23

l L// _ -] Deleted: 2. . PROCEDURE
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, — FOR HEIGHT MEASUREMENT
USING THE H-POINT
MACHINEY

1

Measure the height of the head
restraint in accordance with
paragraphs 2.1. and 2.2. of this
annex, using the scale incorporated
into the manikin specified in
Annex 11 or an equivalent scale,
which is positioned laterally within
15 mm of the head restraint
centreline. If the seat back is
adjustable, it is adjusted to a
position specified by the vehicle
manufacturer. If there is more
than one inclination position
closest to the position specified b
the manufacturer, set the seat back
inclination to the position closest
to and rearward of the
manufacturer specified position. |f
the head restraint position is
independent of the seat back
inclination position, compliance ig
determined at a seat back
inclination position specified by
the manufacturery

2.1.. Height measurement for
front outboard head restraifits

| 2.1.1.. For head restraints in fron
I | outboard designated seating

, | positions, adjust the top of the

1| head restraint to the highest

' | position, other than allowed by

. | paragraph 5.3., and measure the
i | height as shown in Figure 2.9

| 2.1.2.. For head restraints located
I | in the front outboard designated
seating positions that are prevented
| | by the interior surface of the
vehicle roofline from meeting the
required height as specified in

Figure 1-1 ‘w paragraph 5.1.1.3., measure the

“ clearance b_etween the_top _of the

2. PROCEDURE FOR HEIGHT MEASUREMENT USING THE R-POINSS THE | | ctrface of the roafine, fwith the
77777777 thflfééfENféé]iofﬁ\jff7777777777777777777777777777777777777777777\\ | seat adjusted to its loweg”_ 717

\

. [Deleted: Al
{ Deleted: 3 ]
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not satisfy the requirements of paragr@gh, or if the verification cannot take place - { Deleted:

Demonstrate compliance with paragraph 5.1.1. ofrégeilation in accordance with

paragraph2.2. of this annex. The seat shall be adjusted gheh its H-point =~ { peleted: ands.

coincides with the R- point, in accordance with teguirements of paragragfl. of - \{Ddeted: 3

this Annex. If the seat back is adjustable, gas at the design seat back angle. The{De,eted: 3

o

height of the head restraint shall be the distdateseen point A and the intersection
of lines AE and FG.

Relationship between the H-point and the R-point __ - { Deleted:

When the seat is positioned in accordance to thmufaaturer's specifications, the H-
point, as defined by its co-ordinates, shall lighii a square of 50 mm side length
with horizontal and vertical sides whose diagonatsrsect at the R-point, and the
actual torso angle shall be within 5 degree ofdbsign torso angle.

times in all). If the results of two of these threperations satisfy the requirements,

the conditions of paragrag@hl.1. shall apply. __ - { Deleted:

because the vehicle manufacturer has failed to Iguipformation regarding the - \{Ddeted:

U (N o J U U

position of the R-point or regarding the desigrstoangle, the centroid of the three
measured points or the average of the three mehsungles shall be used and be
regarded as applicable in all cases where the R-poithe design torso angle is

referred to in paragrag of this annex. - { Deleted:

Height measuring apparatus - { Deleted:

head restraint.

Height measurement for front outboard headaids - { Deleted:
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the height. If adjustable, adjust the top of tlead restraint to the lowest position
intended for normal use and measure the height

from meeting the required height as specified irageaph 5.1.1.1. of this regulation,
the requirements of paragraph 5.1.1.3. of this legigun shall be assessed by the
following procedures:

the top of the head restraint and the interior aaafof the roofline or the rear
backlight, by attempting to pass a 25 mm sphenedst them.

Adjust the top of the head restraint tolthveest position of adjustment intended f})[/{ Deleted: 3
_ - '[ Deleted: 3

Height measurement for front center and retsaard head restraints | - - { Deleted: 3

) wJ U A

adjustable, adjust the top of the head restrainhéolowest position of adjustment
intended for normal use, other than any non-uséipoglescribed in paragraph 5.4

of this regulation and measure the height in acuted with paragrap@. of this | - { Deleted: 3 )
annex.
_ For head restraints that are prevented binteeor surface of the vehicle roofline dr. - { peteted: 3 )

rear backlight from meeting the required heightspecified in paragraph 5.1.1.2.
or 5.1.1.4. of the regulation, the requirementparfagraphs 5.1.1.3 and 5.1.1.5 shall
be assessed by the following procedure:

Adjust the head restraint to its maximurighieand measure the clearance betwgen { Deleted: 3 )

the top of the head restraint or the seat keickll seat back angles for intended yse -
and the interior surface of the roofline or therreacklight, by attempting to pass a
25 mm sphere between them.

Comment [sm20]: Alliance
recommendation. Check minutes,
| think this was agreed on.
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head restraint height (mm)

Design torso angle

Figure 1-2
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Annex 2
MINIMUM WIDTH MEASUREMENT TEST PROCEDURE

PURPOSE

The width of the head restraint shall be suctogsavide appropriate support for the
head of a person normally seated. Measure thehwoadltthe head restraint to

demonstrate compliance with paragraph 5.1.2. sfrégjulation.

PROCEDURE FOR WIDTH MEASUREMENT

plane of the intersection of the head restrainhwifplane that is perpendicular to the

restraint, as shown in Figure 2-1. "~ { Deleted: 68 )
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S
WIDTH // h N Section C
Figure 2-1 /
Trace of vertical /

median plane of seat

= reference line

r
0 =65 mm
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2.5.
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2.7.

2.8.
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Annex 3
MINIMUM BACKSET MEASUREMENT TEST PROCEDURE
PURPOSE

Demonstrate compliance with paragraph 5.1.5. bysoréag the backset of the using
the H-point as the initial reference point, parpir2., or the R-point as the initial
reference point, paragraph 3.

PROCEDURE FOR BACKSET MEASUREMENT USING H-POINAS THE
REFERENCE POINT

Demonstrate compliance with paragraph 5.1.5.1. l®asuring the backset of the
head restraint using the three-dimensional H-poiathine, defined in Annex 11, and
the HRMD (Figure 3-1). This procedure uses thedipas the initial reference
point.

The test vehicle shall be levelled using tberdksill (front to rear level) and centre
luggage compartment (side to side level) as reter@oints.

The test vehicle shall be preconditioned tgnaperature of 20 °C £ 10 °C to ensure
that the seat material reaches room temperature.

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

Set up the seat as described in Annex 11gpph 3.3. If the seat back is adjustable,
it is set at an initial inclination position closes design angle as measured by the
three-dimensional H-point machine. If there is entltan one inclination position
closest to design angle, set the seat back inidimab the position closest to and
rearward of the design angle.

Set up the H-point machine as described ine&rirl, paragraphs 3.4. through 3.10.

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

Install the right and left buttock weightsstiall four of the torso weights used in
Annex 11, paragraph 3.11., and the two larger HR&Bst weights; alternating left
to right. The HRMD torso weights shall be instdllast and with the flat side down.
Maintain H-point machine level.

Confirm the actual torso angle is +1° of thesign ;orsojangle by placing arj

inclinometer on the lower brace of the torso weigluigers. If the measured angle is_

Comment [sm21]: Alliance
suggestion.

{
{

Deleted: seat back

|
]
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2.9.
2.10.

2.11.

2.12.

outside this range, if possible adjust the seak laagle to be +1° of the design seat
back angle. If an adjustment is made, remove thtodlu and torso weights and
repeat the steps contained in paragraphs 3.9.ghr8u 0. of Annex 11, along with
steps as described in paragraph 2.6. and 2.7iso&timex until the actual torso angle
is +1° of the design seat back angle.

Perform the steps contained in paragraph 8fl&nnex 11.
Attach the HRMD to the three-dimensional HhRpaachine.

Confirm the actual torso angle remained #lthe design seat back angle by placing
an inclinometer on the lower brace of the torsogiehangers. If the actual torso
angle is outside this range, if possible carefatljust the seat back angle to be +1° of
the design seat back angle. If the legs and seabpthe three-dimensional H-point
machine move during this procedure, remove the HRMi2 buttock and torso
weights, and repeat the steps contained in paragra. through 3.11. of Annex 11,
along with steps as described in paragraph 2.6ugtr 2.10. of this annex until the
actual torso angle is +1° of the design seat bagkea

Level the HRMD and extend the sliding scaldle back of the head until it contacts
the head restraint. Confirm that the scale is st laterally within 15 mm of the
head restraint centreline and take the backsetursagnt.



3.1

3.1.1.
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D

-

|
‘ A = 17357 in (441 cm)
| B = 1.898in (48cm)

i [T} C = 5827in (14.8cm)
f

{
D= 0.892in (2.3 cm)
(
Figure 3-1

E = 14.030in (356 cm)
F = 7880in (20.3 cm)

H-POINT

Procedure for backset measurement using R-pastthe Reference Point.
Demonstrate compliance with paragraph 5.1.5.2. leasuring the backset of the
head restraint using the backset measurement dppatefined in paragraph 3.1. of
this annex and the following procedures:

Backset measuring apparatus

The backset measurement apparatus consists dfipae 3-2):

A straight edge (lower arm) AB. The loweirn A is placed at the R point location.
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3.1.2. A straight edge (upper arm) BC. Point @dsited at a distance of 2enm vertically - { Deleted: 5

up from point B. oo

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

3.2.1. Relationship between the H-point and theoRip

When the seat is positioned in accordance to theufaaturer's specifications, the H-
point, as defined by its co-ordinates, shall lighii a square of 50 mm side length
with horizontal and vertical sides whose diagonatersect at the R-point, and the
actual torso angle shall be within 5 degree oftibesign torso angle.

3.2.2. If these conditions are met, the R-point dreldesign torso angle, shall be used to
demonstrate compliance with the provisions of pamalg 3. of this annex.

3.2.3. If the H-point or the actual torso angle slamt satisfy the requirements of
paragraph 3.2.1. , the H-point and the actual tamrsgie shall be determined twice
more (three times in all). If the results of twbtbese three operations satisfy the
requirements, the conditions of paragraph 3.2.2l sipply.

3.2.4. If the results of at least two of the thogerations described in paragraph 3.2.1. do
not satisfy the requirements of paragraph 3.2if the verification cannot take place
because the vehicle manufacturer has failed to Iguipformation regarding the
position of the R-point or regarding the desigrstoangle, the centroid of the three
measured points or the average of the three mehsungles shall be used and be
regarded as applicable in all cases where the R-moithe design torso angle is
referred to in paragraph 3. of this annex.

3.3. Adjust the seat back to its design angle.

3.4. Adjust the front head restraint so that ifs i® at any height between and inclusive
of 750 mm and 800 mm. If the lowest position ofustiinent is above 800mm, adjust
the head restraint to that lowest position of aujient.

3.5. In the case of head restraint with adjustélalekset, adjust the head restraint at the
most rearward position, such that the backset flsermaximum position.

3.6. Establish point D on the head restraint, pDBitteing the intersection of a line drawn
from point C horizontally in the X direction, witthe front surface of the head
restraint.

3.7. Measure the distance CD. The backset shallthee measured distance CD

minus71 mm. _ - { Deleted: 73
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205 mm

Design torso angle

Figure 3-2

Comment [sm22]: Verify the
!‘ diagram reflects the text. Chang
;| 505 to 504.5, change 205 to 203,
1| change design torso angle to
" design torso angle less 2.6 degrees.

I
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GAP EVALUATION TEST PROCEDURE
1. PURPOSE

Evaluate the gaps within a head restraint and dextvthe bottom of the head restraint
and the top of the seat back. Demonstrate congdiavith paragraph 5.1.3.with the
procedures of paragraphs 2.1. through 2.3. andgpohas 4.1. through 4.7. of this
annex. Demonstrate compliance with paragraph 5.ih.4accordance with the
procedures of either paragraphs 2.1. through 2.pacagraphs 3.1. through 3.2. of
this annex, at the manufacturer’'s option, with ilead restraint adjusted to its lowest
height position and any backset position intenaead€cupant use.

2. GAP MEASUREMENT USING A SPHERE

The area of measurement is anywhere on the froriace of the head restraint

between two vertical longitudinal planes passingsmm on either side of t(ierso - { beleted: torso reference line
line.
2.1. Applying a load of no more than 5 N again& #inea of measurement specified in

paragraph 2. of this annex, place a 365 mm diameter spherical head form against
any gap such that at least two points of contacztr@ade within the arealhe surface
roughness of the head form is less thanuingroot mean square.

2.2. Determine the gap dimension by measuring theéght line distance between the
inner edges of the two furthest contact pointshemsvn in Figures 4-1 and 4-2.
A —> 165 mm dia.
: sphere

_‘_)

/ i
/
I
-
\
AN

. \
\
\
I
\ ! /
| ya
\-i/
—> '

A

Section A-A

Figure 4-1 - Measurement of a vertical gap "a".
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i
165 mm dia.

/_ sphere

Section A-A

Figure 4-2 - Measurement of a horizontal gap “a”.
LINEAR MEASUREMENT OF GAP

Procedure for height measurement

Measure the gap between the bottom of the headhirsand the top of the seat back
using the scale incorporated into the manikin djgztin Annex 11 or an equivalent
scale, which is positioned laterally within 15 mintloe head restraint centreline. If
the seat back is adjustable, it is adjusted to sitipo specified by the vehicle
manufacturer. If there is more than one inclimatpmsition closest to the position
specified by the manufacturer, set the seat badkation to the position closest to
and rearward of the manufacturer specified positifirthe head restraint position is
independent of the seat back inclination posit@mdmpliance is determined at a seat
back inclination position specified by the manudzet.

Adjust the top of the head restraint to thedst position and measure the gap as
shown in Figure 4-3.






4.1.

4.2.

4.3.

4.4.

4.5.
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PROCEDURE FOR DETERMINING REARWARD DISPLACEMENOR HEAD
RESTRAINT AT GAP GREATER THAN 60 MM.

Seat set-up

If the seat back is adjustable, it is adjustedatposition specified by the vehicle
manufacturer. If there is more than one inclimatposition closest to the position
specified by the manufacturer, set the seat badination to the position closest to
and rearward of the manufacturer specified positidithe head restraint position is
independent of the seat back inclination posit@mmpliance is determined at a seat
back inclination position specified by the manufaet. Adjust the head restraint to
the highest position of vertical adjustment inteshétr occupant useAdjust the head
restraint to the rearmost backset position.

In the seat, place a test device having, whienved laterally, the back pan
dimensions angorso_line (vertical centre line) of the three dimensionalpéint | - - { Deleted: torso reference lir |

Establish the displacgdrso lineby creating a posterior moment of 3¥37.5 Nm i - { peteted: torso reference i __|

about theR-pointby applying a force to the seat back through tektpan at the ratg - {Comment [sm24]: Per szg-}

between 2.5m/second and 37.3 Nm/second. The initial locatiorthe back pan of . 14223

the moment generating force vector has a heig296f mm+ 13 mm. Apply the { Deleted: [R-pointpoin |

force vector normal to theorso lineand maintain it within 2 degrees of a vertidal - { Deleted: torso reference li |
)

about thgR-point Rotate the force vector direction with the bpek. |- I Comment [sm25]: Per WP29
142-23

~
~

Maintain the position of the back pan askdistaed in paragraph 4.3. of this Annex. { peteted: [Rpoint(+-poing
Using a 165+ 2 mm diameter spherical head form with a surfaceghness of less
than 1.6um, root mean square, establish the head form liméfarence position by
applying, perpendicular to the displaggmiso ling a rearward initial load passing. - { Deleted: torso reference in |
through the centre of gravity of the smallest oé thections of the gap, along
transversal planes parallel to the reference lva¢ will produce a 36.% 0.5 Nm

moment about thR-point | - ‘[ Comment [sm26]: Per WP-

142-23

Increase the initial load at the rate betw2&nNm/second and 37.3 Nm/second until [ Peleted: [R-poindiH-poind |
a 373+ 7.5 Nm moment about tﬁg-goini is produced. Maintain the load IevéL/TComment [sm27]=PerWP29-}

producing that moment for not less than 5 secomdisthen measure the rearward
displacement of the head form relative to the dispdjtorso line

223
" { Deleted: [R-point][H-poin]

o [ Deleted: torso reference line
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3.1.

3.1.2.

3.1.2.

3.2.

Annex 5
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 shall be either mounted in the vehicliznmty secured to the test bench, as
mounted in the vehicle with the attachment partsigied by the manufacturer, so as
to remain stationary when the impact is applietie $eat-back, if adjustable, shall be
locked in the design position specified by the gkhimanufacturer. If the seat is

fitted with a head restraint, the head restraiaildhe mounted on the seat-back as in
the vehicle. Where the head restraint is sepaitagball be secured to the part of the
vehicle structure to which it is normally attached.

PROCEDURES FOR ENERGY ABSORPTION

The adjustable head restraints shall be measnoradyi height and backset position of
adjustment.

Test equipment

Use an impactor with a semispherical heaoh fof a 165+ 2 mm diameter and a
surface roughness of less than [n6, root mean square for the impacting part of the
impactor. The head form and associated base hawenained massuch that at a
speed of 24.1 + 0.5 km/h at the time of impact aergy of 152 + 6 Joule 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 1ISO Standard 6487 (2002Jhe axis of the acceleration-sensing
device coincides with the geometric center of tleachform and the direction of
impact. As an alternative the impactor can be qurdpwith 2 accelerometers sensing
in the direction of impact and placed symmetricatlycomparison to the geometric
centre of the spherical head form. In this caseddueleration rate shall be taken as
the simultaneous average of the readings on theteelerometers.

Accuracy of the test equipment

The recording instruments used shall be suchrfestsurements can be made with
the following degrees of accuracy:



3.2.1.

3.2.2.

3.2.3.

3.3.

3.3.1.

3.3.2.
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Acceleration:

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

Speed:

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

Time recording:

The instrumentation shall enable the action toelserded throughout its duration and
readings to be made to within one one-thousandth sécond; the beginning of the
impact at the moment of first contact between thadfiorm and the item being tested
shall be detected on the recordings used for aimgyhe test.

Test procedure

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

Impact the front surface of the seat or hreattaint at any point with a height greater
than 635 mm from th@-pointand within a distance of the head restraint velrt\i}:,/{Comment [sm28]:PerWP29—}

centreline of 70 mm and measure the acceleraton. R e

" { Deleted: [R-pointi[H-point]
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HEIGHT RETENTION TEST PROCEDURE

1. Purpose

Demonstrate compliance with paragraph 5.2.2. isf gulation in accordance with

this Annex.
2. Procedures for height retention
2.1. Seat set-up

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

2.1.1. For front outboard designated seating st

2.1.1.1. The highest position; and

2.1.1.2. Notless than, but closest to 800 mm; and

2.1.2. For rear outboard and front centre desighsgating positions

2.1.2.1. The highest position; and

2.1.2.2. Notless than, but closest to 750 mm.

2.1.3. For rear centre designated seating position

2.1.3.1. The highest position; and

2.1.3.2. Not less than, but closest to 700 mm.

2.2 Orient a cylindrical test device having a 1652 mm diameter in plane view
(perpendicular to the axis of revolution), and & b8m length in profile (through the
axis of revolution) with a surface roughness ofl#san 1.6um, root mean square,
such that the axis of the revolution is horizomtadl in the longitudinal vertical plane
through the longitudinal centreline of the headreast. Position the midpoint of the
bottom surface of the cylinder in contact with tead restraint.

2.3. Mark an initial reference position.

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



2.5.

2.6.

2.7.
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Reduce the load to 0 &hd determine the position of the cylindrical devigith
respect to its initial reference position.

Measure the vertical distance measured betdmelowest point on the underside of
the head restraint and the top of the seat back.

If the design of the head restraint is suelt ithis not possible to measure to the top of
the seat then the vertical measurement shall bentaly marking a horizontal line
across the front of the seat back at least 25 nmiowbthe lowest point of the head
restraint and the measurement shall be taken ftosnlihe to the underside of the
head restraint.
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Annex 7
DISPLACEMENT, BACKSET RETENTION, AND STRENGTH TESHROCEDURES

1. PURPOSE
Demonstrate compliance with paragraph 5.2.3.1thisf regulation with paragraph
1.2. of this annex. Demonstrate compliance wittagieaph 5.2.3.2. of this regulation
with paragraph 1.3. of this annex. Demonstrate gliamce wit paragraph 5.2.4 of
this regulation with paragraph 1.4. of this Annex.

1.2. Procedures for displacement

The load vectors that generate moment on the ressichint are initially contained in
a vertical plane parallel to the vehicle longitwadinentreline.

1.2.1. Seat set-up
Adjust the head restraint to the highest positibvertical adjustment intended for
occupant use. Adjust the head restraint to in rd@most (relative to the seat)

position of horizontal adjustment backset position.

1.2.2. In the seat, place a test device having, nwhiewed laterally, the back pan

machine, as specified in Annex 11, with the heaorgorobe in the full back
position.

1.2.3. Establish the displacgdrso lineby creating a rearward moment of 373.5 Nm { Deleted: torso reference It

of 2.5 Nm/second to 37.3 Nm/second. The initial locationthe back pan of thé“\{ Deleted: [H-point][R-point]

moment generating force vector has a height ofr@@0+ 13 mm. Apply the force

theR-point Rotate the force vector direction with the bpek:. -~ { comment [sm30]: Pe: WP2¢-14z-23

77777777777777777777777777777777777777777777777777777777777 ~~ { peleted: [H-point[R-poin

U J )

1.2.4. Maintain the position of the back pan aaldished in paragraph 1.2.3. of this annex.
Using a 165 2 mm diameter spherical head form with a surfacghness of less
than 1.6um, root mean square, establish the head form liméfarence position by

centreline at a height 8563 mm below the top of the head restraint that pritiduce

a 36.5+ 0.5 Nmmoment about th®-point - { comment [sm31]: Per wp2-147-23
"~ { peleted: [H-point][R-point]
1.2.5. If the presence of gaps prevents the apjiteof the force, as described in

paragraph 1.2.4 of this Annex at 65 £ 3 mm from tihe of the head restraint, the
distance may be reduced so that the axis of tlee fpasses through the centre line of
the frame element nearest to the gap.



1.2.6.
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1.3.7.

1.3.8.

ECE/TRANS/WP.29/2007/47
page 61
Annex 7

Increase the initial load at the rate betm2&Nm/second and 37.3 Nm/second until
a 373+ 7.5 Nm moment about tﬁg-goint is produced. Maintain the load Ievél/{Comment [sm32]=PerWP29-}

producing that moment for not less than 5 secomdisthen measure the rearward
displacement of the head form relative to the dispditorso line

142-23

" Deleted: [H-poin[R-poin] |

T [ Deleted: torso reference line ]

Procedures for backset retention and displaném

Adjust the head restraint to the highesitiposof vertical adjustment intended for
occupant use.

Adjust the head restraint to any backseitipos

In the seat, place a test device havindpétox pan dimensions aparso line(vertical | - - { Deleted: torso reference li |

centre line), when viewed laterally, with the heam probe in the full back
position, of the three dimensional H-point machine;

Establish the displacgdrso lineby creating a posterior moment of 373.5 Nm J - { Deteted: torso reference it
about thgR-pointby applying a force to the seat back through trek lpan at the ratg - {Comment [sm33]: Per szg-}
between 2.3Nm/second and 37.3 Nm/second. The initial locatiorthe back pan of . (14223
the moment generating force vector has a heig@96fmm=+ 13 mm. Apply the { Deleted: [H-point[R-poing |
force vector normal to thgrso lineand maintain it within 2 degrees of a vertidal - { Deleted: torso reference lir |

)

plane parallel to the vehicle longitudinal centreli Constrain the back pan to rotate
about thgR-point Rotate the force vector direction with the bpak. |- I Comment [sm34]: Per WP29

142-23

Maintain the position of the back pan aaldighed in paragraph 1.3.4. of this annex. { Deleted: [H-poin[R-poing
Using a 165t 2 mm diameter spherical head form with a surfacghness of less

than 1.6um, root mean square, establish the head form liméfarence position by

applying, perpendicular to the displagedso ling a rearward initial load at the set - { Deleted: torso reference i |

a 36.5+ 0.5 Nmmoment about th&po_inj Measure the rearward displacemenl[of/{COpment [sm35]: PerWP29-}
the head form during the application of the load. P s

" { Deleted: [H-point[R-pointl

If the presence of gaps prevents the apjglicaf the force, as described in paragraph
1.3.5. of this annex at 65 £ 3 mm from the tophaf head restraint, the distance may
be reduced so that the axis of the force passesghrthe centre line of the frame
element nearest to the gap.

Increase the initial load at the rate of Rl#m/second to 37.3 Nm/second until/{ffzn_‘ge"t [sm36]: Per Wp29

a 373+ 7.5 Nm moment about tHB-Qoini is produced. Maintain the load Ievé[ B {Demed: [H-point][R-point]

producing that moment for not less than 5 secomdistaen measure the rearward
displacement of the head form relative to the dispdjforso line ’

|

)

| )

********************** /|/ /{ Deleted: [2][ J
)

|

)

{ Deleted: torso reference line

{ Deleted: ]

minutes. Re-load to 3% 0.7 Nm about th®-point While maintaining the loac //{ffg_';;e"t [sma7]: Per We25

Reduce the load at the rate ofirb/second to 37.3 Nm/second until 0 Nm. Vyaj%ll@)’

level producing that moment, measure the rearw@platement of the head forrﬁ*{beleted: [H-pointl[R-point]
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position with respect to its initial reference pisi.

1.4. Strength

Increase the load specified in paragraph 1.2.pacagraph 1.3.8. of this annex at the
rate between Bl/second and 200 N/second to 88%M8 N and maintain the applied
load for not less than 5 seconds.
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Annex 8
DYNAMIC PERFORMANCE TEST PROCEDURE
PURPOSE

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

TEST EQUIPMENT

An acceleration or deceleration test sled

50th percentile male test dummy

Hybrid IlI

Three accelerometers shall be in the bawitly to measure orthogonal accelerations t
the centre of gravity of the head assembly. Theethaccelerometers shall be

mounted in an orthogonal array, and the intersectib the planes containing the

sensitivity axis of the three sensors will be thigio of the array.

' Angular Displacement sensor. __ { comment [sm38]: Alliance
’’’’’’’’’’’’’’’’’’’’’’’’’’’’ recommends "Electronic
instrumentation which can be used

Equipment for measuring and recording atamblerations. to derive the head to torso angle.

PROCEDURES FOR TEST SET-UP

Mount the vehicle on a dynamic test platfoortigt the longitudinal centreline of the
vehicle is parallel to the direction of the tesatfdrm travel and so that movement
between the base of the vehicle and the test ptatfe prevented. Instrument the
platform with an accelerometer and data processiygtem. Position the
accelerometer sensitive axis parallel to the diveatf test platform travel.

Remove the tires, wheels, fluids, and all ouossd components. Remove or rigidly
secure the engine, transmission, axles, exhausiglgeframe 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 8-1 and Table 8-1.

Place any moveable windows in the fully opesiton.

Seat Adjustment

At each designated seating position, using anyrabtihat primarily moves the entire
seat vertically, [place the seat in the lowest fmsj. Using any control that
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primarily moves the entire seat in the fore anddéfctions, place the seat midway
between the forwardmost and rearmost positionanlfaidjustment position does not
exist midway between the forwardmost and rearmositipns, the closest adjustment
position to the rear of the midpoint is used. Adjthe seat cushion and seat back,to

[manufacturers specified design position]. If #pecified position of th&-pointcan - { comment [sm39]: Per wp20-14223 |

be achieved with a range of seat cushion inclinatiogles, adjust the seat inclination - {Deleted: [H-point][R-point] ]

such that the most forward part of the seat cuskidmat its lowest position] with
respect to the most rearward part. If the heattait is adjustable, adjust the top of
the head restraint to a position midway betweerdhest position of adjustment and
the highest position of adjustment. If an adjustimgosition midway between the
lowest and the highest position does not existisidhe head restraint to a position
below and nearest to midway between the lowesttippsof adjustment and the
highest position of adjustment. Adjustable lum&apports are positioned so that the

| lumbar support is in its lowesttracted or deflateposition. - { Comment [sm40]: Insert suggested by the}
Alliance

3.5. Seat Belt Adjustment

Prior to placing the seat belt around the testrdynfully extend the webbing from
the seat belt retractor(s) and release it threegino remove slack. If dgg@r

adjustable seat belt turning locadjustable seat belt D-ring anchoragsists, place - {Comment [sm41]: Language suggested b%

it in the adjustment position closest to the midipon. If an adjustment position
does not exist midway between the highest and lovpesition, the closest
adjustment position above the midpoint is used.

3.6. Dress and adjust each test dummy as follows:

Each test dummy is clothed in a form fitting cottstnetch short sleeve shirt with
above-the-elbow sleeves and above-the-knee lerggitsp The mass of the shirt or

the Alliance

pants shall not exceed 0.06 kg each. Each fodietdst dummy is equippedth a - {Comment [sm42]: Alliance suggest replac

restraining the weight of the limb when extendedzumtally. Leg joints are adjusted. - {

with the torso in the supine position.

3.7. Hybrid 11l Test dummy positioning procedure

Place a test dummy at each designated seatindigpogiquipped with a head
restraint.

3.7.1. Head
The transverse instrumentation platform of thedhisalevel within 1/2 degree. To

level the head of the test dummy, the followingusate is followed. First, adjust
the position of the H-point/1o level the transverse instrumentation platfaifrthe

1/ The H-points of the driver and passenger test d@srshall coincide within 1/2 inch in the
vertical dimension and 1/2 inch in the horizontahension of a point 1/4 inch below the

with "0.11 kg"

Alliance

-| Comment [sm43]: Insert suggested by }

A
Comment [sm44]: Alliance suggest replac
with "0.57"
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head of the test dummy. If the transverse instntat®n platform of the head is still
not level, then adjust the pelvic angle of the tdstnmy. If the transverse
instrumentation platform of the head is still netél, then adjust the neck bracket of
the dummy the minimum amount necessary from the-adpasted “0” setting to
ensure that the transverse instrumentation platfofrihe head is horizontal within
1/2 degree. The test dummy remains within thetéimpecified in Footnote 2 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 adjaiwetite torso with the centrelines as close to a
vertical plane as possible.

The passenger's upper arms shall bentaciowith the seat back and the sides of the
torso.

The palms of the drivers test dummy shallin contact with the outer part of the
steering wheel rim at the rim's horizontal centreliThe thumbs shall be over the
steering wheel rim and shall be lightly taped te #teering wheel rim so that if the
hand of the test dummy is pushed upward by a fofe®t less than 2 pounds and not
more than 5 pounds, the tape shall release theframdhe steering wheel rim.

The palms of the passenger test dummy kBbah contact with the outside of the
thigh. The little finger shall be in contact witietseat cushion.

Upper Torso

Position each test dummy such that the upper t@sis against the seat back. The
midsagittal plane of the dummy shall be alignechiwitl5 mm 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 miitishglane of the dummy as close as
possible to the head restraint centreline.

Lower Torso
The H-points of the driver and passenger test diesishall coincide within 13 mm

in the vertical dimension and 13 mm in the horiabolimension of a point 6.5 mm
below the position of the H-point determined by thanikin defined in Annex 11.

position of the H-point determined by using the ipment and procedures specified in SAE
J826 (APR 1980) except that the length of the lolegrand thigh segments of the H-point
machine shall be adjusted to 16.3 and 15.8 inaespectively, instead of the 50th percentile
values specified in Table 1 of SAE J826.
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3.7.5.

3.7.6.

3.7.7.
3.7.7.1.

3.7.7.1.1.

3.7.7.1.2.

3.7.7.2.

Pelvic Angle

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

Legs

Position each test dummy as follows:

The upper legs of the driver and passenger tasirdes shall rest against the seat
cushion to the extent permitted by placement offéle¢. The initial distance between
the outboard knee clevis flange surfaces shall@@&e@m. To the extent practicable,
the left leg of the driver dummy and both legs led passenger dummy shall be in
vertical longitudinal planes. To the extent prealtie, the right leg of the driver
dummy shall be in a vertical plane. Final adjustirteraccommodate the placement
of feet in various passenger compartment configuratis permitted.

Feet
Driver’s position

If the vehicle has an adjustable acagter pedal, adjust it to the full forward
position. Rest the right foot of the test dummytia undepressed accelerator pedal
with the rearmost point of the heel on the floon [ra 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 iptesén 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 rmgiti§ not touching the accelerator
pedal when positioned as above, move the pedalaedruntil it touches the right
foot. If the accelerator pedal still does not totioh 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
floor pan as close as possible to the point ofrgsietion of the planes described by
the toeboard and the floor pan and not on the wiredieprojection. If the foot cannot
be positioned on the toeboard, set it initiallygesrdicular to the lower leg and place
it as far forward as possible with the heel restimgthe floor pan. If necessary to
avoid contact with the vehicle's brake or clutchglerotate the test dummy's left foot
about the lower leg. If there is still pedal inednce, rotate the left leg outboard
about the hip the minimum distance necessary tidathe pedal interference. For
vehicles with a foot rest that does not elevateefifoot above the level of the right
foot, place the left foot on the foot rest so ttat upper and lower leg centrelines fall
in a vertical plane.

Front Passenger's position



3.7.7.2.1.

3.7.7.2.2.

3.7.7.3.

4.1.

4.2.

4.3.
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Vehicles with a flat floor pan/toeboard

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

centrelines and place them as far forward as plessitth 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 pldtadon the toeboard, initially set
them perpendicular to the lower leg centrelines thieth place them as far forward as
possible with the heels resting on the floor pan.

Rear Passenger’s position

Position each test dummy as specifiepanagraph 2.7.7.2. of this Annex, except that
feet of the test dummy are placed flat on the flanrand beneath the front seat as far
forward as possible without front seat interferenfenecessary, the distance between
the knees can be changed in order to place théépetath the seat.

Accelerate the dynamic test platform to 1¥.8.6 km/h. All of the points on the
acceleration vs. time curve fall within the cornidescribed in Figure 8-1 and Table
8-1 when filtered to channel class 60, as specifiedhe [SAE Recommended
Practice J211/1 (rev. Mar 95)]. Measure the marimposterior angular

displacement.

[Note for 4.2: Justification needs to be provideat this necessary.]

[An active head restraint is to be activated ens = x ms from the time that 0.25 g is
measured on the dynamic test platform.]

Calculate the angular displacement from thpuduwf instrumentation placed in the
torso and head of the test dummy and an algoritapalle of determining the
relative angular displacement to within one degm@ed conforming to the

requirements of a 600 Hz channel class, as spgdifiSAE Recommended Practice
J211/1, (rev. Mar 95). No data generated after @@0from the beginning of the
forward acceleration are used in determining amggilsplacement of the head with
respect to the torso.
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4.4, Calculate the HIC15 from the output of instamtation placed in the head of the test
dummy, using the equation in paragraph 5.3.3. isf thgulation and conforming to
the requirements for a 1,000 Hz channel class esifsgd in SAE Recommended
Practice J211/1 (rev. Mar 95). No data generafied 200 ms from the beginning of
the forward acceleration are used in determining.HI
Reference Point Time (ms)|  Acceleration (/s
A 0 10
B 28 94
C 60 94
D 92 0
E 4 0
F 38.5 80
G 49.5 80
H 84 0
Table 8-1 — Sled pulse corridor reference poinations.
100

7
80

E
60
& \
= — Target
< \ Sled Pulse
o = Minimum
L_',J 40 Corr‘idor
LLI)J = Maximum
O Corridor
<
20 1
A
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0
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TIME (MILLISECONDS)

Figure 8-1 - Sled pulse acceleration corridor.

Tamet acceleration with time

expressed in milliseconds is a = 86 #if§8) m/<, forV = 17.3 + 0.6 km/h. The
time zero for the test is defined by the point whtte sled acceleration

achieves 2.5 m?40.25g's)]
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2.2.
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Annex 9
NON-USE POSITION TEST PROCEDURE
PURPOSE

Procedures for folding or retracting head restsain all designated seating positions
equipped with head restraints, except the drivlr8gnated seating position.

PROCEDURES TO TEST AUTOMATIC RETURN HEAD RESTRMIS
Demonstrate compliance with paragraph 5.4.3.1h e ignition "on", and using a
5th percentile female Hybrid 11l test dummy in atance with paragraph 2.1. of this
annex, or a human surrogate in accordance withgmgsh 2.2. of this annex.
Compliance shall be determined at a temperatud 6C to 22 °C.

5th percentile Hybrid Il Dummy

Position the test dummy in the seat such ttia dummy's midsaggital plane is
aligned within the 15 mm of the seating positiontogline and is parallel to a vertical
plane parallel to the vehicle longitudinal centreli

Hold the dummy’s thighs down and push reedvam 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 seahsoe is no gap between the pelvis
and the seat back or until contact occurs betweemack of the dummy’s calves and
the front of the seat cushion such that the angterden 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 rexhof the dummy, manually place it
in the noted position. Determine compliance witte theight requirements of
paragraph 5.1.1. by using the test procedures oERA.

Human surrogate

A human being who weighs between 47 and 51 kg, whd is between 140
and 150 cm tall may be used. The human surrodpett Ise dressed in a cotton T-
shirt, full length cotton trousers, and sneake3pecified weights and heights include
clothing.

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

2.8.

2.9.

3.1.

Verify the human’s midsagittal plane is it and within £ 15 mm of the seating
position centreline.

Verify the transverse distance betweerc#rgres of the front of the knees is 160 to
170 mm. Centre the knee separation with respdtitseat centreline.

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

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

Passenger foot positioning.

Place feet flat on the toe board, or

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

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

Passenger arm/hand positioning.

Place the human’s upper arms adjacelfftetdotrso 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 witle seat cushion.

Start the vehicle engine or place the ignitiothe "on" position, whichever will turn
on the suppression system, and close all vehiobesdoWait 10 seconds, and then
check whether the air bag is suppressed.

Return the ignition switch to the "off" pasi.

60° ROTATION EVALUATION

Procedures for the rear and front centre designsgating positions to demonstrate
compliance with paragraph 5.4.3.2.

Place the head restraint in any position mgetithe requirements of
paragraph 5.1.1.2. or paragraph 5.1.1.4.;
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3.1.2.

4.1.

4.2.

4.2.1.

4.2.2.

4.2.3

424,

4.2.5.
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Mark a line on the head restraint with ond at the point of rotation. Measure the
angle or range of angles of the head restraintreeée line as projected onto a
vertical longitudinal vehicle plane;

Fold or retract the head restraint to atmwsin which its minimum height is less
than that specified in paragraph 5.1.2. or pardgkap.4.;

Determine the minimum change in the heatlaies reference line angle as projected
onto a vertical longitudinal vehicle plane from tregle or range of angles measured
in paragraph 3.1.1. of this annex.

DISCOMFORT METRIC | - - { Deleted: |

Procedures for the rear and front centre designsgating positions to demonstrate
compliance with paragraph 5.4.3.3. of this regatati

The He and S dimensions are defined in figure 9-1. FdHl is a vertical fore-aft
plane passing through the R-point (i.e. at the puoéht of the designated seating
position) intersecting the seat cushion, seat laackthe head restraint.

Adjust the head restraint to the non-use jposit

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

S is the maximum thickness of the lower eofgine head restraint (within 25mm of
the head restraint lower edge) measured perpeaditmlthe torso line betweeny T
and Ts from line P.

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

Tn is the line perpendicular to the torso line anty&nt to the lower edge of the head
restraint.

l _ - { Deleted: ]
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Figure 9-1

10°TORSO LINECHANGE - { Deleted: TORSO REFERENCE LINE

Procedures for the rear and front centre designsgating positions to demonstrate
compliance with paragraph 5.4.3.4.

Place the head restraint into any position timge the requirements of
paragraph 5.4.3.4. of this regulation;

Annex 11;

Fold or retract the head restraint to anytsin which its minimum height is less
than that specified in paragraph 5.1.1. of thisul&ipn or in which its backset is
more than that specified in paragraph 5.1.5. &f thgulation; and

Again measure ttierso lineangle. - { Deleted: torso referencene
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Annex 10

THREE-DIMENSIONAL REFERENCE SYSTEM

1. The three dimensional reference system is difing three orthogonal planes
established by the vehicle manufacturer (see fi@Qré) ¥

2. 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.

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

Zero Y plane (verticol
longitudinal zere plane)

+Z

Zero X plane (vertical
transverse zero plane)

"

Zero Z plane
t

horizontal zero plone)

Figure 10-1 - Three-dimensional reference system

1/ The reference system corresponds to ISO stand&@t 4978.
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Annex 11

PROCEDURE FOR VALIDATION OF THE H-POINT AND R-POINRELATIONSHIP FOR
SEATING POSITIONS IN MOTOR VEHICLES

1. PURPOSE
The procedure described in this annex is used tabksh the H-point location and
the actual torso angle for one or several seatogitipns in a motor vehicle and to
verify the relationship of measured data to desigecifications given by the vehicle
manufacturer.

2. DEFINITIONS

For the purposes of this annex:

2.1. "Reference ddtaneans one or several of the following charadiessof a seating
position:

2.1.1. the H- point and the R-point and their ietship,
2.1.2. the actual torso angle and the design tmgte and their relationship.
2.2. "Three dimensional H-point machine (3-D H maeli means the device used for the

determination of H-points and actual torso anglebhis device is described in
Appendix 1 to this annex;

2.3. "Centre plane of occupant (C/I'Oheans 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;

2.4. "Three dimensional reference systeneans a system as described in Annex 10;

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

2.6. "Vehicle measuring attitudeneans the position of the vehicle as defined Hogy t
coordinates of fiducial marks in the three dimenalaeference system.
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3.4.

3.5.

3.6.

3.7.

3.7.1.

3.7.1.1.
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PROCEDURE FOR H-POINT AND ACTUAL TORSO ANGLE
DETERMINATION

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

The vehicle shall be at the measuring attilefened in paragraph 2.6. of this annex.

The seat, if it is adjustable, shall be addsfirst to the rearmost normal driving
position, as indicated by the vehicle manufactuiating into consideration only the
longitudinal adjustment of the seat, excluding seatel used for purposes other than
normal driving positions. Where other modes oft smdjustment exist (vertical,
angular, seat back, etc.) these will be then agjust the position specified by the
vehicle manufacturer. For suspension seats, thieaieposition shall be rigidly fixed
corresponding to a normal driving position as sjestiby the manufacturer.

The area of the seating position contactetth®y8-D H machine shall be covered by a
muslin cotton, of sufficient size and appropriagttire, described as a plain cotton
fabric having 18.9 threads per tand weighing 0.228 kg/fror knitted or non woven
fabric having equivalent characteristics.

If the test is run on a seat outside the 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 o thehicle in which the seat is
intended to be used.

Place the seat and back assembly of the 3afathine so that the centre plane of the
occupant (C/LO) coincides with the centre planett@ 3-D H machine. At the
manufacturer's request, the 3-D H machine may beethimboard 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 &dat pan assembly, either individually
or by using the T bar and lower leg assembly. n& lihrough the "H" point sight
buttons shall be parallel to the ground and perpehat to the 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 shall be thémevard in such a way that the feet take
up natural positions on the floor, between the atfreg pedals if necessary. Where
possible the left foot shall be located approxityatee same distance to the left of
the centre plane of the 3-D H machine as the fighitis to the right. The spirit level
verifying the transverse orientation of the 3-D lahine 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.

by readjustment of the seat pan if necessary, omdiysting the leg and foot
assemblies towards the rear. The line passingigifirthe H-point sight buttons shall
be maintained perpendicular to the longitudinaltieeplane 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 footlunis supported. The alignment of
the sight buttons shall be maintained.

In the case of rear outboard seats:

For rear seats or auxiliary seats, the legs arx@édal as specified by the manufacturer.
If the feet then rest on parts of the floor which at different levels, the foot which
first comes into contact with the front seat skalive as a reference and the other foot
shall be so arranged that the spirit level giving transverse orientation of the seat of
the device indicates the horizontal.

In the case of other seats:

The general procedure indicated in paragraph 30f.this annex shall be followed
except that the feet shall be placed as specifjgtidovehicle manufacturer.

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

Tilt the back pan forward against the forwst@p and draw the 3-D H machine away
from the seat back using the T bar. Repositior8tiieH machine on the seat by one
of the following methods:

If the 3-D H machine tends to slide rearwarske the following procedure. Allow
the 3-D H machine to slide rearward until a forwhattizontal 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 shielarward, use the following procedure.
Slide the 3-D H machine rearwards by applying dzootal rearward load to the T
bar until the seat pan contacts the seat backfigee 11-2 of appendix 1 to this
Annex).

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 THomising. The direction of load

application shall be maintained along a line passin the above intersection to a
point just above the thigh bar housing (see figure? of Appendix 1 to this Annex).

Then carefully return the back pan to the seat backare must be exercised
throughout the remainder of the procedure to pretren3-D H machine from sliding

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

Tilt the back pan forward to release theitensn the seat back. Rock the 3-D H
machine from side to side through 10 degrees arde(ffees 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
shall be exercised in holding the T bar and rockireg3-D H machine to ensure that
no inadvertent exterior loads are applied in aie@iror fore 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 toaianin that attitude for the
moment.

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

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

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

Holding the T bar to prevent the 3-D H 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 thdreesf the torso weights until the
hip angle quadrant indicates that a stable positambeen reached after load release.
Care shall be exercised to ensure that no extéldavnward or lateral loads are
applied to the 3-D H machine. If another leveluatinent of the 3-D H machine is
necessary, rotate the back pan forward, re leval, @peat the procedure from
paragraph 3.12. of this annex.

Take all measurements:
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3.14.1.

3.14.2.

3.15.

3.16.

3.16.1.

3.16.2.

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

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

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

If the seats in the same row can be regaadesimilar (bench seat, identical seats,
etc.) only one "H" point and one "actual torso afighall be determined for each row
of seats, the 3-D H machine described in Appendix this annex being seated in a
place regarded as representative for the row. gl shall be:

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

In the case of the rear row or rows, aerosgat.
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Annex 11 - Appendix 1

DESCRIPTION OF THE THREE-DIMENSIONAL H-POINT MACHIN 1/
(3-D H machine)

1. BACK AND SEAT PANS

The back and seat pans are constructed of reifgriestic and metal; they stimulate
the human torso and thigh and are mechanicallyelirsg 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 paabledties the thigh centreline and
serves as a baseline for the hip angle quadrant.

2. BODY AND LEG ELEMENTS

Lower leg segments are connected to the seat [z@maty at the T bar joining the
knees, which is a lateral extension of the adjustabigh bar. Quadrants are
incorporated in the lower leg segments to measmex kangles. Shoe and foot
assemblies are calibrated to measure the foot angleo spirit levels orient the

device in space. Body element weights are platdateacorresponding 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 wittengountering noticeable

friction.

1/ For details of the construction of the 3-D H miaelrefer to Society of Automotive Engineers
(SAE), 400 Commonwealth Drive, Warrendale, Penrayilwv 15096, United States of America.
The machine corresponds to that described in |S@Qdatrd 6549: 1980.
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Head room probe

Back pan

Hip _ongle guadrant

Seat p
€4 an Back angle

Thigh weight pad quadrant

H—peoint sight
button

T—bar joining
the knees
H—point pivot
Lateral level

Thigh bar

Knee angle guadrant

Foot angle quadrant

Figure 11-1 - 3-D H machine elements designation
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Figure 11-2 - Dimensions of the 3-D H machine elet®@nd load distribution
(Dimensions in millimeters)
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[Note for Annex 12: Netherlands proposal: In begtskuntil justification is provided for
inclusion of requirement. Without justificatiomjs will be deleted.]

[Annex 12

MEASUREMENT TEST PROCEDURE FOR FRONT CONTACT SURHAOF A HEAD
RESTRAINT

1. Measurement procedure for minimum outkyes of front contact surface of a head
restraint. The seat shall be adjusted such thai-p®int coincides with the R-point
and the seat back is set at the design seat bagk &h it is adjustable), taking
account of the requirements of paragraph 2. ofahigex. The head restraint shall be
adjusted to the highest position of use that cotrersequired height of the concerned
designated seating position. The head restraait, shadjustable, be adjusted to the
most rearward position. Determine, making use @GM (Coordinate Measuring
Machine), that the front contact surface of thedhesstraint encloses the rectangle in
compliance with 5.1.6. of this regulation.

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

2.1 Relationship between the H-point and the RipoMWhen the seat is positioned in
accordance to the manufacturer's specificatiors,Htpoint, as defined by its co-
ordinates, shall lie within a square of 50 mm datggth with horizontal and vertical
sides whose diagonals intersect at the R-point,thadactual torso angle shall be
within 5 degree of the design torso angle.

2.2 If these conditions are met, the R-point areldbsign torso angle, shall be used to
demonstrate compliance with the provisions of #nsex.

2.3. If the H-point or the actual torso angle doedt satisfy the requirements of
paragraph 2.1., the H-point and the actual torgpeashall be determined twice more
(three times in all). If the results of two of sigethree operations satisfy the
requirements, the conditions of paragraph 2.2) sipglly.

2.4, If the results of at least two of the threermpions described in paragraph 2.1. do not
satisfy the requirements of paragraph 2., or if Hegification cannot take place
because the vehicle manufacturer has failed to Iguipformation regarding the
position of the R-point or regarding the desigrstoangle, the centroid of the three
measured points or the average of the three mehsungles shall be used and be
regarded as applicable in all cases where the R-moithe design torso angle is
referred to in this annex.]
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2.

2.1.

2.1.1.

2.1.2.

2.2.

2.2.1.

2.2.2.

PROCEDURE FOR HEIGHT MEASUREMENT USING THE H-PQI
MACHINE

Measure the height of the head restraint in accmelavith paragraphs 2.1.
and 2.2. of this annex, using the scale incorpdratt® the manikin specified
in Annex 11 or an equivalent scale, which is posigd laterally within 15

mm of the head restraint centreline. If the seatkbis adjustable, it is
adjusted to a position specified by the vehicle niacturer. If there is more
than one inclination position closest to the positispecified by the

manufacturer, set the seat back inclination to gbsition closest to and
rearward of the manufacturer specified positiohthé head restraint position
is independent of the seat back inclination pasjtmmpliance is determined
at a seat back inclination position specified @y tanufacturer.

Height measurement for front outboard heanlaiess

For head restraints in front outboard desgph seating positions, adjust the
top of the head restraint to the highest positiother than allowed by
paragraph 5.3., and measure the height as shokigune 2.

For head restraints located in the fronboaitd designated seating positions
that are prevented by the interior surface of thieicle roofline from meeting
the required height as specified in paragraph R1.ineasure the clearance
between the top of the head restraint and theiamtsurface of the roofline,
[with the seat adjusted to its lowest vertical posi intended for occupant
use], by attempting to pass a 25 mm sphere bettheen. Adjust the top of
the head restraint to the lowest position and nreabie height.

Height measurement for front centre and rafiyaard head restraints

For head restraints in all designated sgagtiositions equipped with head
restraints, adjust the top of the head restraithédowest position, other than
allowed by paragraphs 5.3. and 5.4., and meas@ehd¢ight as shown in
Figure 1-1.

For head restraints located in rear deseghaeating positions that are
prevented by the interior surface of the vehicleflme or rear backlight from
meeting the required height as specified in papgra.l.1.5., measure the
clearance between the top of the head restrainth@rseat back and the
roofline or the rear backlight, with the seat athdsto its lowest vertical
position intended for occupant use, by attemptmgass a 25 mm sphere
between them



