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A. STATEMENT OF TECHNICAL RATIONALE AND JUSTIFICATON

1. INTRODUCTION

1. In spite of the technological advances and sgguy efforts of the past few decades, the
global burden to society associated with motor eehirashes remains considerable. According
to the World Health Organization (WHO), each ydaré are more than one million fatalities
and two million injuries in traffic crashes worlde, and the global annual economic cost of
road crashes is nearly $600 billion. These hunrah economic losses are distributed across
regions, including approximately 40,000 fatalittssually in Europe, over 40,000 in the United
States, over 90,000 in India, and over 100,000hm& Therefore, regulators and others with an
interest in vehicle safety and public health slwaitefully monitor the development of new
technologies, which may offer the potential to m@®ldhe mortality, morbidity, and economic
burdens associated with vehicle crashes. Curesatarch demonstrates that electronic stability
control (ESC) systems represent a mature technplagizh could have the most significant life-
saving potential since the advent of the seat b&IEC systems are particularly effective in
preventing single-vehicle, run-off-road crashesriynaf which result in rollover).

2. Crash data studies conducted in the United Statédmerica (U.S.), Europe, and Japan
indicate that ESC is very effective in reducinggéavehicle crashes. Studies of the behaviour
of ordinary drivers in critical driving situatior(sising a driving simulator) show a very large
reduction in instances of loss of control whenkahicle is equipped with ESC, with estimates
that ESC reduces single-vehicle crashes of passarage by 34 per cent and single-vehicle
crashes of sport utility vehicles (SUVs) by 59 pent. The same recent U.S. study showed that
ESC prevents an estimated 71 per cent of passemagemllovers and 84 per cent of SUV
rollovers in single-vehicle crashes. ESC is alstimeated to reduce some multi-vehicle crashes,
but at a much lower rate than its effect on singlbicle crashes. It is evident that the most
effective way to reduce deaths and injuries inor@k crashes is to prevent the rollover crash
from occurring, something which ESC can help acd@hpby increasing the chances for the
driver to maintain control and to keep the vehmfethe roadway. It is expected that potential
benefits would be maximized by fleet-wide instaflat of ESC systems meeting the
requirements of this gtr. The following discussixplains in further detail the nature of the
identified safety problem and how ESC systems catoamitigate that problem.

2. TARGET POPULATION: SINGLE-VEHICLE CRASH AND RQIOVER
STATISTICS

3. Although vehicle and road conditions may varydifierent countries and regions, it is
anticipated that the experience with ESC, as repart European, U.S., and Japanese research
studies, would be generally applicable across geaaf driving environments. The following
information, based upon statistical analyses of ddfa is illustrative of the types of crashes that
could potentially be impacted by a global techniegjulation for ESC.

4, In the U.S., about one in seven light vehicteslived in police-reported crashes collide
with something other than another vehicle. Howgevee proportion of these single-vehicle
crashes increases steadily with increasing cragérisg and almost half of serious and fatal
injuries occur in single-vehicle crashes. Of ti8282 people who were killed as occupants of
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light vehicles in the U.S., over half of these () occurred in single-vehicle crashes. Of
these, 8,460 occurred in rollovers. About 1.1ionllinjuries (AIS 1-5) occurred in crashes that
could be affected by ESC, almost 500,000 in singlecle crashes (of which almost half were in
rollovers). Multi-vehicle crashes that could béeafed by ESC accounted for 13,245 fatalities
and almost 600,000 injuries.

5. Rollover crashes are complex events that reffextinteraction of driver, road, vehicle,
and environmental factors. The relationship betwbese factors and the risk of rollover can be
described by using information from available crasta programs. According to 2004 U.S.
data, 10,555 people were killed as occupants it ligehicle rollover crashes, which
represents 33 per cent of all occupants killed yleatr in crashes in the U.S. Of those, 8,567
were killed in single-vehicle rollover crashes. v&ay-four per cent of the people who died in
those single-vehicle rollover crashes were notgiaiiseat belt, and 61 per cent were partially or
completely ejected from the vehicle (including %0 pent who were completely ejected). These
data also show that 55 per cent of light vehicleupant fatalities in single-vehicle crashes
involved a rollover event.

6. Using U.S. data from 2000-2004, estimates shat 280,000 light vehicles were towed
from a police-reported rollover crash each yeargeerage), and that 29,000 occupants of these
vehicles were seriously injured. Of these 280,08 vehicle rollover crashes, 230,000 were
single-vehicle crashes. Sixty-two per cent of éhpgople who suffered a serious injury in a
single-vehicle tow-away rollover crash were nohgsa seat belt, and 52 per cent were partially
or completely ejected (including 41 per cent whaemeompletely ejected). Estimates from the
data indicate that 82 per cent of tow-away rollsweere single-vehicle crashes, and that 88 per
cent (202,000) of the single-vehicle rollover cesloccurred after the vehicle left the roadway.
An audit of 1992-1996 U.S. data showed that ab&up& cent of rollovers in single-vehicle
crashes were tripped by mechanisms such as cutssasl, pot holes, guard rails, and wheel
rims digging into the pavement, rather than by /tped interface friction as in the case of
untripped rollover events.

3. OPERATION OF ESC SYSTEMS

7. Although ESC systems are currently known by ndiffgrent trade names, their function
and performance are similar. These systems useuwtemcontrol of individual wheel brakes to
help the driver maintain control of the vehicle idgr extreme manoeuvres by keeping the
vehicle headed in the direction the driver is stepeven when the vehicle nears or reaches the
limits of road traction.

8. When a driver attempts an "extreme manoeuvrg:,(ene initiated to avoid a crash or
due to misjudgement of the severity of a curveg thiver may lose control if the vehicle
responds differently as it nears the limits of raeattion than it does during ordinary driving.
The driver's loss of control can result in eithe tear of the vehicle "spinning out” or the front
of the vehicle "plowing out". As long as theresidficient road traction, a highly skilled driver
may be able to maintain control in many extreme aeamres using counter steering (i.e.
momentarily turning away from the intended direg}iand other techniques. However, average
drivers in a panic situation in which the vehickgins to spin out would be unlikely to counter
steer to regain control.



ECE/TRANS/180/Add.8
page 6

9. In order to counter such situations in whichslo$ control may be imminent, ESC uses
automatic braking of individual wheels to adjuse tehicle's heading if it departs from the
direction the driver is steering. Thus, it prewetihe heading from changing too quickly
(spinning out) or not quickly enough (plowing outplthough it cannot increase the available
traction, ESC affords the driver the maximum pasgibof keeping the vehicle under control
and on the road in an emergency manoeuvre usinnghasnatural reaction of steering in the
intended direction. Keeping the vehicle on thedrpeevents single-vehicle crashes, which are
the circumstances that lead to most rollovers. éimm, there are limits to an ESC system's
ability to intervene effectively in such situationsor example, if the speed is simply too great
for the available road traction, even a vehiclehv@SC will unavoidably drift off the road (but
not spin out). Furthermore, ESC cannot prevent mdapartures due to driver inattention or
drowsiness rather than loss of control. Neverdglavailable research from around the world
has shown that given their high effectiveness B&C systems would have a major life-saving
impact, particularly once there is wide fleet pesidn.

(@) Mechanism of Action by Which ESC Prevents Lais¥ehicle Control

10. The following explanation of ESC operation stiwtes the basic principle of yaw
stability control. An ESC system maintains "yawl fieading) control by comparing the driver's
intended heading with the vehicle's actual respoasd automatically turning the vehicle if its
response does not match the driver's intentionwever, with ESC, turning is accomplished by
applying counter torques from the braking systethenathan from steering input. Speed and
steering angle are used to determine the drivattmded heading. The vehicle response is
determined in terms of lateral acceleration and yate by onboard sensors. |If the vehicle is
responding in a manner corresponding to driver tiniihe yaw rate will be in balance with the
speed and lateral acceleration.

11. The concept of "yaw rate" can be illustratedifopgining the view from above a car
following a large circle painted on a parking lobne is looking at the top of the roof of the
vehicle and seeing the circle. If the car stamts iheading pointed north and drives half way
around the circle, its new heading is south. Hsvyangle has changed 180 degrees. If it
takes 10 seconds to go half way around the citite,'yaw rate" is 180 degrees per 10 seconds
or 18 deg/sec. If the speed stays the same, this canstantly rotating at a rate of 18 deg/sec
around a vertical axis that can be imagined a<ipigrits roof. If the speed is doubled, the yaw
rate increases to 36 deg/sec.

12.  While driving in a circle, the driver noticdsat he shall hold the steering wheel tightly to
avoid sliding laterally. The braking force is nesary to overcome the lateral acceleration that is
caused by the car following the curve. The latadeleration is also measured by the ESC
system. When the speed is doubled, the later@leration increases by a factor of four if the
vehicle follows the same circle. There is a fiyggsical relationship between the car's speed,
the radius of its circular path, and its lateradederation.

13. The ESC system uses this information as fotllo®sce the ESC system measures the
car's speed and its lateral acceleration, it campcbe the radius of the circle. Since it then has
the radius of the circle and the car's speed, 8@ &/stem can compute the correct yaw rate for
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a car following the path. The system includes & yate sensor, and it compares the actual
measured yaw rate of the car to that computedhioipath the car is following. If the computed
and measured yaw rates begin to diverge as thiaatis trying to follow the circle speeds up, it
means the driver is beginning to lose control, eWehe driver cannot yet sense it. Soon, an
unassisted vehicle would have a heading signifigatitferent from the desired path and would
be out of control either by oversteering (spinning) or understeering.

14.  When the ESC system detects an imbalance betiheaneasured yaw rate of a vehicle
and the path defined by the vehicle's speed aneralatacceleration, the ESC system
automatically intervenes to turn the vehicle. Taetomatic turning of the vehicle is
accomplished by uneven brake application rathar byasteering wheel movement. If only one
wheel is braked, the uneven brake force will cahsevehicle's heading to change. Figure 1
below shows the action of ESC using single-wheakibig to correct the onset of oversteering or
understeering.
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Figure T ESC Interventions for Understeering and Oversige

(i) Oversteering In Figure 1 (bottom panel), the vehicle has mtte left curve that is
extreme for the speed it is travelling. The refathe vehicle begins to slide which
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would lead to a vehicle without ESC turning sides@yr "spinning out”) unless the
driver expertly countersteers. In a vehicle eqegppwith ESC, the system
immediately detects that the vehicle's heading hanging more quickly than
appropriate for the driver's intended path (i.ee §yaw rate is too high). It
momentarily applies the right front brake to tune theading of the vehicle back to
the correct path. The action happens quickly abtthe driver does not perceive the
need for steering corrections. Even if the driveakes because the curve is sharper
than anticipated, the system is still capable oiegating uneven braking if necessary
to correct the heading.

(i) Understeering Figure 1 (top panel) shows a similar situatiacefd by a vehicle
whose response as it nears the limits of roaditoracs to slide at the front ("plowing
out" or understeering) rather than oversteering.this situation, the ESC system
rapidly detects that the vehicle's heading is clmnlgss quickly than appropriate for
the driver's intended path (i.e. the yaw rate slta). It momentarily applies the
left rear brake to turn the heading of the vehiodek to the correct path.

15.  While Figure 1 may suggest that particular ekelsi go out of control as either vehicles
strictly prone to oversteer or vehicles strictlppe to understeer, it is just as likely that a give
vehicle could require both understeer and overstgerventions during progressive phases of a
complex avoidance manoeuvre such as a double lamge.

16.  Although ESC cannot change the tyre/road @nicttonditions the driver is confronted
with in a critical situation, there are clear raasto expect it to reduce loss-of-control crashss,
discussed below.

17. In vehicles without ESC, the response of thieicke to steering inputs changes as the
vehicle nears the limits of road traction. All tbeperience of the average driver is in operating
the vehicle in its "linear range" (i.e. the randgdateral acceleration in which a given steering

wheel movement produces a proportional changeénvéhicle's heading). The driver merely

turns the wheel the expected amount to producddebeed heading. Adjustments in heading are
easy to achieve because the vehicle's responsepsrgional to the driver's steering input, and

there is very little lag time between input andpsse. The car is traveling in the direction it is

pointed, and the driver feels in control. Howe\adr)ateral accelerations above about one-half
"g" on dry pavement for ordinary vehicles, the tielaship between the driver's steering input

and the vehicle's response changes (toward overstegndersteer), and the lag time of the

vehicle response can lengthen. When a driver ettemithese changes during a panic situation,
it adds to the likelihood that the driver will losentrol and crash because the familiar actions
learned by driving in the linear range would notle correct steering actions.

18. However, ordinary linear range driving skille anuch more likely to be adequate for a
driver of an ESC-equipped vehicle to avoid losgafitrol in a panic situation. By monitoring
yaw rate and sideslip, ESC can intervene earhh@impending loss-of—control situation with
the appropriate brake forces necessary to restwesyability before the driver would attempt an
over-correction or other error. The net effecE&C is that the driver's ordinary driving actions
learned in linear range driving are the correctoast to control the vehicle in an emergency.
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Also, the vehicle will not change its heading frdime desired path in a way that would induce
further panic in a driver facing a critical situati

19. Besides allowing drivers to cope with emergen@noeuvres and slippery pavement
using only "linear range" skills, ESC provides m@awverful control interventions than those
available to even expert drivers of non-ESC vekiclEor all practical purposes, the yaw control
actions with non-ESC vehicles are limited to stegri However, as the tyres approach the
maximum lateral force sustainable under the aviglgdavement friction, the yaw moment
generated by a given increment of steering angleush less than at the low lateral forces
occurring in regular drivingld/ This means that as the vehicle approaches itsinmoan
cornering capability, the ability of the steeringst®m to turn the vehicle is greatly diminished,
even in the hands of an expert driver. ESC crethiiesyaw moment to turn the vehicle using
braking at an individual wheel rather than the mteesystem. This intervention remains
powerful even at limits of tyre traction becauséhiihe braking force of the individual tyre and
the reduction of lateral force that accompanieshitaking force act to create the desired yaw
moment. Therefore, ESC can be especially benkficisslippery surfaces. While a vehicle's
possibility of staying on the road in a critical moguvre ultimately is limited by the
tyre/pavement friction, ESC maximizes an ordinaiyet's ability to use the available friction.

(b) Additional Features of Some ESC Systems

20. In addition to the basic operation of "yaw gigbcontrol,” many ESC systems include
additional features. For example, most systenwralduce engine power during intervention to
slow the vehicle and give it a better chance oh@eible to stay on the intended path after its
heading has been corrected.

21. Other ESC systems may go further by perforrhigy deceleration automatic braking at
all four wheels. Of course, such braking wouldpeeformed unevenly side to side so that the
same net yaw torque or "turning force" would beliggpto the vehicle as in the basic case of
single-wheel braking.

22. ESC systems used on vehicles with a high cesftgravity (c.g.), such as SUVs, are
often programmed to perform an additional functlorown as "roll stability control”. Roll
stability control (RSC) is a direct countermeasiareon-pavement rollover crashes of high c.g.
vehicles. Some RSC systems measure the roll afigiee vehicle using an additional roll rate
sensor to determine if the vehicle is in dangetipging up. Other systems rely on the existing
ESC sensors for steering angle, speed, and |laecealeration, along with knowledge of vehicle-
specific characteristics to estimate whether thecke is in danger of tipping up.

23. Regardless of the method used to detect tlkeofigip-up, the various types of roll

stability control intervene in the same way. Speally, they intervene by reducing lateral
acceleration which is the cause of the roll motminthe vehicle on its suspension, thus
preventing the possibility of it rolling so muchatithe inside wheels may lift off the pavement.
The intervention is performed the same way as Weesteer intervention shown in the Figure 1.

1 Liebemann et al, (2005) Safety and PerformandeaBEcement: The Bosch Electronic Stability Con(EP),
19" International Technical Conference on the Enhargafety of Vehicles (ESV), Washington, DC
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The outside front brake is applied heavily to ttive vehicle toward a path of less curvature and,
therefore, less lateral acceleration.

24, The difference between a roll stability conirdgkrvention and an oversteer intervention
by the ESC system operating in the basic yaw styabdontrol mode is the triggering
circumstance. The oversteer intervention occursnithe vehicle's excessive yaw rate indicates
that its heading is departing from the driver'seimited path, but the roll stability control
intervention occurs when there is a risk the vehiobuld roll over. Thus, the roll stability
control intervention occurs when the vehicle il $tillowing the driver's intended path. The
obvious trade-off of roll stability control is th#te vehicle shall depart to some extent from the
driver's intended path in order to reduce the ddtacceleration from the level that could cause

tip-up.

25. If the determination of impending rollover tteggers the roll stability intervention is
very certain, then the possibility of the vehi@aving the roadway as a result of the roll stabilit
intervention represents a lower relative risk te dhniver. Obviously, the most effective systems
are ones that intervene only when absolutely nacgssid then with the minimum loss of lateral
acceleration to prevent rollover. However, rodllslity control is a new technology that is still
evolving.

26. Furthermore, there is currently insufficientadto evaluate the effectiveness of many of
these additional features, including roll stabilintrol, either because their implementation is
not widespread or because it is too soon for actzsh statistics to illuminate its practical effec
on crash reduction. This is in contrast to thedamental ESC system described above for which
a substantial amount of data exists.

4, EFFECTIVENESS OF ESC SYSTEMS

(@) Overview of ESC Effectiveness in PreventinggBi-Vehicle and Rollover
Crashes

27. The following discussion explains in detailesgnt research findings related to the
anticipated effectiveness of ESC systems. Eleirstability control can directly reduce a
vehicle's susceptibility to on-road untripped reéos as measured by the "fishhook" test. The
direct effect is mostly limited to untripped rollens on paved surfaces. However, untripped on-
road rollovers are a relatively infrequent typeafover crash.

28. In contrast, the vast majority of rollover dras occur when a vehicle runs off the road
and strikes a tripping mechanism such as soft aalifch, a curb or a guardrail. The purpose of
ESC is to assist the driver in keeping the vehitiethe road during impending loss-of-control

situations. In this way, it can prevent the expesf vehicles to off-road tripping mechanisms.
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29.  Although ESC is an indirect countermeasureréwgnt rollover crashes, it is anticipated
to be the most powerful countermeasure availabladidress this serious risk. Effectiveness
studies worldwide/ estimate that ESC can reduce single-vehicle esably at least one-third in
passenger cars and perhaps reduce loss-of-comashes (e.g., road departures leading to
rollovers) by an even greater amount. Thus, @sigmated that ESC can reduce the numbers of
rollovers of all vehicles, including lower centrd gravity vehicles (e.g., passenger cars,
minivans and two-wheel-drive pickup trucks), aslvesl of the higher centre of gravity vehicle
types (e.g., SUVs and four-wheel-drive pickup te)ckESC can affect both crashes that would
have resulted in rollover as well as other type<rmafshes (e.g., road departures resulting in
impacts) that result in deaths and injuries.

(b) Human Factors Study on ESC Effectiveness

30. A U.S. study conducted in 2004 demonstrateetteet of ESC on the ability of ordinary
drivers to maintain control in critical situatiog/s.In that study, a sample of 120 drivers equally
divided between men and women and between thregrages (18-25, 30-40, and 55-65) was
subjected to the following three critical drivingemarios. The "Incursion Scenario" forced
drivers to attempt a double lane change at higede5 mph speed limit signs) by presenting
them first with a vehicle that suddenly backs ititeir lane from a driveway and then with
another vehicle driving toward them in the leftdanThe "Curve Departure Scenario" presented
drivers with a constant radius curve that was undgukat the posted speed limit of 65 mph
(105 km/h) followed by another curve that appeai@de similar but that had a decreasing
radius that was not evident upon entry.

31. The "Wind Gust Scenario”" presented drivers waiteudden lateral wind gust of short
duration that pushed the drivers toward a lanengbming traffic. The 120 drivers were further
divided evenly between two vehicles; a SUV and dsime sedan. Half the drivers of each
vehicle drove with ESC enabled, and half drove \BE8C disabled.

32. In 50 of the 179 test runs performed in a vehithout ESC, the driver lost control. In
contrast, in only six of the 179 test runs perfalnie a vehicle with ESC did the driver lose
control. One test run in each ESC operating stadasto be aborted. These results demonstrate
an 88 per cent reduction in loss-of-control crasiveen ESC was engaged. The study also
concluded that the presence of an ESC system hedplede loss of control regardless of age or
gender, and that the benefit was substantiallystmae for the different driver subgroups in the
study.

2/ See Aga M, Okada A. (2003) Analysis of Vehictalslity Control (VSC)'s Effectiveness from AccidebData,
18" International Technical Conference on the Enharafitty of Vehicles (ESV), Nagoya. See also Dahg,
(2004) Preliminary Results Analyzing EffectivenedsElectronic Stability Control (ESC) Systems, Repio.
DOT HS 809 790. U.S. Dept. of Transportation, Wagton, DC; Farmer, C. (2004) Effect of Electroniel$lity
Control on Automobile Crash Risk, Traffic Injury éention, Vol. 5:317-325Kreiss J-P, et al. (2005) The
Effectiveness of Primary Safety Features in Passe@grs in Germany, f9dnternational Technical Conference on
the Enhanced Safety of Vehicles (ESV), Washing®@, andLie A., et al. (2005) The Effectiveness of ESC
(Electronic Stability Control) in Reducing Real €iCrashes and Injuries, A 9nternational Technical Conference
on the Enhanced Safety of Vehicles (ESV), WashmgbC.

3/ Papelis et al. (2004) Study of ESC Assisted &riRerformance Using a Driving Simulator, Report N©4-
003-PR, University of lowa
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(c) Crash Data Studies of ESC Effectiveness

33. There have been a number of studies of ESCctefémess in Europe and Japan
beginning in 20034/ All of them have shown large potential reducsion single-vehicle
crashes as a result of ESC. Additionally, a prelary U.S. study published in September 2004
5/ of crash data from 1997-2003 found ESC to becéffe in reducing single-vehicle crashes,
including rollover. Among vehicles in the studgetresults suggested that ESC reduced single-
vehicle crashes in passenger cars by 35 per cdnha@lUVs by 67 per cent.

34. A later peer-reviewed stuady of ESC effectiveness found that ESC reduced sing|
vehicle crashes in passenger cars by 34 per cehira®UVs by 59 per cent, and that its
effectiveness was greatest in reducing single-Vehiashes resulting in rollover (71 per cent
reduction for passenger cars and an 84 per ceuttied for SUVS). It also found reductions in
fatal single-vehicle crashes and fatal single-vehrollover crashes that were commensurate
with the overall crash reductions cited. ESC redufatal single-vehicle crashes in passenger
cars by 35 per cent and in SUVs by 67 per cent r@ddiced fatal single-vehicle crashes
involving rollover by 69 per cent in passenger @ard 88 per cent in SUVs.

5. INPUT ON THE SUBSTANCE OF THE ESC GTR

35. The substantive content of this global tecHmiegulation for ESC was developed with

the input of a variety of interested parties, inihg the Contracting Parties to the 1998
Agreement, other governmental representatives, naaltide manufacturers and trade

associations, the automobile equipment trade assmtj and safety advocacy organizations. In
addition, international automobile manufactureradiated testing with a broad array of ESC-
equipped vehicles in order to assess potentiabpwaence criteria for evaluating ESC systems.
Thus, the ESC gtr has undergone a thorough vetgpt only government regulators from the
Contracting Parties, but also from the automotindustry and the safety community.

36. The overwhelming majority of these participastgpported establishing a technical
regulation for ESC systems installed on new lighligles. Indeed, the difference of opinion
among the participants involved the stringencyhef standard and the test procedures. Other
topics included making the "ESC System" definitionore performance-based, lateral
responsiveness criteria, ESC performance requirsmeSC malfunction detection
requirements, ESC tell-tale requirements, systesaldiéement and the "ESC Off" switch, test
procedures, and impacts on the aftermarket, amtrgg things. In discussing the provisions set
forth as part of this gtr, this document addresbesissues raised by these participants and the
positions expressed on these topics.

4/ See Footnote 3.

5/ Dang, J. (2004) Preliminary results analyzinfe@fveness of Electronic Stability Control (ESCysg&ms,
Report DOT HS 809 790, U.S. Department of Trangpiamn, Washington, DC.

6/ Dang, J., Statistical Analysis of the Effectiveseof Electronic Stability Control (ESC) SystemaF Report
DOT HS 810 794, U.S. Department of Transportatiwashington, DC.
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6. DISCUSSION OF KEY ISSUES

37. The proposed gtr provides performance requingsn@stablished through a combination

of the definition of "Electronic Stability Contr&ystem" and specified dynamic tests) that ESC-
equipped vehicles shall meet in order to complyhvitie requirements of the gtr. This gtr

applies to all Category 1-1, 1-2, and 2 vehiclethwi gross vehicle mass (GVM) of 4,536 kg or
less.

(@) Applicability

38. As noted above, this gtr applies to all Categbil, 1-2, and 2 vehicles with a GVM
of 4,536 kg or less.

39. The gtr excludes heavier vehicles because fffferaht structural and handling
characteristics of those vehicle may necessitdfereht ESC system designs and entirely new
test procedures. Thus, ESC systems for heaviéclestwould not be regulated by the gtr at this
time.

40. Furthermore, if a jurisdiction determines tittdomestic regulatory scheme is such that
full applicability is inappropriate, it may limitamestic regulation to a narrower group of
vehicles. The jurisdiction could also decide toagdrin the ESC requirements or delay
implementation for a few years.

(i)  Vehicles with dual wheels on the rear axle aetlicles with double
rear axles

41. According to the automobile industry, there aesmall number (unspecified) of
incomplete vehicles with a GVM of 4,536 kg or I¢kat are equipped with dual wheels on the
rear axle ("dualies", typically completed as comria@rvehicles), as well as vehicles with double
or multiple rear axles, which require their ownaque ESC calibration. Based upon their small
number and unusual calibration needs, the industtgmmended that these vehicles be excluded
from the gtr's applicability.

42.  Although "dualies" and vehicles with doublerreales may require manufacturers to
make certain technical adjustments in their ESQesys, to the extent that such vehicles fall
within the scope of applicable vehicles, they angjext to the requirements of this gtr.
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(b) Definitions

43. One of the key elements of the gtr is the d&dim of "Electronic Stability Control
System". The definitional requirements specify ttezessary elements of a stability control
system that is capable of both effective overstaed understeer intervention. These
requirements are necessary due to the extremecudiffiin establishing tests adequate, by
themselves, to ensure the desired level of ESCifmadity in a variety of circumstances. The

test that is being adopted is necessary to enbatdhte ESC system is robust and meets a level
of performance at least comparable to that of atipeoduction ESC systems.

44, Consistent with the definition of ESC contained voluntary consensus standard, the
Society of Automotive Engineers (SAB) Surface Vehicle Information Report J2564 (rev.
June 2004), vehicles covered under the standardeapgired to be equipped with an ESC
system:

(1) That improves vehicle directional stability bt least having the ability to
automatically control individually the vehicle biag torques of the left and right
wheels on each axle or an axle of each axle ggpup induce a correcting yaw
moment based on the evaluation of actual vehideteur in comparison with a
determination of vehicle behaviour demanded bydtineer;

7/ An equipment requirement is necessary becauseutd be almost impossible to devise a single grerhnce
test that could not be met through some action H®/ manufacturer other than providing an ESC system.
Establishing a battery of performance tests toeaghthe intended results is not possible at thie thecause it has
not been possible to develop a practical, repeafabit-understeer test, and there are no appkcsts in vehicle
dynamics literature. Although preliminary researetforts were undertaken in the United Stated eelato
understeer, it was determined that the compleXityuch research would require several years oftiaddl work
before any conclusions could be reached regardirf§SC understeer performance test.

Given this, three available options were identifigld delay the ESC gtr and conduct research amdloement; (2)
drop the understeer requirement and amend thenge an ESC performance test is developed; or (3)ide a
requirement for understeer as part of the definibb"ESC System," along with requiring specifiorqmonents that
will permit the system to intervene in excessiveensteer situations.

The first and second options were eliminated orgtioeinds of safety.

The third option, adopting an understeer requirdnanpart of the definition of "ESC System," alongh a
requirement for specific equipment suitable fortthpurpose, was determined to be most appropriate fo
accomplishing the safety purposes and related heraffthe gtr. Such a requirement is objectivetérms of
explaining to manufacturers what type of perforngaig required and the minimal equipment necessaryhiat
purpose. Contracting Parties can verify that thstesn has the necessary hardware and logic for rsiece
mitigation. Since the necessary components facéffe understeer intervention are already presanall ESC
systems, it is anticipated that manufacturers daghly unlikely to decrease their ESC systems' usiger
capabilities simply because the regulation doesconoently have a specific test for understeeris Expected that
this approach will ensure that vehicle manufactine@intain understeer intervention as a featur¢hef ESC
system, without delaying the life-saving benefifstiee ESC gtr. In the meantime, additional researay be
undertaken in the area of ESC understeer inteweatnd additional action may be taken, as apprapria

Even with an understeer test, the ultimate prabiiity of a standard without an equipment requirem@mains in
doubt because of the possible large number ottaslitions that would be required.

8/ The Society of Automotive Engineers is an asstam of engineers, business executives, educandsstudents
who share information and exchange ideas for adrwgrtbe engineering of mobility systems. SAE cathghas
over 90,000 members in approximately 97 countrieBhe organization's activities include development
standards, events, and technical information ampertise used in designing, building, maintainingd aperating
self-propelled vehicles for use on land or seaijiror space. Seehtp://www.sae.org.

9/ An axle group shall be treated as a single amtbdual wheels shall be treated as a single wheel.
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(i) That is computer-controlled with the computesing a closed-loop algorithm to
limit vehicle oversteer and to limit vehicle undees based on the evaluation of
actual vehicle behaviour in comparison with a dateation of vehicle behaviour
demanded by the driver;

(iii That has a means to directly determine thieieaf the vehicle's yaw rat@/ and
to estimate its sideslin/ or sideslip derivative2/ with respect to time;

(iv)  That has a means to monitor driver steerimmuts; and

(v) That has an algorithm to determine the nead, @ means to modify propulsion
torque as necessary, to assist the driver in maingacontrol of the vehicle.

The ESC system shall meet additional specific fionel requirements besides the definition, as
follows:
() Be capable of applying braking torques induatly to all four wheelsls/ and
have a control algorithm that utilizes this cap&pil
(i) Be operational over the full speed range lo¢ tvehicle, during all phases of
driving including acceleration, coasting, and decaion (including braking),
except:

a. When the driver has disabled ESC,;

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

C. While the initial start-up self-test and plioilgy checks are completed,
not to exceed 2 minutes when driven under the ¢omdi of
paragraph 7.10.2.; and

d. When the vehicle is being driven in reverse.

(i)  Remain capable of activation even if the &tk brake system or traction control
system is also activated.

45, The gtr also specifies a number of other diédimé intended to clarify the operation of
ESC systems or related performance testing. Spaltyf definitions are provided for the
following terms: (1) "Ackerman Steer Angle"; (2) dteral Acceleration”; (3) "Oversteer"; (4)
"Sideslip or side slip angle”; (5) "Understeer") (8aw rate"; and "SSF".

46. The gtr does not require the ESC system topkeable when the vehicle is being driven
in reverse, because such provision would necessitatly changes to current ESC systems with
no anticipated safety benefit. The main safetylanms associated with the vehicle operating in
reverse are backing into/over pedestrians, backwey edges (drop-offs), and backing into
inanimate objects (e.g., other vehicles, buildingESC is not expected to help prevent any of
these types of crashes. Furthermore, vehiclesramdy driven rapidly in reverse, so the
provision that ESC need not function when "the glehspeed is below 20 km/h" means that
ESC would typically not have to be active whenwhhicle is in reverse.

10/ "Yaw rate" means the rate of change of the \elsidhieading angle (measured in degrees/seconayaifon
about a vertical axis through the vehicle's ceotgravity.

11/ "Sideslip" means the arctangent of the latesbaity of the center of gravity of the vehicleyidied by the
longitudinal velocity of the center of gravity.

12/ Because sideslip and the time derivative of digeare intimately mathematically related, where @f these
values is known, it is then possible to determime ather. This global technical regulation perrttiis key value
for ESC operation to be determined by either means.

13 Dual wheels shall be treated as a single wlaeel,a twin axle group shall be treated as a singke
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47. The gtr acknowledges that the ESC system, ritibek brake system, and any traction
control system on current vehicles tend not to bectionally separate but instead to be
integrated into a single system, all of which mélithe vehicle's brake control system to
accomplish their intended stability enhancementsgoén order to allow subsystem arbitration
to occur as needed to optimize ESC performancerepelation makes clear that the vehicle's
design logic for activation of these systems maynibegrated so that these systems can work in
unison to address vehicle instabilities.

48.  When defining the ESC hardware and softwareireaients for the gtr, the focus was on
specific technologies known to be effective in r@dyg real world crashes, rather than systems or
features that only theoretically might have a saif@pact. For example, inclusion of a provision
related to sideslip of the tyre contact patch vee®mmended. However, although contemporary
ESC systems meet the definitional requirementshaf tegulation, they do not necessarily
estimate the sideslip of the tyre contact patcld, am effective technology for measuring the
sideslip of the tyre contact patch has not beenotisimated. While it is encouraging to learn of
new technologies that may improve vehicle safatgntifying their effectiveness is not possible
until crash data become available, even if one Waileoretically expect the alternative
technology to affect vehicle performance in a samimanner as the proven technology.
Therefore, absent such effectiveness data for FBE4ystems that estimate the sideslip of the
tyre contact patch (instead of determining the slels yaw rate, or estimating the vehicle's
sideslip, and monitoring the driver's steering tspuit is not reasonable to treat them as
equivalent to those ESC systems which have denatedtthat they can save thousands of lives
each year.

(c) General Requirements

49. In addition to the definitional requirementsalissed above, ESC systems shall also meet
the following additional requirements of the gtr.

(i) Basic System Operation

50. The ESC system, as defined above, is requirbe capable of applying braking torques

individually at all four wheels and to have an aitjon that utilizes this capability4 Except

for the situations specifically set forth in pa) ©f the definition of "ESC System" above, the

system is also required to be operational duringladses of driving, including acceleration,

coasting, and deceleration (including braking).e HSC system is required to be capable of
activation even if the anti-lock brake system action control system is also activated.

51. In adopting the combination of ESC definitioaad performance requirements set forth
in this gtr, the Contracting Parties express tha@ntion to spread the proven safety benefits of
current ESC systems across the global light veHielet as rapidly as possible. Available

information shows that current brake-based ESCerystare effective and meet the need for
motor vehicle safety. There is currently no infatian to demonstrate the efficacy of the ESC-

14/ The gtr was developed based on new vehicles peatlin 2005 and 2006. The definition of ESC isitith to
four-wheel ESC systems because existing two-wh& Bystems are not capable of understeer inteoreiati
four-wheel automatic braking during an interventie@ven though these systems also produced sulas$témt
lesser) benefits.
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related technologies which some stakeholders haygested as alternatives to brake-based ESC
systems (e.g., active steering systems (Active tF8iaer, Active Rear Steer, Steer by Wire,
Electric Power Steering), active drivetrains (AetiDifferentials, Electronic Limited Slip
Differentials, Electric Motor/Generator Devices f@ropulsion/Braking), and active suspensions
(Active Stabilizer Bars, Active Dampers, Active Bgs), automatic braking, traction control,
brake assist and roll stability control).

52. Furthermore, it is possible for a vehicle with&SC to be optimized to avoid spin-out in
the narrowly defined conditions of the ESC ovenstagervention test (especially if the
regulation is silent on understeer) but to lack ddgantages of ESC under other conditions. It
has been determined that it is not currently fdadil develop a comprehensive battery of tests
that could substitute for the knowledge of whatipouent constitutes ESC, and it remains to be
seen if such an approach would ever be practics¢t@ purely performance-based standard that
would ensure that manufacturers provide at leastent ESC systems. Therefore, the gtr's
definition of "ESC System" is necessary in ordeemsure that vehicles subject to this regulation
have the attributes of ESC systems that producedattye reduction of single-vehicle crashes
and rollovers in recent crash data studies. THewog discussion explains the identified
obstacles to a strictly performance-based approach.

53.  Among the challenges associated with developipgrformance test for ESC, it should
be noted that manufacturers develop ESC algoritisirgy tests whose conditions are generally
not repeatable (e.g., icy surfaces which changéheyminute, wet/slippery surfaces which are
not repeatable day-to-day) and through simulatioManufacturers also use hundreds of
conditions requiring weeks of testing for a giveehicle. However, it is not practicable to use
these approaches as part of a safety regulatiortontrast, this gtr is objective and is expected
to generate repeatable results.

54. It is possible to overcome these limitation®tigh the gtr's use of a definition of "ESC
System," which is based on a Society of Automoivgineers definition of what ESC is, and
which includes those elements that account foicts of those systems. There is no reason to
believe that manufacturers will incur all the castshe ESC equipment and capabilities required
by the regulation's definition and then just progréhe system to achieve limited operation
restricted to the test conditions of the gtr. Tagulation's definitional requirement for "ESC
System" requires, at a minimum, the equipment apélgilities of existing ESC system designs.
This translates into the substantial fatality amdry benefits provided by existing ESC systems.

55.  Without the definition of "ESC System," it wdulnot be feasible to assess
comprehensively the operating range of resultingvicds, particularly for understeer
intervention, that might be installed in complianeith the safety standards. If manufacturers
were to optimize the vehicle so as to pass ongvaHighly-defined tests, the public would not
receive the full safety benefits provided by cutie8C systemas/

15 The U.S. Environmental Protection Agency (EPRAperienced problems with heavy duty diesel manufacs'
production of engines that met EPA standards dudbgratory testing under EPA procedures but weneed off
under highway driving conditions. On 22 Octobe®89the U.S. Department of Justice and EPA annaliace
settlement with seven major diesel engine manufargu Accordingly, it is not believed that the ustry's ability to
circumvent the requirements of the standard isearttical one, as would permit us to forgo a deénifor "ESC
System".
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56. Some participants listed a number of systemiscamponents that can influence wheel
forces and suggested that it should be permissibl¢he definition of ESC to be satisfied by
systems that can generate wheel force (i.e. anagent more open than compelling a system
that shall operate through brake forces). Howewdata were not provided to show the
effectiveness of such systems, as would demondtratehey meet the need for motor vehicle
safety and that it would be appropriate to subtstitbem for proven brake-based ESC systems.
Instead, there are good reasons for the gtr, at iegially, to be based on braking forces. While
some of the devices mentioned could create yaw mtamgor ESC interventions) by driving
torquesi6/, yaw moments created by braking torques havedsardage in critical situations
because they also cause the vehicle to slow down.

57. Some participants mentioned a number of stgedlated concepts for consideration as
performance requirements that could be used asop#ine gtr. One specific example included
using active steering interventions (in a vehitiattcombines steering and braking in its ESC).
However, while active steering may be useful irtaiarsituations, the steering interventions may
not be very helpful at or near the limit of tractiavhich is arguably the critical situation to be
addressed by the gtr. Again, braking forces havadvantage over steering forces because they
can create a more powerful yaw intervention whenvihicle is at the limit of traction7/

58. To clarify, the gtr in no way prohibits the &dth of refinements (e.g., active steering) to
vehicles that retain the ability to create yaw motaewvith brake torques when necessary. The
vehicles in question retain the brake-based EStbeabackstop for stability, because the brake
interventions which are more noticeable to drivesin their power in situations where the
transparent steering interventions might not be gyéw enough. Without data to assess the
effectiveness of these potential alternative opegafeatures for ESC, it would not be
appropriate at this time to abandon the requirerfmmbrake torque-based systems which have
proven benefits, in favour of concepts that haveyet demonstrated any safety benefits, much
less the enormous benefits associated with cubrake torque-based ESC systems.

16 "Driving torque” is a force applied by the engjithrough the drive train in order to make a paticwheel turn
faster than the others—similar to "braking torqudiich brakes one wheel to make it turn slower tti@nothers.
Either force can be utilized by an ESC system #inge the heading of the vehicle, although brakimgue has the
added benefit of helping slow the vehicle down.

17/ Liebemann et al, Safety and Performance Ermdmaent: The Bosch Electronic Stability Control (ESE)05

ESC Conference.
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59. Furthermore, all of these other ESC-related pmmants (including roll stability
control18/) lack supporting data to assess their effectiserend to determine whether such
technologies meet the need for safety. The comiitpra design for ESC systems in the
studies used to develop this regulation focusednolividual brake application and engine
control, and at least one industry association Weeband der Automobilindustrie’) stated that
the definition for "ESC system" captures the stHtéhe-art. Again, even though certain later
ESC designs incorporate some additional featutesas not possible to determine the safety
benefits, if any, of these features because tresires were not available on any of the ESC-
equipped vehicles in the crash data study. Alsmesof those features are directed at comfort
and convenience rather than safety.

60. Based upon the above consideration, it wasladed that there is no good reason to
postpone the proven life-saving benefits of basBCEsystems until such time as necessary
research could be conducted to assess the panbpblabed components. Thus, instead of
specifying additional components as part of thellagn's definition for "ESC system," it is left
to the discretion of vehicle manufacturers to taife features of their individual ESC systems to
the needs of a given vehicle. The gtr does nat imanufacturers' ability to develop, install, and
advertise stability control systems that go beyitsidequirements.

61. It is acknowledged that in requiring ESC asoitv exists and has proven to be beneficial,
the gtr may be indirectly impacting hypotheticaluite technological innovations. Should new
advances lead to forms of ESC different than thoseently required by this regulation,
Contracting Parties may seek to modify this gtrislalso noted that the vehicle manufacturers
who are the directly regulated parties have nobepg using the definition for "ESC System" as
the primary requirement of the gtr, and some hateely supported it.

18 "Roll stability control" senses the vehicle'sdgaoll angle and applies high brake force to thsiole front
wheel to straighten the vehicle's path and redaiegdl acceleration if the roll angle indicateshadole tip-up.
However, roll stability control was not responsiliée the huge reduction in rollovers in single-v&@&icrashes of
71 per cent for cars and 84 per cent for SUVs. eNafnthe vehicles in the U.S. crash data studyrbidstability
control. The crash data study was a study of #reefits of yaw stability control. The first lighehicle with roll
stability control was the 2003 Volvo XC90 which waat in the data study because it was a new vehiitheout a
non-ESC version that could serve as a control Wehitt is also a low-production-volume vehicle ttheould have
produced very few crash counts in the 1997-2008hcdata of the study. A similar roll stability ¢ system was
used on high-volume Ford Explorers starting in 20&&d eventually there should be enough Exploréa ta
evaluate the effectiveness of roll stability cohttoough analysis of crash data (i.e. in approxehathree to four
years).

However, because the data study showed yaw syabibintrol reducing rollovers of SUVs by 84 per cdyt
reducing and mitigating road departures, and becansoad untripped rollovers are much less comevemts, the
target population of crashes that roll stabilityncol could possibly prevent may be very small.amid when roll
stability control can be shown to be cost-effectiben it could be a candidate for inclusion in gie

In addition, the countermeasure of roll stabilipntrol systems is at least theoretically not beniffrreduces lateral
acceleration by turning the vehicle away from theeaion the driver is steering for at least a shdistance.
Several participants expressed strong dissatisfaetith a mandatory safety device in which the elriyields at
least some measure of vehicle control to a competer, ESC engine control causing the system torie the
driver's throttle control). This was an inaccuretiicism of a pure yaw stability control systebecause such a
system would help the vehicle go in the directibe driver is steering. However, requiring systehe actually
countermand the driver's steering control requirdsgh level of justification, a hurdle which raffability control
cannot yet surmount due to the newness of the tdegiy and the corresponding lack of available data.
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a. ESC Initialization Period

62. Most ESC systems typically require a shortah#ation period after the start of each
new ignition cycle, during which time the ESC systis not operational because it is performing
diagnostic checks and sensor signal correlatioratgsd According to ESC manufacturers, the
duration of this ESC initialization interval mayp#nd upon several factors, including distance
travelled, speed, and/or signal magnitudes. lemtal account for such initialization periods, the
regulation makes clear that ESC does not need tadbwe when the vehicle speed is
below 20 km/h. Therefore, the ESC manufacturerehabort period of time, from the time the
vehicle's ignition is turned on to the time whem tehicle speed first exceeds 20 km/h to
initialize ESC. The process of initializing ESC ia many ways, similar to the process of
initializing ABS. ABS systems typically have coratdd their initialization by the time the
vehicle reaches speeds of 5 km/h to 9 km/h. Thegeit is anticipated that allowing up to a
speed of 20km/h should be adequate to initializ€.ES

63. Industry participants pointed out that someesymf diagnostic checks cannot be
performed unless the vehicle is making turns owelfang at relatively high speeds.
Accordingly, the regulation's test procedure accaouates these types of diagnostic checks.
ESC manufacturers can assume that the ESC has aléingtioned and make the system
operational once driving situations occur that pethese diagnostic checks to be performed.

b. ESC Calibration

64. Determining when ESC intervention shall ocesust complicated balance of effectiveness
and intrusiveness. As such, one of the challen§dssigning ESC control algorithms is how to
anticipate when a loss-of-control situation mayusccThe Sine with Dwell manoeuvre, and the
lateral stability and responsiveness performaniteria that evaluate the test output, provide an
excellent way of assessing ESC system performaocalf light vehicles. By successfully
satisfying these minimum performance requiremanis, anticipated that the ESC system will
perform in an effective manner.

(i) Malfunction Detection

65. Because the benefits of the ESC system canbenhgalized if the system is functioning
properly, the system shall be able to detect ard #he driver of ESC system malfunctions
(through illumination of a tell-tale described begjo The regulation requires that the vehicle
shall be equipped with a tell-tale that providesaaning to the driver not more than two minutes
after the occurrence of one or more malfunctiora Hffect the generation or transmission of
control or response signals in the vehicle's ES§esy. The regulation also sets forth the
following additional requirement related to ESC fuattion detection.

66. Specifically, the ESC malfunction tell-tale Bhbhe mounted inside the occupant
compartment in front of and in clear view of thévdr and be identified by the symbol shown
for "ESC Malfunction Tell-tale" as described inghegulation. The ESC malfunction tell-tale
shall remain continuously illuminated under theditons specified in the regulation for as long
as the malfunction(s) exists, whenever the ignitiooking system is in the "On" ("Run")

position, and except as otherwise provided, eadh &BSlfunction tell-tale shall be activated as a
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check of lamp function either when the ignitionKiog system is turned to the "On" ("Run")

position when the engine is not running, or whea itgmition locking system is in a position

between "On" ("Run") and "Start" that is designabgdthe manufacturer as a check position.
The ESC malfunction tell-tale need not be activaiben a starter interlock is in operation. The
ESC malfunction tell-tale shall extinguish afterethmalfunction has been corrected.
Manufacturers may use the ESC malfunction tell-talea flashing mode to indicate ESC

operation.

a. Types of Malfunctions to be detected

67. Regarding the issue of which vehicle componargsubject to ESC malfunction testing,
a rule of reason applies. Simply stated, if a eehialfunction was to affect the generation or
transmission of control or response signals inviglgicle's electronic stability control system, it
shall be detectable by the ESC system. In otherdsyoif the malfunction impacts the
functionality of the ESC system, the ESC systenil slgacapable of detecting it. For shared or
connected components, a malfunction need only tex@l to the extent it may impact the ESC
system's operation. Manufacturers are in the pesition to know the vehicle components
involved in ESC operation.

b. Practicability Issues with ESC Malfunction Detea

68. The regulation specifies that disconnectiorss @mnections of ESC components are to
be made with the power turned off, in order to prévthe risk of harm to technicians.

69. The gtr intends to ensure that ESC malfunctemesdetected within a reasonable time
after the start of driving. The language adopteeciically provides that the vehicle should be
driven during the proposed two-minute period sa tihe parts of its malfunction detection
capability which depend on vehicle motion can ofgera

70. Furthermore, in response to industry input, ghreclarifies that the ESC system is not
expected to maintain its monitoring capability wiginition turned off and that it is not necessary
to restrict the extinguishment of the tell-taletbe exact instant of the initiation of the next
ignition cycle.

C. Use of ESC Malfunction Indicator to Indicate Migctions
of Related Systems/Functions

71. Industry stakeholders suggested that manutastwhould be allowed to use the ESC
malfunction indicator to indicate the malfunctiohamy ESC-related system, including traction
control, trailer stability assist, corner brake toh and other similar functions that use throttle
and/or individual wheel torque control to operate avhich share common components with the
ESC system (arguing that the dealer or repair legsircan inform the owner precisely which
system is malfunctioning). Particularly in light gpace limitations in the instrument panel for
incorporation of additional tell-tales, it has begerided that a single malfunction tell-tale that
relates to a vehicle's stability-related safetytesys generally is sufficiently informative for the

driver, and it should be effective in conveyingthe driver that a malfunction has occurred
which may require diagnosis and service by a rdfpaility. Accordingly, the ESC malfunction
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symbol may also be used to indicate the malfunctbnelated systems/functions including
traction control, trailer stability assist, corriake control, and other similar functions that use
throttle and/or individual torque control to operaind share common components with the ESC
system.

(i)  Tell-tale Specifications

a. ESC Malfunction Tell-tale

72. Because the benefits of the ESC system canbenhgalized if the system is functioning
properly, a tell-tale is required to be mounteddeghe occupant compartment in front of and in
clear view of the driver. The ESC malfunction talle shall be identified by the following
International Standards Organization (ISO) symlaest:

SyMBOL WORD ORABBREVIATION CONTROL COLOUR

g ESC TELL-TALE YELLOW

73. The ESC malfunction tell-tale is required torinate after the occurrence of one or
more malfunctions that affect the generation angraission of control or response signals in the
vehicle's ESC system. When illuminated, the tellshall be sufficiently bright to be visible to
the driver under both daylight and night time driyiconditions, when the driver has adapted to
the ambient roadway light conditions. Such tdi-hall remain continuously illuminated for as
long as the malfunction(s) exists, whenever theatigm locking system is in the "On" ("Run")
position. The ESC malfunction tell-tale shall egtiish at the next ignition cycle after the
malfunction has been corrected.

74. Except as provided in the regulation, each E@unction tell-tale shall be activated as
a check of lamp function either when the ignitionKking system is turned to the "On" ("Run")

position when the engine is not running, or whea igmition locking system is in a position

between "On" ("Run") and "Start" that is designabgdthe manufacturer as a check position.
(The check of lamp requirement does not apply tietdakes shown in a common space.) In
addition, the ESC malfunction tell-tale need not dmivated when a starter interlock is in
operation.

75.  Vehicle manufacturers are permitted to useB8SE€ malfunction tell-tale in a flashing
mode to indicate operation of the ESC system.

b. Tell-tale Labelling

76. In terms of how to label the ESC malfunctiolitede, it is the gtr's intention to provide
flexibility to vehicle manufacturers via alternagivext terms for tell-tales, while at the same time
promoting consistency of message. As the condepS€ becomes more widely understood by
drivers, it is expected that offering the option using the text term "ESC," as opposed to
manufacturer-specific ESC system acronyms, willlifate driver recognition of the tell-tale.
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Therefore, the regulation permits use of the teB8C" at the manufacturer's discretion instead
of the ISO symbol.

77. In light of the importance of promoting drivemsderstanding of ESC and whether or not
their vehicle is equipped with ESC, industry recaameled combining the 1SO symbol with the
acronym "ESC". Insofar as drivers will have tortethe precise meaning of any tell-tale offered
by manufacturers to convey the idea of ESC, itas mecessary at this time to specifically
require a tell-tale that includes both the symbud ¢he acronym, and there is no evidence that
both together will convey a greater benefit thathezi alone. It is expected that most drivers
become increasingly familiar with the meaning dadtrament panel tell-tales over time, and that
the ESC malfunction tell-tale symbol and substitUESC" text can effectively be used
interchangeably. However, given vehicle manufatirstated concern that limited instrument
panel area is available for locating tell-talessihoted that it is permissible to augment the ISO
symbol with the text "ESC".

c. Use of Message Centers

78. It should be noted that in the event that é&x alternative for the ESC malfunction tell-

tale is presented via the vehicle's message/intiwmacentre (sometimes referred to as a
"common space"), the regulation's tell-tale requeats shall continue to be met and the
warning shall not be displaced by a subsequent imgrantil such time as the malfunction

condition has been corrected.

d. Color Requirement

79. The use of message/information centres foreptaion of ESC malfunction information
is permissible to the extent that the relevant irequents of the regulation are met, including the
yellow colour requirement. The intent of the cal@aquirement is that the colour yellow be
used to communicate to the driver a condition shpmmised performance of a vehicle system
that does not require immediate correction. Theriational Standards Organization in its
standard titled, "Road Vehicles — Symbols for ocolstr indicators, and tell-tales"
(ISO 2575:2004(E)), agrees with this practice thgious statement of the meaning of the colour
yellow as "yellow or amber: caution, outside norm@berating limits, vehicle system
malfunction, damage to vehicle likely, or other diion which may produce hazard in the
longer term". In the context of ESC, a yellow, tianary warning to the driver was purposely
chosen to indicate an ESC system malfunction. f@gsirement shall be maintained in order to
communicate properly the level of urgency with whithe driver shall seek to remedy the
malfunction of this important safety system.

e. lllumination Strategy

80. Some current ESC systems utilize a tell-talgrob logic that illuminates the "ESC Off"
tell-tale every time the ESC malfunction tell-tageilluminated. When an ESC malfunction
situation exists, this gtr permits manufacturerslitoninate the "ESC Off" tell-tale or display
"ESC Off" text in a message/information centre ddition to illuminating the separate ESC
malfunction tell-tale to emphasize to the driveaittESC functionality has been reduced due to
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the failure of one or more ESC components. Howewben ESC has been manually disabled
by the driver, the ESC malfunction telltale may het illuminated along with the "ESC Off"
telltale unless an actual ESC malfunction condigaists. There is an exception related to two
part tell-tales as described in section titled:e"w$ two part tell-tales”. In such situations, an
ESC system actively disengaged by the driver thHmowmn appropriate control is not
malfunctioning, but is instead functioning properluch an illumination strategy could cause
driver confusion, which may in turn decrease cafite in the ESC system.

f. Tell-tale Extinguishment

81. In terms of tell-tale extinguishment, the ditosld not be interpreted as implying that all

ESC malfunctions will require corrective action &ythird party (e.g., dealership, repair shop).
Instead, there are numerous examples of situaiondich outside intervention is not required

to return the ESC system to normal operation, sashwhere a sensor may be become
temporarily inactive but subsequently return to/er.

g. Tell-tale Location

82.  Although some participants suggested that ¢gelation should require an appropriate

tell-tale in that vehicle's "instrument cluster" evh its message would be more prominent, rather
than in the vehicle's centre console (i.e. wheeertdio and climate control mechanisms are
normally located), such a narrow locational requeet is not necessary. Instead, the

regulation's requirement that the ESC malfunctatale "shall be displayed in direct and clear

view of the driver while in the driver's designatselting position with the driver's seat belt

fastened" should be sufficiently stringent to emsstirat vehicle manufacturers will locate the

ESC malfunction tell-tale in a reasonable location.

(iv)  Optional "ESC Off" Switch and Tell-tale

83. In certain circumstances, drivers may havetifegie reasons to disengage the ESC
system or limit its ability to intervene, such akem the vehicle is stuck in sand/gravel, is being
used while equipped with snow chains, or is being on a track for maximum performance.
Accordingly, under this gtr, vehicle manufactureray include a driver-selectable switch that
places the ESC system in a mode in which it doeésatisfy the performance requirements of
the standard (e.g., during the use of snow chaitiempting to "rock" a vehicle stuck in a
deformable surface such as snow or mud, attemptimgitiate movement on deep snow or ice,
driving through a deep, deformable surface sucmag or sand, driving with a compact spare
tyre, tyre of mismatched sizes or tyres with chaindriving in full-off mode). However, if the
vehicle manufacturer chooses this option, it seaure that the ESC system always returns to
the manufacturer's default mode at the initiatibreach new ignition cycle, regardless of the
mode the driver had previously selected (with ¢eréxceptions such as for low range off-road
operation).

84. If the vehicle manufacturer chooses this opfiloshall also provide an "ESC Off" control
and a tell-tale that is mounted inside the occupantpartment in front of and in clear view of
the driver. The purpose of this tell-tale is tdigate to the driver that the vehicle has been put
into a mode that renders it unable to satisfy trguirements of the gtr. The ESC Off tell-tale
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shall be identified by the following symbol (theOS$ymbol J.14 with the English word "OFF")
or text:

SYMBOL WORD ORABBREVIATION CONTROL COLOUR
ﬁ Tell-tale Yellow
ESC OFF Control
oc (lluminated) .
OFF

85. Such tell-tale shall remain continuously illmatied for as long as the ESC is in a mode
that renders it unable to meet the performanceinements of the gtr, whenever the ignition
locking system is in the "On" ("Run") position. d&&pt as provided in this regulation, each "ESC
Off" tell-tale shall be activated as a check of pafmnction either when the ignition locking
system is turned to the "On" ("Run") position whiéie engine is not running, or when the
ignition locking system is in a position betweem™("Run") and "Start" that is designated by
the manufacturer as a check position. The "ESC t@fi-tale need not be activated when a
starter interlock is in operation. The "ESC O#lltale shall extinguish after the ESC system
has been returned to its fully functional defautida.

86. Several participants raised specific issuetméng to the ESC Off control and tell-tale,
which are set forth and addressed below.

h. System Disablement and the "ESC Off" Control

87. Most participants expressed support for thesdetto permit vehicle manufacturers to
install ESC Off controls, stating that a driver nragred to disable the ESC system in certain
situations such as when a vehicle is stuck in ardeble surface such as mud or snow, or when
a compact spare tyre, tyres of mismatched sizagres with chains are installed on the vehicle.

88. In contrast, some safety advocacy organizatiawe expressed concern that ESC on-off
controls may place motorists at unnecessary rigktiqularly where de-activation occurs for
"driving enjoyment" or racing purposes; this smmalhority of drivers could disable their ESC
systems by other (unspecified) means. Concernewpressed that permitting ESC disablement
could result in the loss of benefits of an acti&CEsystem for long distances or considerable
periods of time until the start of the next ignitioycle and that turning off the ESC system could
also disable ABS operation, thereby negatively iotpg vehicle safety. Alternatively, it was
suggested that it may be unnecessary to permitdeS&ttivation, if ESC systems can operate in
conjunction with vehicle traction control systems that the gtr permits ESC disablement
controls, de-activation should require either: él)long control engagement period, or (2)
sequential control engagement actions.

89.  After considering these observations, it wagernbeless decided that provision in the gtr
for a control to disable the ESC system temporanvily enhance safety. The rationale for this
position is detailed below.
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90. Driving situations exist in which ESC operatioray not be helpful, most notably in
conditions of winter travel (e.g., driving with smahains, initiating movement in deep snow).
ESC determines the speed at which the vehicleaigliing via the wheel speeds, rather than
using an accelerometer or other sensor. Whilegth@nly requires ESC to operate at travel
speeds of 20 km/h and greater, some manufactur@yschoose to design their ESC systems to
operate at lower speeds. Thus, drivers tryingddkwheir way out of being stuck in deep snow
may induce wheel spinning that implies a high efotrgvel speed to engage the ESC to
intervene, thereby hindering the driver's abilayfree the vehicle.

91. Second, there is the concern that if a comrabt provided to permit drivers to disable
ESC when they choose to, some drivers may find then, permanent way to disable ESC
completely. This permanent elimination of this orant safety system would likely result in

the driver losing the benefit of ESC for the lifetbe vehicle. However, as currently designed,
ESC systems retain some residual safety benefiemitey are "switched off," and they also
become operational again at the next ignition cyptléhe vehicle. Accordingly, it was decided

that provision of this type of temporary "ESC O&dntrol is the best strategy for dealing with
such situations.

92. In response to the idea that it may be unnacgds permit ESC disablement, if ESC
systems can operate in conjunction with tractiomtd, it was not thought that ESC

disablement should be prohibited on this basisis Bir sets forth requirements for ESC, not
traction control, for new vehicles. For vehiclegigpped with ESC but not with traction control,

ESC disablement may be necessary in certain singtas described above.

i. Control for Complete ESC Deactivation

93. Some participants suggested that for certaomrtyspmodels, the regulations should
provide for a separate mode (perhaps activated avittontrol) which would give the driver
discretion to disable the ESC completely for raeek use. As described, such a disablement
mechanism would fully and permanently disable thhide's ESC system, shutting down any
vehicle subsystem that intervenes in the vehiget$ormance (with some exceptions, such as
where the driver wishes to keep ABS operative).

94. Because the gtr permits, rather than requare&SC Off control and is not specifying the
extent to which ESC function shall be reduced ki@ ¢ontrol, manufacturers have the freedom
to provide drivers with a control that has the iabilo disable ESC completely. Of course, this
does not obviate the necessity for the vehicle® Bgstem to return to the default mode at the
initiation of each new ignition cycle, as requit®dparagraph 5.5.1. If the manufacturer chooses
this option, three cases can be possible: (1) imgdescontrol whose only purpose is to switch on
and off the ESC function; (2) a control (e.g. argtcontrol) whose purpose is to place the ESC
system in different modes, at least one of whichy ma longer satisfy the performance
requirements; (3) a control for another system test the ancillary effect of placing the ESC
system in a mode in which it no longer satisfiesgkrformance requirements.
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J- ESC Operation After Malfunction and "ESC Off" @ool
Override
95. In discussions, concern was expressed that wheeSC malfunction is detected, some

drivers may respond by pressing the ESC Off corfif@ne is provided). However, not all ESC
malfunctions may render the system totally inoplerato there may be benefits to ensuring that
the system remains active in those cases. Thusstsuggested that manufacturers should be
permitted to disable the "ESC Off" control in thdsstances where an ESC malfunction has
been indicated or override the "ESC Off" controbther appropriate situations. It was argued
that at such times, the benefits of ESC operatianailability are more important than the ability
to disable the system, and it was further arguatl ltecause the "ESC Off" control is permitted
at the vehicle manufacturer's option, the manufactishould be accorded discretion to
appropriately limit the operation of that off caoitr

96. It is logical to conclude that just becauserttenufacturer permits the ESC system to be
disabled under some circumstances, that does rent that the manufacturer shall allow it to be
disabled at all times. If the vehicle manufactuselieves a situation has occurred in which it
should not be possible to turn ESC off, then theufecturer should be permitted to override the
operation of the "ESC Off" control. The exampleaof ESC system malfunction after which the
driver triggers the "ESC Off" control is illustraéi of such a situation; in such cases, the vehicle
operator presumably had desired to maintain EStifumality while driving, so the driver's
action to turn the system off arguably reflectefdex reaction that the system is unavailable and
shall be shut down, rather than a reasoned dedisiftorgo any residual ESC benefits that might
remain in spite of the malfunction. Similarly,nitakes little sense to require the ESC system to
remain disabled if the vehicle manufacturer bekegesituation has occurred in which ESC
should again become functional. The gtr's regwjatext has been drafted in a manner which
reflects these principles.

k. Default to "ESC On" Status

97. This gtr recognizes that there may be ceritulatsoons in which ESC disablement may be
appropriate (e.g., vehicles stuck in snow or mbd),considered the fact that permitting the ESC
system to remain disabled until the next ignitignle (i.e. default mode upon vehicle start-up be
ESC "full-on") could be problematic. It was arguidt the driver may inadvertently forget to
reengage the ESC for the remainder of the currgntoy turning the ignition off and then on
again, and that waiting for the next ignition cytterequire reengagement of the ESC system
needlessly compromises potential safety benef@se suggestion was to have the gtr require
that, once disabled, the ESC system shall agaiorbe®perational when the vehicle reaches a
speed of 40 km/h (or develop some other alternasiveh as a time-delay reminder to re-enable
the system or some other means of automatic relemaht).

98. In response, it is noted that although ESC esyst shall always return to the
manufacturer's original default mode that satidfiesregulatory requirements at the initiation of
each new ignition cycle, manufacturers have thedoen to equip their vehicles with ESC
systems that return to a compliant mode soonerdapon an automatic speed trigger or
timeout.
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l. Operation of Vehicle in 4WD Modes

99. Several industry stakeholders stated that thegecertain situations in which the ESC
system would not be able to default to "on" staitishe start of a new ignition cycle. As an
example, it was noted that there are certain velupkrational modes in which the driver intends
to optimize traction, not stability (e.g., 4WD-ladk high, 4WD-locked low, locking front/rear
differentials). These industry participants argtieat an exception should be made in the gtr for
the cases when the driver's ESC modes selectioriotorwheel drive low has locked the
vehicle's differentials, or has placed the vehitleother special off-road chassis modes.
According to the industry, transition to one of geemodes is mechanical and cannot be
automatically reverted to "on" status at the stdreach new ignition cycle. These industry
stakeholders further suggested that this approamiidabe consistent with safety because the
operating conditions for these vehicle modes tendhvolve low speed. It was added that in
those cases, the ESC "Off" tell-tale should banrilhated, in order to remind the driver of the
ESC system's status as being unavailable. Indaskeholders also argued that when a driver
has placed a vehicle into a 4WD-locked high mode {when the vehicle is in 4WD-high with
the front and rear axles locked together, which lsaruseful in improving stability on snow-,
sand-, or dirt-packed roads), the vehicle shouldoeasubject to the stability and responsiveness
performance requirements in paragraphs 5.1. and Be2ause the vehicle's ESC system has
been "optimized" for that driving configuration amdverting to "full on" with subsequent
ignition cycles would serve no safety benefit unidher driving conditions in which 4WD-locked
high would be appropriate.

100. It makes sense that when a vehicle has beemtionally placed in a mode specifically
intended for enhanced traction during low-speetiradd driving via mechanical means (e.qg.,
levers, switches) and in this mode ESC is alwagahled, it is not sensible to require the ESC
system to be returned to "full on" status just seathe ignition has been cycled. In these
situations, keeping the ESC disabled makes morseseh is thought that this approach should
have no substantial effect on safety because tkeeatpg conditions for these vehicle modes
tend to involve low-speed driving. Additionally,ewagree that when driving conditions are
appropriate for a driver to use 4WD-locked higthiir vehicle is equipped with it, there is little
safety benefit likely from requiring the ESC systamrevert to "full on" with the next ignition
cycle. However, we believe that an ESC systermopéid for 4WD-locked high should be able
to meet the stability performance requirementsat the responsiveness requirements, since
4WD-locked high is designed to improve stabilityda®duce responsiveness for purposes of
improving safety under the relevant driving coratis. Thus, the regulatory text now states that
"...the vehicle's ESC system need not return to aemibdt satisfies the requirements of
paragraphs 5. through 5.3. at the initiation ofhemew ignition cycle if: (a) the driver-selected
mode is designed for low-speed, off-road drivingl aehicle speed is limited in this mode by
transmission gear reduction; or (b) the drivertelé mode is designed for operation at higher
speeds on snow-, sand-, or dirt-packed roads amthkeeffect of locking the front and rear axles
together, provided that in this mode the vehiclemehe stability performance requirements of
paragraphs 5.1. and 5.2. under the test condisipesified in paragraph 6."
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m. Labelling of the "ESC Off" Control

101. Industry stakeholders agreed that the "ESC €fhtrol should be identified, but they
argued that vehicle manufacturers should be grafieedility in terms of how to identify the
"ESC Off" control. The industry stated that inist necessary to standardize the identification of
the control because vehicle manufacturers have Ipeeviding drivers with more detailed
feedback on the ESC operating mode when the syistanother than the default "full on" mode.
In other words, the argument is that because \enanufacturers are providing a tell-tale that
would illuminate whenever the system is in a motheiothan "full on," they should be permitted
discretion to optimize control labelling in waysathwould facilitate driver understanding of
variable ESC modes (i.e. permitting an identificatother than "ESC Off").

102. There is a legitimate concern for ensuringadrunderstanding of ESC status. Therefore,
it would be beneficial to encourage drivers to seleSC modes other than "full on" onlyhen
driving conditions warrant. However, standardizeuhtrol labelling of an "ESC Off" control
shall be maintained, and, therefore, manufactusbedl identify an actual "ESC Off" control
using the specified "ESC Off" symbol or "ESC O#%t (which may be supplemented with other
text and symbols). However, there is a differebetveen a dedicated "ESC Off" control (i.e.
one whose sole function is to put the ESC system mmode in which it no longer satisfies the
requirements of an ESC system, and which accordisghll bear the required "ESC Off"
labelling) and other types of controls.

103. One type of control to be clarified as excllide one which has a different primary
purpose (e.g., a control for the selection of lange 4WD that locks the axles), but which shall
turn off the ESC system as an ancillary consequehea operational conflict with the function
that it controls. In this case, such a control lddae made confusing by adding "ESC Off" to its
functional label. Nevertheless, in such situatiaime "ESC Off" tell-tale shall illuminate to
inform the driver of ESC system status.

104. Another type of control to be clarified asleded is one that changes the mode of ESC
to a less aggressive mode than the default mode/tuioh still satisfies the performance criteria
of this gtr. In such cases, the manufacturer rabgllsuch a control with an identifier other than
"ESC Off," and the manufacturer is permitted, bat required, to use the "ESC Off" tell-tale
beyond the default mode to signify lesser modesdtiha satisfy the test criteria. If this control
is combined with a control that puts ESC in a miodehich it no longer satisfies the test criteria
(a "dedicated" ESC Off control), as on a multi-madétch or button, the multi-mode control
shall be labelled with either the words "ESC OFF"tlhe symbol word combination for
"ESC Off".

n. Location of the "ESC Off" Control

105. Certain industry participants requested tlediicte manufacturers be provided flexibility

in the placement of the ESC Off control for thddaling reasons. First, it was argued that the
ESC Off control would be infrequently used durirgymal driving. Second, it was argued that
the location of the ESC Off control would help emsthat disabling of the ESC reflects a
deliberate act by the driver.
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106. For the reasons that follow, the "ESC Off" tcoinlocation shall be visible to and
operable by the driver while properly restrainediy seat belt. Hand-operated controls should
be mounted where they are easily visible to thegedrso as to minimize visual search time,
because safety may be diminished the longer artivision and attention are diverted from the
roadway. Furthermore, relative consistency of iecaacross vehicle platforms will promote
easy identification of the control when drivers @mater a new vehicle.

0. ESC Off Controls for Vehicles with Towed Trasger

107. This gtr does not require an ESC Off contaul fehicles capable of towing a trailer,
although it permits them at the manufacturer'srdigan. However, tow vehicle/trailer safety is
an area of ongoing interest, and additional infdromais always welcome on ways new
technology can improve it. For example, some EfE&fess are now being offered with trailer
stabilization assist (TSA) control algorithms. $aelgorithms are specifically designed to help
mitigate yaw oscillations that can occur when tlehigle/trailer system is being operated in
certain driving situations. These systems opebgteusing the tow vehicle ESC system to
automatically brake the tow vehicle in a way thapmesses the trailer yaw oscillations before
they become so large that a loss of control isextid Evaluating TSA effectiveness is an area of
research presently under consideration in the U.S.

p. Tell-tale Labelling

108. Similar to the above reasoning of how to ldbelESC malfunction tell-tale, the intention
is to provide flexibility to vehicle manufacturera alternative text terms for tell-tales, while at
the same time promoting consistency of messageereldre, the regulation permits use of the
term "ESC OFF" at the manufacturer's discretiotesnd of the modified ISO symbol.

g. Colour Requirement

109. Similar to the above reasoning for the vyellealour requirement for the ESC
malfunction tell-tale, the use of message/infororatcentres for presentation of required ESC
information is permissible to the extent that tleguirements of the regulation (including the
yellow colour requirement) are met. As operatir®CEn a mode other than "full on" qualifies
as a condition of "compromised performance,” thdloye colour requirement shall be
maintained in order to communicate properly thedation of potentially decreased safety to the
driver.

r. "ESC Off" Tell-tale Clarification

110. In response to industry request, it shouldlbgfied that it is permissible under this gtr

to illuminate the "ESC Off" tell-tale whenever tB&C system is in a mode other than the fully
active system, even if, at that level, the systemalds meet the requirements of the regulation.
Permitting such an illumination strategy may halprémind drivers when their vehicle's ESC
system has been placed in a mode of less than rabgiifiectiveness and to encourage them to
rapidly return the system to fully-functional staitu
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S. "ESC Off" Tell-tale Strategy

111. In developing the provisions for the ESC Gll-tale, vehicle manufacturers sought
clarification on whether the following ESC tell¢ailllumination strategy would be permissible:
If the ESC is deactivated by the driver, illumindtkee ESC symbol in the instrument panel
(presumed to mean the ESC malfunction symbol andtheo "ESC Off" symbol), provide a
"ESC OFF" message in the message/information geatick illuminate a yellow light-emitting
diode (LED) in the "ESC Off" control which is inedr view of the driver. Such a strategy is not
permissible under this gtr for the reasons thabval

112. The regulation provides that the ESC malfwmctell-tale shall be illuminated "...after
the occurrence of any malfunction”. Manual disat#at of the ESC by the driver does not
constitute an ESC malfunction. In order to prevemtfusion on the part of the driver, it has
been decided that the ESC malfunction tell-tale caly be used when a malfunction exists.
Specifically, if the ESC malfunction tell-tale wgpermitted to be presented simultaneously with
the "ESC Off" tell-tale, drivers would be unable dstinguish whether the system had been
switched off or whether a malfunction had occurre@herefore, presentation of the ESC
malfunction tell-tale in addition to an "ESC OFRdication when ESC has been disabled via the
driver-selectable control and no system malfuncgigists is prohibited.

t. Use of Two-Part Tell-tales

113. Some industry stakeholders stated that vem@aufacturers should be permitted the
flexibility to use two adjacent tell-tales, one taining the ISO symbol for the proposed yellow
ESC malfunction indicator and another yellow talketwith the word "Off". It was argued that,
given the limited space available on vehicle insgnat clusters, this dual-purpose combination
would increase efficiency by allowing one lamp ® ibuminated to indicate ESC malfunction
and both to be illuminated to indicate that theteyshas been turned off or placed in a mode
other than the "full on" mode.

114. This gtr would permit the tell-tale configuost described above. Indication of a
malfunction condition generally shall always be giredominant visual indication provided to
the driver by a tell-tale. As a result, if a twarpESC tell-tale was used and an ESC malfunction
occurred, only the malfunction portion of the t@le could be illuminated. However, other
provisions in the regulation state that a tell-tatesisting of the symbol for "ESC Off" or
substitute text shall be illuminated when a conitmplt to the ESC switch (i.e. control) has been
made by the driver to put the vehicle into a nompliant mode. Thus, both parts of the two-
part tell-tale would be required to illuminate. thre rare event that an ESC malfunction occurs
while the ESC has been manually disabled, thisvgtrld allow the ESC Off message to remain
(i.e. both parts of the two-part tell-tale to remdluminated) until the next ignition cycle (at
which point the ESC shall revert to "full on" modegardless), at which point the ESC
malfunction part of the two-part tell-tale shallibeminated.
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u. Conditions for lllumination of the "ESC Off" Tdhle:
Speed

115. The automobile industry sought clarificatibattthe "ESC Off" tell-tale (if an "ESC Off"
control is provided) need not illuminate when thehicle is travelling below the low-speed
threshold at which the ESC system becomes opesghtionhat understanding is correct. The
regulation requires that the ESC system shall b@gerational during all phases of driving
including acceleration, coasting, and deceleratinnluding braking), except when the driver
has disabled ESC or when the vehicle is below a&dpghreshold where loss of control is
unlikely". Thus, the ESC system need not be fmeti when the vehicle is travelling at a speed
below the low-speed threshold. Furthermore, tigelegion requires the vehicle manufacturer to
illuminate the "ESC Off" tell-tale when the vehidi&s been put into a mode that renders it
unable to satisfy the gtr's performance requiremeiriving a vehicle at low speeds does not
equate with the vehicle operator actively usingriged-selectable control that places the ESC
system into a mode in which it will not satisfy sleeperformance requirements. Therefore, the
regulation should not be read to imply that the CESff" tell-tale shall be illuminated when the
vehicle is travelling at low speeds, and it is mightly clear in defining the conditions under
which the "ESC Off" tell-tale shall be illuminated.

V. Conditions for Illumination of the "ESC Off" Tdhle:
Direction

116. Participants sought confirmation that theredsneed to illuminate the "ESC Off" tell-
tale when the vehicle is driven in reverse, arguihgt triggering the tell-tale under those
circumstances could result in driver confusionaflimderstanding is correct.

117. In developing this gtr, it was not intendedttthe ESC system be required to be operable
when the vehicle is driven in reverse, because suchquirement would necessitate costly
changes to current ESC systems with no anticipsadety benefit. Furthermore, the regulatory
language states that ESC is intended to functi@n the full speed range of the vehicle (except
at vehicle speeds less than 20 km/h or when beingrdin reverse). In such instances, the ESC
system has not been turned off, but instead, it érasountered a situation in which, by
regulation, the ESC system need not operate; drecedhicle is returned to forward motion at a
speed above the minimum threshold, one would presiinat the ESC system would return to
normal operation automatically. Requiring the "ES®H" tell-tale to illuminate frequently
(given that reversing the vehicle and low-speedimiyi are routine occurrences) would certainly
be perceived as a nuisance by drivers and might beemistaken for a system malfunction.
Furthermore, the regulatory provisions alreadyestahat the "ESC Off" indicator shall be
illuminated when the ESC system is manually disalfie. placed in a non-compliant mode) by
the driver via the "ESC Off" control, a very diféart situation from a vehicle being placed in
reverse.

W. Alerting the Driver of ESC Activation - Visual nd
Auditory Indications of ESC Activation

118. Participants offered a variety of viewpoirggarding provision of an indication of ESC
activation to the driver. Some supported a vige#iale; others supported both visual and
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auditory indications (e.g., suggesting that suchnimgs are helpful, in that they may alert
drivers earlier regarding slippery road conditiotigereby causing the driver to slow down in
anticipation of a potential hazard). Some supjpbatesteady-burning activation indicator (citing
one study, which was interpreted as suggesting filaghing illumination increases driver
distraction, or even suggesting that a flashingté#¢ could elicit a panic reaction in which the
driver fails to even attempt to steer the vehiocld)ereas others argued that such indicator should
be permitted to flash. Still others stated thaaetivation tell-tale is unnecessary and potemtiall
distracting to the driver or could lead to annoygnehich may cause drivers to deactivate the
ESC system.

119. After careful consideration of the substantigiut on this issue, the gtr provides that
manufacturers may use the ESC malfunction tell-talea flashing mode to indicate ESC

operation. However, no safety need has been fashtihat would justify a requirement for

provision of an ESC activation indicator to aldré tdriver that the ESC system is intervening
during a loss-of-control situation.

120. In a U.S. survey conducted as part of relevamhan factors research relating to
ESC, 28 vehicles equipped with ESC systems wereniesl and it was found that all
manufacturers appeared to provide a visual indinatf ESC activation. The study found that a
majority of vehicle manufacturers provided suchigation using a symbol, while a few
indicated ESC activation using text. Each veh@&tamined that used a symbol to indicate ESC
activation did so by flashing the tell-tale. Owsienanuals examined typically indicated that the
purpose of the flashing tell-tale was to inform thiver that the ESC was "active" or "working".

121. However, the safety need for an ESC activatioiicator to alert the driver during an
emergency situation that ESC is intervening is ofmtious. It would seem that with ESC, as
with anti-lock brake systems, vehicle stability wbube increased regardless of whether
feedback was provided to inform the driver thabfety system had intervened. No data have
been provided to suggest that safety benefits atereed by alerting the driver of ESC
activations. Nevertheless, current research omoghie of ESC activation warnings supports this
gtr's current approach that an ESC activation attha should neither be prohibited nor
required, as explained below.

122. The results of recent research neither shaw akerting a driver to ESC activation

provides a safety benefit, nor that it may prové¢oa source of distraction that could lead to
adverse safety consequences. Research showsitleas gpresented with the flashing tell-tale

were more likely to glance at the instrument pamal that these drivers typically glanced at the
panel twice, rather than just once as for the stéawning tell-tale or no tell-tale. Insofar as a
flashing tell-tale draws a driver's attention aweym the road, where it should be during an
emergency loss-of-control situation, requiringsitniot logical. It makes sense to alert drivers to
slick road conditions, when the driver is operatthg vehicle on the roadway in a generally
straight path, but it would not make sense to diedriver's attention away from the road when
they are in the midst of assessing a crash-immisieution and attempting to avoid a collision.

123. While research to date shows that driversddait a flashing tell-tale twice as often, this
did not result in significantly different rates ftss of control, road departures, and collisions
than with steady-burning tell-tales or no tell-gleThus, despite the logical risk of looking away
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from the road during an ESC-worthy manoeuvre, thsreo apparent detriment from the

increased glances at a flashing tell-tale. Culyemtailable research results are insufficient to
support prohibition of the existing practice of yiding a visual indication of ESC activation,

but neither do they support requiring it.

124. Once additional data from relevant researclome available and are analyzed, it may be
possible to clarify further which strategy for rigitng the driver of ESC activation is least likely
to negatively impact the driver's response to a&-tfscontrol situation. However, unless
additional research provides strong, statisticadllid evidence of a benefit or detriment
associated with presentation of an ESC activatiaiication, no requirement or prohibition for
such an indication will be made.

125. Consistent with available research, auditorgtications of ESC activation are not
necessary and provide no apparent safety benefdwever, while research suggests that an
auditory indication of ESC activation elicits lomgestrument panel glances and may be
associated with an increase in road departuresnit considered that these results from a single
simulator study provide sufficient justification fmrohibit use of an auditory ESC indicator.
Therefore, while an auditory ESC activation warninguld be discouraged, even when
combined with a visual indication, current datandd justify a prohibition of such approach.

X. Flashing Tell-tale as Indication of Interventibg Related
Systems/Functions

126. The automobile industry requested that it dengited to flash the ESC malfunction tell-
tale to indicate the intervention of other relam@tems, including traction control and trailer
stability assist function. The industry reasonleat tthese functions are directly related to the
ESC system and that the driver would experienceséime sensations from the braking system
actuator and throttle control triggered by operatd these related systems, as they would in the
event of ESC activation. In addition to keeping triver informed, it also reasoned that this
strategy would aid in minimizing the number of #@les used for related functions.

127. Because this gtr does not require an ESCadictivindication, if vehicle manufacturers
choose to provide one, they may use it to indigarventions by additional related systems at
their discretion. It is expected that manufacsingould explain the meaning and scope of the
activation indication in the vehicle owner's manuabnsistent with facilitating consumer
understanding of important vehicle safety features.

y. Bulb Check - Waiver of Bulb Check for
Message/Information Centers

128. Except when a starter interlock is in operattbe gtr requires that each ESC malfunction
tell-tale and each "ESC Off" tell-tale shall beieatied as a check of lamp function either when
the ignition locking system is turned to the "OnRn") position when the engine is not
running, or when the ignition locking system isairposition between "On" ("Run") and "Start"
that is designated by the manufacturer as a chesikign.
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129. Industry participants stated that while suetjuirements are appropriate for traditional
tell-tales, those requirements are not appropf@teehicle message/information centres which
do not use bulbs and are illuminated whenever tigicle is operating. According to the
industry, if there were a problem of this typewnbuld be readily apparent because the entire
message/information centre would be blank. Theegfib was requested that ESC system status
indications provided through a message/informatientre be excluded from the regulation's
bulb check requirements.

130. Inresponse, it seems logical that a bulblcieoot relevant or necessary for the type of
display technology utilized for information/messageentres. Presumably, if an
information/message centre experiences a probletogous to one which would be found by a
tell-tale's bulb check, the entire message centréddvbe non-operational, a situation likely to be
rapidly discovered by the driver. Therefore, itswlecided to waive the bulb check requirement
for ESC system status indications provided via asage/information centre.

z. Clarification Regarding Bulb Check

131. Clarification was sought that the bulb cheok the ESC malfunction tell-tale and
ESC Off tell-tale (if provided) may be performeddnyy vehicle system and is not required to be
conducted by the ESC system itself. It was asdetiat many vehicle systems are able to
perform this function, and most current vehicles designed such that the instrument panel
controls the tell-tales. Because it is not impartaow precisely the bulb check for an ESC-
related tell-tale is accomplished (provided th# gerformance requirement is met), this request
was accommodated in this regulation.

(v) Technical Documentation

132. In addition, the regulation requires vehicleanufacturers to supply additional
documentation in order to ensure that a vehickeqgisipped with an ESC system that meets the
definition of "ESC System". For example, vehiclamafacturers shall submit, upon request,
ESC system technical documentation as to when stedgrintervention is appropriate for a
given vehicle (e.g., information such as a systeagrdm that identifies all ESC components, a
written explanation sufficient to describe the ES{tem's basic operational characteristics, a
logic diagram supporting the explanation of systgrerations, and an outline description of the
pertinent inputs to the vehicle computer or calgoies within the computer and how its
algorithm uses that information and controls ES§tesy hardware to limit vehicle understeer).

(d) Performance Requirements

133. ESC-equipped vehicles covered under this mgtraéso required to meet performance
tests. Specifically, such vehicles shall satidig gtr's stability criteria and responsiveness
criteria when subjected to the Sine with Dwell stege manoeuvre test. This test involves a
vehicle coasting at an initial speed of 80 km/hlevki steering machine steers the vehicle with a
steering wheel pattern as shown in Figure 2 ofrdggilatory text. The test manoeuvre is then
repeated over a series of increasing maximum sgpargles. This test manoeuvre was selected
over a number of other alternatives, because itdemsded that it has the most optimal set of
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characteristics, including severity of the tespea&tability and reproducibility of results, and the
ability to address lateral stability and responsess.

134. The manoeuvre is severe enough to producewggior most vehicles without ESC. The
stability criterion for the test measure is howally the vehicle stops turning after the steering
wheel is returned to the straight-ahead positinzehicle that continues to turn for an extended
period after the driver steers straight is outaritool, which is what ESC is designed to prevent.

() Lateral Stability Criterion

135. The quantitative stability criteria are exgegsin terms of the per cent of the peak yaw
rate after maximum steering that persists at eodeof time after the steering wheel has been
returned to straight ahead. The criteria requieg the vehicle yaw rate decrease to no more
than 35 per cent of the peak value after one seemadthat it continues to drop to no more

than 20 per cent after 1.75 seconds.

(i) Lateral Responsiveness Criterion

136. Since a vehicle that simply responds verielitd steering commands could meet the
stability criteria, a minimum responsiveness ciiteris applied to the same test. It requires that
an ESC-equipped vehicle with a GVM of 3,500 kg essl shall move laterally at least 1.83 m
during the first 1.07 seconds after the Beginnih&teer (BOS); (Initiation of steering marks a

discontinuity in the steering pattern that is avament point for timing a measurement. BOS is
defined in the regulation at paragraph 7.11.6t)aldo requires that a heavier vehicle with a
GVM greater than 3,500 kg shall move at least Inb2aterally in the same manoeuvre for

specified steering angles (i.e. conducted with mmoanded steering wheel angle of 5A or

greater). These computations are for the latasgdlacement of the vehicle centre of gravity

with respect to its initial straight path.

137. After considering industry input, it was dexddo use a normalized steering wheel angle
of 5.0 as the minimum steering input for applyihg tesponsiveness test criteria. A normalized
steering wheel angle accounts for differenceseeratg ratios between vehicles by dividing the
first peak steering wheel angle by the steeringellamgle at 0.3g determined by the slowly-
increasing steer test. It thus expresses the anajusteering as a unitless number or scalar,
rather than in degrees. The performance testdeslthe procedure for normalizing the steering
wheel angle and calls for performing the Sine wivell manoeuvre at normalized steering
wheel angles including 5.0, 5.5, 6.0, and 6.5, lsitkvpoints responsiveness would be measured.
For contemporary light vehicles, data indicate ,tlmat average, a normalized steering wheel
angle of 5.0 is about 180 degrees. However, th@ibevehicles in the mass class with a GVM
up to 4,536 kg tend to have slower steering ratiddsch means that 180 degrees of rotation for
those vehicles produces less steering motion ofrtre wheels than for cars (e.g. a normalized
steering wheel angle of 5.0 averages approximd#lydegrees for passenger cars, 195 degrees
for SUVs, and 230 degrees for pickups). Sinceeha® the vehicles whose inherent chassis
properties limit responsiveness, the test becoraeg difficult to pass if they are also tested at
lower effective steering angles at the front wheélfius, the use of normalized steering wheel
angles will remove a systematic disadvantage faaievehicles in the test procedure.
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138. Regarding the industry's suggestion for apglythe normalized steering angles to the
first actual peak steering wheel angles measuredglthe test, problems were identified with
such an approach. Figure 2 of the regulatory séxtws the ideal steering profile of the Sine
with Dwell Manoeuvre used to command the steerirgiine. A steering machine is utilized
because it turns the steering wheel in the testhe=hwith far greater precision and repeatability
than is possible for a human driver. However, gbheer steering systems of some vehicles do
not permit the steering machines to accomplishdisired steering profile. For the reasons
discussed below, it was determined that the nomadlsteering angle should be based on the
commanded angle of a steering machine (which replddver input during the test) with a high
steering effort capacity rather than on the measoneximum steering angle achieved by the
machine.

139. The industry also suggested specifying a mamximsteering torque capacity of
50 to 60 Nm for steering machines to reduce théabaity caused by the choice of steering
machine and to assure manufacturers that thewestisl be carried out with powerful machines
to maximize the steering input during the respagrsdss test. Accordingly, this gtr specifies that
the steering machine used for the Sine with Dwedinoeuvre shall be capable of applying
steering torques between 40 and 60 Nm at steerlmgelwelocities up to 1,200 degrees per
second. This is a more rigorous specification thiemply a maximum torque range that does not
include speed capability, and it prevents testiiittp some of the less powerful machines in use
by many test facilities.

140. However, even a robust steering machine camaihtain the commanded steering
profile with some vehicle power steering systerS@me of the electric power steering systems
are especially marginal in that their power asaistadiminishes at high steering wheel
velocities. In the case of vehicle power steelingtations, the first steering angle peak in
Figure 2 cannot be met, but the second peak asasethe frequency of the wave form are
usually achieved. Thus, marginal vehicle poweerstg does not likely reduce the severity of
the oversteer intervention part of the test, buwilt reduce the steering input that helps the
vehicle satisfy the responsiveness criteria. éfragulation were to use the actual steering angle
rather than the commanded steering angle as thenafticed steering angle for the
responsiveness test, it could create the unacdeptabation of vehicles that could not be tested
for compliance, because the test would not allowth@ir evaluation. For example, if the
steering machine could not achieve a normalize@risig wheel angle of 5.0 even when
commanded to a normalized angle of 6.5 becausetotle limitations, the vehicle could not be
said to fail, no matter how poor its performance.

141. Therefore, the gtr uses the commanded stegmiofile (using an assuredly robust

steering machine), rather than the measured steprofile, to calculate the normalized steering
wheel angle used to assess compliance with oualadésplacement requirement. This should
not create a practical problem. At this time, theger vehicles have reasonably powerful
steering systems that should enable them to aclasietuml peak steering angles within at least
10 degrees of the commanded peak. Furthermor@&ruhid approach to defining the steering
input, the lateral displacement required for larghicles would be reduced to 1.52 m rather than
the 1.68 m requested by the industry (with its seha higher measured steering angle). The
weaker electric power steering systems discusseudealre typically found on cars, and cars
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tend to be responsive enough to pass the 1.83 eraladisplacement criterion at normalized
steering wheel angles of less than 5.0.

142. As noted above, the gtr includes a responesgeriterion that specifies a minimum
lateral movement of 1.83 m during the first 1.0¢we&ls of steering during the Sine with Dwell
manoeuvre. The purpose of the criterion is totlitihe loss of responsiveness that could occur
with unnecessarily aggressive roll stability measuimcorporated into the ESC systems of
SUVs. This is a real concern, as research has m&nated that one such system reduced the
lateral displacement capability of a mid-sized Sb&low that attainable with a 15-passenger
van, multiple unloaded long wheelbase diesel piskupnd even a stretched wheelbase
limousine.

143. A heavy-duty pickup truck understeers stromglthis test because of its long wheelbase
and because it is so front-heavy under the tesfiton. The ESC standard is not intended to
influence the inherent chassis properties of thedscles (which were tested without ESC),
because low responsiveness in the unloaded sttite c©nsequence of a chassis with reasonable
inherent stability in the loaded state. The gtlishvoid causing any vehicle to be designed with
a chassis that is unstable at GVM and relies on iBS©rmal operation. In addition, some very
large vans with a high centre of gravity, such &gpassenger vans, rely on their ESC system to
reduce responsiveness because of special conaeriss$ of control and rollover. While it is
necessary to respect the responsiveness limitatigm®priate to large vehicles with commercial
purposes, there is no need for lighter vehiclesgdes for personal transportation, including
SUVs, to give up so much of the object avoidangeabdity of their chassis when tuning the
ESC system.

144. While the industry's suggestion that a lowesponsiveness criterion for vehicles with
higher GVMs is appropriate, the recommended 2,49%KM break point is not appropriate.
Some large passenger cars have GVMs near this |adh this break point, some minivans
and midsize SUVs would be considered to have theedanitations as 15-passenger vans and
trucks with a GVM of 4,536 kg. Thus, the gtr edistles a more representative break point at a
GVM of 3,500 kg.

145. Regarding calculation of lateral displacemsnth calculations use double integration
with respect to time of the measurement of latacaeleration at the vehicle centre of gravity
(where time, t = O, for the integration operatisrttie instant of steering initiation), as expressed
by the following formula:

Lateral displacement£Ac dt

146. Participants stated that, given the shortnmteof time in the initial phase of the lane
change manoeuvre, it is reasonable to use doutggration of measured lateral acceleration to
approximate the vehicle's actual lateral displacemestill, the two are technically not exactly
equivalent, because lateral acceleration is medsirehe coordinate frame of the vehicle,
whereas lateral displacement is in the fixed refegeframe of the road (i.e. the surface of the
earth). Theoretically, the vehicle frame can mtatth respect to the earth frame, leading to an
error in the double integration method (i.e. a $realor in calculation of a vehicle's lateral
displacement due to coordinate system differences)vever, because the integration interval is
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short (since lateral displacement is assessed se0@nds after initiation of the manoeuvre's
steering inputs), the integration errors are exqmktd be so small as to be negligible. In the
alternative, this gtr permits a method of measulatgral displacement based on GPS data to be
used.

147. Regarding the yaw rate ratio calculation methagy, the gtr acknowledges that first
peak value of yaw velocity may occur near (or elefore) the start of the dwell. In order to
account for this possibility and to ensure thatdhkeulation is correct and consistent in all cases
the regulation specifies that the first peak vabieyaw velocity is to be recorded after the
steering wheel angle changes sign (between fitsanond peaks). However, the gtr does not
adopt the recommendation of some participants thatregulation should specify that the
measurement is for the "absolute value of yaw'rategrder to ensure that any negative yaw rate
is included in the standard's yaw rate calculatidmegative yaw rate ratio can only be achieved
when the yaw rate measured at a given instantria ts in an opposite direction of the second
yaw rate peak, which can have a much different mngathan the absolute value of identical
magnitude. Although it is very unlikely, takingetlabsolute value of the yaw rate at 1.0 or 1.75
seconds after completion of steer could cause gltam vehicle to be deemed non-complaint if
the respective yaw rate ratios are large enougin.ekample, if at 1.75 seconds after completion
of steer a vehicle produces a yaw rate ratio ofp@ricent, the vehicle would be in compliance
with the regulation's lateral stability criteriaotever, if the absolute value of the yaw rate ratio
were used (21 per cent), the vehicle's performamoald be non-compliant. Requiring a
provision that prevents a negative yaw rate ratiesdnot simplify the data analysis process, and
can only confound interpretation of the test data.

(i)  The Issue of Understeer Performance

148. The following discussion explains the conaaptehicle understeer, how ESC systems
operate to control excessive understeer, and wiwast not possible to develop and incorporate
an understeer performance test as part of this gtr.

149. As background, all light vehicles (includingspenger cars, pickups, vans, minivans,
crossovers, and sport utility vehicles) are desigweundersteery in the linear range of lateral
acceleration2d/ although operational factors such as loading; iyflation pressure, and so forth
can in rare situations make them oversteer in Ud@s is a fundamental design characteristic.
Understeer provides a valuable, and benign, wayti®wehicle to inform the driver of how the
available roadway friction is being utilized, inaofas the driver can 'feel' the response of the

19 In lay terms, the term "understeer” is probdidgt described as the normal condition of most foareveryday
driving. Light vehicles are designed to be slighthdersteer in normal driving situations, becausieag understeer
provides both stability (e.g., the vehicle is naghly affected by common factors such as smallsgofstvind) and
lateral responsiveness (e.g., the vehicle is ablegpond to the driver's sudden decision to aanidbstruction in
the roadway by turning the wheel quickly).

20/ The "linear range of lateral acceleration” ieafreferred to as "linear-handling” and "linearga," and in very
basic terms describes the normal situation of elayrydriving, where a given turn by the driver o€ tsteering
wheel causes an expected amount of turn of thecleeitself, because the vehicle is operating atithetion levels
to which most drivers are accustomed. As the $irnitthe accustomed traction levels are approadhedyehicle
begins to enter non-linear range, in which theeiriscannot predict the movement of the vehicle giagyarticular
turn of the steering wheel, as on a slippery road sharp curve, where the driver can turn the Whegeat deal
and get little response from the skidding vehicle.
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vehicle to the road as the driver turns the stgenheel. Multiple tests have been developed to
quantify linear-range understeer objectively, idohg SAE J266, "Steady-State Directional
Control Test Procedures for Passenger Cars and Tigicks," and ISO 4138, "Road vehicles —
Steady state circular test procedure”. These tesls vehicle manufacturers design their
vehicles with an appropriate amount of understeembrmal linear-range driving conditions.
Tests such SAE J266 and ISO 4138 simply measurerttadl constant reduction in vehicle
turning (in comparison to the geometric ideal fogigen steering angle and wheelbase) that
characterizes linear range understeer at relatleghlevels of lateral acceleration. This is much
different from limit understeer in loss-of-contsituations where even large increases in steering
to avoid an obstacle create little or no effecvehicle turning.

150. In the linear range of handling, ESC shouldeneactivate. ESC interventions occur
when the driver's intended path (calculated byBBE control algorithms using a constant linear
range understeer gradient) differs from the acp&th of the vehicle as measured by ESC
sensors. Since this does not occur while drivinghe linear range, ESC intervention will not
occur. Therefore, ESC has no effect upon the flire#age understeer of a vehicle.

151. In overview, understeer intervention is onehaf core functions of an ESC system, a
feature common to all current production systersliterature search of the available research
was conducted in the U.S. in order to identify éeptial ESC understeer test for loss-of-control
situations. However, no such tests were founddddsteer tests in the literature (such as SAE
J266 and ISO 4138) focus on linear range undergismrerties and are not relevant to the
operation of ESC, as explained above.

152. Because there are no suitable tests of limitetsteer performance in existence and
because of the complexity of undertaking new regear this area, several years of additional
work would be required before any conclusions cdwddreached regarding an ESC understeer
performance testA principal complication is that manufacturerseofpprogram ESC systems for
SUVs to avoid understeer intervention altogetherdoy roads because of concern that the
intervention could trigger tip-up or make the ovees control of some vehicles less certain in
high-speed situations.

153. It would be unwise to disregard manufacturexsrcise of caution in this circumstance,
particularly in view of the remarkable reductionrailover crashes of SUVs that manufacturers
have achieved with current ESC strategies. Assaltetests of understeer intervention would
have to be conducted on low-coefficient of frictigfow-coefficient") surfaces. There are two
kinds of low-coefficient test surfaces: (1) thosedlving water delivery to the pavement and
pavement sealing compounds such as Jennite toe¢deadriction of wet asphalt, and (2) those
involving water delivery to inherently slick surizs such as basalt tile pads. Repeatable
pavement watering is confounded by factors likeetipetween runs, wind, slope, temperature,
and sunlight. Jennite itself is not very duralésulting in the coefficient changing with wear.
Simply wetting the same surface used for the ogerdest would not produce a surface slippery
enough to ensure that SUVs would intervene in wider. Basalt tile is extremely expensive.
Moreover, the coefficient of friction of basalt [gad extremely low, almost as low as glare ice.
Causing manufacturers to optimize understeer intdion at extremely low coefficients like this
may create overly-aggressive systems that compeoaviersteer control on more moderate low-
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coefficient surfaces. Given the practicability lplems of repeatable low-coefficient testing, the
need for compliance margins expressed by the industuld likely result in very low criteria.

154. Development of specific performance critesaalso problematic. In the oversteer
performance test, the difference between the maxiryaw rate achieved and the zero when the
vehicle is steered straight at the end of the mawreeis large and readily obvious. In contrast,
the difference between understeer and the ultimanérolled drift, which is the most any ESC

system can deliver when there is simply not enoughtion for the steering manoeuvre, is

difficult to differentiate. Also, the kind of op®@l instrumentation that a test would use to
measure possible metrics in an understeer test asidhody and wheel slip angles does not
function reliably for tests on wet surfaces. Thisra real question of whether it would ever be
possible to create criteria for understeer inteieenthat would be both stringent enough for
testing and universal enough to be applied onaadsSUVs without upsetting legitimate design
compromises.

155. Despite these limitations surrounding develepirof a performance test for excessive
understeer in loss-of-control situations, it was aeemed reasonable to delay issuance of the gtr,
given the significant life-saving potential of ESystems. Similarly, it was decided that
eliminating the understeer requirement from the atd deferring its adoption until the
completion of future research would also run coutdesafety, given that understeer intervention
is one of the key beneficial features in currenCEystems. Thus, it was decided that the only
suitable option for the gtr was to adopt an un@erstequirement as part of the definition of
"ESC System," along with a requirement for speafitiipment suitable for that purpose. Such
a requirement is objective in terms of explainingranufacturers what type of performance is
required and the minimal equipment necessary fat flurpose. The gtr also provides that
Contracting Parties may require the manufacturersubmit, upon request, the engineering
documentation necessary to demonstrate the systechessteer capability.

156. Specifically, in order to ensure that a vehislequipped with an ESC system that meets
the definition of "ESC System," the Contracting tanay ask the vehicle manufacturer to
provide a system diagram that identifies all ES@ponents, a written explanation describing
the ESC system's basic operational characterisaosi a logic diagram supporting the
explanation of system operations. In addition, ardong mitigation of understeer, the
Contracting Party may request an outline descnptibthe pertinent inputs to the computer that
control ESC system hardware and how they are wskhit vehicle understeer. It is understood
that much of the above information may be proprietand would be submitted under a request
for confidential treatment.

157. In sum, the above information would be expkdte allow the Contracting Party to
understand the operation of the ESC system ancetidy\that the system has the necessary
hardware and logic for mitigating excessive undenst This ensures that vehicle manufacturers
are required to provide understeer interventioa teature of the ESC systems, without delaying
the life-saving benefits of the ESC gtr (includitigpse attributable to understeer intervention).
In the meantime, the Contracting Parties will manthe progress of any additional research in
the area of ESC understeer intervention and conta#tang further action, as appropriate.
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158. It is further noted that the understeer remqnent is objective, even without a specific
performance test. The definition of "ESC Systemxjuires not only an understeer capability
(part (2) of the definition), but also specific gigal components that allow excessive understeer
mitigation (part (1) of the definition).

(iv)  Other Test Requirement Issues (Post Data Bsieg Calculations)

159. Participants raised numerous issues relatdtetappropriateness and technical details of
the ESC requirements and test procedures. Thasesisvere carefully considered in developing
this gtr. Additional details regarding these issaee provided below.

a. Determining the Beginning of Steering

160. In order to ensure consistent calculationabérbl displacement, careful consideration
was given to the gtr's data processing specifinatidOne topic included determining the start of
steering, which the regulation ultimately definesl the moment when the "zeroed" steering
wheel angle (SWA) passes through 5 degrees.

161. The process to identify "beginning of steeringes three steps. In the first step, the time
when steering wheel velocity that exceeds 75 degkeadentified. From this point, steering
wheel velocity shall remain greater than 75 degfeeat least 200 ms. If the condition is not
met, the 200 ms validity check is applied the néirte steering wheel velocity that
exceeds 75 deg/sec is identified. This iterativec@ss continues until the conditions are
satisfied. In the second step, a zeroing rangaettfas the 1.0 second time period prior to the
instant the steering wheel velocity exceeds 75s#®g(i.e. the instant the steering wheel velocity
exceeds 75 deg/sec defines the end of the "zeramgge") is used to zero steering wheel angle
data. In the third step, the first instance thteried and zeroed steering wheel angle data reaches
-5 degrees (when the initial steering input is ¢euclockwise) or +5 degrees (when the initial
steering input is clockwise) after the end of theomg range is identified. The time identified in
Step 3 is taken to be the beginning of steer.

162. It was decided that an unambiguous referewaet po define the start of steering is
necessary in order to ensure consistency when diomgpthe performance metrics measured
during testing. The practical problem is that ¢gbi'noise” in the steering measurement channel
causes continual small fluctuations of the sigrela the zero point, so departure from zero or
very small steering angles does not indicate riglitifat the steering machine has started the test
manoeuvre. Extensive evaluation of zeroing ranger@ (i.e. that based on the instant a
steering wheel rate of 75 deg/sec occurs) has rooedi that the method successfully and
robustly distinguishes the initiation of the Sin&haDwell steering inputs from the inherent
noise present in the steering wheel angle datangtanAs such, the regulation incorporates
the 75 deg/sec criterion described above plus adgeg steering measurement. The value for
time at the start of steering, used for calculatihg lateral responsiveness metrics, is
interpolated.
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b. Determining the End of Steering

163. Similarly, it was decided that an unambigupost to define the end of steering
is also necessary for consistency in computing geeormance metrics measured during
compliance testing. Accordingly, the regulationdrporates the suggestion of defining the end
of steering as the first occurrence of the "zerogt@ering wheel angle crossing zero degrees
after the second peak of steering wheel angle.

C. Removing Offsets

164. Given the potential for the accelerometersduse the measurement of lateral
displacement to drift over time, it was argued that regulation should use the data one second
before the start of steering to "zero" the accatmters and roll signal. This recommendation
was adopted for the following reasons. Prior ® tst manoeuvre, the driver shall orient the
vehicle to the desired heading, position the stgewheel angle to zero, and be coasting down
(i.e. not using throttle inputs) to the target tepeed of 80 km/h. This process, known as
achieving a "quasi-steady state," typically occardew seconds prior to initiation of the
manoeuvre, but can be influenced by external facsoich as test track traffic, differences in
vehicle deceleration rates, etc. A zeroing duratibone second provides a good combination of
sufficient time (i.e. enough data is present stodacilitate accurate zeroing of the test data) an
performability (i.e. the duration is not so longtht imposes an unreasonable burden on the
driver). Experience has shown that the use ofZasecond interval is usually sufficient;
however, the 1.0 second is more conservative dmedefore, preferred. Conversely, it is not
expected that zeroing intervals longer than onersgvould improve the zeroing accuracy.

d. Use of Interpolation

165. There are several events in the calculationpefformance metrics that require
determining the time and/or level of an event, udahg: (1) start of steering; (2) 1.07 or 1.32
seconds after the start of steering; (3) end arstg; (4) 1 second after the end of steering, and
(5) 1.75 seconds after the end of steering. Ineld@ing this gtr, it was decided that in
determining specific timed and measured data pointerpolation provides more consistent
results and is less sensitive to differing sampteags than other approaches (e.g., choosing the
sample that is closest in time to the desired gvemherefore, the regulation uses this method
during post data processing.

e. Method for Determining Peak Steering Wheel Angle

166. It was asserted that because metrics for nesmmess are specified by steering wheel
angle (SWA), a method for determining the actual ASWeeds to be specified. The first
measured peak SWA was suggested because it is e¢hk that directly influences the
responsiveness measurement. However, as discabsed, this regulation defines the torque
capacity of the steering machine used in the respeness test and uses the commanded peak
steering angle, rather than the measured peakrgjesmngle, as the indication of tests in which
the vehicle shall meet the responsiveness criteria.
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f. Need for a Common Data Processing Kernel

167. Because data processing methods can haveificsigt impact on the results generated,
necessary data processing details are includdgkiregulatory text.

(e) Test Conditions

0] Ambient Conditions

a. Ambient Temperature Range

168. The regulation states that testing will bedtomted when the ambient temperature is
between 0 °C and 45 °C. It was originally decidegised upon participant input, that the
temperature value should be 7 °C. The reasoratsréisearch demonstrates that responsiveness
is reduced at higher temperatures, which is typafavehicles with all-season tyres. The
temperature values reflect the general desirallityeducing sources of variability in vehicle
testing, in order to prevent testing at temperattinat favour a vehicle's chance of passing the
test. Higher minimum temperature values were damed (e.g., 10 °C), but such temperature
has the disadvantage of reducing the length otdking season for potential test facilities in
colder regions. Thus, the value selected reflérsdual goals of better repeatability but also
practicability. The following provides additionaletail on how these ambient temperature
requirements were determined.

169. Industry participants stated that their analifgad demonstrated ESC test variability due
to temperature. It was suggested that, at nearifig temperatures, certain high performance
tyres could enter their "glass transition range/"which could introduce further test variability.
Accordingly, it was recommended that the lower hbwf the temperature range should
be 10 °C. In addition to reducing test variabjlilywas asserted that such an approach to the
temperature portion of the test procedures wouldnfevirtually year-round testing at many
facilities, reduce burdens associated with configricompliance at low temperatures, and avoid
complications of snow and ice during testing.

170. A vehicle's ESC system is designed for anceteol to address stability issues over a
wide range of various environmental conditions. stifgy conducted indicates that lateral
displacement for vehicles equipped with all-seaspmes varies with fluctuating ambient

temperatures. According to the industry, the dathcate that lateral displacement for test
vehicles equipped with all-season tyres increasesth®@ ambient temperature decreases,
suggesting that the displacement requirement ctgldmet more easily at lower ambient
temperatures. However, this same relationshipneasnanifested in test vehicles equipped with
high performance tyres (some high-performance tgnes not designed for operation under
freezing conditions, and the performance variabilitf these tyres under cold ambient
temperatures is unknown, because in repeatabiiitfies considered, tyres are tested in the

21/ Note that this is the industry's term. They eeterring to a rubber chemistry issue (i.e. thatrabbery
polymers turn into glassy solids at characteridtir temperatures, which vary depending on the pelym
composition of the tyrgs The industry seems to assert that because @f ¢benposition, for certain high
performance tyres, the "glass transition range. the temperature range between the glass teroperatd the
onset of fully rubber-like response) may includensoof the lower bound of the proposed ambientreagge.
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temperature ranges in which they are designed tratg). The industry recommended

minimizing potential test variability by reduciniget specified test condition ambient temperature
range. To minimize test variability, the lower Ipduof the temperature range was set for ESC
testing to 7 °C. It was believed that 7 °C is appiate because it is low enough to increase the
length of the testing season at multiple testirigssiand also represents the low end of the
relevant temperature range for some brands of pggtiormance tyres. However, because
certain Contracting Parties requested a lower boointhe temperature range of 0 °C and

because there may be certain tyre/vehicle combimgatithat perform acceptably under such

conditions, this gtr will allow testing down to C.°

b. Wind Speed

171. Industry participants expressed concern tima&@amum wind speed for testing of 10 m/s
could impact the performance of certain vehiclefigomations (e.g., cube vans, 15-passenger
vans, vehicles built in two or more stages). Isveatimated that a cross wind at 10 m/s could
reduce lateral displacement at 1.07 s by 0.15 mpeoed to the same test conducted under calm
conditions. Accordingly, industry participants ceemended a maximum allowable wind speed
of 5 m/s, a figure consistent with ISO 7401.

172. Wind speed could have some impact on thealattisplacement for certain vehicle
configurations, including large sport utility velds and vans. However, a maximum wind speed
of 5 m/s can impose additional burdens by restigcthe environmental conditions under which
testing can be conducted. With these consideaiiomind, the wind speed requirement is set
at 5 m/s for vehicles with a static stability fac(&SF) less than or equal to 1.25, but the wind
speed for vehicles with a SSF greater than 1.2gti@t 10 m/s. This approach will reduce test
variability for those vehicles expected to be malected by wind speed and minimize any
additional burdens on test laboratories.

173. It is noted that if the wind speed requiremenget at 5 m/s for all light vehicles, that

would unduly limit the number of days on which tegtcould be performed, and wind speed up
to 10 m/s would not have an appreciable impact lon testing of high-SSF vehicles like

passenger cars due to their smaller side dimensions

(i) Road Test Surface

174. The regulation states that tests are condumted dry, uniform, solid-paved surface;
surfaces with irregularities and undulations, sashdips and large cracks, are unsuitable. The
gtr also states that the test surface has a censsbpe between level and 1 per cent. Although
consideration was given in the U.S. to requirirngst surface with a slope up to 2 per cent (with
test initiated in the direction of positive slope (uphill)), this alternative was rejected be@aus
most test tracks have a slope of 1 per cent or, bsch is so slight that a directional
specification is unnecessary.

175. The gtr also provides that the road test sarfshall have a nominal peak braking
coefficient (PBC) of 0.9, unless otherwise spedifi@hen measured using one of two methods
as specified by the respective Contracting Parties.
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a. Using an American Society for Testing and Matei(ASTM) E1136-93 (1993)
standard reference test tyre, in accordance witiM\®ethod E 1337-90 (reapproved
1996), at a speed of 64.4 km/h, without water @ejiv

b. The method specified in the Annex 6 Appendof NECE Regulation No. 13-H.

176. The intention in specifying a nominal PBC & 3 not to preclude the use of real world
test tracks, which may or may not have this ex&g But rather to permit Contracting Parties to
use a high adhesion surface available to themrdatipal terms, when testing for conformity to
the requirements, manufacturers may test on acguvéth a lower PBC, to test for a worse-case
scenario. This would assure positive results whkerification for compliance testing is
conducted by the administrations on a surface avi#BC of 0.9 or higher. In other words, if the
vehicle is able to meet the requirements at a PBGA0.9, it is considered to be compliant with
a PBC of 0.9.

(i)  Vehicle Conditions

a. Vehicle Test Mass

177. In the test procedures, the gtr specifiestti@tehicle is loaded with the fuel tank filled
to at least 90 per cent of capacity, and totalriotdoad of 168 kg comprised of the test driver,
approximately 59 kg of test equipment (automatedritg machine, data acquisition system and
power supply for the steering machine), and balastequired by differences in the mass of test
drivers and test equipment. Where required, baihall be placed on the floor behind the
passenger front seat or if necessary in the frassg@nger foot well area. All ballast shall be
secured in a way that prevents it from becomintpdiged during test conduct.

178. Given that the mass of a"®Hercentile male is 102 kg2 it is believed that the
maximum allowable mass allocated for the test dr(t®9 kg) is conservative and should not
impose an unreasonable testing burden on partrésrmeng ESC testing.

179. In the U.S., some participants recommendedfygétay the location where ballast (if
required) is to be placed in the vehicle to accdontvarying mass of test drivers and test
equipment. As a result, specifications have beeorporated in the regulation as to where the
ballast shall be positioned. Such specificatiowese not only to ensure even distribution of the
load of the driver, steering machine, and test@qent, but it also acknowledges the potential
for the very abrupt vehicle motions imposed by 8ire with Dwell manoeuvre to dislodge
and/or relocate unsecured ballast during testim@ontracting Parties may provide further
direction in any accompanying laboratory test pdore, as appropriate.

b. Outriggers

180. Industry participants conceded that the useufiggers may be appropriate during
testing, but recommended that the regulation shaxglicitly clarify the vehicle class's

22/ Schneider, L.W., Robbins, D.H., Pflug, M.A., aBg¢gnder, R.G., Development of Anthropometrically &&s
Design Specifications for an Advanced Adult Anthwoprphic Dummy Family, Volume 1 - Procedures, Sumyma
Findings, and Appendices, The University of MichigBransportation Research Institute Report UMTRI583L1,
December 1983, Table 2-5 at page 20.
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properties that are to be equipped with outriggers., trucks, multipurpose vehicles, and buses)
and set forth the design specifications for thos@iags. Concern was expressed that without
such clarification, outriggers can influence vesidynamics in the subject tests. Therefore, in
order to reduce test variability and increase #peatability of test results, the gtr specified tha
outriggers may be used if deemed necessary foditesr safety. For vehicles with a SSF less
than or greater than 1.25, the gtr also specifieximum mass and roll moment of inertia

specifications for outriggers.

() Test Procedure
0] Accuracy Requirements

181. Specification of accuracy requirements forfilowing measurement instruments used
in the ESC test procedures was also considered(Ipithe yaw rate sensor; (2) the steering
machine, and (3) the lateral acceleration senslowever, it was decided that it is not necessary
to include sensor specifications as part of theilletgry text of the gtr. Instead, Contracting
Parties may wish to include these sensor spedditsiin related Laboratory Test Procedures in
order to provide detailed instructions to persoramlducting testing (e.g., test equipment to be
used, limitations on equipment output variability)Typical sensor specifications of the
instrumentation used in research and testing af@las/s:

(i) Tolerances

182. The gtr's test procedures contain a provi$mnbrake conditioning as part of ESC

testing. Specifically, the test procedures calltfe vehicle to undertake a series of stops from
either 56 km/h or 72 km/h in order to condition theakes prior to further testing under the
standard. In addition, the vehicle is to undertalexeral passes with sinusoidal steering
at 56 km/h to condition the tyres.

183. Some participants recommended that the gtridtwutline specific tolerances for vehicle
speed and deceleration to condition the tyres aa#lels prior to compliance testing, thereby
helping to ensure consistent test conditions.

184. It was decided that it is not necessary toaradditional changes to the tyre and brake-
conditioning provisions of the regulatory text béem these recommendations for tolerances for
vehicle speed and deceleration. The intent of ¢pr&itioning is to wear away mold sheen and
to help bring the tyres up to test temperaturendvifluctuations in the vehicle speeds specified
in the regulation should not have any measuraliectabn these objectives. Similarly, minor
fluctuations in the manoeuvre entrance speeds andleration specifications provided in the
regulation will not adversely affect the brake citinding process.

(i) Location of Lateral Accelerometer
185. It was recommended that the test proceduresialinclude detailed specifications on

how to calculate lateral acceleration. For examijglesome vehicles, it may not be possible to
install a lateral acceleration sensor at the locatf the vehicle's actual centre of gravity; in
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those cases, a correction factor would be necedsagccommodate this different sensor
positioning.

186. It may not always be possible to install aratacceleration sensor at the location of the
vehicle's actual centre of gravity. For this remsi is important to provide a coordinate

transformation to resolve the measured lateral la®n values to the vehicle's centre of
gravity location. The specific equations used édfiqrm this operation, as well as those used to
correct lateral acceleration data for the effectchhssis roll angle, are suitable for being
incorporated into a laboratory test procedure mexpay Contracting Parties to this gtr.

(iv)  Calculation of Lateral Displacement

187. One participant expressed concern with an teSiprocedure that would compute lateral
displacement by using double integration with resge time of the measurement of lateral
acceleration at the vehicle centre of gravity (withe t=0 for the integration operation is the
instant of steering initiation), because it bel@veat the same vehicle, when tested at different
facilities and by different engineers, may expeseenlifferences in lateral displacement of up
to 60 cm. Specifically, it suggested that probleomild arise from the test procedures’
computation of lateral displacement and also theatability of those procedurez This
participant also suggested that the test shoulddsed upon "spin velocity" rather than "spin
displacement;" the reasoning was that this appreasiid render timing less important, because
spin velocity at 1.071 seconds is roughly constant] it argued that measurements of "spin
velocity" would be easier to repeat.

188. Technically speaking, the lateral displacensatiuated under the regulation is not the
"lateral displacement of the vehicle's centre ofvdy," but an approximation of this

displacement. In the present context, the locatiothe vehicle's centre of gravity corresponds
to the longitudinal centre of gravity, measured witee vehicle is at rest on a flat, uniform

surface. The lateral displacement metric, as ddfins based on the double integration of
accurate lateral acceleration data. Lateral acatsde data are collected from an accelerometer,
corrected for roll angle effects, and resolvedhi® vehicle's centre of gravity using coordinate
transformation equations. The use of acceleromateicommonplace in the vehicle testing

23/ Regarding lateral displacement computation,as\argued that integrating the accelerometer
into a rotating reference frame does not computeahtateral displacement, because with this
technique, a vehicle that rotates more (i.e. agdsevhigher yaw angle compared to the original
straight driving line) will yield a different reduleven if the displacement is the same. Although
acknowledging the need to set some value as palteofest (e.g. 1.83 meters, as proposed), it
was suggested to use some term to prevent confusimm as "ESC Displacement” or "Spin
Displacement". Regarding repeatability, it wasuadjthat up to 60 cm of difference in lateral
displacement could result from small differencethim conduct of testing, including: (1) use of a
true lateral displacement measurement (i.e. GPShpposed to the proposed accelerometer
technique; (2) failure to do a roll correction fitve acceleration; (3) variation for the linearity
error of a low-cost accelerometer; (4) rainwater-off angle of the road; (5) variations in the
mounting angle of the accelerometer in the vehi¢®; timing errors in acquisition; (7)
differences due to use of accelerometers with aHtObandwidth, as compared to a wide
bandwidth; (8) variation in the natural drift ofhieles.
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community, and installation is simple and well ursieod. However, this gtr also permits use of
GPS-based data for calculation of lateral displaa@nt a Contracting Party determines that the
GPS-based calculation method is equivalent or beit@ccuracy than the double integration
method.

189. Therefore, for the purposes of the ESC perdioga criteria, use of a calculated lateral
displacement metric provides a simple, reasonabtyirate, and cost-effective way to evaluate
vehicle responsiveness. Since the integratiomvates short (recall that lateral displacement is
assessed 1.07 seconds after initiation of the mame's steering inputs), integration errors are
expected to be small. Data processing routinekidimg refined signal offset and zeroing
strategies should minimize the confounding efféhtsse factors may have on the test output,
thereby ensuring repeatable results. Contractiagid® are encouraged to make publicly
available these routines used to calculate lawisgdlacement during data post-processing, in
order to ensure that vehicle manufacturers and E8@pliers know exactly how the
responsiveness of their vehicles (or customer'eclet) will be evaluated. If the sensors used to
measure the vehicle responses are of sufficientracg, and have been installed and configured
correctly, use of the analysis routines for this @jte expected to minimize the potential for
performance discrepancies in test efforts by difierparties. Suitable specifications of the
accelerometers include: (1) bandwidth > 300 Hz) @on-linearity < 5Qug/df,

(3) resolutiors 10ug, and (4) output noise 7.0 mV. An overview of suitable instrumentation
for use during Sine with Dwell tests is providedhe table below.

Data Measured | Type Range Accuracy
Steering wheel | Angle +720 degrees +0.10 degréds
angle encoder
Longitudinal,
Iateral and Multl_-aX|s Accelerometers: Accelerometers: < 50g/c? @
vertical inertial +2¢9 Anaular rate sensors-0.05%
acceleration; sensing Angular rate of fngll cale(ez)s SOrS.B.89%0
Roll, yaw and | system sensors: £100°/s uil's
pitch rate
Left and right giggzgzlc
side vehicle ride : 10-102 cm 0.25% of maximum distance
. measuring
height
system
Vehicle speed | ~2darspeed| 15 501 kmih | 0.16 kmih
sensor

W Combined resolution of the encoder and D/A converte
@) Non-linearity specifications.

(v) Maximum Steering Angle

190. In the U.S. rulemaking, concern was expregbatl steering angles under the test
procedure not be too large for vehicles that halerge steering gear ratio. It was argued that
the upper limit of an average driver's steeringooi®y is approximately 1000°sec; thus, the
steering angle is 227° under a Sine with Dwell @ with a frequency of 0.7 Hz. Similarly,
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it stated that the steering angle of 270° is etu#ie steering velocity of 1188°/sec, a value that
exceeds the average driver's steering velocity.

191. However, studies have shown that human drigars sustain handwheel rates of up
to 1189 degrees per second for 750 millisecond$eering rate which corresponds to a steering
angle magnitude of approximately 303 degrems. It is conceded that the method used to
determine maximum Sine with Dwell steering anglas produce very large steering angles. Of
the 62 vehicles used to develop the Sine with Dweiformance criteria, the vehicle requiring
the most steering required a maximum steering aoig8¥ 1 degrees (calculated by multiplying
the average steering angle capable of producingteaal acceleration of 0.3g in the Slowly
Increasing Steer manoeuvre times a steering so#élér5). Use of this steering wheel angle
required an effective steering wheel rate of 14édreles per second, a magnitude well beyond
the steering capability of a human driver.

192. In order to ensure that the maximum steemgeain the regulation does not surpass the
steering capability of a human driver, the regolatprovides that the steering amplitude of the

final run in each series is the greater of 6.5200 degrees, provided the calculated magnitude
of 6.5A is less than or equal to 300 degrees.nyf @5A increment, up to 6.5A, is greater than

300 degrees, the steering amplitude of the finalshall be 300 degrees.

(vi)  Data Filtering

193. It was recommended that the gtr should inchpkifications for data filtering methods
directly in its regulatory text, given the potehtiar different filtering methods to significantly
influence final results. Specifically, the follavg filtering protocol was recommended for all
channels (except steering wheel angle and stewrvagl velocity): (a) create a six-pole, low-
pass Butterworth filter with a 6 Hz cut-off frequsm and (b) filter the data forwards and
backwards so that no phase shift is induced. Rersteering wheel angle channel, use of the
same protocol was recommended, but with a 10 Hzffulrequency. For steering wheel
velocity, adoption of a specific calculation wasatecommended.

194. Data filtering methods can have a significanpact on final test results used for
determining vehicle compliance with this regulati@and the same filtering and processing
protocols shall be followed in order to ensure ¢sirst and repeatable test results. Accordingly,
the test procedures section of the gtr's regulatest now specifies critical test filtering
protocols and techniques to be used for test dataepsing.

24/ As background, the frequency of the sinusoidal ewrged to command the Sine with Dwell manoeuvre
steering input is 0.7 Hz. Use of this frequencyses the time from the completion of the initi@estng input (the
first peak) to the completion of the steering reaé the second peak) to take approximately 714regardless of
the commanded steering angle magnitude. Multipleliss using double-lane change manoeuvres have bee
performed to evaluate the upper limit of human elristeering capability, generating results consistédth those
listed above. See Forkenbrock, Garrick J. and mdsfisasser, An Assessment of Human Driver Steering
Capability, NHTSA Technical Report, DOT HS 809 87B6ctober 2005. Available at _<http://www-
nrd.nhtsa.dot.gov/vrtc/ca/capubs/NHTSA_forkenbratrkersteeringcapabilityrpt. peif
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(vii) Brake Temperatures

195. Industry participants provided their assessroktine effect of brake pad temperatures on
ESC test results, particularly given the poterfioal drivers to use heavy braking between test
runs. Charts were provided based upon researdhptirported to demonstrate variance in
testing due to brake pad temperature, which woalarm artefact of the test methodology, not a
reflection of expected ESC performance in the waadd. Therefore, in order to minimize non-
representative test results, a recommendation wade nthat the ESC test procedures should
specify a minimum of 90 seconds between test mirsder to allow sufficient time for cooling
of the brake pads.

196. Because excessive brake temperatures may dmaveffect on ESC test results, a
minimum wait time between test runs has been imaratpd into the test procedure to ensure
brake temperatures are not excessive. Ninety sisc@s recommended by the industry, is a
reasonable lower bound for the allowable time betwrins. The regulation also specifies a
maximum wait time of 5 minutes between test runertsure that the brakes and tyres remain at
operating temperatures, an important feature sieseprocedures endeavour to simulate real
world driving conditions. For these reasons, #gutation provides that the allowable range of
time between Sine with Dwell tests is 90 secondsntnutes.

(viii) Rounding of Steering Wheel Angle at 0.3g

197. During the development process for this ghnsideration was given to the following
approach, which provided that from the Slowly lmgieg Steer tests, the quantity "A" is
determined. "A" is the steering wheel angle inrdeg that produces a steady state lateral
acceleration of 0.3g for the test vehicle at 80kmtilizing linear regression, A is calculated,
to the nearest 0.1 degrees, from each of the siwllincreasing Steer tests. The absolute value
of the six A's calculated is averaged and roundethé nearest degree to produce the final
guantity, A.

198. Industry participants recommended against dimgn the steering wheel angle
measurement at 0.3g to the nearest whole numbegube such methodology potentially
increases variability across test runs. It wasi@dgthat such an approach could also increase
steering wheel angle variability at a scalar of Gubere the proposed responsiveness metric
starts) by a factor of five. According to the isthy, rounding to a whole-number level of
precision does not simplify programming or contadl the steering robot. Therefore, the
participants recommended rounding steering whegleaat 0.3g to the nearest 0.1 degrees, so as
to eliminate this source of test variability.

199. The recommendation to round the steering waegle at 0.3g to the nearest 0.1 degree
was adopted as part of this gtr. Rounding to ibeiel is not expected to complicate
programming of the automated steering controllerail decrease the variability in the number
of required test runs.
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(ix)  Alternative Test Procedures

200. While acknowledging that there is a tradehstween lateral stability and intervention

magnitude, some participants stated that an aseessshould be provided of other available
alternative test procedures and the rationale @radopting those procedures. Furthermore,
concern was expressed that the test procedurealloot for errors in measurement that would

allow vehicles to pass the performance test onitasits.

201. An appropriate balance between lateral stplalind intervention magnitude is one in
which a light vehicle is in compliance with the kation criteria of this gtr, both in terms of
lateral stability and responsiveness. Developroéthese criteria was the result of hundreds of
hours of testing and data analysis. These critpr@vide an extremely effective way of
objectively assessing whether the lateral stalolityn ESC-equipped vehicle is adequate.

202. The responsiveness criteria proposed for mighis gtr, that a vehicle with a GVM of
greater than 3,500 kilograms shall achieve at &3 m (1.52 feet) of lateral displacement
when the Sine with Dwell manoeuvre is performedhwibrmalized steering angles greater
than 5.0, adequately safeguards against implememtet overly aggressive ESC systems, even
those specifically designed to mitigate on-roadipped rollover (i.e. systems that may consider
stability more important than path-following caddi). Achieving acceptable lateral stability is
very important, but should not be accomplished bgsgly diminishing a driver's crash
avoidance capability.

203. Intervention intrusiveness can refer to how\thhicle manufacturer and its ESC vendor
"tune" an ESC system for a particular vehicle madcetel, specifically how apparent the
intervention is to the driver. It is not believéuat it is appropriate to dictate this form of
intervention magnitude, as it can be an extremayestive specification. As long as a vehicle's
ESC (1) satisfies the regulation's hardware antivené definitions, and (2) allows the vehicle to
comply with the lateral stability and responsivenegerformance criteria, intervention
intrusiveness should be a tuning characteristit $ygecified by the vehicle/ESC manufacturers.

204. Inresponse to the issue of manoeuvre setedti@lve test manoeuvres were evaluated
in the U.S. before ultimately selecting the Singhwvidbwell manoeuvre to assess ESC
performance. As explained below, this U.S. evabmatvas performed in two stages, an initial
reduction from twelve manoeuvres to four, then fifoor to one.
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205. The first stage began with identification direie important attributes: (1) high
manoeuvre severity ("manoeuvre severity"); (2) tdpg to produce highly repeatable and
reproducible results using inputs relevant to waild driving scenarios (“face validity"); and
(3) ability to effectively evaluate both laterahisility and responsiveness ("performability”). To
quantify the extent to which each manoeuvre possestese attributes, adjectival ratings
ranging from "Excellent” to "Fair" were assignedetach of the twelve manoeuvres, for each of
the three manoeuvre evaluation criteria. Of thehtev test manoeuvres, only four received
"Excellent" rating2y for each of the manoeuvre evaluation criterine lncreasing Amplitude
Sine (0.7 Hz), Sine with Dwell (0.7 Hz), Yaw Acceldon Steering Reversal (YASR;
500 deg/sec), and Yaw Acceleration Steering Relensth Pause (YASR with Pause;
500 deg/sec steering rate).

206. Stage two of the manoeuvre reduction procesd data from 24 vehicles (a sampling of
sports cars, sedans, minivans, small and largeupidkucks, and sport utility vehicles) to
compare the manoeuvre severity, face validity, aedormability of the four manoeuvres
selected in the first stage. The ability of tharfonanoeuvres to satisfy these three evaluation
criteria were compared and rank ordered.

207. Of the four candidate manoeuvres, the Sink wtvell and YASR with Pause were the
top performers in terms of evaluating the latetalbiity component of ESC functionality.
However, due to the fact that the Sine with Dwedlmoeuvre required smaller steering angles to
produce spinouts for five of the ten vehicles eatdd with left-right steering, and for two of the
ten vehicles with right-left steering (with the raiming thirteen tests using the same steering
angles), the Sine with Dwell manoeuvre was assignkijher manoeuvre severity ranking than
that assigned to the YASR with Pause manoeuvre.

208. Generally speaking, the Increasing Amplitudee &nd YASR manoeuvres required the
most steering to produce spinouts, regardless retctibn of steer. However, the Increasing
Amplitude Sine manoeuvre also produced the lowesimalized second yaw rate peak
magnitudes, implying the manoeuvre was the leastreefor most of the 24 test vehicles used
for manoeuvre comparison. For this reason, thestvseverity ranking was assigned to the
Increasing Amplitude Sine manoeuvre.

209. Each of the four candidate manoeuvres possasserently high face validity since they
were each comprised of steering inputs similahtsé capable of being produced by a human
driver in an emergency obstacle avoidance manoeuM@wever, of the four manoeuvres, the
Increasing Amplitude Sine manoeuvre possessed #s¢ face validity. Conceptually, the
steering profile of this manoeuvre was the mostilaimto that expected to be used by real
drivers, 26/ and even with steering wheel angles as large Ofs degrees, the manoeuvre's

25 The adjectival ratings used to rate the testomawres were "Excellent,” "Good," and "Fair," witexcellent"
being the best and "Fair" being the worst. An "&Ebmnt" manoeuvre was one capable of adequatelydsirating
whether a vehicle was, or was not, equipped withE&T system that satisfied a preliminary versionoof
minimum performance criteria. Conversely, a manoewassigned a "Fair" rating was unable to adefpate
demonstrate whether these vehicles were, or wete emuipped with ESC systems capable of satisfyimg
preliminary minimum performance criteria.

26/ In an obstacle avoidance scenario, it is cleeolyceivable that the second steering input magiger than the
first input. If the first steering input inducegesshoot, the driver's reversal will need to beattoi the first steering
input plus enough steering to combat the yaw owerish
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maximum effective steering rate was a very readen@b0 deg/sec. For these reasons, the
Increasing Amplitude Sine manoeuvre received thddoe validity rating.

210. The two YASR manoeuvres received the samevaldity ratings, just lower than that
assigned to the Increasing Amplitude Sine. The RA®ering profiles were comprised of very
reasonable 500 deg/sec steering rates; howevaér stigply defined, trapezoidal shapes reduce
their similarity to inputs actually used by driversreal world driving situations. The steering
profile of the Sine with Dwell was deemed very able; however, the manoeuvre can require
steering rates very near the maximum capability btiman driver.

211. The performability of the Sine with Dwell antie Increasing Amplitude Sine
manoeuvres were deemed to be excellent. Theseemam®s are very easy to program into the
steering machine, and their lack of rate or acetilmm feedback loops simplifies the
instrumentation required to perform the tests. eosely, the YASR manoeuvres require the
use of specialized equipment (an angular accelgsmineand these manoeuvres required an
acceleration-based feedback loop that was sensdivhe accelerometer's signal-to-noise ratio
near peak yaw rate. Testing demonstrated tha¢ Ilsrgering angles can introduce dwell time
variability capable of adversely reducing manoewsaeerity and test outcome.

212. After considering the totality of the testukegrom the U.S. evaluation of the candidate
manoeuvres and for the reasons stated above, th@usmn was that the Sine with Dwell
manoeuvre offers the best combination of manoeseverity, face validity, and performability.
Additional details of the manoeuvre selection psscare available in an Enhanced Safety of
Vehicles (ESV) technical papel and a related technical repest.

213. Regarding the implication of measurement srribiis noted that many of these potential
errors have already been addressed by the regulafiven the accuracy of the accelerometers
for ESC testing and post-processing routines whickady contain algorithms to resolve such
concerns.

214. Note that all test track evaluations inhegentntain some degree of output variability,
regardless of what aspect of vehicle performaneg #re being used to evaluate. In the context
of ESC testing, it is conceded that this variapitibuld result in a marginally non-compliant
vehicle passing the test, but it is important wognize these situations would only affect a very
small population of vehicles, and that the effefcinstrumentation and/or calculation errors is
likewise believed to be very small. Since the @eniance of most contemporary target vehicles
resides far enough away from the regulation's perdoce thresholds, it is extremely unlikely
that measurement complications will be solely resgde for having the performance of a non-
compliant vehicle being deemed acceptable.

27/ Forkenbrock, Garrick J., Elsasser, Devin, O'HaBryan C., NHTSA's Light Vehicle Handling and ESC
Effectiveness Research Program, ESV Paper Numbegp5, June 2005, (Docket No. NHTSA-2006-25801-5).
28 Forkenbrock, Garrick J., Elsasser, Devin, O'HaBryan C., Jones, Robert E., Development of Edeat
Stability Control (ESC) performance criteria, NHTSPechnical Report, DOT HS 809 974, September 2006.
Available at:www-nrd.nhtsa.dot.gov/pdf/nrd-01/esv/esv19/05-022 pdf.
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(x) Representativeness of Real World Conditions

215. A few participants in the U.S. questioned hmany tests are necessary to ensure that the
ESC system is robust, and how many different caméiions of tyres, loading, and trailering are
needed to be representative of real world drivingoncerns were also expressed that even
though an ESC system may increase safety undexircexnditions, in other cases, it may add
unpredictable and unusual characteristics to theclke

216. Many crash data studies quantifying real we&®IC effectiveness were reviewexd/
Regardless of the origin of the data used for tistgdies (i.e. whether from France, Germany,
Japan, Sweden, the United States, etc.), all regpast estimated that ESC systems provide
substantial benefits in "loss of control" situagorThese studies reported that ESC is expected to
be particularly effective in situations involvingeessive oversteer, such as "fishtailing” or
"spinout” which may result from sudden collisioromlance manoeuvres (e.g., lane changes or
off-road recovery manoeuvres).

217. The Sine with Dwell manoeuvre is specificalsigned to excite an oversteer response
from the vehicle being evaluated. While this marnwe has been optimized for the test track
(because objectivity, repeatability, and reprodiitjbare necessary elements of a regulatory
compliance test), it is important to recognize thnaitiple studies have indicated that the steering
angles and rates associated with the Sine with Davahoeuvre are within the capabilities of
actual drivers, not just highly trained professideat drivers.

218. It is noted that there is no evidence of amyptedictable and unusual characteristics"
imparted by any ESC system on the vehicle in witigh installed. ESC interventions occur in
extreme driving situations where the driver risksihg control of the vehicle, not during
"normal” day-to-day driving comprised of relativedynall, slow, and deliberate steering inputs.
In these extreme situations, the driver shall sfikerate the vehicle by conventional means (i.e.
use of steering and/or brake inputs are still negLiio direct the vehicle where the driver wants it
to go); however, the mitigation strategies usedHBSC to suppress excessive oversteer and
understeer help improve the driver's ability tocassfully retain control of the vehicle under a
broad range of operating conditions.

219. The load configuration used during the conadiciur ESC performance tests is known
as the "nominal® load configuration, consisting af driver and test equipment. This
configuration approximates a driver and one fragdatsoccupant. This configuration is highly
representative of how the majority of vehicleslasded. U.S. analyses, based on results from a
databasegd comprised of 293,000 single-vehicle crashes,cetdi that the average number of
passenger car occupants involved in a single-wvelichsh was 1.48 occupants per vehicle.
Results for pickups, sport utility vehicles, andchsavere similar (1.35, 1.54, and 1.81 occupants
per vehicle, respectively).

29 See 71 FR 54712, 54718 (September 18, 2006y)dtotL 1.

30/ Data were analyzed for the development of thiwvel NCAP star ratings criteria. It is data for §.S. States:
Florida (1994-2001), Maryland (1994-2000), Misso(tB94-2000), North Carolina (1994-1999), Pennsyiwa
(1994-1997), and Utah (1994-2000). Only singleislehcrashes for 100 make-models were includedeass
consult the Rollover NCAP portion of the NHTSA wiedor further information (kittp:///www.nhtsa.dot.gov).
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220. It is important for an objective test procedto be applicable to all light vehicles. The
use of multiple load configurations was considetat, there are an infinite number of ways
drivers can potentially load their vehicles, and albvehicles can be subjected to the same load
configurations.

221. Although it is important to understand how iekh loading can influence ESC
effectiveness and presently have research progdesgned to objectively quantify those
effects, requiring ESC on all light vehicles witlve thousands of lives per year. Accordingly, it
is not appropriate to delay the present gtr for E&@ to thereby fail to maximize the benefits of
this technology, pending the outcome of this adddi research. In sum, it is believed that the
available data strongly support the decision tgpatias gtr for ESC at this time.

7. BENEFITS AND COSTS
(@) Summary

222. This section summarizes the anticipated besnefosts, and cost per equivalent life saved
as a result of installation of ESC systems consistath the requirements contained in this gtr.
Specific benefit estimates are available for th&.Uwhich recently adopted a regulation
requiring installation of ESC systems in all neghli vehicles beginning September 1, 2011.
Similarly, cost estimates are available from theitéth States, which provide a basis for
understanding the economic impacts of the gtr fBCE However, a detailed cost-benefits
analysis would be necessary to properly estimaentpact of the gtr on each Contracting Party,
with changes in these variables obviously affectimg cost-effectiveness calculation for ESC.
Nevertheless, it is anticipated that the U.S. egpee may serve as a case study, which can be
extrapolated, to other Contracting Parties.

223. In overview, the life- and injury-saving pdtii@ah of ESC is very significant, both in
absolute terms and when compared to prior U.S.nanibde safety rulemakings. In the U.S.
context, compared to a baseline of manufacturéassmf having 71 per cent of the light vehicle
fleet with ESC by Model Year (MY) 2011, it was es#ted that the final regulation for ESC will
save 1,547 to 2,534 lives and cause a reductio®6p896 to 65,801 MAIS 1-5 injuries
(Maximum Abbreviated Injury Scale) annually oncepalssenger vehicles have ESC. The ESC
regulation in the U.S. is also expected to savé6$87%535 million annually in property damage
and travel delay (undiscounted). The total coghif U.S. rule is estimated to be $985 million.
Based upon these figures, the ESC final rule inUt®. was determined to be extremely cost-
effective, with the cost per equivalent life sawegbected to range from $0.18 to $0.33 million at
a 3 per cent discount and $0.26 to $0.45 millioa @tper cent discount.

(b) Benefits

224. It is anticipated that, when all U.S. lightiaes are equipped with ESC, the regulation
would prevent 67,466 to 90,807 crashes (1,4303b64%fatal crashes and 66,036 to 88,453 non-
fatal crashes). Preventing these crashes enigehe ideal safety outcome and would translate
into 1,547 to 2,534 lives saved and 46,896 to 66MAIS 1-5 injuries prevented.
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225. The above figures include benefits relatedotmver crashes, a subset of all crashes.
However, in light of the relatively severe naturé @ashes involving rollover, ESC's
contribution toward mitigating the problem assceihtwith this subset of crashes should be
noted. It is anticipated that the regulation woplévent 35,680 to 39,387 rollover crashes
(1,076 to 1,347 fatal crashes and 34,604 to 38nof0nfatal crashes). This would translate into
1,171 to 1,465 lives saved and 33,001 to 36,4206 injuries prevented in rollovers.

226. In addition, preventing crashes would alsalltei; benefits in terms of travel delay
savings and property damage savings. It is esnttat the regulation would save $376 to
$535 million, undiscountedt/, in these two categories ($240 to $269 milliortlaé savings is
attributable to prevented rollover crashes).

227. In addition, the ESC gtr will also have théeef of causing all light vehicles to be
equipped with anti-lock braking systems (ABS) a®wandation for ESC. It is anticipated that
some level of benefits will result from improvedake performance on vehicles not currently
equipped with ABS, but it has not been possiblgquantify them. However, it should be noted
that the potential benefits of ABS did not influenthe above-discussed effectiveness estimates
for ESC, because all of the non-ESC control vehidte the study already had ABS. The
measure of unquantified benefits relates to sibnativhere the ABS system activates (but the
ESC system does not need to) on vehicles that marpreviously equipped with ABS.

(c) Costs

228. The cost of this gtr will need to be calculater each individual Contracting Party. In
the case of the U.S. (for which an estimate isaalyeavailable), in order to estimate the cost of
the additional components required to equip evetyicle in future model years with an ESC
system, assumptions were made about future prasugtlume and the relationship between
equipment found in anti-lock brake systems (AB&ction control (TC), and ESC systems. It
was assumed that in an ESC system, the equipmeABS&f is a prerequisite. Thus, if a
passenger car did not have ABS, it would requieedbst of an ABS system plus the additional
incremental costs of the ESC system to comply withESC standard. It was assumed that
traction control (TC) was not required to achiele safety benefits found with ESC. Future
annual U.S. production of 17 million light vehicless estimated (consisting of nine million
light trucks and eight million passenger cars).

229. In addition, an estimate was made of the MY12stallation rates of ABS and ESC. It
served as the baseline against which both costdeanefits were measured. Thus, the cost of
the U.S. regulation was determined to be the inergal cost of going from the estimated
MY 2011 installations to 100 per cent installatiohABS and ESC. The estimated MY 2011
installation rates are presented in Table 1.

31 The present discounted value of these savinggesafrom $247 to $436 million (based on 3 per eawt 7 per
cent discount rates).
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Table 1. MY 2011 Predicted installations (per a&rthe light vehicle fleet)

ABS ABS + ESC
Passenger Cars 86 65
Light Trucks 99 77

230. Based on the assumptions above and the dataigd in Table 1, Table 2 presents the
per cent of the MY 2011 fleet that would need thgsecific technologies in order to equip all
light vehicles with ESC.

Table 2. Per cent of the light vehicle fleet reougrtechnology
to achieve 100 per cent ESC installation

None ABS + ESC ESC only
Passenger Cars 65 14 21
Light Trucks 77 1 22

231. The cost estimates developed for this analysie taken from tear down studies. This
process resulted in estimates of the consumerato&BS at $368 and the incremental cost of
ESC at $111. Thus, it would cost a vehicle thasdoot currently have ABS, $479 to meet the
regulatory requirements for ESC. Combining thehtetogy needs in Table 2 with the cost
above and assumed production volumes yields thé estimate in Table 3 for the ESC
regulation. Thus, for example, the average costpéssenger cars, including both those that
require installation of an ESC system and thosedheady have it, is $90.

Table 3. Summary of Vehicle Costs for the ESC Saath@005%)

Average Vehicle Costs  Total Costs
Passenger Cars| $90.3 $722.5 million
Light Trucks $29.2 $262.7 million
Total $58.0 $985.2 million

232. In summary, Table 3 shows that requiring ebmit stability control and anti-lock brakes
will increase the cost of new light vehicles onrage by $58, totalling $985 million annually
across the new U.S. light vehicle fleet.

233. In addition, this regulation is expected tal adass to vehicles and consequently to
increase their lifetime use of fuel. Most of tlilad mass is for ABS components and very little
is for the ESC components. Since 99 per centgbt lirucks in the U.S. are predicted to have
ABS in MY 2011, the mass increase for light truékdess than one pound and is considered
negligible. The average mass gain for passenger isaestimated to be 0.97 kg, resulting
in 9.8 litres more of fuel being used over thetiifee of these vehicles. The present discounted
value of the added fuel cost over the lifetime fué average passenger car is estimated to be
$2.73 at a 7 per cent discount rate and $3.33giex cent discount rate.
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234. These cost estimates do not include allowafwdsSC system maintenance and repair.
Although all complex electronic systems will exgeice component failures from time to time
necessitating repair, experience to date with iexjssystems is that their failure rate is not
outside the norm. Also, there are no routine nesiance requirements for ESC systems.
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B. Text of the Regulation
1. Purpose This regulation specifies performance and eqeimnrequirements for

electronic stability control (ESC) systems. Theapwmse of this regulation is to
reduce the number of deaths and injuries thattréswh crashes in which the driver
loses directional control of the vehicle, includithgse resulting in vehicle rollover.

2. Application This regulation applies to all vehicles of Catggl-1, 1-2 and 2, with a
gross vehicle mass (GVM) of 4,536 kilograms or.less

3. Definitions For the purpose of this gtr, vehicle categorisgd in paragraph 2., are
defined in Special Resolution No. 1, Concerning@menmon Definitions of Vehicle
Categories, Masses and Dimensio(S.R. 1) (ECE/TRANS/WP.29/1045 and
Amend.1). Other relevant definitions are providedaragraphs 3.1. through 3.7.
below.

3.1. "Ackerman Steer Andleneans the angle whose tangent is the wheelbagkediby
the radius of the turn at a very low speed.

3.2. "Electronic Stability Control System" or "ESysteni means a system that has all
of the following attributes:

(@) That improves vehicle directional stability by least having the ability to
automatically control individually the braking tares of the left and right
wheels on each axle or an axle of each axle gtbtginduce a correcting yaw
moment based on the evaluation of actual vehiclaweur in comparison
with a determination of vehicle behaviour demanigthe driver;

(b) That is computer-controlled with the computsing a closed-loop algorithm to
limit vehicle oversteer and to limit vehicle undees based on the evaluation
of actual vehicle behaviour in comparison with gedmination of vehicle
behaviour demanded by the driver;

(c) That has a means to determine directly theevalf vehicle's yaw rate and to
estimate its side slip or side slip derivative wigspect to time;

(d) That has a means to monitor driver steeripgts; and

(e) That has an algorithm to determine the need aameans to modify propulsion
torque, as necessary, to assist the driver in aiaing control of the vehicle.

3.3. "Lateral Acceleratidnmeans the component of the vector acceleratiom bint in
the vehicle perpendicular to the vehicle x axisigitudinal) and parallel to the road
plane.

3.4. "Qversteérmeans a condition in which the vehicle's yaw ratgreater than the yaw

rate that would occur at the vehicle's speed adtrekthe Ackerman Steer Angle.

1/ An axle group shall be treated as a single axrlg dual wheels shall be treated as a single
wheel.
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3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

4.1

"Sideslip or side slip andleneans the arctangent of the ratio of the latezidcity to
the longitudinal velocity of the centre of gravafthe vehicle.

"Understeérmeans a condition in which the vehicle's yaw iatkess than the yaw
rate that would occur at the vehicle's speed asdtrethe Ackerman Steer Angle.

"Yaw rat® 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.

"Peak braking coefficient (PBC)means the measure of tyre to road surface dncti
based on the max deceleration of a rolling tyre.

"Common spatemeans an area on which more than one tell-taldjcator,

identification symbol, or other message may beldjsgu but not simultaneously.

"Static Stability Factbrmeans one-half the track width of a vehicle daddoy the
height of its center of gravity, also expresse®88 = 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 calculétifjgand H = height of the center
of gravity of the vehicle.

General RequirementsEach vehicle equipped with an ESC system sha#trthe
general requirements specified in paragraph 4.,pdgsdormance requirements of
paragraph 5., the test procedures specified ingpaph 6. and the test conditions
specified in paragraph 7. of this regulation.

Functional requirementAn electronic stability control system shalldiee that:

(@) Is capable of applying braking torques indintly to all four wheelg/ and has
a control algorithm that utilizes this capability;

(b) Is operational over the full speed range & wehicle, during all phases of
driving including acceleration, coasting, and deraion (including braking),
except:

()  When the driver has disabled ESC,

(i)  When the vehicle speed is below 20 km/h,

(iif) While the initial start-up self test andapisibility checks are completed,
not to exceed 2 minutes when driven under the ¢omdi of
paragraph 7.10.2.,

(iv) When the vehicle is being driven in reverse;

(c) Remains capable of activation even if the lacki brake system or traction
control system is also activated.

Performance Requirement®uring each test performed under the test cmditof
paragraph 6. and the test procedure of paragra@h the vehicle with the ESC

2/ An axle group shall be treated as a single arttdual wheels shall be treated as a single wheel.
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system engaged shall satisfy the directional stgbdriteria of paragraphs 5.1.
and 5.2., and it shall satisfy the responsiveneisrion of paragraph 5.3. during
each of those tests conducted with a commandedirgje@heel angle of 5A or
greater (but limited as per paragraph 7.9.4.), elh®ris the steering wheel angle
computed in paragraph 7.6.1.

The yaw rate measured one second after caoplet the Sine with Dwell steering
input (time T+ 1 in Figure 1) shall not exceed 35 per cent effttst peak value of
yaw rate recorded after the steering wheel angngbs sign (between first and

second peaks)Y{pea in Figure 1) during the same test run; and

The yaw rate measured 1.75 seconds after etimpbf the Sine with Dwell steering
input shall not exceed 20 per cent of the firstkpealue of yaw rate recorded after
the steering wheel angle changes sign (betweenafind 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 vehigléh a GVM of 3,500 kg or less,
and 1.52 m for vehicles with a GVM greater than08,%g when computed 1.07
seconds after the Beginning of Steer (BOS). BQOffmed in paragraph 7.11.6.

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

Lateral Displacement § a, ¢ .dt

As an alternative, a method based on GPS dataecandal.

Time t = 0 for the integration operationhe instant of steering initiation, known as
the Beginning of Steer (BOS). BOS is defined iregaaph 7.11.6.

ESC Malfunction Detection The vehicle shall be equipped with a tell-tatatt

provides a warning to the driver of the occurreatany malfunction that affects the

generation or transmission of control or respongeass in the vehicle's electronic

stability control system. The ESC malfunction-tale:

(@) Shall be displayed in direct and clear viewthw# driver while in the driver's
designated seating position with the driver's beétfastened;

(b) Shall appear perceptually upright to the drivkile driving;
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5.4.1.

5.4.2.

5.4.3.

5.5.

(c) Shall be identified by the symbol shown folS&E Malfunction Tell-tale” below

or the text "ESC":
83

(d) Shall be yellow or amber in colour;

(e) When illuminated, shall be sufficiently brigtiat be visible to the driver under
both daylight and night time driving conditions, evhthe driver has adapted to
the ambient roadway light conditions;

() Except as provided in paragraph 5.4.(g), ttf&CEmalfunction tell-tale shall
illuminate when a malfunction exists and shall ran@ntinuously illuminated
under the conditions specified in paragraph 5.4aflong as the malfunction
exists, whenever the ignition locking system ishi@ "On" ("Run") position;

(g) Except as provided in paragraph 5.4.1., e®8 Ealfunction tell-tale shall be
activated as a check of lamp function either wienignition locking system is
turned to the "On" ("Run") position when the engisenot running, or when
the ignition locking system is in a position betwé®n" ("Run") and "Start"
that is designated by the manufacturer as a chesikign;

(h) Shall extinguish at the next ignition cycleteafthe malfunction has been
corrected in accordance with paragraph 7.10.4.;

(i) May also be used to indicate the malfunctidnrelated systems/functions,
including traction control, trailer stability assisorner brake control, and other
similar functions that use throttle and/or indivadidorque control 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 5.4.(g) do¢spply to tell-tales shown in a common
space.

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

ESC Off and Other System Controlfie manufacturer may include an "ESC Off"
control which shall be illuminated when the vehkleeadlamps are activated and
which has a purpose to place the ESC system indernmowhich it may no longer
satisfy the performance requirements of paragraphs 5.1., 5.2., and 5.3.
Manufacturers may also provide controls for othgstems that have an ancillary
effect upon ESC operation. Controls of either kihdt place the ESC system in a
mode in which it may no longer satisfy the perfonoc® requirements of
paragraphs 5., 5.1., 5.2., and 5.3. are permiptexyjided that the system also meets
the requirements of paragraphs 5.5.1. to 5.5.3.
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The vehicle's ESC system shall always retoirtne manufacturer's original default
mode that satisfies the requirements of paragrdplasid 5. at the initiation of each
new ignition cycle, regardless of what mode thevairihad previously selected.
However, the vehicle's ESC system need not retora mode that satisfies the
requirements of paragraphs 5. through 5.3. atriiation of each new ignition cycle
if:

(@) The vehicle is in a four-wheel drive configima which has the effect of
locking the drive gears at the front and rear axtegther and providing an
additional gear reduction between the engine spe®dvehicle speed of at
least 1.6 or 2.6/, selected by the driver for low-speed, off-roanidg; or

(b) The vehicle is in a four-wheel drive configuwa 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 gesrshe front and rear axles
together, provided that in this mode the vehicletse¢he stability performance
requirements of paragraphs 5.1. and 5.2. undetesiteconditions specified in
paragraph 6. However, if the system has more ithraem ESC mode that
satisfies the requirements of paragraphs 5.1. ard Within the drive
configuration selected for the previous ignitiorcley the ESC shall return to
the manufacturer's original default ESC mode fat thrive configuration at the
initiation of each new ignition cycle.

A control whose only purpose is to placeES€ system in a mode in which it will
no longer satisfy the performance requirementsanégraphs 5., 5.1., 5.2., and 5.3.
shall be identified by the symbol shown for "ESCf'Obelow or the text,

"ESC OFF".
-
°oc

OFF

A control for an ESC system whose purpogse [dace the ESC system in different
modes, at least one of which may no longer satisfyperformance requirements of
paragraphs 5., 5.1., 5.2., and 5.3., shall be ifilohby the symbol shown below with
the text "OFF" adjacent to the control positiontfis mode.

!

Alternatively, in the case where the ESC system anisdcontrolled by a multi-
functional control, the driver display shall iddéntclearly to the driver the control
position for this mode using either the symbol iarggraph 5.5.2. or the text
"ESC OFF".

3/ The value of either 1.6 or 2.0 to be selectetti@idiscretion of the Contracting Party.
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5.5.4. 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 5., 5.1., 5.2., and 5.3. need notdifetd by the "ESC Off" identifiers
in paragraph 5.5.2.

5.6. "ESC Off" Tell-tale If the manufacturer elects to install a contlttrn off or
reduce the performance of the ESC system undergmana 5.5., the tell-tale
requirements of paragraphs 5.6.1. to 5.6.4. sleathbt in order to alert the driver to
the lessened state of ESC system functionalityis fdquirement does not apply for
the driver-selected mode referred to in paragrapi b).

5.6.1. The vehicle manufacturer shall provide btgé indicating that the vehicle has been
put into a mode that renders it unable to satis® requirements of paragraphs 5,
5.1.,5.2., and 5.3., if such a mode is provided.

5.6.2. The "ESC off" tell-tale:

(@) Shall be displayed in direct and clear viewite# driver while in the driver's
designated seating position with the driver's bedtfastened;

(b) Shall appear perceptually upright to the driwvile driving;

(c) Shall be identified by the symbol shown folSE Off" in paragraph 5.5.2. or
the text "ESC OFF"; or
Shall be identified with the English word "OFF# or adjacent to either the
control referred to in paragraph 5.5.2. or 5.5r3the illuminated malfunction
tell-tale;

(d) Shall be yellow or amber in colour;

(e) When illuminated, shall be sufficiently brigtiat be visible to the driver under
both daylight and night time driving conditions, evhthe driver has adapted to
the ambient roadway light conditions;

(H  Shall remain continuously illuminated for amg as the ESC is in a mode that
renders it unable to satisfy the requirements afagmaphs 5., 5.1., 5.2,
and 5.3;

(g) Except as provided in paragraphs 5.6.3. aBdd5.each "ESC Off" tell-tale
shall be activated as a check of lamp functioneeithhen the ignition locking
system is turned to the "On" ("Run") position witee engine is not running,
or when the ignition locking system is in a positizetween "On" ("Run") and
"Start" that is designated by the manufacturer elsegk position;

(h) Shall extinguish after the ESC system has veamned to its manufacturer's
original default mode.

5.6.3. The "ESC Off" tell-tale need not be actidamhen a starter interlock is in operation.

5.6.4. The requirement of paragraph 5.6.2.(g) doets apply to tell-tales shown in a
common space.

5.6.5. The vehicle manufacturer may use the "ESC Off“tad# to indicate an ESC level of
function other than the fully functional default deoeven if the vehicle would meet
paragraphs 5., 5.1., 5.2., and 5.3. at that leVEBS& function.
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ESC System Technical Documentatiolo ensure a vehicle is equipped with an
ESC system that meets the definition of "ESC Systenparagraph 3., the vehicle

manufacturer shall make available to the regulatengity designated by the

Contracting Party, upon request, the documentatjmecified in paragraphs 5.7.1.

to 5.7.4.

System diagram identifying all ESC systemdWare The diagram shall identify
what components are used to generate brake toafj@éash wheel, determine vehicle
yaw rate, estimated side slip or the side slipvagitie and driver steering inputs.

A brief_written explanatiosufficient to_describe the ESC system basic opmrali
characteristics This explanation shall include the outline dgs@n of the system's
capability to apply brake torques at each wheel hod the system modifies
propulsion torque during ESC system activation stmalv that the vehicle yaw rate is
directly determined. The explanation shall alseniify the vehicle speed range and
the driving phases (acceleration, decelerationstaog during activation of the ABS
or traction control) under which the ESC system aetivate.

Logic diagram This diagram supports the explanation provideddeu
paragraph 5.7.2.

Understeer information An outline description of the pertinent inputs the
computer that control ESC system hardware and they &re used to limit vehicle
understeer.

Test Conditions

Ambient conditions

The ambient temperature is between 0° C4&AC.

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

Road test surface

The tests are conducted on a dry, uniforolid-paved surface. Surfaces with
irregularities and undulations, such as dips argelaracks, are unsuitable.

The road test surface has a nominal pedkngraoefficient (PBC) of 0.9, unless
otherwise specified, when measured using either:

@) The American Society for Testing and MaterighSTM) E1136 standard
reference test tyre, in accordance with ASTM MetBd337-90 without
water delivery, at a speed of 40 mph; or
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6.2.3.
6.3.
6.3.1.

6.3.2.

6.3.3.

6.3.4.

6.3.5.

7.1.

(b) The method specified in the Annex6, Apperlixof UNECE
Regulation No. 13-H.

The test surface has a consistent slopesbatievel and 1 per cent.

Vehicle conditions

The ESC system is enabled for all testing.

Vehicle MassThe vehicle is loaded with the fuel tank filledat least 90 per cent of
capacity, and total interior load of 168 kg comgdsof the test driver,
approximately 59 kg of test equipment (automatedritg machine, data acquisition
system and the power supply for the steering ma¢hisnd ballast as required by
differences in the mass of test drivers and testpegent. Where required, ballast
shall be placed on the floor behind the passenget Seat or if necessary in the
front passenger foot well area. All ballast shelsecured in a way that prevents it
from becoming dislodged during test conduct.

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

Outriggers Outriggers may be used for testing if deemeessary for test drivers'
safety. In this case, the following applies:

For vehicles with a Static Stability Factor (SSF).25;

(@) Venhicles with a mass in running order und&8&,kg shall be equipped with
"lightweight" outriggers. Lightweight outriggershal be designed with a
maximum mass of 27 kg and a maximum roll momemeitia of 27 kgm?.

(b) Vehicles with a mass in running order betw&d88 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 rapmof inertia
of 35.9 kgm?.

(c) Vehicles with a mass in running order equalrtgreater than 2,722 kg shall be
equipped with "heavy" outriggers. Heavy outriggengll be designed with a
maximum mass of 39 kg and a maximum roll momerinertia of 40.7 kgn®.

Automated steering machin@ steering machine programmed to execute the
required steering pattern shall be used in paragrdgp.2., 7.5.3., 7.6. and 7.9. The
steering machine shall be capable of supplying risigetorques between 40
to 60 Nm. The steering machine shall be able fyaghese torques when operating
with steering wheel velocities up to 1,200 degesssecond.

Test Procedure

Inflate the vehicles' tyres to the manufaatareecommended cold tyre inflation
pressure(s) e.g. provided on the vehicle's plagathe tyre inflation pressure label.
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7.5.2.
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Tell-tale bulb checkWith the vehicle stationary and the ignitionKog system in
the "Lock" or "Off" position, activate the ignitidncking system to the "On" ("Run")
position or, where applicable, the appropriate tmsifor the lamp check. The ESC
malfunction tell-tale shall be activated as a chetkamp function, as specified in
paragraph 5.4.(d), and if equipped, the "ESC CHii*tale shall also be activated as a
check of lamp function, as specified in paragragh@® The tell-tale bulb check is
not required for a tell-tale shown in a common spas specified in paragraphs 5.4.2.
and 5.6.4.

"ESC Off" control checkFor vehicles equipped with an "ESC Off" contwith the
vehicle stationary and the ignition locking systemnthe "Lock" or "Off" position,
activate the ignition locking system to the "OnR(h") position. Activate the "ESC
Off" control and verify that the "ESC Off" tell-®lis illuminated, as specified in
paragraph 5.6.4. Turn the ignition locking systenthe "Lock" or "Off" position.
Again, activate the ignition locking system to tf@n" ("Run") position and verify
that the "ESC Off" tell-tale has extinguished irading that the ESC system has been
reactivated as specified in paragraph 5.5.1.

Brake Conditioning Condition the vehicle brakes in the manner desdr in
paragraphs 7.4.1. through 7.4.4.

Ten stops are performed from a speed ofrdf kwith an average deceleration of
approximately 0.59.

Immediately following the series of 56 kmdkops, three additional stops are
performed from 72 km/h.

When executing the stops in paragraph 7.gufficient force is applied to the brake
pedal to activate the vehicle's antilock brake esys{(ABS) for a majority of each
braking event.

Following completion of the final stop i42., 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 following procesluof
paragraphs 7.5.1. through 7.5.3. to wear away msblken and achieve operating
temperature immediately before beginning the ta&ss$ of paragraphs 7.6.and 7.9.

The test vehicle is driven around a cirdleBeters in diameter at a speed that
produces a lateral acceleration of approximatedg @o 0.69g for three clockwise laps
followed by three counterclockwise laps.

Using a sinusoidal steering pattern at a frequesfc§ Hz, a peak steering wheel
angle amplitude corresponding to a peak lateraklacation of 0.5g to 0.6g, and
a vehicle speed of 56 km/h, the vehicle is drivelwrough four passes
performing 10 cycles of sinusoidal steering dusiagh pass.
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7.5.3.

7.6.

7.6.1.

7.7.

7.8.

7.9.

7.9.1.

7.9.2.

7.9.3.

The steering wheel angle amplitude of thalftycle of the final pass is twice that of
the other cycles. The maximum time permitted betwall laps and passes is five
minutes.

Slowly Increasing Steer Procedurghe vehicle is subjected to two series of ruins o
the Slowly Increasing Steer Test using a constahicle speed of 80 2 km/h and a
steering pattern that increases by 13.5 degreesegend until a lateral acceleration
of approximately 0.5g is obtained. Three repetgi@re performed for each test
series. One series uses counterclockwise steednd, the other series uses
clockwise steering. The maximum time permittedwlaein each test run is five
minutes.

From the Slowly Increasing Steer tests,ginantity "A" is determined. "A" is the
steering wheel angle in degrees that produces adystetate lateral acceleration
(corrected using the methods specified in paragragh.3.) of 0.3g for the test
vehicle. Utilizing linear regression, "A" is calated, to the nearest 0.1 degrees,
from each of the six Slowly Increasing Steer testhe absolute value of the six A's
calculated is averaged and rounded to the neargésie@rees to produce the final
guantity, A, used below.

After the quantity "A" has been determinedtheut replacing the tyres, the tyre
conditioning procedure described in paragraphig.performed immediately prior to
conducting the Sine with Dwell Test of paragrap. 7lInitiation of the first Sine

with Dwell test series shall begin within two howfter completion of the Slowly
Increasing Steer tests of paragraph 7.6.

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

Sine with Dwell Test of Oversteer Interventemd Responsivenesshe vehicle is
subjected to two series of test runs using a stggrattern of a sine wave at 0.7 Hz
frequency with a 500 ms delay beginning at the sg¢qmeak amplitude as shown in
Figure 2 (the Sine with Dwell tests). One serisgsucounterclockwise steering for
the first half cycle, and the other series useskulise steering for the first half cycle.
The vehicle is allowed to cool-down between eadt tan of 90 seconds to five
minutes, with the vehicle stationary.

The steering motion is initiated with thdige coasting in high gear at 80 + 2 km/h.

The steering amplitude for the initial ruheach series is 1.5A, where "A" is the
steering wheel angle determined in paragraph 7.6.1.

In each series of test runs, the steeringliude is increased from run to run, by
0.5A, provided that no such run will result in aesing amplitude greater than that of
the final run specified in paragraph 7.9.4.
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ECE/TRANS/180/Add.8
page 71

The steering amplitude of the final run Bcle series is the greater of 6.5A or
270 degrees, provided the calculated magnitude.®A 6s less than or equal to
300 degrees. If any 0.5A increment, up to 6.5Agrnesater 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 7.11.

ESC Malfunction Detection

Simulate one or more ESC malfunction(sylisgonnecting 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(syi/am optional ESC system control(s)
are not to be disconnected.

With the vehicle initially stationary aretignition locking system in the "Lock" or
"Off" position, activate the ignition locking systeto the "Start" position and start
the engine. Drive the vehicle forward to obtaivedhicle speed of 48 + 8 km/h at the
latest 30 seconds after the engine has been startbdithin the next two minutes at
this speed, conduct at least one left and one sigitoth turning manoeuvre without
losing directional stability and one brake appimat Verify that the ESC
malfunction indicator illuminates in accordance hwgaragraph 5.4. by the end of
these manoeuvres.

Stop the vehicle, deactivate the ignitiooking system to the "Off" or "Lock"
position. After a five-minute period, activate thicle's ignition locking system to
the "Start" position and start the engine. Vetifgt the ESC malfunction indicator
again illuminates to signal a malfunction and remsailluminated as long as the
engine is running or until the fault is corrected.

Deactivate the ignition locking systemtie tOff* or "Lock™" position. Restore the
ESC system to normal operation, activate the ignisystem to the "Start" position
and start the engine. Re-perform the manoeuvreridesl in paragraph 7.10.2., and
verify that the tell-tale has extinguished withimettime it takes or immediately
afterward.

Post Data Processing — Calculations for Redoce Metrics Yaw rate and lateral
displacement measurements and calculations shallproeessed utilizing the
techniques specified in paragraphs 7.11.1. to 8.11.

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.
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7.11.2.

7.11.3.

7.11.4.

7.11.5.

7.11.5.1.

7.11.5.2.

7.11.6.

7.11.7.

7.11.8.

Raw yaw rate data is filtered with a 12epothaseless Butterworth filter and a cut-off
frequency of 6 Hz. The filtered data is then zdrteeremove 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 detdahen zeroed to remove sensor
offset utilizing static pre-test data. The lateaateleration data at the vehicle centre
of gravity is determined by removing the effectsisd by vehicle body roll and by
correcting for sensor placement via use of cootdirteansformation. For data
collection, the lateral accelerometer shall be tedaas close as possible to the
position of the vehicle's longitudinal and laterahtres of gravity.

Steering wheel velocity is determined bijedentiating the filtered steering wheel
angle data. The steering wheel velocity data ignthfiltered 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 7.11.5.1. and 7.11.5.2.

Using the steering wheel rate data catledl using the methods described in
paragraph 7.11.4., the first instant steering whesé exceeding 75 deg/sec is
identified. From this point, steering wheel rabals remain greater than 75 deg/sec
for at least 200 ms. If the second condition ismet, the next instant steering wheel
rate exceeding 75 deg/sec is identified and ther@8Walidity check applied. This
iterative process continues until both conditioresdtimately satisfied.

The "zeroing range" is defined as thesgdbnd time period prior to the instant the
steering wheel rate exceeds 75 deg/sec (i.e. 8tanhthe steering wheel velocity
exceeds 75 deg/sec defines the end of the "zeramge").

The Beginning of Steer (BOS) is definedttees first instance filtered and zeroed
steering wheel angle data reaches - 5 degrees (tifeemitial steering input is

counterclockwise) or +5 degrees (when the initiaesng input is clockwise) after
time defining the end of the "zeroing range". Nadue 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 Vidthell steering manoeuvre. The
value for time at the zero degree steering whegleais interpolated.

The second peak yaw rate is defined aBrdtdocal yaw rate peak produced by the
reversal of the steering wheel. The yaw rates@Q.and 1.750 seconds after COS
are determined by interpolation.
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Determine lateral velocity by integrating correctddtered and zeroed lateral
acceleration data. Zero lateral velocity at BOSentv Determine lateral
displacement by integrating zeroed lateral velocit¥ero lateral displacement at
BOS event. Lateral displacement at 1.07 secoms BOS event is determined by
interpolation.
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Figure 1. Steering wheel position and yaw veloifgrmation used to assess lateral stability.
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Figure 2. Sine with Dwell steering profile.




