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INTRODUCTION

Carto-car rear impacts are one of the most frequent accidents happening on the roads
due to driver distractioor misjudgement

Typical accidents during city driving are normally occurring at relatil@aly speeds
where the impacted car is already at stand$tilt with a high risk of a debilitating
whiplash injury to the driver of the struck vehicle. While injury severities are usually
low, these accidents are very frequent and represent over a gfialtarashes.

Similar accident scenarios occur on the open ratachoderate to higher speedsere
a driver might be distracted anthyfail to recognse that the traffic in front of him is
stopped, coming to a stop or is driving at a lower speed.

To support the drivem avoidng suchnose to tail crashes, car manufactures offer
avoidance technology that warns, supports adequate braking and/or ultimately stops the
vehicleby itself. Systems that work mostly at lower speed are referred to as AigB Ci
systems, those that function at higher speeds, AEB-Urgansystems

This protocol specifies the AEB Cignd AEB InterUrban test procedusewhich are
part of the Adult Occupant Protectiamd the Safety Assistssessmentgspectively

For AEB Qty, only the CCRs scenario is applicable whéhe AEB functionality at
lower speed is tested.oTbe eligible to score points for AEB City, a godthiplash

score must be achievéar thefront seat

For AEB InterUrban the system is testedinree scearios (CCRs, CCRm and CCRb)
For this type of AEB systenboththe AEB and FCW functionality isssessed
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DEFINITIONS
Throughout thigrotocolthe following terms are used:

Peak Braking Coefficient (PBC)i the measure of tyre to road surfddetion based
on the maximundeceleration of a rolling tyre, measured usingAngerican Society
for Testng and Materials (ASTM) E11360 (2010 standard reference test tyre, in
accordance with ASTM Method E 133D (reapproved 1996), at a speed of 6dAk
without water delivery.

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

Forward Collision Warning (FCW) i an audbvisual warning that is provided
automatically by the vehicle in respornied¢he detection of a likely collision to alert the
driver.

Dynamic Brake Support (DBS)i a system that further amplifies the driver braking
demand in respordo the detection of a likely collision to achieve a greater deceleration
than would otherwise be achieved for the braking demand in normal driving conditions.

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

Car-to-Car Rear Moving (CCRm) T a collision in which a vehicle travels forwards
towards another vehicle that is travelling at constant speed afrmitel structure of
the vehicle strikes the rear structure of the other.

Car-to-Car Rear Braking (CCRD) i a collision in which a vehicle travels forwards
towards another vehicle that is travelling at constant speed and then decelerates, and the
frontal structure of the vehicle strikes the rear structure of the other.

Vehicle under test (VUT)T means the v&cle tested according to this protocol wéh
pre-crash collision mitigation or avoidance system on board

Euro NCAP Vehicle Target (EVT) T meanghe vehicle targatsed in this protocol as
specified INANNEX A

Time To Collision (TTC) i means the remaiimg time before the VUT strikes ti&/T,
assuming thaheVVUT and EVTwould continue to travel with the speieds traveling.

Taes I means the time where the AEB system activatevation time is determined
by identifying the last data point whetree filtered acceleration signal is belelvm/¢,
and then going back to the point in time where the acceleration first cr0s3eds’



Trcw T means the time where thadible warning of thECW starts The starting point
is determined byudible recogition

Vimpact i means the speed at which the VUT hitsENE

Vrel_impact i means the relative speed at which the VUT hit&t¥i& by subtracting
the velocity of theeVT from Vimpactat the time of collision
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3 REFERENCE SYSTEM

3.1 Convention

3.1.1 For both VUT andEVT usethe convention specified in ISO 8855:1991 in which the x
axis points towards the front of the vehicle, thaxys towards the left and theaxis
upwards (right hand system), with the originlheg most forward poirdn the centraéhe
of theVUT for dynamic data measurements as showkigare 1.

3.1.2 Viewed from the origin, roll, pitch and yaw rotate clockwise around the x, y and z axes
respectively. Longitudinal refers to the component of the measurement alorgxise x
lateral thecomponent along the-gxis and vertical the component along thexis.

3.1.3 This reference system should be used for both left and right hand drive vehicles tested.
Vertical (z)

FAR SIDE

Longitudinal (x) Lateral (y)

Figurel: Coordinate system and notation
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3.2 Lateral Offset

3.2.1 The lateral offset is determined as the lateral distance betweeentne of the fronbf
the VUT andhe centre of the rear of tl&/T when measured in parallel to the intended
straight lined path as shown in the figure below.

Lateral offset = Yyt error + Yevrerror

Figure2: Lateral offset
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4 MEASURING EQUIPMENT

4.1.1 Sample and record all dynamic data at a frequency of at least 100Hz. Synchisorgse
the DGPS time stamipe EVT data with that of th&UT.

4.2 Measurements and \ariables
4.2.1 Time T
1 CCRs and CCRm:glequals TTC =4s To
(CCRb: To when EVT starts decelerating
 Taes, time where AEB activates Thaes
1 Tecw, time where FCW activates Trcw
' Timpacs time where VUT impacts EVT Timpact
4.2.2 Position of the VUT during thentire test Xwut, Yvut
4.2.3 Position of the EVT during the entire test Xevt, Yevr
424 Speed of the VUT during the entire test Vwur
1 Vimpacs sSpeed when VUT impacts EVT Vimpact
1 Vielimpac relative speed when VUT impacts EVT  Vrelimpact
4.2.5 Speed of th&\VT during the entire test Vevr
4.2.6 Yaw velocity of the VUT during the entire test L AVEis
4.2.7 Yaw velocity of the EVT during the entire test Y EVT
4.2.8 Acceleration of the VUTuring the entire test Avut
4.2.9 Acceleration of the EVTHuring the entire test Aevt
4.3 Measuring Equipment
43.1 Equip theVUT andEVT with data measurement and acquisition equipment to sample

and record data with an accuracy of at least:

VUT andEVT speed to 0.1km/h

VUT andEVT lateral and longitudinal position to Qi ;
VUT andEVT yaw rate to 0.1°/s

VUT andEVT longitudinal acceleration to 0.1m/s
VUT steeringwheel velocity to 1.0 °/s

= =4 4 4 A
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4.4 Data Filtering
441 Filter the measured data as follows:
44.1.1 Positionandspeedare not filtered and are used in their raw state

4.4.1.2  Accelerationwith a 12-pole phaseless @&terworthfil ter with a cut offfrequency of
10Hz

4.4.1.3 Yaw rate with al2-pole phaseless Butterworthtéif with a cut off frequency dfOHz
4.4.1.4  Force with a 1ole phaseless Butterworth filter with a cut off frequency of 10 Hz
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5 EURO NCAP VEHICLE TARGET

5.1 Spedfication

5.1.1 Conduct the tests in this gozol using theEuro NCAPVehicle Target V1(EVT) as
shown inFigure 3 below. The EVT replicates the visual, raddtJDAR and PMD
attributes of a typical Mpassenger vehicle, and is impactable at differential speeds up
to 50km/h without causing damage to YHeT or EVT.

Figure3: Euro NCAP Vehicle Target (EVT)

5.1.2 To ensure repeatable results the propulsion systelaVT must meet the requirements
as detailed iIMNNEX A.

5.1.3 The EVT is designed to work withe following types of sensors:
1 Radar (24 and 77 GHz)
 LIDAR
1 Camera
T PMD

When a manufacturer believes that EMT is not suitable foanothertype of sensor
systemused by the VUT butot listed abovethe manufacturer is asked to contact the
Euro NCAP Secretariat.
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6.1.2

6.1.3

6.2
6.2.1
6.2.2

6.2.3

6.2.4

6.3
6.3.1
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TEST CONDITIONS

TestTrack

Conduct tests on a dry (no visible moisture on the surface), uniformpssletl surface
with a consistent slope between level and 1%. The test surface shall imawienal
peak braking coefficient (PBC) of 0.9

The surface must be paved amdy not contain any irregularities (e.g. large dips or
cracks, manhole cover reflective studs) that may give rise to abnormal sensor
measurements within a lateral distanc8.0fnto either side of théest patrandwith a
longitudinal distance d30m aheadf the VUT whenthe tesends

The presence of lane markingsalkowed. Hbwever testing magnly be conducted in

an area where typical road markings depgt driving lananay not be parallel to the

test path withir3.0meither sideLines or markingsnay cross the test path, but may

not be present in the area where AEB activation and/or braking after FCW is expected.

Weather Conditions
Conduct tests in dry conditions with ambient temperatbee5°C and below 40C.

No precipitationshall befalling and horizontal visibility at ground levehall begreater
than 1km. Wind speedshall bebelow 10m/s to minimiseVT andVUT disturbance.

Natural ambient illumination must be homogenimuhe test areand in excess G000

lux for daylight testing wito strongshadows cast across the test area other than those
caused by th&UT or EVT. Ensuretesting is not performedriving towards or away

from the sunwhen theeis direct sunlight

Measure and record the followipgrameterpreferablyat the commencement efery
single tesor at least every 30 minutes

a) Ambient temperaturi °C,;

b) Track Temperature in °5C

c) Wind speed and directian m/s
d) Ambient illuminationin Lux.

Surroundings

Conduct testing such that there are no other vehicigbyay furniture, obstructions
other object®r persongrotruding above the test surface that may give rise to abnormal
sensor measurements within a lateral distan80of to either side of the test pasimd
within a longitudinal distance &m aheal of the VUT when the test ends (Figure 4).



6.3.2

6.3.3

6.4

6.4.1
6.4.1.1

6.4.2
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Test areawhere the VUT needs to pass undeerhead signs, bridges, gantries or other
significant structures are not permitted.

NL
3m 3m

Figure4: Free surroundings

The general view ahead and to either side of the test area shall comprise of a wholly
plain man made or natural environment (e.g. further test surface, plain coloured fencing
or hoardings, natural vegetation or sky etc.) and must not corapygaghly refletive
surfaces or contain any vehidlke silhouettes that may give rise to abnormal sensor
measurements.

VUT Preparation

AEB and FCWSystem $ttincs

Set any driver configurable elements of the A&Rl/or FCWsystem (e.g. the timing
of the collisionwarning or the braking application if present) to the middle setting or
midpoint and then next latest settingngar to the examples shown kigureb.

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

Setting 1 Setting 2 Setting 3 Setting 4

Figure5: AEB and/or FCWsystem setting for testing

DeployablePedestriafiVRU Protection $stems

When the vehicle is equipped withdeployablgedestriafVRU protection system,
this system shall be deactivateeforethetestingcommence.
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6.4.3 Tyres

Perform the testing with new original fitment tyres of the make, model, size, speed and
load rating as sp#fied by the vehicle manufacturer. It is permitted to chahgeyres

which are supplied by the manufacturer or acquired at an official dealer representing
the manufacturer if those tyres are identical make, model, size, speed and load rating to
the orignal fitment. Inflate the tyres to the vehicle manufacturer's recommended cold
tyre inflation pressure(s). Use inflation pressures corresponding to least loading normal
condition.

Rurin tyres according to the tyre conditioning procedure specified. i3 After
runningin maintain the rusn tyres in the same position on the vehicle for the duration

of the testing.

6.4.4 Wheel Alignment Masurement

The véicle should be subject to a vehicle-[iime) geometry check to record the wheel
alignment set by the OEM. This should be done with the vehicle in kerb weight.

6.4.5 Unladen Kerb Mass
6.4.5.1  Fill up the tank with fuel tatleast9% of t he tankdés capacity

6.4.5.2  Check the oil level and top up to its maximum level if necessary. Similarly, top up the
levels of all other fluids to their maximum levels if necessary.

6.4.5.3  Ensure that the vehicle has its spare wheel on board, if fitted, along with any tools
supplied with thevehicle. Nothing else should be in the car.

6454 Ensure that all tyres are inflated accor
appropriate loading condition.

6.45.5 Measure the front and rear axle masses and determine the total mass of the vehicle. The
totd mass is the oé6unl aden kerb massoé of t hi

6.4.5.6  Calculate the required ballast mass, by subtracting the mass of the test driver and test
equipment from the require2D0kg interior load

6.4.6 Vehicle Reparation

6.4.6.1 Fit the ;-board test equipment arnidstrumentation in the vehicle. Also fit any
associated cables, cabling boxes and power sources.

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

6.4.6.3  With the driver in thevehicle, weigh the front and rear axle loads of the vehicle.
6464 Compare these |l oads with the Aunl aden ker
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6.4.6.5

6.4.6.6
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The total vehicle mass shall gthin £1% of the sum ofhe unladen kerimass plus

200kg. The front/rear axle load distribution needs to ltkiw 5% of the front/rear axle

load distribution of the original unladen kerb mass plus full fuel load. If the vehicle
differs from the requirements given in this paragraph, items may be removed or added
to the vehicle which has no influence on its perfance. Any items added to increase

the vehicle mass should be securely attached to the car.

Repeat paragrapl@4.6.3and6.4.6.4until the front and rear axle loads and the total
vehicle mass are within the limits set in paragr@piCare needs to be taken when
adding or removing weight in order to approximate the original vehicle inertial
properties as close as possible. Record the final axle loads in the test Retzolsl

the axle weights of theUTi n t he Orddiont est ed6 <co
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7 TEST PROCEDURE

7.1 VUT Pre-test Conditioning
7.1.1 General
7.1.1.1 A new car is used as delivered to the test laboratory.

7.1.1.2  If requested by the vehicle manufactymnivea maximum ofLOOkm on a mixture of
uban and rur al roads with ot herthesensarf f i ¢ &
system. Avoid harsh acceleration and braking.

7.1.2 Brakes
7.1.2.1 Condition the vehiclebdbs brakes in the fol

1 Perform ten stops from a speed of 56km/h with an averageledation of
approximately 0.5 to 0.6g.

1 Immediately following the series of 56km/h stops, perform three additional stops
from a speed of 72km/h, each time applying sufficient force to the pedal to operate
the vehicleds anti | oehkajdity @ gchrstgp. sy st em (.

1 Immediately following the series of 72km/h stops, drive the vehicle at a speed of
approximately72km/h for five minutes to cool the brakes.

1 [Initiation of the firsttestshall begin within two hours afteompletion of the brake

conditioning
7.1.3 Tyres
7131 Condition the vehiclebs tyres in the foll

9 Drive around a circlef 30m in diameter at a speed sufficient to generate a
lateral acceleration of approximately 0.5 to 0.6g for three clockwise laps
followed by three anticlockwise laps.

1 Immediately following the circular driving, drive four passes at 56km/h
performing ten cycles of a sinusoidal steering input in each pass at a frequency
of 1Hz and amplitude sufficient to generate a peak lateral acceterati
approximately 0.5 to 0.6g.

1 Make the steering wheel amplitude of the final cycle of the final pass double
that of the previous inputs.

7.1.3.2 Incase of instability in the sinusoidal driving, reduce the amplitude of the steering input
to an appropriately saflevel and continue the four passes.

Version 1.1
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7.1.4 AEB/FCW SystemCheck

7.1.4.1 Before any testing begins, perform a maximum of ten runs at the lowest test speed the
system is supposed to work, to ensure proper functioning of the system.

7.2 Test Scenarios

7.2.1 The performance of théUT AEB system is assessedtile CCRsCCRm and CCRb
scenarig as shownn Figure6abc.

7.2.2 For testing purposes, assume a straight line path equivalent to the centreline of the lane
in which the collision occurred, hereby known as the test path. Contrglihewith
driver inputs or using alternative control systems that can modulate the vehicle controls
as necessary to perform the tests.

- - - — EVT - ——  c—
B
10 - 50 km/h 0 km/h
30 - 80 km/h
Figure6a: CCRsscenario
- - - — EVT - — - —
e— —
30 - 80 km/h 20 km/h
Figure6b: CCRmscenario
- - - c— EVT - —  c—
12mand 40 m |
P
50 km/h 50 km/h
2 and 6 m/s?

Figure6c: CCRbscenario
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7.2.3 The CCRs and CCRitests will be performed withkm/h or10km/h incremental steps
(see7.4.4 within the sged ranges shown the tabls below.

CCRs
AEB + FCW combined
AEB only FCW only
AEB FCWwW
AEB City 10-50 km/h - 10-50 km/h -
AEB Inter -Urban - 30-80 km/h | 30-80 km/h | 30-80 km/h
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 km/h

The CCRD tests will be performed at a fixed speed of 50km/h for both VUEANd
with all combinatiors of 2 and 6m/édeceleratiorand 12 and 40m headway

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

7.2.4.1  The desired deceleration of tB&T shall be reached withibh.0 secondsandshallnot
vary by more thar: 0.25 m/$ of the desired levedt any point in timeuntil the end of

test
7.3 Test Conduct
7.3.1 Before every test run, drive th8JT around a circle of maximum diameter 30m at a

speed less than 10km/h for one clockwise lap followed by one anticlockwise lap, and
then manoeuvre théUT into position on the test path.requested by the OEM an
initialisation run may be included beforeesy test runBring theVUT to a halt and

push the brake pedal through the full extent of travel and release.

7.3.2 For vehicles with an automatic transmission select D. For vehicles with a manual
transmission select thaghestgear where the RPM will bat least 1500 at the test
speed.If fitted, a speed limiting device or cruise control may be used to maintain the
VUT speedunless the vehicle manufactushows that there are interferences of these
devices with the AEB system in the VUApply only minor stegng inputs as necessary
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to maintain thé/UT tracking along the test path.

7.3.3 Perform the first test a minimum of 90s and a maximudOwohinutes after completing
the tyre conditioning, and subsequent tests after the same time period. If the time
between corecutive tests exceed® minutes repeat the tyre conditioning procedures
and recommence testing.

Between tests, manoeuvre MET at a maximum speed of 50km/h and avoid riding
the brake pedal and harsh acceleration, braking or turning unless strictlyangtes
maintain a safe testing environment.

7.4 Test Execution
7.4.1 Acceleratehe VUT andeVT (if applicable)to the respective test spesed
7.4.2 The test shall start atoT4s TTC)and is valid when all boundary conditions are met
betweenTo and Taes/Trcw:
- Speedf VUT (GPSspeed) Test speed 1.0 km/h
- Speed of EVT (GPSpeed) Test speed 1.0 km/h
- Lateral ceviationfrom test path 0£0.1m
- Relative distance VUT ang@VT (CCRb) 12m or 40mt 0.5m
- Yaw velocity 0+x1.0°s
- Steering wheel velocity 0 £15.0°/s
7.4.3 The end of a test is considered whoere of the following occurs
- Vwur = 0km/h

- Vwut < Vevr
- Contact between VUT arevVT

7.4.4 A system can consist of a combined AEB and FCW function or separate AEB or FCW
functiors. For combined systeméoth sections7.4.4.1and 0 apply. Where the
functions are separate, section 7.4.4.1 applies to the AEB function and 7.4.4.2 applies
to the FCW.

7.4.4.1 For AEB systems tests,hen there is complete avoidance, the subseqashspeed
for the next test is incremented with 10km/h. When there is contact, first perform a test
at a test speed 5km/h less than the test speed where contact occurred. After this test
continue to perform the remainder of the tests with speed incremibtsn/h by
repeating sectioi.3.1to 7.4.3 Stop testing when the speed reduction seen in the test
is less than 5 km/h.

For manual or automatic accelerator control, it needs to be assuredutiveg
automaticbrakethe accelerator pedal does not result in an override of the system

7.4.4.2 ForFCWsystem tests, when there is complete avoidance, the subsequent tefrspeed
the next test is incrementég 10km/h. When there is contact, first perform a test at a
test speed 5km/h less than the test speed where contact occurred. After this test continue
to perform the remainder of the tests with speed increments of 5km/h by repeating

Version 1.1
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7.4.4.3

7.4.4.4

7.4.4.5

Version 1.1
June2015

section7.3.1to 7.4.3 In the AEB InteftUrban CCRm and CCRb staios, only
perform tests at thiest speeds whetikere was no avoidance in the AEBictiontests
where applicableStop testing when the speed reduction seen in thestlests thard
km/hor the relative impact speed is more than 50 km/h

The FCW g/stemtests should be performed using a braking robot reacting to the
warning with a delay time df.2 seconds to account for driver reaction time.

Braking will be applied that results in a maximum brake levelah/g - 0.25 m/$
when applied in a nothreat situation. The particular brake profile to be applied (pedal
application rate applied in 200ms (m@0mm/s) and pedal force) shall be specified
by the manufacture¥When the brake profile provided by the manufacturer results in a
higher brake leMehan allowed, the iteration steps as describedNINEX B will be
applied to scale the brake level-tbm/g - 0.25 m/S.

When no brake profile is provided, thefaultbrake profileasdescribed irANNEX B
will be applied
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8 PHOTOGRAPHIC AND VIDEO REQUIREMENTS

8.1 Vehicle Markings
8.1.1 Euro NCAP markings will be attached to the exterior of the vehicle in the following
|l ocati ons; up poear ,hadpgpeorf hdarlifv eafésf rdont pa

front half of the roof of the vehicle, left and right sides.

8.1.2 Test house logos may be added to the vehicle provided that they do not detract attention
from the Euro NCAP markings. Suitable locations $ach markings would be the
lower half of the rear doors and on the bonnet at the base of the windscreen.

8.2 Event Recording

8.2.1 EachVUT shall be photographed in test condition prior to test: these photographs
should effectively show positioning of the tegugment within the vehicle and good
general reference photographs of all sides of the exterior of the vehicle. Where
applicable a photographic record of the chassis plate including Vehicle Identification
Number should also be made.

8.2.2 Each test run should Hddmed from an external position to effectively record any
behavioural characteristics of the vehicle for each run. This should be filmed in a way
to best allow a clear and repeatable view of all test runs and camera location shall not
alteroncetestinpas commenced, although camera fApa
should be positioned at normal height and not elevated.

8.2.3 On-board cameras should be used to further record vehicle behaviour from inside the
vehicle.
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ANNEX A EVT SPECIFICATIONS

The Euro NCAPVehicle Target (EVT) which is used for AEB City and Intérban

testing is developed to have the radar signature, reflectivity and visual signature
comparable to that of a 6C6 segment vehi
camera detection respedaly.

Known suppliers of the EVT meeting these specifications are Messring
(www.messring.deand MoshorData (vww.moshondata.cojm

The EVT is build up out of a balloon structure that is covered by a PVC covdricm w
a vehicle is printed. For both a detailed description is provided withiANINEX.

A.l Balloon Vehicle Structure
The balloon structure consists of polyester, polyethylene, PA 6.6, polychloroprene and
nylon. The outer dimensions of the balloon structure are 1600 mm wide and 1350 mm
tall with a tolerace of + 10mm. More detailed dimensions can be found in the front and
side view inFigureA.1-1 andFigureA.1-2.

side cushion, left

410

Lo 2

1600 + 20

FigureA.1-1: Balloon structure front view
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sicle cushion
120 right, complete

%

side cushion
left, complete
collision side

1350 + 20

10685 + 40

675 + 30

180
30 + 20

each side

1x filling valve
690 NSBVG

1000 20

FigureA.1-2: Balloon structure side view

Al.1l Radar AsorptionMat

At the impact side and rear of the balloon target a layer of radar absorbing material is
applied. The exact position and dimensions of these radar absorption mats are shown in
FigureA.1.1-1 andFigureA.1.1-2. The material properties of the eacabsorption mat

are detailed in paragraph A.1.1.1

collision

side \ i

i

El
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FigureA.1.1-1:Rear and side view of balloon structure including the rear radar
absorption mat
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FigureA.1.1-2: Section BB and side view of balloon structure including the front

=B

radar absorption mat

A.1.1.1 Material Roperties
The radar absorption mats are according to ASTM 69268 and are made of
Polyurethane foam EC 712 with thtenuation in dB as shown in the table below. The
absorber can be loaded with 2 mW per mm 2.
Footprint Thickness | <1GHz |3GHz |5GHz |10GHz | 18 GHz
500x500mm| 10mm 10 25 35 40
A.l.2 Bumper
At the impact side, a bumper plate is attached to front of the balloon structure to create
a more vehicle like contour. The dimensions and position of the bumper element are
shown inFigure A.1.2-1 andFigure A.1.2-2. The toleranes on the dimensions are +
10mm
Version 1.1

June2015




<
collisicM/

side

f

FigureA.1.2-1: Side view of balloon structure including the bumper element
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FigureA.1.2-2: Top, side, front and ISO view of bumper element.

A.1.3 RadarReflector

Within the bumper element, a radar reflector is incorporated. The reffet@n insle
edge length of 55mmand imitates a surée of 2.5m2at 77GHz.The position and
orientation of the radar reflector within the bumper element is shotigumeA.1.3-1.
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FigureA.1.3-1: Front and side view of the radar reflector within the bumper element

A.l4 ReflectiveFilm

In addition to the radar reflector, two reflective films of 1360mm wide and 150mm high
are glued onto the bumper element as showkigareA.1.4-1. The films are made of
polyester and are provided by Bruin Plastic Company INC
(http://www.bruinplastics.com/index.htinunder the product name of Energy Shield
200- 10 oz. If another reflection film is used, the reflection characteristics have to be
identical as for the Energy Shield 200.
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FigureA.1.4-1: Front view of the reflective film on the bumper element
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EVT Outer Cover

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

The generic artwork that needs to be printed onto the EVT cover qarovided by

Euro NCAR The artwork should be printed full colour to at led€i0pi) to give the
correct contrast in colours tfe vehicle rear.

Retro Reflective Hm

RetroReflective film is attached to the cover to replicate the reflectivity of the rear
lights as shown ifrigure A.2.1-1. Theretroreflective tape for the lights is produced
according to the norm ECE 104. The top rear lighto-reflection film has to be in the
upper middle of the car. The left and right héwdoeen stuck congruent to the normal
back lights and have to look like the original one.

{BEURDNCAP)

FigureA.2.1-1: Front view of the EVT with the location of tihetro-reflective tape

Radar AsorptionMat

At the impact side of the EVT a layer of radar absorbing material is applied to the
bottom of the target to replicate tehadowbetween the wheels. The material of the
absorption mat is the same as specified.ihl. The dimensions of the mat are shown

in FigureA.2.2-1 with a thickness of 20mm.hE absorption mat sewn into theeVT

outer cover angs behind thre¢ayersof leather which were stuck together.
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FigureA.2.2-1: Left, Front view of the EVT with the location of the lower radar
absorption mat. Right, different layers of absorption mat

A.3 EVT T estPosition

The ground clearance of the balloon structure for testing is set to 70mm as slogurer.3-1.

T ——

e [T Y =55 =\

FigureA.3-1: Front view of the EVT showing the ground clearance
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ANNEX B BRAKE APPLICATION PROCEDURE
The braking input characterisation test determines the brake pedal displacement and
force necessary to achieve a vehicle deceleration typical of that produced by a typical
real world driver in emergency situations.

B.1 Definitions
Terake - Thepoint in timewhere the brake pedal displacement exceeds 5mm.

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

T-2mis3 T-amisz- Similarto Temysz

B.2 Measurements
Measurements and filters to be applied as described in Chapter 4 of this protocol.
B.3 Brake Characterization Procedure
First perform the brake and tyre conditioning tests as describéd.Rand7.1.3 The
brake input characterisation tests shall be undertaken wittOnminutes after

conditioning the brakes and tyres

B.3.1 Brake DsplacementCharacterisatio ests

1 Push the brake pedal througte full extent of travel and release.

1 Accelerate the VUT to a speed in excess of 85kividhicles with an automatic
transmissiomwill be driven inD. For vehicles with a manual transmission select the
highestgear where the RPM will bat least1500 at he 85km/h.

1 Release the accelerator and allow the vehicle to coast. At a speed @f@dn/h
initiate a ramp braking input with a pedal application rate of 20+t5mm/s and apply
the brake until a longitudinal acceleration 0im/s’ is achieved.For manual
transmission vehicles, press the clutch as soon as the RPM drops belowW00.
test ends when a longitudinal acceleration7aif/s’ is achieved.

1 Measure the pedal displacemant applied forcaormal to the direction of travel
of the initial stroke othe brake pedal, or as close as possible to normal as can be
repeatedly achieved.

1 Perform three consecutive test ruisninimum time of 90 seconds and a maximum
time of 10 minutes shall be allowed between consecutive tests. If the maximum time
of 10 minutes is exceeded, the tyre and brake conditioning procedures shall be
repeated before restarting the brake pedal force characterisation tests.

1 Usingsecond order curve fand the least squares metHmetweenT 2mis; T-6mis3
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B.3.3

B.4
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calculate the pedal travel valicorresponding to a longitudinal accelerationof
m/s2 (=D4, unit ism). Use data of at least three valid test runs for the curve fitting.

This brake pedal displacement is referi@ds D4 in the next chapters.

Using second order curve fit and the least squares method befwgen T-smis3
calculate the pedal force value corresponding to a longitudinal acceleratién of
m/s? (=F4, unit is N). Use data of at least three valid test runs for the curve fitting.

This brake pedal force is referred to as F4 in the next chapters.

Brake ForceConfirmation andteration Rocedure

T

Accelerate the VUT to a speed of 80+1lkm/hehitles with an automatic
transmissiomwill be driven inD. For vehicles with a manual transmission select the
highestgear where the RPM will bat leastl500 at theSOkm/h.

Apply the brake force profile as specified in Btdggering the input manually
rather than in response to the FCIbetermine the meanceeleration achieved
during the window from TBRAKE +1s TBRAKE +3s. If a meanceleration
outside the range o#1-0.25m/s2 results, apply the following method to ratio the
pedal force applied.

F4new = F4original * {4/meanacceleration) i.e. if F4originalresults in a mean
acceleration of5m/s2, F4new = F4original-4 /-5

Repeat thdorake force profile with this newlgalculated F4, determine the mean
acceleration achieved and repeat the method as necessary until acretaration
within the range 0f4-0.25m/s2 is achieved.

Three valid pedal force characteristic tgstgh theaaceleration level being in the
range as specifiedre required. A minimum time of 90 seconds and a maximum
time of10minutes shall be allowed between consecutive teste thiaximum time

of 10 minutes is exceeded, the tyre and brake conditioning procedures shall be
repeated before restarting the brake pedal force characterisation tests. This brake
pedal force is referred as F4 in the next chapters.

Brake Application Profile

T
T
T

Detect TFCW during the experiment in retime.
Release the accelerator &#QW+ 1 s.

Perform displacement control for the brake pedal, startingr@Ar+ 1.2 s with a
gradient ofthe lesser of 5 04 or 400mnis (meaning the gradient to reapkdal
position D4 within 200mgbut capped to a maximum application raté@dmnis).

Monitor brake force during displacement control and use secuadet filtering with
a cutoff frequencypetween 20 an@l00 Hz (onlinels appropriate

Switch to force control with a desired value of F4 when
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i. the value D4 as defined in B.3 is exceeded for the first time,
ii. the force F4 as defined in B.3 is exceeded for tls¢tiime,
whichever is reached first

The point in time where position control is switched to force control is noted as
Tswitch.

Maintain the force within boundaries of F4 + 25% F4. A stable force level should
be achieved within a period of 200 ms maximum after the start of force control.
Additional disturbances of the force over + 25% F4 due to further AEB interventions
are allowedas long as they have a duration of less than 200ms.

The average value of the force betwe&CW + 1.4s and the end of the test should
be in the range of F4 £ 10 N.
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