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Global technical regulationon Worldwide harmonized Light
vehicles Test Procedures (WLTP)

I. Statement of technical rationale and justification

A. Introduction

1. The compliance with emission standards is a central issue of vehicle certification
worldwide. Emissions comprise criteria pollutants having a direct (mainly local) negative
impact on health and environment, as well as pollutants having a negative environmental
impact on a global scale. Regulatory emission standards typically are caioplaxents,
describing measurement procedures under a variety ofiiied conditions, setting limit
values for emissions, but also defining other elements such as the durability-aodrdn
monitoring of emission control devices.

2. Most manufacturerproduce vehicles for a global clientele or at least for several
regions. Albeit vehicles are not identical worldwide since vehicle types and models tend to
cater to local tastes and living conditions, the compliance with different emission standards
in ead region creates high burdens from an administrative and vehicle design point of
view. Vehicle manufacturers, therefore, have a strong interest in harmonising vehicle
emission test procedures and performance requirements as much as possible on a global
scde. Regulators also have an interest in global harmation since it offers more efficient
development and adaptation to technical progress, potential collaboration at market
surveillance and facilitates the exchange of information between authorities.

3. As a consequence stakeholders launched the work folJtlited Nationsglobal
technical regulationN GTR) on Worldwide harmonied Light vehicle Test Procedures
(WLTP) that aims at harmonising emissiaiated test procedures for light duty vehicles to

the extent this is possible. Vehicle test procedures need to represent real driving conditions
as much as possible to make the performance of vehicles at certification and in real life
comparable. Unfortunately, this aspect puts some limitations on tekedelarmorzation

to be achieved, since for instance, ambient temperatures vary widely on a global scale. In
addition, due to the different levels of development, different population densities and the
costs associated with emission control technoldgy,regulatory stringency of legislation

is expected to be different from region to region for the foreseeable future. The setting of
emission limit values, therefore, is not part of tild GTR for the time being.

4, The purpose of BIN GTRis its implemetation into regional legislation by as many
Contracting Parties as possible. However, the scope of regional legislations in terms of
vehicle categories concerned depends on regional conditions and cannot be predicted for
the time being. On the other haratcording to the rules of the 1998 UNECE agreement,
Contracting Parties implementinglN GTR must include all equipment falling into the
formal UN GTR scope. Care must be taken, so that an unduly large formal scopd the
GTR does not prevent its regial implementation. Therefore the formal scope of Ui

GTR s kept to the core of light duty vehicles. However, this limitation of the fokil

GTR scope does not indicate that it could not be applied to a larger group of vehicle
categories by regiond¢gislation. In fact, Contracting Parties are encouraged to extend the
scope of regional implementations of thisl GTRif this is technically, economically and
administratively appropriate.
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5. This version of the WLTRIN GTR, in particular, does not caih any specific test
requirements for dual fuel vehicles and hybrid vehicles not based on a combination of an
internal combustion engine and an electric machine. Thus these vehicles are not included in
the scope of the WLTEIN GTR. Contracting Parties mafiowever apply the WLTPUN

GTR provisions to such vehicles to the extent possible and complement them by additional
provisions, e.g. emission testing with different fuel grades and types, in regional legislation.

Procedural background and future development of theWLTP

6. In its November 2007 session, WP.29 decided to set up an informal WLTP group
under GRPE to prepare a road map for the development of WLTP. After various meetings
and intense discussions, WLTP presented in June 2009 a first mgadonsisting of 3
phases, which was subsequently revised a number of times and contains the following main
tasks:

(@) Phasel (2009- 2015): development of the worldwide harnmed light duty
driving cycle and associated test procedure for the commonuneeasnt of
criteria compounds, COfuel and energy consumption;

(b) Phase (2014 - 2018): low temperature/high altitude test procedure,
durability, inservice conformity, technical requirements for -lward
diagnostics (OBD), mobile atonditioning (MAQ system energy
efficiency, offcycle/real driving emissions;

(c) Phase8 (2018- ¢é) : emi ssi on i mit val ues and
definition of reference fuels, comparison with regional requirements.

7. It should be noted that since the beginning & WLTP process, the European
Union had a strong political objective set by its own legislation (Regulations (EC)
443/2009 and 510/2011) to implement a new and more realistic test cycle by 2014, which
was a major political driving factor for setting the éifframe of phasg.

8. For the work of phasg the following working groups and subgroups were
established:

(@) Development of Harmoméd Cycle (DHC): construction of a new
Worldwide Lightduty Test Cycle (WLTC), i.e. the speed trace of the WLTP,
based orstatistical analysis of real driving data.

The DHC group started working in September 2009, launched the collection
of driving data in 2010 and proposed a first version of the driving cycle by
mid-2011, which was revised a number of times to take intoideraion
technical issues such as driveability and a better representation of driving
conditions after a first validation.

(b)  Development of Test Procedures (DTP): development of test procedures with
the Pllowing specific expert groups:

0] PM/PN: Mass of particulate matter andParticle Number (PN)
measurements;

(i)  AP: Additional Pollutant measurements, i.e. measurement
procedures for exhaust substances which are not yet regulated as
compounds but may be regulated in the near future, such as NO
ethanol, formaldehyde, acetaldehyde, and ammonia;

OoBD
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(i)  LabProcICE: test conditions and measurement procedures of existing
regulated compounds for vehicles equipped with internal combustion
engines (other than PM and PN);

(iv) EV-HEV: specific test conditiongand measurement procedures for
electric and hybrieelectric vehicles;

(v)  Reference fuels: definition of reference fuels.

The DTP group started working in April 2010.

9. During the work of the DTP group it became clear that a number of issues, in
particular but not only in relation to electric and hybkeldctric vehicles, could not be
resolved in time for an adoption of the first version of the WILUW GTR by WP.29 in
March 2014.Thereforejt was agreed that the work of Phase 1 would be divided into-2 sub

phases:

(a)

(b)

Phasela (2009 2013): development of the worldwide harnmad light duty
driving cycle and the basic test procedure. This led to the first version of this
UN GTR, which was published as official working document
ECE/TRANS/WP.29/GRPE/2013/13 and a series of amendments published
as informal document GRP&/-04-Rev.1;

Phase 1b (20123015): further development and refinement of the test
procedure, while including adtional items into th&JN GTR.

10. The work for phase 1b was structured according to the following expert groups
underthe WLTP informal working group:

0

(i)

(iii)

An overview
is presented

(a)

UN GTRdrafting: coordination over all groups, to ensure thatiNeGTRIis
robust, coherent, ar@bnsistent;

E-lab: specific test conditions and measurement procedures for electric and
hybrid-electric vehicles. This was a continuation of the BV group under
phase 1a;

Taskforces: for each specific topic that has to be integrated WNhETR,

the informal working group would designate a taskforce leader, who would
work in a group with interested stakeholders on developing a testing
methodology and BIN GTRtext proposal.

of the main topics that were addressed in phase llldad to thdJN GTR
below:

Conventional ICE vehicles:

0] Normalisation methods and speed trace index;

(i) Number of tests;

(i)  Wind tunnel as alternative method for road load determination;
(iv) Road load matrix family;

(v)  Interpolation family and road load family concept;

(vi) On-board anemometry and wind speed conditions;

(vii)  Alternative vehicle warmup procedure;

(viii) Calculation and interpolation of fuel consumption.
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(b)  Electrified Vehicles (Hab expert group):
0] Fuelcell vehicletest procedure;
(i)  Shortened test procedure for PEV range test;

(i)  Phasespecific CQ (fuel consumption) for OfiVehicle Charging
Hybrid Electric Vehicles (OVEHEVSs);

(iv)  End of EV range criteria;

(v) Interpolation approach for OVEEVsand PEVs;

(vi)  Utility factors;

(vii)  Predominant mode / mode selection.
(c) Alternative pollutants:

Measurement method for ammonia, ethanol, formaldehyde and acetaldehyde.
(d) DHC:

0] Further downscaling in Wide Open Throttle (WOT) operation;

(i) Gearshifting.

Background on driving cycles and test procedures

11. The development of the worldwide harmzad light duty vehicle driving cycle was
based on experience gained from work on the Worldwide HBasy Certification
procedure (WHDC), Worldwid&lotorcycle Test Cycle (WMTC) and national cycles.

12. The WLTC is a transient cycle by design. To construct WLTC, driving data from all
participating Contracting Parties were collected and weighted according to the relative
contribution of regions to thelapally driven mileage and data collected for WLTP
purpose.

13. The resulting driving data were subsequently cut into idling periods and "short trips"
(i.e. driving events between two idling periods). With the abhoeationed weightings the
following unified frequency distributions were calculated:

(@)  Short trip duration distributign
(b)  Stop phase duration distribution
(c)  Joint vehicle speed acceleration (v, a) distribution.

These distributions together with the averages of vehicle speed, shortdrgiopnphase
durations built the basis for the development of the WLTC speed trace.

By randomised combinations of these segments, a large number of "draft cycles" were
generated. From the latter "draft cycle" family, the cycle best fitting the
averages/disibutions described abovevas selected as a first "raw WLTC". In the
subsequent work, the "raw WLTC" was further processed, in particular with respect to its
driveability and better representativeness, to obtain the final WLTC.

14. The driveability of WLTC was assessed extensively during the development process
and was supported by three distinct validation phases. Specific cycle versions for certain
vehicles with limited driving capabilities due to a low pow®mass ratio or limited
maximum vehicle spekehave been introduced. In addition, the speed trace to be followed
by a test vehicle will be downscaled according to a mathematically prescribed method if the
vehicle would have to encounter an unduly high proportion of "full throttle" driving in
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order tofollow the original speed trace. For vehicles equipped with a manual transmission
gear shift points are determined according to a mathematical procedure that is based on the
characteristics of individual vehicles, which also enhances the driveability. 8CW

15. For the development of the test procedures, the DTP subgroup took into account
existing emissions and energy consumption legislation, in particular those of the 1958 and
1998 Agreements, those of Japan and the United States EnvironPtation Agency

(US EPA) Standard Part 1066. These test procedures were critically reviewed, compared to
each other, updated to technical progress and complemented by new elements where
necessary.

D. Technical feasibility, anticipated costs and benefits

16. In designing and validating the WLTP, strong emphasis has been put on its
practicability, which is ensured by a number of measures explained above.

17. While in general WLTP has been defined on the basis of the best technology
available at the moment of its drafting, the practical facilitation of WLTP procedures
on a global scale has been kept in mind as well. The latter had some impact e.g. on the
definition of set values and tolerances for several test parameters, such as the test
temperature or deviations from the speed trace. Also, facilities without the most recent
technical equipment should be able to perform WLTP certifications, leading to higher
tolerances than those which would have been required just by best performing
facilities.

18. The replacement of a regional test cycle by WLTP initially will bear some costs for
vehicle manufacturers, technical services and authorities, at least considesetbaal

scale, since some test equipment and procedures will have to be upgraded. However, these
costs should be limited since such upgrades are done regularly as adaptations to the
technical progress. Related costs would have to be quantified on aaldgiee! since they

largely depend on the local conditions.

19. As pointed out in the technical rationale and justification, the principle of a globally
harmonked light duty vehicle test procedure offers potential cost reductions for vehicle
manufactures. The design of vehicles can be better unified on a global scale and
administrative procedures may be simplified. The monetary quantification of these benefits
depends largely on the extent and timing of implementations of the WLTP in regional
legislation

20. The WLTP provides a higher representation of real driving conditions when
compared to the previous regional driving cycles. Therefore, benefits are expected from the
resulting consumer information regarding fuel and energy consumption. In additmmea
representative WLTP will set proper incentives for implementing thoses@@ng vehicle
technologies that are also the most effective in real driving. The effectiveness of technology
costs relative to the real driving G®avings will, therefore, bamproved with respect to
existing, less representative driving cycles.
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3.1.
3.1.1.

3.1.2.

3.1.3.
3.1.4.

3.1.5.

3.1.6.

3.17.

3.18.

3.19.

3.110.

Text of the global technicalregulation

Purpose

This United Nationgglobal technical regulatiotJN GTR) aims at providing

a worldwide harmonizd method to determine thevkls of emissions of
gaseousompoundsparticulatematter particle numberCO, emissionsfuel
consumption, electric energy consumption and electric range froradligint
vehicles in a repeatable and reproducible manner designed to be
representative ofeal world vehicle operatioriThe results will provide the
basis for the regulation of these vehicles within regional type approval and
certification procedures.

Scope and application

This UN GTR applies to vehicles of categories2land 2, both having a
technically permissible maximum lademassnot exceeding 3,50Kg, and to
all vehicles of category-1.

Definitions

Test equipment

"Accuracy means the difference between a meadwalue and a reference
value, traceable to a national standard dedcribes the correctness of a
result.SeeFigurel.

"Calibration” means the process of setting a measurement system's response
so that its output agrees with a range of refersigeals.

"Calibration ga$ means a gas mixture used to calibrate gas analysers

"Double dilution methdd means the process of separating a part of the
diluted exhaust flow and mixing it with an appropriate amount of dilution air
prior tothe particulate sampling filter

"Full flow exhausdilution systerimeans the continuous dilution of the total
vehicle exhaust with ambient air in a controlled manner usif@prastant
Volume Sampler(CVS).

"Linearizatiol means the applicain of a range of concentrations or
materials to establish a mathematical relationship between concentration and
system response

"Major maintenancé means the adjustment, repair or replacement of a
component or module that could affect the accuracy of a measurement

"NonMethaneHydrocarbon8 (NMHC) are the Total HydrocarbongTHC)
minus the methane (GHcontribution

"Precisiol means the degree to which repeated measurements under
unchanged conditions show the same results (Figure 1)ratids UN GTR,
always refers to one standard deviation.

"Reference valllemeans a value traceable to a national standard. See
Figurel.
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3.111
3.112

3.1.13.

3.1.14.

3.1.15.

Figurel

"Set point means the target value a control system aims to reach

"Spari means to adjust an instrument so that it gives a proper response to a
calibration standard that represents betweepef8entand 10Qpercent of
the maximum value in the instrument range or expected range.of use

"Total hydrocarbon’% (THC) means all volatile compounds measurable by a
flame ionizationdetector (FID)

"Verification' means to evaluate whether or not a measurersgstem's
outputs agrees with applied reference signals within one or more
predetermined thresholds for acceptance

"Zero ga8 means a gas containing no analykédnich isused to set a zero
response on an analyser

Definition of accuracy, precision and reference value

probabi
density

reference valu

A
lity
accuracy

precisior

value

3.2.
3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

Roadload and dynamometegetting

"Aerodynamic dra means the forcepposinga vehi cl ebs for
through air.

"Aerodynamicstagnation poirlt means the @int on the surface of a vehicle
where wid velocity is equal to zero.

"Anemometeblockagé means the effect on the anemometer measurement
due to the presence of the vehicle where the apparent air speed is different
than the vehicle speecbmbined with wind speed relative to the ground

war d mot

"Constrained analysis means the vehicleds frontal ar e

drag coefficient have been independently determined and those values shall
beused in the equation of motion.

"Mass in running ordermeans the mass of the vehicle, with its fuel tank(s)
filled to at least 9@ercentof its or their capacity/capacities, including the
mass of the driverfuel and liquids fitted with the stadard equipment in
accordance with the manwhéntheytane fited, 6 s
the mass of the bodywork, the cabin, the coupling and the spare wheel(s) as
well asthe tools

speci fic
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3.26.

3.2.7.

3.28.

3.29.

3.210.

3.211

3.212.

3.213.

3.214.

3.215.

3.2.16.

3.217.

3.218.

"Mass of the drivér means a mass rated at kiplocatedat the d i ver 6 s
seating reference point.

"Maximum vehicle loddmeansthe technically permissible maximum laden
massminus the mass in running order, &p and the mass of the optional
equipment as defined aragrapt8.2.8.

"Mass oftheoptional equipmetfitmeansmaximum mass of the combinations
of optional equipment which may be fitted to the vehicle in addition to the
standard equipment in accordance with the manufacturer's specifications.

"Optional equipmefitmeans all the featas not included in the standard
equipment which are fitted to a vehicle under the responsibility of the
manufacturer, and that can be ordered by the customer.

"Reference atmospheric conditions (regarding road load measurethents)
means the tanospheic conditions to which these measment results are
corrected:

(@) Atmospheric pressurg,= 100kPg
(b)  Atmospheric temperatur&,= 20 °C
(c)  Dry air density} o= 1.189kg/nr;

(d)  Wind speed0 m/s

"Reference speédneans the vehicle speed at which road load is determined
or chassis dynamometer load is verified.

"Road load means the force resisting the forward motion of a vehicle as
measured with the coastdown method or methods that are equivalent
regardingthe inclusion of frictional losses of the drivetrain.

"Rolling resistancé means thdorcesof the tyres opposing the motion of a
vehicle

"Running resistan¢emeans thedrque resisting the forward motion of a
vehicle measured by torque taes installed at the driven wheels of a vehicle

"Simulated road loddmeans theaad loadexperienced by the vehicle on the
chassis dynamometer which is intended to reproduce the road load measured
on the road, and consists of the force applithke chassis dynamometer and

the forces resisting the vehicle while driving on the chassis dynamometer and
is approximated by the three coefficients of a second order polynomial.

"Simulated running resistanteneans the running resistaneeperienced by

the vehicle on the chassis dynamometer which is intended to reproduce the
running resistance measured on the road, and consists of the torque applied
by the chassis dynamometer and the torque resisting the vehicle while driving
on the chassidynamometer and is approximated by the three coefficients of
a second order polynomial.

"Stationary anemomettymeans reasurement of wind speed and direction
with an anemometer at a location and height above road level alongside the
test road whiee the most representative windnditions will be experienced.

"Standard equipmehtmeans the basic configuration of a vehialbich is
equipped with all the featurdbat arerequired under the regulatory acts of
the Contracting Party includindl deaturesthat arefitted without giving rise
to any further specifications on configuration or equipment level
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3.2109. "Target road loal means the gad load to be reprodedon the chassis
dynamometer

3.220. "Target running resistantaneans theunning resistance to be reproduced.

3.221. "Vehicle coastdowrsetting means asystem of operation enabling an

accurate and repeatable determination rodd load and an acurate
dynamometer setting.

3.222 "Wind correctiori means correctionf the effectof wind on road load based
on inputof the statbnary or orboard anemometry.

3.223. "Technically permissible maximum laden niasgans the maximum mass
allocated to a vehicle on the basis of its construction features and its design
performances

3.224. "Actual mass of the vehi€leneans the mass in running order plus the mass

of thefitted optional equipment to an individual vehicle

3.225. "Test mass of the vehitlmeans the sum of the actual mass of the vehicle,
25 kg andthe mass representative thfe vehicle load

3.226. "Mass representative of the vehicle Ibadeans x per cent of the maximum
vehicle load where x is 15 per cent for category 1 vehicles and 28 per cent for
category 2 vehicles.

3.227. "Technically permissible maximum laden masghef combinatioh (MC)
means the maximum mass allocated to the combination of a motor vehicle
and one or more trailers on the basis of its construction features and its design
performances or the maximum mass allocated to the combination of a tractor
unit and a semtrailer.

3.2.28. "n/v ratio' means the engine rotational speed divided by vehicle speed in a
specific gear.

3.3. Pure electri¢hybrid electricand fuel cell vehicles

3.3.1. "All-Electric Range (AER) meansthe total distance travelldoly an OVG

HEV from the beginning of the chargkepleting testo the point in time
during the test when the combustiengine starts to consume fuel.

3.3.2. "Pure Electric Rang€' (PER) meansthe total distance travelleby a PEV
from the beginning of thehargedepleting test until the breakf criterionis
reached

3.3.3. "ChargeDepleting Actual Rangée (Rcpa) means the distance travelled in a

series of WLTCs in chargedepleting operatig condition until the
Rechargeabl&lectric Energy StorageSystem(REESS) is depleted.

3.3.4. "ChargeDepleting Cycle Rang€ (Rcpc) means the distance from the
beginning of the chargéepleting test to the end of the last cycle prior to the
cycle or cycles satisfying the break criterion including the transition
cycle where the vehicle may have operated in both depleting and sustaining
conditions

3.3.5. "Chargedepleting operatig conditiol’ means an operating condition in
which the energy stored in the REESS may fluctuate daatreaseson
average while the vehiclées driven until transition to largesustaining
operation.

10
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3.36.

3.3.7.

3.3.8.

3.39.

3.39.1.

3.39.2.

3.310.

3.3.10.1.

3.3.10.2.

3.3.10.3

3.3.10.4.

3.3.11.

3.312

3.313.

3.314.

3.315.

3.316.

3.317.

"Chargesustaining operatig conditio’ means an operating condition in
which the energy stored in the REESS may fluctuate but, on average, is
maintained at a neutral charging balancel@hile the vehicle is driven.

"Utility Factors' are ratios based on driving statistics depending on the range
achieved in chargdepleting condition and are used to weigh the charge
depleting and chargsustaining exhaust emission compounds,; &fissions

and fuel consumption for OVVEIEVSs.

"Electric maching& (EM) means an energy converter transformbejween
electrial andmechanical energy.

"Energy convertér meansa systemwhere the form of energputput is
different from the form of energyput

"Propulsion energy convertemeans an energy converter of the powertrain
which is not a peripheral devioghose output energy is used directly or
indirectly for the purpose of vehicle propulsion

"Category of propulsion energy convefteneans (i) an internal combustion
engine, or (ii) an electric machine, or (iii) a fuel cell.

"Energy storage systénmeansa systemwhich stores energy andeleass it
in the same form as was input.

"Propulsion energy storage systemeans an energy storage system of the
powertrainwhich is not a peripheral device amthose output energy is used
directly or indirectly for the purpose of vehicle propulsion.

"Category of propulsion energstorage systefnmeans (i) a fuel storage
system, or (ii) a rechargeable electric energy storage system, or (ii) a
rechargeable mechanical energy storage system.

"Form of energy means (i) electrical energy, or (i) mechanical energy, or
(iii) chemical energy (including fuels).

"Fuel storage systéhmmeans a propulsion energy storage system that stores
chemical energy as liquid or gaseous fuel.

"Equivalent allelectric rangé (EAER) means that portion of the total
chargedepletirg actual range (&a) attributable to the use of electricity
from the REESS ovedhe chargalepleting range test.

"Hybrid electric vehiclé (HEV) means aybrid vehicle where one of the
propulsionenergy converters is an electric machine.

"Hybrid vehiclé (HV) means a vehicleequipped with a powertrain
containing at least two differemtategoriesof propulsionenergy converters
andat leastwo differentcategorie®f propulsionenergy storage systems

"Net energy changeneangheratio of the REESS energy change divided by
the cycle energy demand of the test vehicle

"Not offvehicle chargng hybrid electric vehiclé (NOVC-HEV) means a
hybrid electric vehicle that cannot be charfeen an external source

"Off-vehicle charging hybrid electric vehi¢ldOVC-HEV) meansa hybrid
electric vehiclghat can be chargdtbm an external source.

"Pure electricvehiclé’ (PEV) means a vehiclequipped with a powertrain
containing exclusively electric machinas propulsion energy converters and

11
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exclusively rechargeable electric energy storage systems as propulsion
energy storage systems.

3.3.18. "Fuel cell' means an energy converter transforming chemical energy (input)
into electrical energy (output) or vicersa.

3.319. "Fuel cell vehicle (FCV) means a vehicle equipped with a powertrain
containing exclusively fuel cell(s) and electric machine(s) as propulsion
energy converter(s).

3.3.2. "Fuel cell hybrid vehicle (FCHV) means a fuel cell vehicle equippedha
powertrain containing at least one fuel storage system and at least one
rechargeable electric energy storage system as propulsion energy storage

systems.
3.4. Powertrain
3.4.1. "Powertraifd’ means the total combination in a vehicle of propulsion gnerg

storage system(s), propulsion energy converter(s) and the drivetrain(s)
providing the mechanical energy at the wheels for the purpose of vehicle
propulsion, plus peripheral devices.

3.4.2. "Auxiliary device$ means energy consuming, converting, storing
supplying nonperipheral devices or systems which are installed in the
vehicle for purposes other than the propulsion of the vehicle and are therefore
not considered to be part of the powertrain.

3.4.3. "Peripheral devices means energy consuming, conugg, storing or
supplying devices, where the energy is not primarily used for the purpose of
vehicle propulsion, or other parts, systems and control units, which are
essential to the operation of the powertrain.

3.4.4. "Drivetrain® means the connected eetents of the powertrain for
transmission of the mechanical energy between the propulsion energy
converter(s) and the wheels.

3.45. "Manual transmissichmeans a transmission where gears can only be shifted
by action of the driver.

3.5. General

3.5.1. "Criteria emissions means those emission compounds for which limits are
set in regional legislation.

3.5.2. "Category 1 vehiclemeans a power driven vehicle with four or more wheels
designed and constructed primarily for thericaye of one or more persan

3.5.3. "Category 11 vehiclé means a category 1 vehicle comprising not more than
ei ght seating positions i mositmrd Ai t i on to
categoryl - 1 vehick may have standing passengers.

3.5.4. "Category 12 vehiclé means a category vehicle designed for the carriage
of more than eight passengers, whether seated or standing, in addition to the
driver.

3.5.5. "Category 2 vehiclemeans a power driven vehicle with four or more wheels

designed and constructed primarily for the carriafyjgoods. This category
shall also include:

(@)  Tractive units;

(b)  Chassis designed specifically to be equipped with special equipment

12
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3.5.6.

3.5.7.

3.58.

3.59.

3.510.

3.511

3.6.

3.6.1.

3.6.2.

3.7.
3.7.1.

3.7.2.

3.8.

"Cycle energy demahdneans the calculated positive energy required by the
vehicle b drive the prescribed cyel

"Defeat devict meansany element of design which rees temperature,
vehicle speedengine rotational speed, drive gear, manifold vacuum or any
other parameter for the purpose of activating, modulating, delaying or
deactivating the operation @y part of the emission control system that
reduces the effectiveness of the emission control system under conditions
which may reasonably be expected to be encountered in normal vehicle
operation and use. Such an element of desligti not be considered defeat
device if:

(@) The need for the device is justified in terms of protecting the engine
against damage accident and fosafe operation of the vehicler,

(b) The device does not function beyond tteguirements of engine
starting;or

(c) Conditions are substantially included in the Type 1 test procedures

"Driver-selectable mmd€' means a distinadiriver-selectablecondition which
couldaffect emissionsyr fuel andbr energy consumption.

"Predominant modefor the purposes ahis UN GTR means a single mode
that is always selected when the vehicle is switched on regardless of the
operating mode selected when the vehicle was previously shut down.

"Reference conditions (with regards to calculating mass emis$iomsans
the conditions upon which gas densities are basedelgal01.32%Paand
273.15K (0 °C).

"Exhaust emissioismeans the emission of gasepusolid and liquid
compoundgrom thetailpipe

PM/PN

The term"particlé' is conventionally use for the matter being characterised
(measured) in the airborne phase (suspended matter), and the term
"particulaté for the deposited matter.

"Particle numberemissions (PN) means the total number of solid particles
emitted from the vehicle exhaust quantified according to dietion,
sampling and measuremanethodsas specified in thisN GTR

"Particulate matter emissions” (PM) meansthe mass ofany particuhate
material from the vehicle exhaustquantified according to the dilution,
sampling and measurement methods as specified iDMIETR

WLTC

"Rated engine power(0 ) means maximum engine power in KW as per
the certification procedure bed on current regional regulation. In the
absence of a definition, the rated engine power shall be declared by the
manufacturer according to Regulation.I86.

"Maximum speed(© ) means the maximum speed of a vehicle as defined
by the ContractindParty. In the absence of a definition, the maximum speed
shall be declared by the manufacturer according to Regulatio6@No

Procedure

13
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3.8.1. "Periodically regenerating systémmeans an exhaust emissions control
device (e.g. catalytic converter, rfaulate trap) that requires a periodical
regeneration process in less than 4,R®0f normal vehicle operation.

4. Abbreviations
4.1. General abbreviations

AC Alternatingcurrent

CFV Critical flow venturi

CFO Critical flow orifice

CLD Chemiluminescent detector

CLA Chemiluminescent analyser

CVS Constantvolumesampler

DC Direct current

EAF Sum of ethanol, acetyldehyde and formaldehyde

ECD Electron capture detector

ET Evaporation tube

Extra High WLTC extra high speed phase folass 2vehicles

Extra Highs WLTC extra high speed phase folass 3vehicles

FCHV Fuel cell hybrid vehicle

FID Flame ionization detector

FSD Full scale deflection

FTIR Fourier transform infrared analyser

GC Gas chromatograph

HEPA High efficiencyparticulate air (filter)

HFID Heated flame iomiationdetector

High, WLTC high speed phase f@lass 2vehicles

Highs 1 WLTC high speed phase fatlass 3vehicles with
O p ¢ km/h

Highs» WLTC high speed phase fatlass 3vehicles with
O p ¢ km/h

ICE Internal combustion engine

LoD Limit of detection

LoQ Limit of quantification

Low; WLTC low speed phase f@lassl vehicles

Lows, WLTC low speed phase f@lass 2vehicles

Lows WLTC low speed phase f@lass 3vehicles

14
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Mediumy WLTC medium speed phase fGtassl vehicles

Medium WLTC medium speed phase fGtass 2vehicles

Mediumg.; WLTC medium speed phase fGtass 3vehicles with
O p ¢ km/h

Medium., WLTC medium speed phase fGtass 3vehicles with
@) p ¢ km/h

LC Liquid chromatography

LDS Laser diode spectrometer

LPG Liquefied petroleum gas

NDIR Non-dispersive infrared (analyser)

NDUV Non-dispersive ultraviolet

NG/biomethane Natural gas/biomethane

NMC Non-methane cutter

NOVC-FCHV Not off-vehicle charginduel cell hybrid vehicle

NOVC Not off-vehicle charging

NOVC-HEV Not off-vehiclecharginghybrid electric vehicle

OVC-HEV Off-vehicle charigng hybrid electric vehicle

Ps Particulate mass collected on the background filte

Pe Particulate mass collected the sample filter

PAO Poly-alphaolefin

PCF Particle preclassifier

PCRF Particle concentration reduction factor

PDP Positive displacement pump

PER Pure electric range

PercentFS Percentof full scale

PM Particulate mattezmissions

PN Particle numbeemissions

PNC Particle number counter

PND; First particle number dilution device

PND, Second particleumber dilution device

PTS Particle transfer system

PTT Particle transfer tube

QCL-IR Infrared quantum cascade laser

2 Chargedepleting actual range

RCB REESS charge balance

REESS Rechargeable electric energy storage system

15
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4.2

5.1.

5.2.

SSsv Subsonic venturi

USFM Ultrasonic flow meter

VPR Volatile particle remover
WLTC Worldwide lightduty test cycle
Chemical symbols anabbreviations

C, Carbon 1 equivalent hydrocarbon
CH, Methane

C,Hg Ethane

C,HsOH Ethanol

CsHg Propane

CH;CHO Acetaldehyde

CO Carbon monoxide

CO, Carbon dioxide

DOP Di-octylphthalate

H,O Water

HCHO Formaldehyde

NH3 Ammonia

NMHC Non-methane hydrocarbons
NO, Oxides of nitrogen

NO Nitric oxide

NO, Nitrogen dioxide

N,O Nitrous oxide

THC Total hydrocarbons

General requirements

The vehicle and its components liable to affect the emissions of gaseous
compounds particulate matter and particle numbeshall be so designed,
constructed and assembled as to enable the vehicle in normal use and under
normal conditions of use such as humidity, rain, snow, heat, cold, sand, dirt,
vibrations, wear, etc. to comply with tipeovisions of thisUN GTR during

its useful life.

This shall include the security of all hoses, joints and connections used withi
the emission control systems.

The test vehicle shall be representativeterms of its emissionelated
components ahfunctionality of the intended production series to be covered
by the approval. The manufacturer and the responsible authority shall agree
which vehicle testodel is representative.
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5.3.
53.1.

5.3.2.

5.3.3.
5.3.4.
5.3.5.
5.3.6.

5.4.
54.1.

54.2.

5.5.
5.5.1.

5.5.2.

5.5.3.

Vehicle testing condition

The types and amounts of lubricarend coolant for emissions testing shall
be as specified for normal vehicle operation by the manufacturer.

The type of fuel for emissions testing shall be as spediffigchnex3 to this
UN GTR

All emissions controlling systems shall beanrking order.
The use of ay defeat device is prohibited.
The engine shall be designedavoid crankcase emissions.

The tyres used for emissions testing shall be as definpdragraph.2.4.5.
of Annex6 to thisUN GTR

Petroltank inlet orifices

Subject toparagraptb.4.2. of this UN GTR, the inlet orifice of the petrol or
ethanol tank shall be so designed as to prevent the tank from being filled from
a fuel pump delivery nozzléhat has an external diameter 88.6mm or
greater.

Paragrapth.4.1. of this UN GTR shall not apply to a vehicle in respect of
which both of the fobbwing conditions are satisfied:

(@) The vehicle is so designed and constructed that no device designed to
control the emissiashall be aderselyaffected by leaded petrol; and

(b)  The vehicle is conspicuously, legibly and indelibly marked with the
symbol for unleaded petrol, specified ¥502575:2010 "Road
vehicles -- Symbols for controls, indicators and t&les, in a
position immediately visible to a person filling the petrol tank.
Additional markings are permitted.

Provisions forelectronic system security

Any vehicle with an emission control computer shall include features to deter
modification, except as authoeid by the manufacturer. The manufacturer
shall authorise modifications if these modifications are necessary for the
diagnosis, servicing, inspection, retrofitting or repair of the vehicle. Any
reprogrammable computer codes or operating parameters shaflis@nt to
tampering and afford a level of protection at least as good as the provisions in
ISO 150317 (March 15, 2001). Any removable calibration memory chips
shall be potted, encased in a sealed container or protected by electronic
algorithms and shbhot be changeable without the use oédplized tools

and procedures.

Computercoded engine operating parameters shall not be changeable without
the use of speciaed tools and proceduresdgesoldered or potted computer
components or sé¢ed (o soldered) enclosures).

Manufacturers may seek approval from the responsible authority for an
exemption to one of these requirements for those vetitwdgare unlikely to
require protection. The criteria that the responsible authshigyl evaliate in
considering an exemptioshall include, but are not limited to, the current
availability of performance chips, the higlerformance capability of the
vehicle and the projeetl sales volume of the vehicle.

17
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5.5.4.

5.6.
5.6.1.

5.6.2.

Manufacturers using programmabomputer code systems shall deter
unauthorised reprogramming. Manufacturers shall include enhanced tamper
protection strategies and wripgotect features requiring electronic access to
an offsite computer maintained by the manufacturer. Methods giving an
adequate level of tamper protection will be apptowsy the responsible
authority.

Interpolationfamily
Interpolation family for ICE vehicles

Only vehicles that are identical with respect to the following
vehicle/powertrain/tramission charateristics may be part of the same
interpolationfamily:

(@) Type of internal combustion enginduel type, combustion type,
engine displacement, fellbad characteristics, engine technology, and
charging systemand also other engine subsystems or characteristics
that have a nonegligible influence on COmass emissiorunder
WLTP conditions

(b)  Operation strategy of all COnass emissiomfluencing components
within the powertrain

(c) Transmission typee(g. manal, automatic, CVT and transmission
model (e.g. torque rating, number of gears, number of clutches, etc.)

(d) n/v ratios (engine rotational speed divided by vehicle speddhis
requirement shall beonsidered fulfilled if, for all transmission ratios
concerned, the difference with respect mév ratios of the most
commonly installed transmission type is within 8 per cent

(e)  Number of powered axles

Vehicles may only be part of the same interpolation family if thelgpng to
the same vehicle class dscribed inparagraph 2of Annex 1

If an alternative parameter such as a highgs &ve as defined in the last
sentence of paragraph 2.@d)Annex 2, or ASM, as defined in paragraph 3.4.
of Annex 2 is used, th parametershall be the same within an interpolation
family.

Interpolation family for NOVGHEVs and OVGHEVs

In additionto the requirements of paragraph 5.@flthis annexonly OVG
HEVs and NOVGHEVs that are identical with respect to the following
characterists maybe part of the same interpolation family

(@) Type and number of electric machines construction type
(asynchronous/ synchronqustc), type of coolant (air, liquid) and
any other characteristics having a nmyligible influence on CO
mass emission and electric energy consumption under WLTP
conditions;

(b)  Type of tractionREESS(model, capacity, nominal voltage, nominal
power, type of coolant (air, liquid));

(c) Type of energy converter betwedme electric machine and traction
REESS betweenthe traction REESSand low voltage power supply
and betweerthe rechargeplug-in and tractiorREESS and any other
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5.6.3.

5.7.

(d)

characteristics having a nawgligible influence on CO mass
emission and electric energyrsumption under WLTP conditions;

The difference between the number of chadgpleting cycles from
the beginning of the test up to and including the transition cycle shall
not be more than one.

Interpolation family for PEVs

Only PEVs that are identical with respect to the followietectric
powertrain/transmission characteristiogy be part of the same interpolation
family:

(@)

(b)

(©)

(d)
(e)

®

)

Type and number of electric machinesonstruction type
(asynchronous/ synchronqustc), type of coolant (air, liquid) and
any other characteristics hagim nonnegligible influence on electric
energy consumption and range under WLTP conditions;

Type of tractionREESS(model, capacity, nhominal voltage, nominal
power, type of coolant (air, liquid));

Transmission type (e.g. manual, automatic, CVMmjl aransmission
model (e.g. torque rating, number of gears, numbers of clutches, etc.);

Number of powered axles;

Type of electric converter between the electric machine and traction
REESS between the tractioREESSand low voltage power supply
andbetween the rechargdug-in and tractiorREESS and any other
characteristics having a nawegligible influence on electric energy
consumption and range under WLTP conditions;

Operation strategy of all components influencing the electric energy
consumption within the powertrain;

n/v ratios (engine rotational speed divided by vehicle speed). This
requirement shall be considered fulfilled if, for all transmission ratios
concerned, the difference with respect to tie ratios of the most
commonly irstalled transmission type and model is withipe8 cent

Road load family

Only vehiclesthat are identical withrespect to the following characteristics
maybe part of the sameoad load family:

(a)

(b)

(©
(d)

Transmission type (e.g. manual, automatic, C\hf transmission
model (e.g. torque rating, number of gears, number of clutches, etc.)
At the request of the manufacturer and wipproval of the
responsible authority, a transmissiwith lower power lossemay be
included in the family

n/v ratios (engine rotational speed divided by vehicle speéthis
requirement shall be considered fulfilled if, for all transmission ratios
concerned, the difference with respect to the transmission ratios of the
most commonly installed transmission type is withinpercent;

Number of powered axles;

If at least one electric machirie coupled in the gearbox position
neutral and the vehicle is not equipped with a coastdown mode
(paragrapht.2.18.5. of Annex 4) such that the electric machine has
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no influerce on the road load, the criteria frgparagraptb.62. (a)
andparagrapltb.6.3.(a) shall apply.

If there is a differenceapart from vehicle mass, rolling resistance and
aerodynamicsthat has a nomegligible influence on road load, that vehicle
shall not be considered to be part of the family unless approved by the
responsible authority.

5.8. Road load matrix family

The road load matrix family may be applied for vehicles designed for a
technically per mi ssi3pd0Okg. maxi mum | aden mass

Only vehicles which are identical with respect to the following characteristics
maybe part of the same road load matrix family:

(@) Transmission type (e.g. manual, automatic, CVT);
(b)  Number of powered axles.
5.9. Periodically regenerating systems)(Eamily

Only vehicles that are identical with respect to the following characteristics
may be part of the same periodically regenerating systems family:

5.9.1. Type of internal combustion engine: fuel type, combustion type,
5.9.2. Periodically regeneratqnsystem (i.e. catalyst, particulate trap);

(@) Construction (i.e. type of enclosure, type of precious metal, type of
substrate, cell density);

(b)  Type and working principle;
(c)  Volume +10 per cent
(d) Location (temperature £100 °Cs#cand highesteference speed)

(e) The test mass of each vehicle in the family must be less than or equal
to the test mass of the vehicle used for the Ki demonstration test plus

250 kg
6. Performance requirements
6.1. Limit values

When implementing the test prage contained in thisN GTR as part of
their national legislation, Contracting Parties to the 1998 Agreement are
encouraged to use limit valudgbat represent at least the same level of
severity as their existing regulatiomernding the development ofanmonizd

limit values, by the Executive Committee (AC.3) of #1898 Agreement, for
inclusion in theUN GTRat a later date.

6.2. Testing
Testing shall be performed according to:
(@) The WLTCs as describeéd Annex1;

(b) The gear selection and shift point determination as desciited
Annex2;

(c)  The appropriate fuel atescribedn Annex3;
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(d)
(e)
(f)
(@)

The roadoadand dynamometegettingsas describeth Annex4;
The test equipment as describednnex5;
The test procedures as describedinnexes 6 and 8;

The methods of calculation as descriliednnexes 7 and 8.
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Worldwide light-duty test cycleSWLTC)

1.

2.2,

2.3.

2.3.1.

3.1.

3.1.1.

3.1.2.
3.1.3.

3.2.

3.2.1.

3.2.2.
3.2.3.
3.2.4.
3.2.5.
3.2.6.

3.3.

3.3.1.

General requirements

The cycle to be drivedependsn theratio of thet e st vehi cl eds
to mass in running ordeminus 75 kg W/kg, and its maximum velocity,
o)

The cycle resulting fromhe requirements described in tlasnex shall be
referred to in other parts of thiN GTR as the'applicable cyclée

Vehicle classifications

Class 1 vehicles have a powerrt@mss in running ordeminus 75 kgratio
0 ¢ QW/kg.

Class 2 vehicles have a powerrt@mss in running ordeminus 75 kgratio
> 22 butO34 W/kg.

Class 3 vehicles have a power meass in running ordeminus 75 kg
ratio> 34 W/kg.

All vehicles tested according tannex8 shall be considered to K&lass 3
vehicles.

Testcycles
Class 1 vehicles

A complete cycle foClass 1vehicles shall consist of a low phase (Ldva
medium phase (Mediujhand an additional low phase (Lgw

The Low phase is described FigureAl/1 andTableAl/1.
The Medium phase is described FigureAl/2 andTableAl/2.
Class 2 vehicles

A complete cycle foClass 2vehicles shall consist of a low phase (L.jva
medium phase (Mediw)y a high phase (High and an extra high phase
(Extra High).

The Low phase is described FigureAl/3 andTableAl/3.

The Medium phase is described FigureAl/4 andTableAl/4.
The High phase is described FigureAl/5 andTableAl/5.

The Extra High phase is described FigureAl/6 andTableAl1/6.

At the option of the Contracting Party, the Extra Higihase may be
excluded.

Class 3 vehicles

Class 3 vehicles are divided into 2 subclasses according to their maximum
speed0

Class 3a vehicles wit® p ¢ km/h

rated

p
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3.3.1.1.

3.3.1.2.
3.3.1.3.
3.3.1.4.
3.3.1.5.
3.3.1.6.

3.3.2.

3.3.2.1.

3.3.2.2.
3.3.2.3.
3.3.2.4.
3.3.2.5.
3.3.2.6.

3.4.
3.4.1.
3.4.2.
3.4.3.
3.4.4.
3.5

A complete cycle shall consist of a low phase (kpwa medium phase
(Mediumy.,), a high phase (High) and an extra high phase (Extra Hjgh

The Low phase is described FigureAl/7 andTable Al/7

The Medium.; phase is described FigureA1/8 andTable A1/8
The Highy, phase is described FigureA1/10 andTable A1/D.
The Extra High phase is described FigureA1/12 andTable A1/R.

At the option of theContracting Party, the Extra Higlphase may be
excluded.

Class 3b vehicles with p ¢ km/h

A complete cycle shall consist of a low phase (bophase, a medium phase
(Mediumy.,), a high phase (High) and an extra high phase (Extra ktjg

The Low phase is described FigureAl/7 andTable A1/7

The Medium., phase is described FigureAl1/9 andTable A1/9
The Highy., phase is described FigureAl/11 andTable A1/11.
The Extra High phase is described FigureAl1/12 andTable A1/2.

At the option of the Contracting Party, the Extra Higihase may be
excluded.

Duration of all phases

All low speed phases last 588conds

All medium speed phases last 4&8onds
All high speed phases last 48&conds

All extra highspeed phases last 38@8conds
WLTC city cycles

OVC-HEVs and PEVs shall be tested using the WLTC &vdTC city
cycles (seAnnex8) for Class 3a and Class 3b vehicles.

TheWLTC city cycle consists of the low and medium speed phases only.

At the option of the Contracting Party, the WLTC city for Class 3a and 3b
vehicles may be excluded.
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4, WLTC Class 1 vehicles
FigureAl/1
WLTC, Class 1 vehicles, phase Low
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Table Al/1
WLTC, Class 1 vehicles, phase Low

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h

0 0.0 47 18.8 94 0.0 141 35.7

1 0.0 48 19.5 95 0.0 142 35.9

2 0.0 49 20.2 96 0.0 143 36.6

3 0.0 50 20.9 97 0.0 144 37.5

4 0.0 51 21.7 98 0.0 145 38.4

5 0.0 52 22.4 99 0.0 146 39.3

6 0.0 53 23.1 100 0.0 147 40.0

7 0.0 54 23.7 101 0.0 148 40.6

8 0.0 55 24.4 102 0.0 149 41.1

9 0.0 56 25.1 103 0.0 150 41.4
10 0.0 57 25.4 104 0.0 151 41.6
11 0.0 58 25.2 105 0.0 152 41.8
12 0.2 59 23.4 106 0.0 153 41.8
13 3.1 60 21.8 107 0.0 154 41.9
14 5.7 61 19.7 108 0.7 155 41.9
15 8.0 62 17.3 109 11 156 42.0
16 10.1 63 14.7 110 1.9 157 42.0
17 120 64 12.0 111 2.5 158 42.2
18 13.8 65 9.4 112 3.5 159 42.3
19 154 66 5.6 113 4.7 160 42.6
20 16.7 67 3.1 114 6.1 161 430
21 17.7 68 0.0 115 7.5 162 43.3
22 18.3 69 0.0 116 9.4 163 43.7
23 18.8 70 0.0 117 11.0 164 44.0
24 18.9 71 0.0 118 12.9 165 44.3
25 18.4 72 0.0 119 14.5 166 44.5
26 16.9 73 0.0 120 16.4 167 44.6
27 14.3 74 0.0 121 18.0 168 44.6
28 10.8 75 0.0 122 20.0 169 44.5
29 7.1 76 0.0 123 215 170 44.4
30 4.0 77 0.0 124 23.5 171 44.3
31 0.0 78 0.0 125 25.0 172 44.2
32 0.0 79 0.0 126 26.8 173 44.1
33 0.0 80 0.0 127 28.2 174 44.0
34 0.0 81 0.0 128 30.0 175 43.9
35 15 82 0.0 129 31.4 176 43.8
36 3.8 83 0.0 130 32.5 177 43.7
37 5.6 84 0.0 131 33.2 178 43.6
38 7.5 85 0.0 132 33.4 179 43.5
39 9.2 86 0.0 133 33.7 180 43.4
40 10.8 87 0.0 134 33.9 181 43.3
41 12.4 88 0.0 135 34.2 182 43.1
42 13.8 89 0.0 136 34.4 183 42.9
43 15.2 90 0.0 137 34.7 184 42.7
44 16.3 91 0.0 138 34.9 185 42.5
45 17.3 92 0.0 139 35.2 186 42.3
46 18.0 93 0.0 140 35.4 187 42.2
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
188 42.2 237 39.7 286 25.3 335 14.3
189 42.2 238 39.9 287 249 336 14.3
190 42.3 239 40.0 288 245 337 14.0
191 42.4 240 40.1 289 24.2 338 130
192 42.5 241 40.2 290 24.0 339 114
193 42.7 242 40.3 291 23.8 340 10.2
194 42.9 243 40.4 292 23.6 341 8.0
195 43.1 244 40.5 293 23.5 342 7.0
196 43.2 245 40.5 294 23.4 343 6.0
197 43.3 246 40.4 295 23.3 344 5.5
198 43.4 247 40.3 296 23.3 345 5.0
199 43.4 248 40.2 297 23.2 346 4.5
200 43.2 249 40.1 298 231 347 4.0
201 42.9 250 39.7 299 230 348 3.5
202 42.6 251 38.8 300 22.8 349 3.0
203 42.2 252 37.4 301 225 350 2.5
204 41.9 253 35.6 302 22.1 351 2.0
205 41.5 254 33.4 303 21.7 352 1.5
206 41.0 255 31.2 304 211 353 1.0
207 40.5 256 29.1 305 20.4 354 0.5
208 39.9 257 27.6 306 19.5 355 0.0
209 39.3 258 26.6 307 18.5 356 0.0
210 38.7 259 26.2 308 17.6 357 0.0
211 38.1 260 26.3 309 16.6 358 0.0
212 37.5 261 26.7 310 15.7 359 0.0
213 36.9 262 27.5 311 14.9 360 0.0
214 36.3 263 28.4 312 14.3 361 2.2
215 35.7 264 29.4 313 14.1 362 4.5
216 35.1 265 30.4 314 14.0 363 6.6
217 345 266 31.2 315 13.9 364 8.6
218 33.9 267 31.9 316 13.8 365 10.6
219 33.6 268 325 317 13.7 366 125
220 33.5 269 330 318 13.6 367 14.4
221 33.6 270 334 319 13.5 368 16.3
222 33.9 271 33.8 320 134 369 17.9
223 34.3 272 34.1 321 13.3 370 19.1
224 34.7 273 34.3 322 13.2 371 19.9
225 35.1 274 34.3 323 13.2 372 20.3
226 35.5 275 33.9 324 13.2 373 20.5
227 35.9 276 33.3 325 13.4 374 20.7
228 36.4 277 32.6 326 13.5 375 210
229 36.9 278 31.8 327 13.7 376 21.6
230 37.4 279 30.7 328 13.8 377 22.6
231 37.9 280 29.6 329 14.0 378 23.7
232 38.3 281 28.6 330 14.1 379 24.8
233 38.7 282 27.8 331 14.3 380 25.7
234 39.1 283 270 332 14.4 381 26.2
235 39.3 284 26.4 333 14.4 382 26.4
236 39.5 285 25.8 334 14.4 383 26.4
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
384 26.4 433 0.0 482 3.1 531 48.2
385 26.5 434 0.0 483 4.6 532 48.5
386 26.6 435 0.0 484 6.1 533 48.7
387 26.8 436 0.0 485 7.8 534 48.9
388 26.9 437 0.0 486 9.5 535 49.1
389 27.2 438 0.0 487 11.3 536 49.1
390 27.5 439 0.0 488 13.2 537 49.0
391 28.0 440 0.0 489 15.0 538 48.8
392 28.8 441 0.0 490 16.8 539 48.6
393 29.9 442 0.0 491 18.4 540 48.5
394 31.0 443 0.0 492 20.1 541 48.4
395 31.9 444 0.0 493 21.6 542 48.3
396 325 445 0.0 494 231 543 48.2
397 32.6 446 0.0 495 24.6 544 48.1
398 324 447 0.0 496 26.0 545 47.5
399 32.0 448 0.0 497 27.5 546 46.7
400 31.3 449 0.0 498 29.0 547 45.7
401 30.3 450 0.0 499 30.6 548 44.6
402 28.0 451 0.0 500 32.1 549 42.9
403 27.0 452 0.0 501 33.7 550 40.8
404 24.0 453 0.0 502 35.3 551 38.2
405 22.5 454 0.0 503 36.8 552 35.3
406 19.0 455 0.0 504 38.1 553 31.8
407 17.5 456 0.0 505 39.3 554 28.7
408 14.0 457 0.0 506 40.4 555 25.8
409 12.5 458 0.0 507 41.2 556 22.9
410 9.0 459 0.0 508 41.9 557 20.2
411 7.5 460 0.0 509 42.6 558 17.3
412 4.0 461 0.0 510 43.3 559 15.0
413 29 462 0.0 511 44.0 560 12.3
414 0.0 463 0.0 512 44.6 561 10.3
415 0.0 464 0.0 513 45.3 562 7.8
416 0.0 465 0.0 514 455 563 6.5
417 0.0 466 0.0 515 45.5 564 4.4
418 0.0 467 0.0 516 45.2 565 3.2
419 0.0 468 0.0 517 44.7 566 1.2
420 0.0 469 0.0 518 44.2 567 0.0
421 0.0 470 0.0 519 43.6 568 0.0
422 0.0 471 0.0 520 43.1 569 0.0
423 0.0 472 0.0 521 42.8 570 0.0
424 0.0 473 0.0 522 42.7 571 0.0
425 0.0 474 0.0 523 42.8 572 0.0
426 0.0 475 0.0 524 43.3 573 0.0
427 0.0 476 0.0 525 43.9 574 0.0
428 0.0 477 0.0 526 44.6 575 0.0
429 0.0 478 0.0 527 45.4 576 0.0
430 0.0 479 0.0 528 46.3 577 0.0
431 0.0 480 0.0 529 47.2 578 0.0
432 0.0 481 1.6 530 47.8 579 0.0
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
580 0.0
581 0.0
582 0.0
583 0.0
584 0.0
585 0.0
586 0.0
587 0.0
588 0.0
589 0.0
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Table Al1/2
WLTC, Class 1 vehicles, phase Medium

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h

590 0.0 637 18.4 684 56.2 731 57.9
591 0.0 638 19.0 685 56.7 732 58.8
592 0.0 639 20.1 686 57.3 733 59.6
593 0.0 640 21.5 687 57.9 734 60.3
594 0.0 641 23.1 688 58.4 735 60.9
595 0.0 642 24.9 689 58.8 736 61.3
596 0.0 643 26.4 690 58.9 737 61.7
597 0.0 644 27.9 691 58.4 738 61.8
598 0.0 645 29.2 692 58.1 739 61.8
599 0.0 646 30.4 693 57.6 740 61.6
600 0.6 647 31.6 694 56.9 741 61.2
601 1.9 648 32.8 695 56.3 742 60.8
602 2.7 649 34.0 696 55.7 743 60.4
603 5.2 650 35.1 697 55.3 744 59.9
604 7.0 651 36.3 698 55.0 745 59.4
605 9.6 652 37.4 699 54.7 746 58.9
606 11.4 653 38.6 700 54.5 747 58.6
607 141 654 39.6 701 54.4 748 58.2
608 15.8 655 40.6 702 54.3 749 57.9
609 18.2 656 41.6 703 54.2 750 57.7
610 19.7 657 42.4 704 54.1 751 57.5
611 21.8 658 430 705 53.8 752 57.2
612 23.2 659 43.6 706 53.5 753 57.0
613 24.7 660 44.0 707 530 754 56.8
614 25.8 661 44.4 708 52.6 755 56.6
615 26.7 662 44.8 709 52.2 756 56.6
616 27.2 663 45.2 710 51.9 757 56.7
617 27.7 664 45.6 711 51.7 758 57.1
618 28.1 665 46.0 712 51.7 759 57.6
619 28.4 666 46.5 713 51.8 760 58.2
620 28.7 667 47.0 714 520 761 59.0
621 29.0 668 47.5 715 52.3 762 59.8
622 29.2 669 48.0 716 52.6 763 60.6
623 29.4 670 48.6 717 52.9 764 61.4
624 29.4 671 49.1 718 53.1 765 62.2
625 29.3 672 49.7 719 53.2 766 62.9
626 28.9 673 50.2 720 53.3 767 63.5
627 28.5 674 50.8 721 53.3 768 64.2
628 28.1 675 51.3 722 53.4 769 64.4
629 27.6 676 51.8 723 53.5 770 64.4
630 26.9 677 52.3 724 53.7 771 64.0
631 26.0 678 52.9 725 54.0 772 63.5
632 24.6 679 53.4 726 54.4 773 62.9
633 22.8 680 54.0 727 54.9 774 62.4
634 210 681 54.5 728 55.6 775 62.0
635 19.5 682 55.1 729 56.3 776 61.6
636 18.6 683 55.6 730 57.1 777 61.4
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
778 61.2 827 49.7 876 53.2 925 44.4
779 61.0 828 50.6 877 53.1 926 44.5
780 60.7 829 51.6 878 530 927 44.6
781 60.2 830 52.5 879 530 928 44.7
782 59.6 831 53.3 880 530 929 44.6
783 58.9 832 54.1 881 530 930 445
784 58.1 833 54.7 882 530 931 44.4
785 57.2 834 55.3 883 530 932 44.2
786 56.3 835 55.7 884 52.8 933 44.1
787 55.3 836 56.1 885 52.5 934 43.7
788 54.4 837 56.4 886 51.9 935 43.3
789 534 838 56.7 887 51.1 936 42.8
790 52.4 839 57.1 888 50.2 937 42.3
791 51.4 840 57.5 889 49.2 938 41.6
792 50.4 841 580 890 48.2 939 40.7
793 49.4 842 58.7 891 47.3 940 39.8
794 48.5 843 59.3 892 46.4 941 38.8
795 47.5 844 60.0 893 45.6 942 37.8
796 46.5 845 60.6 894 45.0 943 36.9
797 454 846 61.3 895 44.3 944 36.1
798 44.3 847 61.5 896 43.8 945 355
799 43.1 848 61.5 897 43.3 946 350
800 42.0 849 61.4 898 42.8 947 34.7
801 40.8 850 61.2 899 42.4 948 34.4
802 39.7 851 60.5 900 420 949 34.1
803 38.8 852 60.0 901 41.6 950 33.9
804 38.1 853 59.5 902 41.1 951 33.6
805 37.4 854 58.9 903 40.3 952 33.3
806 37.1 855 58.4 904 39.5 953 330
807 36.9 856 57.9 905 38.6 954 32.7
808 37.0 857 57.5 906 37.7 955 32.3
809 375 858 57.1 907 36.7 956 31.9
810 37.8 859 56.7 908 36.2 957 315
811 38.2 860 56.4 909 36.0 958 310
812 38.6 861 56.1 910 36.2 959 30.6
813 39.1 862 55.8 911 37.0 960 30.2
814 39.6 863 55.5 912 380 961 29.7
815 40.1 864 55.3 913 39.0 962 29.1
816 40.7 865 55.0 914 39.7 963 28.4
817 41.3 866 54.7 915 40.2 964 27.6
818 41.9 867 54.4 916 40.7 965 26.8
819 42.7 868 54.2 917 41.2 966 26.0
820 43.4 869 54.0 918 41.7 967 251
821 44.2 870 53.9 919 42.2 968 24.2
822 45.0 871 53.7 920 42.7 969 23.3
823 45.9 872 53.6 921 43.2 970 224
824 46.8 873 53.5 922 43.6 971 215
825 47.7 874 53.4 923 44.0 972 20.6
826 48.7 875 53.3 924 44.2 973 19.7
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
974 18.8
975 17.7
976 16.4
977 14.9
978 13.2
979 11.3
980 9.4
981 7.5
982 5.6
983 3.7
984 1.9
985 1.0
986 0.0
987 0.0
988 0.0
989 0.0
990 0.0
991 0.0
992 0.0
993 0.0
994 0.0
995 0.0
996 0.0
997 0.0
998 0.0
909 0.0

1000 0.0
1001 0.0
1002 0.0
1003 0.0
1004 0.0
1005 0.0
1006 0.0
1007 0.0
1008 0.0
1009 0.0
1010 0.0
1011 0.0
1012 0.0
1013 0.0
1014 0.0
1015 0.0
1016 0.0
1017 0.0
1018 0.0
1019 0.0
1020 0.0
1021 0.0
1022 0.0
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5. WLTC for Class 2 vehicles

FigureA1/3
WLTC, Class 2 vehicles, phase Low
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FigureAl/5
WLTC, Class 2 vehicles, phase High
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Table A1/3
WLTC, Class 2 vehicles, phase Low

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h

0 0.0 47 11.6 94 0.0 141 36.8

1 0.0 48 12.4 95 0.0 142 35.1

2 0.0 49 13.2 96 0.0 143 32.2

3 0.0 50 14.2 97 0.0 144 31.1
4 0.0 51 14.8 98 0.0 145 30.8

5 0.0 52 14.7 99 0.0 146 29.7

6 0.0 53 14.4 100 0.0 147 29.4

7 0.0 54 14.1 101 0.0 148 29.0

8 0.0 55 13.6 102 0.0 149 28.5

9 0.0 56 13.0 103 0.0 150 26.0
10 0.0 57 12.4 104 0.0 151 23.4
11 0.0 58 11.8 105 0.0 152 20.7
12 0.0 59 11.2 106 0.0 153 17.4
13 1.2 60 10.6 107 0.8 154 15.2
14 2.6 61 9.9 108 1.4 155 13.5
15 4.9 62 9.0 109 2.3 156 13.0
16 7.3 63 8.2 110 3.5 157 12.4
17 9.4 64 7.0 111 4.7 158 12.3
18 11.4 65 4.8 112 59 159 12.2
19 12.7 66 2.3 113 7.4 160 12.3
20 13.3 67 0.0 114 9.2 161 12.4
21 13.4 68 0.0 115 11.7 162 125
22 13.3 69 0.0 116 13.5 163 12.7
23 131 70 0.0 117 15.0 164 12.8
24 125 71 0.0 118 16.2 165 13.2
25 111 72 0.0 119 16.8 166 14.3
26 8.9 73 0.0 120 175 167 16.5
27 6.2 74 0.0 121 18.8 168 194
28 3.8 75 0.0 122 20.3 169 21.7
29 1.8 76 0.0 123 22.0 170 23.1
30 0.0 77 0.0 124 23.6 171 23.5
31 0.0 78 0.0 125 24.8 172 24.2
32 0.0 79 0.0 126 25.6 173 24.8
33 0.0 80 0.0 127 26.3 174 25.4
34 15 81 0.0 128 27.2 175 25.8
35 2.8 82 0.0 129 28.3 176 26.5
36 3.6 83 0.0 130 29.6 177 27.2
37 4.5 84 0.0 131 30.9 178 28.3
38 53 85 0.0 132 32.2 179 29.9
39 6.0 86 0.0 133 33.4 180 32.4
40 6.6 87 0.0 134 35.1 181 35.1
41 7.3 88 0.0 135 37.2 182 37.5
42 7.9 89 0.0 136 38.7 183 39.2
43 8.6 90 0.0 137 39.0 184 40.5
44 9.3 91 0.0 138 40.1 185 41.4
45 10 92 0.0 139 40.4 186 42.0
46 10.8 93 0.0 140 39.7 187 42.5
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
188 43.2 237 33.5 286 32.5 335 250
189 44.4 238 35.8 287 30.9 336 24.6
190 45.9 239 37.6 288 28.6 337 23.9
191 47.6 240 38.8 289 25.9 338 230
192 49.0 241 39.6 290 231 339 21.8
193 50.0 242 40.1 291 20.1 340 20.7
194 50.2 243 40.9 292 17.3 341 19.6
195 50.1 244 41.8 293 15.1 342 18.7
196 49.8 245 43.3 294 13.7 343 18.1
197 49.4 246 44.7 295 134 344 17.5
198 48.9 247 46.4 296 13.9 345 16.7
199 48.5 248 47.9 297 150 346 154
200 48.3 249 49.6 298 16.3 347 13.6
201 48.2 250 49.6 299 17.4 348 11.2
202 47.9 251 48.8 300 18.2 349 8.6
203 47.1 252 480 301 18.6 350 6.0
204 45.5 253 47.5 302 19.0 351 3.1
205 43.2 254 47.1 303 19.4 352 1.2
206 40.6 255 46.9 304 19.8 353 0.0
207 385 256 45.8 305 20.1 354 0.0
208 36.9 257 45.8 306 20.5 355 0.0
209 35.9 258 45.8 307 20.2 356 0.0
210 35.3 259 45.9 308 18.6 357 0.0
211 34.8 260 46.2 309 16.5 358 0.0
212 345 261 46.4 310 14.4 359 0.0
213 34.2 262 46.6 311 13.4 360 1.4
214 34.0 263 46.8 312 12.9 361 3.2
215 33.8 264 47.0 313 12.7 362 5.6
216 33.6 265 47.3 314 12.4 363 8.1
217 335 266 47.5 315 12.4 364 10.3
218 33.5 267 47.9 316 12.8 365 12.1
219 334 268 48.3 317 14.1 366 12.6
220 33.3 269 48.3 318 16.2 367 13.6
221 33.3 270 48.2 319 18.8 368 14.5
222 33.2 271 48.0 320 21.9 369 15.6
223 331 272 47.7 321 250 370 16.8
224 330 273 47.2 322 284 371 18.2
225 32.9 274 46.5 323 31.3 372 19.6
226 32.8 275 45.2 324 34.0 373 20.9
227 32.7 276 43.7 325 34.6 374 22.3
228 325 277 420 326 33.9 375 23.8
229 32.3 278 40.4 327 31.9 376 25.4
230 31.8 279 39.0 328 30.0 377 27.0
231 314 280 37.7 329 29.0 378 28.6
232 30.9 281 36.4 330 27.9 379 30.2
233 30.6 282 35.2 331 271 380 31.2
234 30.6 283 34.3 332 26.4 381 31.2
235 30.7 284 33.8 333 25.9 382 30.7
236 320 285 33.3 334 25.5 383 29.5
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
384 28.6 433 0.0 482 2.5 531 26.0
385 27.7 434 0.0 483 5.2 532 26.5
386 26.9 435 0.0 484 7.9 533 26.9
387 26.1 436 0.0 485 10.3 534 27.3
388 254 437 0.0 486 12.7 535 27.9
389 24.6 438 0.0 487 15.0 536 30.3
390 23.6 439 0.0 488 17.4 537 33.2
391 22.6 440 0.0 489 19.7 538 35.4
392 21.7 441 0.0 490 21.9 539 38.0
393 20.7 442 0.0 491 241 540 40.1
394 19.8 443 0.0 492 26.2 541 42.7
395 18.8 444 0.0 493 28.1 542 445
396 17.7 445 0.0 494 29.7 543 46.3
397 16.6 446 0.0 495 31.3 544 47.6
398 15.6 447 0.0 496 33.0 545 48.8
399 14.8 448 0.0 497 34.7 546 49.7
400 14.3 449 0.0 498 36.3 547 50.6
401 13.8 450 0.0 499 38.1 548 51.4
402 134 451 0.0 500 394 549 51.4
403 13.1 452 0.0 501 40.4 550 50.2
404 12.8 453 0.0 502 41.2 551 47.1
405 12.3 454 0.0 503 42.1 552 445
406 11.6 455 0.0 504 43.2 553 41.5
407 10.5 456 0.0 505 443 554 38.5
408 9.0 457 0.0 506 45.7 555 35.5
409 7.2 458 0.0 507 45.4 556 32.5
410 5.2 459 0.0 508 445 557 29.5
411 29 460 0.0 509 42.5 558 26.5
412 1.2 461 0.0 510 39.5 559 235
413 0.0 462 0.0 511 36.5 560 204
414 0.0 463 0.0 512 335 561 17.5
415 0.0 464 0.0 513 304 562 14.5
416 0.0 465 0.0 514 27.0 563 11.5
417 0.0 466 0.0 515 23.6 564 8.5
418 0.0 467 0.0 516 21.0 565 5.6
419 0.0 468 0.0 517 19.5 566 2.6
420 0.0 469 0.0 518 17.6 567 0.0
421 0.0 470 0.0 519 16.1 568 0.0
422 0.0 471 0.0 520 14.5 569 0.0
423 0.0 472 0.0 521 13.5 570 0.0
424 0.0 473 0.0 522 13.7 571 0.0
425 0.0 474 0.0 523 16.0 572 0.0
426 0.0 475 0.0 524 18.1 573 0.0
427 0.0 476 0.0 525 20.8 574 0.0
428 0.0 477 0.0 526 215 575 0.0
429 0.0 478 0.0 527 225 576 0.0
430 0.0 479 0.0 528 234 577 0.0
431 0.0 480 0.0 529 24.5 578 0.0
432 0.0 481 1.4 530 25.6 579 0.0

36



ECE/TRANS/WP.29/2017/98

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
580 0.0
581 0.0
582 0.0
583 0.0
584 0.0
585 0.0
586 0.0
587 0.0
588 0.0
589 0.0
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Table Al/4
WLTC, Class 2 vehicles, phase Medium

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h

590 0.0 637 38.6 684 59.3 731 55.3
5901 0.0 638 39.8 685 60.2 732 55.1
592 0.0 639 40.6 686 61.3 733 54.8
593 0.0 640 41.1 687 62.4 734 54.6
594 0.0 641 41.9 688 63.4 735 54.5
595 0.0 642 42.8 689 64.4 736 54.3
596 0.0 643 44.3 690 65.4 737 53.9
597 0.0 644 45.7 691 66.3 738 53.4
598 0.0 645 47.4 692 67.2 739 52.6
599 0.0 646 48.9 693 68.0 740 51.5
600 0.0 647 50.6 694 68.8 741 50.2
601 1.6 648 520 695 69.5 742 48.7
602 3.6 649 53.7 696 70.1 743 47.0
603 6.3 650 55.0 697 70.6 744 45.1
604 9.0 651 56.8 698 71.0 745 430
605 11.8 652 58.0 699 71.6 746 40.6
606 14.2 653 59.8 700 72.2 747 38.1
607 16.6 654 61.1 701 72.8 748 35.4
608 18.5 655 62.4 702 73.5 749 32.7
609 20.8 656 63.0 703 74.1 750 30.0
610 23.4 657 63.5 704 74.3 751 27.5
611 26.9 658 63.0 705 74.3 752 25.3
612 30.3 659 62.0 706 73.7 753 23.4
613 32.8 660 60.4 707 71.9 754 220
614 34.1 661 58.6 708 70.5 755 20.8
615 34.2 662 56.7 709 68.9 756 19.8
616 33.6 663 55.0 710 67.4 757 18.9
617 32.1 664 53.7 711 66.0 758 180
618 30.0 665 52.7 712 64.7 759 170
619 27.5 666 51.9 713 63.7 760 16.1
620 25.1 667 51.4 714 62.9 761 155
621 22.8 668 510 715 62.2 762 14.4
622 20.5 669 50.7 716 61.7 763 14.9
623 17.9 670 50.6 717 61.2 764 15.9
624 151 671 50.8 718 60.7 765 171
625 134 672 51.2 719 60.3 766 18.3
626 12.8 673 51.7 720 59.9 767 194
627 13.7 674 52.3 721 59.6 768 20.4
628 16.0 675 53.1 722 59.3 769 21.2
629 18.1 676 53.8 723 59.0 770 21.9
630 20.8 677 54.5 724 58.6 771 22.7
631 23.7 678 55.1 725 58.0 772 23.4
632 26.5 679 55.9 726 57.5 773 24.2
633 29.3 680 56.5 727 56.9 774 24.3
634 320 681 57.1 728 56.3 775 24.2
635 34.5 682 57.8 729 55.9 776 24.1
636 36.8 683 58.5 730 55.6 777 23.8
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
778 23.0 827 59.9 876 46.9 925 49.0
779 22.6 828 60.7 877 47.1 926 48.5
780 21.7 829 61.4 878 47.5 927 48.0
781 21.3 830 62.0 879 47.8 928 47.5
782 20.3 831 62.5 880 48.3 929 47.0
783 19.1 832 62.9 881 48.8 930 46.9
784 18.1 833 63.2 882 49.5 931 46.8
785 16.9 834 63.4 883 50.2 932 46.8
786 16.0 835 63.7 884 50.8 933 46.8
787 14.8 836 64.0 885 51.4 934 46.9
788 14.5 837 64.4 886 51.8 935 46.9
789 13.7 838 64.9 887 51.9 936 46.9
790 13.5 839 65.5 888 51.7 937 46.9
791 12.9 840 66.2 889 51.2 938 46.9
792 12.7 841 67.0 890 50.4 939 46.8
793 125 842 67.8 891 49.2 940 46.6
794 125 843 68.6 892 47.7 941 46.4
795 12.6 844 69.4 893 46.3 942 46.0
796 13.0 845 70.1 894 45.1 943 455
797 13.6 846 70.9 895 44.2 944 450
798 14.6 847 71.7 896 43.7 945 445
799 15.7 848 72.5 897 43.4 946 44.2
800 17.1 849 73.2 898 431 947 43.9
801 18.7 850 73.8 899 425 948 43.7
802 20.2 851 74.4 900 41.8 949 43.6
803 21.9 852 74.7 901 411 950 43.6
804 23.6 853 74.7 902 40.3 951 435
805 254 854 74.6 903 39.7 952 435
806 27.1 855 74.2 904 39.3 953 434
807 28.9 856 73.5 905 39.2 954 43.3
808 30.4 857 72.6 906 39.3 955 43.1
809 320 858 71.8 907 39.6 956 42.9
810 334 859 710 908 40.0 957 42.7
811 350 860 70.1 909 40.7 958 42.5
812 36.4 861 69.4 910 41.4 959 42.4
813 38.1 862 68.9 911 42.2 960 42.2
814 39.7 863 68.4 912 43.1 961 42.1
815 41.6 864 67.9 913 44.1 962 42.0
816 43.3 865 67.1 914 44.9 963 41.8
817 45.1 866 65.8 915 45.6 964 41.7
818 46.9 867 63.9 916 46.4 965 41.5
819 48.7 868 61.4 917 47.0 966 41.3
820 50.5 869 58.4 918 47.8 967 41.1
821 52.4 870 55.4 919 48.3 968 40.8
822 541 871 524 920 48.9 969 40.3
823 55.7 872 50.0 921 49.4 970 39.6
824 56.8 873 48.3 922 49.8 971 38.5
825 57.9 874 47.3 923 49.6 972 37.0
826 59.0 875 46.8 924 49.3 973 35.1
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
974 330
975 30.6
976 27.9
977 25.1
978 220
979 18.8
980 155
981 12.3
982 8.8
983 6.0
984 3.6
985 1.6
986 0.0
987 0.0
988 0.0
989 0.0
990 0.0
991 0.0
992 0.0
993 0.0
994 0.0
995 0.0
996 0.0
997 0.0
998 0.0
999 0.0

1000 0.0
1001 0.0
1002 0.0
1003 0.0
1004 0.0
1005 0.0
1006 0.0
1007 0.0
1008 0.0
1009 0.0
1010 0.0
1011 0.0
1012 0.0
1013 0.0
1014 0.0
1015 0.0
1016 0.0
1017 0.0
1018 0.0
1019 0.0
1020 0.0
1021 0.0
1022 0.0
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Table A1/5
WLTC, Class 2 vehicles, phase High

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h

1023 0.0 1070 46.0 1117 73.9 1164 71.7
1024 0.0 1071 46.4 1118 74.9 1165 69.9
1025 0.0 1072 47.0 1119 75.7 1166 67.9
1026 0.0 1073 47.4 1120 76.4 1167 65.7
1027 11 1074 48.0 1121 77.1 1168 63.5
1028 3.0 1075 48.4 1122 77.6 1169 61.2
1029 5.7 1076 49.0 1123 78.0 1170 59.0
1030 8.4 1077 49.4 1124 78.2 1171 56.8
1031 111 1078 50.0 1125 78.4 1172 54.7
1032 140 1079 50.4 1126 78.5 1173 52.7
1033 17.0 1080 50.8 1127 78.5 1174 50.9
1034 20.1 1081 51.1 1128 78.6 1175 49.4
1035 22.7 1082 51.3 1129 78.7 1176 48.1
1036 23.6 1083 51.3 1130 78.9 1177 47.1
1037 24.5 1084 51.3 1131 79.1 1178 46.5
1038 24.8 1085 51.3 1132 79.4 1179 46.3
1039 25.1 1086 51.3 1133 79.8 1180 46.5
1040 25.3 1087 51.3 1134 80.1 1181 47.2
1041 25.5 1088 51.3 1135 80.5 1182 48.3
1042 25.7 1089 51.4 1136 80.8 1183 49.7
1043 25.8 1090 51.6 1137 81.0 1184 51.3
1044 25.9 1091 51.8 1138 81.2 1185 53.0
1045 26.0 1092 52.1 1139 81.3 1186 54.9
1046 26.1 1093 52.3 1140 81.2 1187 56.7
1047 26.3 1094 52.6 1141 81.0 1188 58.6
1048 26.5 1095 52.8 1142 80.6 1189 60.2
1049 26.8 1096 52.9 1143 80.0 1190 61.6
1050 27.1 1097 53.0 1144 79.1 1191 62.2
1051 27.5 1098 53.0 1145 78.0 1192 62.5
1052 28.0 1099 530 1146 76.8 1193 62.8
1053 28.6 1100 53.1 1147 75.5 1194 62.9
1054 29.3 1101 53.2 1148 74.1 1195 63.0
1055 30.4 1102 53.3 1149 72.9 1196 63.0
1056 31.8 1103 53.4 1150 71.9 1197 63.1
1057 33.7 1104 53.5 1151 71.2 1198 63.2
1058 35.8 1105 53.7 1152 70.9 1199 63.3
1059 37.8 1106 55.0 1153 710 1200 63.5
1060 39.5 1107 56.8 1154 71.5 1201 63.7
1061 40.8 1108 58.8 1155 72.3 1202 63.9
1062 41.8 1109 60.9 1156 73.2 1203 64.1
1063 42.4 1110 63.0 1157 74.1 1204 64.3
1064 430 1111 65.0 1158 74.9 1205 66.1
1065 43.4 1112 66.9 1159 75.4 1206 67.9
1066 44.0 1113 68.6 1160 75.5 1207 69.7
1067 44.4 1114 70.1 1161 75.2 1208 71.4
1068 45.0 1115 71.5 1162 74.5 1209 73.1
1069 45.4 1116 72.8 1163 73.3 1210 74.7
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
1211 76.2 1260 35.4 1309 72.3 1358 70.8
1212 77.5 1261 32.7 1310 71.9 1359 70.8
1213 78.6 1262 30.0 1311 71.3 1360 70.9
1214 79.7 1263 29.9 1312 70.9 1361 70.9
1215 80.6 1264 30.0 1313 70.5 1362 70.9
1216 81.5 1265 30.2 1314 70.0 1363 70.9
1217 82.2 1266 30.4 1315 69.6 1364 710
1218 830 1267 30.6 1316 69.2 1365 710
1219 83.7 1268 31.6 1317 68.8 1366 71.1
1220 84.4 1269 330 1318 68.4 1367 71.2
1221 84.9 1270 33.9 1319 67.9 1368 71.3
1222 85.1 1271 34.8 1320 67.5 1369 71.4
1223 85.2 1272 35.7 1321 67.2 1370 71.5
1224 84.9 1273 36.6 1322 66.8 1371 71.7
1225 84.4 1274 375 1323 65.6 1372 71.8
1226 83.6 1275 38.4 1324 63.3 1373 71.9
1227 82.7 1276 39.3 1325 60.2 1374 71.9
1228 815 1277 40.2 1326 56.2 1375 71.9
1229 80.1 1278 40.8 1327 52.2 1376 71.9
1230 78.7 1279 41.7 1328 48.4 1377 71.9
1231 77.4 1280 42.4 1329 45.0 1378 71.9
1232 76.2 1281 43.1 1330 41.6 1379 71.9
1233 75.4 1282 43.6 1331 38.6 1380 720
1234 74.8 1283 442 1332 36.4 1381 72.1
1235 74.3 1284 44.8 1333 34.8 1382 72.4
1236 73.8 1285 455 1334 34.2 1383 72.7
1237 73.2 1286 46.3 1335 34.7 1384 73.1
1238 72.4 1287 47.2 1336 36.3 1385 73.4
1239 71.6 1288 48.1 1337 38.5 1386 73.8
1240 70.8 1289 49.1 1338 410 1387 74.0
1241 69.9 1290 50.0 1339 43.7 1388 74.1
1242 67.9 1291 51.0 1340 46.5 1389 74.0
1243 65.7 1292 51.9 1341 49.1 1390 730
1244 63.5 1293 52.7 1342 51.6 1391 720
1245 61.2 1294 53.7 1343 53.9 1392 71.0
1246 59.0 1295 55.0 1344 56.0 1393 70.0
1247 56.8 1296 56.8 1345 57.9 1394 69.0
1248 54.7 1297 58.8 1346 59.7 1395 68.0
1249 52.7 1298 60.9 1347 61.2 1396 67.7
1250 50.9 1299 63.0 1348 62.5 1397 66.7
1251 49.4 1300 65.0 1349 63.5 1398 66.6
1252 48.1 1301 66.9 1350 64.3 1399 66.7
1253 47.1 1302 68.6 1351 65.3 1400 66.8
1254 46.5 1303 70.1 1352 66.3 1401 66.9
1255 46.3 1304 71.0 1353 67.3 1402 66.9
1256 45.1 1305 71.8 1354 68.3 1403 66.9
1257 430 1306 72.8 1355 69.3 1404 66.9
1258 40.6 1307 72.9 1356 70.3 1405 66.9
1259 38.1 1308 730 1357 70.8 1406 66.9

42



ECE/TRANS/WP.29/2017/98

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
1407 66.9 1456 0.0
1408 67.0 1457 0.0
1409 67.1 1458 0.0
1410 67.3 1459 0.0
1411 67.5 1460 0.0
1412 67.8 1461 0.0
1413 68.2 1462 0.0
1414 68.6 1463 0.0
1415 69.0 1464 0.0
1416 69.3 1465 0.0
1417 69.3 1466 0.0
1418 69.2 1467 0.0
1419 68.8 1468 0.0
1420 68.2 1469 0.0
1421 67.6 1470 0.0
1422 67.4 1471 0.0
1423 67.2 1472 0.0
1424 66.9 1473 0.0
1425 66.3 1474 0.0
1426 65.4 1475 0.0
1427 64.0 1476 0.0
1428 62.4 1477 0.0
1429 60.6
1430 58.6
1431 56.7
1432 54.8
1433 530
1434 51.3
1435 49.6
1436 47.8
1437 45.5
1438 42.8
1439 39.8
1440 36.5
1441 33.0
1442 29.5
1443 25.8
1444 22.1
1445 18.6
1446 15.3
1447 12.4
1448 9.6
1449 6.6
1450 3.8
1451 1.6
1452 0.0
1453 0.0
1454 0.0
1455 0.0
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Table A1/6

WLTC, Class 2 vehicles, phase Extra High

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
1478 0.0 1525 63.4 1572 107.4 1619 113.7
1479 11 1526 64.5 1573 108.7 1620 114.1
1480 2.3 1527 65.7 1574 109.9 1621 114.4
1481 4.6 1528 66.9 1575 111.2 1622 114.6
1482 6.5 1529 68.1 1576 112.3 1623 114.7
1483 8.9 1530 69.1 1577 113.4 1624 114.7
1484 10.9 1531 70.0 1578 114.4 1625 114.7
1485 13.5 1532 70.9 1579 115.3 1626 114.6
1486 15.2 1533 71.8 1580 116.1 1627 1145
1487 17.6 1534 72.6 1581 116.8 1628 1145
1488 19.3 1535 73.4 1582 117.4 1629 1145
1489 21.4 1536 74.0 1583 117.7 1630 114.7
1490 23.0 1537 4.7 1584 118.2 1631 1150
1491 25.0 1538 75.2 1585 118.1 1632 115.6
1492 26.5 1539 75.7 1586 117.7 1633 116.4
1493 28.4 1540 76.4 1587 1170 1634 117.3
1494 29.8 1541 77.2 1588 116.1 1635 118.2
1495 31.7 1542 78.2 1589 115.2 1636 118.8
1496 33.7 1543 78.9 1590 114.4 1637 119.3
1497 35.8 1544 79.9 1591 113.6 1638 119.6
1498 38.1 1545 81.1 1592 1130 1639 119.7
1499 40.5 1546 82.4 1593 112.6 1640 119.5
1500 42.2 1547 83.7 1594 112.2 1641 119.3
1501 43.5 1548 85.4 1595 111.9 1642 119.2
1502 44.5 1549 87.0 1596 111.6 1643 1190
1503 45.2 1550 88.3 1597 111.2 1644 118.8
1504 45.8 1551 89.5 1598 110.7 1645 118.8
1505 46.6 1552 90.5 1599 110.1 1646 118.8
1506 47.4 1553 91.3 1600 109.3 1647 118.8
1507 48.5 1554 92.2 1601 108.4 1648 118.8
1508 49.7 1555 93.0 1602 107.4 1649 118.9
1509 51.3 1556 93.8 1603 106.7 1650 1190
1510 52.9 1557 94.6 1604 106.3 1651 1190
1511 54.3 1558 95.3 1605 106.2 1652 119.1
1512 55.6 1559 95.9 1606 106.4 1653 119.2
1513 56.8 1560 96.6 1607 107.0 1654 119.4
1514 57.9 1561 97.4 1608 107.5 1655 119.6
1515 58.9 1562 98.1 1609 107.9 1656 119.9
1516 59.7 1563 98.7 1610 108.4 1657 120.1
1517 60.3 1564 99.5 1611 108.9 1658 120.3
1518 60.7 1565 100.3 1612 109.5 1659 120.4
1519 60.9 1566 101.1 1613 110.2 1660 120.5
1520 610 1567 101.9 1614 110.9 1661 120.5
1521 61.1 1568 102.8 1615 111.6 1662 120.5
1522 61.4 1569 103.8 1616 112.2 1663 120.5
1523 61.8 1570 1050 1617 112.8 1664 120.4
1524 62.5 1571 106.1 1618 113.3 1665 120.3
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
1666 120.1 1715 120.4 1764 82.6
1667 119.9 1716 120.8 1765 81.9
1668 119.6 1717 121.1 1766 81.1
1669 119.5 1718 121.6 1767 80.0
1670 1194 1719 121.8 1768 78.7
1671 119.3 1720 122.1 1769 76.9
1672 119.3 1721 122.4 1770 74.6
1673 1194 1722 122.7 1771 72.0
1674 119.5 1723 122.8 1772 69.0
1675 1195 1724 123.1 1773 65.6
1676 119.6 1725 123.1 1774 62.1
1677 119.6 1726 122.8 1775 58.5
1678 119.6 1727 122.3 1776 54.7
1679 1194 1728 121.3 1777 50.9
1680 119.3 1729 119.9 1778 47.3
1681 1190 1730 118.1 1779 43.8
1682 118.8 1731 115.9 1780 40.4
1683 118.7 1732 113.5 1781 374
1684 118.8 1733 1111 1782 34.3
1685 1190 1734 108.6 1783 31.3
1686 119.2 1735 106.2 1784 28.3
1687 119.6 1736 104.0 1785 25.2
1688 1200 1737 101.1 1786 220
1689 120.3 1738 98.3 1787 18.9
1690 120.5 1739 95.7 1788 16.1
1691 120.7 1740 93.5 1789 134
1692 120.9 1741 91.5 1790 111
1693 1210 1742 90.7 1791 8.9
1694 121.1 1743 90.4 1792 6.9
1695 121.2 1744 90.2 1793 4.9
1696 121.3 1745 90.2 1794 2.8
1697 121.4 1746 90.1 1795 0.0
1698 121.5 1747 90.0 1796 0.0
1699 1215 1748 89.8 1797 0.0
1700 121.5 1749 89.6 1798 0.0
1701 121.4 1750 89.4 1799 0.0
1702 121.3 1751 89.2 1800 0.0
1703 121.1 1752 88.9
1704 120.9 1753 88.5
1705 120.6 1754 88.1
1706 120.4 1755 87.6
1707 120.2 1756 87.1
1708 120.1 1757 86.6
1709 119.9 1758 86.1
1710 119.8 1759 85.5
1711 119.8 1760 85.0
1712 119.9 1761 84.4
1713 1200 1762 83.8
1714 120.2 1763 83.2
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6.

WLTC for Class 3 vehicles

FigureAl/7
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FigureA1/9
WLTC, Class 3vehicles, phase Medium,
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FigureA1/10
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FigureAl/11
WLTC, Class 3 vehicles, phase High
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Table A1l/7
WLTC, Class 3 vehicles, phase Low

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h

0 0.0 47 19.5 94 12.0 141 11.7

1 0.0 48 18.4 95 9.1 142 16.4

2 0.0 49 17.8 96 5.8 143 18.9

3 0.0 50 17.8 97 3.6 144 19.9
4 0.0 51 17.4 98 2.2 145 20.8

5 0.0 52 15.7 99 0.0 146 22.8

6 0.0 53 13.1 100 0.0 147 254

7 0.0 54 12.1 101 0.0 148 27.7

8 0.0 55 12.0 102 0.0 149 29.2

9 0.0 56 12.0 103 0.0 150 29.8
10 0.0 57 12.0 104 0.0 151 29.4
11 0.0 58 12.3 105 0.0 152 27.2
12 0.2 59 12.6 106 0.0 153 22.6
13 1.7 60 14.7 107 0.0 154 17.3
14 54 61 15.3 108 0.0 155 13.3
15 9.9 62 15.9 109 0.0 156 12.0
16 131 63 16.2 110 0.0 157 12.6
17 16.9 64 17.1 111 0.0 158 141
18 21.7 65 17.8 112 0.0 159 17.2
19 26.0 66 18.1 113 0.0 160 20.1
20 27.5 67 18.4 114 0.0 161 23.4
21 28.1 68 20.3 115 0.0 162 25.5
22 28.3 69 23.2 116 0.0 163 27.6
23 28.8 70 26.5 117 0.0 164 29.5
24 29.1 71 29.8 118 0.0 165 31.1
25 30.8 72 32.6 119 0.0 166 32.1
26 31.9 73 34.4 120 0.0 167 33.2
27 34.1 74 35.5 121 0.0 168 35.2
28 36.6 75 36.4 122 0.0 169 37.2
29 39.1 76 37.4 123 0.0 170 38.0
30 41.3 77 38.5 124 0.0 171 37.4
31 42.5 78 39.3 125 0.0 172 35.1
32 43.3 79 39.5 126 0.0 173 31.0
33 43.9 80 39.0 127 0.0 174 27.1
34 44.4 81 38.5 128 0.0 175 253
35 445 82 37.3 129 0.0 176 251
36 44.2 83 37.0 130 0.0 177 25.9
37 42.7 84 36.7 131 0.0 178 27.8
38 39.9 85 35.9 132 0.0 179 29.2
39 37.0 86 35.3 133 0.0 180 29.6
40 34.6 87 34.6 134 0.0 181 29.5
41 32.3 88 34.2 135 0.0 182 29.2
42 29.0 89 31.9 136 0.0 183 28.3
43 25.1 90 27.3 137 0.0 184 26.1
44 22.2 91 220 138 0.2 185 23.6
45 20.9 92 17.0 139 1.9 186 210
46 20.4 93 14.2 140 6.1 187 18.9
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
188 171 237 49.2 286 37.4 335 15.0
189 15.7 238 48.4 287 40.7 336 14.5
190 14.5 239 46.9 288 44.0 337 14.3
191 13.7 240 44.3 289 47.3 338 14.5
192 12.9 241 41.5 290 49.2 339 154
193 12.5 242 39.5 291 49.8 340 17.8
194 12.2 243 37.0 292 49.2 341 211
195 12.0 244 34.6 293 48.1 342 241
196 12.0 245 32.3 294 47.3 343 250
197 12.0 246 290 295 46.8 344 25.3
198 120 247 251 296 46.7 345 255
199 12.5 248 22.2 297 46.8 346 26.4
200 13.0 249 20.9 298 47.1 347 26.6
201 14.0 250 20.4 299 47.3 348 27.1
202 15.0 251 19.5 300 47.3 349 27.7
203 16.5 252 18.4 301 47.1 350 28.1
204 19.0 253 17.8 302 46.6 351 28.2
205 21.2 254 17.8 303 45.8 352 28.1
206 23.8 255 17.4 304 44.8 353 280
207 26.9 256 15.7 305 43.3 354 27.9
208 29.6 257 14.5 306 41.8 355 27.9
209 320 258 154 307 40.8 356 28.1
210 35.2 259 17.9 308 40.3 357 28.2
211 37.5 260 20.6 309 40.1 358 280
212 39.2 261 23.2 310 39.7 359 26.9
213 40.5 262 25.7 311 39.2 360 250
214 41.6 263 28.7 312 38.5 361 23.2
215 43.1 264 325 313 374 362 21.9
216 45.0 265 36.1 314 36.0 363 211
217 47.1 266 39.0 315 344 364 20.7
218 49.0 267 40.8 316 330 365 20.7
219 50.6 268 42.9 317 31.7 366 20.8
220 51.8 269 44 .4 318 300 367 21.2
221 52.7 270 45.9 319 280 368 22.1
222 53.1 271 46.0 320 26.1 369 235
223 53.5 272 45.6 321 25.6 370 24.3
224 53.8 273 45.3 322 24.9 371 245
225 54.2 274 43.7 323 24.9 372 23.8
226 54.8 275 40.8 324 24.3 373 21.3
227 55.3 276 380 325 239 374 17.7
228 55.8 277 34.4 326 23.9 375 14.4
229 56.2 278 30.9 327 23.6 376 11.9
230 56.5 279 255 328 23.3 377 10.2
231 56.5 280 214 329 20.5 378 8.9
232 56.2 281 20.2 330 17.5 379 8.0
233 54.9 282 22.9 331 16.9 380 7.2
234 52.9 283 26.6 332 16.7 381 6.1
235 51.0 284 30.2 333 15.9 382 4.9
236 49.8 285 34.1 334 15.6 383 3.7
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
384 2.3 433 31.3 482 0.0 531 0.0
385 0.9 434 31.1 483 0.0 532 0.0
386 0.0 435 30.6 484 0.0 533 0.2
387 0.0 436 29.2 485 0.0 534 1.2
388 0.0 437 26.7 486 0.0 535 3.2
389 0.0 438 23.0 487 0.0 536 5.2
390 0.0 439 18.2 488 0.0 537 8.2
391 0.0 440 12.9 489 0.0 538 13
392 0.5 441 7.7 490 0.0 539 18.8
393 21 442 3.8 491 0.0 540 23.1
394 4.8 443 1.3 492 0.0 541 245
395 8.3 444 0.2 493 0.0 542 245
396 12.3 445 0.0 494 0.0 543 24.3
397 16.6 446 0.0 495 0.0 544 23.6
398 20.9 447 0.0 496 0.0 545 22.3
399 24.2 448 0.0 497 0.0 546 20.1
400 25.6 449 0.0 498 0.0 547 18.5
401 25.6 450 0.0 499 0.0 548 17.2
402 24.9 451 0.0 500 0.0 549 16.3
403 23.3 452 0.0 501 0.0 550 154
404 21.6 453 0.0 502 0.0 551 14.7
405 20.2 454 0.0 503 0.0 552 14.3
406 18.7 455 0.0 504 0.0 553 13.7
407 17.0 456 0.0 505 0.0 554 13.3
408 15.3 457 0.0 506 0.0 555 13.1
409 14.2 458 0.0 507 0.0 556 13.1
410 13.9 459 0.0 508 0.0 557 13.3
411 14.0 460 0.0 509 0.0 558 13.8
412 14.2 461 0.0 510 0.0 559 14.5
413 14.5 462 0.0 511 0.0 560 16.5
414 14.9 463 0.0 512 0.5 561 17.0
415 15.9 464 0.0 513 2.5 562 17.0
416 17.4 465 0.0 514 6.6 563 17.0
417 18.7 466 0.0 515 11.8 564 154
418 19.1 467 0.0 516 16.8 565 10.1
419 18.8 468 0.0 517 20.5 566 4.8
420 17.6 469 0.0 518 21.9 567 0.0
421 16.6 470 0.0 519 21.9 568 0.0
422 16.2 471 0.0 520 21.3 569 0.0
423 16.4 472 0.0 521 20.3 570 0.0
424 17.2 473 0.0 522 19.2 571 0.0
425 19.1 474 0.0 523 17.8 572 0.0
426 22.6 475 0.0 524 155 573 0.0
427 27.4 476 0.0 525 11.9 574 0.0
428 31.6 477 0.0 526 7.6 575 0.0
429 334 478 0.0 527 4.0 576 0.0
430 335 479 0.0 528 2.0 577 0.0
431 32.8 480 0.0 529 1.0 578 0.0
432 31.9 481 0.0 530 0.0 579 0.0
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
580 0.0
581 0.0
582 0.0
583 0.0
584 0.0
585 0.0
586 0.0
587 0.0
588 0.0
589 0.0
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Table A1/8
WLTC, Class 3 vehicles, phase Mediugy

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h

590 0.0 637 53.0 684 18.9 731 41.9
5901 0.0 638 53.0 685 18.9 732 42.0
592 0.0 639 52.9 686 21.3 733 42.2
593 0.0 640 52.7 687 23.9 734 42.4
594 0.0 641 52.6 688 25.9 735 42.7
595 0.0 642 53.1 689 28.4 736 43.1
596 0.0 643 54.3 690 30.3 737 43.7
597 0.0 644 55.2 691 30.9 738 44.0
598 0.0 645 55.5 692 31.1 739 441
599 0.0 646 55.9 693 31.8 740 45.3
600 0.0 647 56.3 694 32.7 741 46.4
601 1.0 648 56.7 695 33.2 742 47.2
602 2.1 649 56.9 696 32.4 743 47.3
603 5.2 650 56.8 697 28.3 744 47.4
604 9.2 651 56.0 698 25.8 745 47.4
605 135 652 54.2 699 23.1 746 47.5
606 18.1 653 52.1 700 21.8 747 47.9
607 22.3 654 50.1 701 21.2 748 48.6
608 26.0 655 47.2 702 210 749 49.4
609 29.3 656 43.2 703 210 750 49.8
610 32.8 657 39.2 704 20.9 751 49.8
611 36.0 658 36.5 705 19.9 752 49.7
612 39.2 659 34.3 706 17.9 753 49.3
613 425 660 310 707 15.1 754 48.5
614 45.7 661 26.0 708 12.8 755 47.6
615 48.2 662 20.7 709 12.0 756 46.3
616 48.4 663 154 710 13.2 757 43.7
617 48.2 664 131 711 171 758 39.3
618 47.8 665 120 712 21.1 759 34.1
619 47.0 666 12.5 713 21.8 760 29.0
620 45.9 667 14.0 714 21.2 761 23.7
621 44.9 668 19.0 715 18.5 762 18.4
622 44.4 669 23.2 716 13.9 763 14.3
623 443 670 28.0 717 12.0 764 120
624 44.5 671 320 718 12.0 765 12.8
625 45.1 672 34.0 719 130 766 16.0
626 45.7 673 36.0 720 16.3 767 20.4
627 46.0 674 380 721 20.5 768 24.0
628 46.0 675 40.0 722 239 769 29.0
629 46.0 676 40.3 723 26.0 770 32.2
630 46.1 677 40.5 724 280 771 36.8
631 46.7 678 39.0 725 315 772 39.4
632 47.7 679 35.7 726 33.4 773 43.2
633 48.9 680 31.8 727 36.0 774 45.8
634 50.3 681 27.1 728 37.8 775 49.2
635 51.6 682 22.8 729 40.2 776 51.4
636 52.6 683 21.1 730 41.6 777 54.2
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
778 56.0 827 37.1 876 75.8 925 62.3
779 58.3 828 38.9 877 76.6 926 62.7
780 59.8 829 41.4 878 76.5 927 62.0
781 61.7 830 44.0 879 76.2 928 61.3
782 62.7 831 46.3 880 75.8 929 60.9
783 63.3 832 47.7 881 75.4 930 60.5
784 63.6 833 48.2 882 74.8 931 60.2
785 64.0 834 48.7 883 73.9 932 59.8
786 64.7 835 49.3 884 72.7 933 59.4
787 65.2 836 49.8 885 71.3 934 58.6
788 65.3 837 50.2 886 70.4 935 57.5
789 65.3 838 50.9 887 70.0 936 56.6
790 65.4 839 51.8 888 70.0 937 56.0
791 65.7 840 525 889 69.0 938 55.5
792 66.0 841 53.3 890 68.0 939 55.0
793 65.6 842 54.5 891 67.3 940 54.4
794 63.5 843 55.7 892 66.2 941 54.1
795 59.7 844 56.5 893 64.8 942 54.0
796 54.6 845 56.8 894 63.6 943 53.9
797 49.3 846 57.0 895 62.6 944 53.9
798 44.9 847 57.2 896 62.1 945 54.0
799 42.3 848 57.7 897 61.9 946 54.2
800 41.4 849 58.7 898 61.9 947 55.0
801 41.3 850 60.1 899 61.8 948 55.8
802 43.0 851 61.1 900 61.5 949 56.2
803 45.0 852 61.7 901 60.9 950 56.1
804 46.5 853 62.3 902 59.7 951 55.1
805 48.3 854 62.9 903 54.6 952 52.7
806 49.5 855 63.3 904 49.3 953 48.4
807 51.2 856 63.4 905 44.9 954 43.1
808 52.2 857 63.5 906 42.3 955 37.8
809 51.6 858 63.9 907 41.4 956 32,5
810 49.7 859 64.4 908 41.3 957 27.2
811 47.4 860 65.0 909 421 958 25.1
812 43.7 861 65.6 910 44.7 959 270
813 39.7 862 66.6 911 46.0 960 29.8
814 355 863 67.4 912 48.8 961 33.8
815 311 864 68.2 913 50.1 962 37.0
816 26.3 865 69.1 914 51.3 963 40.7
817 21.9 866 70.0 915 541 964 430
818 18.0 867 70.8 916 55.2 965 45.6
819 17.0 868 71.5 917 56.2 966 46.9
820 18.0 869 72.4 918 56.1 967 47.0
821 214 870 73.0 919 56.1 968 46.9
822 24.8 871 73.7 920 56.5 969 46.5
823 27.9 872 74.4 921 57.5 970 45.8
824 30.8 873 74.9 922 59.2 971 44.3
825 330 874 75.3 923 60.7 972 41.3
826 35.1 875 75.6 924 61.8 973 36.5
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
974 31.7
975 27.0
976 24.7
977 19.3
978 16.0
979 13.2
980 10.7
981 8.8
982 7.2
983 5.5
984 3.2
985 1.1
986 0.0
987 0.0
988 0.0
989 0.0
990 0.0
991 0.0
992 0.0
993 0.0
994 0.0
995 0.0
996 0.0
997 0.0
998 0.0
999 0.0

1000 0.0
1001 0.0
1002 0.0
1003 0.0
1004 0.0
1005 0.0
1006 0.0
1007 0.0
1008 0.0
1009 0.0
1010 0.0
1011 0.0
1012 0.0
1013 0.0
1014 0.0
1015 0.0
1016 0.0
1017 0.0
1018 0.0
1019 0.0
1020 0.0
1021 0.0
1022 0.0
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Table A1/9
WLTC, Class 3 vehicles, phase Mediugy

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h

590 0.0 637 53.0 684 18.9 731 41.9
5901 0.0 638 53.0 685 18.9 732 42.0
592 0.0 639 52.9 686 21.3 733 42.2
593 0.0 640 52.7 687 23.9 734 42.4
594 0.0 641 52.6 688 25.9 735 42.7
595 0.0 642 53.1 689 28.4 736 43.1
596 0.0 643 54.3 690 30.3 737 43.7
597 0.0 644 55.2 691 30.9 738 44.0
598 0.0 645 55.5 692 31.1 739 441
599 0.0 646 55.9 693 31.8 740 45.3
600 0.0 647 56.3 694 32.7 741 46.4
601 1.0 648 56.7 695 33.2 742 47.2
602 2.1 649 56.9 696 32.4 743 47.3
603 4.8 650 56.8 697 28.3 744 47.4
604 9.1 651 56.0 698 25.8 745 47.4
605 14.2 652 54.2 699 23.1 746 47.5
606 19.8 653 52.1 700 21.8 747 47.9
607 25.5 654 50.1 701 21.2 748 48.6
608 30.5 655 47.2 702 210 749 49.4
609 34.8 656 43.2 703 210 750 49.8
610 38.8 657 39.2 704 20.9 751 49.8
611 42.9 658 36.5 705 19.9 752 49.7
612 46.4 659 34.3 706 17.9 753 49.3
613 48.3 660 310 707 15.1 754 48.5
614 48.7 661 26.0 708 12.8 755 47.6
615 48.5 662 20.7 709 12.0 756 46.3
616 48.4 663 154 710 13.2 757 43.7
617 48.2 664 131 711 171 758 39.3
618 47.8 665 120 712 21.1 759 34.1
619 47.0 666 12.5 713 21.8 760 29.0
620 45.9 667 14.0 714 21.2 761 23.7
621 44.9 668 19.0 715 18.5 762 18.4
622 44.4 669 23.2 716 13.9 763 14.3
623 443 670 28.0 717 12.0 764 120
624 44.5 671 320 718 12.0 765 12.8
625 45.1 672 34.0 719 130 766 16.0
626 45.7 673 36.0 720 16.0 767 191
627 46.0 674 380 721 18.5 768 22.4
628 46.0 675 40.0 722 20.6 769 25.6
629 46.0 676 40.3 723 22.5 770 30.1
630 46.1 677 40.5 724 24.0 771 35.3
631 46.7 678 39.0 725 26.6 772 39.9
632 47.7 679 35.7 726 29.9 773 44.5
633 48.9 680 31.8 727 34.8 774 47.5
634 50.3 681 27.1 728 37.8 775 50.9
635 51.6 682 22.8 729 40.2 776 54.1
636 52.6 683 21.1 730 41.6 777 56.3
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
778 58.1 827 37.1 876 72.7 925 64.1
779 59.8 828 38.9 877 71.3 926 62.7
780 61.1 829 41.4 878 70.4 927 62.0
781 62.1 830 44.0 879 70.0 928 61.3
782 62.8 831 46.3 880 70.0 929 60.9
783 63.3 832 47.7 881 69.0 930 60.5
784 63.6 833 48.2 882 68.0 931 60.2
785 64.0 834 48.7 883 68.0 932 59.8
786 64.7 835 49.3 884 68.0 933 59.4
787 65.2 836 49.8 885 68.1 934 58.6
788 65.3 837 50.2 886 68.4 935 57.5
789 65.3 838 50.9 887 68.6 936 56.6
790 65.4 839 51.8 888 68.7 937 56.0
791 65.7 840 525 889 68.5 938 55.5
792 66.0 841 53.3 890 68.1 939 55.0
793 65.6 842 54.5 891 67.3 940 54.4
794 63.5 843 55.7 892 66.2 941 54.1
795 59.7 844 56.5 893 64.8 942 54.0
796 54.6 845 56.8 894 63.6 943 53.9
797 49.3 846 57.0 895 62.6 944 53.9
798 44.9 847 57.2 896 62.1 945 54.0
799 42.3 848 57.7 897 61.9 946 54.2
800 41.4 849 58.7 898 61.9 947 55.0
801 41.3 850 60.1 899 61.8 948 55.8
802 42.1 851 61.1 900 61.5 949 56.2
803 44.7 852 61.7 901 60.9 950 56.1
804 48.4 853 62.3 902 59.7 951 55.1
805 514 854 62.9 903 54.6 952 52.7
806 52.7 855 63.3 904 49.3 953 48.4
807 530 856 63.4 905 44.9 954 43.1
808 52.5 857 63.5 906 42.3 955 37.8
809 51.3 858 64.5 907 41.4 956 32,5
810 49.7 859 65.8 908 41.3 957 27.2
811 47.4 860 66.8 909 421 958 25.1
812 43.7 861 67.4 910 44.7 959 26.0
813 39.7 862 68.8 911 48.4 960 29.3
814 355 863 71.1 912 51.4 961 34.6
815 311 864 72.3 913 52.7 962 40.4
816 26.3 865 72.8 914 54.0 963 45.3
817 21.9 866 73.4 915 57.0 964 49.0
818 18.0 867 74.6 916 58.1 965 51.1
819 17.0 868 76.0 917 59.2 966 52.1
820 18.0 869 76.6 918 59.0 967 52.2
821 214 870 76.5 919 59.1 968 52.1
822 24.8 871 76.2 920 59.5 969 51.7
823 27.9 872 75.8 921 60.5 970 50.9
824 30.8 873 75.4 922 62.3 971 49.2
825 330 874 74.8 923 63.9 972 45.9
826 35.1 875 73.9 924 65.1 973 40.6
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
974 35.3
975 30.0
976 24.7
977 19.3
978 16.0
979 13.2
980 10.7
981 8.8
982 7.2
983 5.5
984 3.2
985 1.1
986 0.0
987 0.0
988 0.0
989 0.0
990 0.0
991 0.0
992 0.0
993 0.0
994 0.0
995 0.0
996 0.0
997 0.0
998 0.0
999 0.0

1000 0.0
1001 0.0
1002 0.0
1003 0.0
1004 0.0
1005 0.0
1006 0.0
1007 0.0
1008 0.0
1009 0.0
1010 0.0
1011 0.0
1012 0.0
1013 0.0
1014 0.0
1015 0.0
1016 0.0
1017 0.0
1018 0.0
1019 0.0
1020 0.0
1021 0.0
1022 0.0
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Table A1/D
WLTC, Class 3 vehicles, phase High
Timeins Speed irkm/h Timeins Speed irkm/h Timeins Speed irkm/h Timeins Speed irkm/h
1023 0.0 1070 29.0 1117 66.2 1164 52.6
1024 0.0 1071 32.0 1118 65.8 1165 54.5
1025 0.0 1072 34.8 1119 64.7 1166 56.6
1026 0.0 1073 37.7 1120 63.6 1167 58.3
1027 0.8 1074 40.8 1121 62.9 1168 60.0
1028 3.6 1075 43.2 1122 62.4 1169 61.5
1029 8.6 1076 46.0 1123 61.7 1170 63.1
1030 14.6 1077 48.0 1124 60.1 1171 64.3
1031 20.0 1078 50.7 1125 57.3 1172 65.7
1032 24.4 1079 52.0 1126 55.8 1173 67.1
1033 28.2 1080 54.5 1127 50.5 1174 68.3
1034 31.7 1081 55.9 1128 45.2 1175 69.7
1035 35.0 1082 57.4 1129 40.1 1176 70.6
1036 37.6 1083 58.1 1130 36.2 1177 71.6
1037 39.7 1084 58.4 1131 32.9 1178 72.6
1038 41.5 1085 58.8 1132 29.8 1179 73.5
1039 43.6 1086 58.8 1133 26.6 1180 74.2
1040 46.0 1087 58.6 1134 23.0 1181 74.9
1041 48.4 1088 58.7 1135 194 1182 75.6
1042 50.5 1089 58.8 1136 16.3 1183 76.3
1043 51.9 1090 58.8 1137 14.6 1184 77.1
1044 52.6 1091 58.8 1138 14.2 1185 77.9
1045 52.8 1092 59.1 1139 14.3 1186 78.5
1046 52.9 1093 60.1 1140 14.6 1187 79.0
1047 53.1 1094 61.7 1141 15.1 1188 79.7
1048 53.3 1095 63.0 1142 16.4 1189 80.3
1049 53.1 1096 63.7 1143 19.1 1190 81.0
1050 52.3 1097 63.9 1144 225 1191 81.6
1051 50.7 1098 63.5 1145 24.4 1192 82.4
1052 48.8 1099 62.3 1146 24.8 1193 82.9
1053 46.5 1100 60.3 1147 22.7 1194 83.4
1054 43.8 1101 58.9 1148 17.4 1195 83.8
1055 40.3 1102 58.4 1149 13.8 1196 84.2
1056 36.0 1103 58.8 1150 12.0 1197 84.7
1057 30.7 1104 60.2 1151 12.0 1198 85.2
1058 25.4 1105 62.3 1152 12.0 1199 85.6
1059 21.0 1106 63.9 1153 13.9 1200 86.3
1060 16.7 1107 64.5 1154 17.7 1201 86.8
1061 134 1108 64.4 1155 22.8 1202 87.4
1062 12.0 1109 63.5 1156 27.3 1203 88.0
1063 12.1 1110 62.0 1157 31.2 1204 88.3
1064 12.8 1111 61.2 1158 35.2 1205 88.7
1065 15.6 1112 61.3 1159 394 1206 89.0
1066 19.9 1113 61.7 1160 42.5 1207 89.3
1067 23.4 1114 62.0 1161 45.4 1208 89.8
1068 24.6 1115 64.6 1162 48.2 1209 90.2
1069 27.0 1116 66.0 1163 50.3 1210 90.6
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Timeins Speed irkm/h Timeins Speed irkm/h Timeins Speed itkm/h Timeins Speed irkm/h
1211 91.0 1260 95.7 1309 75.9 1358 68.2
1212 91.3 1261 95.5 1310 76.0 1359 66.1
1213 91.6 1262 95.3 1311 76.0 1360 63.8
1214 91.9 1263 95.2 1312 76.1 1361 61.6
1215 92.2 1264 95.0 1313 76.3 1362 60.2
1216 92.8 1265 94.9 1314 76.5 1363 59.8
1217 93.1 1266 94.7 1315 76.6 1364 60.4
1218 93.3 1267 94.5 1316 76.8 1365 61.8
1219 93.5 1268 94.4 1317 77.1 1366 62.6
1220 93.7 1269 94.4 1318 77.1 1367 62.7
1221 93.9 1270 94.3 1319 77.2 1368 61.9
1222 94.0 1271 94.3 1320 77.2 1369 60.0
1223 94.1 1272 94.1 1321 77.6 1370 58.4
1224 94.3 1273 93.9 1322 78.0 1371 57.8
1225 94.4 1274 934 1323 78.4 1372 57.8
1226 94.6 1275 92.8 1324 78.8 1373 57.8
1227 94.7 1276 92.0 1325 79.2 1374 57.3
1228 94.8 1277 91.3 1326 80.3 1375 56.2
1229 95.0 1278 90.6 1327 80.8 1376 54.3
1230 95.1 1279 90.0 1328 81.0 1377 50.8
1231 95.3 1280 89.3 1329 81.0 1378 455
1232 95.4 1281 88.7 1330 81.0 1379 40.2
1233 95.6 1282 88.1 1331 81.0 1380 34.9
1234 95.7 1283 87.4 1332 81.0 1381 29.6
1235 95.8 1284 86.7 1333 80.9 1382 28.7
1236 96.0 1285 86.0 1334 80.6 1383 29.3
1237 96.1 1286 85.3 1335 80.3 1384 30.5
1238 96.3 1287 84.7 1336 80.0 1385 31.7
1239 96.4 1288 84.1 1337 79.9 1386 32.9
1240 96.6 1289 83.5 1338 79.8 1387 35.0
1241 96.8 1290 82.9 1339 79.8 1388 38.0
1242 97.0 1291 82.3 1340 79.8 1389 40.5
1243 97.2 1292 81.7 1341 79.9 1390 42.7
1244 97.3 1293 81.1 1342 80.0 1391 45.8
1245 97.4 1294 80.5 1343 80.4 1392 47.5
1246 97.4 1295 79.9 1344 80.8 1393 48.9
1247 97.4 1296 79.4 1345 81.2 1394 49.4
1248 97.4 1297 79.1 1346 81.5 1395 49.4
1249 97.3 1298 78.8 1347 81.6 1396 49.2
1250 97.3 1299 78.5 1348 81.6 1397 48.7
1251 97.3 1300 78.2 1349 81.4 1398 47.9
1252 97.3 1301 77.9 1350 80.7 1399 46.9
1253 97.2 1302 77.6 1351 79.6 1400 45.6
1254 97.1 1303 77.3 1352 78.2 1401 44.2
1255 97.0 1304 77.0 1353 76.8 1402 42.7
1256 96.9 1305 76.7 1354 75.3 1403 40.7
1257 96.7 1306 76.0 1355 73.8 1404 37.1
1258 96.4 1307 76.0 1356 72.1 1405 33.9
1259 96.1 1308 76.0 1357 70.2 1406 30.6
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Timeins Speed irkm/h Timeins Speed irkm/h Timeins Speed itkm/h Timeins Speed irkm/h
1407 28.6 1456 0.0
1408 27.3 1457 0.0
1409 27.2 1458 0.0
1410 27.5 1459 0.0
1411 27.4 1460 0.0
1412 27.1 1461 0.0
1413 26.7 1462 0.0
1414 26.8 1463 0.0
1415 28.2 1464 0.0
1416 31.1 1465 0.0
1417 34.8 1466 0.0
1418 38.4 1467 0.0
1419 40.9 1468 0.0
1420 41.7 1469 0.0
1421 40.9 1470 0.0
1422 38.3 1471 0.0
1423 35.3 1472 0.0
1424 34.3 1473 0.0
1425 34.6 1474 0.0
1426 36.3 1475 0.0
1427 39.5 1476 0.0
1428 41.8 1477 0.0
1429 42.5
1430 41.9
1431 40.1
1432 36.6
1433 31.3
1434 26.0
1435 20.6
1436 19.1
1437 19.7
1438 21.1
1439 22.0
1440 22.1
1441 21.4
1442 19.6
1443 18.3
1444 18.0
1445 18.3
1446 18.5
1447 17.9
1448 15.0
1449 9.9
1450 4.6
1451 1.2
1452 0.0
1453 0.0
1454 0.0
1455 0.0
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Table A1/1L
WLTC, Class 3 vehicles, phase High

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h

1023 0.0 1070 26.4 1117 69.7 1164 52.6
1024 0.0 1071 28.8 1118 69.3 1165 54.5
1025 0.0 1072 31.8 1119 68.1 1166 56.6
1026 0.0 1073 35.3 1120 66.9 1167 58.3
1027 0.8 1074 39.5 1121 66.2 1168 60.0
1028 3.6 1075 44.5 1122 65.7 1169 61.5
1029 8.6 1076 49.3 1123 64.9 1170 63.1
1030 14.6 1077 53.3 1124 63.2 1171 64.3
1031 20.0 1078 56.4 1125 60.3 1172 65.7
1032 24.4 1079 58.9 1126 55.8 1173 67.1
1033 28.2 1080 61.2 1127 50.5 1174 68.3
1034 31.7 1081 62.6 1128 45.2 1175 69.7
1035 35.0 1082 63.0 1129 40.1 1176 70.6
1036 37.6 1083 62.5 1130 36.2 1177 71.6
1037 39.7 1084 60.9 1131 32.9 1178 72.6
1038 41.5 1085 59.3 1132 29.8 1179 73.5
1039 43.6 1086 58.6 1133 26.6 1180 74.2
1040 46.0 1087 58.6 1134 230 1181 74.9
1041 48.4 1088 58.7 1135 194 1182 75.6
1042 50.5 1089 58.8 1136 16.3 1183 76.3
1043 51.9 1090 58.8 1137 14.6 1184 77.1
1044 52.6 1091 58.8 1138 14.2 1185 77.9
1045 52.8 1092 59.1 1139 14.3 1186 78.5
1046 52.9 1093 60.1 1140 14.6 1187 79.0
1047 53.1 1094 61.7 1141 15.1 1188 79.7
1048 53.3 1095 63.0 1142 16.4 1189 80.3
1049 53.1 1096 63.7 1143 191 1190 81.0
1050 52.3 1097 63.9 1144 22.5 1191 81.6
1051 50.7 1098 63.5 1145 24.4 1192 82.4
1052 48.8 1099 62.3 1146 24.8 1193 82.9
1053 46.5 1100 60.3 1147 22.7 1194 83.4
1054 43.8 1101 58.9 1148 17.4 1195 83.8
1055 40.3 1102 58.4 1149 13.8 1196 84.2
1056 36.0 1103 58.8 1150 12.0 1197 84.7
1057 30.7 1104 60.2 1151 12.0 1198 85.2
1058 25.4 1105 62.3 1152 12.0 1199 85.6
1059 210 1106 63.9 1153 13.9 1200 86.3
1060 16.7 1107 64.5 1154 17.7 1201 86.8
1061 13.4 1108 64.4 1155 22.8 1202 87.4
1062 12.0 1109 63.5 1156 27.3 1203 88.0
1063 12.1 1110 62.0 1157 31.2 1204 88.3
1064 12.8 1111 61.2 1158 35.2 1205 88.7
1065 15.6 1112 61.3 1159 39.4 1206 89.0
1066 19.9 1113 62.6 1160 42.5 1207 89.3
1067 23.4 1114 65.3 1161 454 1208 89.8
1068 24.6 1115 68.0 1162 48.2 1209 90.2
1069 25.2 1116 69.4 1163 50.3 1210 90.6
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Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
1211 91.0 1260 95.7 1309 75.9 1358 68.2
1212 91.3 1261 95.5 1310 75.9 1359 66.1
1213 91.6 1262 95.3 1311 75.8 1360 63.8
1214 91.9 1263 95.2 1312 75.7 1361 61.6
1215 92.2 1264 95.0 1313 75.5 1362 60.2
1216 92.8 1265 94.9 1314 75.2 1363 59.8
1217 93.1 1266 94.7 1315 75.0 1364 60.4
1218 93.3 1267 94.5 1316 74.7 1365 61.8
1219 93.5 1268 94.4 1317 74.1 1366 62.6
1220 93.7 1269 94.4 1318 73.7 1367 62.7
1221 93.9 1270 94.3 1319 73.3 1368 61.9
1222 94.0 1271 94.3 1320 73.5 1369 60.0
1223 94.1 1272 94.1 1321 74.0 1370 58.4
1224 94.3 1273 93.9 1322 74.9 1371 57.8
1225 94.4 1274 934 1323 76.1 1372 57.8
1226 94.6 1275 92.8 1324 7.7 1373 57.8
1227 94.7 1276 920 1325 79.2 1374 57.3
1228 94.8 1277 91.3 1326 80.3 1375 56.2
1229 95.0 1278 90.6 1327 80.8 1376 54.3
1230 95.1 1279 90.0 1328 81.0 1377 50.8
1231 95.3 1280 89.3 1329 81.0 1378 455
1232 954 1281 88.7 1330 81.0 1379 40.2
1233 95.6 1282 88.1 1331 81.0 1380 34.9
1234 95.7 1283 87.4 1332 81.0 1381 29.6
1235 95.8 1284 86.7 1333 80.9 1382 27.3
1236 96.0 1285 86.0 1334 80.6 1383 29.3
1237 96.1 1286 85.3 1335 80.3 1384 32.9
1238 96.3 1287 84.7 1336 80.0 1385 35.6
1239 96.4 1288 84.1 1337 79.9 1386 36.7
1240 96.6 1289 83.5 1338 79.8 1387 37.6
1241 96.8 1290 82.9 1339 79.8 1388 39.4
1242 97.0 1291 82.3 1340 79.8 1389 42.5
1243 97.2 1292 81.7 1341 79.9 1390 46.5
1244 97.3 1293 81.1 1342 80.0 1391 50.2
1245 97.4 1294 80.5 1343 80.4 1392 52.8
1246 97.4 1295 79.9 1344 80.8 1393 54.3
1247 97.4 1296 79.4 1345 81.2 1394 54.9
1248 97.4 1297 79.1 1346 81.5 1395 54.9
1249 97.3 1298 78.8 1347 81.6 1396 54.7
1250 97.3 1299 78.5 1348 81.6 1397 541
1251 97.3 1300 78.2 1349 81.4 1398 53.2
1252 97.3 1301 77.9 1350 80.7 1399 52.1
1253 97.2 1302 77.6 1351 79.6 1400 50.7
1254 97.1 1303 77.3 1352 78.2 1401 49.1
1255 97.0 1304 77.0 1353 76.8 1402 47.4
1256 96.9 1305 76.7 1354 75.3 1403 45.2
1257 96.7 1306 76.0 1355 73.8 1404 41.8
1258 96.4 1307 76.0 1356 72.1 1405 36.5
1259 96.1 1308 76.0 1357 70.2 1406 31.2

63



ECE/TRANS/WP.29/201798

Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h Timeins Speedn km/h
1407 27.6 1456 0.0
1408 26.9 1457 0.0
1409 27.3 1458 0.0
1410 27.5 1459 0.0
1411 27.4 1460 0.0
1412 27.1 1461 0.0
1413 26.7 1462 0.0
1414 26.8 1463 0.0
1415 28.2 1464 0.0
1416 31.1 1465 0.0
1417 34.8 1466 0.0
1418 38.4 1467 0.0
1419 40.9 1468 0.0
1420 41.7 1469 0.0
1421 40.9 1470 0.0
1422 38.3 1471 0.0
1423 35.3 1472 0.0
1424 34.3 1473 0.0
1425 34.6 1474 0.0
1426 36.3 1475 0.0
1427 39.5 1476 0.0
1428 41.8 1477 0.0
1429 42.5
1430 41.9
1431 40.1
1432 36.6
1433 31.3
1434 26.0
1435 20.6
1436 19.1
1437 19.7
1438 21.1
1439 220
1440 22.1
1441 21.4
1442 19.6
1443 18.3
1444 18.0
1445 18.3
1446 18.5
1447 17.9
1448 15.0
1449 9.9
1450 4.6
1451 1.2
1452 0.0
1453 0.0
1454 0.0
1455 0.0
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Table A1/2
WLTC, Class 3 vehicles, phase Extralighs

Timeins Speedin km/h Timeins Speedin km/h Timeins Speedin km/h Timeins Speedin km/h

1478 0.0 1525 72.5 1572 120.7 1619 1130
1479 2.2 1526 70.8 1573 121.8 1620 1141
1480 4.4 1527 68.6 1574 122.6 1621 115.1
1481 6.3 1528 66.2 1575 123.2 1622 115.9
1482 7.9 1529 64.0 1576 123.6 1623 116.5
1483 9.2 1530 62.2 1577 123.7 1624 116.7
1484 10.4 1531 60.9 1578 123.6 1625 116.6
1485 115 1532 60.2 1579 123.3 1626 116.2
1486 12.9 1533 60.0 1580 1230 1627 115.2
1487 14.7 1534 60.4 1581 122.5 1628 113.8
1488 17.0 1535 61.4 1582 122.1 1629 1120
1489 19.8 1536 63.2 1583 121.5 1630 110.1
1490 23.1 1537 65.6 1584 120.8 1631 108.3
1491 26.7 1538 68.4 1585 1200 1632 107.0
1492 30.5 1539 71.6 1586 119.1 1633 106.1
1493 34.1 1540 74.9 1587 118.1 1634 105.8
1494 37.5 1541 78.4 1588 117.1 1635 105.7
1495 40.6 1542 81.8 1589 116.2 1636 105.7
1496 43.3 1543 84.9 1590 1155 1637 105.6
1497 45.7 1544 87.4 1591 114.9 1638 105.3
1498 47.7 1545 89.0 1592 1145 1639 104.9
1499 49.3 1546 90.0 1593 1141 1640 104.4
1500 50.5 1547 90.6 1594 113.9 1641 1040
1501 51.3 1548 91.0 1595 113.7 1642 103.8
1502 52.1 1549 91.5 1596 113.3 1643 103.9
1503 52.7 1550 920 1597 112.9 1644 104.4
1504 53.4 1551 92.7 1598 112.2 1645 105.1
1505 54.0 1552 93.4 1599 111.4 1646 106.1
1506 54.5 1553 94.2 1600 110.5 1647 107.2
1507 55.0 1554 94.9 1601 109.5 1648 108.5
1508 55.6 1555 95.7 1602 108.5 1649 109.9
1509 56.3 1556 96.6 1603 107.7 1650 111.3
1510 57.2 1557 97.7 1604 107.1 1651 112.7
1511 58.5 1558 98.9 1605 106.6 1652 113.9
1512 60.2 1559 100.4 1606 106.4 1653 1150
1513 62.3 1560 1020 1607 106.2 1654 1160
1514 64.7 1561 103.6 1608 106.2 1655 116.8
1515 67.1 1562 105.2 1609 106.2 1656 117.6
1516 69.2 1563 106.8 1610 106.4 1657 118.4
1517 70.7 1564 108.5 1611 106.5 1658 119.2
1518 71.9 1565 110.2 1612 106.8 1659 1200
1519 72.7 1566 111.9 1613 107.2 1660 120.8
1520 73.4 1567 113.7 1614 107.8 1661 121.6
1521 73.8 1568 115.3 1615 108.5 1662 122.3
1522 74.1 1569 116.8 1616 109.4 1663 123.1
1523 74.0 1570 118.2 1617 110.5 1664 123.8
1524 73.6 1571 119.5 1618 111.7 1665 124.4
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Timeins Speedin km/h Timeins Speedin km/h Timeins Speedin km/h Timeins Speedin km/h
1666 1250 1715 127.7 1764 820
1667 125.4 1716 128.1 1765 81.3
1668 125.8 1717 128.5 1766 80.4
1669 126.1 1718 1290 1767 79.1
1670 126.4 1719 129.5 1768 77.4
1671 126.6 1720 130.1 1769 75.1
1672 126.7 1721 130.6 1770 72.3
1673 126.8 1722 1310 1771 69.1
1674 126.9 1723 131.2 1772 65.9
1675 126.9 1724 131.3 1773 62.7
1676 126.9 1725 131.2 1774 59.7
1677 126.8 1726 130.7 1775 57.0
1678 126.6 1727 129.8 1776 54.6
1679 126.3 1728 128.4 1777 52.2
1680 1260 1729 126.5 1778 49.7
1681 125.7 1730 124.1 1779 46.8
1682 125.6 1731 121.6 1780 43.5
1683 125.6 1732 1190 1781 39.9
1684 125.8 1733 116.5 1782 36.4
1685 126.2 1734 114.1 1783 33.2
1686 126.6 1735 111.8 1784 30.5
1687 127.0 1736 109.5 1785 28.3
1688 127.4 1737 107.1 1786 26.3
1689 127.6 1738 104.8 1787 24.4
1690 127.8 1739 102.5 1788 22.5
1691 127.9 1740 100.4 1789 20.5
1692 1280 1741 98.6 1790 18.2
1693 128.1 1742 97.2 1791 155
1694 128.2 1743 95.9 1792 12.3
1695 128.3 1744 94.8 1793 8.7
1696 128.4 1745 93.8 1794 5.2
1697 128.5 1746 92.8 1795 0.0
1698 128.6 1747 91.8 1796 0.0
1699 128.6 1748 91.0 1797 0.0
1700 128.5 1749 90.2 1798 0.0
1701 128.3 1750 89.6 1799 0.0
1702 128.1 1751 89.1 1800 0.0
1703 127.9 1752 88.6
1704 127.6 1753 88.1
1705 127.4 1754 87.6
1706 127.2 1755 87.1
1707 127.0 1756 86.6
1708 126.9 1757 86.1
1709 126.8 1758 85.5
1710 126.7 1759 85.0
1711 126.8 1760 84.4
1712 126.9 1761 83.8
1713 127.1 1762 83.2
1714 127.4 1763 82.6
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7. Cycle identification

In order toconfirm if the correct cycle version was chosenifothe correct
cycle was implemented into the test bench operation system, checksums of
the vehicle speed values for cycle phases and the whole cycle are listed in

Table A1/13.
Table A1/13
1Hz checksums
Vehicle class Cycle phase Checksum of Hz target vehiclspeed
Low 11988.4
Class 1 Medium 17162.8
Total 29151.2
Low 11162.2
Medium 17054.3
Class 2 High 24450.6
Extra High 28869.8
Total 81536.9
Low 11140.3
Medium 16995.7
Class 31 High 25646.0
Extra High 29714.9
Total 83496.9
Low 11140.3
Medium 17121.2
Class 32 High 25782.2
Extra High 29714.9
Total 83758.6
8. Cycle modification
Paragrapi8. of thisannexshall not apply to OVEHEVs, NOVC-HEVs and
NOVC-FCHVs
8.1. Gereral remarks
The cycle to be driven shall dapend on t

in running orderatio, W/kg, and its maximum velocity , km/h.

Driveability problems may occur for vehicles with power to mass ratios close
to theborderlinesbetweenClass land Class 2Class 2 and Class 3 vehicles
or very low powered vehicles in Class 1.
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Since these problems are related mainly to cycle phases with a combination
of high vehicle speed and high accelerations rather than to the maximum
speed of the cycle, thdownscaling procedure shall be applied to improve
driveability.

8.2. This paragraphdescribes the method to modify the cycle profile using the
downscaling procedure.
8.2.1. Downscaling procedure f&lass lvehicles
Figure A1/4 shows a downscaled medispeed phase of tlglass IWLTC
as an example
FigureAl/14
Downscaled medium speed phase of tiidass1 WLTC
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For theClass 1cycle, the downscaling period is the time period between
second 651 and second 906. Within this time period, the acceleration for the
original cycle shall be calculated using the following equation:

A

8
where:
) is the vehicle speeétm/h;
i is the time betweesecond51 andsecond06.

The downscaling shall be appliécst in the time period between second 651
andsecondB48. The downscaled speed trace shaliuissequentlgalculated
using the following equation:

o} o] A p £ B
WithE @u@Wpt.X
ForE @ u,® o)
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In order to meet the original vehicle speedatond®07, a correction factor

for the deceleration shall be calculated using the following equation;
O o
: o o §

where 36.%nm/h is the original vehicle speed at second 907.

The downscaled vehicle speed betwsenond349 andsecondd06 shall be
subsequentlgalculated using the following equation:

o) o) A £ o
ForE g1 @

8.2.2. Downscaling procedure fa@lass 2vehicles

Since the driveability problems are exclusively related to the extra high speed
phases of th€lass 2andClass 3cycles, the downscaling is related to those
paragraph of the extra high speed phases wheredtieability problems
occur (sed-igureAl/15).

FigureA1/15
Downscaled extra high speed phase of tlidass2 WLTC
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For the Class 2cycle, the downscaling period is the time period between
second 1520 and second 1742. Within this time period, the acceleration for
the original cycle shall be calculated using the following equation:

A

8
where:

5

is the vehicle spee#m/h;

is the time betweesecondl520 andsecondl742.
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The downscaling shall be applied fitst the time period between second
1520 andsecondl72. Second 172is the timewhenthe maximum speed of
the extra high speed phase is reached. The downscaled spee shall be
subsequentlgalculated using the following equation:

o o A o £ oD
forE puvcObyxecrt
ForE pu ¢l o)

In order to meet the original vehicle speed at second 1743, a correction factor
for the deceleratioshall be calculated using the following equation:

8

£
. ) 8
90.4km/his the original vehicle speed at second 1743.

The downscaled vehicle speed betwsenondl726 andsecondl1742 shall
be calculated using the followirggjuation:

o o) A £ o
forE pX qQfo X T ¢

8.2.3. Downscaling procedure falass 3vehicles
FigureA1/16 shows an example for a downscaled extra high speed phase of
theClass 3WLTC.
FigureA1/16
Downscaled extra high speed phase of tli&dass3 WLTC
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For theClass 3cycle, the downscaling perioés the time period between
second 1533 and second 276&Vithin this time periodthe acceleration for
the original cycle shall be calculated using théofeing equation:

A O O
o®
where:
o] is the vehicle spee#m/h;
i is the time betweesecondl533 andsecondl762.

The downscaling shall be applied first in the time period between second
1533 andsecondl724. Second 1724 is the timéenthe maximum speed of

the extra high speed phase is reached. The downscaled speed trace shall be
subsequentlgalculated using the following equation:

o} o} A o £ oD
ForE puvoldpx¢o
ForE puvg® o)

In order to meet the original vehicle speed at second 1763, a correction factor
for the deceleratioshall becalculated using the following equation:

8

£ . ) 8
82.6km/his the original vehicle speed at second 1763.

The downscaled vehicle speed betwsenondl725 andsecond1762 shall
be subsequentlgalculated using the following equation:

o] o] A K oR
ForE px ¢Qp X @ ¢
Determnation of the downscaling factor

The downscaling facto#E is a function of the raticD  between the
maximum required power of the cycle phases where the downscaling is to be
applied and the rated power of the vehi€le

The maximum required pow& 5 (in KW) is related to a specific time i
and the corresponding vehicle spegdnvthe cycle trace and is calculated
using the following equation:

£ O £ O £ O p8ioc4- O A

ohp T Tt

where:

EEAE are the applicable road load coefficients, N, N/(km/h), and

N/(km/h)2respectively;
4 - is theapplicabletest masskg;
Vi is the speed at timekm/h;
a is theacceleration at time i, km/h2.
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The cycle time i at which maximum power power values close to
maximum poweris required, is second764 for Class 1 second1574 for
Class 2andsecondl566for Class 3vehicles

The corresponding vehicle speed vaJ{&Band acceleration valugh, are as
follows:

O o@@kmhA m& qn/2forClass]
O p n&km/h A 1@ @n/2 for Class 2
O pp#km/h A 1 ™M/ for Class 3

O shall becalculated using the following equation:

O h h

The downscaling factor &£ , shall be calculated using the following
equations:

if O O,thenE m
and no downscaling shall be applied.
If O O,thenE A O A.
The calculation parameter/coefficien®, A andA , are adollows:
Class 1 O mox,h T YR T @ U
Class 2 O ™o@d T A ™ C.U
Class 3 O ™Mo A ™ YA ™ p.T0

The resulting/E is mathematically rounded t® places of decimaand is
appliedonly if it exceed€.01Q

The following data shall be recorded:
(@  fusc

(b)  Vmax

(c) distance driven, m.

The distance shall be calculated as the sum iof km/h divided by 3.6 over
the whole cycle trace.

8.4. Additional requirements

For different vehicle configurations in terms of test mass and driving
resistance coefficients, downscaling shall be applied individually.

If, afterapplication of downscalinghe vehicl® snaximumspeedis lower
than the maximum speed of the cydlee process described raragraph 9.
of thisannex shall be applied with ttaoplicablecycle

If the vehicle cannot follow the speed trace of @ipplicablecycle within the
tolerance at speeds lower than itsximaum speed, it shall be driven with the
accelerator control fully activated during these periods. During such periods
of operationspeedrace violations shall be permitted.
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9.1.

9.2,
9.2.1.

9.2.11

9.2.1.2.

9.2.1.3

9.2.2.

Cycle modifications for vehicles with a maximum speed lower than the
maximum speed of the cycle specified in the previous paragraphs of this
annex

General remarks

This paragraph applies, if required by regional legislation, to vehicles that are
technically able to follow the speed trace of the cycle specified in
paragrapt. of this annex (base cycle) at speeds lower than its maximum
speed, but whose maximum speed is limited to a value lower than the
maximum speed of the base cycle for other reasons. The maximum speed of

such a vehicleshall be referred to d@st 6 s ¢ advpp,eTtie maxineum
speed of the base cydball be referred to agaxcycle

In such cases the base cyshall bemodified as described iparagraph 9.2.
of this annexn order to achieve the same cycle distance for the capped speed
cycle as for théase cycle.

Calculation steps
Determination of the distance difference per cycle phase

An interim capped speed cydball bederived by replacing all vehicle speed
samples Mwherev; > Veap bY Veap

If Vcap < Vmax,medium thedistance of the medium speed phases of the base cycle
Upase,medium@nd the interim capped speed cyclg, flesumshall be calculated
using the following equation for both cycles:

dmedium =B (

where:

O O ,fori=591to1022

Vimax.mediumiS the maximum vehicle speed of the medium speed phase as listed
in Table A1/2 for Class 1 vehicles, iTable A1/4 for Class 2 vehicles, in
TableA1/8 for Class3a vehicles and imableA1/9 for Class3b vehicles.

If Veap < Vmaxnigh the distanes of the high speed phases of the base cycle
dpase nighend the interim capped speed cyclg, fqnshall be calculated using
the following equatiorfor both cycles:

Ohigh=B O O ,fori=1024to 1477

8

Vmax high IS the maximum vehicle speed of the high speed phase as listed in
Table A1/5 for Class 2 vehicles, in Table A1/10 for Class 3a vehicles and in
Table Al1/11 for Class 3b vehicles.

The distances of the extra high speed phase of the base gyglg.ig and
the interim capped speed cyclg,d.igh Shall be calculated applying the
following equation to the extra high speed phase of both cycles:

dexhigh =B(

Determination of the time periods to be added to the interim capped speed
cycle in order to compensdiar distance differences

O O ,fori=1479to 1800

In order to compensate ferdifferencein distancebetween the base cycle
and the interim capped speed cycle, corresponding pieriods with v= Vcap

shall be added to the interim capped speed cycle as described in the following
paragraphs.
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9.221

9.2.2.2

9.2.2.3

9.2.3.
9.23.1

9.2.3.2
9.2321

Additional time period for the medium speed phase

If Veap < Vmawmedum the additional time period to be added to the medium
speed phase of the interim capped speed cycle shall be calculated using the
following equation

h h
Mmedium ™= oD

The number of time sampleSgfimedumWith Vi = V¢qp to be added to the
medium speed phase of the interim capppeed cycle equal§imedium
mathematically rounded to the nearest integer (e.g. 1.4 shall be rounded to 1,
1.5 shall be rounded to 2).

Additional time period for the high speed phase

If Veap < Vmaxhign, the additional time period to be addedtte high speed
phases of the interim capped speed cycle shall be calculated using the
following equation:

high = 1 i oD

The number of time sampleggfnigh With Vi = V4o to be added to the high
speed phase of the interim capspted cycle equalsinig,, mathematically
rounded to the nearest integer.

The additional time period to be added to the extra high speed phase of the
interim capped speed cycle shall be calculated using the following equation:

— h h
Cﬁexhigh - 0@

The number of time sampleggfexnighWith Vi = V¢qp to be added to the extra
high speed phase of the interim capped speed cycle eaqgaisg
mathematically rounded to the nearest integer.

Construction of théinal capped speed cycle
Class 1 vehicles

The first part of the final capped speed cycle consists of the vehicle speed
trace of the interim capped speed cycle up to the last sample in the medium
speed phase where v ¥ The time of this samplie referred to asitgium

Then RggmedumSamples with v= vg,, shall be added, so that the time of the
last Sample i$tmedium+ ne\dd,mediur}-

The remaining part of the medium speed phase of the interim capped speed
cycle, which is identical withhe same part of the base cycle, shall then be
added, so that the time of the last sampl@@22 + Ryq mediun)-

Class 2 andlass 3 vehicles

Vcap < Vmaxmedium

The first part of the final capped speed cycle consists of the velpietsd s
trace of the interim capped speed cycle up to the last sample in the medium
speed phase where v zy The time of this sample is referred to agiim

Then Rggmedumsamples with v= vg,, shall be added, so that the time of the
last Sample iﬂmedium"’ ne\dd,mediur}-
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9.23.2.2

The remaining part of the medium speed phase of the interim capped speed
cycle, which is identical with the same part of the base cycle, shall then be
added, so that the time of the last sampl@@22 + gy mediun\-

In a nextstep, the first part of the high speed phase of the interim capped
speed cycle up to the last sample in the high speed phase whetg, stV

be added. The time of this sample in the interim capped speed is referred to as
thign, SO that the time of th sample in the final capped speed cycle is

(thigh + Nadd,mediun)-

Then, Ry ngnsamples with v= v4pshall be added, so that the time of the last
sample beCOmG($high + Magd, medium™ nadd,higr)-

The remaining part of the high speed phase ofritezim capped speed cycle,
which is identical with the same part of the base cycle, shall then be added, so
that the time of the last sample(i477 + Rydmedium™ Nadd,high-

In a next step, the first part of the extra high speed phase of the interim
capped speed cycle up to the last sample in the extra high speed phase where
V = VgapShall be added. The time of this sample in the interim capped speed is
referred to asqfnigh SO that the time of this sample in the final capped speed

cycle is(texnigh Nadd,medium™ Nadd,high -

Then Ragexnighsamples with v= v, shall be added, so that the time of the
last sample i$teynhigh + Nadd,mediunit Nadd,high™ Nadd,exhigh-
The remaining part of the extra high speed phase of the interim capped speed

cycle, which is identical with the same part of the base cycle, shall then be
added, so that the time of the last sampl€lB00 + Rygmedium™ Madd,hight

nadd,exhigl)-

The length of the final capped speed cycle is equivalent tol¢hgthof the

base cycle except for differences caused by the rounding process for
Nadd,medium Madd,high@N0 Rdd exhigh

Vimax, medium<— Vcap < Vmax, high

The first part of the finatapped speed cycle consists of the vehicle speed
trace of the interim capped speed cycle up to the last sample in the high speed
phase where v =y, The time of this sample is referred to gg.t

Then, Rgynighsamples with v= v,, shall be addedso that the time of the last
sample ithigh + Nada,nign -

The remaining part of the high speed phase of the interim capped speed cycle,
which is identical with the same part of the base cycle, shall then be added, so
that the time of the last sample(i177 + Rgq nigh-

In a next step, the first part of the extra high speed phase of the interim
capped speed cycle up to the last sample in the extra high speed phase where
V = VggpShall be added. The time of this sample in the interim capped speed is
referred to asfnign SO that the time of this sample in the final capped speed

cycle is(texhigh* Nadd,high-

Then Rggexnighsamples with v= v, shall be added, so that the time of the
last sample i$texnigh+ Nagd,hight Madd,exhigh-

The remaining part of the extra high speed phase of the interim capped speed
cycle, which is identical with the same part of the base cycle, shall then be
added, so that the time of the last sampl@890 + Ry higit Nadd,exnigh-
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The lengthof the final capped speed cycle is equivalent to ltregth of the
base cycle except for differences caused by the rounding procesgdfiasin
and Rgd exhigh

9.23.2.3 Vimax, high<: Vcap< Vmax, exhigh

The first part of the final capped speed cycle consisthe vehicle speed
trace of the interim capped speed cycle up to the last sample in the extra high
speed phase where v 7y The time of this sample is referred to &g

Then, Ragexnigssamples with v= V., shall be added, so that the timetioé
last sample igtexnigh+ Nadd,exhigh-

The remaining part of the extra high speed phase of the interim capped speed
cycle, which is identical with the same part of the base cycle, shall then be
added, so that the time of the last sampl@890 + Ryq exnig)-

The lengthof the final capped speed cycle is equivalent tol¢hgthof the
base cycle except for differences caused by the rounding procesg;fQFig
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Annex?2

Gear selection and shift point determination for vehicles
equipped with manual transmissions

1. General approach

1.1. The shifting procedures described in tlaanexshall apply to vehicles
equipped with manuahift transmissions.

1.2. The prescribed gears and shifting points are based on the balance between the
power required to overcome driving resistance and acceleration, and the
power provided by the engine in all possib&ars at a specific cycle phase.

1.3. The calculation to determine the gears to use shall be based on engine speeds
andfull load power curvesersusenginespeed.

1.4. For vehicles equipped with dualrange transmission (low and high), only
the range designed for normal-myad operation shalle considered for gear
use determination.

1.5 The prescriptions for the clutch operation shall not be applied if the clutch is
operated automatically without the need of an engagement or disengagement
of the driver

16. This annex shall not apply to Jieles tested according to Annex 8
2. Required datand precalculations

The following dataarerequiredand calculations shall be performed in order
to determinethe gears to be used when driving the cycle on a chassis

dynamometer:
(@ 0 , the maximum rated engine power as declared by the
manufacturerkW;

(b)  neq the rated engine speed at which an engine develops its maximum
power. If the maximum power is developed over an engine speed
range NiaeqShall bethe minimumof this range min’;

(¢ 1 ,idling speedmin™.

Nige Shall be measured over a period of at least 1 minute at a sampling
rate of at least 1 Hz with the enginenningin warm condition the

gear lever placed in neutrand the clutch engagetdhe conditions

for temperature, gripheraland auxiliary devicesetc shall be the
same as described Annex6 forthe Type 1 test.

The value to be used in traanex shall be tharithmetic averagever
the measuring period, rounded or truncated to the nearest 0 min

(d)  ng,the number of forward gears

The forward gears in the transmission range designed for normal on
road operation shall be numbered in descending order of the ratio
between engine speed in miand vehicle speed in km/h. Gear 1 is
the gear with the highest ratio, gear ng is the gear with the lowest
ratio. ng deternmies the number of forward gears;
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(e)

(f)

9

(h)

(i)

(n/v);, the ratio obtained by dividing the engine speed n by the vehicle
speed v for each gedrfor i to Ngu., Min'/(km/h). (n/v) shall be
calculated according to the equations in paragBapti Annex 7

A A& /A road load coefficients selected for testihg,N/(km/h), and
N/(km/h)2 respectively;

nmax

Nmax_osthe minimum enginepeed where 95 per cent of rated power is
reached, min*;

If Nmax_osiS less than 65 per cent ofdls Nmax_osShall be set to 65 per
cent of Rued

If 65 per cent ofNiaeq X (NIV)3/ (NV),) < 1.1 X[ige + 0.125 X( Fygeq-
Nidgie ))» Nmax_ssShall be set to

1.1 x (Nigie + 0.125 X( Rued-Nidie )) X (V)2 / (Nfv)3
nmax(ng\/max) = (nlv)(ng\/max) x Vmax,cycle

where:

NQymax is defined in paragraph(®. of thisannex

Vimax,cycle is the maximum speed of the vehicle speed trace
according toAnnex 1, km/h;

Nimax is the maximum of fuy_gsand MadNGyma). min’™.

P.ot(n), the full load power curve over the engine speed range

(nv)(Ngymaxy) IS the ratio obtained by dividing the engine speed n by
the vehicle speed v for the gear .hg
min/(km/h);

The power curve shall consist of a sufficient number of data sets (n,
P.ot) sothat the calculation of interim points between consecutive data
sets can be performed by linear interpolatibeyviation of the linear
interpolation from the fulload power curve according to Regulation
No. 85 shall not exceed 2 per ceifihe first data set shall be at
Nrmin_drive Of Ngear™> 2 (see (K) belowdr lower. The last data set shall be

at Nated OF Nmax OF (N/V)(NGmax) X Vmax Whichever iggreater Datasets
need not be spaceastjually The full load power at engine speeds not
covered by Regulation No. 85 shall be determined according to the
methoddescribed in Regulation No. 85;

ngdmax

NOvmax the gear in which the maximum vehicle speed is reached and
shall bedetermined as follows:

fVinad N g Inalr@-1)vthen,
NGmax = NG

otherwise, Nghax = Ng-1

where:

Vma{NQ) is the vehicle speed at which the required road load
power equalghe available power R in gear ng (see
Figure A2/1a).
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FigureA2/1a

VmadNg-1) is the vehicle speed at which the required road load
power equals the available powgj,fn the next lower
gear (sed-igure A2/1b).

The required road load power, kW, shall be calculaisohg the
following equation:

£ O £ O £ O
CQTT

0

where:
Vimax is the vehicle speed, km/h.

The available power at vehicle speeghin gear ng orgearng - 1
may be determined from the full load power cur®.(n), by using
thefollowing equation

Nng = (n/V)ng X Vinax{NQ); Mhg1 = (n/V)ngl X VnaNG-1)

and by reducing the power values of the full load power curve by 10
per cent

If, for the purpose of limiting maximum vehicle speed, the maximum
engine speed in the highest gealimited to n,, which is lower than

the engine speed corresponding to the intersection of the road load
power curve and the available power curve, then:

NGumax = NOmax AN Viax = Mim / ((NAV) X(NGmay)-

An example where ng,y is the highest gear

P in kw
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FigureA2/1b
An example where ng.is the 2 highest gear
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Exclusion of a crawler gear

Gear 1 may be excluded therequest of the manufacturer if all of the
following conditions are fulfilled:

(1)  The vehicle does not hagedualrange transmission;
(2)  The vehicle family is homologated to tow a trailer;
@) (WV)/ (MV)(NGima)) X (Vimax X (WV)(NGima) / Mrated > 7;
(@ ((WV)2/ (MV)(NGima)) X (Vimax X (WV)(NGima) / Mrated > 4;

(5) The vehicle having a masas defined in the equation below,
shall be able to pull away from standstill within 4 seconds, on
an uphill gradient of at least 12 per cent, on five separate
occasions within a period of 5 minutes.

mo + 25 kg + MC 1T mp T 25 kg) x 0.28 (0.15 inthe case of M
category vehicles)

where:

(nv)(ngumax) IS the ratio obtained by dividing the engine speed n by
the vehicle speed v for gearhg, min./(km/h);

m,, is the mass in running order, kg;

MC is the gross train mass (gross vehicle mass + mabertraass),
kg.
In this case, gear &hall not be used when driving the cycle on a

chassis dynamometer and the gears shall be renumbered starting with
thesecondyear as gear 1.
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3.1.

3.2.

(k) Definition of Nuin_grive

Nmin drive IS the minimum engine speed when thahicle is in motion,

min’;

FOrNgear= 1, Min_drive= Ndles

Forngear= 2,

(@) for transitions fronfirst to secondgear:
Nemin_drive = 1.15 Xye,

(b)  for decelerations to standstill:
Nmin_drive = Mdle-

(c) for all other drivingconditions:
Nmin_drive= 0.9% Nigje.
FOrNgear™ 2, Mnin_arive Shall bedetermined by:
Nmin_drive = Mdle + 0.125 X( Rhyeq-Nigie )-

The final result for Rin_darive Shall berounded to the nearest integer. Example:
1199.5becomed 200, 1199.becomed 199.

Higher values may be used if requested by the manufacturer.
0] 4 -, test mass of the vehicle, kg.

Calculations of required power, engine speeds, available power, and possible
gear to be used

Calculation of required power

For eachsecond of the cycle trace, the power required to overcome driving
resistance and to accelerate shall be calculated using the following equation:

0 h
where:
0 R is therequiredpower at second kW;
A is the vehicle acceleration at seconthj, and is calculated as
follows:
A —
8
EO is a factor taking the inertial resistances of the drivetrain during

acceleration into account and is sel 103
Determination of enginspeeds

Forany®O  p km/h, it shall be assumed that the vehicle is standing still and

the engine speeshall beset tol  .The gear leveshall beplaced in neutral
with the clutch engagedxceptl second before beginning atceleration
from standstillwhere first gear shall be selected with the clutch disengaged

For eachD  p km/hof the cycle trace and each gedEi, ptol C ,the
engine speed j,shall becalculated using the following equation:
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T, 170 O
3.3. Selectionof possible ge@ with respect to engine speed
The following gears may be selected for driving the speed trage at
(@  All gears < ngmaWhere I’rhin_driveo ij () mdd_o5
(b) Al'l g e afasvhere MuidOdij © mlNGimas);
(c)  Gear1,if ;< Nuin_dgrive

If a3 O 0 g @dge m; shall be set to i and the clutch shall be
disengaged.

If &> 0 and O(1.15 X Rye), n; shall be set t§1.15 xnge) and the clutch
shall be disengaged.

3.4. Calculation of available power

The available power for each possible gear i and each vehicle speed value of
the cycle trac® shall be calculated using the following equation:

0 " 0 Ts p 3- 13-

where

0 is the rated power, kW;

0 is thepower available tan; at full loadconditionfrom the full load
power curve

3 - is a safety margin accounting for the differenoetweenthe
stationary full loaccondition power curve and the power available
during transition conditions. SM gt to10 per cent

ASM is an additional power safety margin which may be applied at the

request of the manufacturer.

When requested, the manufacturer shall provide the ASM values (in per cent
reduction of the wot power) together with data sets f{i® as shown in
Table A24. Linear interpolation shall be used between consecutive data
points. ASM is limited to 50 per cent.

The application of an ASM requires the approval of the responsible authority.

Table A2/1

n Pwot SM ASM Pavailable
mirt KW per cent per cent KW
700 6.3 10.0 20.0 4.4
1000 15.7 10.0 20.0 11.0
1500 32.3 10.0 15.0 24.2
1800 56.6 10.0 10.0 45.3
1900 59.7 10.0 5.0 50.8
2000 62.9 10.0 0.0 56.6
3000 94.3 10.0 0.0 84.9
4000 125.7 10.0 0.0 113.2
5000 157.2 10.0 0.0 141.5
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n Pwot SM ASM Pavaitable
mint KW per cent per cent KW
5700 179.2 10.0 0.0 161.3
5800 180.1 10.0 0.0 162.1
6000 174.7 10.0 0.0 157.3
6200 169.0 10.0 0.0 152.1
6400 164.3 10.0 0.0 147.8
6600 156.4 10.0 0.0 140.8

Determination of possible gears to be used

The possible gears to be usetiall be determined by the oflowing
conditions:

@ The conditions of paragraph 3.3. are fulfilled, and

(b) If Ni; @) miR) drive of Ngear> 2,0 h 0 h

If in (D) Paaiavleij O reRireaj can only be fulfilled by using a gear where
paragraph 3.3.(a) of this annex canbetfulfilled because the corresponding
engine speed exceedsafs this shall be accepted as long as the engine
speed does not exceegd3

If in paragraph 3.5.(b) Jea”abb,i,jé reldiregjCaN only be fulfilled in a gear in
which ngeqis exceedd, the next higher gear shall be used.

The initial gear to be used for each sec&odfithe cycle trace is theighest
final possible geali.. When starting from standstill, only tfiest gear shall
be used

The lowest final possible gear jg;i
Additional requirements for corrections and/or modifications of gear use

The initial gear selection shall be checked and modified in order to avoid too
frequent gearshifts and to ensdréveability and practicality.

An acceleration phase is a time perafdnore thar? seconds with a vehicle

speed O 1 km/h and with monotonic increase
phase is a time period of morethas econds with a vehicle spee
and with monotonic decrease of vehicle speed.

Corrections and/or odifications shall be made according to the following
requirements:

(@ If a lower gear is required at a higher vehicle speed during an
acceleration phase, the higher gears before shall be corrected to the
lower gear.

Example: y < Viig < Visz < Visz < Viug < Viss < Visg. The original
calculated gear use is 2, 3, 3, 3, 2, 2, 3. In this case the gestnalse
be corrected to 2, 2, 2, 2, 2, 2, 3.

(b)  Gears used during acceleratioms v ehi cl e sspabteds O 1 km/ h
used for a period of at least 2 seconds (e.g. a gear sequence 1, 2, 3, 3,
3, 3, 3 shall be replaced by 1,2, 2, 3, 3, 3). Gears shall not be
skipped during acceleration phases.
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(©

(d)

(€)

(f)

If gear Eis used for a time sequence of 1 to 5 seconds and the gear
prior to this sequence is lower and the gear after this sequence is the
same as or lower than the gear before this sequence, the gear for the
sequence shall be corrected to the gear before the sequence.

Examples:

()  gear sequenc& p, E E p shall be refaced by E p,
E pE p;

(i)  gear sequencE p, EEE p shall be replaced b p, E
pE pE p;

(i) gear sequenc& p, E EE E p shall be replaced bye bp,
E pE p.E pE p;

(iv) gear sequencE p, EEEEE p shall be replaced b p,
E p,E p,E p,E p,E p;

(v) gearsequencé p,EEEEEE p shall be replaced b§ p,
E p,E p,E p,E p,E p,E p.

In all cases (i) to (V)-1 & shiall be fulfilled.

During a deceleration phase, gears wigh,» 2 shall be used as long
as tte engine speed does not drop belgw Give

If the duration of a gear sequence is only 1 second, it shall be replaced
by gear 0 and the clutch shall be disengaged.

If the duration of a gear sequence is 2 seconds, it shall be replaced by
gear 0 for thel® second and for the"®second with the gear that
follows after the 2 second period. The clutch shall be disengaged for
the F'second.

Example: A gear sequence 5, 4, 4, 2 shall be replaced by 5, 0, 2, 2.

This requirement shall only be applied if tpear that follows after the
2 second period is > 0.

The secondgear shall be used during a deceleration phase within a
short trip of the cycle as long as the engine speed does not drop below
(0.9% Nige).-

If the engine speed drops belowehthe clutchshallbe disengaged.

If the deceleration phase is the last part of a short trip shortly before a
stop phase and tHest or secondgearwithin the deceleratiophase
would only be used for up to two seconds, the gear Iskal be
placal in neutral and the clutahall beengaged.

(Examples: A gear sequence of 4, 0, 2, 2, 0 for the last 5 seconds
before a stop phase shall be replaced by 4, 0, 0, 0, 0. A gear sequence
of 4, 3, 3, 0 for the last 4 seconds before a stop phase shalllédeeep

by 4,0,0,0.)

A downshift to first gear is not permitted during those deceleration
phases.

Paragraphs 4.(a) to 4.(fclusive shall be appliedequentially scanning the
complete cycle trace in each caSénce modificationso paragraph4.(a)to
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4.(f) of this annex may create new gear use sequentleese newgear
sequences shall be checked three times and modified if necessary.

In order to enable the assessment of the correctness of the calculation, the

average gear for vourQlacds ofkdecimal, shall beu nded t o
calculated and recorded.
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Annex3

86

Reference fuels

As there are regional dérences in the market specifications of fuels,
regionally different reference fuels need to be recognisedmple reference
fuels are however required ithis UN GTR for the calculation of
hydrocarbon emissions and fuel consumpti@aference fuels aréhérefore
given as examples for such illustrative purposes.

It is recommended that Contracting Parties select their reference fuels from
this annexand bring any regionally agreed amendments or alternatives into
this UN GTR by amendmentThis does not heever limit the right of
Contracting Parties to define individual reference fuels to reflect local market
fuel specifications.

Liquid fuels for positive ignition engines
Gasoline/Petrol (nominal 90 RON, EO)
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TableA3/1
Gasoline/petrol (nominal 90RON, EO0)
Standard
Fuel property orsubstancename Unit Minimum Maximum Test method
Research octane number, RON 90 92 JIS K2280
Motor octane number, MON 80 82 JIS K2280
Density g/cm3 0.720 0.734 JIS K2249
Vapour pressure kPa 56 60 JIS K2258
Distillation:
0 10 % distillation temperature K (°C) 318 (45) 328 (55) JIS K2254
0 50 % distillation temperature K (°C) 363 (90) | 373 (100) JIS K2254
0 90 % distillation temperature K (°C) 413 (140) | 443 (170) JIS K2254
o final boiling point K (°C) 488 (215) JIS K2254
0 olefins % v/iv 15 25 JIS K25361
JIS K25362
0 aromatics % v/v 20 45 JIS K25361
JIS K25362
JIS K25363
0 benzene % v/v 1.0 JIS K25362
JIS K25363
JIS K25364
Oxygen content not to be detected JIS K25362
JIS K25364
JISK2536-6
Existent gum mg/100ml 5 JIS K2261
Sulphur content wt ppm 10 JIS K25411
JIS K25412
JIS K25416
JIS K25417
Lead content not to be detected JIS K2255
Ethanol not to be detected JIS K25362
JIS K25364
JIS K25366
Methanol not to bedetected JIS K25362
JIS K25364
JIS K25365
JIS K25366
MTBE not to be detected JIS K25362
JIS K25364
JIS K25365
JIS K25366
Kerosene not to be detected JIS K25362
JIS K25364
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3.2. Gasoline/petrol (nominal 91 RON, EO)

TableA3/2

Gasoline/petrol(nominal 91 RON, EO)

Standard
Fuel property orsubstancename Unit Minimum Maximum Test method
Research octane number, RON 91 94 KS M 2039
Vapour pressure kPa SLfmmer 4 00 KS M ISO 3007
Winter 44 96
Distillation:
0 10 % distillationtemperature °C - 70 ASTM D86
0 50 % distillation temperature °C - 125 ASTM D86
0 90 % distillation temperature °C - 170 ASTM D86
o final boiling point °C - 225 ASTM D86
Residue % viv - 20 ASTM D86
Water content % viv - 0.01 KS M 2115
5 olefins® s - asag) | KSM 2085 ASTM DG206,
6 aromatics” o - 24D pogen h20s D830, PIONA
% viv KS M 2407, ASTM D3606,
0 benzene - 0.7 D5580,D6293,D6839,
PIONA

Oxygen content wt % - 2.3 KSM 240§é'§‘§JM D4815,
Unwashedyum mg/100ml - 5 KS M 2041
Sulphur content wt ppm - 10 KS M 2027, ASTM D5453
Lead content mg/L - 13 KS M 2402, ASTM D3237
Phosphorus content mg/L - 1.3 KS M 2403, ASTM D3231
Methanol wt % - 0.01 KS M 2408
Oxidation stability min 480 - KS M 2043
Copper corrosion 503 , 3h - 1 KS M 2018
Colour Yellow - - Sensorytest

@ The standard ibracketsmay apply for olefis. In this casethe value in bracketor aromatis shall apply.
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3.3. Gasoline/petrol (nominal 100 RON, EO)
TableA3/3
Gasoline/petrol (nominal 100 RON, EO)
Standard
Fuel Property or Substance Name Unit Minimum Maximum Test method
Research octane number, RON 99 101 JIS K2280
Motor octane number, MON 86 88 JIS K2280
Density g/cm3 0.740 0.754 JIS K2249
Vapourpressure kPa 56 60 JIS K2258
Distillation:
0 10 % distillation temperature K (°C) 318 (45) 328 (55) JIS K2254
0 50 % distillation temperature K (°C) 363 (90) 373 (100) JIS K2254
0 90 % distillation temperature K (°C) 413 (140) 443 (170) JIS K2254
0 final boiling point K (°C) 488 (215) JIS K2254
, JIS K25361
0 olefins % viv 15 25 IIS K25362
JIS K25361
0 aromatics % viv 20 45 JIS K25362
JIS K25363
JIS K25362
0 benzene % viv 1.0 JIS K25363
JIS K25364
JIS K25362
Oxygen content not to be detected JIS K25364
JIS K25366
Existent gum mg/100ml 5 JIS K2261
JIS K25411
JIS K25412
Sulphur content wt ppm 10 I1S K25416
JIS K25417
Lead content not to be detected JIS K2255
JIS K25362
Ethanol not to be detected JIS K25364
JIS K25366
JIS K25362
JIS K25364
Methanol not to be detected I1S K25365
JIS K25366
JIS K25362
JIS K25364
MTBE not to be detected JIS K25365
JIS K25366
Kerosene not to be detected JIS K25362
JIS K25364
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3.4. Gasoline/petrol (nominal 94 RON, EO)

TableA3/4

Gasoline/petrol (nominal 94 RON, EO)

Standard
Fuel Property or Substance Name Unit Minimum Maximum Test method
Research octane number, RON 94 - KS M 2039
Vapour pressure kPa Summer a4 60 KS M ISO 3007
Winter 44 96
Distillation:
0 10 % distillation temperature °C - 70 ASTM D86
0 50 % distillation temperature °C - 125 ASTM D86
0 90 % distillation temperature °C - 170 ASTM D86
o final boiling point °C - 225 ASTM D86
Residue % viv 20 ASTM D86
Water content % viv 0.01 KS M 2115
. % viv KS M 2085, ASTM
8 olefins™ 16 (19) D6296,D6293,D6839
. % viv KS M 2407, ASTM D3606,
8 aromatics™ 241 | D5580,06293,06839,PIONA
5 benzene % viv 0.7 KS M 2407, ASTM D3606,
D5580,D06293,D6839,PIONA
Oxygen content Wt % 23 KS M 2408,ASTM D4815,
D6839

Unwashedyum mg/100ml 5 KS M 2041
Sulphur content wt ppm 10 KS M 2027, ASTM D5453
Lead content mg/L 13 KS M 2402, ASTM D3237
Phosphorus content mg/L 1.3 KS M 2403, ASTM D3231
Methanol wt % 0.01 KS M 2408
Oxidation stability min 480 - KS M 2043
Copper corrosion 503 , 3h 1 KS M 2018
Colour Green - - Sensory Test

@ The standard ibracketsmay apply fomlefins. In this casethe value in brackefor aromatis shall apply.
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3.5. Gasoline/petrol (nominal 95 RON, E5)
TableA3/5
Gasoline/petrol (nominal 95 RON, E5)
Limits®
Parameter Unit Minimum Maximum Test method
Research octane number, RON 95.0 EEI\IISZ(§15614£34
Motor octane number, MON 85.0 Eﬁﬁlszglsi?é
Density at 15C kg/m® 743 756 EE,\'T'IES fgzgs
Vapour pressure kPa 56.0 60.0 EN I1SO 130161 (DVPE)
Water content % viv 0.015 ASTM E 1064
Distillation:
d evaporated at 70C % viv 24.0 44.0 EN-1ISO 3405
d evaporated at 100C % viv 48.0 60.0 EN-ISO 3405
0 evaporated at 150C % viv 82.0 90.0 EN-1ISO 3405
o final boiling point °C 190 210 EN-ISO 3405
Residue % viv 2.0 EN-1SO 3405
Hydrocarbon analysis:
o olefins % viv 3.0 13.0 ASTM D 1319
& aromatics % viv 29.0 35.0 ASTM D 1319
d benzene % viv 1.0 EN 12177
d0 saturates % viv To be recorded ASTM 1319
Carbon/hydrogen ratio To be recorded
Carbon/oxygen ratio To be recorded
Induction period? minutes 480 EN-ISO 7536
Oxygen content) % m/m To be recorded EN 1601
Existent gum mg/ml 0.04 EN-ISO 6246
EN 1SO 20846
Sulphur conten? mg/kg 10 EN ISO 20884
Copper corrosion Class 1 EN-ISO 2160
Lead content mg/I 5 EN 237
Phosphorus contefit mg/| 1.3 ASTM D 3231
3 EN 1601
Ethanol® % viIv 4.7 5.3 EN 13132

W The values quotedintteep e ci f i cati ons

fixing a minimum value, a minimumifference of 2R above zero has been taken into account; in fixing a maximum and

a r dng df theirdineit valuad the éesng of ISO A25% s t a
"Petroleum product8 Determination and application of precision data in relation to methods 'bhteg been applied and in

minimum value, the minimum difference is 4R (R = reproducibility). Notwithstanding this measure, which is necessary 1
technical reasons, the manufacturer of fuels shall tieless aim at a zero value where the stipulated maximum value is 2
and at the mean value in the case of quotations of maximum and minimum limits. Should it be necessary to clarify whe
fuel meets the requirements of the specifications, the teri®004259 shall be applied.
@ The fuel may contain oxidation inhibitors and metal deactivators normally used to stabilise refinery gasoline stream:
detergent/dispersive additives and solvent oils shall not be added.
®  Ethanol meeting the speici&tion of EN 15376 is the only oxygenate that shall be intentionally added to the reference
@ The actual sulphur content of the fuel used for the Type 1 test shaltdreled
®  There shall be no intentional addition of compounds contajstimgphorus, iron, manganesejead to this reference fuel.
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3.6. Gasoline/petrol (nominal 95 RON, E10)

TableA3/6

Gasoline/petrol (nominal 95 RON, E10)

Limits®
Parameter Unit Minimum Maximum Test metho®®
Research octane number, RGN 95.0 98.0 EN ISO 5164
Motor octane number, MOR 85.0 89.0 EN ISO 5163
Density at 15C kg/m® 7430 756.0 EN ISO 12185
Vapour pressure kPa 56.0 60.0 EN 130161
Water content % viv 0.05 EN 12937
Appearance af7 °C clear and bright
Distillation:
& evaporated at 78C % viv 34.0 46.0 EN-1SO 3405
0 evaporated at 10TC % viv 54.0 62.0 EN-1SO 3405
0 evaporated at 15C % viv 86.0 94.0 EN-ISO 3405
o final boiling point °C 170 195 EN-1SO 3405
Residue % viv 2.0 EN-ISO 3405
Hydrocarboranalysis:
0 olefins % viv 6.0 13.0 EN 22854
& aromatics % viv 25.0 32.0 EN 22854
0 benzene % viv 1.00 EN 22854
EN 238
0 saturates % viv To be recorded EN 22854
Carbon/hydrogen ratio To be recorded
Carbon/oxygen ratio To be recorded
Induction period® minutes 480 EN-ISO 7536
Oxygen conten’ % m/m 3.3 3.7 EN 22854
Solvent washed gum mg/100ml 4 EN-ISO 6246
(Existent gum content)
Sulphur conten® mg/kg 10 EN ISO 20846
EN 1SO 20884

Copper corrosion Class 1 EN-1SO 2160
Lead content mg/I 5 EN 237
Phosphorus contefft mg/| 1.3 ASTM D 3231
Ethanol® % VIV 9.0 10.0 EN 22854

W The values quoted in the specificationsé@re r ue v a |l u e sabtheir limit vakisstha terms of IBO 42%Petroleum products
- Determination and application of precision data in relation to methods 'bhéeg been applied and in fixing a minimum value, a
minimum difference of 2R above zero has been taken into account; in fixing a maximum and minimum value, the minineacedsdfer
4R (R = reproducibility).

Notwithstanding this measure, which is necessary for technical reasons, the manufacturer of fuels shall neverthelegss@iralaéa
where the stipulated maximum value is 2R and at the mean value in the case dfrgiofatiaximum and minimum limits. Should it be
necessary to clarify whether a fuel meets the requirements of the specifications, the terms of ISO 4259 shall be applied.

@ Equivalent EN/ISO methods will be adopted when issued for properties listeel abov

® A correction factor of 0.2 for MON and RON shall be subtracted for the calculation of the final result in accordanc@28i2GDg.

@ The fuel may contain oxidation inhibitors and metal deactivators normally used to stabilise gHs@iye streams, but
detergent/dispersive additives and solvent oils shall not be added.

®  Ethanol is the only oxygenate that shall be intentionally added to the reference fuel. The Ethanol used shall conf@d@o EN 1

© The actual sulphur coent of the fuel used for the Type 1 test shaltdmrded

™ There shall be no intentional addition of compounds containing phosphorus, iron, manganese, or lead to this reference fuel.
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3.7. Ethanol (nominal 95 RON, E85)
TableA3/7
Ethanol (nominal 95RON, E85)
Limits®
Parameter Unit Minimum Maximum Test metho®
Research octane number, RON 95 EN ISO 5164
Motor octane number, MON 85 EN ISO 5163
Density at 15C kg/m® To be recorded ISO 3675
Vapour pressure kPa 40 60 EN ISO 130161 (DVPE)
4 EN I1SO 20846 EN 1SO
Sulphur conten® mg/kg 10 20884
Oxidation stability minutes 360 EN ISO 7536
Existent gum content (solvent washe mg/100ml 5 EN-ISO 6246
AppearanceThis shall be determined Clear and bright, visibly
at ambient temperature or 16 free of suspended or Visual inspection
whicheveris higher. precipitated contaminants
EN 1601
Ethanol and higher alcohdfs % viv 83 85 EN 13132
EN 14517
Higher alcohols (CZX8) % viv 2
Methanol % viv 0.5
Petrol® % viv Balance EN 228
Phosphorus mg/| 0.3© ASTM D 3231
Water content % viv 0.3 ASTM E 1064
Inorganic chloride content mg/I 1 ISO 6227
pHe 6.5 9 ASTM D 6423
Copper strip corrosion (3h at 3Q) Rating Class 1 EN ISO 2160
- . . % (m/m)
Acidity, (as acetic acid CH3COOH) (ma/) 0.00540 ASTM D 1613
Carbon/hydrogen ratio Record
Carbon/oxygen ratio Record

WThe values quoted in the spdngoftheirdimitvallestse teems ef ISO #25@etolevny |
productsd Determination and application of precision data in relation to methods 'bh&es been applied and in fixing a
minimum value, a minimum difference of 2R above zero has been taken dotmgadn fixing a maximum and minimum value, tt
minimum difference is 4R (R = reproducibility). Notwithstanding this measure, which is necessary for technical reasons, th
manufacturer of fuels shall nevertheless aim at a zero value where the stimdabedim value is 2R and at the mean value in tl
case of quotations of maximum and minimum limits. Should it be necessary to clarify whether a fuel meets the requitémen
sEecifications, the terms of ISO 4259 shall be applied.

@ In cases of disga, the procedures for resolving the dispute and interpretation of the results based on test method precis
described in EN 1SO 4259 shall be used.

® |n cases of national dispute concerning sulphur content, either EN ISO 20846 or EN ISO 2088 cstiieldi up(similar to the
reference in the national Annex EN 22§.

@ The actual sulphur content of the fuel used for the Type 1 test shaltdreled

® The unleaded petrol content can be determined as 100 minus the sum of the percentagsf eaezrand alcohols

® There shall be no intentional addition of compounds containing phosphorus, iron, manganese, or lead to this reference
(™ Ethanol to meet specification of EN 15376 is the only oxygenate that shall be intentionallyatidedeference fuel.
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4, Gaseous fuels for positive ignition engines
4.1. LPG (A and B)
TableA3/8
LPG (A and B)
Parameter Unit Fuel E1 Fuel E2 Fuel J Fuel K Test method
Composition ISO 7941
Winter:
min. 15,
C3-content % vol 30+2 85+ 2 max 35 KS M ISO 7941
Summer:
max.10
Propaneandpropylene % mole Min 20, J1S K2240
content max 30
Winter:
min.60,
C4-content % vol Balance KS M ISO 7941
Summer:
min. 85
Butaneandbutylene content Min 70, JIS K2240
max 80
Butadiene max.0.5 KS M ISO 7941
<C3 >C4 % vol Max. 2 Max. 2
Olefins % vol Max. 12 | Max. 15
Evaporation residue mg/kg Max. 50 | Max. 50 EN 15470
Evaporation residue (100m ml - 0.05 ASTM D2158
Water at °C Free EN 15469
mg/kg Max. 10 | Max 10 ASTM 6667
KS M 2150, ASTM
Total sulphur content
Max 40 D4486,
ASTM D5504
Hydrogen sulphide None None ISO 8819
Copper strip corrosion rating Class1 | Class1 1SO 6251
Copper corrosion 403 , 1h - 1 KS M ISO 6251
Odour Characteristic
Motor octane number Min. 89 Min. 89 EN 589
AnnexB
KS M ISO 4256
Vapour pressuré03 ) MPa - 1.27 KS M ISO 8973
KS M 2150,
Density(153 ) kg/m3 500 620 KS M ISO 3993
KS M ISO 8973

@ This method may not accurately determine the presgihmerrosive materials if the sample contains corrosion inhibitors o
other chemicals which diminish the corrosivity of the sample to the copper strip. Therefore, the addition of such coopou
the sole purpose of biasing the test method is prohibited.
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4.2. NG/biomethane
4.2.1. "G20"High Gas$ (nominal 100per centMethane)
TableA3/9
"G20" "High Gas" (nominal 100 per centmethang
Limits
Characteristics Units Basis Minimum Maximum Test method
Composition:
Methane % mole 100 99 ISO6974
Balance® % mole R} 8 ISO 6974
N, % mole ISO 6974
Sulphur content mg/mt?® 8 8 ISO 63265
Wobbe Index (net) MI/mE® 48.2 47.2
@D Inerts (different from B) + C2 + C2+.
@ value to be determined at 293.15 K (20) and101.325kPa.
® Value to be determined at 273.15 K°(@®) and 101.32kPa.
4.2.2. "K-Gas (nominal 88per centMethane)
TableA3/10
"K -Gas" (nominal 88 per cent methané
Limits
Characteristics Units Minimum Maximum Test method
% viv KS M ISO 6974, ASTM
Methane 88.0 - D1946, ASTM D194831,
JISKO0114
% viv KS M ISO 6974, ASTM
Ethane - 7.0 D1946, ASTM D194831,
JISKO0114
% viv KS M ISO 6974, ASTM
Cs + hydrocarbon - 5.0 D1946, ASTM D194531,
JISKO0114
% viv KS M ISO 6974ASTM
Cs+ hydrocarbon - 0.2 D1946, ASTM D194831,
JISKO0114
KS M ISO 63261,
KS M I1SO 19739
Sulph tent - 40 '
Hiphur conten PP ASTM D5504,
JIS K 0127
KS M ISO 6974, ASTM
Inert gagCO,, Ny, etc) vol % - 4.5 D1946, ASTM D194531,
JISK 0114
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4.2.3. "G25" Low Gas (nominal 86per centMethane)
TableA3/11
"G25" "Low Gas" (nominal 86 per centmethane
Limits
Characteristics Units Basis Minimum Maximum Test method
Composition:
Methane % mole 86 84 88 ISO 6974
Balance™ % mole 3 R 1 ISO 6974
N, % mole 14 12 16 ISO 6974
Sulphur content mg/nt® 8 3 10 ISO 63265
Wobbe Index (net) MI/mE® 39.4 38.2 40.6
D Inerts (different from B) + C2 + C2+.
@ value to be determined at 228.K (20 °C) and 101.35kPa
® Value to be determined at 218.K (0 °C) and101.25kPa
4.2.4. "J-Gas (nominal 85per centMethane)
TableA3/12
"J-Gas" (nominal 85per cent methanée
Limits
Characteristics Units Minimum Maximum
Methane % mole 85
Ethane % mole 10
Propane % mole 6
Butane % mole 4
HC of G+C, % mole 8
HC of G or more % mole 0.1
Other gases (H+0O,+N,+CO+CQ) % mole 1.0
Sulphurcontent mg/Nn? 10
Wobbe Index Wi 13.260 13.730
Gross Calorific value kcal/Nn? 10.410 11.050
Maximum combustion speed MCP 36.8 375
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42.5. Hydrogen

Table A3/13

Hydrogen

Limits

Characteristics Units Minimum Maximum Test method
Hydrogen purity % mole 98 100 ISO 146871
Total hydrocarbon emol /1 0 100 ISO 146871
Watef” gemol /1 0 @ ISO 146871
Oxygen emol /1 0 @ ISO 146871
Argon emol /1 0 @ ISO 146871
Nitrogen emol /1 0 @ ISO 146871
Cco emol /1 0 1 ISO 146871
Sulphur emol /1 0 2 ISO 146871
Permanent particulatés ISO 146871

@ Not to be condensed

@ Combined water, oxygen, nitrogen and argon: 1.900 ¢€n
@ The hydrogenshall not contain dust, sand, dirt, gums, oils, or other substances in an amount sufficient to damage tl
station equipmentrahe vehicle (engine) being fuelled.
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5. Liquid fuels for compression ignition engines
5.1. J-Diesel (nominal 5Xetane, BO)
TableA3/14
J-Diesel (nominal 53cetane BO)
Specification
Fuel Property or Substance Name Units Minimum Maximum Test method
Cetane number 53 57 JIS K2280
Density g/cm3 0.824 0.840 JIS K2249
Distillation:
0 50 %distillation temperature K (°C) 528 (255) | 568 (295) JIS K2254
0 90 % distillation temperature K (°C) 573 (300) | 618 (345) JIS K2254
o final boiling point K (°C) 643 (370) JIS K2254
Flash point K (°C) 331(58) JIS K2265 3
Kinematic vscosity at 30C mné/s 3.0 4.5 JIS K2283
All aromatic series vol % 25 JIS Method HPLC
Polycyclic aromatic hydrocarbons vol % 5.0 JIS Method HPLC
JIS K25411
JIS K25412
Sulphur content wt ppm 10 1S K25416
JIS K25417
Method prescribed in the
EAME % 01 Japaneseancentration
measuremerprocedure
announcement
Method prescribed in the
Japaneseancentration
Triglyceride % 0.01 P
measuremerprocedure
announcement
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5.2. E-Diesel (hominal 52 Cetane, B5)

TableA3/15

E-Diesel (nominal 52cetane B5)

Limits®
Parameter Unit Minimum Maximum Test method
Cetane numbéf 52.0 54.0 EN-ISO 5165
Density at 15C kg/m® 833 837 EN-ISO 3675
Distillation:
8 50 % point °C 245 o} EN-ISO 3405
& 95 % point °C 345 350 EN-1SO 3405
o final boiling point °C o} 370 EN-ISO 3405
Flash point °C 55 o} EN 22719
CFPP °C 0 15 EN 116
Viscosity at 40°C mné/s 2.3 3.3 EN-ISO 3104
Polycyclic aromatic hydrocarbons % m/m 2.0 6.0 EN 12916
Sulphur contenf mg/kg 3 10 EN ISO 20846/
EN ISO 20884

Copper corrosion o} Class 1 EN-ISO 2160
Conradson carbon residue (10 % DR) % m/m o} 0.2 EN-1ISO10370
Ash content % m/m o} 0.01 EN-ISO 6245
Water content % m/m o} 0.02 EN-1ISO12937
Neutralzation(strong acid) number mg KOH/g o} 0.02 ASTM D 974
Oxidation stability” mg/ml 3 0.025 EN-1SO12205
Lubricity (HFRR wear scan diameter at%x) eEm o} 400 EN ISO 12156
Oxidation stability at 116C “® h 20.0 EN 14112
FAME ©® % viIv 4.5 5.5 EN 14078

W The values quoted in the sp dngofthérdimitvaluesttse teems ef ISO® #A5RetrolewEm
productsd Determination and application of precision data in relation to methods of test have been applied and in fixing a
minimum value, a minimum difference of 2R above zero has been taken intmmgéndixing a maximum and minimum value,
the minimum difference is 4R (R = reproducibility). Notwithstanding this measure, which is necessary for technical heason
manufacturer of fuels shall nevertheless aim at a zero value where the stipubdtadmaalue is 2R and at the mean value in tl
case of quotations of maximum and minimum limits. Should it be necessary to clarify whether a fuel meets the requitemer
s?ecifications, the terms of ISO 4259 shall be applied.

@ The range for cetee number is not in accordance with the requirements of a minimum range of 4R. However, in the cas
dispute between fuel supplier and fuel user, the terms of ISO 4259 may be used to resolve such disputes provided replica
measurements, of sufficienumber to archive the necessary precision, are made in preference to single determinations.

® The actual sulphur content of the fuel used for the Type 1 test shattdreled

®  Even though oxidation stability is controlled, it is likely that §k&g will be limited. Advice shall be sought from the suppliel
as to storage conditions and life.

® FAME content to meet the specification of EN 14214.

© Oxidation stability can be demonstrated by-EXD12205 or by EN 14112. This requiremehall be reviewed based on
CEN/TC19 evaluations of oxidative stability performance and test limits.
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5.3. K-Diesel (nominal 52 Cetane, B5)

TableA3/16

K-Diesel (nominal 52cetane B5)

Specification
Fuel property orsubstancename Units Minimum Maximum Test method
0.0
Pour point 3 - (winter: ASTM D6749
-17.53)
Flash point 3 40 - KS M ISO 2719
Kinematicviscosityat 403 mm?/s 1.9 5.5 KS M 2014
90 % distillation temperature 3 - 360 ASTM D86
KS M 2017, 1 4262

10% carbon residue wt % - 0.15 ﬁ: 14,1 S',I'l\j?)s 24? ’
Water content vol % - 0.02 KS M 2115
Sulphur content mg/kg - 10 KS M 2027, ASTM D5453
Ash wt % - 0.02 KS M ISO 6245
Cetane number 52 - KS M 2610,
Copper corrosion 1003 , 3h - 1 KS M 2018
Lubricity (603 , micron)(HFRR) - 400 CFCF-06-A, ASTM D6079
Density(153 ) kglcm3 815 835 KS M 2002, ASTM D4052
Polycyclic aromatic hydrocarbons wt % - 5 KS M 2456
All aromatic series wt % - 30 IP 391, ASTM D5186
Fatty acid methyl esters content vol % - 5 EN 14078
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5.4. E-Diesel (nominal 5Zetane, B7)

TableA3/17

E-Diesel (nominal 52cetane B7)

Limits®
Parameter Unit Minimum Maximum Test method
Cetane Index 46.0 EN-ISO 4264
Cetane numbé& 52.0 56.0 EN-ISO 5165
Density at 15C kg/m3 833.0 837.0 EN-1ISO 12185
Distillation:
0 50 % point °C 2450 o} EN-ISO 3405
3 95 % point °C 345.0 360.0 EN-ISO 3405
d final boiling point °C o} 370.0 EN-ISO 3405
Flash point °C 55 o} EN ISO 2719
Cloud point °C o} -10 EN 116
Viscosity at 40C mmz/s 2.30 3.30 EN-1ISO 3104
Polycyclic aromatidwydrocarbons % m/m 2.0 4.0 EN 12916
Sulphur content mg/kg o} 10.0 EN ISO 20846/
EN I1SO 20884

Copper corrosio(3 hours, 50C) o} Class 1 EN-1SO 2160
Conradson carbon residue (10 % DR) % m/m o} 0.20 EN-ISO10370
Ash content % m/m o} 0.010 EN-ISO 6245
Total contamination mg/kg 24 EN 12662
Water content mg/kg o} 200 EN-1S012937
Acid number mg KOH/g o} 0.10 EN I1SO 6618
Lubricity (HFRR wear scan diameter a €m o} 400 EN ISO 12156
60°C)
Oxidation stability at 110C © h 20.0 EN 15751
FAME @ % viv 6.0 7.0 EN 14078

@ The values quoted in the specifications 'izee values In establising of their limit values the terms of ISO 4259
Petroleum producfs Determination and application of precision data in relation to methods of test have been applied ar
fixing a minimum value, a minimum difference of 2R above zero has been taken intmtadedixing a maximum and
minimum value, the minimum difference is 4R (R = reproducibility).

Notwithstanding this measure, which is necessary for technical reasons, the manufacturer of fuels shall nevertheless a
zero value where the stipulatedximaum value is 2R and at the mean value in the case of quotations of maximum and
minimum limits. Should it be necessary to clarify whether a fuel meets the requirements of the specifications, theS€rms
4259 shall be applied.

@ The range for cetee number is not in accordance with the requirements of a minimum range of 4R. However, in the
a dispute between fuel supplier and fuel user, the terms of ISO 4259 may be used to resolve such disputes provided re
measurements, of sufficienumber to archive the necessary precision, are made in preference to single determinations.
® Even though oxidation stability is controlled, it is likely that shelf life will be limited. Advice shall be sought from the
supplier as to storage conditioasd life.

@ FAME content to meet the specification of EN 14214.
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6. Fuels for fuel cells

6.1. Compressed hydrogen gas for fuel cell vehicles

Table A3/18

Hydrogen for fuel cell vehicles

Limits
Characteristics Units Minimum Maximum Test Method
Hydrogen fuel inde® % moke 99,97
Total norhydrogen gases emol / n 300
Maximum concentration of individual contaminants

Water (HO) emol / n 5 ©
Total hydrocarbor® (Methane basis) emol / n 2 e
Oxygen (Q) emol / n 5 ©
Helium (He) emol / n 300 €
Total Nitrogen (N) and Argon (Arf” emol / n 100 e
Carbon dioxide (CQ emol / n 2 ©
Carbon monoxide (CO) emol / n 0.2 €
Total sulfur compound®(H,S basis) emol / n 0.004 ©
Formaldehyde (HCHO) emol / n 0.01 ©
Formic acid (HCOOH) emol / n 0.2 €
Ammonia (NH) emol / n 0.1 ©
Total halogenated compounids emol / n 0.05 e
(Halogenate ion basis)

For the constituents that are additive, such as total hydrocarbons and total sulfur compounds, the suumsbfukeats are to be
less than or equal to the acceptable limit.

@The hydrogen fuel i ndex i s dheytderrongi enne dg absye ssou bitnr atchtiisn gt
from 100 mole per cent.

®Total hydrocarbons include oxygenated organic speciesc
Tot al hydrocarbons may exceed 2 emol / mol due only to t
nitrogenandar gon shal | not exceed 100 emol / mol

© As a minimum, total sulphur compounds include H2S, COS, CS2 and mercaptans, which are typically found in natural gas.
@ Total halogenated compounds include, for example, hydrogen bromide (HBr), hydrogen ¢H6i)dehlorine (CI2), and
organic halides (KX).

® Test method shall be documented.
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Annex4

Road load and dynamometer setting

1.

2.2,

2.3.

2.4,

Scope

This annexdescribes the determination of the road load of a test vehicle and
the transfer ofhat road load to a chassis dynamometer.

Terms and definitions

For the purpose of this document, the terms and definitions given in
paragrapl8. of this UN GTR shall have primacyWhere definitions are not
provided in paragraph .3of this UN GTR, definitions given in ISO
38331977 "Road vehicles Types-- Terms and definitions" shall apply.

Reference speed points shall start at 20 km/h in incremental stepkiofi0
and with the highest reference speed according to the following provisions

(@) The highest reference speed point shall be 130 km/h or the reference
speed point immediately above the maximum speed of the applicable
test cycle if this value is less than 1@@/h. In the case that the
applicable test cycle contains less thae th cycle phases @w,
Medium High and Exra High andatthe request of the manufacturer
and with approval of the responsible authgritye highest reference
speed may be increased to the reference speed point immediately
above the maximum speed of thext higher phase, but no higher
than 130km/h; in this case road load determination and chassis
dynamometer setting shall be done with the same reference speed
points

(b) If a reference speed point applicable for the cycle plukni# is
more than oequal to the maximum vehicle spegg,, this reference
speed pointshall be excluded from the coasiwn test andfrom
chassis dynamometer setting. The next lower reference speed point
shall become the highest reference speed point for the vehicle.

Unless otherwise specified, a cycle energy demand shall be calculated
according to paragraph. ®f Annex 7 over the target speed trace of the
applicable drive cycle.

fo, fi, f, are the road load coefficients of the road load equation
F=fy+f,x v +f,x Vv determined according to théenex.

A is the constant road load coefficiarid $all be rounded to one place
of decimal N;

A is the first order road load coefficieahd shall be rounded to three
places of decimalN/(km/h);

A is thesecond order road load coefficieartd shall beaqunded to five
places of decimalN/(km/h)2

Unless otherwise statethe road load coefficients shall be calculated with a
least square regression analysis over the range of the reference speed points

103



ECE/TRANS/WP.29/201798

104

25.

2.5.1.

2.5.2.

2.5.3.

3.1

Rotational mass
Determination of m

m, is the equivalent effective mass of all the wheels and vehicle components
rotating with the wheels on the road while the gearbox is placed in neutral, in
kilograms (kg). m shall be measured or calculateding an appropriate
technique agreed upon by the responsible authority. Alternativelpaybe
estimated to be 3 per cent of the sum of the mass in running order and 25 kg.

Application of rotational mass to the road load

Coastdown times shall keansferred to forces and vice versa by taking into
account the applicable test mass plysThis shall apply to measurements on
the road as well as on a chassis dynamometer.

Application of rotational mass for the inertia setting

If the vehicle & tested on a 4 wheel drive dynamometer and if both axles are
rotating and influencing the dynamometer measurement results, the
equivalent inertia mass of the chassis dynamometer shall be set to the
applicable test mass.

Otherwise, the equivalent inerttaass of the chassis dynamometer shall be
set to the test mass plus either the equivalent effective mass of the wheels not
influencing the measurement results or 50 per cent.of m

General requirements

The manufacturer shall be responsible for the amgurof the road load
coefficients and will ensure this for each production vehicle within the road
load family. Tolerances within the road load determination, simulation and
calculation methodshall not be used to underestimate the road load of
productionvehicles. At the request of the responsible authattiy accuracy

of the road load coefficients of an individual vehicle shall be demonstrated.

Overall measurement accuracy
The required overall measurement accuracy shall be as follows:

(@) Vehicle speed +0.2km/h with a measurement frequency of at least
10Hz

(b)  Time accuracyprecision and resolutiomin. 10 ms;

(c) Wheel torque+6 Nm or £0.5 per cent of the maximum measured total
torque, whichever is greater, for the whole vehicle, with a
measurement frequency of at least 10 Hz;

(d)  Wind speed+0.3m/s with a measurement frequency of at leakizl
(e)  Wind direction £3°, with a measurement frequency of at lealsizl

)] Atmospheric temperature:l °C, with a measurement frequency of at
least0.1 Hz

(g9  Atmospheric pressure0.3kPg with a measurement frequency of at
least 0.1 Hz;

(h)  Vehicle massneasured on the same wdighscale before and after
the test+10kg (20 kg for vehicles> 4,000kg);

0] Tyre pressuret5 kPg
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3.2.
3.2.1.

3.2.2.

3.2.3.

FigureA4/1
Turbulence intensity

1

0] Wheel rotational frequency: +0.05' ©r 1 per cent whichever is
greater.

Wind tunnel criteria
Wind velocity

The wind velocity during a measurement shall remain wittfitkm/h at the
centre of the testsection The possible wind velocity shable at least
140km/h.

Air temperature

The air temperature during a measurement shall remain wighi€ at the
centreof the test section. The air temperature distribution at the nozzle outlet
shall remain withint3 °C.

Turbulence

For an eqally-spaced 3 by 3 grid over the entire nozzle outihet turbulence
intensity,4 Oshall not exceedl percent SeeFigureA4/1.
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3.2.4.

13 213 1

406 —

where:

4 O istheturbulence intensity;

0 is theturbulent velocity fluctuationm/s
5 is thefree flow velocity m/s

Solid blockageratio

The vehicle blockageatior expressed as the quotient of the vehicle frontal
area and the area of the nozzle outletcakulated usinghe following
equation, shall not exce®d5.

R is thevehicle blockageatio;
! is thefrontal area othevehicle mz2;

! is thenozzle outlet arean2.
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3.2.5. Rotating wheels

To properlydetermine the aerodynamic influence of the wheels, the wheels
of the test vehicle shall rotate at such a speed that the resulting vehicle
velocity is within a3 km/htolerance of the wind velocity.

3.2.6. Moving belt

To simulate the fluid flow at the undmdy of the test vehicle, the wind
tunnel shall have a moving belt extending from the front to the rear of the
vehicle. Thespeedof the moving belt shall be withit3 km/h of the wind
velocity.

3.2.7. Fluid flow angle

At nine equally distributed pointsver the nozzle area, the root mean square
deviation of bott he pitch angl e (Y- Zptace)atthee yaw angl e
nozzle outlet shall not exceed 1°.

3.2.8. Air pressure

At nine equally distributed points over the nozzatlet area, thestandard
devidion of the total pressure at th®zzle outlet shalbe equal to or less
than0.02

T8t G

z|{ &

where:

<

A is the standard deviation of theessuregatio ;

Y0 is the variation of total pressure between the measurement,points
N/m?

N is the dynamigressure, N/ m2.

The absolute difference of thpressure coefficienA Pover a distance3
metresahead an@® metresbehind thecentre of the balance in the empty test
section and at a height of the centre of tlezzle outletshall notdeviate
more thant0.02

A D AP 0.02
where:
A D s the pressure coeffigié

3.2.9. Boundary layer thickness

At @ T (balance center point), the winegelocity shall have at least
99 percentof the inflowvelocity 30 mm above the wind tunnel floor.

1 @ ni o ™MmM
where

] is the distance perpendicular to the road wher@edgent of free
streamvelocity is reached (boundary layer thickness).
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3.2.10.

3.2.11.

3.2.12.

4.1.
4.1.1.
41.1.1.

41.1.1.1.

41.1.1.2.

Restraintblockageratio

The restraint system mounting shall not be in front of the vehicle. The
relative blockageatio of the vehicle frontal area due tioe restraint system,
R , shall not exceefl.10.

R —— where:

R is the relative blockagmatio of the restaint system;

! is the frontal area of the restraint system projected on the nozzle face,
m2;

! is the frontal area of the vehicimz.
Measurement accuraoyf the balancén the x-direction

Theinaccuracy of the resulting force in thalitection shall not exceetb N.
The resolution of the measured force shall be witf3imN.

Measurement repeatability

The repeatability of the measureatde shall be withit3 N.
Road load measurememn road

Requirements for road test

Atmospheric conditions for road test

Permissible wind conditions

The maximum permissible wind conditions for road load determination are
described irparagraphg.1.1.1.1. and 4.1.1.1.8f this an®x.

In order to determine the applicability of thgpe ofanemometry to be used,

the arithmetic average of thwind speed shall be determined by continuous
wind speed measurement, using a recognized meteorological instrument, at a
location and height alve the road level alongside the test road where the
most representative wind conditions will be experienced.

If tests in opposite directions cannot be performed at the same part of the test
track (e.g. on an oval test track with an obligatory drivingatiion), wind speed

and direction at each part of the test track shall be measured. In this case the
higher measured value determines the type of anemometry to be used and the
lower value theriterionfor the allowance of waiving @wind correction.

Permissible \wnd conditionsvhenusing stationary anemometry

Stationary anemometry shall be used only when wind spmextsa period of

5 seconds averadess than %n/s and peak wind speeds are less thans3
for less than 2 seconds additbn, the vector component of the wind speed
across the test road shall be less than/{2 Any wind correction shall be
calculatedas given inparagrapht.5.3.0f thisannex.Wind correction may be
waived when the lowestrithmetic averageind speed i2 m/s or less.

Permissible \wnd conditionswhenusing onboard anemometry

For testing with an oihoard anemometer, a device shall be used as described
in paragrapht.3.2. of thisannex. The overaldrithmetic average of theind
speed during the $& activity over the test road shall be less than/'s with

peak wind speeds of less thanr®. In addition, the vector component of
the wind speed across the road shall be less thais.4
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41.1.2.

4.1.2.

4.2
4.2.1.

4.2.1.1.
4.2.1.11.
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Atmospheric temperature

The atmospheric temperatureositd be within the range & °C up to and
including40 °C

If the difference between the highest and the lowest measured temperature
during the coastdown test is more tha?(5 the temperature correction shall

be applied separately for each run with énghmetic average of thembient
temperature of that run.

In that case the values of the road load coefficiegts, fand £ shall be
determined and corrected for each individual run. The final sgf fifdnd §
values shall be thearithmetic average of the individually corrected
coefficients §, f; and § respectively.Contracting Parties may deviate from
the upper range hy5 °C onaregional level.

At its option, a manufacturer may choose to perform coastdowns between
1°Cand5 °C.

Test road

The road surface shall be flatyen,clean, dry and free of obstacles or wind
barriers that might impede the measurement ofdla€el load and its texture

and composition shall be representative of current urban and highway road
surfacesi.e. no airstripspecific surfaceThe longitudinal slop®f the test

road shall not exceed 1 per cent The local slope between any points 3
metresapart shall not deviate more thaf@.5percentfrom this longitudinal
slope. If tests in opposite directions cannot be performed at the same part of
the test track (e.g. on an oval test track with an obligatory driving direction),
the sum of the longitudinal slopes of the parallel test track segsieaitsoe
between 0 and an upward slope of et cent The maximum camber of the
test road shall be 1fercent

Preparation
Test vehicle

Each test vehicle shall conform in all its components with the production
series, or, if the vehicle idifferent from the production vehicle, a full
description shall be recorded.

Requirements for test vehicle selection
Without usinganinterpolation method

A test vehicle (vehicle H) with the combination of road load relevant
characteriscs (.e. mass, aerodynamic drag and tyre rolling resistance)
producing the highestycle energy demanshall be selected from the family
(see paragragb.6.and 5.7 of thisUN GTR).

If the aerodynamic influence of the different wheeithin one interplation
family is not known, the selection shall be based on the highest expected
aerodynamic drag. As a guideline, the highest aerodynamic drag may be
expected for wheslwith (a) the largest width(b) the largest diameter, and

(c) the most open structidesign (in that order of importance).

The wheel selection shall lperformedadditionalto the requirement of the
highest cycle energy demand.
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4.2.11.2.

4.2.1.2.
42.1.2.1.

4.2.1.2.2.

4.2.123.

4.2.123.1.

4.2.123.2.

4.2.1233.

4.2.12.34.

Usinganinterpolation method
At the request of the manufacturaninterpolation method may kapplied

In this case, two test vehicles shall be selected from the family complying
with therespective familyequirement

Test vehicle H shall be the vehicle producing the higher, and preferably
highest, cycle energy demand of that selection, testleehithe one producing
the lower, and preferably lowest, cycle energy demand of that selection.

All items of optional equipment and/or body shapes that are chosen not to be
considered in the interpolation method shall be fitted to both test vehicles H
ard L such that these items of optional equipment produce the highest
combination of the cycle energy demand due to their road load relevant
characteristics (i.e. mass, aerodynamic drag and tyre rolling resistance).

Requirements for families

Requirements for applying the intetpthon family without using the
interpolation method

For the criteria defining an interpolation family, see paragraph 5.6.iof th
UN GTR

Requirements for applying the interpolation family usthg interpolation
method are:

(@)  Fulfilling the interpolation family criteria listed in paragraph 5.6. of
this UN GTR

(b)  Fulfilling the requirements paragraph2.3.1.and 2.3.20f Annex 6;
(c) Performingthe calculatios inparagraph 3.2.3.2. of Aex 7.
Requirements for applyindpe road load family

At the request of the manufacturer and upon fulfilling the criteria of
paragraptb.7. of thisUN GTR, the road load values for vehicles H and L of
an interpolation family shabbe calculated.

Test vehicles H and L as defined in paragraph 4.2.1.1.2. of this Annex shall
be referred to asfand Lk for the purpose of the road load family.

Notwithstandingthe requirements of an interpolation family in paegudns
2.3.1. and 2.3.2. of Annex 6, the difference in cycle energy demand between
Hgr and Ly of the road load family shall be at least 4 per cent and shall not
exceed 35 per cent based ond¥er a complete WLTClass 3 cycle.

If more than one transmissiois included in the road load family, a
transmission with the highegiower lossesshall be used for road load
determination.

If the road loaddelta of the vehicle optionausng the friction differences
determined according to paragraph @Bthis annex, a new road load family
shall be calculatetvhich includes theoad load delta in bottehicleL and
vehicleH of that new road load family.

A A A&
A A A
A A A&
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where:

N
R

refers to the road load coeffints of the new road load family;

refers to the road load coefficients of the reference road load family;

Delta refers to the delta road load coefficients determined in paragraph
6.8.1. of this annex.

4.2.1.3.

Allowable combinatiors of test vehicle selection arfdmily requirements

TableA4/1 shows the permissible combinations of test vehicle selection and
family requirements as described in paragraphs 4.2.1.1. and 4.2.1.2. of this
annex.

Table A4/1

Permissible combinations of test velaie selection and family requirements

Requirements to be
fulfilled:

(1) wio
interpolation

(2) Interpolation
method w/o road
load family

(3) Applyingthe
road load family

(4) Interpolationmethod using
one or more road load familie

Roadload test
vehicle

42.1.1.1.

42.1.1.2.

42.1.1.2.

n.a.

Family

42.1.2.1.

4.2.1.2.2.

4.2.1.2.3.

4.2.1.2.2.

Additional

none

none

none

Applicationof column
(3)"Applying the road
load family"and
application of
4.2.1.3.1.

4.2.1.3.1.

Deriving road loads of an interpolatifamily from a road load family

Road loads Hand/or L shall be determined according to this annex.

The road load of vehicle H (and L) of an interpolation family within the road
load family shall be calculated according to paragraphs 3.2.3.2.2. to
3.2.32.2.4. inclusive of Annex 7 by:

@)

(b)

(©

Using Hs and Ly of the road load family instead of H and L as inputs
for the equations;

Using

the road

|l oad

p @xAqpooreparedrtas (i

vehicle Lg, and tyre rolling resistance) of vehicle (dr L) of the
interpolation family as inputs for the individual vehicle;

Repeating this calculation for each H and L vehicle of every
interpolation family within the road load family.

The road load interpolation shall only be applied on those roakrébavant
characteristics that were identified to be different between test vehiclad.
Hgr. For other road loatelevant characteristic(s), the value of vehiclg H
shall apply.

H and L of the interpolation family may be derived from different road loa
families. If that difference between these road load families comes from
applying the delta methodgfer toparagraph 4.2.1.2.3.4. of this annex.

42.1.4.

Application of the road load matrix family

A vehiclethat fulfils the critera of paragraph 5.8.faghis UN GTRthat is:

e s
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(@) Representative othe intended series ofomplete vehicles to be
covered by the road load matrix family in terms of estimated wagyst C
value and body shapand

(b)  Representative of the intended series of vehicles to be abbgréhe
road load matrix family in terms of estimataderage of thenass of
optional equipment

shall beusedto determine the road load.

In the case that no representative body shape for a complete vehicle can be
determined, the test vehicle shalldspipped with a square box with rounded
corners with radiof maximum of 25 mm and a width equal to the maximum
width of the vehicles covered by the road load matrix family, andtal

height ofthetest vehicle 08.0 m £ 0.1 m, including the box.

The manufacturer and the responsible authority shall agree which vehicle test
model is representative.

The vehicle parameters test mass, tyre rolling resistance and frontal area of
both a vehicle | and Ly shall be determined in such a way that vehigle H
produces the highest cycle enedgmandand vehicle by the lowest cycle
energy from the road load matrix family. The manufacturer and the
responsible authority shall agree on the vehicle parameters for \weHijgle

and Ly.

The road load of all individualehicles of the road loadhatrix family,
including H, and Ly, shall be calculated according to paragraph 5.1. of this
annex

4.2.15. Movable aerodynamic body parts

Movable aerodynamic body parts time test vehicles shall operate during
road load determation as intended under WLTP Type 1 test conditions (test
temperature, speed and acceleration range, engine load, etc.).

Every vehicle system that dynamically modi
drag (e.g. vehicle height control) shall be considered to bmowable

aerodynamic bodyart. Appropriate requirements shall be added if future

vehicles are equipped with movable aerodynantems of optional

equipmentwhose influence on aerodynamic drag justifies the need for further

requirements.

4.2.16. Weighing

Before and after the road load determination procedure, the selected vehicle
shall be weighed, including the test driver and equipment, to determine the
arithmetic averagemassl . The mass of the vehicle shall tpeater than or
equal tothe test massf vehicle H or of vehicle lat the start of the road load
determination procedure.

4.2.17. Test vehicle configuration

The test vehicle configuration shall be recorded and shall be used for any
subsequentoastdowrtesting.
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4.2.18. Test vehicle condition
4.2.18.1. Runin

The test vehicle shall be suitably rimfor the purpose of the subsequent test
for at least 10,000 but no more than 80,860

At the request of the manufacturer, a vehicle with a minimum of X600
may be used.

4.2.18.2. Manufactuer's specifications

The vehicle shall conform to the manufactur
specifications regarding tyre pressudescribed in paragraph 4.2.2d3.this

annex wheel alignmentdescribed in paragraph 4.8B3. of this annex

groundclearance, vehicle height, drivetrain and wheel bearing lubricants, and

brake adjustment to avoid unrepresentative parasitic drag.

4.2.18.3. Wheelaignment

Toe and cambeshall be set to the maximm deviation from thdongitudinal

axis of the vehiclein the range defined by the manufacturer. If a
manufacturer prescribes vaBidor toe and cambeior the vehicle,these

values shall be usedAt the request of the manufacturgalues with higher
deviatiors from thelongitudinal axis of the vehiclédan theprescribed values

may be used. The prescribed values shall be the reference for all maintenance
during the lifetime of theehicle

Other adjustable wheel alignment parametstslf ascaster) shall be set to
the valus recommended by the manufacturem the absence of
recommended valsethey shall be set to tharithmetic average of thenge
definedby the manufacturer.

Such adjustable parametand set valugshall be recorded.
4.2.18.4. Closed panels

During theroad load dtermination the enginecompartment covetuggage
compartment covemanuallyoperated movable panels and all windows shall
be closed.

4.2.18.5. Coastdown mode

If the determination of dynamometer settings cannot meetctheria

described irparagraph 8.1.3. 0r8.2.3.0of thisannexdue to norreproducible
forces, the vehicle shall be equipped with a vehicle coastdown riibee.
coastdown mode shall be approved arsduse shall beecorded by the
responsible authority.

If a vehicle is equipped with a vehicle ctisvn mode, it shall be engaged
both during road load determination and on the chassis dynamometer.

4.2.2. Tyres
4.2.2.1. Tyre selection

The selection of tyres shall be basedpamagraph 4.2.1of this annexwith

their rolling resistances measured acaogdito Annex 6 to Regulation
No.117- 02, or a internationallyaccepted equivalentherolling resistance
coefficients shall be aligned according to the respective regional procedures
(e.g. EU 1235/2011), and categorised according to the rolling resistance
classes imableA4/2.
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TableA4/2
Classes of rolling resistance coefficients (RRC) for tyre categories C1, C2 and C3,
kg/tonne
Class C1lrange C2 range C3range
1 RRCO06.5 RRCO5.5 RRCO04.0
2 6.5<RRCO7.7 5.5< RRC06.7 4.0<RRCO5.0
3 7.7<RRC09.0 6.7<RRC08.0 5.0< RRCO6.0
4 9.0<RRCO10.5 8.0<RRC09.2 6.0< RRCO7.0
5 10.5< RRC012.0 9.2<RRC010.5 7.0<RRC08.0
6 RRC>12.0 RRC>10.5 RRC> 8.0
Class Clclass value C2 class value C3 class value
1 RRC =5.9 RRC = 4.9 RRC =35
2 RRC=7.1 RRC =6.1 RRC =45
3 RRC =84 RRC =74 RRC =55
4 RRC =9.8 RRC = 8.6 RRC = 6.5
5 RRC =11.3 RRC =9.9 RRC=75
6 RRC = 12.9 RRC =11.2 RRC = 8.5
If the interpolation method is applied to rolling resistance, for the purpose of
the calculation in 3.2.3.2. in Annex 7, the actual rolling resistance values for
the tyres fitted to the test vehicles L and H shall be used as input for the
calculation procedureFor an individual vehicle within an interpolation
family, the RRC class value for the tyres fitted shall be used.
4.2.2.2. Tyre condition
Tyres used for the test shall:
(@) Not be older tha 2 years aftethe production date;
(b) Not be speciallyconditioned or treated (e.g. heated or artificially
aged), with the exception of grinding in the original shape of the;tread
(c) Be runin on a road for at least 2®®n before road load
determination;
(d) Have a constant tread depth before the test betw®8 and 8@er
centof the original tread deptht any poinbver te full tread width of
the tyre.
After measurement of tread depthg driving distance shall be limited to
500km. If 500 km are exceededhetread depth shall be measured again.
4.2.23. Tyre pressure
The front and rear tyres shall be inflated to the lower limit of the tyre pressure
range for theespective axle for theelected tyre at the coastdown test mass,
as specified by the vehicle manufacturer.
4.2.2.3.1. Tyrepressure adjustme

If the difference between ambient and soak temperature is more fitan
the tyre pressure shall be adjusted as follows:
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4.2.3.

4.2.4.
4.2.4.1.

42.4.1.1.

4.2.4.1.2.
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(@) The tyres shall be soaked for more tHalmour at 10per centabove
thetarget pressure;

(b)  Prior to testing, the tyre pressure shall be reduced to the inflation
pressure as specified paragrapht.2.2.3.of this annex adjusted for
difference between the soaking environment temperature and the
ambient test temperature at a rate of K@ per 1°C using the
following equation:

YO ™ 4 4
where:

YD is the tyre pressure adjustment added to the tyre pressure
defined inparagrapht.2.2.3.0f thisannex kPg

0.8 isthe pressure adjustment factPa°C;
4 is the tyre soakintemperaturg°C;
4 is the test ambient temperatuf€.

(c) Between the pressure adjustment and the vehicle watnthe tyres
shall be shielded from external heat sources including sun radiation.

Instrumentation

Any instrumentsshall be insta#d in such a manner as to minimiteir
effects on the aerodynantbaracteristics of the vehicle.

If the effect of the installed instrument o@p(Xx Ayf) is expected to be greater
than 0.015m7 the vehiclewith and without the instrumeshall bemeasured

in a wind tunnel fulfilling the criterion in paragraph 3&.this annex The
corresponding difference shall be subtracted fremAf the request of the
manufacturer, and with approval of the responsible authority, the determined
value may be wl for similar vehiclesvhere the influence of the equipment

is expeced to be the same

Vehicle warmup
On the road
Warming up shall be performed by driving the vehicle only.

Before warmup, the vehicle shall be deceleratedhwite clutch disengaged
or an automatic transmissigubacedin neutralby moderate bidang from 80
to 20km/h within 5 to 10seconds After this braking, there shall be no
furtheractuation omanual adjustment of the braking system.

At the request of thenanufacturer and upon approval of the responsible
authority, the brakes may also be activated after the wgrmith the same
deceleration as describedthis paragrapland only if necessary.

Warming up and stab#ation

All vehicles shall bedriven at 9Qpercent of the maximum speed of the
applicable WLTC. The vehicle may be driverB@tpercentof the maximum
speed othe next higher phasgseeTableA4/3) if this phase is added the
applicable WLTC warrup procedureasdefined inparagrph 7.3.4. of this
annex. The vehicle shall be warmed up for at lea@tminutesuntil stable
conditions are reached.
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TableA4/3
Warming-up and stabilization acrosgphases
90 per centof
Vehicle class Applicable WLTC maximum speed Next higher phase
Classl Low;+ Mediumy 58 km/h NA
Class2 Low,+ Medium+ High, +
Extra High 111km/h NA
Low,+ Mediumy+ High, 77km/h ExtraHigh (111km/h)
Class3 Lows+ Mediumy+ Highs+
Extra High 118km/h NA
Lows+ Medium+ Highs 88km/h ExtraHigh (118km/h)
4.2.4.1.3. Criterionfor stable condition
Refer toparagrapht.3.1.4.2. of thisnnex.
4.3. Measurement and calculationrofad loadby the coastdown method
The road load shall be determined by using eithestégonaryanemomety
(paragraph 4.3.1. of this anneXy or the onboard anemomety
(paragrapht.3.2.of thisannex® method
4.3.1. Coastdown methodith stationary anemometry
4.3.1.1. Selection ofeference speedsr road load curve determination
Reference speeds for road load determination shall be sebrtedding to
paragraph 2of thisannex.
4.3.1.2. Data collection
During the test, elapsed time and vehicle speed shall be meastued
minimum frequencyof 10 Hz.
4.3.1.3. Vehicle coastdown procedure
4.3.1.3.1. Following the vehicle warpup proceduredescribed inparagraph#.2.4. of
this annexand immediately prior to each test measurement, the vediialé
be accelerated to 10 to 15 km/h above the highest reference speed and shall
be driven at that speed for a maximum of 1 minute. Aftat the coastdown
shallbe startedmmediately.
4.3.1.3.2. During coastdown, the transmission shall be in neutdr@y movement of the
steering wheeshall be avoided as much as possible, and the vehicle brakes
shall not be operated
4.3.1.3.3. The test shall be repted until the coastdown data satisfy the statistical
precisionrequirements as specified in paragraph 4.3.10f.this annex.
4.3.1.3.4. Although it is recommended that each coastdown run be performed without

interruption, split runamay be performedf data cannot be collected in a
single runfor all the reference speed pointor split runsthe following
additional requirements shall apply:

(@) Care shall be taken to keep the vehicle conditsnconstant as
possibleat each split point

(b) At least one speed point shalerlap with the higher speed range
coastdown;
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(c) At eachof all overlapped speed pojnthe average forcef the lower
speed rangeoastdowrshall not deviate from the average foafehe
higher speed rangenastdowrby 10 Nor +5 percent, whichever is
greater;

(d) If the track length des not allow fulfilling requirement (b) in this
paragraph, one additional speed point shall be added to serve as
overlapping speed point.

4.3.1.4. Determination ofoad loadby coastdown timeneasurement

4.3.1.4.1. The coastdown time correspondingrederencespeedOas the elapsed time
from vehiclespeed® UVE iTE)to O v E I¥E) shall be measured.

4.3.1.4.2. These measurements shall be carried ioubpposite directions until a
minimum of three pairs aheasurementsave been obtainatiat satisfy the
statisticalprecisionp; definedin the following equation

b — T8t 0
n y

where:

b is the statisticalprecision of the measurements made at reference
speed vy,
I is the number of pairs of measurements;

YO is theharmonicaverage of theoastdown time aieference speeg in
secondsgiven by thdollowing equation

oA I

YO
B

P
YO
where

YO is the harmont average coastdown time of ti# pair of
measurements at velocity, secondss, given by theollowing
equation

where:

YO andYO are the coastdown times of th& measurement at
reference speeds;, in secondss, in the respective
directions a and;b

A is the standard deviatiorgxpressed in seconds defined by

E is a coefficient given iTableA4/4.
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4.3.1.4.3.

4.3.1.44.

TableA4/4

Coefficient h as a function of n
n h n h
3 4.3 17 2.1
4 3.2 18 2.1
5 2.8 19 2.1
6 2.6 20 2.1
7 2.5 21 2.1
8 2.4 22 2.1
9 2.3 23 2.1
10 2.3 24 2.1
11 2.2 25 2.1
12 2.2 26 2.1
13 2.2 27 2.1
14 2.2 28 2.1
15 2.2 29 2.0
16 2.1 30 2.0

If during a measurement in one direction any external factor or driver action
occurs that obviously influencéke road load test, that measurement and the
corresponding measurement in the opposite direction shall be rejected. All the
rejected data and the reason for rejection shall be recorded, and the number of
rejected pairs of measurement shall not exceed flfBeototal humber of
measurement pairs. The maximum number of pairs that still fulfil the statistical
accuracy as defined in paragraph 4.3.1.4.2. of this annex shall be evaluated. In
the case of exclusion, pairs shall be excluded from the evaluaticivegsteith

the pair having the maxium deviation from the average.

The following equatiorshall be usedo compute thearithmetic average of
the road load where the harmont arithmetic averageof the alternate
coastdown timgshall be used

P . ¢ YO

® | v

&

where:

YO is theharmont average of alternate coastdown time measurenants
velocity O, secondss, given by

where

YO andYO are theharmonicaveragecoastdown times in directions a and b,
respectively, corresponding to reference sp@eth secondss, given by the
following two equations:

(4
D
—)

and:
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4.32.

4321

4.3.2.1.1.

4.3.2.1.2.

4.3.2.1.3.

4.3.2.1.4.

4.3.2.2.

4.3.2.3.

43.2.4.

where:

i is the arithmetic averagef the test vehicle masses at theyibaing
and end of road load determination, kg;

i is the equivalent effective mass mftating components according to
paragraph &.1. of thisannex

The coefficients & A and Ahin the road loadequation shall be calculated
with a leastsquaregegression analysis.

In the case that the tested vehicle is the representative vehicle of a road load
matrix family, the coefficient;fshall be set to zero and the coefficietarfd
f, shall be recalculated with a least squares regression analysis.

Coastdown method with eémoard anemometry

The vehicle shall be warmed up and stabilised accordipguitagrapht.2.4.
of thisannex.

Additional instrumentation for echoard anemometry

The onboardanemometeand instrumentatioshall be calibated by means
of operation on thdest vehicle where such calibration occuaring the
warmup for the test.

Relative wind speed shall be measuat@ minimum frequency of 1 Hz and
to an accuracy of 0.8/s Vehicle blockage shall be accountéd in the
calibration of the anemometer.

Wind direction shall be relative to the direction of the vehicle. The relative
wind direction (yaw) shall be measured with a resolution of 1 degree and an
accuracy of 3 degrees; the dead band of theuiment shall not exceed
10degrees and shall be directed towards the rear of the vehicle.

Before the coastdown, the anemometer shall be calibrated for speed and yaw
offset as specified iI5O 105211:2006(E) AnnexA .

Anemometer blokage shall be corrected for in the calibration procedure as
described in ISO 10521:2006(E) AnneXA in order to minimise its effect.

Selection of speed range for road load curve determination

The test speed range shall be selected accordingaigraph 2. of thisannex
Datacollection

During the procedure,lapsed time, vehicle speed, and air velocity (speed,
direction) relative to the vehicle, shall be measured ratnimum frequency

of 5Hz. Ambient temperature shall be synchronised and sampled at a
minimum frequencyof 0.1 Hz.

Vehicle coastdown procedure

The measurements shall be carried @utopposite directions until a
minimum of ten consecutive runs (five in each direction) H@een obtained.
Should an individual run fail to satisfy the requiredbmard anemometry
test conditions, that run and the corresponding run in the opposite direction
shall be rejected. All valid pairghallbe included in the final analysis with a
minimum of 5 pairs of coastdown runs. See paragraph 4.3.2.6.10. for
statistical validation criteria.

The anemometer shall be installed in a position such that the effect on the
operating characteristics of the vehicle is minimised.
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The anemometer shall be installaccording t@ne of the optionbelow:

(@) Using a boomapproximately 2metresin front of t he vehicl ebds
forward aerodynamic stagnation pgint

(b)  On the roof of the vehicle at its centreline. If possible, the anemometer
shall be mounted withiB0 cm from the top of the windshield

(c) On the engine compartment cover of the vehicle at its centreline,
mounted at the midpoint position between the vehicle front and the
base of the windshield.

In all cases, the anemometer shall be mounted parallel to the road surface.
the event that positian(b) or (c) areused, the coastdown results shall be
analytically adjusted for the additional aerodynamic drag induced by the
anemometer. The adjustmesitall be made by testing the coastdown vehicle
in a wind tunnel both with and without the anemometer instatieble same
position as used on the tracklhe calculated differenceshall be the
incrementaberodynamiarag coefficient# combined with thdrontal area
which shallbe used to correct the coastdown results.

4.3.2.4.1. Following the vehicle warrup proceduredescribed inparagraph 4.2.4. of
this annexand immediately prior to each test measurement, the vediialé
be accelerated to 10 to ¥n/h above the highest reference speed and shall
be driven at that speed for a maximum of 1 minute. After thatcoastdown
shall be started immediately.

4.3.2.4.2. During a coastdown, the transmission shall be in neutkaly seering wheel
movementshall be avoided as much as possible, and the véhimtekes
shall not be operated.

4.3.2.4.3. Although it is recommended that each coastdown run be performed without
interruption, split runs may be performed if data cannot be collected in a single
run for all the reference speed points. For split runs, the following additional
requirements shall apply:

(@) Care shall be taken to keep the vehicle condition as constant as possible at
each split point;

(b) At least one speed point shall be overlapped thighhigher speed range
coastdown;

(c) At each of all overlapped speed point(s), the average force of the lower
speed range coastdown shall not deviate from the average force of the
higher speed range coastdown by +10 N or =5 percent, whichever is
greater;

(d) If the track length des not allov fulfilling requirement (b) in this
paragraph, one additional speed point shall be added te ser
overlapping speed point.

4.3.2.5. Determination of the equation of motion

119



ECE/TRANS/WP.29/201798

120

Symbols used in the emoard anemometer equations of motion are listed in

TableA4/5.
TableA4/5
Symbols used in the ofboard anemometer equations of motion
Symbol Units Description
As m? frontal areaof the vehicle

Aeé A degees’  aerodynamic dragoefficients as a function of yaw angle

! N mechanical dragoefficient

! N/(km/h)  mechanical dragoefficient

# N/(km/h*  mechanical dragoefficient

# 9 aerodynamic dragoefficientat yaw angle Y

D N drag

Daero N aerodynamic drag

$ N front axle drag (including driveline)

Dgrav N gravitational drag

Dmech N mechanical drag

D N rear axle drag (including driveline)
$ N tyrerolling resistance

ABEA O sine of _the slope of the track in the direction of travel (+ indic

- ascending)

d ¥d t m/s acceleration

g m/& gravitational constant

i kg arithmetic averageassof the test vehicle before and after ro:

load determination

me kg effective vehicle mass including rotating components
} kg/m®*  air density
t s time
T K Temperature
v km/h vehicle speed
O km/h relative wind speed
9 degees yaw angle of apparent wind relative to direction of vehicle tr:

4.3.25.1. General form

The general form of the equation of motisras follovs:
i AO $ $ $
A O

where:
$ $ $ $;
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$ -m 9! 0;
$ i C — Inthe case that the&lope of the test track is equal to or
less than 0.per cenbver its length, I3,,may be set to zero.

4.3.2.5.2.  Mechanical dragnodelling

Mechanical drag consisg of separate components representiyig $

and front and rear axle frictional loss& and$ including transmission
losses)xhallbe modelled as a threéerm polynomialas a function opeedv
as in the equation below:

$ ! 0 # 0
where:

I " ,and# are determined in the data analysging the leassquares
method These constants reflect the combined drivelinetaretirag.

In the case that the tested vehicle is the representative vehicle of a road load
matrix family, the coefficient B shall be set to zero and the coefficients A
and G, shall be recalculated with a least squares regression emalys

4.3.2.5.3. Aerodynamic drag modelling

The aerodynamic drag coefficie#it (Y) shall bemodelled as a fouierm
polynomialas a function ofaw angleY as in the equation below:

# 9 A A9 A9 A9 A9
® to ® are constant coefficients whose values are determined in the data
analysis

The aerodynamic draghall bedetermined by combining the drag coefficient
with thev e h i frohtal éreaA; and the relative wind veloci) d,

$ - m ! O # 9
$ - m! OA A9 A9 A9 Ao
4.3.2.5.4. Final equation of motion
Through sibstituton, the fnal form of the equation of motidmecomes:
- O #0 - m! OA A9 A9 A9 Ao i ¢ —
4.3.2.6. Datareduction

A threeterm equation shall be generated to describe the road load force as a
function of velocity, & ! " O #0O, corrected to standard ambient
temperature and pressure conditions, andtill air. The method for this
analysis process is described in paragraphs 4.3.2.6.1. to 4.3.2.6.10. inclusive
of thisannex

43.2.6.1 Determiningcalibration coefficients

If not previously determined, calibration factors to correct for vehicle
blockage shall beetermined for relative wind speed and yaw angle. Vehicle
speed] relative wind velocity® and yawd measurements during the warm

up phase of the test procedure shall be recorded. Paired runs in alternate
directions on the test track at a constant vejoaf 80km/h shall be
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4.3.2.6.2

4.3.2.6.3

43264

4.3.2.6.5

4.3.2.6.6

43.2.6.7

4.3.2.6.8

4.3.2.6.9

performed, andhe arithmetic averagealues ofQ O and9 for each run shall
be determined. Calibration factors thmainimize the total errors in head and

cross winds over all the run paitise. the sum of E AWMz E ABA | etc,,
shall be selectesvhere E ABAand E ABA refer to wind speed and wind
direction from the paired test runs in opposing directionsnduhe vehicle
warm-up/stabiliation prior to testing.

Deriving second by second observations

From the data ctdcted during the coastdown runs, values@r— — ,

O, and9 shall be determined by applying calibration factokgained in
paragraphs 4.3.2.1.3. and 4.3.2.1.4. of #inieex Data filteringshall be used
to adjust samples @ frequency ofl Hz.

Preliminary analysis

Using a linearleast squaresregression technique, all data points shall be
analysed at onc® determinel , " , # , A, A, A, A andA given

- h— h— RFORandm

Dataoutliers

A predicted forcd ~— shall be calculatednd comparedo the observed
data points Data points with excessive deviations, e.g., over three standard
deviations, shall be flagged.

Data filtering(optional)

Appropriate data filtering techniques may dmpliedand the emaining data
points shall be smoothed out.

Data dimination

Data pointggathered whergaw anglesaregreater thart20 degrees from the
direction of vehicle travel shall be flagged. Data poigéthered where
relative windis less thant 5 km/h (to avoidconditions where tailwind speed
is higher than vehicle speedhall also be flagged. Data analysis shall be
restricted to vehicle speedgithin the speed range selected according to
paragraph 4.3.2.2. of thimnex

Final dat analysis

All data that has not been flagged shall be analysed using a lileeat
squaregegression technique. Given h — h — RO handm A, By, Co
2, &, &, & and a shall bedetermined.

Constrained analys{®ptioral)

To better separate the vehicle aerodynamic and mechanical drag, a
constrained analysis may be aplplied
and the drag coefficien## may be fixed if they have been previously
determined.

Correction to refereze conditions

Equations of motion shall be correctiedreference conditions as specified in
paragraphi.5. of thisannex

such

t
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4.3.2.6.10. Statistical criteria for oftboard anemometry

The exclusion of each single pair of coastdown runs shall change the
calculatedroad loadfor each coastdown reference spéadess than the
convergence requirement, for BAndE

Y& O 18 0 —

where:

y& O is the difference between the calculatead loadwith all
coastdown runs and the calculatedd loadwith thei™ pair
of coastdown runs excludeN;

&0 is the calculatedoad loadwith all coastdown runs included
N;

o) is the reference speed, km

—_—)

is the number of pairs of coastdown runs, all valid pairs are
included

In the case that the convergence requirement is not met, pairs shall be
removed from the analysis, starting with the pair giving the highest change in
calculatedroad load until the convergence requirement is met, as long as a
minimum of 5 valid pairs are used for the final road load determination.

4.4, Measurementind calculationof running resistance using the torque meter
method

As an alternative to the coastdown methods, ¢tingue meter method may
also be used in which the running resistance is determined by measuring
wheel torque on the driven wheels the reference speed poirfier time
periods of at leadi seconds

4.4.1. Installation of torque meter

Wheel torque meters shall be installed between the wheel hub anthdélé
of each driven wheel, measuring the required torque to keep the vehicle at a
constant speed.

The torque meter shall be calibrated on a regular basis, at least once a year,
traceableto national orinternational standards, in order to meet the required
accuracy and precision.

4.4.2. Procedure and data sampling
4.4.2.1. Selection of reference speeds for running resistance curve determination

Reference speed points for runniegistance determination shall be selected
according to paragraph2 of thisannex

The reference speedkallbe measured idescendingrder.At the request of the
manufacturerthere may bestabilzationperiods between measurements but the
stabilzaion speed shall not exceed theapef the next reference speed.

4.4.2.2. Data collection

Data sets consisting of actual spe@dactual torque# and time over a
period of at leasb secondsshall bemeasuredor every O at a sampling

frequency of at least 18z. The data sets collected over one time period for a
reference speed shallbe referred to as one measurement.
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4.4.2.3.

4.4.24.

TableA4/6

Vehicle torque metemeasuremergrocedure

Prior to the torque meter method test measurenaewnghicle warrrup shall
be performed according to paragraph 4.2.4. ofafigex.

During test measurement, steering wheel movement shall be avoided as much
as possible, and the vehicle brakes shall not be operated.

The test shall be repeated until thenmimg resistance data satisfy the
measuremenprecision requirements as specified in paragraph 4.4.3.2. of this
annex.

Although it is recommended that each test run be performed without
interruption, split rungmay be performedf data cannot be collecteidh a
single runfor all the reference speed points. For split runs, care shall be taken
so that vehicle conditions remain as stable as possible at each split point

Velocity deviation

During a measurement at a single reference speed pbomtvélaity
deviation from thearithmetic averageelocity v;-vj, calculated according to
paragrapht.4.3. of thisannex shall be within the values ihable A4/6.

Additionally, the arithmetic averageelocity v, at every reference speed
point shall not deviatérom the reference speeghy more than +1 km/h or
2 per cent of the reference spegdwhichever is greater.

Velocity deviation

Time periods Velocity deviationkm/h

5-10 +0.2
10-15 +0.4
15-20 +0.6
20-25 +0.8
25-30 +1.0
030 1.2

4.4.2.5.

4.4.3.
4.4.3.1.

Atmospheric temperature

Tests shall be performed under the same temperature conditions as defined in
paragraph 4.1.1.2. of thémnex.

Calculation ofarithmetic averageelocity andarithmetic averageorque
Calculationprocess

Arithmetic averagevelocity O ,in km/h, and arithmetic averagedorque
# ,in Nm, of each measurememhall be calculated from the data sets
collected in paragraph.4.2.2.of thisannexusing the following equations:

6 -B 0

and

where:
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4.43.2.

o] is the actualehicle speed of th#' data set reference speed
point j, km/h;
E is the number of data sétsa singlemeasurement
# is the actuatorque of thé™ data setNm;
# is the compensation term for speddft, Nm, given by the
following equation
# i i 10

shall be no greater than05and may belisregardedf

| is not geater than &.005m/;

i is the test vehicle mass at the start of the measurements and
shall be measureitnmediately before the warup procedure
and no earlier, Kkg;

mr is the equivalent effective mass of rotating components
according to paragraph 2.5.1. of thimex, kg;

o) is the dynamic radius of the tymetermined at a reference
point of 80 km/hor atthe highest reference speed point of the
vehicle if this speed is lower than 80 km¢hJculatedusingthe
following equation

o %) IS O/\T

where

T is the rotational frequency of the driven tyré; s

1 is the arithmetic averagacceleration, mfs which calculated

usingthefollowing equation
s P EB 6O B OB O
o g B O B O
where
o is the time at which thi' data set was samplesd,

Measurementnecision

The measurements shall be carried outojpposite directions until a
minimum of three pairs of measuremerds eachreference spee® have
been obtained, for whick satisfies theprecision}; according to the

following equation:

E O

M — 81 0
n #

where

T is the number pairs of measurementstfor,

# is the running resistance at the sp@gdim, given by the equation

# -B #
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where
# is the arithmetic averageorque of thei™ pair of measurements at
speedd, Nm, andgiven by
# - # #
where

# and# are thearithmetic averagéorques of thé™ measurement at
speedO determined inparagrapi.4.3.1 of this annex for each
direction, a and b respectivelm;

o is the standard deviatioNm, calculated using the following equation:
. p
O =—— # #
E p
E is a coefficientas a function of n agiven in TableAd/4 in

paragrapht.3.1.4.2 of thisannex
444, Running resistance curve determination

Thearithmetic averagepeed anarithmetic averageorque at each reference
speed point shall be calculatesing the following equations:

Vim= Y2 X (Vma"' ijb)

ij =% x (Qma"'cjmb)
The following leastsquaresregression curvef arithmetic averageunning
resistanceshall be fitted to all the data paif© (, # ) at allreference speeds
described irparagrapht.4.2.1.of this annex todetermine the coefficients,
c,and g

The coefficientsA , A andA has well as the coastdown times measwed
the chassis dynamometer (sparagrapl8.24. of this anneX shall be
recorded.

In the case that thiested vehicle is the representative vehicle of a road load
matrix family, the coefficient cshall be set to zero and the coefficiends ¢
and ¢ shall be recalculated with a least squares regression emnalys

4.5, Correction to reference conditioaad masurement equipment
45.1. Air resistance correction factor

The correction factor for air resistan&® shall be determinedising the
following equation:

+ -

where:

4 is the arithmetic averageatmospheric temperaturef all individual
runs Kelvin (K);

0 is thearithmetic averagatmospheric pressurkPa
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45.2. Rolling resistance correction factor

The correction factor for rolling resistance, in Kelvih (K), may be
determined based on empirical daaamd approed by the responsible
authorityfor the particular vehicle and tyre test, or may be assuméeéas

follows:
+ 15) p T+
45.3. Wind correction
45.3.1. Wind correction with stationary anemometry

45.3.1.1. A wind correction fotthe absolute wind speed alongside the test road shall be
made by subtracting thdifference that cannot be cancelledt by alternate
runs from the constant terfgiven inparagrapht.3.1.44. of thisannex or
from A given inparagrapht.4.4.of thisannex

45.31.2. The wind correction resistanee for the coastdown method &r for the
torque meter method shall be calculatisthgthefollowing equations:

x o £ O
orx o A O
where:
x is the wind correction resistance for the coastdowethod N;

A is the coefficient of the aerodynamic term determined in
paragrapht.3.1.44. of thisannex

o] is the lower arithmetic averagevind speedof opposite directions
alongside theéest road during the tesh/s,

X is the wind correctiomesistance for the torque meter methida;

A is the coefficient of the aerodynamic tefon the torque meter method

determined irparagrapt.4.4. of thisannex
45.3.2. Wind correction with orboard anemometry

In the case that the coastdown methoblased on oiboard anemometry, w
and w in the equations iparagraph4.5.3.1.2. shall be set to zems the
wind correction is already appliedccording toparagraph4.3.2. of this
annex.

454, Test massorrection factor

The correction factor for the test mass othe test vehicle shall be
determinedusing the following equation:

4 -
+ £ p i
where:
yis is a constant ternN;
4 - is thetest mass of the test vehickey;

i is the actual test mass thie test vehicledetermined according
to paragraph 4.3.1.4.4. of thaenex kg.
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4,55, Road load curve correction

455.1. The curve determined iparagrapht.3.1.44. of this annexshall be corrected
to reference conditions as follows

& £ x + A p + 4 ¢ +M

where:

& is the correctedoad load N;

A is the constant ternN;

/A is the coefficient of the firstrder term, Mkm/h);

FE is the coefficient of the secomuder term, Mkm/h)*

+ is the correction factor for rolling resistance as defined in
paragaph4.5.2.of thisannex

+ is the test mass correction as defineganagrapht.5.4.of thisannex

+ is the correction factor for air resistance as definecdanagraph
4.5.10f thisannex

4 is thearithmetic averagambientatmospheric temperatur¥;

) is vehicle velocitykm/h;

X is the windresistancesorrection as defined iparagrapht.5.3 of this
annex N.

The result of the calculatiofffo i w117 Ky) x (1 + Ky x (T-20))) shall beused
as thetarget road load coefficient ;An the calculation of the chassis
dynamometeload setting described iparagrapt8.1.of thisannex.

The result of the calculatiof;(x (1 + Ky x (T-20))) shall beused as th&arget
road load coefficient Bin the calculation of the chassis dynamomédead
setting described iparagraph 8.1of thisannex.

The result of the calculatiorkg x f,) shall beused as thearget road load
coefficient G in the calculation of the chassis dynamomdterd setting
describedn paragraph 8.1of thisannex.

4552, The curve determined iparagraph.4.4. of this annexshall be corrected to
reference conditionand measurement equipment installed according to the
following procedure.

455.2.1. Correction to reference conditions
# A x + A0 p + 4 ¢ +AQ
where:

# is the corrected running resistanbin;

A is the constant terras determined in paragraph 4.4.4. of tnsex,
Nm;
A is the coefficient of the firstorder term as determined in

paragrapt#.4.4. of thisannex Nm (h/km);

A is the coefficient of the secondorder term as determined in
paragraph#.4.4. of thisannex Nm (h/km);
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455.2.2.

455.23.

5.1.

+ is the correction factor for rolling resistance as defined in
paragraphi.5.2.of thisannex

+ is the test mass correction as definegdanagrapht.5.4.of thisannex

+ is the correction factor for air resistance as defingohiiagrapht.5.1.
of thisannex

o] is thevehicle velocity km/h;

T is thearithmetic averagatmospheric temperature, °C;

X is the wind correction resistance as define@amnagaph4.5.3 of this
annex

Correction for installed torque meters

If the running resistance is determined according to the torque meter method,
the running resistance shall be corrected for effects of the torque
measurement equipment installedtside the vehicle on its aerodynamic
characteristics.

The running resistance coefficient ghall be correctedsing the following
equation

CZcorr: K2 X Cy X ( 1 + D "(A@?((GQ 6x Af )()
where
& (& Ar) = (G x Af) - (Cos X At s

Cps X At sis the product of the aerodynamic drag coefficientltiplied by
the frontal area of the vehicle with the torque meter measurement
equipment installedmeasured in a wind tunnel fulfilling the
criteria of paragraph 3.®f thisannex m2

Cpx A; is the poduct of the aerodynamic drag coefficiantltiplied by
the frortal area of the vehicle with the torque meter measurement
equipment not installed measured in a wind tunnel fulfilling the
criteria of paragraph 3.®f thisannex m2

Targetrunning resistance coefficients

The result of the calculatioriog T w7 Kq) x (1 + Ky x (T-20))) shall beused
as thetarget running resistance coefficiepirathe calculation of the chassis
dynamometer load setting describegbaragraph 8.2f thisannex.

The result of the calculatiofc,; x (1 + Ky x (T-20))) shall beused as the
target running resistance coefficient ib the calculation of the chassis
dynamometer load setting describegaragraph 8.20f thisannex.

The result of the calculatioft,.r X ) shall beused as theéarget running
resistance coefficient; én the calculation of the chassis dynamometer load
setting describeth paragraph 8.2of thisannex.

Method for the calculation of road loaar running resistancéased on
vehide parameters

Calculation of road loacand running resistanctr vehicles based on a
representative vehicle of a road laadtrix family

If the road load of the representative vehicle is determined according to a
method described in paragraph .4d& this annex the road load of an
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individual vehicle shall be calculated according to paragraph 5of .this
annex.

If the running resistance of the representative vehicle is determined according
to the method described in paragraph.4of this annex the running
resistance of an individual vehicle shall be calculated according to
paragraptb.1.2.of thisannex.

5.1.1. For the calculation of the road load of vehicles of a road load matrix family,
the vehicle parametedescribedn paragraph 4.2.1.4f this annex and the
road load coefficients of the representative test vehicle determined in
paragraph 4.3. of thiannex shall be used.

5.11.1. The road load force for an individual vehicle shall be calculated using the
following equation;

& £ £ O £ O
where:
F. is the calculated road load force as a function of vehicle velocity, N;

fo is the constant road load coefficient, N, defined by the equation:

fo = Max((0.05x fo, + 0.95% (fo, x TM/TM, + (——) x 9.81 x TM));

(0.2 % for + 0.8 (for X TMITM, + (——) x 9.81 x TM)))

for is the constant road load coefficient of the representative vehicle of the
road load matrix familyN;

fi is the first order road load coefficiertl/(km/h), and shall be set to
Zero;

fs is the second ordeoad load coefficient, Nkm/h)?, defined by the
equation:

f,= MaX((OOSX for + 0.95% fy, X As / Afr); (02>< for + 0.8x Ty x As/ Afr))

for is the second order road load coefficient of the representative vehicle
of the road load matrix family\/(km/h)2

v is the vehicle speed, km/h;

TM s the actual test mass of the individual vehicle of the road load matrix
family, kg;

TM, is the test mass of the representative vehicle of the road load matrix
family, kg;

As is the frontal area of the individual vehicle of the road losatrix
family, mz2,

As is the frontal area of the representative vehicle of the road load matrix
family, m?;

RR s the tyre rolling resistance of the individual vehicle of the road load
matrix family, kg/tonne

RR, is the tyre rolling resistance of the representative vehicle of the road
load matrix family kg/tonne.
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For the tyres fitted to an individual vehicle, the value of the rolling resistance
RR shall be set to the class value of the iapple tyre rolling resistance class
according to Table A2/of Annex 4.

If the tyres have different rolling resistance class values on the front and the
rear axle, the weighted mean shall be used, calculated using the equation in
paragraph 3.2.3.2.2.2. 8hnex 7.

If the same tyres were fitted to test vehicles L and H, the value pf ®RR
the interpolation method shall be set to,RR

5.1.2. For the calculation of the running resistance of vehicles of a road load matrix
family, the vehicle parameters d@eded in paragraph 4.2.1.4. of thaenex
and the running resistance coefficients of the representative test vehicle
determined in paragraphs 4.4. of tAmmex shall be used.

5.1.2.1. The running resistance for an individual vehicle shall be calculatieg) the
following equation:

# A A O A O
where:

Ce is the calculated running resistance as a function of vehicle velocity,

Nm;
Co is the constant running resistance coefficient, Nm, defined by the
equation:
Co= r 0%Max(@.05x1.02xg r 0.95% (1.02xg/ r 6 1 ,TEH—TF)NM 9.81 x TM));

(02x1.02xg/ r 6 + 0.8 rio (11, AMF—FN 81 x TM)))

Cor is the constant running resistance coefficient of the representative
vehicle of the road load matrfamily, Nm;

C is the first order road load coefficiedim/(km/h),and shall be set to
Zero;

C is the second order running resistance coefficieMin/(km/h)2
defined by the equation:

= r 0MaEx((0.5x 1.02x¢c,/ r 6 »#1.0axcH Gx A/ Ag); (0.2x1.02xCy/ r 6 x4.02k 6/8 1< B;/ Ag))
Cyr is the second order running resistance coefficient of the representative
vehicle of the road load matrix family, N-(h/km)z2;
v is the vehicle speed, km/h;

TM s the actual test mass tbfe individual vehicle of the road load matrix
family, kg;

TMr is the test mass of the representative vehicle of the road load matrix
family, kg;

As is the frontal area of the individual vehicle thie road load matrix
family, mz;

As is the frontal areafdhe representative vehicle of the road load matrix
family, m?;
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5.2
5.2.1.

5.2.2.

6.1.
6.1.1.

6.1.2.

RR s the tyre rolling resistance of the individual vehicle of the road load
matrix family, kg/tonne;

RR, s the tyre rolling resistance of the representative vehicle of the road
load matrk family, kg/tonne;

r 6 isthe dynamic radius of the tyre on the chassis dynamometer obtained
at 80 km/h m;
1.02 is an approximateoefficient compensating for drivetrain losses.

Calculation of the default road load based on vehicle parameters

As an alternative for determining road load with the coastdown or torque
meter method, a calculation method for default road load may be used.

For the calculation of a default road load based on vehicle parameters, several
parameters such as tesass, width and height of the vehicle shall be used.
The default road load:Ehall be calculated for the reference speed points.

The default road load force shall be calculated using the following equation:
& £ £ O £ O

where:

& is the calalated default road load forceas a function ofvehicle
velocity, N;

A is the constant road load coefficieM, defined by thefollowing
equation:

A ™1 N4 -,

yis is the first order road load coefficieand shall besetto zerq

A is the second ordepad load coefficientN-(h/km)z2, defined by the
following equation:

£ @ pm 4- mMipx «x EAOEAECEO
o] is vehicle velocitykm/h;
4 - test masskg;

x E A OvEhicle widthas defined in 6.20f Standard 1SO 612:197&;
E A E QueNi2le height as defindd 6.3. of Standard 1SO 612:1978.
Wind tunnel method

The wind tunnel method is a road load measurement method using a
combination of a wind tunnel and a chassis dynamometer or of a wind tunnel
and a flat belt dynamometer. The test benches maygzeate facilities or
integrated with one another.

Measurement method
The road load shall be determined by:

(@) adding the road load forces measured iwiad tunnel and those
measuredising a flat beldynamometeror

(b) adding the roadoad forces measured in a wind tunnel and those
measured on a chassis dynamometer.

Aerodynamic drag shall be measured in the wind tunnel.
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6.1.3.

6.2.

6.2.1.

6.2.2.

6.2.3.

6.2.4.

Rolling resistance and drivetrain losses shall be measured using a flat belt or

achassis dynamometemeasuring the front and rear axles simultaneously

Approval ofthefacilities by the responsible authority

The results of the wind tunnel method shall be compared to those obtained

using the coastdown method to demonstrate qualification dathi@ies and

recorded.

Three vehicles shall be selected by the responsible authority. The vehicles
shall cover the range of vehicles (e.g. size, weight) planned to be measured

with the facilities concerned.

Two separate coastdown testsals be performed with each of the three
vehicles according to paragraph 4.3. of #inieex, and the resulting road load
coefficients fo, f; and %, shall be determined according to that paragraph and
corrected according to paragraph 4.%056.this annex. The coastdowrtest
result of a test vehicle shall be tlithmetic averagef the road load
coefficientsof its two separate coastdowests If more than two coastdown
tests are necessary to fulfil the approval of facilit@geria, all valid tests
shall be averaged.

Measurement with the wind tunnel method according to parag@phgo
6.7. inclusiveof this annexshall be performed on theamethreevehiclesas
selected in paragraph 6.2.1. of thmexand in tle same condition@nd the
resulting road load coefficient, f, and §, shall be determined.

If the manufacturer chooses to use one or more of the available alternative
procedures within the wind tunnel method (i.e. paragraph 6.5.2.1. on

preconditionng, paragraph 6.5.2.2. and 6.5.2.3. on the procedure, and
paragraph 6.5.2.3.3. on dynamometer setting), these procedureslshiad
used also for the approval of the facilities.

Approval criteria

The facility or combination of facilitiesisedshall beapproved ifboth ofthe
following two criteria ardulfilled :

@ The

di fference i n cy,cetweenetheenvingd vy ,

tunnel method and the coastdown method shall be wit@ifs+for
each of the three vehicles k according tofthlewing equation:

where:

o

Ek,WTM

Ek,coastdown

%,

% P

is the difference in cycle energyver a complete Class 3
WLTC for vehicle k between the wind tunnel method and the
coastdown method, per cent;

is the cycle energgver a complete Class\WWLTC for vehicle
k, calculated with the road loaderived from the wind tunnel
method (WTM) calculated according to paragraph 5 of
Annex7, J;

is the cycle energy over a complete Class 3 WIf@iGrehicle

k, calculated with the road load derived from the coastdown
method calculated according to paragraplofBAnnex 7, J.;
and

express
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(b)  Thearithmetic averag@of the three differences shall be witlirD2
Q -

The approval shall be recorded by the resine authority including
measurement data and the facilities concerned.

The facility may be used for road load determination for a maximum of two
years after the approval has been granted.

Each combination ofoller chassis dynamometer or moving baitd wind
tunnel shall be approved separately.

6.3. Vehicle preparation and temperature

Conditioning and preparation of tivehicle shall bgperformedaccording to
paragraphs 4.2..and4.2.2. of thisannex and applies to both the flat belt or
roller chassis dyamometes and the wind tunnel measurements.

In the case that the alternative wanm procedure described in
paragrapt6.5.2.1. isapplied the target test mass adjustment, the weighing of
the vehicle and the measurement shall all be performéuuwtithe driver in
the vehicle.

The flat beltor the chassis dynamometesst cellsshall have a temperature
set point of 20C with a tolerance oft3°C. At the request of the
manufacturer, the set point may also bé@3with a tolerance of +3C.

6.4. Wind tunnel procedure
6.4.1. Wind tunnel criteria

The wind tunnel design, test methods and the corrections shall provide a
valueof (Cp x Ayf) representativef the onroad (Cp x Ar) valueand with a
repeatability of 0.015n2.

For all (Co x Af) measurements, thevind tunnel criteria listed in
paragrapl8.2. of thisannex shall be met with the following modifications

(@) The solid blockage ratio described in paragraph 3.2.4. ofattriex
shall beless thar25 per cent

(b)  The belt surface atdacting any tyre shall exceed the length of that
tyre's contact area by at least 20 per centsdradl be at least as wide
as that contaqtatch

(c) The standard deviation of total air pressure at the nozzle outlet
described in paragraph 3.2.8. of tlsnex shall bdess thanl per
cent

(d)  The restraint system blockage ratio described in paragraph 3.2.10. of
thisannex shall béess thar8 per cent.

6.4.2. Wind tunnel measurement

The vehicle shall be in the condition described in paragraphos.tis
annex.

The vehicle shall be placed parallel to the longitudicettreline of the
tunnel with a maximum deviation of 10 mm.

The vehicle shall be placed withyaw angleof 0° andwith a tolerance of
+0.1°.
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6.5.
6.5.1.
6.5.1.1.

6.5.1.2.

6.5.1.2.1.

6.5.1.2.2.

6.5.1.2.3.

6.5.1.3.

6.5.1.4.

6.5.1.5.

Aerodynamic drag shall be measuifed at least for60 seconds andt a
minimum frequency ob Hz. Alternatively, the drag may be measured at a
minimum frequency of 1 Hz and with at least 300 subsequent sariipies.
result shall be tharithmetic average of the drag

In the case thatthe véicle has movable aerodynamic body parts,
paragrapht.2.15. of this annex shall apply.Where movable parts are
velocity-dependent, every applicable position shall be measured in the wind
tunnel and evidence shall lpeovidedto the responsible authoritpdicating

the relationship between reference speed, movable part position, and the
correspondingCp x Ay).

Flat beltapplied for the wind tunnehethod
Flat belt criteria
Descriptionof theflat belt test bench

The wheels shall rotate on flat belteat do not change the rolling
characteristics of the wheels compared toséon the road. The measured
forces inthe x-directionshallinclude the frictiomal forces in thedrivetrain.

Vehicle restrainsystem

The dynamometer shall be equipped with a centring devicergjitire vehicle
within a tolerance of +0.8egreesof rotation around the-axis. The restraint
system shall maintain the centred drive wheel positimughout the coastdown
runs of theroad load determinationithin the followinglimits:

Lateral position (yaxis)

The vehicle shall remain aligned in thediyection and lateral movement
shall be mininmsed.

Front and rear position {axis)

Additional to the requirement oparagraph6.5.1.2.1.0f this annex both
wheel axes shall be within+10hm of t he dergrédline®s | at er al

Vertical force

The restraint system shall be designed so as to impose no vertical force on the
drive wheels.

Accuracy of measured forces

Only the reaction force for turning the wheels shall be measured. No external
forces shall be included in the result (e.g. force of the coolingifanrehicle
restraints, aerodynamic reaction forces of the flat thgiamometer lossesic.).

The force in the sdirection shall be measured with an accuracy o5
Flat belt speed control

The belt speed shall be controlled with an accuracy of ki/h.

Flat belt surface

The flat belt surface shall bdean, dry and free from foreign materthkt
might cause tyre slippage.
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6.5.1.6. Cooling

A current of airof variable speedhall be blown towards the vehicle. The set
point of the linear velocity of the air at the blower outlet shall be equal to the
correspondingdynamometerspeed above measurement speeds of 5 km/h.
The deviation of the linear velocity of the air at the bloawtlet shall remain
within £5km/h or 10 per cent of the corresponding measurement speed,
whichever is greater.

6.5.2. Flat belt measurement

The measurement procedure may be performed accordingither
paragrapt6.5.2.2. or paragraph 6.5.2.3. of taimex.

6.5.2.1. Preconditioning

The vehicle shall be conditionedn the dynamometems described in
paragraphs 4.2.4.1.1. to 4.2.4.1r&lusiveof thisannex.

The dynamometer load setting fér the preconditioning shall be:
& A A O A O

where:

=0

by=0;

- M p

A # ! — —
¢ o

The equivalent inertia of the dynamometer shall be the test mass.

The aerodynamic drag used for the load setting shall be taken from
paragraplt6.7.2.of thisannexand may be set directly as inpGtherwise, g
by, and g from this paragrapkhall be used.

At the request of the manufactures,an akernative to paragraph?2.4.1.2 of
this annex the warmup may be conducted by driving the vehicle with the
flat belt.

In this case, the warup speed shall be 110 per cefithe maximum speed
of the applicable WLTC and the duration shall exce20d seconds until the
change of measured force over a period of 200 secolaissthan 5 N.

6.5.2.2. Measurement proceduvéth stabilised speeds

6.5.2.2.1. The test shall be caducted from the highest to the lowest reference speed
point.

6.5.2.2.2. Immediately after the measurement at the previous speed pbmt, t
deceleration from the current to the next applicable reference speed point
shall beperformedn a smooth transitionf approximately 1 m/s2.

6.5.2.23. The reference speed shall be stabilised for at least 4 seemwd$or a
maximum of 10 second§he measurement equipment shall ensure that the
signal of the measured force is stabilised after that period.

6.5.2.24. The force at each reference speed shall be measured for at least 6 seconds
while the vehicle speed is kept constant. The resulting force for that reference
speed pointp,,, shall be thearithmetic averagef the force during the
measurement.
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6.5.2.3.
6.5.2.3.1

6.5.2.3.2.

6.5.2.3.3.

6.5.2.4.

6.5.3.

6.6.
6.6.1.

The depsin paragraph6.5.2.22. to 6.5.2.24. inclusiveof thisannexshall be
repeated for each reference speed.

Measurement procedure by deceleration

Preconditioning and dynamometer setting shall be performed according to
paragraph 6.5.2.1. of thamnex. Prior to each coastdown, the vehicle shall be
driven at the highest reference speed or, in the case that the alternative warm
up procedure is used a0 per cent of the highest reference speed, for at
least 1 minute. The vehicle shall be subsequently accelerated to at least 10
km/h above the highest reference speed and the coastdown shall be started
immediately.

The measurement shall be merhed according to paragraphs 4.3.1.3.1. to
4.3.1.44. inclusive of thisannex. Coasting down iappositedirections is not
required andheequationu s e d t o ciraparagiaphadt3d.4.a¢this

annex shall not apply. The measurement shall be mped after two
decelerations if the force of both coastdowns at each reference speed point is
within £10 N, otherwise at least three coastdowns shall be performed using
the criteraset out in paragraph3.1.4.2 of this annex.

The force fyno at each reference spegdhall be calculated by removing the
simulated aerodynamic force:

/£ Y. A O
where

fipecel IS the force determined according e equationcalculating Fin
paragraph 4.3.1.4. of thisannexat reference speqabint j, N;

Cq is the dymmometersetcoefficientasdefinedin paragrapt6.5.2.1.0f
thisannex N/(km/h)2

Alternatively, at the request of the manufacturgimay be set to zero during
thecoastdown and for calculatingf..

Measurement auaditions

The vehicle shall be in the condition described in paragraph 4.3.1.3.2. of this
annex.

During coastdown, the transmission shall be in neutral. Any movement of the
steering wheel shall be avoided as much as possible, and the vehicle brakes
shall rot be operated.

Measurement result of the flat belt method

The result of the flat belt dynamometgy,f, shall be referred to agfbr the
further calculations in paragraph 6.7. of thimex.

Chassis dynamometapplied for the wind tunnehethod
Criteria

In addition to the descriptions in paragraphs 1. and 2. of Annex 5, the criteria
described in paragraphs 6.6.1.1. to 6.6.1.6. inclusive o&timisx shall apply.
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6.6.1.1.

6.6.1.2.

6.6.1.2.1.

6.6.1.2.2.

6.6.1.3.

6.6.1.4.

6.6.1.5.

6.6.1.6.

6.6.2.

6.6.3.

138

Descriptionof a chassis dynamometer

The front and reaaxles shall be equipped with a single roller with a diameter
of nat less than 1.2 metres. The measured forces in-theegtion include the
frictional forces in the drivetrain.

Vehicle restraint system

The dynamometer shall be equipped with atreeg device aligning the
vehicle. The restraint system shall maintain the centred drive wheel position
within the following recommended limits throughout the coastdown runs of
the road load determination:

Vehicle position

The vehicleto be teted shall be installed on the chassis dynamometer roller
as defined in paragraph 7.3.3. of thimex.

Vertical force

The restraint system shall fulfil the requirements of paragraph 6.5.1.2.3. of
thisannex

Accuracy of measured forces

The accuracy of measured forces shall be as described in par@dsdp8.
of this annexapart from the force in the-directionthat shall be measured
with an accuracy as described in paragraph 2.4.1. of Annex 5.

Dynamometespeed control

The oller speeds shall be controlled with an accuracy of £0.2 km/h.
Roller surface

The roller surface shall be as described in paragraph 6.6f1tks annex.
Cooling

The cooling fan shall be as described in paragraph 6.5.1.6. ahties.
Dynamometer measurement

The measurement shall be performed as described in paragraph 6.5.2. of this
annex.

Correction of the chassis dynamometer raléatius

The measured forces on the chassis dynamometer shall be corrected to a
reference equivalent to the road (flat surface) and the result shall be referred
toasf.

y: Ap ~——mM— E p Ap

where:
cl s the tyre rolling resistance fraction g fo;
c2 is a chassidynamometespecific radius correctiofactor;

fioyno is the force calculated in paragraph 6.5.2.3.3. for each reference speed
I N;
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6.7.
6.7.1.

6.7.2.

Rwheer IS Onehalf of the nominal design tyre diameter, m;
Royno is the radius of the chassis dynamometer roller, m.

The manufacturer and responsible authority shall agree on the factors c1 and
c2 to be used, based on correlation test evidence provided by the
manufacturer for the range of tyre characteristics intended to be testieel
chassis dynamometer.

As an alterative the following conservativequationmaybe used:
0
E— m p

C2 shall be 0.2 except that 2.0 shall be used if the delta road load method (see

paragraph 6.8. of this annex) is used and the delta road load calculated
according to peagraph 6.8.1. of this annex is negative.

£ £

Calculations
Correction oftheflat belt and chassis dynamometer result

The measured forces determined in paragdph and 6.6 of this annex
shall be corrected to reference conditiossg thefollowing equation:

& £+ p + 4 ¢ wo
where:

& is the corrected resistance measured at the flat belt or chassis
dynamometeat reference speedN;

FE is the measured force at reference speed j, N;

+ is the correction factor for rolling resistancas defined in
paragrapht.5.2.of thisannex, K*;

+ is the test mass correction as defined in paragraph 4f3His annex,
N;

T is the arithmetic averaggdemperature in the test cell during the
measuremeng.

Calculation of the aerodynamicriae

The aerodynamic drag shall be calculateing the equation belowf the
vehicle is equipped with velociHgependent movable aerodynamic body
parts, the correspondin@p * A¢) values shall be applied for the concerned
reference speed points.

& # - —
8
where:
& is the aerodynamic drag measured in the wind tuatnedference
speedjN;
# is theproduct ofthe drag coefficient and frontal ares acertain
reference speed pointjhereapplicablemz;
M is the dry air desity defined inparagraph3.210. of this UN

GTR, kg/r#;
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6.7.3.

6.8.

Y is the reference speed j, km/h.
Calculation of road load values

The ptal road load as a sum of the resultpafagraph$.7.1 and 6.7.2. of
this annexshall be calculated using the following equation:

& & &
for all applicale reference speed points j, N.

For all calculated®’, the coefficients £ f; and % in the road loadequation
shall be calculated with a leasfjuares regression analysis ahéll be used
as the target coefficients in paragraph 8.@fxhisannex.

In the case that the vehicle tested accordinthe wind tunnel method is
representative of a road load matrix family vehicle, the coeffidiestiall be
set to zero and the coefficierfigand f, shall be recalculated with a least
squares regression anab/s

Road load dlta method

For the purpose of including options in the interpolation method which are
not incorporated in the road loadtérpolation (i.e. aerodynamics, rolling
resistance and mass), a delta in vehicle friction may be measutkd mad
load deltamethod (e.g. friction differencéetween brake systejnsThe
following steps shall be performed:

(@)  The friction of referene vehicle R shall be measured

(b)  The friction of the vehicle with the optiorfvehicle N)causing the
difference in frictionshall be measured

(c) The differenceshall be calculated according to paragraph 6.8.1. of this
annex.

These measuremergballbe performed on a flat beliccording to paragraph
6.5. of this annexor on achassis dynamometaccording to paragraph 6.6. of
the annexand the correction of the results (excluding aerodynamic force)
from paragraph 6.7.Df this annex

The applicatio of this method isllowed only if the following criterionis
fulfilled:

-0

& 5 & cu

where:

Fojr is the corrected resistancé vehicle R measuredn the flat belt or
chassiglynamometer at reference speed j calculated according to
paragraplt6.7.1. of this annex, N

Fojn is the corrected resistancé vehicle N measuredbn the flat belt or
chassis dynamometer at reference speed | calculated according to
paragraph 6.7.1. of this anndy;

n is the total number of speed points.

This alternative road load determination method may only be applied if
vehiclesR andN have identical aerodynamiesistance and if the measured
delta appropriately covers the entire influence on the vehicle's energy
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6.8.1.

6.8.2.

7.1.
7.1.1.
7.1.1.1.

7.1.11.1.

consumption. This method shall not be applied if the overall accuracy of the
absolute road load of the vehidleis compromised in any way.

Determination of delta flat belt @hassis dynamometeoefficients

The delta road load shall be calculated using the following equation:

& f &pn &
where:
& i is the delta road load at reference spedy |
& i is the corrected resistance measuvadhe flat bdt or chassis
dynamometer at reference speed | calculaaedording to
paragraph 6.7.1. of this annfox vehicle N,N;
& i is the corrected resistanoéthe reference vehiclmeasurean

the flat belt or chassislynamometerat reference speed j
calculated according tgaragraph 6.7.1. of this anndrr
reference vehicl&®N;

For all calculated fpeia, the coefficientsfpeiia f1,pelta@nd b peiain the road
load equation shall be calculated with a least squares regression analysis.

Determination of total road load

If the interpolation method (see paragraph 3.2.3.2. of Annex 7) is not used,
the road loaddelta method forthe new vehicleN shall be calculated
according to the following equations

A A A
A A A&

A A A

where:

N refers to the road load coefficients of the new vehicle;

R refers to the road load coefficients of the reference vehicle;

Delta refers to the delta road load coefficierdstermined in paragraph
6.8.1.0f this annex.

Transerring road load to a chassis dynamometer
Preparation for chassis dynamometer test
Laboratory conditioa

Roller(s)

The chassis dynamometer roller(s) shall be clean, dry and free from foreign
material that might cause tyre slippage. Fehassis dynamometers with
multiple rollers, the dynamometer shall be run in the same coupled or
uncoupled state as the subsequent Type 1 test. Chassis dynamometer speed
shall be measured from the roller coupled to the p@abeorption unit.

Tyre slippage

Additional weight may be placed on or in the vehicle to eliminate tyre
slippage The manufacturer shall perform the load setting on the chassis
dynamometer with the additional weight. The additional weight shall be
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present for both load settirand the emissionand fuel consumptiotests.
The use of any addinal weight shall be recorded.

7.1.1.2. Room temperature

The laboratory atmospheric temperature shall be at a set pddt & and
shall not deviate by more tha® °Cduring the testinless otherwise required
by anysubsequent test.

7.2. Preparation of chassis dynamometer
7.2.1. Inertia mass setting

The equivalent inertia mass of the chassis dynamometer shall be set
according to paragraph®23. of thisannex.If the chassis dynamometis not
capable to meet the inertia setting exactly, the next higher inertia setting shall
be applied with a maximum increase ofKdd

7.2.2. Chassis dynamometer waiunp

The chassis dynamometer shall be warmed up in accordance with the
dynamometer manufat ur er 6 s recommendat i dhes, or as ap
frictional losses of the dynamometeiay be stabilzed

7.3. Vehicle preparation
7.3.1. Tyre pressure adjustment

The tyre pressurat the soak temperature offgpe 1 tesshall be set to no
more tha 50percentabove the lower limit of the tyre pressure range for the
selected tyre, as specified by the vehicle manufac{seer paragrapf.2.2.3.

of thisanney, and shall be recorded.

7.3.2. If the determination of dynamometer settings cannot meet the criteria
described inparagraphB.1.3. of this annexdue to norreproducible forces,
the vehicle shall be equipped with a vehicle coastdown modecddsdown
mode shall be approved and recortgdhe responsible authority.

If a vehicle is equipped with a vehicle coastdown mode, it shahbaged
bothduring road load determination and on the chassis dynamometer.

7.3.3. Vehicleplacement on the dynamometer

The tested vehicle shall i@acedon the chassis dynamometer in a straight

aheadposition and restrained in a safe mannethbcasethat asingle roller

chassis dynamometer is usgdec ent r e of the tyreds contact
roller shall be withint25 mm or+2 percentof the roller dameter, whichever

is smaller from the top of the roller.

If the torque meter method is used, the tyre pressure shall be adjusted such
that the dynamic radius is within 0.5 per cent of the dynamic ragius r
calculatedusing the equations iparagraph4.4.3.1. of thisannex at the
80km/h reference speed poinfThe dynamic radius on the chassis
dynamometer shall be calculated according to the procedure described in
paragraph 4.4.3.1. of th&mnex.

If this adjustment is outside the range defined in gra@h 7.3.1. of this
annex, the torque meter method shall not apply.
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7.3.4. Vehicle warmup
7.3.4.1. The vehicle shall be warmed up with the applicable WLIRCGhe casethat
the vehicle was warmed up at pércentof the maximum speed die next
higher phase during the procedure definedparagraph4.2.4.1.2.of this
annex, this higher phase shall be added to the applicable WLTC.
TableA4/7
Vehiclewarm-up
Vehicle class Applicable WLTC Adopt next higher phase Warmup cycle
Classl Low,+ Medium NA Low;+ Mediumy
Low, + Medium, + NA
High, + Extra High Low, + Medium, +
Class2 Low, + Medlumz+ Yes (Extra High) High, + Extra High
High,
Low,+ Mediumy+
No High,
Low;+ Mediunm + Lows;+ Mediums + Highs +
High; + Extra High Extra High Lows + Mediumg +
i Highs + Extra Hi
Class3 Lows + Medium + Yes(Extra High) ighs + Extra High
Highs
Low;+ Mediung +
No Highs
7.3.4.2. If the vehicle is already warmed up, the WLTC phasgeplied in
paragrapty.3.4.1.of thisannex with the highest speedhall be driven.
7.3.4.3. Alternative warmup procedure
7.3.4.3.1. At the request of the vehicle manufacturer amidh approval of the
responsible authority, an alternative waum procedure may be used. The
approved alternative warup procedure may be used for vehioclgthin the
same road load family and shall satisfy the requirementdined in
paragraph7.3.4.32. t0 7.3.4.3.5.inclusiveof thisannex
7.3.4.32. At least one vehicle representing the road load family shaéleeted
7.3.4.33. The cycle energy emand calculated according to paragr&pbf Annex7

with corrected road loadoefficientsfy, fi, and b, for the alternative warm

up procedure shall be equal to or higher than the cycle energy demand
calculatedwith the target road loadoefficientsf, f;, and §, for each
applicable phase.

The corrected road loadoefficients fo, fio and %, shall be calculated
according to the following equations:

£ £ ! I
£ £ " "
£ E # #
where:

A4 a Bq arand G 5 are the chassis dynamometer settingfficients after
the alternative warmup procedure;

Agq wite By wite
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7.3.4.34.

7.3.4.35.

8.1.1.

8.1.2.

and G witc are the chassis dynamometer settiogfficientsafter
a WLTC warmup procedure described in
paragrapir.3.4.1. of this annex and a valid chassis
dynamometer setting according to paragraph 8. of this
annex

The corrected road loazbefficientsfy, f1, and . shall be used only for the
purpose ofparagraph 7.3.4.3. of this annex. For other purposethe target
road load coefficientsf,, f; and %, shall be used as the target road load
coefficients

Details of the procedure and of its equivalency shall be provided to the
responsible authority.

Chassis dynamometer load setting
Chassis dynamometkrad settingusingthe coastdown method

This method is applicable when the road laaefficients §, f, and  have
been determined.

In the case of a road load matrix family, this method shall be applied when
the road load of the representative vehicldatermined using the coastdown
methoddescribedn paragraph 4.3. of themnex. The target road load values
are the values calculated using the mettlescribedn paragraph 5.1. of this
annex.

Initial load setting

For a chassis dynamometer witheéficient control, the chassis dynamometer
powerabsorption unit shall be adjusted with the arbitrary initial coefficients,
I " and# , of the following equation:

& ! "0 #0
where
& is the chassis dynamometer setting |ddd
o] is the speedf the chassis dynamometer rojlkm/h.

The following are recommended coefficients to be used for the initial load
setting:

(@ ! ™ ! e "W #
for singleaxis chassis dynamometers, or
! w ! ™ "k #

for dualaxis chassislynamometers, whete," and# are the target
road load coefficients;

(b)  Empirical values, such as those used for the setting for a similar type
of vehicle.

For a chassis dynamometer of polygonal control, adequate load values at
each reference speedhall be set to the chassis dynamometer power
absorption unit.

Coastdown

The coastdown test on the chassis dynamometer shall be performed with the
procedure given in paragraph 8.4.3. or in paragrapt8.1.34.2. of this
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8.1.3.

8.1.3.1.

8.1.32.

8.1.3.3.

8.1.34.

annex and shall starto later thanl20 £condsafter completion of the warm

up procedure. Consecutive coastdown runs shall be started immediately. At
the request of the manufacturer and with approval of the responsible
authority, the time between the warap procedure and coastdlos using the
iterative method may be extended to ensure a proper vehicle setting for the
coastdown. The manufacturer shphovide the responsible authoritwith
evidence for requiring additional time anevidence that the chassis
dynamometer load settingarameters (e.g. coolant and/or oil temperature,
force on a dynamometer) are not affected.

Verification

The target road load value shall be calculated using the target road load

coefficient! ," and# hfor each reference spedd:
& ! "0 #0
where:

A, Biand G are the target road load parameters
& is the target road load at reference sp@etl;
o] is thej™ reference speeétm/h.

The measured road load shall be calculated using the following equation:

4- i 4

& ) y

where
Fm  is the measured road load for each reference spelid v
TM s the test mass of the vehicle, kg;

m, is the equivalent effective mass mitating components according to
paragraph 2.5.1. of themnex kg;

&t is the oastdown time corresponding to spegdy

The simulated road load on the chassis dynamometer shall be calculated
according to the method as specifieparagrapht.3.1.4. of thisannex with

the exception of measuring iopposite directions, and with applicable
corrections according foaragrapht.5. of thisannex resulting in a simulated

road load curve:

Fs= Ag+ Bgxv + Cx v2

The simulated road load for each reference spgsiiall be determined using
the following equationusing the calculated ABs and G:

&e 'o "o @ # &
For dynamometer load setting, two different methods may be used. If the
vehicle is accelerated by the dynamometer, the methods dabciib
paragrapt8.1.34.1. of this annex shallbe used. If the vehicle is accelerated
under its own powethe methodin paragraph8.1.34.1. o0r8.1.34.2. of this
annex shallbe usedand he minimum acceleration multiplied by speed shall

be 6m2/sec? Vehicles which are unable to achieve &/shshall be driven
with the acceleration control fully applied.
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8.1.34.1. Fixed run method

8.1.34.1.1. The dynamometer software shpkrforma total offour coastdownsFrom
the firstcoastdownthe dynamometer setting coefficients fhe second run
according to paragraphl.4. of thisasnnexshall be calculated-ollowing the
first coastdown, lie software shafperformthree additionatoastdownswith
either the fixed dynamometer setting coefficients determined thfcfirst
coastdownor the adjused dynamometer setting coefficients according to
paragrapt8.1.4. of thisannex.

8.1.34.1.2. The final dynamometer setting coefficients B,and C shall be calculated
using the following equatian

B 1 1
| |
o]
n " B ) !
o}
B o} o]
# #
o

where:

A, Biand G are the target road load parameters

I ," and# are the simulated road load coefficients of theun;
I ," and# are the dynamometer setting coefficients of theum;

n is the index number of coastdowns including thest f
stabilisation run.

8.1.34.2. Iterative method

The calculated forces in the specified speed ranges alttah be within a
tolerance of+10 N after aleast squaresregression of the forces for two
consecutive coastdownsr additional coastdowsshal be performedafter
adjusting the chassis dynamometer load setting according to par&gtaph
of thisannexuntil thetolerancds satisfied.

8.14 Adjustment

The chassis dynamometer setting loslkall be adjustecccording to the
following equations:

& & & & & &
! "0 #0 ! "0 #0 ! "0 #0O
! ! ! L ¢ N S -2 ¢

Therefore:

# # # #
where:

Fq  is the initial chassis dynamometer setting load, N;

146



ECE/TRANS/WP.29/2017/98

8.15.

8.2.

8.2.1.

& is the adjusted chassis dynamadenesetting load, N;
Fi is the adjustment road load equal& & , N;
Fs  is the simulated road load at reference spged,v
F is the target road load at reference spge;v

[z owe

,"“and#” are the new chassis dynamometer setting coefficients.

A, B, and G shall be used as the final values §fff and $, and shall be used
for the following purposes:

(8) Determination of downscaling, paragraph 8. of Annex 1;
(b)  Determination of gearshift points, Annex 2;

(c) Interpolation of CQ@ and fel consumption, paragraph 3.2.3. of
Annex7,

(d) Calculation of results of electrified vehicles, paragraph 4. of Annex 8.
Chassis dynamometer load setting ushetorque meter method

This method is applicable when thenning resistancés determied using
the torque meter methatescribedn paragrapht.4. of thisannex

In the case of a road load matrix family, this method shall be applied when
the running resistancef the representative vehicle is determined using the
torque metemethod as spée@ed in paragraph 4. of thisannex. The target
running resistancealues are the values calculated using the method specified
in paragraptb.1. of thisannex.

Initial load setting

For a chassis dynamometer of coefficient control, the chassis dynamometer
power absorption unit shall be adjusted with the arbitrary initial coefficients,
I ," and# , of the following equation:

& ! "0 #0
where:
& is the chassis dynamometer swjtioad N;
o is the speed of the chassis dynamometer rddfafh.

The following coefficients are recommended for the initial load setting:
@ ! ™ —h ™ — -

For singleaxis chassis dynamometers, or

! ™ —-h" ™ -k -
For duataxis chassis dynamometevdiere
A, A andA are thetarget running resistanoefficients;and

O is the dynamic radius of the tyre on the chassis dynamometer
obtainedat 80 km/kh m, or

(b)  Empirical values, such as those used fordéging for a similar type
of vehicle.
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