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Preface

1 Where text is contained within square brackets this denotes that the procedure being discussed
is currently being trialled in Euro NCAP. Its incorporation in the Test Protocol will be reviewed
at a late date.

1 During the test preparation, vehigteanufacturers are encouraged to liaise with the laboratory
and to check that they are satisfied with the way cars are set up for testing. Where a manufacturer
feels that a particular item should be altertb@y should ask the laboratory staff to make any
necessary changes. Manufacturers are forbidden from making changes to any parameter that will
influence the test, such as dummy positioning, vehicle setting, laboratory environment etc.

1 It is the responibility of the test laboratory to ensure that any requested changes satisfy the
requirements of Euro NCAP. Where a disagreement exists between the laboratory and
manufacturer, the Euro NCAP secretariat should be informed immediately to pass final judgment.
Where the laboratory staff suspect that a manufacturer has interfered with any of the set up, the
manufacturer's representative should be warned that they are not allowed to do so themselves.
They should also be informed that if another incident occley, will be asked to leave the test

site.

fWhere there is a recurrence of the probl em,
leave the test site and the Secretary General should be immediately informed. Any such incident
may be reported byé Secretary General to the manufacturer and the person concerned may not
be allowed to attend further Euro NCAP tests.

DISCLAIMER: Euro NCAP has taken all reasonable care to ensure that the information
published in this protocol is accurate and refleitte technical decisions taken by the
organisation. In the unlikely event that this protocol contains a typographical error or any other
inaccuracy, Euro NCAP reserves the right to make corrections and determine the assessment and
subsequent result of th8ected requirement(s).
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1 VEHICLE PREPARATION

1.1Unladen Kerb Weight

111 The capacity of the fuel tank wlhisvVolurhee s p e
will be referredtoth oughout as the 6fuel tank capac

1.1.2 Syphon most of the fuel from the tank and then run the car until it has run out of fuel.

1.1.3 Refill the fuel tank with fuel (or an equivalent mass of water or other ballast) to its fuel
tank capacity.

1.1.4 Check the oil level ad top up to its maximum level if necessa®ymilarly, top up the
levels of all other fluids to their maximum levels if necessary.

1.15 Ensure that the vehicle has its spare wheel on board along with any tools supplied with
the vehicleNothing else should be the vehicle.

1.1.6 Ensure that all tyres are inflated accorc
1.1.7 Remove the front vehicle license plate and its holder/brackets if these are removable from
the bumper.

1.1.8 Measure the front and rear axle weightd datermine the total weight of the vehidlbe
tot al wei ght i's t he 0 un Reardtns weight ib thentest g h t
details.

1.2 Additional Weights
1.2.1 Put the foreaft adjustment of both front seats in their rpkitions.If there is no ntch
at the midposition, use the first notch immediately rearward.
1.2.2 Pl ace a 75kg mass on the driverds seat al
1.2.3 Ensure that the front wheels are in the straight ahead position.
1.2.4 If the suspension is adjustable in amgy, ensure that the vehicle is at the correct attitude
for travelling at 40km/hSee Sectiod.4.

1.3Suspension Settling

1.3.1 Roll the vehicle forwards by a distance of at least 1 metre

1.3.2 Roll the vehicle backwards by a distance deast 1 metre

1.3.3 Repeat stepd&.3.1and 1.3.2for three complete cycles. Note: This procedure may be
inappropriate for cars which have to be set up as descril®etion 1.2.4

1.3.4 Measure and record the ride heights of the vehicle at the point on the wheel arch in the
same transverse plane as the wheel cerdeeshis for all four wheels.

1.4  Normal Ride Attitude

1.4.1 After following the above procedures the vehicle is in its Normal Ride Attitude when the
vehicle attitude is in running order positioned on the ground, with the tyres inflated to the
recommended pressures, the front wheels in the straligdetd position, with maximum
capaity of all fluids necessary for operation of the vehicle, with all standard equipment
as provided by theehicle manufacturer, with a K§ mass placed ahe driver's seat and
with a 7%g mass placed on the front passenger's seat, and with the susgen$t a
driving speed of 4m/h in normal running conditions specified by the manufacturer
(especially for vehicles with an active suspension or a device for automatic levelling).

1.4.2 The manufacturer shall specify the Normal Ride Attitude with referentieetoertical
(2) position of any marks, holes, surfaces and identification signs on the vehicle body,
above the groundlhese marks shall be selected such as to be able to easily check the
vehicle front and rear ride heights and vehicle attitlfdae reference marks are found
to be within® 25mm of the design position in the vertical (Z2) axis, then the design position
shall be considered to be the normal ride height. If this condition is met, either the vehicle
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shall be adjusted to the design positiamalbfurther measurements shall be adjusted, and
tests performed, to simulate the vehicle being at the design po¥iiare this is not the
case, the normal ride height as determined within Sett®will be used.

1.4.3 All ride heights measured are the Normal Ride Attitude ride heights.
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2 ASSESSMENT OF VEHICLES WITH DEPLOYABLE SYSTEMS

2.1 Prerequisites to Assessmdn

211

2.1.2

2.1.3

214

2.15

2.16

2.1.7

Prior to the testing and assessment of a vehicle equippedavd#ployablesystem the

vehicle mantacturer must liaise with the Euro NCAP secretariat and test laboratory. This
should begin several weeks before the scheduled test date.

In order for systems to be assessed in the deployed position or for the system to be deployec
during the tests, it wilbe necessary for the vehicle manufacturer to provide the Euro NCAP
Secretariat with the relevant detailed information highlighted in the following sebetoie

any testing begins

The vehicle manufacturer is responsible for providing all necessarynafion, detailed in

this protocol, to the Euro NCAP Secretariat regarding detection of pedestrians and the
deployment of the system. Based on the evidence provided, the Secretariat will decide
whether or not the vehicle qualifies for assessment in ditieedeployed or undeployed
position or if dynamic tests are required.

General information is also required regarding the functionality of the system along with
specific details of the sensing, trigger and deployment systems.

The vehicle manufacturer mustseire that the test laboratory is given adequate information
regarding the replacement of consumable components, system trigger requirements, details
of any health hazards and sufficient spare parts to ensure that testing can be performed or
schedule.

Where there is no information, a lack of sufficient information or the system does not meet
the Euro NCAP requirements; the vehicle will be assessed without triggering of the active
pedestrian protection elements.

The moveable bonnet top is defined as alldtires connected to the bonnet that move with

the whole assembly whettivated in a pedestrian impache rear edge of the bonnet is the
most rearward point of the moveable bonnet top when it is closed

2.2 Detection of Pedestrians

221

222

2221

2.2.2.2

Version 83

PDI2 isthe default teistod to be usedvhen demonstratingystem triggering for the hardest

to detec{HTD) pedestrianWherePDI2has been used, it will not be necessary for CAE data

to be providedustifying the HTD asdetailedin 2.2.2 However,head impact times and
physical testing will still be required as 22.3along with the total response time (TRT) of

the system. TRT = sensing time (ST) + deployment time (DT).

Where thevehicle manufacturer believes that tABI2 is not an appropriate test tool for
replicating the HTD pedestrian, theyust demonstrateith an alternative toaihe sensor
system's ability to detect a range of pedestrian statures that result in head contacts with the
vehicle The statures shoulie selected from a 6 year old child, 5th percentile female, 50th
percentile maleand95th percentile male. A combination of physical testing and numerical
simulations will be required to demonstrate the suitability of the sensing system for the range
of pedestrian sizes.

Thenumer i cal simulations wi |l be r gdid) r ed
pedestrian and support theeof an alternativeest tool. The simulationsvhich mustalso

include the PDI2 responsesill concern the pedestrian sta#s that result in head contact

with the bonnet, as studied and proveBattion2.3. Head impact times for all statures must

be provided regardless of where they contact the vehliohey with the total respse time

(TRT) of the system. TRT = sensing time (ST) + deployment time.(DT)

A minimum of two numerical simulations per appropriate stature (maximum 8 in total) will
be required to identify the Ohardesthol.t o d
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2223
2224

2225

2.2.2.6

2.2.2.7
2228

2229

2.2.2.10

22211
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Pedestrian models should be selected from the different statures specified in Z2ion
Acceptable models and codes detailed inTechnical Bulletin TB013
Whereother numerical models are to be introduced, tihennanufacturer must provide
supporting evidence showing suitable biofidelity and kinematics of the chosen models.
The pedestrian stance to be used in the model will be facing in a direction perpendicular to
the vehicle centreline with the legs apart wadktowards the vehicle centreline with the
rearward leg being impacted by the bumper fif$te heel to heel distare@P) to be used
are:

6YO P =190 + 10 mm

5" P =245+ 10 mm

50"P =310+ 10 mm

95" P =337+ 10 mm

The same simulation shalé used even if the curvature of the bumper results in the front leg
being impacted first.

Note: Accident analyses performed using the GIDAS database have shown that over 80% of
pedestrian impacts are in crossing the road situations. This was used asidisefor
modelling the pedestrian in the lateral stance only.

The models used in the simulations will have the followirgdiht height above ground
when measured in upright standing position with shoes:

A "or@le: 1040mm +5%

A "sr@le:  938mm5%

A " female: 820mm +5%

A 6 YO: 610mm 5%

The tolerance values are created to capture all validated models li3tB@18 based on
human anthropometric data. However, 6YO data is from an old source and only based on
a single sample. As a rdsthis data is preliminary and subject to change in the future when
more data becomes available.
The frictional value to be applied beten the foot and the ground shall be between 0.3£0.1.
The simulations shall b e cmentdheeshole (dT) impactt h e
speed specified by the vehicle manufacturer.
The simulations will be conducted at two separate locations on the bumper. For each of the
appropriate statures simulations will be performed on the vehicle centreline and at the
outbaard end of the bumper test zone defimefection3.8.8 An additional simulation may
be required where the bumper test zone is relatively narrow when compared to the width of
the moveable bonnet top.
Outputs fom the simulations shall clearly highlight what the critical pedestrian size is for
that particular sasing system. Once theardestto detect pedestrian is established the
appropriate test tool that reflects the characteristics of that pedestrian ickemtfeed for
use in the physical tests. The minimum output parameters from the numerical simulations
will be:

A Bumper force

A Effective mass

A Energy

A Bumper intrusion

AAcceleration (when used as trigger)
Effective mass will be calculadl as follows. This calculation assumes that peak force on the

4
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2.2.2.12

2.2.2.13

2.2.2.14

2.2.3

2231

2.2.3.2

vehicle occurs when the leg velocity reaches Om/s:

Me = Effective mass (kg)

t
2 F = Force (N)
ﬁ:dt qv = Change in Velocity (m/s)
dt = Time increment (s)
M = Lo t1 = Time of first contact (s)
e Dv t, = Time of peak force ()

In the event that a system triggers before the peak force is imparted onto the bumper cross
member, the following calculation should be used

t, Me = Effective mass (kg)
~— F = Force (N)
nl—dt a = Leg acceleration (m?s
i dt = Time increment (S)
M = t1 = Time of first contact (s)
e ty t> = Time of system trigger (S)
nid” t
LG}

For the calculation of effective mass, only movement in the X diretdioonsidered. The

most significant structures that load the leg should be considered, such as the bumper cros:
member and any upper or lower cross beams. Less significant structures, such as grills anc
valances may be ignorediscous effects should be igred.

Of the outputs specified in Secti@rR.2.1Q the most appropriatéggerparameteg(s)for the

specific type of sensing system will be used to show an appropriate level of correlation
between the chosetest tool and the numerical simulatiori&igger parameters must
correspond with the system sensing tifiee vehicle manufacturer may choose the impact
location and vehicle components for inclusion onto the calculation of the output parameters.
Physical ésting will be used to assess the capability of the sensing system(s). As a surrogate
for a pedestrian that is larger/heavier than a 50th percentile male, the legform detailed in
Section9 for legform to bumper tests shall bgedl. This is to ensure that the system deploys
when i mpacting |l arger or Oupper | imitd pe
To ensure that the pedestrian impact sensor(s) are effective across the full bumper width, a
minimum of three tests shall be performed at locations witl@rtimper test zone

Test matrix

Test Impactor Impact point Speed Output

1 PDI2HTD® |A Directly on locali s#-d|LT®

50mm If the sensing system uses a combination| +/-2km/h A Hig h S
contact strip switches and localised accelerometers AActuator trigger
posiions of the accelerometers should be used to dg time

the impact locations. Alnitiation of

A F o rlocalisednsensor systems, such as con deployment
switches, test the vehicle centreline.
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Test

Impactor Impact point Speed Output

2 PDI2/HTD | Bumper test zone end, left or right hand sigle | LT

50mm +/-2km/h
3 PDI2HTD | Farthest from sensor(s) if not tested alreatlfy | LT
S0mm +-2km/h AHigh speed film
43 Euro NCAP | Directly on localised sensor e.g. accelerometef- | 40km/h AActuator trigger
detailed in | 50mm For nonlocalised sensor systems test directly| +/-2km/h time
Secton9.1 | line with the front longitudinal membep produce the A I nitia
or WG17 highest acceleration levels on the impacidiis test may deployment

impactor | be performed using a representative surrogate
to account for| equivalent mass and stiffness to prevent damagd

pedestrians

larger instrumentation.

Notes:

1. HTD = Other ppropriatehardest to dete (as defined by sectioh2.2);
2. LT = Lower deployment Threshald
3. The impactor for test 4 may be chosen by the vehicle manufacturer

2.2.3.3

2234

2.2.3.5

2.2.3.6

At least test #3 shall be witnessed or performed by Euro NCAP to verify deplogfibat
system at the lower threshold. Alternatively, it may be performed by the manufacturer and
witnessed at their facility.
Where a test is performed below tbever thresholdspeedout within the velocity tolerance
or outside the bumper test zomad the systemdoes not deploy, the test must be repeated at
a speed no less than the lower threslanid not outside the bumper test zone
The outputs from all physical tests shall include, but is not limited to:
A Good quality hi gh viewoéteedestf i | m showing
A Documentation of the correct t est | o
photographs
A Documentation of test speed (vehicle ¢
markings or speed measurement systems etc.
A thator tigger time (current clamp/ECU).
A Ev i dsysteodeploynient initiation, i.e. film showing the first movement of the
bonnet top or frangible break wires/contacts/squibs.
The first physical test, or tests, must be performed with the pedgstigction system fully
functional from the sensing systems to the bonnet actiatbiay squibsAt the same time,
it is acceptable to include an additional means of highlighting deployment, such as flashes
and/or squibs for that first test. Onaealid firing time andsystemdeployment has been
confirmed, the remaining tests may then be performed with the flashes/squibs connected in
place of the bonnet actuatars airbag thus negating the need for deployment. The entire
system architecture should peesent up to the bonnedtaatorgairbag for all tests. Flashing
hazard warning lights or other indications that are not connected to the actuator wiring
system will not be accepted.

2.3Timing of SystemDeployment

231
23.2

Grid points that are not affected by théiae system will be tested statically.

Where the manufacturer has demonstrated, by numerical simulations or alternative means
(vehicle speed of 45km/h), that a system is fully deployed and remains in the intended position
prior to the head impact time dfd smallest appropriate stature pedestttzan all headform

tests shall be performed with the bonnet in the fully deployed position. There will be no need
to trigger any active elements during g system pedestrian teskbis does not apply to

airbag systems.
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2.3.3 However, vhere thesystemis not fully deployd before the HITior anyappropriatestature
all grid pointsforwards of the correspondingrap around distanceill be testeddynamically.

2.3.4 For systems that do not remain in a permanently deployed position then dynamic pedestrian
testing will be required foall test locations.

2.3.5 The simulations shall be performed usingri@dels and codes detailedliachnical Bulletin
TBO013. Numerical simulations shall be performgth thebonnet in the undeployed position
with all pedestrian statures that result in head contact to the bonnet. Pednstiesshall
be selected from the following staturesiayea old, 5th percentile female, 50th percentile
male and 95th percentile malkhe pedestrian position and stance to $edun the model is
defined in ®ction2.2.2.5and2.6.1.5

2.3.6 From the simulationthe vehicle manufacturer must determine the wrap around distance for
each test location and establish the relevant head impact time for that stature of pedestrian.
graph shall be plotted with a best fit straight line which also identifies the tsbnse time
(TRT) of the system as shownhigurel. The plot of wrap around distance vs head impact time
shall be provided for the assessed vehicle fitted with a deployable system

2.3.7 Further details on performing dynamic tests provided in Sectio.5.

160

140
@
£ 120 50th M .~ 95thM
(:_.I - !_..
£ 100 '
}_
80 S5th F
Ay
__f ou TRT = 60ms
© 40
xI

20 6YO

WAD = 1390
0
0 500 1000 1500 2000 2500

Wrap Around Distance (mm)

Figure 1: WAD vs HIT

In this example
A Up to WAD

1390 tests are conducted dynamica
A From WAD 1390

tests are peroditmomr med with bonn

2.4 Protection at Speedselowthe Deployment Threshold

24.1 Exemption zones

2.4.1.1 Euro NCAP maintains thatehicles thatoffer protection without a deployable device, offer
protection at lower speeds and some protection at higher speeds. Therefore, Euro NCAP
requires that vehicles equipped with deployable pedestrian protection systems also provide
protection at impact speeds below the system deployment threshibld part of the vehicle
affected by the deployable pedestrian protection system

2.4.1.2 The area of theehicle considered will be all grid points that have a distance measured in
the lateral Y axis of 50mm or more inboard from the side reference lines and 50mm or less
measured in the lateral Y axis outboard from the movable bonnet shut lifegGes®.
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2413

2414

2415

24.1.6

24.1.7

2418

2419

Version 83
December

The area will also extend rearward from the 1000map around distanc&(AD) up tothe

rear of themovable bonnet top defined tl.7. Child/small adult headforms will apply to
grid points fran wrap around distancel000mm to 1700mm WAD inclusive and adult
headforms will apply to grid points rearward from 1700mm up ta¢he of the movable
bonnet top SeeFigure?2.

Where parts of the movable bonnet are tadsted in the deployed positieng.based on
head contact timeand others are not, the area of consideration will include all grid points
that are located between ttear of the movable bonnet tapd 50mm forward or less from
the most forward part ohe bonnet that will be tested in the deployed position.Fipee

2.

The vehicle manufactures required to provide the Euro NCAP Secretariat 452 colour
data showing that, at the lower deployment threshold speegtichpoint within the area
mentioned abovéhat is predicted green, yellow or orange at 40ksifall produce HIC
values above 135& the lower deployment threshold

For no less than 2/3rds of the total number of grid points within the prescribed #ea, H
values must not exceed 1000.

Data shall be provided for each grid point according to the following performance criteria:

HIC15< 1000 = Yellow
1000 < HIGs < 1350 = Orange

Up to three physical tests may be performed to verify the CAE datatabglewv the
deployment threshold speed. These tests will be selected at random by the Euro NCAP
Secretariat.

Where any of the criteria iBection2.4.1.50 2.4.1.7are not methenall pedestriandsts will

be performed with theystemin the undeployed position.
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Figure 2: Area to meet low speed requirements

2.5Protection at Higher Impact Speeds

251
2511

25.1.2

2513

Upper deployment threshold

All deployable systems must initiate deployrhe speeds of at least 50km/h. It is not
necessary for a system to be fully deployed and reach the intended position before head
impact at 50km/h, but the vehicle manufacturer must show that deployment has initiated.

A physical test using the impactor dem inSection2.2is required at 50km/h to show that
deployment has initiated. The outputs from the test are as those described inS2@&ibn

The test shall bperformed at either the vehicle centreline or, if localised sensors used, as
far away from the sensor as a possible while remaining within the bumper test zone.

2.6Bonnet Deflection due to Body Loading

26.1

26.1.1

2.6.1.2

Version 83

Given that deployable bonnets may have reduced sufsparttheir peripheral structures
compared to passive systems, Euro NCAP requires that head protection is not compromised
by bonnet collapse.

This is done by measuring and comparing the Z displacement at the position of head contact
for both a deployed anghdeployed bonnett the time of first head conta&t the position

of head impact the difference between deployed and undeployed bonnet can be no more thar
75% of the generated deployment height at that peaefigure 3.

The evaluation shall be calcul ated with t
The package meaning engine and ancillaries. All body in white structures and bonnet
supports must be present. However, all components that load the legs\asdnpest be
included.
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2.6.1.3

26.14

2.6.15

Version 83

At the point of head impact it is essential that the bonnet deflection in the deployed state does
not exceed the total available clearance between deployed bonnet and under bonnet harc
point, i.e. (h2 + h3) z2 > Q seeFigure4.

This would be established using numerical simulations at 40km/h with the appropriate sized
pedestriarthat loads the least supported part of the bonnet top for that particular size of
vehicle. For example, on a athvehiclewith a short bonnet may be that the 50th percentile

male contacts the vehicle rearward of the bonnet top. Therefore, a smaller pedestrian stature
will be required.

The stance described in Secti®12.2.5shall be used postini ng t he pedestr
the vehicle centreline.

Note: Impacts at the centreline were chosen to simplify to the modelling needed and to avoid
the possibility of glancing blows. It is also assumed there will be the least support to the
bonnet at theentreline.

10
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1. Undeployed simulation: 40 km/h, centreline, walking posture, 50!"% (if no bonnet contact 5!"%)

All measures are taken vertically at head impact point at first time of head contact.

Example:

&
EURO N

WWW.Euroncap.

Output:
a. Zdisplacement at head contact point: z1
at first time of head contact

2. Deployed simulation: 40 km/h, centreline, walking posture, 50t"% (if no bonnet contact 5" %)

Example:
z2 =75 mm
h2 =100 mm

Output:
b. Z displacement: z2
c. Deployment height: h2

3. Requirement:

z2 -2z1<75% x h2 Bonnet deflection in the deployed state (z2)
must not exceed bonnetdeflection in the

Example: undeployed state (z1) by more than 75%

75 mm - 50 mm < 75% x 100 mm of the deployment height (h2).

25 mm < 75 mm (= OK)
Figure 3: Bonnet deflection deployed and undeployed comparison
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Simulation: 40 km/h, centreline, walking posture, 50t"% (if no bonnet contact 5t%)

All measures are taken vertically at head impact point at first time of head contact.

z2: Vertical displacement
as result of bonnet loading

h2: Deployment height at
head impact point -

h3: Undeployed bonnet to

under bonnet hard point | |

at head impact point h2
(clearance)

z2

1

Y

Package requirement:
(h2+h3)-22>0

Example:

(100 mm + 30 mm) - 75 mm =55 mm

55 mm >0 mm (= OK)

A

h3

Example:

z2 =75 mm
h2 =100 mm
h3 =30 mm

WWW.Euroncap.

Figure 4: Bonnet deflectiontotal clearance requirement

Version 83
December 2016

12



3 VEHICLE MARKING

3.1 General

3.1.1

3.1.2

3.1.3

3.14

3.1.5

3.1.6

3.1.7

3.1.8

3.1.9

3.1.10

3.1.11

3.1.12

The vehicle shall be markedth agrid as described in the following sectiofifie marking
procedures divide the front of the car into zones which are then assessed using appropriate
impactors.

Where no predicted data is to be provided by the vehicle manufacturézsthlele area
shallbe marked as described in thero NCAP Pedestrian Testing Protogefsion5.3.1,
November 2011.

All markings and measurements should be made with the vehicle in its Normal Ride Attitude.
The vehicle manufacturer must proviéeiro NCAP withcoordinates Dball grid points
derived from either CAE data or physical mark.out

A comparison of tharid origin C0,0and two other pointson 2100WAD will be made
between the laboratory mark out and the data provided by the vehicle manufaaturer
manufacturepredcteddata to be accepted, grid points must be within 20mm of each other.
Where the grid points of Euro NCAP and vehicle manufacturer are within 10naacbf
otherthelaboratory markout shallbe used.

Where the two grids differ by more than 10rtime vehicle manufacturer shall be informed

and both markings will bexamined in greater detad establish the cause of any differences

The Secretariat will then take a decision as to how to proceed with vehicle marking.

The vehicle manufacturer must providigta for allheadformgrid locations. Testing will be
carried out by Euro NCAP to a number of locations to verify the accuracy of data provided
by the vehicle manufacturer

For vehicles fitted witldeployable systemshe headform impactonarkingwill be applied

to the vehicle with thesystemin the umeployed state. This will be the case regardless of
whether or not the bonnet is locking or Hooking or the vehicle uses an airbag

For vehicles fitted withdeployable systemshe WAD775mm and WAD930mmwill be
marked on the vehicle with tisystemin the undeployed state. If deployment occurs prior

to the pedestrian contact with thM¢AD775mm creating an increased hazard such as
increasedheight, the Euro NCAP secretariat will give consideration to mgrkiut the
WAD775and WAD930mnin the deployed state.

Note: Marking in the undeployed state was chosen to avoid the possibility of discontinuities
in the test areas leading to anomalies or inconsistencies in the test results.

Where the vehicle manufacturprovides data showing that a deployable system offers
protection to the upper leg, the upper legform tests will be carried out by conducting dynamic
tests. TheWAD775mmand WAD930mmwill be marked on the vehicle in the deployed
position.

In case of anyaps in the relevant markup areas of the vehicle front such as WAD 930 and
the internal bumper reference line, e.g. in the grille area, approximate the outer contour of
the vehicle using tape spanthese gaps. Between the lower bumper reference linehand t
BLE, create a wrap around up to the BLE. All measurements and markings shall be placed
on this tape. In case of any doubt how to place the tape use the WAD marking procedure, i.e.
the covering tape is placed like the tape measure during WAD marking

3.2Bonnet Side Reference Line

The Bonnet Side Reference Line is defined as the geometric trace of the highest points of contac
between a straight edge 700mm long and the side of a bondefjrees] in Sectio3.3.1and APillar,

when the straight edge, held parallel to the lateral vertical plane of the car and inclined inwards by 45
is traversed down the side of the bonnet top amRillar, while remaining in contact with the surface
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of the body shell, any contaeith door mirrors is ignored. Séagure5. Where multiple or continuous
contacts occur the most outboard contact shall forrbdheetside reference line

Bonnet Side Reference Line \

Straight edge 700 mm long S

Figure 5: Determination of the bonnet side referencelines

3.2.1 Fix a straight edge that is 700mm long at #bthe vertical. With this edge in a plane parallel
to the lateral vertical plane of the car, position the straight edfe &bnt of the front wing
and in contact with, the bonnet.

3.2.2 Mark the uppermost point of contact of the straight edgevamgl

3.2.3 Pul the straight edge away from tindng, move it towards the other end of Wehicleby
not more than 100mm anken back into contact with the wing

3.24 Mark the uppermost point of contact of the straight edgenamgl

3.25 Repeat Section3.2.3to 3.2.4moving the edge along the length of the wingPillar and
Cant Rail if required (dependinghdhe anticipatedposition of the 2100 Wrap Around
Distance).

3.2.6 Using a flexible rule, join the marks on thkiehide to form a line.This line may not be
conti nuous lraundthenaing/widegl aramp 6

3.2.7 Repeat for the other side of the vehicle

3.2.8 A partial modification of the side reference lines may be necessary subsequent to the
determination of the corner refe® points according to Secti8rb.2

3.3Bonnet Leading Edge Reference Line

The Bonnet Leading Edge Reference Line is defined as the geometric trace of the points of contac
between a straight edge 1000mm lond ¢he front surface of the bonnet, when the straight edge, held
parallel to the vertical longitudinal plane of the car and inclined rearwards tan80with the lower

end 600mm above the ground, is traversed across and in contact with the bonneteldgeljrsge
Figure6. For vehicles having the bonnet top surface inclined at essentiallgdbthat the straight edge
makes a continuous contact or multiple contacts rather than a point contact, determine the referenc
line with the straight edge inclined rearwards at an angle of~0 vehicles of such shape that the
bottom end of the straight edge makes first contact then that contact is taken to be the bonnet leadin
edge reference line, at that lateral positieor vehicles of such shape that the top end of the straight
edge makes first contact then the geometric trace of 1000mm wrap around disliabeaised as the
Bonnet Leading Edge reference line at that lateral posifioe.top edge of the bumper shall als b
regarded as the bonnet leading edge, if it is contacted by the straight edge during this procedure.

Version 83 14
December 2016



3.3.1

3.3.2

3.3.3
3.34
3.3.5

3.3.6

3.3.7
3.3.8

Figure 6: Determination of the Bonnet Leading Edge Reference Line

The bonnet leading edge defined as the front upper eutstructure including the bonnet

and wings, the upper side members of the headlight surround and any other attachments.
Fix a straight edge that is 1000mm long at &Dthe vertical and with its lower end at a
height of 600mmlIf the top surface of thbonnet is inclined at essentially 56o that the
straight edge makes a continuous contact or multiple contacts rather than a point contact,
determine the reference line with the straight edge inclined rearwards at an angle of 40
With this edge in a planparallel to the vertical longitudinal plane of the car, position the
straight edge at one end of, and in contact with, the bonnet.

Mark the point of contact of the straight edge and bonnet.

If the bottom end of the straight edge makes first contactrttaeh this point of contact.

If the top end of the straight edge makes first contact behind the 1000mm Wrap Around
Distance then use the geometric trace of the 1000mm Wrap ArBustdnceat that lateral
position.

Pull the straight edge away from the bonmeove it towards the other end of the bonnet by
not more than 100mm and then into contact with the bonnet.

Mark the point of contact of the straight edge and bonnet.

Repeat Section3.3.4to 3.3.7across the whole width of the bonnet. Using a flexible rule,
join the marks on the bonnet to form a lifidis line may not be continuous but ngympd
around the grill and badge area @éthuis line is the Bonnet Leading Edge Reference Line.

3.4Bonnet Rea Reference Line

The Bonnet rear reference line is defined as the geometric trace of the most rearward point of contac
between a 165mm sphere and the frontal upper surface, when the sphere is traversed across the fron
upper surface, while maintainirmgntact with the windscreen.

3.4.1
3.4.2

3.4.3

Version 83

Remove the wiper blades and arms.

Placea 165mm sphere at the vehicle centreline on the frontal upper surface so that the
rearmost point of contadf the spherés always ortheglass.

Mark the most forward point of contaate t ween t he sphere and 1t}
surface. Repeat this at suitable increments moving outboard until the sphere contacts the side
reference lin®n both sides of the vehicl8eeFigure?.
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