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INTRODUCTION

Car-to-car rear impacts are one of the most fregaecidents happening on the roads
due to driver distraction or misjudgement.

Typical accidents during city driving are normatigcurring at relatively low speeds
where the impacted car is already at standstill,viith a high risk of a debilitating
whiplash injury to the driver of the struck vehicWhile injury severities are usually
low, these accidents are very frequent and reptesen a quarter of all crashes.

Similar accident scenarios occur on the open raghoderate to higher speeds, where
a driver might be distracted and may fail to redsgrthat the traffic in front of him is
stopped, coming to a stop or is driving at a logmzed.

To support the driver in avoiding such nose to taélshes, car manufactures offer
avoidance technology that warns, supports adeduateng and/or ultimately stops
the vehicle by itself. Systems that work mostlyoater speed are referred to as AEB
City systems, those that function at higher spe®H8& Inter-Urban systems.

This protocol specifies the AEB City and AEB Intérban test procedures, which are
part of the Adult Occupant Protection and the Safetsist assessment, respectively.
For AEB City, only the CCRs scenario is applicaiMeere the AEB functionality at
lower speed is tested. To be eligible to score tpdior AEB City, a good Whiplash
score must be achieved for the front seat.

For AEB Inter-Urban, the system is tested in thseenarios (CCRs, CCRm and
CCRD). For this type of AEB system, both the AEBdaRCW functionality is
assessed.
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DEFINITIONS
Throughout this protocol the following terms aredrs

Peak Braking Coefficient (PBC) —the measure of tyre to road surface friction based
on the maximum deceleration of a rolling tyre, mead using the American Society
for Testing and Materials (ASTM) E1136-10 (2010rstard reference test tyre, in
accordance with ASTM Method E 1337-90 (reapprov@@b), at a speed of 64.4km/h,
without water delivery.

Autonomous emergency braking (AEB) -braking that is applied automatically by
the vehicle in response to the detection of ayikellision to reduce the vehicle speed
and potentially avoid the collision.

Forward Collision Warning (FCW) — an audiovisual warning that is provided
automatically by the vehicle in response to thesct@tn of a likely collision to alert
the driver.

Dynamic Brake Support (DBS) —a system that further amplifies the driver braking
demand in response to the detection of a likelylistoh to achieve a greater
deceleration than would otherwise be achieved ler iraking demand in normal
driving conditions.

Car-to-Car Rear Stationary (CCRs) —a collision in which a vehicle travels forwards
towards another stationary vehicle and the frostalcture of the vehicle strikes the
rear structure of the other.

Car-to-Car Rear Moving (CCRm) — a collision in which a vehicle travels forwards
towards another vehicle that is travelling at cansspeed and the frontal structure of
the vehicle strikes the rear structure of the other

Car-to-Car Rear Braking (CCRb) — a collision in which a vehicle travels forwards
towards another vehicle that is travelling at canstspeed and then decelerates, and
the frontal structure of the vehicle strikes tharrgtructure of the other.

Vehicle under test (VUT)— means the vehicle tested according to this pobteith a
pre-crash collision mitigation or avoidance systamboard

Euro NCAP Vehicle Target (EVT) — means the vehicle target used in this protocol
as specified in Annex A

Time To Collision (TTC) — means the remaining time before the VUT strikes the
EVT, assuming that the VUT and EVT would continoetrvel with the speed it is
travelling.
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Taes — means the time where the AEB system activatesvation time is determined
by identifying the last data point where the fidéracceleration signal is below -1
m/fz, and then going back to the point in time wheredhceleration first crossed -0.3
m/

Trcw — Means the time where the audible warning of RB&V starts. The starting
point is determined by audible recognition

Vimpact — means the speed at which the VUT hits the EVT

Vrel_impact — means the relative speed at which the VUT hits ENET by
subtracting the velocity of the EVT from Vimpactthé time of collision
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REFERENCE SYSTEM

Convention

For both VUT and EVT use the convention specified30 8855:1991 in which the
x-axis points towards the front of the vehicle, yhaxis towards the left and the z-axis
upwards (right hand system), with the origin at tmest forward point on the
centreline of the VUT for dynamic data measuremastshown in Figure 1.

Viewed from the origin, roll, pitch and yaw rotatileckwise around the x, y and z axes
respectively. Longitudinal refers to the componehthe measurement along the x-
axis, lateral the component along the y-axis anticat the component along the z-
axis.

This reference system should be used for bottatedtright hand drive vehicles tested.
Vertical (z)

FAR SIDE

Longitudinal (x) Lateral (y)
Figure 1: Coordinate system and notation

Lateral Offset

The lateral offset is determined as the laterabdise between the centre of the front
of the VUT and the centre of the rear of the EVTewimeasured in parallel to the
intended straight lined path as shown in the fidhglow.

Lateral offset = Yyt error + Ygyt error
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xdistance

Figure 2: Lateral offset

MEASURING EQUIPMENT

EVT path

7__4_7*__ _____ - ——
I

Y gy €rror

Sample and record all dynamic data at a frequercyt deast 100Hz. Synchronise
using the DGPS time stamp the EVT data with thahefVUT.

Measurements and Variables

Time

» CCRs and CCRm:glequals TTC =4s
(CCRb: Ty when EVT starts decelerating)

* Taes, time where AEB activates

*  Tgcw, time where FCW activates

*  Timpac, time where VUT impacts EVT

Position of the VUT during the entire test
Position of the EVT during the entire test

Speed of the VUT during the entire test
*  Vimpac, SPeed when VUT impacts EVT
*  Vielimpac, relative speed when VUT impacts EVT

Speed of the EVT during the entire test

Yaw velocity of the VUT during the entire test
Yaw velocity of the EVT during the entire test
Acceleration of the VUT during the entire test
Acceleration of the EVT during the entire test

Measuring Equipment

T
To

Taes

Trcw
Timpact
Xvut, Yvut
Xevt, YevT

VVUT
Vimpact
Vrel,impact
Vevr
lPVUT
q"EVT
AVUT

A EVT

Equip the VUT and EVT with data measurement andiiadgpn equipment to sample

and record data with an accuracy of at least:



4.4
44.1
4411
44.1.2

4413
4414

Version 1.0
July 2013

 VUT and EVT speed to 0.1km/h;

* VUT and EVT lateral and longitudinal position t®8m ;
 VUT and EVT yaw rate to 0.1°/s;

« VUT and EVT longitudinal acceleration to 0.1R/s

» VUT steering wheel velocity to 1.0 °/s.

Data Filtering
Filter the measured data as follows:
Position and speed are not filtered and are usdteinraw state.

Acceleration with a 12-pole phaseless Butterwoilterfwith a cut off frequency of
10Hz.

Yaw rate with a 12-pole phaseless Butterworthrfiteh a cut off frequency of 10Hz.
Force with a 12-pole phaseless Butterworth filteéhwa cut off frequency of 10 Hz.
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EURO NCAP VEHICLE TARGET

Specification

Conduct the tests in this protocol using the Eu@AR Vehicle Target V1 (EVT) as
shown in Figure 3 below. The EVT replicates theuals radar, LIDAR and PMD
attributes of a typical Mpassenger vehicle, and is impactable at diffeaespeeds up
to 50km/h without causing damage to the VUT or EVT.

Figure 3: Euro NCAP Vehicle Target (EVT)

To ensure repeatable results the propulsion syséeoh EVT must meet the
requirements as detailed in Annex A.

The EVT is designed to work with the following typef sensors:
* Radar (24 and 77 GHz)

« LIDAR
e Camera
« PMD

When a manufacturer believes that the EVT is naaBkle for another type of sensor
system used by the VUT but not listed above, theufaturer is asked to contact the
Euro NCAP Secretariat.
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TEST CONDITIONS

Test Track

Conduct tests on a dry (no visible moisture on gheace), uniform, solid-paved
surface with a consistent slope between level &bd The test surface shall have a
minimal peak braking coefficient (PBC) of 0.9.

The surface must be paved and may not contain raaguiarities (e.g. large dips or
cracks, manhole covers or reflective studs) thay mae rise to abnormal sensor
measurements within a lateral distance of 3.0nitheeside of the test path and with a
longitudinal distance of 30m ahead of the VUT whientest ends.

The presence of lane markings is allowed. Howéssing may only be conducted in
an area where typical road markings depicting amyilane may not be parallel to the
test path within 3.0m either side. Lines or markimgay cross the test path, but may
not be present in the area where AEB activatior@arataking after FCW is expected.

Weather Conditions
Conduct tests in dry conditions with ambient terappe above 5°C and below 40°C.

No precipitation shall be falling and horizontakiility at ground level shall be
greater than 1km. Wind speeds shall be below 1@m/sinimise EVT and VUT
disturbance.

Natural ambient illumination must be homogenoushia test area and in excess of
2000 lux for daylight testing with no strong shadoegast across the test area other
than those caused by the VUT or EVT. Ensure tesisngot performed driving
towards, or away from the sun when there is dsaatight.

Measure and record the following parameters prbfgrat the commencement of
every single test or at least every 30 minutes:

a) Ambient temperature in °C;

b) Track Temperature in °C;

c) Wind speed and direction in m/s;
d) Ambient illumination in Lux.

Surroundings

Conduct testing such that there are no other vehitlighway furniture, obstructions,
other objects or persons protruding above the sestace that may give rise to
abnormal sensor measurements within a lateralristaf 3.0m to either side of the
test path and within a longitudinal distance of 3@nhead of the VUT when the test
ends (Figure 4).
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Test areas where the VUT needs to pass under ackeiigns, bridges, gantries or
other significant structures are not permitted.

3m 3m

Figure 4: Free surroundings

The general view ahead and to either side of theaieea shall comprise of a wholly
plain man made or natural environment (e.g. furttest surface, plain coloured
fencing or hoardings, natural vegetation or sky)etnd must not comprise any highly
reflective surfaces or contain any vehicle-likehsiettes that may give rise to
abnormal sensor measurements.

VUT Preparation

AEB and FCW System Settings

Set any driver configurable elements of the AEB/an&CW system (e.g. the timing
of the collision warning or the braking applicatibrpresent) to the middle setting or
midpoint and then next latest setting similar t® éxamples shown in Figure 5.

Setting 1 Setting 2
Early Setting 1 Setting 2 Setting 3 Late

Setting 1 Setting 2 Setting 3 Setting 4

Figure 5: AEB and/or FCW system setting for testing

Deployable Pedestrian/VVRU Protection Systems

When the vehicle is equipped with a deployable pe@a/VRU protection system,
this system shall be deactivated before the testmgmences.
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Tyres

Perform the testing with new original fitment tyrefsthe make, model, size, speed and
load rating as specified by the vehicle manufactutés permitted to change the tyres
which are supplied by the manufacturer or acquakedn official dealer representing
the manufacturer if those tyres are identical makedlel, size, speed and load rating
to the original fitment. Inflate the tyres to thehicle manufacturer's recommended
cold tyre inflation pressure(s). Use inflation me®s corresponding to least loading
normal condition.

Run-in tyres according to the tyre conditioning ggdure specified in 7.1.3. After
running-in maintain the run-in tyres in the samesippon on the vehicle for the
duration of the testing.

Wheel Alignment Measurement

The vehicle should be subject to a vehicle (injlipggometry check to record the wheel
alignment set by the OEM. This should be done #ithvehicle in kerb weight.

Unladen Kerb Mass

Fill up the tank with fuel to at least 90% of tlaak’s capacity of fuel.

Check the oil level and top up to its maximum le¥elecessary. Similarly, top up the
levels of all other fluids to their maximum levéisiecessary.

Ensure that the vehicle has its spare wheel ondbadfafitted, along with any tools
supplied with the vehicle. Nothing else shouldroéhe car.

Ensure that all tyres are inflated according totenufacturer’s instructions for the
appropriate loading condition.

Measure the front and rear axle masses and deterttmintotal mass of the vehicle.
The total mass is the ‘unladen kerb mass’ of tHaoke. Record this mass in the test
details.

Calculate the required ballast mass, by subtra¢hiagnass of the test driver and test
equipment from the required 200 kg interior load.

Vehicle Preparation

Fit the on-board test equipment and instrumentaiiothe vehicle. Also fit any
associated cables, cabling boxes and power sources.

Place weights with a mass of the ballast mass. ifargs added should be securely
attached to the car.

With the driver in the vehicle, weigh the front amedr axle loads of the vehicle.
Compare these loads with the “unladen kerb mass”

The total vehicle mass shall be within £1% of thensof the unladen kerb mass, plus
200kg. The front/rear axle load distribution ne¢ade within 5% of the front/rear

10



6.4.6.6

Version 1.0
July 2013

axle load distribution of the original unladen kertass plus full fuel load. If the
vehicle differs from the requirements given in tharagraph, items may be removed
or added to the vehicle which has no influencetsmpérformance. Any items added
to increase the vehicle mass should be securelghetl to the car.

Repeat paragraphs 6.4.6.3 and 6.4.6.4 until the &ind rear axle loads and the total
vehicle mass are within the limits set in paragréph6.5. Care needs to be taken
when adding or removing weight in order to appradenthe original vehicle inertial
properties as close as possible. Record the fixiallaads in the test details. Record
the axle weights of the VUT in the ‘as tested’ dtind.

11
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TEST PROCEDURE

VUT Pre-test Conditioning
General
A new car is used as delivered to the test laboyato

If requested by the vehicle manufacturer, driveaximum of 100km on a mixture of
urban and rural roads with other traffic and rodddurniture to ‘calibrate’ the sensor
system. Avoid harsh acceleration and braking.

Brakes
Condition the vehicle’s brakes in the following men

» Perform ten stops from a speed of 56km/h with aeraye deceleration of
approximately 0.5 to 0.6g.

» Immediately following the series of 56km/h stoperfprm three additional stops
from a speed of 72km/h, each time applying suffitierce to the pedal to operate
the vehicle’s antilock braking system (ABS) for thajority of each stop.

* Immediately following the series of 72km/h stopseye the vehicle at a speed of
approximately 72km/h for five minutes to cool thrakes.

» Initiation of the first test shall begin within twwurs after completion of the brake
conditioning

Tyres
Condition the vehicle’s tyres in the following mamno remove the mould sheen:

» Drive around a circle of 30m in diameter at a spsefficient to generate a
lateral acceleration of approximately 0.5 to 0.6y three clockwise laps
followed by three anticlockwise laps.

* Immediately following the circular driving, driveodir passes at 56km/h,
performing ten cycles of a sinusoidal steering tripteach pass at a frequency
of 1Hz and amplitude sufficient to generate a pkskral acceleration of
approximately 0.5 to 0.6g.

* Make the steering wheel amplitude of the final eyof the final pass double
that of the previous inputs.

In case of instability in the sinusoidal drivinggduce the amplitude of the steering
input to an appropriately safe level and contirhesfour passes.

AEB/FCW System Check

Before any testing begins, perform a maximum ofrters at the lowest test speed the
system is supposed to work, to ensure proper fomiciy of the system.

12



7.2 Test Scenarios

7.2.1 The performance of the VUT AEB system is assesséde CCRs, CCRm and CCRb
scenarios as shown in Figure 6abc.

7.2.2 For testing purposes, assume a straight line pativ&ent to the centreline of the lane
in which the collision occurred, hereby known as thst path. Control the VUT with
driver inputs or using alternative control systethat can modulate the vehicle
controls as necessary to perform the tests.

- - - — EVT - — . —
Foe
10 - 50 km/h 0 km/h
30 - 80 km/h
Figure 6a: CCRs scenario
- - - — EVT - — . —
T —_—
30 - 80 km/h 20 km/h
Figure 6b: CCRm scenario
- - - — EVT i — | a—
12mand 40 m |
P
50 km/h 50 km/h
2 and 6 m/s?

Figure 6¢: CCRb scenario
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The CCRs and CCRm tests will be performed with $ker/10km/h incremental steps
(see 7.4.4) within the speed ranges shown in thlesdelow.

CCRs
AEB + FCW combined
AEB only FCW only
AEB FCw
AEB City 10-50 km/h - 10-50 km/h -
AEB Inter-Urban - 30-80 km/h 30-80 km/h 30-80 km/lp
CCRm
AEB + FCW combined
AEB only FCW only
AEB FCw
AEB Inter-Urban 30-70 km/h 50-80 km/h 30-80 km/h 50-80 km1h

The CCRb tests will be performed at a fixed spdeslo@m/h for both VUT and EVT
with all combinations of 2 and 6ni/deceleration and 12 and 40m headway.

CCRb
AEB+FCW combined, AEB only & FCW only
2 mi$ 6 m/<
AEB Inter-Urban 12m 50 km/h 50 km/h
40m 50 km/h 50 km/h

The desired deceleration of the EVT shall be redehighin 1.0 seconds and shall not
vary by more than + 0.25 ni/sf the desired level at any point in time unti tnd of
test.

Test Conduct

Before every test run, drive the VUT around a eiraf maximum diameter 30m at a
speed less than 10km/h for one clockwise lap fadldwy one anticlockwise lap, and
then manoeuvre the VUT into position on the teshpH requested by the OEM an
initialisation run may be included before everyt tes. Bring the VUT to a halt and
push the brake pedal through the full extent ofdfand release.

For vehicles with an automatic transmission sel@ctFor vehicles with a manual
transmission select the highest gear where the Rifl\be at least 1500 at the test
speed. If fitted, a speed limiting device or cruismtrol may be used to maintain the
VUT speed, unless the vehicle manufacture showishiese are interferences of these
devices with the AEB system in the VUT. Apply ontyinor steering inputs as

14
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necessary to maintain the VUT tracking along tis¢ path.

Perform the first test a minimum of 90s and a maximof 10 minutes after

completing the tyre conditioning, and subsequestistafter the same time period. If
the time between consecutive tests exceeds 10 esimepeat the tyre conditioning
procedures and recommence testing.

Between tests, manoeuvre the VUT at a maximum spe®&dkm/h and avoid riding
the brake pedal and harsh acceleration, brakitigroing unless strictly necessary to
maintain a safe testing environment.

Test Execution
Accelerate the VUT and EVT (if applicable) to tlespective test speeds.

The test shall start aty{4s TTC) and is valid when all boundary conditi@me met
between §and Tags/Trcw:

- Speed of VUT (GPS-speed) Test speed + 1.0 km/h
- Speed of EVT (GPS-speed) Test speed £ 1.0 km/h
- Lateral deviation from test path 0+x0.1m

- Relative distance VUT and EVT (CCRDb) 12m or 405m

- Yaw velocity 0x1.0°s

- Steering wheel velocity 0+15.0°/s

The end of a test is considered when one of theviolg occurs:

- Vwr = Okm/h
- Vwur < Vevr
- Contact between VUT and EVT

A system can consist of a combined AEB and FCWtfanor separate AEB or FCW
functions. For combined systems, both sectiongt.l4nd 7.4.4.2 apply. Where the
functions are separate, section 7.4.4.1 appliesecAEB function and 7.4.4.2 applies
to the FCW.

For AEB systems tests, when there is complete awcig, the subsequent test speed
for the next test is incremented with 10km/h. Whieere is contact, first perform a
test at a test speed 5km/h less than the test splee@d contact occurred. After this
test continue to perform the remainder of the testis speed increments of Skm/h by
repeating section 7.3.1 to 7.4.3. Stop testing wherspeed reduction seen in the test
is less than 5 km/h.

For manual or automatic accelerator control, itdseéo be assured that during
automatic brake the accelerator pedal does nolt iesan override of the system.

For FCW system tests, when there is complete amo&ahe subsequent test speed
for the next test is incremented by 10km/h. Wheardhis contact, first perform a test
at a test speed 5km/h less than the test speed wbatact occurred. After this test

15
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continue to perform the remainder of the tests wjpeed increments of 5km/h by
repeating section 7.3.1 to 7.4.3. In the AEB Inteban CCRm and CCRb scenarios,
only perform tests at the test speeds where thex® mo avoidance in the AEB
function tests, where applicable. Stop testing wihernspeed reduction seen in the test
is less than 5 km/h or the relative impact speeddee than 50 km/h.

The FCW system tests should be performed usingakifg robot reacting to the
warning with a delay time of 1.2 seconds to accdomndriver reaction time.

Braking will be applied that results in a maximunake level of -4 mfs- 0.25 m/$
when applied in a non threat situation. The paldiclbrake profile to be applied
(pedal application rate applied in 200ms (max. 492sh and pedal force) shall be
specified by the manufacturer. When the brake lgergiiovided by the manufacturer
results in a higher brake level than allowed, teeation steps as described in Annex
B will be applied to scale the brake level to -4Ta/0.25 m/$,

When no brake profile is provided, the default lergkofile as described in ANNEX
B will be applied.

16
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PHOTOGRAPHIC AND VIDEO REQUIREMENTS

Vehicle Markings

Euro NCAP markings will be attached to the extenbthe vehicle in the following
locations; upper half of driver’s door, upper halffront passenger’s door and on the
front half of the roof of the vehicle, left and higsides.

Test house logos may be added to the vehicle pedvitiat they do not detract
attention from the Euro NCAP markings. Suitableatomns for such markings would
be the lower half of the rear doors and on the bbanthe base of the windscreen.

NCAP

—
WWW.euroncap.com J \m‘

Event Recording

Each VUT shall be photographed in test conditiolrpto test: these photographs
should effectively show positioning of the test ipguent within the vehicle and good
general reference photographs of all sides of tkterier of the vehicle. Where
applicable a photographic record of the chassite ptecluding Vehicle Identification
Number should also be made.

Each test run should be filmed from an externalitpmsto effectively record any
behavioural characteristics of the vehicle for eaoh This should be filmed in a way
to best allow a clear and repeatable view of all tens and camera location shall not
alter once testing has commenced, although canpaanfng” can be used. The
camera should be positioned at normal height ahelegated.

On-board cameras should be used to further recehitle behaviour from inside the
vehicle.
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ANNEX A EVT SPECIFICATIONS
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The Euro NCAP Vehicle Target (EVT) which is used AEB City and Inter-Urban

testing is developed to have the radar signatweBectivity and visual signature
comparable to that of a ‘C’ segment vehicle in ordeaid radar, LIDAR, PMD and

camera detection respectively.

The EVT is build up out of a balloon structure tigtcovered by a PVC cover on

which a vehicle is printed. For both a detailedcdgsion is provided within this
Annex.

Balloon Vehicle Structure

The balloon structure consists of polyester, polyleine, PA 6.6, polychloroprene and
nylon. The one known supplier of the balloon swuetis Deutschen Schlauchboot
GmbH (ttp://www.deutsche-schlauchboot.)d@he outer dimensions of the balloon
structure are 1600 mm wide and 1350 mm tall wittolarance of + 10mm. More

detailed dimensions can be found in the front ade giew in Figure A.1-1 and Figure
A.1-2.
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Figure A.1-1: Balloon structure front view
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Figure A.1-2: Balloon structure side view

Al1l Radar Absorption Mat

At the impact side and rear of the balloon targktyar of radar absorbing material is

applied. The exact position and dimensions of thiedar absorption mats are shown
in Figure A1.1-1 and Figure AL.1-2. The material properties of the radar absorption
mat are detailed in paragraph A.1.1.1
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< ==—=F

Figure A.1.1-1:Rear and side view of balloon stuuetincluding the rear radar
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Figure A.1.1-2: Section B-B and side view of bafiiructure including the front
radar absorption mat

A.1.1.1 Material Properties

The radar absorption mats are according to ASTM@92168 and are made of
Polyurethane foam EC 712 with the attenuation iredBhown in the table below. The
absorber can be loaded with 2 mW per mm 2.

Footprint Thickness | <1GHz | 3 GHz 5 GHz 10 GHz | 18 GHz
500x500mm  10mm 10 25 35 40

A.1.2 Bumper

At the impact side, a bumper plate is attacheddot fof the balloon structure to create
a more vehicle like contour. The dimensions andtiposof the bumper element are
shown in Figure A.1.2-1 and Figure A.1.2-2. Thestahces on the dimensions are +
10mm.
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Figure A.1.2-2: Top, side, front and ISO view ohipeer element.

Radar Reflector

Within the bumper element, a radar reflector isorporated. The reflector has an
inside edge length of 55mm and imitates a surfdc25m? at 77GHz. The position
and orientation of the radar reflector within themrper element is shown in Figure
A.1.3-1.
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Figure A.1.3-1: Front and side view of the raddlector within the bumper element

Reflective Film

In addition to the radar reflector, two reflectifiens of 1360mm wide and 150mm
high are glued onto the bumper element as showifigare A1.4-1. The films are
made of polyester and are provided by Bruin Plasttompany INC
(http://www.bruinplastics.com/index.htinunder the product name of Energy Shield
200 - 10 oz. If another reflection film is usede tteflection characteristics have to be
identical as for the Energy Shield 200.

2 | r_eflection
o film
I
[
| .

1360

Figure A.1.4-1: Front view of the reflective filrmahe bumper element
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EVT Outer Cover

The balloon structure is covered by a PVC covehwitpicture of an actual car is
printed. The cover material is produced by Complétapier Union
(http://www.complottpapierunion.de/) with the pratitname PowerJet Poly Banner
Frontlit 550 B1, which is a 550 g/m? tarpaulin.

The generic artwork that needs to be printed odmoBVT cover can be downloaded
from the Euro NCAP ftp-site. The artwork should gménted full colour to at least
(xxdpi) to give the correct contrast in colourdiud vehicle rear.

Retro- Reflective Film

Retro-Reflective film is attached to the cover éplicate the reflectivity of the rear
lights as shown in Figure.A1-1. The retro-reflective tape for the lights is prodd
according to the norm ECE 104. The top rear lightorreflection film has to be in the
upper middle of the car. The left and right havéeéen stuck congruent to the normal
back lights and have to look like the original one.

Figure A.2.1-1: Front view of the EVT with the Idiman of the retro-reflective tape

Radar Absorption Mat

At the impact side of the EVT a layer of radar absw material is applied to the
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bottom of the target to replicate the shadow betwtbe wheels. The material of the
absorption mat is the same as specified in A.1hk. dimensions of the mat are shown
in Figure A.2.2-1 with a thickness of 20mm. Theapsion mat is sewn into the EVT
outer cover and is behind three layers of leathechvwere stuck together.

Figure A.2.2-1: Left, Front view of the EVT withdéhocation of the lower radar
absorption mat. Right, different layers of absanptinat

A.3 EVT Test Position

The ground clearance of the balloon structuredsting is set to 70mm as shown in Figure A.3-1.

=1 . ;;,» ‘T’ N

Figure A.3-1: Front view of the EVT showing the gnal clearance

Version 1.0
July 2013



ANNEX B BRAKE APPLICATION PROCEDURE

B.1

B.2

B.3

B.3.1

Version 1.0
July 2013

The braking input characterisation test determthesbrake pedal displacement and
force necessary to achieve a vehicle decelerayjoindl of that produced by a typical
real world driver in emergency situations.

Definitions
Terake - The point in time where the brake pedal displacéraroeeds 5mm.

T.em< - The point in time is defined as the first datanp where filtered, zeroed and
corrected longitudinal acceleration data is less tt6m/$.

T omisy T-amisz - Similar to Tenysz

Measurements

Measurements and filters to be applied as desciib€thapter 4 of this protocol.

Brake Characterization Procedure

First perform the brake and tyre conditioning testslescribed in 7.1.2 and 7.1.3. The
brake input characterisation tests shall be unkiemtawithin 10 minutes after

conditioning the brakes and tyres.

Brake Displacement Characterisation Tests

* Push the brake pedal through the full extent oferand release.

» Accelerate the VUT to a speed in excess of 85kiviéhicles with an automatic
transmission will be driven in D. For vehicles wahmanual transmission select
the highest gear where the RPM will be at leasD1&Ghe 85km/h.

* Release the accelerator and allow the vehicle astcd\t a speed of 80 + 1.0km/h
initiate a ramp braking input with a pedal applicatrate of 20£5mm/s and apply
the brake until a longitudinal acceleration of -#mis achieved. For manual
transmission vehicles, press the clutch as sodtheaRPM drops below 1500. The
test ends when a longitudinal acceleration of -7is/achieved.

* Measure the pedal displacement and applied foromaldo the direction of travel
of the initial stroke of the brake pedal, or assel@as possible to normal as can be
repeatedly achieved.

* Perform three consecutive test runs. A minimum tiafe90 seconds and a
maximum time of 10 minutes shall be allowed betweensecutive tests. If the
maximum time of 10 minutes is exceeded, the tyrd &make conditioning
procedures shall be repeated before restarting bineke pedal force
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B.4
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characterisation tests.

Using second order curve fit and the least squaethod between Fys; T-smss
calculate the pedal travel value corresponding kongitudinal acceleration of -4
m/s? (=D4, unit is m). Use data of at least thrakdvtest runs for the curve fitting.

This brake pedal displacement is referred to asn@HAe next chapters.

Using second order curve fit and the least squasethod between Fys; T-smiss
calculate the pedal force value corresponding longitudinal acceleration of -4
m/s? (=F4, unit is N). Use data of at least thrakdutest runs for the curve fitting.

This brake pedal force is referred to as F4 imtinet chapters.

Brake Force Confirmation and lteration Praged

Accelerate the VUT to a speed of 80+1km/h. Vehicleish an automatic
transmission will be driven in D. For vehicles wahmanual transmission select
the highest gear where the RPM will be at leasD1&Ghe 80km/h.

Apply the brake force profile as specified in Btdggering the input manually
rather than in response to the FCW. Determine tbanmacceleration achieved
during the window from TBRAKE +1s TBRAKE +3s. If mean acceleration
outside the range of -4-0.25m/s2 results, applyftiewing method to ratio the
pedal force applied.

F4new = F4original * (-4/mean acceleration), ifeF4original results in a mean
acceleration of -5m/s2, F4new = F4original * -&/ -

Repeat the brake force profile with this newly cédted F4, determine the mean
acceleration achieved and repeat the method assageuntil a mean acceleration
within the range of -4-0.25m/s2 is achieved.

Three valid pedal force characteristic tests (\hth acceleration level being in the
range as specified) are required. A minimum tim&®@fseconds and a maximum
time of 10 minutes shall be allowed between cortsexuests. If the maximum
time of 10 minutes is exceeded, the tyre and bcakelitioning procedures shall be
repeated before restarting the brake pedal foregackerisation tests. This brake
pedal force is referred as F4 in the next chapters.

Brake Application Profile

Detect TFCW during the experiment in real-time.
Release the accelerator at TFCW + 1 s.

Perform displacement control for the brake pedaltiag at TFCW + 1.2 s with a
gradient of the lesser of 5 x D4 or 300mm/s (meguive gradient to reach pedal
position D4 within 200ms, but capped to a maximapplication rate of
300mm/s).
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Monitor brake force during displacement control ars# second-order filtering
with a cutoff frequency of 100 Hz (online). Altetnaly use moving averages
over 10 ms (corresponding to cutoff frequency d Hx).

Switch to force control with a desired value ofyden

i. the value D4 as defined in B.3 is exceeded fofithetime,
ii. the force F4 as defined in B.3 is exceeded fofitketime,
whichever is reached first.

The point in time where position control is switdh® force control is noted as
Tswitch-

Maintain the force within boundaries of F4 + 25% Pdstable force level should
be achieved within a period of 200 ms maximum atfter start of force control.
Additional disturbances of the force over + 25% HBde to further AEB

interventions are allowed, as long as they haveratidn of less than 200ms.

The average value of the force between TFCW + ant the end of the test
should be in the range of F4 £ 10 N.
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