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1 INTRODUCTION

This procedure enables the user to dynamically test a motor vehicsnddeatad restraint assembly

to assess the extent to which they reflect best practice in preventing soft tissue neck injuries. This tes
procedure is designed to evaluate all forward facing front seatstbalgotection in rear seats
coveredby the Rear Whiplash Test Protocdlhe details of the seat(s) that will be tested by Euro
NCAP are contained ithe Euro NCAP Vehicl&pecification, Sponsorship, Testing andtBsting
Protocol.

Whiplash, although officially classed as a minor injury, is thetrmosxmonly occurring injury in

motor vehicle crashes. Insurance data suggest 10% of all whiplash injuries are long term and 1% o
whiplash injuries having permanent impairment. Collision data indicates that the majority of
whiplash injuries, which are sastedin rear impacts, occur &Vs of 16km/h (10mph). However
insurance data also suggests that injuries occur at higher and lower speeds. In light of this the Eur
NCAP test consists of three sled tests simulating a variety of rearscexsdrios at @ariety ofDVs.

This test procedure featurdgee pulses of low, medium and high sevefRgal world crash pulse
recorder studies show that a variety of pulses and peak accelerations are seen in real world crash
andform the basis for thiew severitypulse. The medium severipylse was derived from Insurance
Industry research featuring a number of car to car tesigylAseveritypulse is used to prevent long

term injuries since these are seen in more severe crasdfequlserequirementsare defired in
AppendixIV.

The test is undertaken on a sled and uses th
fitted in the test car. BioRID rear crash dmmy is used and is seated in a standardised position
restrained by a three point belt.

Note:

As of version 3.2 of the protocol, onBverseacceleration sledystemsre allowedfor the official
Euro NCAP whiplash seat assessment
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2

DEFINITIONS

For the purpose of this procedure, the follagvdefinitions shall apply:

2.1

211

2.1.2

2.1.3

214

2.15

2.1.6

2.1.7

2.2

221

Head Restraint means a device designed to limit the rearward displacement of an adult
occupant 6s head i n r ecdudtheoisk oftinpry to theenedk m the o
event of a rear impact.

Integrated Head Restraint or Fixed Head Restraint means a head restraint formed by the
upper part of the seat back, or a head restraint that is not height adjustable and/or cannot b
detached from the seat or the vehicle structure except by the use of tools or following the
partial or total removal of thseat furnishings.

Adjustable Head Restraint means a head restraint that is capable of being positioned to fit
the anthropometryof the seated occupant. The device may permit horizontal displacement,
referred to as fAtil t daceedjeuwnstt, mekmto wann da/so rii hwve

Re-active Head Restraint means a device designed to improve head restraint geometry
during an impact. ltwillusuly b e de p |l oy e dnads withih theeseaboperating a n |
a mechanisnduring the crash. They sl usually reset after loading to a piccident
condition.

Pro-active Head Restraint meansa device designed to automatically improve head restraint
geometry prioto an impactwhich utilises sensors to trigger pyrotechnics, magnetic or other
device to release stored energy in order to deploy head restraint or sed¢iaektsSuch
systems require no input from the occupant to operate. They are usuallysettalde
following a deployment and remain in their deployed state

Automatically Adjusting Head Restraint means a head restraint that automatically adjusts
its positiondepending on the stature of the seated occupant.

Locking refers to an adjustable head restraint ditteith a device to prevent inadvertent
downward or rearward movememoin its adjusted position, i.ethen a rear seat occupant
uses a front seat head restraint as a hand hold to facilitate easy entry or exit from the vehicle
A locking device may be figd to both the horizontal and vertical adjustments of the head
restraint. A locking device shall incorporate a mechanism that requires intervention to allow
downward/rearward head restraint adjustment after which the mechanism shajlage
automaticay.

H-Point Manikin (HPM) means t he device used for the
actual torso angle¢SAE Standard J826, SAE Handbook, Vol 3, 1988yified according

to thelnsurance Corporation of British Columbia (ICBi@$truction Manual for ta HRMD,
seeAppendix II.

HRMD (Head Restraint Measuring Device) means a separatesheged device used with

the Hpoint machine to measure the static geometry of a vehicle head restraint. It was
developed under thegponsorship of the Insurance Corparatof British Columbia (ICBC)

(SAE paper 19991-0639). The HRMD is equipped with two probes to measure head
restraint height and backs&the height probe projects horizontally, level with the top of the
head, to provide a reference line for the vertical measurement to the top of the restraint. The
backset probe simulates the rear profile of the head and neck and projects horizontally, to
provide the horizontal measurement to the restraint.

HRMD Height is defined as the vertical measurement between the height probe of the
HRMD and the top of the head restraint.
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2.2.2 HRMD Backsetis defined as the horizontal measurement between the back sufrtaee
HRMD head and the front surface of the head restraint as measured by the backset probe c
the HRMD.

2.2.3 BioRID ReferenceBacksetis derived fromthe horizontal measurement between the back
surface of theHRMD and the selected reference point on tlentfrsurface of the head
restraint.The BioRID ReferencéBackset is 15 mmgreater thathe HRMD backset and will
be used to position the dummy prior to test.

2.2.4 BioRID Backsetis defined as the horizontal measurement between the back surface of the
BioRID headand the selected reference point on the front surface of the head restraint.

2.3  SeatMovement Definitions. For an illustration, seAppendixV.
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3 COORDINATE SYSTEM

3.1 Sled Coordinates

3.1.1 The coordinate system used must be an ordinary Cartesianrcdi nat e syst e
between the axes

3.1.2 The origin for all measurememsade using CMMs to be located on the upper surface of
seat mounting bolt hole, in the stationary part of the seat rufihesr.common origin will
provide a means of comparing seat positions across test laboratories, where réqjtived.
first instancethe right hand reanounting hole shall be used. Ilfighs not present, the next
available fixation point shall be chosen, considering available optidhs following order:
left hand rear, left hand front, right hand front.

3.2  Dummy Coordinates

3.2.1 The coordinate system for the BioRID instrumentation used lneust accordance with SAE
J211.
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4 SLED SEAT MOUNTING AND POSITIONING

For the base seat setup specifications usé&egction4.2to 4.5 manufactures will be requested to
provide data listed inAppendix | prior to test preparatio Alternatively physical vehicle

measurements may be used. In all cases the vehicle should be placed on level ground with n:
occupant loaéndafull tank of fuel. Ensure that the vehicle has its spare wheel and all tools supplied
on board and all tyre pressures set to manufaGurecommendations. For vehicles with active
suspension and/or automatic levelling the suspension shewddt to a dving speed of 4kbm/h in

normal running conditions as specified by the manufacturer.

All base seat setup specifications must be achieved within 0.2° and 5mm of linear tolerance, with the
exception of seat belt attachments.

The head restraint test positishould be established on all seats provided for whiplash assessment
prior to any installation on the sled. Further details of establishing the correct position are contained
in Section 7.2.

4.1
4.1.1

4.1.2

4.1.3

4.2

Packaging Issues

Euro NCAPreserves the righo refuse the sled tesg of a seat where the performance of the
seat or head restraint could be influenced by the vehicle environment or packaging. There
should be no stiff structure in the vicinity of the head restraint that could be contacted by the
head ina rear impacor that could influence the dynamic deflection of the seat.bEuére

should be no additional support for the seat back thatigreeent in the sled test 4.

Where such circumstances exist, for example with 2 sesgerts cars, the vehicle
manufacturemay beoffered the opportunity to test with a beohywhite or to simulate all

relevant structures on the sled -gpt The additional test costand provision of a

bodyin-white shall be paidfor by the manufacturenithese circumstances.

The mid track seat position should allow a seat back angle of 25 degrees adjustment in all
cases. Where a bulkhead or similar structure prevents this, the seat track shall be adjuste
forward until 25 degrees is achieved.

SeatStructure Reference Point

In addition to the coordinate system origlatermined ir3.1.2 afurther seatstructurereference
point shallalsobe chosen. Thiss defined as a fixed point on the seat structure which stays in the
same position relative to the vehidledependent of any seat adjustm&ecord (with a photograph)

the location used and ensure that this is consistent between vehicle and sled metstoermen
particular seat.

For vehicle manufacturers sourced seat setups, this reference point must also be specified.

Figurel shows an example saaference point being the front left bolt hole, but other-maving
parts of the seat mounting structure are acceptabieseastructurereference point shall be chosen
such that the relationship of the seat to the vehicle floor can be accuratetjucsat on the sled.

Version 3.2 5
November2014



Seat Reference Point

Figure 1. Definition of theSeat reference point

4.3 Toe Board

The toe board is defined as a simulated floor tyel pan consisting of a horizontal section
sufficiently | arge t connected to atsdtton atiented4s5d fsom the e t
horizontal When positioned for test, the gap between the front of the seat and rear of the toe boarc
shall be no more than 100miBoth surfaces shabble covered with shogiiled carpet. A suitable
arrangementsiillustrated inFigure2.

Tip of shoe between
23 and 27 cm

~
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~~
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~
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Figure 2: Toe board aangement showing correct positioning of BioRID feet

4.4 Heel Surface

The heel surface is defined as therirontal plane of the toe boafde. sled floor or movable
footrest) on whi c Htstardeeposdianis metedninedhusirg the meel s2$t point
location defined from the vehicle measurements, or frorarmméition provided by the vehicle
manufacturer. An accurate height setting should be obtained astéye;however an initial
approximatedhorizontal position may be sethe final horizontal position will be obtained i
Section6.6.8
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4.4.1 Determine Heel Rest Point Location

The heel rest point is defined in the vehicle (with removable floor mats not fitted) by being t
accelerator pedal as follows:

Find the geometricentrepoint of the accelerator pedal contact surface (both laterally and vertically).
Place a straight edge between the accelerator ped@époint and the fixed carpeting on the vehicle
floor such that the straight edge is tangentiahe accelerator pedal surface atdéetrepoint. The

heel rest point location is then the contact point of the straight edge on the vehicleetbagure3.

Heel rest point location

t Car floor

Figure 3: Heel rest point

4.5 Seat Mountingto Sed

4.5.1 The seat, including all of its adjustment mechanisms and hardware that normally connects it
to the vehicle floor (e.g. longitudinal adjustment rails), shoulseoerely fastened to the test
sled platform.

452 The attachment should be made so that the
same as it would be in its vehicle as defined by physical vehicle measurements or vehicle
manufacturer data. Thetaal height of the seat from the sled platform may be different from
its height above the vehicle floor.

4.5.3 The toeboard is also attached to the sled platform. The horizontal floor portion should be
mounted at the same height relative to the seat boksasithe heel rest point. The fore/aft
position of the toeboard should be adjustablBigure 4 shows an example seat both
in-vehicle and mounted on the sled platform.

4.5.4 The seastructurereference, seat rail angle and heel rest point should be recorded in the test
report. Seat mounts should be rigid and-deformable, and the seat mount interface to the
seat should approximate that of the interface to the vehicle fibervehicle manufaurer
will be asked to provide details of the relevant seat mounting measurements/tolerances anc
will be invited toexaminethe fixture prior to testAlternatively, be car manufacturer may
provide the test lab with suitableseat attachmerfitame orfixture.
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Match height and orientation angle

Figure 4: Attachment of seat to test sled

4.6  SeatPosition
4.6.1 Seats withAutomatically Adjusting Head Restraints

The BioRIDdummy used for these dynamic tests represents a midsize adult male driver or vehicle
occupant. Consequently, seats equipped with head restraints that automatically adjust depending c
other seat adjustments (e.g. seat track or height) should be setsii@apmost likely to be used by

a seat occupant of the same size as the dumngyeforethe seat shall be adjusted to its mid track

and mid height position.

Since the seatds starting position csentseupf ec
sequence should be followed. During setting of the mid/mid position, the seat should always be
moved rearward from the forward most position, and downward from the fully up position. The
seatback shoulthenbe positioned following the procedhiin Section5.3. All other seat settings that

have not already been adjusted shall be set accotdbridy

4.6.2 SettingManual Seat Adjustments

The various seat adjustments possible on many modern vehicle seats should be set according to t
following instructions. Because the setting of some adjustments maytateadjustment range of

other adjustments, the seat should be set by following the order of the procedure outlined here. If th
seat is new and has never been sat on, a person of mass 75kg + 10kg should sit on the seat fol
minute, twice, to flex the chgons. The seat shall have been at room temperature for atildastrs

and not loadedor at least one houprevious to the initial installation of the-pbint manikin.
Following this preconditioning, the seat sep may be undertaken. The seatbaadewill be set in
Section5.3 t he initial setting is not important ¢

Seat adjustments should now be set gisihre sequenceescribed in Sectiod.6.2.1t0 4.6.2.7
Subsequent seat adjustments may affect the original position of ayzreeiting. If this is the case
there should be no+adjustment of the previous settings.

4.6.2.1 Initial Adjustment of S eat Adjustment Controls

All seat controls should be s@t sequence as followsAppendix V provides more detailed
descriptions with illustration of each of these seat adjustments.

1 Seat trackshould be in its most rearward locking position.
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1 Seat heightshouldbe set to its lowest position.

1 Seat tilt should be set to the extreme of its range that puts the cushion angle closest to zero
(horizontal).Section4.6.2.2describes the method for measuring the cushrgik.

1 Cushion heightshouldbe set to its lowest position.

1 Cushion tilt should be set to the extreme of its range that puts the cushion angle closest to
zero (horizontal)Section4.6.2.2describes the method for measuring théhmrsangle.

1 Lumbar support should be set to its most rearward or least promipesition.

1 Upper seat back,f separately adjustable from the lower portionwd be rotated fully
rearward.

1 Cushion extensiorshould be set to its most rearward or leastreded position.
1 Side bolstersshouldbe set to the widest position.
1 Arm Restsshouldbe set in the stowed position.

4.6.2.2 Measurement of Qushion Angle

Locate and mark a point on the forward edfi¢he top surface of the seat cushion and midway
between the right and left edges of the cushion. Locate, mark, and record a second pisint that
400mm rearward along a line parallel to the direction of the sled movement. The cushion angle is the
readingfrom a digital protractor sitting on the surface of the seat with the rearmost end on the rear
seat mark. A suitable length protractor should be chosen such as the entire length of its undersid
(measurement surface) is in contact with the central pandghefseat cushion. The angle
measurement should not be influenced by padding or bolstamittye front of the seat base.

Alternatively, if a coordinate measurement machine (CMM) is used to record thensazttbe seat
marks, then th&ne of the cushon angle is the difference in thecdordinates (in mm) of these 2
points (first minus second) divided by 49&n. SeeFigureb.

¢"
.

“— Sled movement direction

Figure 5: Measurement of cushion angle
4.6.2.3 Setting Sat Track Adjustment to Midrange

Mark both sides othe seat track and adjacent portion of the seat support structure. Move the seat to
its most forward most locking adjustment position and mark the seat track adjacent to the
repositionednarks on either side ofthe seat support structu@n both sides ahe seat, masure the

distance between the two seat track marks and mark the track midway between the first two marks.
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Alternatively,a CMM may be used. With the seat in the rearmost positiark a hard point on the
seat ad record its location Move the seat to its most forward adjustment position and record the
position of the seat hard point.

Move the seat rearward until the mark on the seat support structure alignentrtseat track mark,
or until the marked hard point is midway beemethe two previously recorded hard point locations.
The final position will depend on whether the seat track adjusts continuously or incrementally.

The seat should be checked to ensure that both seat runnersaard ketked correctlyin some
caseghere may be different amounts of travel between the two seat runasFshould be taken to
ensure that in such cases both seat runners are locked in the correct positions

4.6.2.3.1 Continuously Adjusting Seat Track

The seat mark should align 2tnm) with the midtrack mark. Alternatively, the hard point should
have an Xcoordinate that is midway (@mm) between the Xoordinates of the forward most and
rearward most adjustment positions.

4.6.2.3.2 Incrementally Adjusting Seat Track

If the midrange adjustment does not cep@nd to an incremental adjustm@osition (¥2mm), then
the seat should be set to the first incremental position rearward of the calculated midrange position.

4.6.2.4 Setting Seat Height Adjustment b Midrange

Mark two hard points on the side of the seat, whiehattached to and move with the cushion frame

one near the front of theushion and one near the reRecord the locations of both points with a
CMM or measure the vertical heights of the points relative to a fixed reference with a measuring tape
Usethe seat height adjuster control(s) to move the seat to its highest position. If the front and rear of
the seat adjust separately, then make sure that both the front and rear of the seat are raised to th
highest positions.

Record the locations of thevo hard points with the CMM or measure the vertical heights of the
points relative to a fixed ference with a measuring tagéhen lower the seat until both hard points
are midway between their highest and lowest positions. The final position will depeypk of seat
height adjuster.

4.6.2.4.1 SingleControl Seat Height

If the height is controlled by a single adjuster, its final position will depend on whether it is
continuously or incrementally adjusting.

4.6.2.4.1.1 Continuously Adjusting Seat Height
For single controheight adjusters, ghrear hard point should be i of the calculated midpoint.
4.6.2.4.1.2 Incrementally Adjusting Seat Height

If the midrange adjustment does not correspond tadexed adjustment position (#2n), then the
seat should be set to the first indéxmosition below the calculated midrange position.

4.6.2.4.2 Dual Control Seat Height

If the front and rear of the seat adjust separately, then use the front adjuster to lower the front hare
point and the rear adjuster to lower the rear hard point. The finalqrosili depend on whether it is
continuously or incrementally adjusting. Note that the adjustment of the front and rear controls may
need to be iterated in order to achieve the calculated midpoints.
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4.6.2.4.2.1 Continuously Adjusting SeatHeight

Both hard points shadi be = 2nm of the calculated midpoints. If this is not possible, therrdar
hard point should be £n2m of the calculated midpoint and the front hard point as close to the
calculated midpoint as possible.

4.6.2.4.2.2 Indexed Adjusting SeatHeight

If either midrange adjustment does not correspond to an indexed adjustment position (x 2mm), ther
it should be set to the first indexed position below the calculated midrange position for the
corresponding seat hard point.

4.6.2.5 Setting Cushion Height Adjustment

The cushion height adjustment uses the points marked on the top surface of the cuSaaiom
4.6.2.2

4.6.2.5.1 SingleControl Cushion Height Adjustment

Raise the cushion to its highest adjustment and record the position of the rear cushion point (400mn
behind front edge point). Lower the seat cuslimits midposition. The final position will depend
on whether it is continuously or incrementally adjusting.

4.6.2.5.1.1 Continuously Adjusting Seats

The rear cushion point should have-adbrdinate midway (x 2mm) between the lowest (initial) and
highest positions

4.6.2.5.1.2 Incrementally Adjusting Seats

If the midrange adjustment does not correspond to an indexed adjustment position (x 2mm), then th
seat cushion height should be set to the first indexed position below midrange.

4.6.2.5.2 Dual Control Cushion Height Adjustment

Usethe rear cushion height adjuster to raise the rear of the cushion to its highest position and recor
the location of the rear cushion point (400 mm behind front edge point). Again using the rear cushion
height adjuster, lower the rear of the cushion sotti@rear cushion point is midway between the
lowest (initial) and highest positions. Use the front cushion height adjuster to raise the front of the
cushion until the cushion angle matches the angle recorded id.6t8®2 The final position will
depend on whether it is continuously or incrementally adjusting. Note that the adjustment of the front
and rear controls may need to be iterated in order to achiealculated midpoints.

4.6.2.5.2.1 Continuously Adjusting Seat Height

The rear seatgint Z-coordinate should be #1#n of the calculated midpoint and the cushion angle
should match that recordedstep4.6.2.2to within (£ 0.59.

4.6.2.5.2.2 Indexed Adjusting SeatHeight

If the midrange adjustment of the rear adjuster does not correspond to an indexed adjustment positio
then it should be set to the first indexed position below #heutated midrange. Likewise, if the
cushion angle from.6.2.2cannotbe matched (£ 0.3with the front adjuster adjusted to an indexed
position, then set thednt adjuster to the next lowest indexed position.

4.6.2.6 Adjusting Upper SeatbackAngle

Measure the angle relative to vertical of the head restraint support post or some flat part of the
seatback frame. Without changing the adjustment of the lower seatbackihmangper seatback to

its most forward position and measure the angle of the head restraint post or seatback frame. Adju
the upper seatback rearward until the head restraint post or seatback frame angle is midwpy (+ 0.5
between the rearmost and forelanost angles.
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4.6.2.70ther Seat Adjustments

Seat adjustments not set in stép&2.2through4.6.2.6should remain in the initial adjustment as set
in section4.5.1

4.7
4.7.1

4.7.2

4.7.3

4.7.4

4.7.5

Seat Belt

A generic three point laphoulder seat belt equipped with an inertia reel should be used
during the test, placed in such a way that tHe sen worn by the ATD, should lie across
the torso, clavicle and pelvis, and must always be routed above the pelvic angle gauge.

For generic seat beltajhere a seat is equipped with anchorages or buckles, these may be
used Any anchorages not attach&althe seashould be positioned as showrfFigure6. The

marks, which correspond to the arrangement of the anchorages, show where the ends of th
belt are to be connected to the sled. The anchorages are the points A, B and K. The toleranc
on the position of the anchorage points is such that each anchoragépoldtt® situated at

most at 5énm from corresponding points A, B and K indicatedrigure®6.

If a fourth anchorage is necessary to attach the retractor, this anchorage:

1 should be located in the vertical longitudinal plane passiytin K,
1 should be located70mm vertically below K

In the case of a belt equipped with a belt adjustment device for height, this device should be
secured to a rigid frame.

The structure carrying the anchorages must be rigid and should be so conshaictes
permanent deformation shall occur in the parts bearing the anchorages during the test.

1000 mm

400 mm 300 mm ‘
- P -

Figure 6: Generic seat belt anchorage mounting

Where a manufacturer requests and can demonstrate good reason for dtngheso
Secretarigtvehicle specific belts and geometry may be considered. Ircéisisor when

testing seats equipped with integrated belts the vehicles own seat belt hard ware (retractor an
buckle) should be used. Seat belt geometry and restrainineeptighould then be used that
approximates that of the test vehidléhere this is agreed, the vehicle manufacturer will be
asked to provide details of the relevant mounting measurements/tolerances and will be
invited to examine the fixture prior to tegtternatively, e car manufacturer may provide

the test lab with mattachmentframe orfixture.
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4.8  Triggering of Active Elements

For each seat it should be ascertained from manufacturer data whether active elements (e.c
pro-active head restraint or seattpretensioner) are fitted, and whether they would be triggered for
each of the test pulses. For each element which requires a trigger, Time to Fire (TTF) should be
specified by the vehicle manufacturer for each pulse if required. Supporting datalsynaidided

by the manufacturer to show that the system always triggers throughout the entire range of rea

impact scenarios considered by Euro NCAP. For example, the low severtir RGmper test
would be considered.
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5 H-POINT MACH INE & DUMMY POSITIONING

51 Introduction

The following sectioncontains the current positioning procedure for use witlBibRID dummy.
The entire process farsingle installatiomndmeasuremenising the HPM and HRMD should last
approximately 15 minutes maximum per installation.

5.2  H-point Manikin and HRMD Preparation

The BioRID test position is based on reference measurements made withdive idanikin(HPM)

and HRMD.Parts of the followingtex cont ai n excerpts frontoii A P
Vehicl e He adssuRkR2 KRCARakebriasy @001 kpecific pairing of manikin and
HRMD mustbe used which have been certified togetBefore using the combination, ensure that

the build ondition is correctRemove lhe head room probe from thepgéint machinend install the

two washers (supplied with the HRMD) in the spaces remaining on-gierit pivot. The fit of the

HRMD on the Hpoint machine should be confirmed. Lower the HRMD isifion onto the torso
weight hangers and onto the top edge of the channel between the torso weight hangers. Ensure th
the HRMD fits easily into place without inducing forces which might disturb the magpdsition

5.3  H-point Manikin | nstallation

5.3.1 The seat shall be covered with a cotton cloth large enough to cover both cushions and
seatback.

5.3.2 The cloth shall be tucked into the seat joint by an amount sufficient to prevent hammocking
of the material.

5.3.3 The Hpointmanikinshall be installed in the ae

5.3.4 The lower legs shall be adjusted to th& H@rcentile leg length setting, and the upper legs
shall be adjusted to the percentile leg length settintilese are thelPM settings closst to
the Euro NCAP front and side impact protocol settings

5.3.5 The legs shall be attached to thEMand set to the!®position (no.5) on the knee jointiar,
which places the knees @Bmapart.

5.3.6 With the legs attached and the back pan tilted forward, ¥ Bhall be positioned in the
seat such that itmid-sagittal pane coincides with the longitudinal centreline of the SHx.
centreline of the seat may be defined from features such as the head restraint support tubes ¢
seatback and seat pan side bolsters. Particular attention should be paid to seats witl
asymmetic design.

5.3.7 The back pan shall be straightened to conform to the vehicle seat back.

5.3.8 The feet shall be pladeas far forward as possible, with the heekting on the heel plane and
the feet positioned at 9o the tibias. The toe pan shall be positiosefficiently far away so
as to avoid any interaction with the feet during the HPM installation process.

5.3.9 The lower leg and thigh weights shall be attached to tBM ldnd theassemblyshall be
levelled.

5.3.10 The back pan shall be tilted forwa45 from theseatbackand the HPMassembly pushed
rearward until the seat pan contacts the vehicle seat back. Méiikéainingthe back pasmat
45 totheseatback a horizontal rearwarrceof 100N shall be applied using the plunger if
present or using a force ggipressed against the hip angle quadrant structure.
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5.3.11 The load application shall be repeatett, whilekeeping theLlOON applied the back pan
shall be returned to the vehicle seat back antbtitthen releasedhs the 100N is released,
a small force shdd be maintained on the front of tAebar to prevent any longitudinal
movementThis support should be maintained until the en8exdtion5.3.17is reached.

5.3.12 A check shall be made to determine that tH&vHs level, facing directly forward, and
located in the centreline of the seat.

5.3.13 As an approximation of the vehicle seat back position, it shall be placed such that the torso
angle is about Zlbefore the buttocknd chest weights are added. This angle may be varied
according to the subjective estimate of the seat cushion stiinbased on data provided by
themanufacturer

5.3.14 The HPMtorso angle shall be measured by placing an inclinometer aralibeated block
(seeAppendixll) located on théower brace of the torso weight hgar.

5.3.15 After estimating the vehicle seat back position, the right and left buttock weights shall be
installed. The six chest weigh{scluding the two larger weightshall be installed by
alternating left to right. The two larger HRMD chest weights shall be attached last, flat side
down. Throughout the weight installatiomaintain a lightpressire to the T-bar preventing
any longitudinal movement.

5.3.16 Tilting the back pan forward to a vertical position, the assembly shall be rocked from side to
side over a 10arg 5° in each directionWhere seat side bolsters prevent movement of up to
5°, the assembly shuld be rocked as far as permissifilgis rocking shall be repeated twjce
making a total of three complete cycles. Care should be taken to maintain supportbathe T
during the rocking actiorgndto ensure that no inadvertent exterior loads are eghfnsure
that the movements of ti#PM feetnot restictedduring this step. If the feet change position,
they should be allowed to remain in that attitude for ithe being

5.3.17 Holding the Fbar to prevent thelPM from sliding forward on the seat cushitime back pan
shall be returned to the vehicle seat back, and &M shall be levelled.

5.3.18 To ensure a stable torso positiopply and release a horizontal rearward load, nekteed
10N, to the baclpan mouldingat a height approximately #te centre of the torso weight
Care shall be exercised to ensure that no exteéonward or lateral loads are applied to the
HPM.

5.3.19 Eachfoot shall be alternately ligd off the floor via the insteymtil no additional forwed foot
movement is available.

5.3.20 The 45 degree plane of the to@ard should be moved toward the feet such that the tip of the
toe lies between the 230mm and 270mm lirzésng care not to disturb the positiohthe
HPM. To facilitate easier setting of BidR, thetoeboard should be moved such thattibes
of the HPM feetrepositioned nearer to the 230mm line.

5.3.21 When each foot is its final position the heel shall be in contact with the floor, and the sole
of the foot shall be in contact with td& degee plane of the toe pan between the 230mm and
270mm lines

5.3.22 If the HPM s not level after the feet have been repositioned, a sufficient load shall be applied
to the top of the seat pan to level it on the vehicle $&& may be verified using the bubble
gauge fitted to the manikin or alternatively by verifying with CMM thatHihgoint positiors
on both sideof the machinare withint 2.5mm of each other.

5.4 HRMD Installation

5.4.1 The backseand heighprobes shall be intalled and pushed flush against the HRMD.
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5.4.2 TheHRMD levellingknob shd be confirmed as finger tight and the plungetsich engage
at the HPM to HRMD interfacghall be fully loosened.

5.4.3 The HRMD shall then be lowered into position on tH&MHorso weight hangers and on the
top edge of the channel between the handirang the fitmentensure that theERMD fits
easily into place without inducing forces which might disturb the mami&sition. Make
note of any longitudinal movement of theanikin, and @sure thathis results in consistent
H-point position in the subsequent repeat drops conducted in sédion

5.4.4 The HRMD shall be levelled by loosening tleselling knob at the rear of the devicand
repositioning the head using the HRMD bubble level; ltheelling knob shall then be
retightened by &nd.

5.4.5 Measure theéorso angle on the calibrated block attached to the weight hanger bar.

5.4.6 If the measured angle is not°23°, the HRMD and chest and buttocks weights shall be
removed, the seat back readjusted, and the steps to positiorPMestll berepeated,
beginningwith tilting the back pan forwardnd pushing the HPvearward as i%.3.10.

5.4.7 If more than 3 installations of thel1 and HRMD are required to ascertain a seatback angle
that supports a torso angle 25°+1°, then the seat should be allowed to recover for 15
minutes with nothing in it between each third and fourth installation. It is recommended to
aim to set the SAE méan as close as possible to the nominal target value for torso angle.

5.4.8 Some indexed seatback adjustments may have more than 2° between adjustments with non
giving a torso angle betwe@%°+1°. In such cases, adjust the seatback to the most reclined
posiion that supports a torso angle less than 24°.

5.4.9 The torso angle shall be recorded when it falls within the allowed range.

5.5 Recording of HPM H-Point Markers L ocation

5.5.1 Record the Fpoint positions on both sides of the®M usng a CMM or other means to
record he lacation of both Hpoints relative to the seat or sled.

5.5.2 The Hpoint position on both sidg®f the machine shall be within2.5mm of each othen X
andZ. If this is not the case, the installation procedure fsaBn6shall be repeated.
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6 HEAD RESTRAINT POSITIONS

6.1 Head Restraint Measurement Position Definitions

6.1.1 Down is defined as the lowest achievable position of an adjustable head restraint regardless
of other adjustments (e.gilt) and without using tools. The lowest position should be
assessed from the point of view of a seated occupant, and without using a third hand.

6.1.2 Up is defined as the highest adjusted détente posifiam adjustable head resiia(taking
into account locking détente positios defined in Sectiaa 1.6 only).

6.1.3 Backis defined as the most rearward adjusted position of an adjustable head restraint, or if
this is difficuldt to ascertain, Abacko s
greatest AHRMD backseto when set at the t

6.1.4 Forward is defined a the most forward locking adjusted position of an adjustable head
restraint, or if this is difficult to asc
results in the | east AHRMD backset o when

6.2 Head Restraint TestPositions

The same head restraint position should be used for all three tests. If any variability exists in the
locking mechanism, such as diffetégvels of friction that affedhat head restraint position then the
Euro NCAP Secretariat should be infoed immediately. The decision of the position to be used in
the tests shall be made by the Secretariat. Where there is damage to a seat which affects the te
position, details should be noted by the test laboratory and provided in the test reposdt gtetidd

not be used for test.

6.2.1 Head Restraint Test Position

The test position for the head restraint depends on whether it is fixed or adjustable and, if adjustable
whether the adjustments lock. Automatically adjusting head restraints are testdwepsaittfixed
restraints and the seatjastments are set according tecBon4.6.1

6.2.2 Non-Locking Adjustable Head Restraint

The head restraint is first adjustedit® lowest vertical adjustment position as defimedection
6.1.1 If a nonlocking tilt adjustment is available, this should then be set to the most rearward
horizontal adjustment position possible once the head restraint has been set to its lowest position.

6.2.3 Locking Adjustable Head Restraints, Midrange Positions

The head restraint is adjusted to midrange of its vertical and/or horizontal adjustment pogitpns. O
locking adjustments are set to the midrange positions. For example, a restraint with locking height
adjustment and nelocking horizontal adjustment would be set to its midrange vertical position and
most rearward horizontal positiohe head restrairshould first be set for the midrange vertical
position. Midrange tilt position should then be set where this adjustment has locking notches.

6.2.3.1 Setting Of Mid Range Height
6.2.3.1.1 LowestPosition

Some head restraints can be lowered below the lowest locking pasitildn these cases the bottom
of the restraint may contact the top of the seatback. The lowest vertical adjustment position is definec
in Section6.1.1
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6.2.3.1.2 HighestPosition

The highest position is considered to be the highest locking position. If a restraint hasekiman
position above the highest locking position, then the highest locking position is still consiskbed
highest position, seeigure?.

Highest position —=

——— Highest locking position

= |ocking positions

Figure 7: Examples of adjustment positions for Heastraints with nofocking positions
above/and or below the lockimgpsitions

6.2.3.1.3 When measuring the head resitdravel for the midrange positions, the seat must be
adjusted according tBection4.6, the seatback mube adjusted accordirig Section5
and theHPM manikin should be installed in the seat accordirfgettion5.

6.2.3.1.4 Mark a repeatable reference point on the top of the head restraint. This point is typically
the highest point on theentrelineof the head restint. Using a coordinate measurement
device, this point should first be measured in the lowest position as define&égtion
6.1.1 and then in the highestdking position without altering tilt or any other seat
settings.

6.2.3.1.5 Midrange height position is determined by calculating the geometric mid point between
the lowest position, and highest locking vertical adjustments, considering only the
vertical componentfaneasuremenseeFigure8. The test position will then be selected
based on the following conditions:

6.2.3.1.5.1 Place the head restraint at the geometric roidtpf a locking sition exists there, see
Figure8a., Example A.

6.2.3.1.5.2 If there is no locking position at the geometric mid point, raise the lsstrdint by up to
10mm If a locking position exists within this 10mm of travel, that position will be the
test positionseeFigure8, Example B

6.2.3.1.5.3 If there is no locking position within 10mm above the geometric mid point, lower the
head restraint to the next lest locking position, sdeigure8, Example C

6.2.3.1.5.4 If there is no locking position before the lowest or stowed position is reached, then the
head restraint should be positioned fully down.

6.2.3.1.5.5 Once the vertical tegosition has been determined, ensure the head restraint is returned
to rearmost tilt position.
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Full down/ —
stowed

Geometric mid/
test position

Full up —

-

Full down/ —
stowed

mid

Test position

Fullup —

Geometric \ R,

Example A

Example B

Locking position at
geometric mid point

Locking position up to
10 mm beneath
geometric mid point

= |ocking positions

Full down/ —
stowed

Geometric —

mid

Full up/

Test position

Example C

Locking position more
than 10 mm above
geometric mid point

Figure 8: Examples ofest position for head restraints with various locking configurations

6.2.3.2 Setting of Mid Range Tilt (Locking Tilt Settings Only)

6.2.3.2.1 Following the setting of midrange height, the procedure should be repeated for locking

6.2.3.2.2

6.2.3.2.3

6.2.3.24

6.2.3.2.5

6.2.3.2.6

Version 3.2

horizontal adjustments. For ndocking tilt adjustments, the head restraint should be
tilted fully rearward.

Mid tilt position may be influeced by the presence of the HRMD head, consequently the
setting of mid range tilt should be undertaken following successful installation of the
H-point machine and HRMDand should be completed while the equipment is still

installed in the seat.

For HRMDs equipped with probes having 5mm increments only, a more accurate
measurement technique is required to establish the mid pasitrathin 1mm Using a

steel rule, measure the probe extension from the front of the headform at forward and
rearward tilt s&ings.Fromthis data a midpoint target may be derived.

Most Rearward Tilt shall be made using HRMD probe backset. The most rearward tilt
position shall be that which results in greatest backset measurement. In the situation
where the head restraintroet be placed at most rearward. thor example due to a

return

spring,

the tilt can be locked.
Most Forward Tilt shall be determined by finding the most forward locking tilt psi

Non-locking positions located further forward than the most forward lock are disregarded.

During

contact with the HRMD.

det er mi

t he

nati on

mo s t

of

Amost

i most

rear war d

forward

If contact is achieved, the head restraint shotilde tilted

further forward, and should not be moved such that the HRMD positaffersed If a

lock exists at the tilt position where the head restraint contacts the HRMD, this shall be
dered
the head restraint should be tilted rearwards until a locking position is reached. This
position

consi

t he

shal l

i most

t hen

f or wtiom ekistg in thig lazatigno s i

be

consi de

red fAmost

Midrange Tilt P osition is determined by calculating the geometric mid point between
the most rearward tilt and most forward locking horizontal adjustments, considering only
the HRMD probe backsets measured. Midrange tilt setting shall be undertaken using the
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same rationale as used6r.3.1 A locking position shall be sought within a window
10mm forwards from the geometric mid point. If a lock is found within this window, that
position shall be considered the test position. In the absencedak within this range the

head restraint should be moved rearwards until the next locking position is reached. If no
locking positions are reached before the fully rearward tilt position, then fully rearward
tilt shall be the test position.

6.3 Measure and Reoord Head Restraint Geometry
6.3.1 Before measuring the head restraint geometry ensure that:

1 The seat is set according teciion4.6.

1 The Hpoint machine and HRMD are correctly installed in the aeabrding to
Sectionb.

1 The head restraint is set in the correct test posio@ording to Sectiof.2

6.3.2 When measuring backset and height, a light forag (&) should be appliedf neededto
ensure that any trim covering material is in contact with the underlying foams, or that the
separation of trim material has not provided artificially favourable measurements.

6.3.3 Measure thé¢iRMD backset to the nearasillimetre, with the backset probe in first contact
with the head restraint. Fdhe geometric assessmerthe backsetmust be measured
according to the HRMD backset probe scédding note of the method described in section
6.2.3.2.3or probes with 5mm increments onfyeeFigure?.

6.3.4 The teight from the top othe head restraint to the height probe should also be measured.
6351 f the head restraint is too | ow to be co

6.3.6 All measurements noted durig3.3and6.3.4shall be used for the Euro NCAP geometry
points calculationas defined in thEuro NCAPassessment protocol

Probe displacement = scale reading

Figure 9: Head restraint probe backset for stajeometry

6.4 Measure and FRecord ReferenceGeometry for BioRID Setup

The HRMD probe measurements used tfoe geometric assessment will be different than the
geometry recorded for use during the BioRdBXtup. This is due to the curvature of the HRMD
probes and is illustrated Figure10.

Since the BioRID is set up based on reference geometry egtosthg the HRMD, there is a need to
measure an equivalefegatureon both devices. The rear migint on the HRMD skull (i.ethe
screw on the backset probe)s equi val ent to the rear most p G
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skullcap. This point canebfound using a measuring tape that contours to the shaipe siullcap:
the point is 95m from the top of the skullcap along the mabittal plane of the skull.

6.4.1 Mark an identifiable point on the head restraint along its vertical centréirseiggested
point isdefined by first contact point between backset probe and head restraint.

6.4.2 Ensure that the backset probe is installed and pushed flush against the, HRMD
stowedretracted.

6.4.3 Locate the screw on the centre of the rear surface of the HRMD bactibet

6.4.4 Measure and record tiBoRID referenceébacksetusing CMM(as defined in Sectiok.2.3.
This is thehorizontaldistance between the reawd point on the HRMD skull (i.ehe screw
on theretractedbackset probe) and the identifialpoint on the head restraft5mm see
Figurel0.

6.4.5 Enaure that the head restraint has been marked such that it can reliably be returned to the tes
position. Move the head restraint to the Igtvposition as defined iBection6.1.1 Whilst
maintaining that lowest position, move the head restraint to the most rdaittyaossible as
defined by 8ction6.1.3and6.2.3.2.4 Measurehe HRMD backset and heighd the nearest
millimetre using he probes

6.4.6 All measurements noted duritgd.5shallbe used for the Euro NCA®ase of adjustment
assessment, as defined in the Euro NCAP Assasisprotocal

6.4.7 Using the marks made in Secti6rl.5 return the head restraint to the test position

Backset probe screw, retracted position

Identifiable point on HR

BioRID reference = X + 15 mm

Figure 10: Measuring BioRID refrence backset

6.5 Repeat Measurements

6.5.1 Remove bhe manikin and HRMD and repeaé@ions5.3 to 6.4.6two further times and
record ALL measurements taken for each ingialten both the tesposition (Section 7.3.3)
and the down and back position (Section 7.4%9) the repeat installations, the seat back
angle should not be adjustddowever, vihere a change in seat back angle is required to
obtain a torso angle d?5°+1°, the installationprocedure shall be repeated until three
consecutive installations have been performed which require nbasgatngle adjustment.

6.5.2 For each individual seat, ensure that thgdiht X, H-point Z and reference backset
measurements are withifi 5mm between #h three sets of measurements. Outlying
measurements should be investigated, and repeated to achieve costsistemieasurement
results as necessary.
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6.5.3 Once each individual seat has been measured three times, calculate the avevage H
position recorded i®ection5.5and average reference backset record&gation6.4. These
shall be the BioRID setup targétom the three measurements takareach individual seat.

6.6 I nstall BioRID

6.6.1 The seat should have already beenhtsegive a torso angle of 25° +1° measured on the
H-point machine fitted with HRMD as describedSection5. Allow the seat to recover for
15 mirutes with nothing in it before installing the BioRID. NoB:oRID handling should
only be undertaken using dedicated liftitapls and associatddcations on the dummy
following the BioRID manufacturer recommendatiomgpically, during the installatio of
BioRID the Hpoint will initially be installed furtherearward in the seat thas required.
Therefore the pelvis should be moved forwarddioieve the target sefp positionng.

6.6.2 Carefully place the seat belt assathe dummy and lock as normal, westhere is sufficient
slack in the belt to allow positioning of BioRID.

6.63 Al i gn Bi oRI D6s mi ds elmeofthesséat. pl ane with the

664 Adj ust Bi oRI D6s midsagittal pl ane to be \
should be laterally leve

6.6.5 Adjust the pelvis angle to 26.5° from horizontaP(%°).

6.6.6 Position the HPoint 20mm forward (10mm) and at the samehgight (x10mm)as the
location recorded in Sectiof.5.3 while keeping the pelvis angle at 26.5°35°). It is
recommended to aim to set the ATD as close as possible to the nominal target values, and the
the tolerance window should only be used if there is an issue achieving the reg&ioad H
target or backset valu&he BioRID setup tolerances are summarisetiaiblel.

6.6.7 Adjust the spacing of the legs so that ttentrelineof the knees and ankles is 200
(x10mm) apartand ensure that the knees are level using an inclinometer or bubble gauge.

668 Adj ust the dummyds feet so that the.Theel
tip of the shoeshall resbn the togpan between ZBnm and 20mmfrom the intersection of
the heel surface and toe board, as measured along the surface of the tdédoaishows
proper positioningf the feetNote theheel point from a vehicle is not replicated)y heel
plane height is set according to vehicle geometry.

669 Position the Bi oRI DOo sareagclose toghe torsosidds astpbssibleu p
The rear of the upper arms skoontact the seatbacknd the elbowshould bébent so that
the small fingers of both hands arecontact with the top of the vehicle seat cushion with the
pal ms facing the dummyo6s thighs.

6.6.10 Level the instrumentation plane of the head (front/rear dtiddét directions) to within #.°.
Electronic tilt sensors shall be used to perform this check.

6.6.11 The BioRID backset(as defined in Sectio@.2.4 is the horizontal distance between the
rearmost point on the head, ahé same identifiablcation on the head restraint that was
found when measuring the HRMD in Sect@d.1

6.6.11.1 Mark the farthest rearward point on thentelineof t he du mmNoésas s k u
defined in6.4, this point is 95m from the top of the skullcap along the midsagittal plane of
the skullmeasured sing a tape that contours to the shajhe skullcap.
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6.6.11.2 Measure th@&ioRID backset, usinthe point identifiecon the skullcapn 6.6.11.1andthe
same identifiabléocation on the head restraint that viasnd when measuring the HRMD
in Section6.4.1 SeeFigurell

6.6.12 If the BioRID backset is different from tHgioRID reference backsetbtained in Setion
6.4.4(x 5mm), then do the following:

6.6.12.1 Tip the head for/aft no more tharil from level in order to meet the backset requirement.

6.6.12.2 If the BioRID backset cannot be brought closethiieBioRID reference backsetSmm by
step6.6.12.1 adjust the pelvis angle andpéint position within their respectitelerance
bands. In this case begin at Sec#o®.5and adjust the BioRID position accordingly.

BioRID backset

Identifiable point
on HR

Figure 11: Measuring BioRID backset

6.6.13 Remove the slack from the lap section of the webbing until it is resting gently around the
pelvis of the dummy. Only minimal force should be applied to the webbing when removing
the slack. The route of the lap belt should be as natural as passiblaust be above the
pelvic angle gauge

6.6.14 Place one finger behind th#iagonal section of the webbing at the height of the dummy
sternum. Pull the webbing away from the chest horizontally forward and allow it to retract in
the direction of the Boop ushg only the force provided by the retractor mechanism. Repeat
this step three times, only

6.6.15 Once the belt is positioned the location of the belt should be marked across the dummy ches
to ensure that no further adjustments are made. Mark also the heltatdl of the Eloop to
be sure that the initial tension is maintained during test preparation

Tablel: BioRID setup summary

Location TargetMeasure Tolerance
H-point (X-axis) + 20mm forward* +10mm
H-point (Z-axis) Omm* +10mm

Pelvis angle 26.5 +25
Head plane angle 0 (level) +1
Backset 15mm forward* + 5mm

* Reference measurements taken usirBdtht machine fitted with HRMD
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7 ATD REQUIREMENTS

The tests should be conducted with a BioRIDdilgmmy built withdmould DHjacket and fitted with
electronic tilt sensors capable of measuring X and Y tilt for head and pEhsnstrumentation
umbilical should exit at the front/side of the pelvis such that it is ensured there will be no seatbelt
interaction.The dummy should comply with both spine stature and dynamic response specifications
before the test.

7.1  Spine Curvature Check

With the pelvis adapter plate pkton a level surface with thecCpital Condyle (OC) angle at
29.5° (£0.5°), the T2angle at 37° (9.5°), and the neck plate laterally level@5°), the distance in
(X) between the HPoint and the OC pin should be 186 (£5mm) and the distance in (Z) between
the HPoint and the OC pin should be 608 (£5mm). SeeFigurel2. The curvature checshallbe
performed after every5 tests andllameasurements should becorded andully documented.

oC pin OC plate

T2 vertebra

609 mm 575 mm
+5mm +5mm \ 29.5 deg

\ +
OC angle
37 deg

% 5 de
J T2 angle

] Y

A -~ H-Point tool hole
- | \

156 mm £ 5 mm H-Point

- -

204 mm =5 mm

Figure 12: Spine curvature check

7.2 Certification

The dynamic response of BioRID is checked by attaching the spine, torso and head tsladmini
that isimpacted through foam by a 3Bglprobe and a velocity of 4.i#8s+ 0.1m/s. The specified
response of the dummy and detailed test specificatom described in Test Procedure: Calibration

of Bi oRID available from Denton ATD, l nc. Ge
that it does not meet the dimensispecifications described ire&ion7.1, then likely it will no

longer meet the dynamic response specificatittms recommended thaté BioRID be recertified

after every 15 testnd all certification documents provided in taboratory test repart

7.3 Adjustment of Dummy Extremities

7.3.1 The stiffness of bih arms and legs shall be checked and adjusted, where necessary, prior to
every sled test. The adjustment procedure is as follows:

7.3.2 Arms

7.3.2.1 Extendthe complete arm laterally outward #ohorizontalposition. Twist the arm so the
elbow cannot rotatelownward. Tighten the shoulder yoke clevis bolttke arm is
suspended at 1geeFigurel3.
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7.3.2.2

7.3.2.3

7.3.2.4

7.3.2.5

7.3.2.6
71.3.2.7

Rotate the complete arm assembly so it points forward and is horizontal. Twist the arm so
the elbow cannot rotate downward. Adjust the shoulder yoke rotati@ybeainut so the
arm is suspended at 1g.

Bend the elbovby 90° so the hand moves toward the chest. Adjust the elbow rotation bolt
through access in the upper arm to hold the lower arm horizontally suspedded at

Reposition the arm so it points forward and is horizontal. Twist the lower arm at the elbow,
so the bwer arm can pivot downward to vertical. Adjust the elbow pivot bolt through
access holes in the lower arm flesh at the elbow to hold the lower arm suspendeeéat 1g
Figurel3.

Extend the arm and twist the palm so it faces down. Adjust the wrist pivot bolt at the base of
the hand so it is suspended at 1g.

Adjust the wrist rotation bolt through access in the wrist flesh to hold it suspended at 1g.
Repeat procedure for other hand and arm.

Rotation about the x-axis Rotation about the y-axis

Figure 13: Dummy extremity settings

7.3.3 Legs

7.3.3.1

7.3.3.2

7.3.3.3

7.3.3.4

7.3.3.5

7.4

Removethejacketfrom the dummy.

With the lower leg at 90° to the upper leg, and the dummy in seated position, lift the upper
leg assembly abovieorizontal. Adjust the femur lol set screw so the upper legheld
suspended at 1g.

Rotate the lower leg assembly so it is horizontal. Adjust the knee clevis bolt so the lower
leg is held suspended at 1g.

Adjust the ankle ball joinscrew so the foot iseld suspended at 1g. The ankle adjustment
is not critical and is determined by individual feet.

Repeat the procedure on the other leg and foot.

Clothing

7.4.1 The dummy should be dressed with two pairs of efdseg, kneelength, spandek/cra

pants and twalosefitting, shortsleeved spandex shirts. The under layer of clothes should be

worn with the shiny/smooth side of the fabric facing out and the-cdwedres with the
shiny/smooth side against the underclothes (i.e. dull side facing out). The dumnies fee
should be showith size 11 (45 European or @vm) Oxfordstyle, hardsoled, work shoes
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7.5

Instrumentation

7.5.1 The instrumentation required to perform the EN@AP evaluation is listed ifiable2. The
T1 acceleration should be the average of right and left side accelerometer measufdiments.
instrumentation shall be calibrated before the test programme.
7.5.2 The channel amplitude clasSAC) for each transducer shall be chosen to accordinglite
2. In order to retain sensitivity, CACs which are orders of magnitude greater than the
minimum amplitu@ should not be used. A transducer shall beafibrated if it reaches its
CAC during any test. All instrumentation shall be recalibrated after one year regardless of the
number of tests for which it has been used. A list of instrumentation along wiitrattah
dates shall be supplied as part of the test report.
Table2: Required instrumentatio(see also TB021 Datadfmat and InjuryCriteria Calculation).
Position Function Measurement CFC CAC
Sled X Pulse acceptance Acceleration (Q) 60 100
Pulse acceptanceg Velocity (m/s) 30 NA
Rebound velocity| Displacement (m) NA NA
Head X NIC Acceleration (g) 60 100
Acceleration (g) 1000 100
Head CoG X Rebound velocity| Velocity (m/s) 30 NA
Neck T1 X (LH and RH) NIC Acceleration (g) 60 100
Neck Force X Force (N) 1000 1400
Neck Force X My OC and Nkm | Force (N) 600 1400
Neck Force Z Force (N) 1000 4500
Neck Moment Y My OC Moment (Nm) 600 115
Head Restraint Contact T-HRGstart & Time (ms) NA NA
Time (T-HRC) T-HRCend
Neck T1 X Force (N) 1000 5000
Neck T1 Z Force (N) 1000 5000
Neck T1 Moment Y Moment (Nm) 600 200
15 Lumbar X Acceleration (g) 60 200
15 Lumbar Z Acceleration (g) 60 100
Seat Belt Forc@lap section) Force (kN) 60 16

7.6  Data Acquisition and Processing

7.6.1

7.6.2

7.6.3

The measurement data shall be recorded according to ISO 6487 or SAE J2hiifiratan
sample frequency of kBlz Table 2 specifies the channel frequency classes for each
necessary measurement.

Measurement data shall be considered for evaluation until the point in time at which the head
rebounds fom the headastraint or at 30@s after Fzero, whichever occurs first.

Prior to test all data channels shall be offset to zero, where zero (acceleration/force/moments’
is defined by the averaggiiescent channeghlueover 100 samples at 10kHz (or equivalent)
before ime offset.This should be recorded a significant duration prior to TO such that the
sled acceleration/deceleration phase is avoided.
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8 TEST SLED REQUIREMENTS

8.1  Acceleration Sled

The dynamic test is intended to simulate a typical rear crash in which thstriezk vehicle is
initially stationary or moving forward very slowly. Consequently, an acceleration sled with the
dummy seated facing the direction of motioreuiredfor these testsThe use of @eceleration sled,

on which the dummy is seated facing against the direction of motion, and is initially moving
rearward at the appropriate test speed and then stappedthhnger acceptefbr official Euro NCAP
testingdue to itsnherently larger variability.

8.2  Test Time Indexing

To normalse the time index among sled laboratory protocols with differexer® trigger levels, the
time indexing procedure described AppendixIV shall be used.

8.3  Laboratory E nvironment

The temperature in the test laboratory should be 22.5° +3°C and a relative humidity of between 10%
and 70%. The BioRID test dummy and seat being tested shall be soaked at thratie@at least 3
hours prior to the test.

8.4  Accderation Pulse

The target sled accelerations and pulse fipations are given iAppendixIV. Sled accelerations
should be measured by an appropriate accelerometer attached to the sled platform, recorde
according to SAE Recommended Practice J2l1dstrumentation for Impact TestirigPart 171
Electronic Instrumentation.Prior to establishing conformance with the acceleration pulse
specification, any quiescent signal bias should be removed from the acceleration measurement an
the data should be filtered accordance witffable2.
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9 TEST SLED INSTRUMENTATION

9.1 Record the Xacceleration of the sled in accordance with SAE recommended practice J211.
The instrumentation should be directly attachetth#osled platform and not to any other part
of the test device.

9.1.1 If necessary, remove any data channel DC bias. Typically, the value of the average
measurement over 100 samples of the quiescent data channel signal is subtracted from evel
test measurement

9.1.2 Filter the sled acceleration to channel frequency @aascordance witfiable2.

9.2 Thetime of dummy head to head restraint first consdell be recordedvith a foil contact
switch
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10 WHIPLASH ASSESSMENT CRITERIA

The purpose of the whiplash test is to teststbegt and head restraint assemblgrderto assess the
extent to which they reflect best practice in preventing soft tissue neck $njtinis is based on the
following performance criteria:

1 Head Restraint Contact Time-(ARCstarty T- HRCena)

T Tlxacceleration (AT10)

T Upper Neck Shear Force (AFx06) and Upper N

1 Head Rebound Velocity

1T NIC

T Nkm

1 Seatback Dynami©pening
A summary ohow the criteria are calculatedgsr ovi d e d i n orméBdn@ ltjuryGrileaat a F
Calculatiom . B e | oextersiverdescrigtion is given for the most important assessment criteria.

10.1 Head Restraint Contact Time

Head restraint agtact time should be ascertained using a contact switch method, comprised of a
proprietary lightweight, self adhesive conductive foil placed over the surface of the head restraint,
and the rear of the ATD skull cap.

Head Restraint Contact TimeHRCstart)is defined as the timgalculated from T=09f first contact
between the rear of the ATD head and the head restraint, where the subsequent continuous conta
duration exceeds 40ms. For the purposes of assessmeiRClstartyShall be rounded to the nmeat
millisecond.

Minor breaks in the contact time (up to 1ms) are permissible if it can be proven that these are due t«
poor electrical contacts, however these must be investigated with reference to the film to ascertair
whether the breaks in contact a due to biomechanical phenomena such as ATD ramping, head
restraint or seatback col | agtractural cantact with iheiheade 6
restraint. For the subsequent criteria, the end of head restraint contact must also ﬂ'el"rtfmgl;] oy

This is defined as the time at which the head first loses contact with the head restraint, where the
subsequent continuous loss of contact duration exceeds 40ms.

10.2 T1 X-Acceleration

BioRID is fitted with twin accelerometers on the first thoracic vertebra (T1), one on either side of the
lower neck loadcell assembly. The data channels acquired from these accelerometers should both |
filtered to channel frequency class (CFC) 60 as define8Afy J211. An average channefy 0,

should then be produced from the two filtered signals, as follows:

N S
4 po
q
where:
i) 0 = Acceleration channel measured by the left hand T1 accelerometer.
b 0 = Acceleration channel measured by the right hand T1 accelerometer.

The maximum™p , should be generated from this average T1 channel, considering only the
portion of data from zerountil T-HRCenq)asfollows:

P -AB P o
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10.3 Upper Neck Shear Force (Fx) and Upper Neck Tension (Fz)

The upper neck loadcell of the BioRtBcords both shear and tensile forces. If the instrumentation is
configured in accordance with SAE J211, positive shear should be indicative of-eebeaards
motion and positive tension should be associated with pulling the head upwards, genezasiig a t
force in the neck. Firstly, both the Fx and Fz channels should be filtered at CFC 1000. Peak values
"Ow andOgd |, shouldthen be determined for each of the forces, considering only the portion of
data from Fzero until FHRCenay as bllows:

0w - A @ "0
"Od - A@ "0

10.4 Head Rebound Velody i Acceleration SledTechnique

The head rebouneklocity (in the horizontaX direction) should be determined using target tracking.
Ideally this should be performed using footage acquired frorbaard camera systems, however
off-board systems can provide suitable views providing the camera positioning is correct and
compensation is mader the movement of the slefarious proprietary film malysis packages
include functions to achieve this analysis consequently this metiiaabt be covered in detail in

this documentRefer tothe Euro NCAP Film and Photo protodar additional considerations
regarding the use of higipeed cameras.

10.4.1 Time for Occurrence of Peak ReboundVelocity

Theoretically, the peak rebound velocity should occur due to the elastic energy release from the sec
assembly, after the peak sled acceleration has occurred. In the case of an acceleration sled this sho
also beprior to the sled braking, which at the earliest should occur from 300ms. It should be verified
that there is sufficient time before the onset of sled braking for the particular sled being used, and tha
any peak rebound velocity analysis is not undertakemg the sled braking phase. The rebound
velocity of the ATD is usually generated due to the release of stored elastic energy within the sea
structure, suspension and foamhe time of occurrence of peak rebound velocity should be the
maximum horizontacomponent of head rebound velocity calculated between T=0 and 300ms.

10.4.2 Target Placement

The ATD should be equipped with a suitable target placed on the side of the head flesh, coinciden
with the head centre of gravitidditionally, three sled targetsithbe required. Two fixed targets of
known separation should be placed on the sled in the same XZ plane, such that a fixed reference c:
be obtained that will not be obscured during the Mete details on video target placements can be
found in the Euws NCAP Film& Photo protocolAll target points used for analysis should be depth
scaled to compensate for any differences in treddrdinates.

10.4.3 Determination of Rebound Velocity
Using a suitable fitarget trackasfolpws: fi |l m anal

1 Head centre of Gravity target velocity (absolute laboratory reference)
1 Sled velocity (absolute laboratory reference)

Both traces should be offset adjusted then filtered at CFC30. Head rebound velocity isadetfimeed
difference betweethe sled velocity and the head velocity. Rebound velocity can be calculated as:
Version 3.2 30
November2014



where:

W = Instantaneous reboubdvelocity of the head CoGelative to the sled
W = InstantaneouX-velocity of head centre of gravity, absolute.
W = InstantaneouX-velocity of sled, absolute.

Generate a third trace of head centre of gravity rebound velocity, relative to the sled. The maximum
value and the time at whichis occurs should be noted. It should be verified using the end of head
restraint contact timel-HRCeng) that this maximum is during the rebound from the head restraint
and is not generated within the sled braking phase. Should higher peaks be gémehateded
braking phase, these should be disregarded and the initial peak of rebound velocity which occurs a
or very near to initial rebound from the head restraint should be taken as the peak value.

10.5 NIC Calculation

The NIC is based on the relativertzontal acceleration and velocity of the occipital joint relative to
T1. To calculate NIC, two data channels are needed, which are thg-heeéleration and average
T1 x-acceleration

Each channel shoul d first be squareadmn/e?), ane tthe hbad o m
x-acceleation should be filtered at CBO. The average T1 channel (previously calculated) is the
result of combinig two channels, bbtof which were filtered at CF&D. Reference should be made

to Section10.2for details of how this average channel is produced.

The fr ealcacteil ve¢r axpbatwean dead apd T1 should be generated blyasting the
head xacceleration” , from the T1 xacceleratiolf
This channel is calculated as follows:

[ [ [

The relativex-velocity, ® , between head and T1 should be calculated, by integrating the relative
acceleration channel with respect to time, as follows:

w O rtat

The NIC channel is then calculated as a combination of relative acceleration multiplied md0.2, a

added to the square of the relative velocity. The calculation is according to the following equation:
00® ™2 O w 0

The maximum overall NIC valy® "O0 , should be obtained from the trace considering only the

portionof data from Fzero untilT-HRCeng)as follows:

6 "08 - A@ 0§ 0b

This maximum value should be noted, along with the time at which it occurs.

10.6 Nkm Calculation

The following definition is provided following the commonly acceptedvenion that derives the
AANnt osoeti oro directions from the torso mo
forward motion relative to the head would leefrer r e dn tteor i @ 6QA and pr oV
compliant instrumentation is usedpwd produce an associated positive upper neck shear force,
O (AHead rearward .relative to the torsoo)
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Conversely, the movement of the torso rearwa
produces the opposite sign of sheace.

The Nkm criterion is based on a combination of moment and shear forces, using critical intercept
values for the load and moment. The shear force intercept value is identical for anterior or posteriot
values, being 845N in both directions of loadiktpwever, the critical intercept value for the
bending moment depends on the direction of loading, having a value of 47.5Nm in extension (heac
rotation rearwards), but a value of 88.1Nm in flexion (head rotation forwdnas)channels will be
required toperform the Nkm calculation, upper neck shear foi©e , in Newtons (N)and
moment, O , in Newtonmetres (Nm).Typically, the shear force will be acquired in

kilo-Newtons (kN), and so in those cases, a conversion froaNieletons kN) to Newtons (N) will
be required.

Once it has been confirmed that both shear force and moment are in the correct units, filtemt
CFC600, according to SAE J211. To allow combination ofithe and™O channels, another

O channel should be produced, filtered at CFC600.

Due to the construction of the BioRID, a correction must then be made to convert the actual momen
measured by the upper neck loadcell into the moment about the Occipital Condyle (OC).
The corected moment) , is equal to the upper neck shear fol@e  multiplied by a constant,

D, then subtracted from the measured momeént, 8Calculate the Moment about the OC
according to the following equation:

0 o 0 o ©0z0 0,
where D=0.01778m

The four components of Nkm are then calculated using the upper neck sheddforcand the
correctednoment about the O,

Each channel fitsneeds to be separated ints positive or negativegoing components by
generating four new channels as follows:

1 Generate two new channel®, and™O , based ofiO force channel.
1 Generate two new channels, and0 basedonth® moment channel.

Each of the new channels should contain only selected positive or negitigeportions of the
respectiveOor 0 channels, with all unwanted data points being replaced by null or zero value, as
defined by:

1 "O channel contains only the positiy@rtion of the"™O force channel as follows:
If 'O (t)>0,theO (1) ="0 (t), els€O (t) = 0;

1 "O channel contains only the negative portion of e force channel as follows:
If 'O (1) <0,thenO () ="0 (), elseO (t) =0;
1 0 channel contains only the positive portion of the moment channel as follows:
If 0 (t)>0,thend (t)=0 (t), elsed ()=0;
1 0 channel containsrdy the negative portion of tHe moment channel as follows:
If 0 (t)<O0,thend (t)=0 (t),elsed (t)=0.
The four components of Nkm are then defined as:

1. iNeck Ext ensj.o hortfeasntbieed negatieping portion of the shear force
channel"O ) and negativgoing portions of the moment channel (), expresseads
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"Oo6o 0 o
!‘O [‘)
where:"O =-845N,0 =-47.5Nm

0

2. iNeck Ext ens,. ohorthe cdmbimed positivgoing portion of the shear force
channel 1O ) and negativaoing portions of the moment channél (), expresseas

"Oo 0 o
!‘O [‘)
where:"O = 845N,0 =-47.5Nm

0

3. AiNeck FI exi pn, oPtbescongbined megativgoing portions of the shear force
channel {0 ) and positivegoing portions of the moment channel (), expresseas

"o 0O o
O 0
where:"O =-845N,0 = 88.1Nm

0

4. iNeck FIl exi anhorAhetcambined positivgoing portions of the shear force
channel 10 ) and positivegoing portions of the moment channeél (), expresse@s

"o 0O o
"O 0
where:"O = 845N,0 = 88.1Nm

0

Each of the four components should be calculated as a new data channel, using only theguositive
negativegoing portions of théOand0 channels as appropte, and the relevant critical intercept
values. Maxima for each of the four components should be calculated, considering only the portion
of data from Fzero until FHRCena) as follows:

o -AD G o
o -AD G o
o - A6 o
o - A6 o

The Nkm value is taken as the maximum value reached by any one of the four comgonents
0O ,0 and0 .Itshould be noted which component of the four reached the maximum value and
the time at which this occurred.

10.7 Seatback DynamicDeflection

Using a suitable target trackifign analysis technique, measure the seatback dynamic opfeoimg
the targets defined ithhe Euro NCAP Film and Photo proto@s follows:

1 Define a line between the upper and lower seatback targets, ST2 and ST3.
1 Define a second line between the forward and rearward sled base targets, B1 and B2.
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1 Calculate the arlg between these two lines at thezdro position. The instantaneous
seatback deflection is defined as the instantaneous difference in angle betweearetbe T
position and the deflected position.

1 Track the change in instantaneous angle between thedemespthroughout the dynamic
test.

The Seatback Dynamic Opening is defined as the maximum change in angle achieved at any tim
during the test between the T zero position attRICendy Note this maximum angle, and the time at
which it occurred.

For sats with twoepoint adjusting back, the same seatback deflection criterion will apply using
targets ST2 and ST3, however it i's recommen
(defined in the Euro NCAP Film and Photo protoclth that any contrition from deflection in

the two point mechanism can be understood.
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Appendix |

MANUFACTURERS SPECIFIED SETTINGS

Prior to preparation of the sled and seats, the following information should be provided by the
manufacturer to allovior the test preparation.

Adjustment

Whiplash preparation

Seat mounting informatiomrawings etc. Requirednformation

1 Floor mounting pattern
1 Seat rail angles

1 Seat rail travel (especially if different or
both sides)
1 Fixation/supportnformation

Alternatively, the manufacturer may suppl
suitable seat mountings to the laboratory.

Heel plane height

Seat belt anchorage positions Where required
Anticipated seat settings 1 Seat lack angle reference puiwrt. eat
Seat back angle(g.3 notches from forward) reference point or HR tube angle.

Triggering information for active systems 1 Triggeringsystem detailsALL relevant

(prettensioners, active HRetc) information(magnetic, electronic,
required curremtoltage, pulse duration
etc.)
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Appendix Il
RCAR GLORIA JIG & CALIBRATION PROCEDURE (H-PM/HRMD C ALIBRATION) *

1 Introduction

For the purposes of standardized seating positions for anthropomorphic test devices the SAE (Society
of Automotive Engineers) designed theRdint Machine (HPM) that allowed a uniform definition

of the human HPoint. Much of this work was completedintheat e 19506s wi th t h.
constant use today. The SAE J826 proceduijewas also defined to allow consistent and
authoritative Hpoints and seating reference points to be defined.

Since the height probe was insufficient to measure both hemghtbackset a head form was designed

to fit the HPoint machine, known as the Head Restraint Measuring Device (HRJ1ID)he HRMD

probes allow the measurement of both head restraint height and backset and are used to rate whiplast
protection in the RCARResearch Council for Automobile) Head Restraint Measurement procedure
[3].

Research studies from Thatchg#) and Partnership for Dummy Technology and Biomechanics
(PDB) [5] have both shown the location of thepdint on different HPMs shows little vaability.
However the location of the weight hangers shows some variability, and this location is not controlled
by any calibration procedure. The weight hanger location variability can by transferred to the HRMD,
and could affect backset measurements. ddigd consequently affect head restraint static geometry
ratings, so a calibration procedure was developed with the aim of controlftdd & HRMD units.

2 Scope

This procedure is designed to allow the calibratiod-¢fM and HRMD units in isolation or together
to restrict build tolerance variations of items currently poorly controlled and allow more repeatable
and reproducible results.

3 Definitions
3.1 H-Point Machine (H-PM/OSCAR)

Machine defined to locate thepbint. HPMs can be either the SAE J826 or-BRype of manikin,

from the US or Europe respectively. It represents a 50th percentile adult male mass and basic
morphology. It consists of a moulded GRP seat/ buttock pan wittta spine to which are attached
weights to represent the average human male. The unit has one central pivot around the pelvis a point
which corresponds with that of the-pdint. The unit has legs and articulated feet which are all
adjustable to represedifferent percentiles. The unit has attached to the main pivot a height probe
and inclinometer not used in the head restraint measurement process. Also known as OSCAR.

3.1.1 SAE J826 Seating Manikin
TheUS version of the HPM.
3.1.2 3D-H Seating Manikin

TheEuropean version of the-AM without the force plunger or thigh bar and with an additional 1 kg
mass.

3.2 HRMD

The Head Restraint Measuring Device consists of a cast magnesium or machined aluminium head
representing the basic dimensions of an adulenide head form is attached to an arm representing
the neck with a joint at the T1 area to allow the head to be levelled in the X plen&lRMD is

" Source: RCAR Procedure, Version ¥&rsion July 2007
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attached to thel-PM via two machined forks that fit onto the weight hanger oHHeM. The unit is
locaed via a third tongue that slots into tHPM spine box.

To facilitate measurement of head restraint geometry two probes are attached to the head form. The
first fits into the centre of the head form and is profiled to that of the back of the slauibleito slide

in and out of the head and has gradations to allow backset measurements to be taken. A similar height
probe slides horizontally from the top of the head and allows the height of a head restraint to be
measured.

When fitting theH-PM to the HRMD it should be noted that thé-PM must first be modified to

accept the unit. The height bar must be removed and its spacing on the spine spindle be replaced by
two washers. Four of the original 8 hanger weights are replaced by two larger cylindigiatiswe

These allow the HRMD forks to locate onto the weight hanger.

4 Equipment Requirements
4.1 H-PM/HRMD Calibration Jig

The HPM/HRMD unit is to be calibrated together as one single unit. FR&MHRMD unit is held

in a jig, known as GLORIA, which will facilitate calibration. The jig is equipped with feet at each
corner to facilitate levelling. The jig holds the seat parthbge horizontal bars of 20mm thickness

that support the seat pan allowing the thigh bar to be horizontal. The baclspppasted by 900mm
vertical bar with its origin at the base of the seat pan in the area of the buttock. This vertical support
has ahorizontal bar at the level of the weight hanger bar and is level. A cord is attachedaxck

pan to prevent the {#M falling forward. Near the top of the vertical support are scribed markings to
indicate the target position of the HRMD height prold@sertical support allows the calibration of

the backset probe when extended.

Figure 14: H-PM/HRMD Calibration Jig (GLORIA)
Set Up and Assembly of GLORIA Jig

5.1 The calibration should be carried out in a room wéthperature at 2(¢ 5 ) and the HRMD,
H-PM andGLORIA jig should have been soaked in that same environments for 6 hours prior
to commencing with step.2

5.2 TheGLORIA jig should be set on a nominally level surface and levelled by adjustment of the
threaded feet. The base plate should be levelled usingchnometer. Surfaces to be used as
reference are the lower horizontal section of the side rails and the seat pan support rods. Then
the front and side surfaces of the vertical support should be checkasure the column is
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