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Insert new paragraphs 2.24. to 2,38.read:

"2.24. "Ackerman steer angleneans the angle whose tangent is the wheelbastediby
the radius of the turn at a very low speed.

2.25. "Electronic Stability Control Systémr "ESC Systerhmeans a system that has all
of the following attributes:

2.25.1. That improves vehicle directional stabiliby at least having the ability to
automatically control individually the braking tares of the left and right wheels on
each axlel/ to induce a correcting yaw moment based on treuation of actual
vehicle behaviour in comparison with a determinatiof vehicle behaviour
demanded by the driver;

2.25.2. That is computer controlled with the conepuitsing a closed-loop algorithm to limit
vehicle oversteer and to limit vehicle understeasda on the evaluation of actual
vehicle behaviour in comparison with a determinatiof vehicle behaviour
demanded by the driver;

2.25.3. That has a means to determine directlyw#tee of the vehicle's yaw rate and to
estimate its side-slip or side-slip derivative wiéispect to time;

2.25.4. That has a means to monitor driver steenipgts; and

2.25.5. That has an algorithm to determine the naed a means to modify propulsion
torque, as necessary, to assist the driver in @iaing control of the vehicle.

2.26. "Lateral acceleratidmeans the component of the acceleration vecta péint in
the vehicle perpendicular to the vehicle x axisgitudinal) and parallel to the road
plane.

2.27. "Qversteémmeans a condition in which the vehicle's yaw ratgreater than the yaw

rate that would occur at the vehicle's speed asutrof the Ackerman steer angle.

2.28. "Side-slip or side-slip angleneans the arctangent of the ratio of the lateesbcity
to the longitudinal velocity of the centre of grigvdf the vehicle.

2.29. "Understeérmeans a condition in which the vehicle's yaw iatkess than the yaw
rate that would occur at the vehicle's speed asutrof the Ackerman steer angle.

2.30. "Yaw raté means the rate of change of the vehicle's headimgle measured in
degrees/second of rotation about a vertical axisutth the vehicle's centre of
gravity.

1/ An axle group shall be treated as a single amtedual wheels shall be treated as a single

wheel.
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2.31. "Peak braking coefficient (PBC)neans the measure of tyre to road surface dncti
based on the maximum deceleration of a rolling.tyre

2.32. "Common spatemeans an area on which more than one tell-taidjcator,
identification symbol, or other message may beldijgu but not simultaneously.

2.33. "Static stability factdrmeans one-half the track width of a vehicle daddoy the
height of its center of gravity, also expresse®&§ = T/2H, where: T = track width
(for vehicles with more than one track width themage is used; for axles with dual
wheels, the outer wheels are used when calculédfifjgand H = height of the center
of gravity of the vehicle.

Insert new paragraphs 4.4.3. and 4,4dlread:

"4.4.3. In the case of a vehicle complying with Electronic Stability Control requirements
of Annex 9 to this Regulation, the additional ledte'ESC" shall be placed
immediately to the right of the letter 'R' mentidrie paragraph 4.4.2.

4.4.4. In the case of a vehicle complying with Yehicle Stability Function requirements
of Annex 21 to Regulation No. 13, the additionattdes "VSF" shall be placed
immediately to the right of the letter 'R' mentidne paragraph 4.4.2."

Insert new paragraphs 5.2.24. and 5.2.24olread:

"5.2.24.  Subject to the requirements of paragrdfh2. and 12.3., any vehicle fitted with an
ESC system complying with the definition of pargmra2.25. shall meet the
equipment, performance and test requirements cwdain Annex 9 to this
Regulation.

5.2.24.1. As an alternative to the requirement afagraph 5.2.24., vehicles of categories
M; and N with a mass in running order > 1,735 kg may bepmmrd with a vehicle
stability function which includes roll-over contrahd directional control and meets
the technical requirements of Annex 21 to Regutehio. 13."

Insert new paragraphs 12.2. to 12t8.read:

"12.2. As from 1 November 2011, Contracting Paréipplying this Regulation may refuse to
grant national or regional type approval if the ickh type does not meet the
requirements of this Regulation as amended by &apght 7 and is not fitted with an
Electronic Stability Control System meeting the uiegments of Annex 9 to this
Regulation.

12.3. As from 1 November 2013, Contracting Paréipplying this Regulation may refuse
first national registration of a vehicle which doest meet the requirements of this
Regulation as amended by Supplement 7 and is tted fivith an Electronic Stability
Control System meeting the requirements of Annext@is Regulation."”
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Annex 1

Insert a new item 210 read:

"21

If yes:

or:

The ESC system has been tested accordiagddulfils
the requirements Of ANNEX O..........oo oo e e e e Yide

The vehicle stability function has been testedording to
and fulfils the requirements of Annex 21 to RegolaiNo. 13................ Yes/No"

Items 21 to 30 (formeryenumber as items 22 to 31.

Annex 2, model "A" and the accompanying texnhend to read:

a2  13HRESC-002439%as

|<

a= 8mm. min.

The above approval mark ... in its original forirhe additional marking "ESC"
indicates that the vehicle meets the Electronidiffiya Control requirements of
Annex 9 to this Regulation.”
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Insert a new Annex,90 read (see next pages):

"Annex 9

ELECTRONIC STABILITY CONTROL SYSTEMS

1. GENERAL REQUIREMENTS

Vehicles equipped with an ESC system shall meet ftinctional requirements
specified in paragraph 2. and the performance regugnts in paragraph 3. under the
test procedures specified in paragraph 4. and uthg@etest conditions specified in
paragraph 5. of this annex.

2. FUNCTIONAL REQUIREMENTS

Each vehicle to which this annex applies shall eogiipped with an electronic
stability control system that:

2.1 Is capable of applying braking torques indinallly to all four wheels/fland has a
control algorithm that utilizes this capability;

2.2. Is operational over the full speed range ef\hkhicle, during all phases of driving
including acceleration, coasting, and decelerdiimciuding braking), except:

2.2.1. When the driver has disabled ESC,;

2.2.2. When the vehicle speed is below 20 km/h;

2.2.3. While the initial start-up self test and ydibility checks are completed, not to
exceed 2 minutes when driven under the conditibpsu@agraph 5.10.2.;

2.2.4. When the vehicle is being driven in reverse.

2.3. Remains capable of activation even if thel@kibraking system or traction control

system is also activated.

3. PERFORMANCE REQUIREMENTS

During each test performed under the test conttiof paragraph 4. and the test
procedure of paragraph 5.9., the vehicle with tB&€Eystem engaged shall satisfy
the directional stability criteria of paragraph%.3and 3.2., and it shall satisfy the
responsiveness criterion of paragraph 3.3. durauoh) ®f those tests conducted with a

1/ An axle group shall be treated as a single antedual wheels shall be treated as a single
wheel.
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3.1.

commanded steering wheel 2ingle of 5A or greater but limited as per
paragraph 5.9.4., where A is the steering whedkatgmputed in paragraph 5.6.1.

Where a vehicle has been physically tested inrdeome with paragraph 4., the
compliance of versions or variants of that sameaclkehype may be demonstrated by
a computer simulation, which respects the testitiond of paragraph 4. and the test
procedure of paragraph 5.9. The use of the simuisidefined in Appendix 1 to this
annex.

The yaw rate measured 1 second after completidhe Sine with Dwell steering
input (time b+ 1 in Figure 1) shall not exceed 35 percent offitst peak value of
yaw rate recorded after the steering wheel angngbs sign (between first and

second peaks)peak in Figure 1) during the same test run.

%

& 4—

Tune

Steering Wheel Angle

Yaw Rate

Tine

L

I THti7s

Figure 1. Steering wheel position and yaw veloitifgrmation used to assess lateral stability.

2/ The text in this annex assumes that the vehtelering is controlled by means of a steering
wheel. Vehicles using other types of steering @aintnay also be approved to this annex
provided the manufacturer is able to demonstraténéotechnical service that the performance
requirements of this annex can be met using eqnvalteering inputs to the steering inputs
stipulated under paragraph 5. of this annex.



3.2.

3.3.

3.3.1.

3.3.2.

3.4.

3.4.1.

3.4.1.1.

3.4.1.2.

3.4.1.3.
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The yaw rate measured 1.75 seconds after etiomplof the Sine with Dwell
steering input shall not exceed 20 percent of itisé feak value of yaw rate recorded
after the steering wheel angle changes sign (betiest and second peaks) during
the same test run.

The lateral displacement of the vehicle ceofrgravity with respect to its initial
straight path shall be at least 1.83 m for vehielgh a GVM of 3,500 kg or less,
and 1.52 m for vehicles with a maximum mass gredemn 3,500 kg when
computed 1.07 seconds after the Beginning of S(B&@S). BOS is defined in
paragraph 5.11.6.

The computation of lateral displacementagggmed using double integration with
respect to time of the measurement of lateral acatbn at the vehicle centre of
gravity, as expressed by the formula:

LateralDisplacemat = ”a/C.G_dt

An alternative measuring method may be allowedype approval testing, provided
it demonstrates at least an equivalent level otipien as the double integration
method.

Time t = O for the integration operatiorihie instant of steering initiation, known as
the Beginning of Steer (BOS). BOS is defined inagaaph 5.11.6.

ESC malfunction detection

The vehicle shall be equipped with a tell-tale fhravides a warning to the driver of
the occurrence of any malfunction that affects ¢femeration or transmission of
control or response signals in the vehicle's aed@atrstability control system.

The ESC malfunction tell-tale:

Shall be displayed in direct and cleamwvief the driver, while in the driver's
designated seating position with the driver's beétfastened;

Shall appear perceptually upright to ttreed while driving;

Shall be identified by the symbol shown'f'8SC Malfunction Tell-tale" below or

the text "ESC™":
b5 4

Shall be yellow or amber in colour;
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3.4.1.5.

3.4.1.6.

3.4.1.7.

3.4.1.8.

3.4.1.9.

3.4.2.

3.4.3.

3.4.4.

3.5.

3.5.1.

When illuminated must be sufficiently tmigo be visible to the driver under both
daylight and night-time driving conditions, whenethiriver has adapted to the
ambient roadway light conditions;

Except as provided in paragraph 3.4.1iffe, ESC malfunction tell-tale shall
illuminate when a malfunction exists and shall reameontinuously illuminated
under the conditions specified in paragraph 3.Aaflong as the malfunction exists,
whenever the ignition locking system is in the "@tRun") position;

Except as provided in paragraph 3.4.2ch d8SC malfunction tell-tale shall be
activated as a check of lamp function either whaa ignition locking system is
turned to the "On" ("Run") position when the engisenot running, or when the
ignition locking system is in a position betweenn"(Q"Run™) and "Start" that is
designated by the manufacturer as a check position;

Shall extinguish at the next ignition eyafter the malfunction has been corrected in
accordance with paragraph 5.10.4.;

May also be used to indicate the malfomctf related systems/functions, including

traction control, trailer stability assist, cornbrake control, and other similar
functions that use throttle and/or individual toeqaontrol to operate and share
common components with ESC.

The ESC malfunction tell-tale need not bevated when a starter interlock is in
operation.

The requirement of paragraph 3.4.1.7. doas apply to tell-tales shown in a
common space.

The manufacturer may use the ESC malfundigtitale in a flashing mode to
indicate ESC operation.

ESC Off and other system controls

The manufacturer may include an "ESC Off" contwhich shall be illuminated
when the vehicle's headlamps are activated, andhwimas a purpose to place the
ESC system in a mode in which it will no longerisat the performance
requirements of paragraphs 3., 3.1., 3.2. andMahufacturers may also provide
controls for other systems that have an ancillfigceupon ESC operation. Controls
of either kind that place the ESC system in a modehich it may no longer satisfy
the performance requirements of paragraphs 3,,32L.and 3.3. are permitted, provided
that the system also meets the requirements afjiaguias 3.5.1., 3.5.2. and 3.5.3.

The vehicle's ESC system shall always retinithe manufacturer's original default
mode that satisfies the requirements of paragraplasd 3. at the initiation of each
new ignition cycle, regardless of what mode thevafrihad previously selected.



3.5.1.1.

3.5.1.2.

3.5.2.

3.5.3.

3.5.4.
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However, the vehicle's ESC system need not retora tmode that satisfies the
requirements of paragraphs 3. through 3.3. atniliation of each new ignition cycle if:

The vehicle is in a four-wheel drive cgafiation which has the effect of locking the
drive gears at the front and rear axles together @woviding an additional gear
reduction between the engine speed and vehiclalsfest least 1.6, selected by the
driver for low-speed, off-road driving; or

The vehicle is in a four-wheel drive cgnofiation selected by the driver that is
designed for operation at higher speeds on snamg-s or dirt-packed roads and
that has the effect of locking the drive gearshat front and rear axles together,
provided that in this mode the vehicle meets tlabibty performance requirements
of paragraphs 3.1. and 3.2. under the test comditispecified in paragraph 4.
However, if the system has more than one ESC niuwatesatisfies the requirements
of paragraphs 3.1. and 3.2. within the drive canfijon selected for the previous
ignition cycle, the ESC shall return to the mantidegr's original default ESC mode
for that drive configuration at the initiation cdi@& new ignition cycle.

A control, whose only purpose is to placeBSC system in a mode in which it will
no longer satisfy the performance requirementsapgraphs 3., 3.1., 3.2. and 3.3,,
shall be identified by the symbol shown for "ESG"®Elow or the text "ESC OFF".

-
°2

OFF

A control for an ESC system whose purpode [g@ace the ESC system in different
modes, at least one of which may no longer satisfyperformance requirements of
paragraphs 3., 3.1., 3.2., and 3.3., shall be iiightby the symbol below with the
text "OFF" adjacent to the control position forstmode.

2

Alternatively, in the case where the ESC systendenis controlled by a multi-
functional control, the driver display shall iddwtclearly to the driver the control
position for this mode using either the symbol iarggraph 3.5.2. or the text
"ESC OFF".

A control for another system that has thallany effect of placing the ESC system
in a mode in which it no longer satisfies the perfance requirements of
paragraphs 3., 3.1., 3.2. and 3.3. need not bdifieenby the "ESC Off* symbol of
paragraph 3.5.2.
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3.6.

3.6.1.

3.6.2.

3.6.2.1.

3.6.2.2.

3.6.2.3.

3.6.2.4.

3.6.2.5.

3.6.2.6.

3.6.2.7.

3.6.2.8.

ESC OFF tell-tale

If the manufacturer elects to install a controtum off or reduce the performance of
the ESC system under paragraph 3.5., the tellregjeirements of paragraphs 3.6.1.
to 3.6.4. shall be met in order to alert the dritecethe inhibited or reduced state of
ESC system functionality. This requirement does aymaly for the driver-selected
mode referred to in paragraph 3.5.1.2.

The vehicle manufacturer shall provide ktédé indicating that the vehicle has been
put into a mode that renders it unable to satikg requirements of paragraphs 3.,
3.1., 3.2. and 3.3,, if such a mode is provided.

The "ESC Off" tell-tale:

Shall be displayed in direct and cleawvief the driver while in the driver's
designated seating position with the driver's beétfastened;

Shall appear perceptually upright to ttieed while driving;

Shall be identified by the symbol shownm f&SC Off" below or the text
"ESC OFF";

-
o<
OFF

Shall be identified with the English word "OFF"jacknt to either the control
referred to in paragraph 3.5.2. or 3.5.3. or theminated malfunction tell-tale;

Shall be yellow or amber in colour;

When illuminated, shall be sufficientlyght to be visible to the driver under both
daylight and night time driving conditions, whenethlriver has adapted to the
ambient roadway light conditions;

Shall remain continuously illuminated fs long as the ESC is in a mode that
renders it unable to satisfy the requirements cdgraphs 3., 3.1., 3.2. and 3.3;

Except as provided in paragraphs 3.6.8.3ah4. each "ESC Off" tell-tale shall be
activated as a check of lamp function either whas ignition locking system is

turned to the "On" ("Run") position when the engisenot running, or when the
ignition locking system is in a position betweenn"(("Run") and "Start" that is

designated by the manufacturer as a check position.

Shall extinguish after the ESC system Ibasn returned to the manufacturer’'s
original default mode.



3.6.3.

3.6.4.

3.6.5.

3.7.

3.7.1.

3.7.2.

3.7.3.

3.7.4.
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4.1.1.

4.1.2.
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The "ESC Off" telltale need not be activatdgbn a starter interlock is in operation.

The requirement of paragraph 3.6.2.7. o #mnex does not apply to tell-tales
shown in a common space.

The manufacturer may use tB&C Off" telltale to indicate an ESC level of funct
other than the manufacturer’s original default mesen if the vehicle would meet
paragraphs 3., 3.1., 3.2. and 3.3. of this annéxaatievel of ESC function.

ESC system technical documentation

Further to the requirements defined in Annex &ts Regulation the documentation
package shall, as confirmation that the vehiclegsipped with an ESC system that
meets the definition of an "ESC System" as in payaly 2.25. to this Regulation,

include the vehicle manufacturer's documentatiorsecified in paragraphs 3.7.1.
to 3.7.4. below.

System diagram identifying all ESC systerdWware The diagram shall identify
those components that are used to generate brekgesoat each wheel, determine
vehicle yaw rate, estimated side-slip or the sige-derivative and driver steering
inputs.

A brief written explanation sufficient tosdeibe the ESC system's basic operational
characteristicsThis explanation shall include the outline dgston of the system's
capability to apply braking torques at each whewd &dow the system modifies
propulsion torque during ESC system activation, simow that the vehicle yaw rate
is directly determined even under the conditionemwino wheel speed information
is available. The explanation shall also specifg tlehicle speed range and the
driving phases (acceleration, deceleration, cogstioring activation of the ABS or
traction control) under which the ESC system cdivaie.

Logic diagram This diagram supports the explanation provideddeun
paragraph 3.7.2.

Understeer informationAn outline description of the pertinent inputs toe
computer that control ESC system hardware and hey &are used to limit vehicle
understeer.

TEST CONDITIONS

Ambient conditions

The ambient temperature is between 0 °*GA&rfiC.

The maximum wind speed is no greater tham/80for vehicles with SSF > 1.25,
and 5 m/s for vehicles with SSF1.25.
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4.2. Road test surface

4.2.1. Tests are conducted on a dry, uniform, gwdded surface. Surfaces with
irregularities and undulations, such as dips argklaracks, are unsuitable.

4.2.2. The road test surface has a nomihgakdk braking coefficient (PBC) of 0.9, unless

otherwise specified, when measured using either:

4.2.2.1. The American Society for Testing and Mater(ASTM) E1136 standard reference
test tyre, in accordance with ASTM Method E1337-#&0 speed of 40 mph; or

4.2.2.2. The k-test method specified in Appendi® 2Annex 6 of this Regulation.

4.2.3. The test surface has a consistent slopeebeatievel and 1 per cent.

4.3. Vehicle conditions

4.3.1. The ESC system is enabled for all testing.

4.3.2. Vehicle masS he vehicle is loaded with the fuel tank filledableast 90 per cent of

capacity, and a total interior load of 168 kg coisga of the test driver,
approximately 59 kg of test equipment (automatedrgig machine, data acquisition
system and the power supply for the steering maghisnd ballast as required to
make up for any shortfall in the weight of testvdrs and test equipment. Where
required, ballast shall be placed on the floor behthe passenger front seat or if
necessary in the front passenger foot well arelbb@last shall be secured in a way
that prevents it from becoming dislodged duringines

4.3.3. Tyres The tyres are inflated to the vehicle manufactsireecommended cold
inflation pressure(s) e.g. as specified on the alelsi placard or the tyre inflation
pressure label. Tubes may be installed to preyeatde-beading.

4.3.4. OutriggersOutriggers may be used for testing if deemed ssang for test drivers'
safety. In this case, the following applies for iedds with a Static Stability Factor
(SSF)< 1.25:

4.3.4.1. Vehicles with a mass in running order untl88 kg shall be equipped with
"lightweight" outriggers. Lightweight outriggersahbe designed with a maximum
mass of 27 kg and a maximum roll moment of inestid7 kgm?®.

4.3.4.2. Vehicles with a mass in running order leetv 1,588 kg and 2,722 kg shall be
equipped with "standard" outriggers. Standard ggets shall be designed with a
maximum mass of 32 kg and a maximum roll momeredtia of 35.9 kgm?.

3/ The "nominal" value is understood as being therttecal target value.



4.3.4.3.

4.3.5.

5.1.

5.2.

5.3.

5.4.

5.4.1.

5.4.2.

5.4.3.
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Vehicles with a mass in running order édqaaor greater than 2,722 kg shall be
equipped with "heavy" outriggers. Heavy outriggetsall be designed with a
maximum mass of 39 kg and a maximum roll momereitia of 40.7 kgm?.

Automated steering machirke steering robot programmed to execute the reduir
steering pattern shall be used in paragraphs 5%223., 5.6. and 5.9. The steering
machine shall be capable of supplying steeringuesgoetween 40 to 60 Nm. The
steering machine shall be able to apply these &xrquhen operating with steering
wheel velocities up to 1,200 degrees per second.

Test Procedure

Inflate the vehicles' tyres to the manufactsreecommended cold inflation
pressure(s) e.g. as provided on the vehicle's masathe tyre inflation pressure
label.

Tell-tale bulb checkwith the vehicle stationary and the ignition logk system in
the "Lock" or "Off" position, switch the ignitiorotthe "On" ("Run") position or,
where applicable, the appropriate position forldmp check. The ESC malfunction
tell-tale shall be illuminated as a check of lamgndtion, as specified in
paragraph 3.4.1.7., and if equipped, the "ESC @iff*tale shall also be illuminated
as a check of lamp function, as specified in palyi3.6.2.7. The tell-tale bulb
check is not required for a tell-tale shown in anomon space as specified in
paragraphs 3.4.3. and 3.6.4.

"ESC Off" control checl~or vehicles equipped with an "ESC Off" contreith the
vehicle stationary and the ignition locking systemthe "Lock" or "Off" position,
switch the ignition locking system to the "On" ('R position. Activate the "ESC
Off" control and verify that the "ESC Off" tell-&lis illuminated, as specified in
paragraph 3.6.2. Turn the ignition locking systethe "Lock” or "Off" position.
Again, switch the ignition locking system to ther'O("Run") position and verify
that the "ESC Off" tell-tale has extinguished irading that the ESC system has been
restored as specified in paragraph 3.5.1.

Brake conditioning
Condition the vehicle brakes in the manner desdrib paragraphs 5.4.1. to 5.4.4.

Ten stops are performed from a speed oh®6 kwith an average deceleration of
approximately 0.5g.

Immediately following the series of ten 56/k stops, three additional stops are
performed from 72 km/h at higher deceleration.

When executing the stops in paragraph 54u#ficient force is applied to the brake
pedal to bring the vehicle's antilock braking sgst@ABS) into operation for a
majority of each braking event.
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5.4.4.

5.5.

5.5.1.

5.5.2.

5.5.8.

5.6.

5.6.1.

5.7.

5.8.

Following completion of the final stop iM42., the vehicle is driven at a speed
of 72 km/h for five minutes to cool the brakes.

Tyre Conditioning

Condition the tyres using the procedure of panatggd.5.1. to 5.5.3. to wear away
mould sheen and achieve operating temperature imategd before beginning the
test runs of paragraphs 5.6. and 5.9.

The test vehicle is driven around a cirdle Beters in diameter at a speed that
produces a lateral acceleration of approximateédyt6.0.6g for three clockwise laps
followed by three anticlockwise laps.

Using a sinusoidal steering pattern at gueacy of 1 Hz, a peak steering wheel
angle amplitude corresponding to a peak lateraélacation of 0.5 to 0.6g, and a
vehicle speed of56 km/h, the vehicle is driven otigh four passes
performing 10 cycles of sinusoidal steering duiagh pass.

The steering wheel angle amplitude of thalfcycle of the final pass shall be twice
that of the other cycles. The maximum time perrdittetween each of the laps and
passes is five minutes.

Slowly increasing steer procedure

The vehicle is subjected to two series of runthefslowly increasing steer test using
a constant vehicle speed of 8@ km/h and a steering pattern that increases
by 13.5 degrees per second until a lateral acdelaraf approximately 0.5g is
obtained. Three repetitions are performed for ettt series. One series uses
anticlockwise steering, and the other series ubekwise steering. The maximum
time permitted between each test run is five misute

From the slowly increasing steer tests, ghantity "A" is determined. "A" is the
steering wheel angle in degrees that produces alststate lateral acceleration
(corrected using the methods specified in paragBaph.3.) of 0.3g for the test
vehicle. Utilizing linear regression, A is calcudi to the nearest 0.1 degrees, from
each of the six slowly increasing steer tests. dibsolute value of the six A values
calculated is averaged and rounded to the nearkesdEeQrees to produce the final
guantity, A, used below.

After the quantity A has been determined, aathreplacing the tyres, the tyre
conditioning procedure described in paragraph is.performed again immediately
prior to conducting the Sine with Dwell test of @graph 5.9. Initiation of the first
Sine with Dwell test series shall begin within twours after completion of the
slowly increasing steer tests of paragraph 5.6.

Check that the ESC system is enabled by emwgtinat the ESC malfunction and
"ESC Off" (if provided) tell-tales are not illumited.
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5.9.1.
5.9.2.

5.9.3.

5.9.4.

5.9.5.

5.10.
5.10.1.
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Sine with Dwell test of oversteer interventaord responsiveness

The vehicle is subjected to two series of tessrusing a steering pattern of a sine
wave at 0.7 Hz frequency with a 500 ms delay beggmat the second peak
amplitude as shown in Figure 2 (the Sine with Dwielsts). One series uses
anticlockwise steering for the first half cycle,dathe other series uses clockwise
steering for the first half cycle. The vehicle i®@ed to cool-down between each
test runs for a period of 1.5 to 5 minutes, with Wehicle stationary.

Time

Steering Wheel Angle

Figure 2 Sine with Dwell
The steering motion is initiated with théede coasting in high gear at 80 = 2 km/h.

The steering amplitude for the initial ruheach series is 1.5 A, where A is the
steering wheel angle determined in paragraph 5.6.1.

In each series of test runs, the steeringliarde is increased from run to run,
by 0.5 A, provided that no such run will resultansteering amplitude greater than
that of the final run specified in paragraph 5.9.4.

The steering amplitude of the final run iaclke series is the greater of 6.5 A
or 270 degrees, provided the calculated magnitud®&50A is less than or equal
to 300 degrees. If any 0.5 A increment, up to 6,.5sAgreater than 300 degrees, the
steering amplitude of the final run shall be 30Qrdes.

Upon completion of the two series of tesisfupost processing of yaw rate and
lateral acceleration data is done as specifiedragraph 5.11.

ESC malfunction detection

Simulate one or more ESC malfunction(silisgonnecting the power source to any
ESC component, or disconnecting any electrical eotion between ESC
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5.10.2.

5.10.3.

5.10.4.

5.11.

5.11.1.

5.11.2.

5.11.3.

components (with the vehicle power off). When siatimg an ESC malfunction, the
electrical connections for the tell-tale lamp(s§i/am optional ESC system control(s)
are not to be disconnected.

With the vehicle initially stationary artgetignition locking system in the "Lock" or
"Off" position, switch the ignition locking systeta the "Start" position and start the
engine. Drive the vehicle forward to obtain a véhispeed of 48 8 km/h.
30 seconds, at the latest, after the engine has &taeted and within the next two
minutes at this speed, conduct at least one left @me right smooth turning
manoeuvre without losing directional stability ame brake application. Verify that
the ESC malfunction indicator illuminates in acamde with paragraph 3.4. by the
end of these manoeuvres.

Stop the vehicle, switch the ignition logkisystem to the "Off" or "Lock" position.
After a five-minute period, switch the vehicle'siijon locking system to the "Start"
position and start the engine. Verify that the EB®@lfunction indicator again
illuminates to signal a malfunction and remaingniinated as long as the engine is
running or until the fault is corrected.

Switch the ignition locking system to tl@ff" or "Lock™ position. Restore the ESC
system to normal operation, switch the ignitionteys to the "Start" position and
start the engine. Re-perform the manoeuvre destiibparagraph 5.10.2. and verify
that the tell-tale has extinguished within thisegior immediately afterwards.

Post data processing — calculations for pmdoce metrics

Yaw rate and lateral displacement measurementg€alndlations shall be processed
utilizing the techniques specified in paragrapid 3.. to 5.11.8.

Raw steering wheel angle data is filter&th & 12-pole phaseless Butterworth filter
and a cut-off frequency of 10 Hz. The filtered destahen zeroed to remove sensor
offset utilizing static pre-test data.

Raw yaw rate data is filtered with a 12epothaseless Butterworth filter and a cut-off
frequency of 6 Hz. The filtered data is then zerteedemove sensor offset utilizing
static pre-test data.

Raw lateral acceleration data is filterathva 12-pole phaseless Butterworth filter
and a cut-off frequency of 6 Hz. The filtered detahen zeroed to remove sensor
offset utilizing static pre-test data. The latexateleration data at the vehicle centre
of gravity is determined by removing the effectsisead by vehicle body roll and by

correcting for sensor placement via the use of dinate transformation. For data

collection, the lateral accelerometer shall be tetaas close as possible to the
position of the vehicle's longitudinal and laterahtres of gravity.



5.11.4.

5.11.5.

5.11.5.1.

5.11.5.2.

5.11.6.

5.11.7.

5.11.8.

5.11.9.
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Steering wheel velocity is determined biyedentiating the filtered steering wheel
angle data. The steering wheel velocity data is thiered with a moving 0.1 second
running average filter.

Lateral acceleration, yaw rate and steewhgel angle data channels are zeroed
utilizing a defined "zeroing range."” The methodeduto establish the zeroing range
are defined in paragraphs 5.11.5.1. and 5.11.5.2.

Using the steering wheel rate data cailledl using the methods described in
paragraph 5.11.4., the first instant that the stgewheel rate exceeds 75 deg/sec is
identified. From this point, steering wheel ratalsihemain greater than 75 deg/sec
for at least 200 ms. If the second condition is nwt, the next instant that the
steering wheel rate exceeds 75 deg/sec is idaht#ied the 200 ms validity check
applied. This iterative process continues untihbminditions are ultimately satisfied.

The "zeroing range" is defined as thesédbnd time period prior to the instant the
steering wheel rate exceeds 75 deg/sec (i.e.,ngtant the steering wheel velocity
exceeds 75 deg/sec defines the end of the "zeraimgg").

The Beginning of Steer (BOS) is definedhesfirst instance when the filtered and
zeroed steering wheel angle data reaches -5 degvhesn the initial steering input is

anticlockwise) or +5 degrees (when the initial steg input is clockwise) after a

time defining the end of the "zeroing range.” Thadue for time at the BOS is

interpolated.

The Completion of Steer (COS) is definedthes time the steering wheel angle
returns to zero at the completion of the Sine Viliell steering manoeuvre. The
value for time at the zero degree steering whegleas interpolated.

The second peak yaw rate is defined aBrdtdocal yaw rate peak produced by the
reversal of the steering wheel. The yaw ratesiQland 1.750 seconds after COS
are determined by interpolation.

Determine lateral velocity by integratingrrected, filtered and zeroed lateral
acceleration data. Zero lateral velocity at the B@&nt. Determine lateral
displacement by integrating zeroed lateral velocigro lateral displacement at the
BOS point. The lateral displacement measurememiide at 1.07 seconds after BOS
point and is determined by interpolation.”
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Add new Appendices 1 to 3 to Annexté read:

"Annex 9 - Appendix 1

USE OF THE DYNAMIC STABILITY SIMULATION

The effectiveness of the electronic stability cohtsystem may be determined by computer
simulation.

1. USE OF THE SIMULATION

1.1. The vehicle stability function shall be dentoaited by the vehicle manufacturer to
the Type Approval Authority or Technical Service Bymulating the dynamic
manoeuvres of paragraph 5.9. of Annex 9.

1.2. The simulation shall be a means whereby tlmécleestability performance shall be
demonstrated with:

(@) The yaw rate, one second after completion ef $me with Dwell steering
input (time ©+ 1);

(b) The yaw rate, 1.75 seconds after completiothefSine with Dwell steering
input;

(c) The lateral displacement of the vehicle cemiregravity with respect to its
initial straight path.

1.3. The simulation shall be carried out with aidetled modelling and simulation tool
and using the dynamic manoeuvres of paragraphds.®nnex 9 under the test
conditions of paragraph 4. of Annex 9.

The method by which the simulation tool is valethis given in Appendix 2 to this
annex.

Annex 9 - Appendix 2

DYNAMIC STABILITY SIMULATION TOOL AND ITS VALIDATI ON
1. SPECIFICATION OF THE SIMULATION TOOL

1.1 The simulation method shall take into accdbhatmain factors which influence the
directional and roll motion of the vehicle. A typianodel may include the following
vehicle parameters in an explicit or implicit form:

(@) Axle/wheel;
(b) Suspension;
() Tyre;
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2.1.

2.2.

2.3.
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(d) Chassis/vehicle body;

(e) Power train/driveline, if applicable;
(H Brake system;

(g) Pay load.

The Vehicle Stability Function shall be adtiethe simulation model by means of:

(@) A subsystem (software model) of the simulataol; or
(b) The electronic control box in a hardware-ie-tbop configuration.

VALIDATION OF THE SIMULATION TOOL

The validity of the applied modelling and slation tool shall be verified by means
of comparisons with practical vehicle tests. Thetgtautilised for the validation shall
be the dynamic manoeuvres of paragraph 5.9. of A@ne

During the tests, the following motion variablas, appropriate, shall be recorded or
calculated in accordance with ISO 15037 Part 1:208Bneral conditions for
passenger cars or Part 2:2002: General conditionshdéavy vehicles and buses
(depending on the vehicle category):

(a) Steering-wheel angl@yg);

(b) Longitudinal velocity ¥x);

(c) Sideslip anglef) or lateral velocity\{y);(optional);
(d) Longitudinal acceleratiora); (optional);

(e) Lateral acceleratiomy);

(H  Yaw velocity (dg/dt);

(g) Roll velocity (dg/dt);

(h) Pitch velocity (d/dt);

() Roll angle @);

() Pitch angle @).

The objective is to show that the simulatelicle behaviour and operation of the
vehicle stability function is comparable with tis&en in practical vehicle tests.

The simulator shall be deemed to be validatiedn its output is comparable to the
practical test results produced by a given vehigipe during the dynamic
manoeuvres of paragraph 5.9. of Annex 9. The oelahip of activation and
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sequence of the vehicle stability function in thewdation and in the practical
vehicle test shall be the means of making the coisga

2.4. The physical parameters that are differentvben the reference vehicle and
simulated vehicle configurations shall be modifeadordingly in the simulation.

2.5. A simulator test report shall be produced,caleh of which is defined in Appendix 3
to this annex, and a copy attached to the vehpybecwal report.

Annex 9 - Appendix 3

VEHICLE STABILITY FUNCTION SIMULATION TOOL TEST RE®RT

QIS ES O = To T N 0T ] o=

1. Identification

1.1. Name and address of the simulation tool maur@r ..............ccccoeccvieeeeeiiniiieeenen.
1.2. Simulation tool identification: name/model/noen (hardware and software) ........
2. Scope of application

2.1. V2] g 1o 1= 1Y oL PP

2.2. Vehicle coNfigUIratioNS: ..........cooiiii e s
3. Verifying vehicle test
3.1 Description Of VENICIE(S): ....cceiiie it eeeeeer e e

3.1.1. Vehicle(s) identification: make/model/VIN................oouuuiiiiiiiinnne e,

3.1.2. Vehicle description, including suspensiordels, engine and drive line,
braking system(s), steering system, with name/modelber identification: .........

3.1.3. Vehicle data used in the simulation (€XPHCL..........ccoooiiiiiiiiiiiiiii e,

3.2. Description of location(s), road/test aredag@ conditions, temperature and
(0 E= =T () TR SRRRPP

3.3. Results with the vehicle stability functioniwhlied on and off, including the
motion variables referred to in Annex 9, Appendjx@aragraph 2.1. as
=T 0] 0] (0] o] £ = (= 0 PR

4. Simulation results
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4.1. Vehicle parameters and the values used irsithelation that are not taken
from the actual test vehicle (IMpliCit): .....veeeereeieieeee e,

4.2. Yaw stability and lateral displacement acaogdio paragraphs 3.1. to 3.3. of
N ] TG P

5. This test has been carried out and the resafisrted in accordance with
Appendix 2 of Annex 9 to Regulation No. 13-H, astlamended by the
Supplement 7.

Technical Service conductingthe teSt.L.........ccoovviiiiii i,
Signed: ..., Date: ......cooviviiiiiinnns
Approval AUTNOFLY T ... e

Signed: ..., Date:

1/ To be signed by different persons if the Techniatvice and the Approval Authority is
the same organization.”



