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

"2.24.

2.25.

2.25.1.

2.25.2.

2.25.3.

2.25.4.

2.25.5.

2.26.

2.27.

2.28.

2.29.

2.30.

"Ackerman steer andgleneans the angle whose tangent is the wheelbagkediby
the radius of the turn at a very low speed.

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

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 axle Ato induce a correcting yaw moment based on taduation of actual
vehicle behaviour in comparison with a determimatiof vehicle behaviour
demanded by the driver;

That is computer controlled with the conepuising a closed-loop algorithm to limit
vehicle oversteer and to limit vehicle understeasdal on the evaluation of actual
vehicle behaviour in comparison with a determimatiof vehicle behaviour
demanded by the driver;

That has a means to determine directlyvéiee of the vehicle's yaw rate and to
estimate its side-slip or side-slip derivative widispect to time;

That has a means to monitor driver steénipgts; and

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

"Lateral acceleratidmeans the component of the acceleration vectar pbint in
the vehicle perpendicular to the vehicle x axisigitudinal) and parallel to the road
plane.

"Oversteérmeans a condition in which the vehicle's yaw ratgreater than the yaw
rate that would occur at the vehicle's speed asultrof the Ackerman steer angle.

"Side-slip or side-slip andleneans the arctangent of the ratio of the lateetdcity
to the longitudinal velocity of the centre of grigwvof the vehicle.

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

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

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

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

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

"Static stability factérmeans one-half the track width of a vehicle daddby the
height of its center of gravity, also expresse®885 = 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 calculé&tifjgand H = height of the center
of gravity of the vehicle.

Insert new paragraphs 4.4.3. and 4,4dlread:

"4.4.3.

4.4.4.

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' mentidnie paragraph 4.4.2.

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

Insert new paragraphs 5.2.24. and 5.2.24olread:

"5.2.24.

5.2.24.1.

Subject to the requirements of paragrdghg. to 12.4., any vehicle fitted with an
ESC system complying with the definition of paramra2.25. shall meet the
equipment, performance and test requirements cwdaiin Annex 9 to this
Regulation.

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 beimzpd with a vehicle
stability function which includes roll-over contrahd directional control and meets
the technical requirements of Annex 21 to Reguhehio. 13."

Insert new paragraphs 12.2. to 12t8.read:

"12.2.

12.3.

As from 1 November 2011, Contracting Paréipplying this Regulation may refuse
to grant new approvals if the vehicle type to beraped does not meet the
requirements of this Regulation as amended by Sopgit 7.

As from 1 November 2013, Contracting Paripglying this Regulation may refuse
first national registration of a vehicle which dosst meet the requirements of this
Regulation as amended by Supplement 7."
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Annex 1

Insert a new item 2%o read:

"21 The vehicle is equipped with an ESC system:...........cccccvviiiieieiinnnnne Yes / No
If yes: The ESC system has been tested accordirand fulfils
the requirements of ANNEX 9 ..........ooviiiiieecceie e, Yes/ No
or: The vehicle stability function has been testedording to
and fulfils the requirements of Annex 21 to
Regulation NO. 13 ...t Yes / No"

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

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

A
a s a2 13HRESC-002439T a3
v
_V
a= 8mm. min.
The above approval mark ......... in its origifam. The additional marking "ESC"

indicates that the vehicle meets the Electronidifitya Control requirements of
Annex 9 to this Regulation."

Insert a new Annex,90 read (see next pages):
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"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 reougénts in paragraph 3. under the
test procedures specified in paragraph 4. and uthdetest conditions specified in
paragraph 5. of this annex.

2. FUNCTIONAL REQUIREMENTS

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

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

2.2. Is operational over the full speed range ef\bhicle, during all phases of driving
including acceleration, coasting, and decelergfiociuding 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 ysibility checks are completed, not to
exceed 2 minutes when driven under the conditibpau@agraph 5.10.2.;

2.2.4. When the vehicle is being driven in reverse.

2.3. Remains capable of activation even if thelackibraking system or traction control

system is also activated.
3. PERFORMANCE REQUIREMENTS

During each test performed under the test conditiof paragraph 4. and the test
procedure of paragraph 5.9., the vehicle with t8&€Eystem engaged shall satisfy
the directional stability criteria of paragraph$.3and 3.2., and it shall satisfy the
responsiveness criterion of paragraph 3.3. durauh ®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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commanded steering wheel/ 2angle of 5A or greater but limited as per
paragraph 5.9.4., where A is the steering whedeargmputed in paragraph 5.6.1.

Where a vehicle has been physically tested in decmwe with paragraph 4., the
compliance of versions or variants of that sameacketype 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 simiatdefined in Appendix 1 to this
annex.

3.1. The yaw rate measured 1 second after completiche Sine with Dwell steering
input (time ©+ 1 in Figure 1) shall not exceed 35 percent offits¢ peak value of
yaw rate recorded after the steering wheel angéngés sign (between first and

second peaksY{pek in Figure 1) during the same test run.

Time

Handwheel Angle

Yaw Rate

Time

. ,_———"‘l
Ppaak |

T, Tytl Tp+175

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

2/ The text in this annex assumes that the vehielerisig is controlled by means of a steering
wheel. Vehicles using other types of steering mmnnay also be approved to this annex
provided the manufacturer is able to demonstratiheéotechnical service that the performance
requirements of this annex can be met using ecenvadteering 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 etioplof the Sine with Dwell steering
input shall not exceed 20 percent of the first peslke of yaw rate recorded after the
steering wheel angle changes sign (between fidtsacond 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 vehighgs a GVM of 3,500 kg or less,
and 1.52 m for vehicles with a maximum mass gredten 3,500 kg when
computed 1.07 seconds after the Beginning of SB&S). BOS is defined in
paragraph 5.11.6.

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

LateralDisplacemat = ”afc.e.dt

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

Time t = 0 for the integration operatiorihie instant of steering initiation, known as
the Beginning of Steer (BOS). BOS is defined iregaaph 5.11.6.

ESC malfunction detection

The vehicle shall be equipped with a tell-talet travides a warning to the driver of
the occurrence of any malfunction that affects gfemeration or transmission of
control or response signals in the vehicle's edeatrstability 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 be#tfastened,;

Shall appear perceptually upright to thieed while driving;

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

the text "ESC":
?3
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3.4.1.4.

3.4.15.

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.

Shall be yellow or amber in colour;

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

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

Except as provided in paragraph 3.4.2ch daSC malfunction tell-tale shall be
activated as a check of lamp function either whea 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 at the next ignition eyafter the malfunction has been corrected in
accordance with paragraph 5.10.4.;

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

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

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

The requirement of paragraph 3.4.1.4. doegpply to tell-tales shown in a common
space.

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

ESC Off and other system controls

The manufacturer may include an "ESC Off* contmwhich shall be illuminated
when the vehicle's headlamps are activated, andhwii@s a purpose to place the
ESC system in a mode in which it will no longer isfgt the performance
requirements of paragraphs 3., 3.1., 3.2. and 3/&nufacturers may also provide
controls for other systems that have an ancillffisce upon ESC operation. Controls
of either kind that place the ESC system in a mindehich it may no longer satisfy
the performance requirements of paragraphs 3., 3.2. and 3.3. are permitted,
provided that the system also meets the requiresmehtparagraphs 3.5.1., 3.5.2.
and 3.5.3.



3.5.1.

3.5.1.1.

3.5.1.2.

3.5.2.

3.5.3.
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The vehicle's ESC system shall always retinrthe manufacturer's original default
mode that satisfies the requirements of paragraplasnd 3. at the initiation of each
new ignition cycle, regardless of what mode theveirihad previously selected.
However, the vehicle's ESC system need not retora tode that satisfies the
requirements of paragraphs 3. through 3.3. atrtiti@tion of each new ignition cycle
if:

The vehicle is in a four-wheel drive cgnfiation which has the effect of locking the
drive gears at the front and rear axles together @oviding an additional gear
reduction between the engine speed and vehicledspéeat least 1.6 or 2.0,3
selected by the driver for low-speed, off-road gy or

The vehicle is in a four-wheel drive cgnofiation selected by the driver that is
designed for operation at higher speeds on snamd-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 théikty performance requirements
of paragraphs 3.1. and 3.2. under the test comditigpecified in paragraph 4.
However, if the system has more than one ESC muatesatisfies the requirements
of paragraphs 3.1. and 3.2. within the drive canfigion selected for the previous
ignition cycle, the ESC shall return to the mantifeer's original default ESC mode
for that drive configuration at the initiation ci&h new ignition cycle.

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

-
e2

OFF

A control for an ESC system whose purpoge [gace the ESC system in different
modes, at least one of which may no longer satigfyperformance requirements of
paragraphs 3., 3.1., 3.2, and 3.3., shall be ifikxhtoy the symbol below with the
text "OFF" adjacent to the control position forstimmode.

2

3/  The value of either 1.6 or 2.0 to be selecteti@tiscretion of the Contracting Party.
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3.5.4.

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.

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 béifiéenby the "ESC Off' symbol of
paragraph 3.5.2.

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 tellrgmjairements of paragraphs 3.6.1.
to 3.6.4. shall be met in order to alert the driteethe inhibited or reduced state of
ESC system functionality. This requirement doesapply for the driver-selected
mode referred to in paragraph 3.5.1.2.

The vehicle manufacturer shall provide htéd¢ 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 cleanwvief 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 showm f&SC Off* below or the text

"ESC OFF",
-
o

OFF
or

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 theninated malfunction tell-tale;

Shall be yellow or amber in colour;

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

Shall remain continuously illuminated fas long as the ESC is in a mode that
renders it unable to satisfy the requirements ddgraphs 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 whea ignition locking system is
turned to the "On" ("Run") position when the engisenot running, or when the



3.6.2.8.

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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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 systemidess returned to its fully functional default
mode.

The "ESC Off" malfunction tell-tale need et activated when a starter interlock is
in operation.

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

The manufacturer may use the ESC malfuntéthale to indicate an ESC level of
function other than the fully functional default deoeven if the vehicle would meet
paragraphs 3., 3.1., 3.2. and 3.3. of this annéxaatevel 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 paaly 2.25. to this Regulation,

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

System diagram identifying all ESC systendivare The diagram shall identify

those components that are used to generate brakeetoat each wheel, determine
vehicle yaw rate, estimated side-slip or the sige-derivative and driver steering
inputs.

A brief written explanation sufficient tosteibe the ESC system's basic operational

characteristics This explanation shall include the outline dgg@n of the system's
capability to apply braking torques at each whead &ow the system modifies
engine torque during ESC system activation, andvdhat the vehicle yaw rate can
be determined even under the conditions where neelwBpeed information is
available. The explanation shall also specifyubkicle speed range and the driving
phases (acceleration, deceleration, coasting, glattivation of the ABS or traction
control) under which the ESC system can activate.

Logic diagram This diagram supports the explanation provideddeu

paragraph 3.7.2.

Understeer information An outline description of the pertinent inputs the
computer that control ESC system hardware and hewy are used to limit vehicle
understeer.
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4. TEST CONDITIONS

4.1. Ambient conditions

4.1.1. The ambient temperature is between 0 *CA&rfc.

4.1.2. The maximum wind speed is no greater tham/&0for vehicles with SSF > 1.25,
and 5 m/s for vehicles with SSF1.25.

4.2. Road test surface

4.2.1. Tests are conducted on a dry, uniform, guwdded surface. Surfaces with

irregularities and undulations, such as dips argkelaracks, are unsuitable.

4.2.2. The road test surface has a nomihaleék 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#&0a speed of 40 mph; or

4.2.2.2. The k-test method specified in Appendig 2nnex 6 of this Regulation.
4.2.3. The test surface has a consistent slopesbatievel and 1 per cent.

4.3. Vehicle conditions

4.3.1. The ESC system is enabled for all testing.

4.3.2. Vehicle massThe vehicle is loaded with the fuel tank fillexlat least 75 per cent of
capacity, and a total interior load of 168 kg coisgal of the test driver,
approximately 59 kg of test equipment (automatedratg machine, data acquisition
system and the power supply for the steering maghiend 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 bethihe passenger front seat or if
necessary in the front passenger foot well arelhbalast shall be secured in a way
that prevents it from becoming dislodged durindines

4.3.3. Tyres The tyres are inflated to the vehicle manufaatar recommended 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/  The "nominal" value is understood as being therttical target value.
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4.3.4.1.

4.3.4.2.

4.3.4.3.

4.3.5.

5.1.

5.2.

5.3.
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Outriggers Outriggers may be used for testing if deemecks&ary for test drivers'
safety. In this case, the following applies fohiedes with a Static Stability Factor
(SSF)< 1.25:

Vehicles with a mass in running order unti88 kg shall be equipped with
"lightweight" outriggers. Lightweight outriggerbal be designed with a maximum
mass of [XX] kg and a maximum roll moment of inartf [XX] kg:-m? [figures to be
provided by USA].

Vehicles with a mass in running order leetwv 1,588 kg and 2,722 kg shall be
equipped with "standard" outriggers. Standardiggérs shall be designed with a
maximum mass of 32 kg and a maximum roll momernertia of 35.9 kgn’.

Vehicles with a mass in running order éqaaor greater than 2,722 kg shall be
equipped with "heavy" outriggers. Heavy outriggeisall be designed with a
maximum mass of 39 kg and a maximum roll momernertia of 40.7 kgn.

Automated steering machin@ steering robot programmed to execute the requi
steering pattern shall be used in paragraphs 5&23., 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 manufaatsreecommended cold inflation
pressure(s) e.g. as provided on the vehicle's mlacathe tyre inflation pressure
label.

Tell-tale bulb check With the vehicle stationary and the ignitionKiog system in
the "Lock" or "Off" position, switch the ignitiorotthe "On" ("Run") position or,
where applicable, the appropriate position forltmp check. The ESC malfunction
tell-tale shall be illuminated as a check of lamgpndtion, as specified in
paragraph 3.4.1.4., and if equipped, the "ESC @ff-tale shall also be illuminated
as a check of lamp function, as specified in paalgr3.6.6. The tell-tale bulb check
is not required for a tell-tale shown in a messagmtre as specified in
paragraphs 3.4.2. and 3.6.8.

"ESC Off" control checkFor vehicles equipped with an "ESC Off" contreith the

vehicle stationary and the ignition locking systamthe "Lock" or "Off" position,
switch the ignition locking system to the "On" ('Rl position. Activate the "ESC
Off" control and verify that the "ESC Off" tell-wlis illuminated, as specified in
paragraph 3.6.4. Turn the ignition locking systenthe "Lock" or "Off" position.
Again, switch the ignition locking system to thed'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.
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5.4.

5.4.1.

5.4.2.

5.4.3.

5.4.4.

5.5.

5.5.1.

5.5.2.

5.5.3.

5.6.

Brake conditioning

Condition the vehicle brakes in the manner deedrib paragraphs 5.4.1. to 5.4.4.

Ten stops are performed from a speed oh®8 kwith an average deceleration of
approximately 0.5g.

Immediately following the series of ten 36/k stops, three additional stops are
performed from 72 km/h at higher deceleration.

When executing the stops in paragraph 5.dufficient force is applied to the brake
pedal to bring the vehicle's antilock braking systéABS) into operation for a
majority of each braking event.

Following completion of the final stop in42., 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 panalggeb.5.1. to 5.5.3. to wear away
mould sheen and achieve operating temperature inategd before beginning the
test runs of paragraphs 5.6. and 5.9.

The test vehicle is driven around a circle 3eters 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 latera¢lacation 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 duesagh pass.

The steering wheel angle amplitude of thalfcycle of the final pass shall be twice
that of the other cycles. The maximum time pesexitbetween 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 82 km/h and a steering pattern that increases
by 13.5 degrees per second until a lateral acdadaraf approximately 0.5¢g is
obtained. Three repetitions are performed for e@sh series. One series uses
anticlockwise steering, and the other series ukEkwise steering. The maximum
time permitted between each test run is five miswte



5.6.1.

5.7.

5.8.

5.9.
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From the slowly increasing steer tests,gbantity "A" is determined. "A" is the
steering wheel angle in degrees that produces ad\stetate lateral acceleration
(corrected using the methods specified in paragbaph.3.) of 0.3g for the test
vehicle. Ultilizing linear regression, A is calcigd, to the nearest 0.1 degrees, from
each of the six slowly increasing steer tests. diolute value of the six A values
calculated is averaged and rounded to the nearksie@rees to produce the final
guantity, A, used below.

After the quantity A has been determined, adthreplacing the tyres, the tyre
conditioning procedure described in paragraph i5.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 ewgthiat the ESC malfunction and
"ESC Off" (if provided) tell-tales are not illumited.

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 Dwelsts). One series uses
anticlockwise steering for the first half cycle,dathe other series uses clockwise
steering for the first half cycle. The vehiclealbowed to cool-down between each
test runs for a period of 1.5 to 5 minutes, with tehicle stationary.

Time

Handwheel Angle

I 500 ms
-

Figure 2 Sine with Dwell
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5.9.1.

5.9.2.

5.9.3.

5.9.4.

5.9.5.

5.10.

5.10.1.

5.10.2.

5.10.3.

5.10.4.

The steering motion is initiated with thdaige 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 steeringliide 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 iacle series is the greater of 6.5 A
or 270 degrees, provided the calculated magnitdd&50A is less than or equal
to 300 degrees. If any 0.5 A increment, up to/.5 greater than 300 degrees, the
steering amplitude of the final run shall be 300rdes.

Upon completion of the two series of tessfipost processing of yaw rate and lateral
acceleration data is done as specified in paragsaih

ESC malfunction detection

Simulate one or more ESC malfunction(silisgonnecting the power source to any
ESC component, or disconnecting any electrical eotion between ESC
components (with the vehicle power off). When dating an ESC malfunction, the
electrical connections for the tell-tale lamp(si/@m optional ESC system control(s)
are not to be disconnected.

With the vehicle initially stationary arttetignition 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 wdhispeed of 48 8 km/h.
30 seconds, at the latest, after the engine has &teeted and within the next two
minutes at this speed, conduct at least one left @me right smooth turning
manoeuvre without losing directional stability aome brake application. Verify that
the ESC malfunction indicator illuminates in acarde with paragraph 3.4. by the
end of these manoeuvres.

Stop the vehicle, switch the ignition laakisystem to the "Off" or "Lock" position.
After a five-minute period, switch the vehicle'siiigpn locking system to the "Start"
position and start the engine. Verify that the E®@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 ti@ff" or "Lock™ position. Restore the ESC
system to normal operation, switch the ignitiontegs to the "Start" position and
start the engine. Re-perform the manoeuvre dexstrib paragraph 5.10.2. and
verify that the tell-tale has extinguished withiristtime or immediately afterwards.



5.11.

5.11.1.

5.11.2.

5.11.3.

5.11.4.

5.11.5.

5.11.5.1.

5.11.5.2.

5.11.6.
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Post data processing — calculations for pmidoce metrics

Yaw rate and lateral displacement measurementsaledlations shall be processed
utilizing the techniques specified in paragrapiid 3. to 5.11.8.

Raw steering wheel angle data is filteréth & 12-pole phaseless Butterworth filter
and a cut-off frequency of 10 Hz. The filteredadat then 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 zdrazremove sensor offset utilizing
static pre-test data.

Raw lateral acceleration data is filterdthva 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 lateaateleration data at the vehicle centre
of gravity is determined by removing the effectsiszad by vehicle body roll and by
correcting for sensor placement via the use ofdioate transformation. For data
collection, the lateral accelerometer shall be tledaas close as possible to the
position of the vehicle's longitudinal and laterahtres of gravity.

Steering wheel velocity is determined biyedéntiating the filtered steering wheel
angle data. The steering wheel velocity data ienthfiltered 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 methodedito establish the zeroing range
are defined in paragraphs 5.11.5.1. and 5.11.5.2.

Using the steering wheel rate data catledl 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 rat@alsremain greater than 75 deg/sec
for at least 200 ms. If the second condition i$ met, the next instant that the
steering wheel rate exceeds 75 deg/sec is idehtdied the 200 ms validity check
applied. This iterative process continues untithb@onditions are ultimately
satisfied.

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

The Beginning of Steer (BOS) is definedhasfirst instance when the filtered and
zeroed steering wheel angle data reaches -5 degvbes 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." TNaue for time at the BOS is

interpolated.
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5.11.7. The Completion of Steer (COS) is definedthas time the steering wheel angle
returns to zero at the completion of the Sine Vidthiell steering manoeuvre. The
value for time at the zero degree steering whegleais interpolated.

5.11.8. The second peak yaw rate is defined afirftdocal yaw rate peak produced by the
reversal of the steering wheel. The yaw rates@G(land 1.750 seconds after COS
are determined by interpolation.

5.11.9. Determine lateral velocity by integratingrrected, filtered and zeroed lateral
acceleration data. Zero lateral velocity at the SB@oint. Determine lateral
displacement by integrating zeroed lateral velociBero lateral displacement at the
BOS point. The lateral displacement measurememhasge at 1.07 seconds after
BOS point and is determined by interpolation.”

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 cohsystem may be determined by computer
simulation.

1. USE OF THE SIMULATION

1.1. The vehicle stability function shall be denteated 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 tiécke stability performance shall be

demonstrated with:

(@) The yaw rate, one second after completionhef $ine with Dwell steering
input (time o+ 1);

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

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

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

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



1.1.

1.2.

2.1.

2.2.
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Annex 9 - Appendix 2

DYNAMIC STABILITY SIMULATION TOOL AND ITS VALIDATIO N
SPECIFICATION OF THE SIMULATION TOOL

The simulation method shall take into accdbatmain factors which influence the
directional and roll motion of the vehicle. A tgpli model may include the
following vehicle parameters in an explicit or ingg form:

(@) Axle/wheel

(b) Suspension

(c) Tyre

(d) Chassis/vehicle body

(e) Power train/driveline, if applicable

(f) Brake system

(g) Payload

The Vehicle Stability Function shall be addethe simulation model by means of:
a) A subsystem (software model) of the simulatawi; or
b)  The electronic control box in a hardware-in-kbep 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. Témtg utilised for the validation shall
be the dynamic manoeuvres of paragraph 5.9. of ABne

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 conditionshéavy vehicles and buses
(depending on the vehicle category):

(a) Steering-wheel angléy)

(b) Longitudinal velocity\{x)

(c) Sideslip anglef) or lateral velocity \fy);(optional)

(d) Longitudinal acceleratiora); (optional)

(e) Lateral acceleratiomy)

()  Yaw velocity (dy/dt)
(g) Roll velocity (dp/dt)
(h) Pitch velocity (d#/dt)
() Rollangle @)
() 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.
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2.3. The simulator shall be deemed to be validateen its output is comparable to the
practical test results produced by a given vehitlpe during the dynamic
manoeuvres of paragraph 5.9. of Annex 9. The ioslship of activation and
sequence of the vehicle stability function in thendation 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 modif@etordingly in the simulation.

2.5. A simulator test report shall be produced,cal@h of which is defined in Appendix 3

to this annex, and a copy attached to the vehppecval report.

Annex 9 - Appendix 3

VEHICLE STABILITY FUNCTION SIMULATION TOOL TEST RE®RT

Test RepOrt NUMDET: ... e e

1. Identification

1.1. Name and address of the simulation tool matwifer.....................evveveeeieeieneninnnn.
1.2. Simulation tool identification: name/model/rven (hardware and software) ........
2. Scope of application

2.1 N ENICIE Ty e

2.2. Vehicle CoONfIQUIAtIONS: .........ouiii e
3. Verifying vehicle test
3.1 Description Of VENICIE(S): ... civiii e e e

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

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

3.1.3. Vehicle data used in the simulation (EXPHCL............coeeveiiiiieiiiiiieeeee s

3.2. Description of location(s), road/test aredag@ conditions, temperature and
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3.3. Results with the vehicle stability functioniglved on and off, including the
motion variables referred to in Annex 9, Appendix@aragraph 2.1. as
2T 0] 01 £0] o] 111 (= NSRS

4, Simulation results

4.1. Vehicle parameters and the values used irsithelation that are not taken
from the actual test vehicle (impliCit): ......cccoeeiiiiii e

4.2. Yaw stability and lateral displacement acaagdio paragraphs 3.1. to 3.3. of
ANNEX O e

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 teSL.L...........ocoviiiiiiiiiiiiiieen,

Signed: ... Date: ......cooiiii

Approval AUtNONIEY T ... e e e e e

Signed: ... Date: ..o

1Y To be signed by different persons if the Techn@®aivice and the Approval Authority is
the same organization."



