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1. INTRODUCTION

At its beginning (1999), the development of the Worldwide-harmonized Motorcycle Test Cycle
(WMTC) was atripartite project between the Netherlands Ministry of the Environment (VROM),
TNO Automotive and the International Motorcycle Manufacturer Association (IMMA). Withinthis
tripartite project, VROM looked after the political aspects of generating a worldwide test cycle.
TNO Automoative, funded by VROM, did the development work and the technical management of
the project. IMMA contributed by the collection of in-use driving behaviour data worldwide,

In alater stage (May 2000), the project was brought under the umbrella of the UNECE/WP.29.

Under the guidance of WP.29, the Group of Expertson Pollution and Energy (GRPE) mandated the
ad-hoc group WMTC with the development of a"World-wide Harmonized M otorcycle Emissions
Certification/Test ProCedure’ and to establish it inthe framework of the 1998 Agreement on global

technical regulations (gtr). Since October 2000, RWTUEV Fahrzeug GmbH joined the WMTC
group. RWTUEV Fahrzeug devel oped a gearshift procedure closdly linked to thetest cycle. This
work was funded by the German Bundesangdt fur Stral3enwesen (BAS). Since May 2001,

RWTUEV Fahrzeug got the responsibility for the cycle development work, the development of the
test protocol and the coordination of the vaidation programme by order of the Netherlands Ministry
of the Environment (VROM) and with support by the German Federa Minigtry of Transport,
Building and Housng (BMVBW).

The WMTC group was formed by members of the following countries/organisations:

- European Commission,
Directorate Genera Enterprise (DG ENTR),
Joint Research Centre (JRC).
- Germany,
Federd Ministry of Trangport, Building and Housing (BMVBW),
Federad Highway Research Indtitute (BASY),
RWTUEV Fahrzeug GmbH, indtitute for vehicle technology,
TUV NORD Stralzenverkehr GmbH.
- Itay,
Ministry of Infrastructure and Trangport (MoT).
- Japan,
Minigry of Land, Infrastructure and Trangport (former Ministry of Transport),
Ministry of Environment (former Environment Agency),
Nationa Traffic Safety and Environment Laboratory (NTSEL),
Japan Automobile Research Indtitute (JARI),
Japan Automobile Standards Internationdization Center (JASIC).
- Netherlands,
Netherlands Minigtry of the Environment (VROM),
TNO Automoative, Ddlft.
- Spain,
Nationa Ingtitute of Aerospace Technique (INTA).
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- Switzerland,
Swiss Federal Roads Authority (ASTRA), Bern,
Swiss Federa Laboratories for Materias Testing and Research (EMPA), Dubendorf,
University of Applied Sciences, Lab. for Exhaust Emission Control (HTA), Biel.
- United Kingdom,
Department of Transport,
Ricardo Ltd.
- United States of America (USA),
US Environmenta Protection Agency.
- Association for Emissions Control by Catayst (AECC).
- Federation of European Motorcyclists Association (FEMA).
- International Motorcycle Manufacturers Association (IMMA).

With respect to the tight timeframe of the work and in order to increase the efficiency the WMTC
group established a subgroup of experts that met more frequently than the WMTC group and
prepared al necessary materid for the discussons and decisons in the WMTC group. This
subgroup was cdled WMTC FE (fundamental €ements).

2. OBJECTIVE

The objective of the research program isto devel op aworldwide- harmonized motorcycle emissions
test procedure, consisting of:

- atest cycle,

- agearshift procedure,

- sampling, measurement and analysis procedures (with support fronin collaboration with | SO)

The test procedure needs to be:
- representative of world-wide on-road vehicle operation,
- able to provide the highest possible leve of efficiency in controlling on-road emissions,
- corresponding to state-of-the-art testing, sampling and measurement technology,
- gpplicable in practice to exising and foreseeable future exhaust emissons abatement
technologies,
- cgpable of providing ardigble ranking of exhaugt emisson levelsfrom different enginetypes,
- congstent with the development of gppropriate emisson factors,
- indlusve of adequate cycle-bypass prevention provisions.

The test procedure has to cover the cycle and the accompanying gearshift procedure for the test
bench measurements and the prescription of test bench settings like determination of road load
resstance, inertiamass, cooling requirements, exhaust gas sampling procedure and other test bench
Specifications.

3. STRUCTURE OF THE PROJECT
The development of the cycle and the gearshift procedure belongsto the tasks of the WM TC group;

the prescription of test bench settings was developed in working group 17 of 1ISO TC22 in close
liaison with the WMTC group. Table 1 gives an overview of the tasks of the whole project.
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Inthework schedule of the WM TC group two vaidation stepswere foreseen after the development
of test cycle and gearshift procedure. A first step, in which the drivesbility was evauated and a
second step, in which the emissions measurement results were eval uated and compared with results
from existing certification procedures. The development work and the two validation steps are
finished. Findly, around robin test was carried out starting in Spring 2003.

Step Task Status Responsibility
1a collection of statistics about stock and completed
vehicle use
remonitoring of statistics about vehicle
1b completed
stock and use E
1c collection and anal_ysis of in-use driving completed s
behaviour data S
2a cvcle development completed 2
2b gearshift prescription development completed a
3a driveability completed O
|_
3b update of measurement procedure completed b=
3c emissions validation tests completed =
3d analysis of emissions results completed
3e classification completed
3f weighting factors completed
4a road load resistance completed
4b def. of inertia mass completed ISO TC 22,
4c cooling requirements completed SC 22, WG 17
4d exhaust gas sampling procedure completed
Final measurement procedure (test
5 protocol including cycle, gearshift prescr., completed
add. Specifications)
waiting for w
definitions and L
6 off cycle emissions provisions criteria from the 3
GRPE off-cycle %
WG =
7a preparation of round robin test completed 8
7b round robin test completed =
7C analysis of results completed %
8a Test procedure, GTR_ text without completed
performance requirtements
GTR incl. Performance requirements and
8b L o under work
off cycle emissions provisions

Table 1: The Structure of the whole project

4. CYCLEDEVELOPMENT

4.1. Approach

The basis of the cycle development was the collection and andysis of driving behaviour data and
gatigtical information about motorcycle use for the different regions of theworld. Thesedatahad to
include dl relevant red life vehicle operations and built the basis for the cycle development. Ina
second step the in-use driving behaviour data were combined with the Satigics on vehidle usein
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order to create a reference database that is representative for worldwide motorcycle driving
behaviour. This was achieved usng a cdassfication matrix for the most important influencing
parameters. In the fina classfication matrix three different regions (Europe, Japan, USA), three
different vehicle classes and three different road categories were included.

The next step wasto compact thisreference cycleinto atest cycle of thedesired length. A computer
search programme then selects anumber of modules (Speed/time sequences between two stops) to
represent by approximation this length. The statistical characteristics of this number of modulesare
then compared to those of the database. The comparison is done on the basis of the chi-sgquared
method, an accepted Satistical criterion

Findly, afirg draft of the World-wide Motorcycle Test Cycle (WMTC) was produced. It was
foreseen that thisfirgt draft needed to be modified on the basis of an eva uation concerning drivedality
and practica points concerning the measurement procedure. Sincethis processisiterative by nature,
severd adaptation rounds including the driveability tests were carried out.

A flow chart of the development processis shownin Table 2.

Collection of statistics Collection and analysis of Classification of
for different regions in use driving behaviour road types
datain different regions
vehicle stock, average speed, urban streets,
technical specifications, acceleration parameters, country roads,
vehicle use idle time distribution high speed rural/motorways

|

> >

Transient vehicle cycle WMTC

WMTC cycle for Val_ldatlo_n_ by (version 1)
Driveability tests <« Driveability « Part 1, urban streets,
(version 5) calculations Part 2, country roads,
and pretests Part 3, high speed rural/motorways

A

) . Analysis of Results, V_VM_TC cycl_e for_
Driveability tests — modifications —»| emissions validation

Programme (version 7)

Table 2: How chart of the cycle development work

4.2. |Inusedriving behaviour data

The badis of the cycle development was the collection and analysis of driving behaviour data and
datigtica information about motorcycle usefor the different regions of theworld. Thesedatahadto
include dl rdevant red life vehicle operations and built the bagis for the cycle devdlopment. Ina
second step the in-use driving behaviour data were combined with the statistics on vehicdle usein
order to create a reference database that is representative for worldwide motorcycle driving
behaviour. This was achieved usng a dassfication matrix for the most important influencing
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parameters. Inthefina classfication matrix three different regions, three different vehide dassesand
three different road categories were included.

The in use driving behaviour data used for the WMTC project consst of the following subsets:

- Datameasured in Europe
1994, ACEM -group. The measurements were carried out in Parisand Pisa.
1994, JAMA-group. The measurements were carried out in Amsterdam and Frankfurt.
1999, ACEM. Themeasurementswere carried out inthe areaaround Pisa(Itay), thearea
around Mandeure (France) and the area around Munich (Germany).
Technische Fachhochschule Bid in Switzerland, in and around Bidl.
Technicd Universty of Darmgtadt (Germany), around Darmstadit.

- Data measured in Japan
1992, IMOE project. The measurements were carried out in the Tokyo area.
1997, JAMA project. The measurements were carried out in the Tokyo area
2000, JAMA/JARI project. The measurements were carried out in the Tokyo area
indluding highway. The dataiis only used for the gearshift modd.

- Data measured in China
In the J Nan area by the Tianjin Motorcycle Technicd Center of the Tianjin Internd
Combustion Engine Research Indtitute, belonging to the Tianjin University in China

- Datameasured in the USA
1999, USMMA run. The measurements were carried out in Birmingham, Alabama.

The time duration and the total mileage of these in-use data subsets are shown in Table 3.
Table 4 gives an overview about the vehicle sample.

Total time Total
Dataset (hours) distance

(km)
ACEM 1999, Europe 175 9940
Biel data, Switzerland 17 590
Darmstadt data, Germany 109 6370
JMOE 1992, Japan 17 398
JAMA 1997, Japan 14 306
JAMA/JARI 2000, Japan 29 1185
China 7 190
USMMA 1999, USA 150 8245
TOTAL 518 27224

Table 3: Duration and mileage of the in-use data subsets
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Region Dataset Vehicles Capaugy n Ratgd power mass ratio
cm in kW .
in KW/t
Piaggio 80 80 »6 » 30
Caagiva 125 125 » 11 » 55
Al\hél\élal?gﬁ Triumph Trident 900 885 70 245
group Ducati 916 916 80 295
BMW R 1100 RS 1085 66 225
Harley
Davidson FLST 1340 67 105
Peugeot SX 80 73 »7 » 45
IMMA 1994, Yamaha DT 125 124 »9 » 50
JAMA-group Suzuki DR 350 S 349 22 105
Kawasaki | GDZ 500 S 498 25 100
Honda Transalp 583 37 137
Europe
Peuaeot Elvseo 100 6.4 35
Piaaaio Liberty 125 7.3 40
Aprilia Classic 125 11 47
Piaggio Vespa ET 4 150 8.4 44
Yamaha XV 535S 535 35 130
IMMA 1999 BMW R 850 R 850 52 164
Honda CBR 1100 1100 110 335
XX
Harley | ploctraglide | 1450 49 117
Davidson
Biel data Honda CB450S 450 » 38 » 150
Honda cB E\?\% (25 500 25 93
Darmstadt data
Suzuki GSX R600 600 72 263
BMW GSX-R 600 600 57 179
Japan A Scooter 49 5 36
Japan B Scooter 99 6.6 42
JMOE 1992 Japan C 249 21 102
Japan D 399 34 125
Yamaha Scooter 49 5 35
Japan
P JAMA 1997 Honda CB 400 399 39 146
Japan 1 399 39 139
JAMAJARI 2000 Japan 2 599 57 187
Japan 3 998 68 197
. Tianjin Motorcycle Qingqi
China Technical Centre (Suzuki) QS 125 125 73 38
Piaggio Typhoon 125
Kymco 125
KTM LXC 400 400 39 172
Yamaha Virago 535 34 124
USA
IMMA 1999 BMW R 1100 RS 1085 67 224
Harley
Davidson FLHCT 1300 41 96
Honda Valkyrie 1500 75 181

Table 4: The vehide sample of the in-use driving behaviour database
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4.3. Heet compostion and vehicle use

The content of this chapter is adopted from [1].

Vehicle Stock

Fromtheindudtrid partners Satistical datahave been received asto the respectivelocal vehideflegts
in different regions of theworld. One should bear in mind, however, that the available data are not
very "hard". Oneobvious problemwith gatisticsfromwidey different sourcesisthat usudly they are
not coherent. 1t has been attempted to limit the datato motorcycles of morethan 50 cc, dthoughitis
not always clear whether the available statistics include or exclude the class below 50 cc. Froman
evauation of the atistica datarecelved, sufficient conclusions can neverthelessbe derived asto the
compostion of the vehicle flegt in different regions of the world.

Europe has afleet that mainly conssts of either smdl capacity vehicles, mainly scooters, on
the one hand, and of large sports and touring bikes on the other, with few vehicles in

between. Thedigtribution isvery country dependant. Generaly spesking northern courtries
possess a large percentage of big bikes, whereas southern countries tend to have mainly
gnd| vehicles

Japan hasasmilar share of small vehicles as Europe, but hasamore or lessequa number
in the middle category. Redly big bikes are rare in Jgpan.

The USA hasmainly big bikes (most of them above 750 cc) and very few inthesmdl and
middle categories.

The stuationisshown in Table 5.

Europe

<125 cc
Japan USA %

>250 cc <125 cc 125-450
29% 31% cc

<125 cc
35% 7%
>500 cc
51%

125-500
cc 125-250 >450 cc

14% cc 86%
40%

Table 5: The composition of the fleet in Europe, Japan and the USA in 1997. Note that the

subdivison is not equivaent for dl threeregions, dueto the structure of the available data.
(from[1])

Thetotd fleet Szefor Europe (that isincluding non- European Union Member States Switzerland and
Norway), Japan and USA and the totd annuad mileage are shown in the following figure.
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Table 6: Thetotd fleet Sze in the three regions, numbers of vehicles (left) and tota annud mileege
(right), (from [1])

For Japan and the USA no figures about scooters are available.
VehicleUse

One obvious problem when comparing the use on different road typesin different parts of theworld,
isthat the definitions, and often even the road types themsealves, do not compareonal:1 bass. So
any comparison can only be gpproximate. The following information was supplied by the IMMA
members.

The characterigtic usein Europe depends heavily on the classand the country. Accordingtoauser’s
survey by amgor scooter manufacturer the smal machines (mainly scooters) areadmost exclusvely
used in an urban environment. The average trip length is smal. Thisisthe main pattern in south
European countries.  According to a survey by the TU Darmstadt [2] the big machines are mainly
used for recreationd trips. The average trip length islarge. Thisuseis mainly on country roads,
becausethe usersare enthusiagts that like achdlenging route. Thisagreeswith avallableinformation
from the Netherlands and it seems to be the dominant use in north- European countries.
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Europe Scooters Motoreycles
motorway
=urban
% @ extraurban O country roads
Hurban

59%
19%

97%

USA Motorcycles

motorway
@urban

motorway
6% ocountry roads

25%
@Eurban +

country
roads

31%

94%

Table 7: Characteristic use per type of road (from [1], but corrected for US data)

Theinformation that isavailable about Japan suggeststhat the mgority of the mileageisperformedon
secondary roads, including urban roads. The maximum speed on country roads is 60 km/h. On
motorways since October 2000 the posted speed is 100 km/h; before that date it was 80 km/h.

Vehiclesbelow 125 cc are not dlowed on motorways, but even for bigger bikesthe motorway share
issmdl. Commuting and shopping areimportant motivesin Japan. For theclass< 125 cc*business

isanimportant motive aswell (26 per cent), whereasfor the classes above 125 cc recregtiond useis
an important motive (34 per cent for the class 125-250 cc, and 49 per cent for the class> 250 cc).
The totd annua mileages are low, suggesting smdl average trip lengths and low average speeds.

Inthe USA thereisalarger share of urban use than in Europe and asmdller share of country roads.
The use of motorwaysisroughly equa to that in Northern Europe. Theannua mileagesare rlativdy
low and so are, presumably, the trip lengths.
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Annua mileages are difficult to obtain, but the following table gives some indications.

Class Region Annua mileege
Engine Europe 2500 — 5000 km
capacity Japan Approx. 1400 km
<150 cm?® USA 3000 — 3500 km
Engine Europe Approx. 3500 km
capacity Japan Approx. 2300 km
150-450cm  USA 3750 — 4250 km
Engine Europe Approx. 5000 km
capacity Japan Approx. 2400 km
> 450 cm? USA 5000 — 5500 km

Table 8: Approximate annua mileages per capacity class and region (from [1], but corrected for
USA data)

4.4. Thereference database

It was origindly planned to create the reference database by combining the in-use driving behaviour
data with the gatistics on vehicle use (see Table 9). Thisshould be done using aclassification matrix
for themaost important influencing parameters. Inthe classification matrix three different regions three
different vehicle classes and three different road categories should be included.

The reference database would then have been acombination of representativein- use dataexpressed
in terms of vehicle speed for each cdl of the dassfication matrix and with the corregponding
weighting factors.

But since the data about vehicle use were not rdliable enough and sincethe WM TC group could not
find a compromise for the vehicle classfication the following dternative approach was chosen:

The cycle should be designed as consisting of three parts, each part representing a separate road
category. Part 1 should bealow speed part, mainly representative for urban traffic; part 2 should be
amedium speed part and represent dower country road type of traffic, and part 3 should beahigh-
speed part and represent faster country roads and motorways. Part 1 should incorporate a cold
Start.
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| 1. Classification
;_l,_'.-_.__. | _;:1,-‘-"-'.'*”: 20 18
| 6

2. Date

\V/ 3. Statistics

f(-thousands of hours

| ]
b2 sx 0 18X X e -

4. Reference Cycle

XZ

v

I
30 min

5. Representative Test Cycle

Table 9 Howchart for the congtruction of atest cycle out of alarge randomly distributed database,
from [1].

By messuring the emissions separately for each part, thisapproach alowsto perform validation tests
with a provisona vehicle classfication and take into account vehicle use datigtics by applying
weightings to the results for each part. Consequently the in-use data were separated into 3 classes
corresponding to the above-mentioned 3 road categories.
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Since information of road categories was not available for dl in-use dataand sincethe classfication
may vary from region to region, it was attempted to characterise the road categories, for avehiclefor
which these categories were known, on the basis of the length of vehicle speed modules and the
average speed of these modules. A module is a speed sequence between two stops. Thiswas not
very successful, partly because of the routes chosen. A second attempt on the basis of average
speed and maximum speed per module looked more promising. Therewasareasonableditinction
between the road categories. Themain overlap was between fast country and motorway traffic, but
this was acceptable, as both categories should build one sngle class.

Eventudly an approach was chosen that characteri sesthe modules on the basis of speed distribution.
This gpproach was used earlier for asimilar problem in characterising theroad use of hybrid driven
passenger cars. To thisend for every module the share of speeds was caculated below 60 kmvh,
between 60 and 90 knm/h and above 90 kmv/h.  Subsequently the following alocation was used:

Allocation of driving
Part1 |0-60 km/h >= 80 per cent
90+ km/h = 0 per cent
Vmax <= 80 km/h
additionally: length of sequence >=1m

Part2 |0-60 km/h <= 70 per cent
60-90 km/h >= 30 per cent
90+ km/h <= 50 per cent
Vmax <= 110 km/h

Part3 |0-60 km/h <= 20 per cent
90+ km/h >=50 per cent

Table 10: Allocation of driving types for the three cycle parts

This gpproach was selected as a pragmatic solution to the problem. The additiond requirement of
Part 1 was included to prevent "creeping” from being selected as a representative driving mode.
Subsequently this way of alocation was gpplied to dl data.

The second step then wasto compact these reference cyclesinto test cycle parts of the desredlength
intime, which was set to 600 sfor each part. A computer search programme wasthe devel oped by
TNO that selected anumber of modul es (speed/time sequences between two stops) to represent by
aoproximation this length. The datistical characteridtics of this number of modules were then
compared to those of the corresponding database.

The comparison was done on the basis of the chi-squared method for the accel eration versus speed
matrix (vV*amatrix). The sdection of modules with the lowest vaue for chi-squared was then
sdlected astheided combination. Sofirg the ided lengths of the various moduleswere determined,
and then the most representative modul es corresponding with those lengthswere selected. After the
modul e selection the stopswere added. Thetotal stop timewastaken from statigtics. Thistota stop
time wasthen divided into stops on the basis of the statistical distribution of the stop lengthsinthein-
use database. Findly a firg draft of the World-wide Motorcycle Test Gycle (WMTC) was
produced.
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The cycle development work was donein close cooperation between JARI, TNO and RWTUEV.
JARI contributed with an extendve in-use data andysis with respect to cycle development work,
dedling with statistical digtributions of vehicle speed, idling time, trip length, acceleration, deceleration
and cruising phases (see[5] and [6]).

45. Modifications of the draft test cycle and find verson

It was foreseen that the firgt draft needed to be modified on the basis of an evauation concerning
driveability and practicd points concerning the measurement rocedure.  Since this process is
iterative by nature, severad adaptation roundsincluding thefirst step of the validation programmewere
carried out.

The following modifications were made during the vaidation phase and the driveability tests:

- Déetion of an ultra short module with operationa speeds below 20 km/hin part 1,

- Separation of an extremely long modulein part 1into 3 partsthat were more representative
for urban driving,

- Replacement of 3 part 1 modules by more representative modules,

- Correction of the idle time digtribution for part 1,

- Rearrangement of the rank order of the modules in part 1 with respect to cold dtart
requirements,

- Smoothing of ripplesin the quas- constant cycle phases of parts 2 and 3 to delete unreglidic
fluctuations in the speed signal caused by the speed measurement uncertainty,

- The maximum speed of part 3 was st to 125 km/h,

- The acceeration time pattern was smoothed in order to delete unredistic high changes of
the acceleration rate that could cause driveshility problems like tyre dip,

- Thehighest decderation va ueswere reduced to takeinto account that only the drivewhed
brake is working on the roller bench.

- Toreducetherisk for tyre dip the da/dt values were limited to:

-0.8 m/s¥/s <= daldt <= +0.8 m/s/s.

Consequently the vehicle speed pattern were modified until da/dt fallsinto that range.

- A specid part 1 cycle, caled "part 1, 50 cc" was created for low powered motorcycles,
whose technical specifications are close to mopeds, by limiting the top speed of part 1
to 50 km/h and limiting the acceleration/decel eration values to +2/-2 m/s.

Although version 7 of the WMTC cycle was based on a smoothed acceleration pattern to avoid
excessive changesin acceleration over time, the question of tyredip wasraised again at the WMTC
mesetingsin Madrid (17.12.2001) and Geneva(16.01.2002). Consequently an additiond analysisof
this problem was executed. This analysis was based on the results of 4 vehicles (2 from the US
and 2 from Japan), for which second by second data of roller speed aswell astyre speed had been
delivered for theWMTC aswdll asfor theUS-FTPand TRIASECE Regulation No. 40. Thelatter
was only measured in Japan. The Japanese vehicles belong to Pclass 1 and 2, the US vehiclesto
Pclass 3 (see chapter 9.). The word "Pclass’ stands for the provisona classification used for the
emissions vaidation tests (see chapter 7.).
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Thetyre dip was cdculated as difference between tyre speed and roller speed divided by theroller
gpeed and expressed in per cent. That means tyre dip gives postive vaues, tyre lock negative
vaues. In addition the change of acceleration rate per second was ca culated for the acceleration
values of the set speed.

Themgority of tyredip vaues>= 50 per cent occurred during thetrangtion from standtill to driving,
aurprisingly not only for the WMTC but dso for the US-FTP and the TRIASECE Regulation
No. 40. Theanalyssresults show that the dynamics of the WMTC do not cause higher risksfor tyre
dip than exigting certification cycles. Asadready concuded from interim resultsand theanaysis of the
answers to the questionnaire about the tyre dip, the problem is rdlated to individud tyrefroller
combinations (see chapter 6.). Nevertheessit was decided in the WMTC group that the tyre dip
risk should be minimised for the WMTC by limiting the change of accerdtion rate in order to
improve drivesbility, independent of the Situation for exigting cycles.

Duringthe WMTC FE mesetingin Tokyoin April 2002, the Japanese del egation proposed to cregtea
specia verson of part 1 with atop speed of 50 knvh for low powered motorcycleswhosetechnical

specifications are close to mopeds.  Since there is only one module in part 1 with vehicle speeds
above 50 km/h (module 3), only thismodule was modified. Thefirst part wasreplaced by amodule
taken from in-use measurements of vehicle 6 (this module was closest to the existing one) and the
second part was lowered in speed to fulfil the limitation of 50 knvh.

The compromise found on vehicle classes made it necessary to create additiond cycle versonswith
reduced speed aso for part 2 and part 3. In order to achieve that the dynamics of the cycle parts
with reduced speed were only changed dightly compared to the norma versions, the speed pattern
wasnot smply limited by the reduced maximum but the whole modul e containing the maximum speed
was lowered at its first acceleration phase and its last deceleration phase (e.g. see Table 13. For
consistency reasons this approach was then also applied to part 1, so that the second version of
part 1, reduced speed is dightly different from the first version.

All modifications done in the adaptation rounds are described in detail in 15. ANNEX A

DESCRIPTION OF THE MODIFICATION WORK ON THE WMTC CYCLE. Tables
containing verson 9 are shown in 16. ANNEX B —FINAL CYCLE VERSION.

Thefind result isshown in Table 11 to Table 13. Each part is600 slong. Part 1 representing urban
driving conssts of 8 modules interrupted by standdtill & idling. The top speed is 60 kmvh in the
normal version and 50 knvhin the reduced speed version. Part 2 representing driving on secondary
rurdl roads conssts of 2 modules, the top speed is 95 kmvhin the norma version and 85 km/hinthe
reduced speed verson. Part 3 representing primary rura roads and motorwaysconsstsof 1 module,
the top speed is 125 knvh in the normal verson and 111 knvh in the reduced speed version.

The characterigtics of the WMTC driving cycle(s) are shown in Teble 14 and Table 15. The
definitions for the driving modes are given in Table 16.
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Table 12: WMTC driving cycle, part 2
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600

time in distance in m average speed in km/h max acceleration in m/sc max deceleration in m/s¢
part
s normal reduced normal reduced normal reduced normal reduced
1 600 4065 3933 24.4 23.6 2.51 2.51 -2.00 -2.00
2 600 9111 8969 54.7 53.8 2.68 2.68 -2.02 -2.02
3 600 15736 14436 94.4 86.6 1.56 1.56 -2.00 -2.00
Table 14: Characteristics of WMTC driving cycle (1)
average average average cruise
idle time acceleration | deceleration cruise time acceleration deceleration g )
part ) ) ) ) . . . . speed (cruise
ratio time ratic time ratio ratio (acceleration (acceleration .
; ; mode) in km/h
in per cent in per cent in per cent In per cent mode) in m/s§ | mode) in m/sd
1, normal 17.0 28.3 28.2 26.5 0.69 -0.69 35.3
1, reduced 17.0 28.2 27.5 27.3 0.67 -0.69 34.5
2, normal 7.3 35.5 28.3 28.8 0.58 -0.73 70.4
2, reduced 7.3 34.3 28.3 30.0 0.59 -0.72 68.8
3, normal 2.5 25.7 18.5 53.3 0.47 -0.68 108.6
3, reduced 25 23.8 18.3 55.3 0.48 -0.65 97.9

Table 15: Characteristics of WMTC driving cycle (2)

4 modes

Definition

idle mode

vehicle speed < 5km/h and

-0.5 km/h/s (-0.139 m/s*) < acceleration < 0.5 km/h/s (0.139 m/s’)

acceleration mode

acceleration >= 0.5 km/h/s (0.139 m/sz)

deceleration mode

acceleration =< 0.5 km/h/s (0.139 m/sz)

cruise mode

vehicle speed >= 5km/h and

-0.5 km/h/s (-0.139 m/sz) < acceleration < 0.5 km/h/s (0.139 m/sz)

Table 16: Definition of driving modes
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5.  GEARSHIFT PROCEDURE DEVELOPMENT
5.1. Approach

The development of the gearshift procedure was based on an analysis of the gearshift pointsinthein
use data In order to get generalised relations between technical specifications of the vehicles and
gearshift gpeeds the engine speeds were normaised to the utilisable band between rated speed and
idling speed.

In a second step the end gpeeds (vehicle speed aswell as normalised engine speed) for upshiftsand
downshiftswere determined and collected in aseparatetable. Theaveragesof these speedsfor each
gear and vehicle were ca culated and correlated with technica specifications of the vehicles

A flow chart of the development procedure is shown in Table 17.

Analysis of in use Gearshift prescriptions for different
driving behaviour data regions:
average engine/vehicle shift speeds for upshifts "|Common type of regression functions
and downshifts, correlation with technical for all regions but different levels for
specifications Europe/USA and Japan

\ 4

Validation calculations for a series off
motorcycles

Prooftesting within the

frame of driveability tests| Application on WMTC,
comparison of resulting engine
l speed distributions with in use data

Analysis of Results,

Modifications, Draft prescription for

Weighted average as emissions validation
compromise for all programme

regions

\ 4

Table 17: Flow chart of the gearshift prescription development
The results of these andyses and cd culations can be summarised asfollows:

- The gearshift behaviour is engine speed related rather than vehicle speed related.

- Thebest correl ation between gearshift speeds and technica datawasfound for normalissd
engine speeds and the power to massratio (rated power/(kerb mass + 75 kg), see Table
18.

- The resdud variations cannot be explained by other technicad data or by different
transmissonratios. They aremost probably assigned to differencesin traffic conditionsand
individua driver behaviour.
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The best approximation between gearshift speeds and power to massratio was found for
exponentia functions, see Table 18.

The gearshift function for the first gear is Sgnificantly lower than for al other gears.

The gearshift speedsfor al other gears can be approximated by one common function.
No differences were found between 5-speed and 6-speed gearboxes.

The gearshift behaviour in Jgpan is sgnificantly different from the equa-type gearshift
behaviour in Europe and in USA, see Table 18.

In order to find abalanced compromise between the three regions anew agpproximation function for
normalised up shift speeds vs. power to mass ratio was calculated as weighted average of the
Europe/USA curve (with 2/3 weighting) and the Japanese curve (with 1/3 weighting), see Table 19.
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Table 18:  Corrdation between normalised max engine speedsfor upshiftsand power to massratio
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Table 19: Thefind approximation function for upshift speedsin gearshigher than 1 (1/3 Europe, 1/3

Japan, /3 USA)

5.2. Gearshift criteria, additiond requirements

Based on this, the gearshift prescriptions can be summarized asfollows:

350

400 450

For accderation phases manud transmissions shall be shifted from 1. to 2. gear when the engine

speed reaches a value according to the following formula

Pn

-1.9 ———
mk+75

n_max_acc (1) =(0.5753 " e

- 0.1)" (s - Nigie) * Nidle

Equation 1

Upshifts for higher gears have to be carried out during acceleration phases when the engine
speed reaches a vaue according to the following formula

Pn

(-1.9
mg+75

n_max_acc (i) =(0.5753 " e

P, - rated power in KW

my — kerb massin kg

n— engine speed in min™

Nae— idling speed in min*

s - rated engine speed in min™ a maximum power
i —gear number (>= 2)

)" (S - Nigle) + Nigle

Equation 2
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The minimum engine Speedsfor acce eration phasesin gear 2 or higher gearsare accordingly defined
by the following formula

0

n_min_acc(i) =n_max_acc(i- 1)” - 1) Equation 3

r(i) —retio of gear i

The minimum engine speeds for deceleration phases or cruising phasesin gear 2 or higher gearsare
defined by the following formula

r ()
G- 2

n_min_dec (i) =n_min_dec(i- 1)~ Equation 4

r(i) — retio of gear |

When reaching these values during decd eration phases the manud transmission hasto be shifted to
the next lower gear (see Table 20).

The engine speed val ues resulting from the formulas above can be rounded to multiples of 100 min*
for practica applications.

Table 20 showsan examplefor agearshift sketch for asmal vehicle. Thesolid linesdemondratethe
gear usefor acceleration phases; the dotted lines show the downshift pointsfor deceleration phases.
During cruising phases the whole speed range between downshift speed and upshift speed may be
used.
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Table 20:  Example of agearshift sketch for asmdl vehicle
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In order to avoid driveability problems these prescriptions had to be supplemented by the following
additional requirements, (someof them are generd, someare assigned to particular cycle phases):

- Therearefixed dlocationsfor acceleration, cruising and decel eration phases (see annex B).

- Gearshifts are prohibited for indicated cycle sections (see annex B).

- No gearshift if adecderation phase followsimmediately after an acceleration phase.

- ldle modes shdl be run with manud transmissons in the fird gear with the clutch
disengaged.

- Downshiftsto the first gear are prohibited for those modes, which require the vehicle to
decelerate to zero.

- Manud transmissions gearshifts shdl be accomplished with minimum timewith the operator
closing the throttle during each shift.

- Thefirg gear should only be used when gtarting from standdtill.

- For those modesthat require the vehicleto decd erate to zero, manual transmission clutches
shdll be disengaged when the speed drops below 10 km/h, when the engine speed drops
below nge + 0.03* (s— nge), When engine roughnessis evident, or when engine gdling is
imminent.

- Whilethedutchisdisengaged the vehicle shdl be shifted to the gppropriate gear for Sarting
the next mode.

- The minimum time span for agear sequenceis 2 seconds.

To give the test engineer more flexibility and to assure driveshility the gearshift regresson functions
should be treated as lower limits. Higher engine speeds are permitted in any cycle phase.

These criteriaand additional requirements were used to ca culate the gearshift schedulesfor thetest
vehicles in the emissons validation programme.  The definitions for acceleration, deceleration and
cruisng phases are given in Teble 16.

5.3. Gearshift precriptions

5.3.1. Step 1 — Caculation of shiftspeeds

Cdculate upshift and downshift speeds for al gears according to the following formulas

Upshift speeds in kmv/h during accel eration phases:

¢ (19—l u
Vie 2 = §(0.5753" e - 0.1)" (s - Nigie) * Nidley;’ Tdv.  Equaions
~ - 1
g
é (19 mi275) E:
Vigin = g0.5753 e )" (S - Migte) + Nidle g - ,i=2tong-1
~ - 1
e

Equation 6
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Where
I isthe gear number (>= 2),
ng isthe total number of forward gears,
P, isthe rated power in kW,
m isthe kerb massin kg,
nisthe engine speed in min™,
Naeistheidling spesd in min,
sisthe rated engine speed in min',
ndv; is the ratio between engine speed in krmvh and vehidle speed in min™ in geer i.

Downshift speedsin kmv/h during cruise or decderation phasesin gears 3to n:

é (-1.9° P—n) u 1
é , my +75° |, U .
Viegi-1=5(0.5753" e )" (8- Midie) ¥ Nidiey” —7-— ,i=3tong-1
€ . i-2
g |
Equation 7

the gear lever shdl st to first gear and the clutch shdl be disengaged, if:
the vehicle speed drops below 10 knvh, or

the engine speed drops below nge + 0.03* (S— Ny,

engine roughnessis evident,

engine galing isimminent.

5.32. Step 2 - Gear choicefor each cycle sample

Cdculatethe gppropriate gear for each sample according to phaseindicatorsin thetablesin annex B
for those cycle partsthat are appropriate for the test vehicle, asfollows:.

5.3.2.1. Gear lever in neutrd and clutch disengaged

Thegear lever shdl be sat to neutral and the clutch shall be disengaged, if thefollowing conditionsare
met:
- During stop phases,
- During cruise or decderation phasesin second gear, if
the vehicle speed drops below 10 knmvh, or
the engine speed drops below Nge + 0.03* (S — o).

5.3.2.2. Gear choice for acceleration phases
Gear=6, ifV>V5? 65
Gear =5, if v> vy 5,
Gear=4, ifV>V3? 4
Gear = 3, ifV>V2? 3,
Gear=2, ifV>V1? 2,
Gear=1,ifv<=vp .
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5.3.2.3. Gear choicefor deceleration or cruise phases
Gear = 6,if v> vy, s,
Gear =5, ifV>V3?4,
Gear =4, if V>V, 3,
Gear = 3, ifV>V1'_> 2,
Gear = 2, if v<=vpo.

5.3.3. Step 3 — Corrections according to additiona requirements
The gear choice has then to be modified according to the following requirements.

a) No gearshift at atrangtions from an acceleration phase to a deceleration phase: keep
the gear that was used for thelast second of the accel eration phase dso for thefollowing
deceleration phase unless the speed drops below a downshift speed.

b) No upshifts during deceleration phases.

¢) No gearshift in cycle phases, where "no gearshift” isindicated.

d) No downshift to first gear at a trangtion from a deceleration or a cruise phaseto an
accelerdion phase, if "no 1. gear” isindicated.

e) If agear isused for only one second, this gear shdl aso be assigned to the following
second. Since it could happen that the modifications according to this criterion create
new phases where agear is used for only one second, this modification step hasto be
applied severd times.

RWTUEV developed Excel caculation sheetsfor 3 to 6 speed gearboxes and both cycle versons
(normal and reduced speed) as an assigtant for test engineers. These sheetswill beavallableonthe
UNECE/WP29 website: http://www.unece.org/trans'ma n/'wp29/wp29wgs'wp29grpe/wmtc.html.

5.4. Cdculaion example

An example of input data necessary for the calculation of shift gpeedsis shown in Teble 21. The
upshift speeds for acceleration phases for the first gear and higher gears are caculated with
equations 1 and 2. The denormdisation of engine speeds can be executed by using the equation:

n=n_norm* (s—n_ide) + n_ide

The downshift speeds for deceleration phases can be cal culated with equation 4. The n/v valuesin
Table 22 can be used as gear ratios. Thesevauescan aso be used to caculatethe affiliated vehicle
Speeds (vehicle shift speed in gear | = engine shift speed ingear i / niv_i). The corresponding results
areshownin Teble 22 and Table 23.
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Engine capacity in ot 600
Ppin kW 72
mk in kg 199
sinmin® 11800
Nidle iINmin* 1150
ndvy *) 133.66
ndvo 94.91
ndv3 76.16
ndva 65.69
ndvg 58.85
ndvg 54.04
pmr **) in KW/t 262.8

*)  ndv meanstheratio between engine speed in min™ and
vehicle speed in km/h
**)  pmr meansthe power to massratio calculated by Pp/
(m+75) ~ 1000, P, in kW, m, inkg

Table21: Input datafor the caculation of engine and vehicle shift speeds

EU/USA/Japan driving behaviour

n_acc_max (1)

n_acc_max (i)

n_norm*)

24.8 per cent

34.8 per cent

ninmin?

3804

4869

*)  n_norm means the cdculated vaue by eguation 1 and
equation 2.

Table 22:  Shift speeds for acceleration phases for the 1. gear and for higher gears (according to

Table 21)
EU/USA/Japan driving behaviour
upshifts v in km/h n_norm_i n_iin min-1
1->2 28.5 24.9% 3804
2->3 51.3 34.9% 4869
3->4 63.9 34.9% 4869
4->5 74.1 34.9% 4869
5->6 82.7 34.9% 4869
downshifts
2->cl 15.5 3.0% 1470
3->2 285 9.6% 2167
4->3 51.3 20.8% 3370
5->4 63.9 24 5% 3762
6->5 741 26.8% 4005

Table 23:  Engine and vehicle shift gpeeds according to Table 22
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In a further step the possbility of asmplification of the above-described gearshift agorithms was
examined by additional andyses and caculations. It should especidly be checked whether engine
shift speeds could be replaced by vehicle shift speeds. The andlysis showed that vehicle speeds
could not be brought in line with the gearshift behaviour of the in-use data.

6. DRIVEABILITY TESTS

Right after the WMTC cycle and the corresponding gearshift procedure were developed
measurementswere carried out on roller benchesin order to vaidatethe driveshility of thecydesand
the functiondity of the gearshift procedure.

Inorder to run thesetestsatest protocol was developed on the basis of thetest protocol of the USA
certification procedure FTP. Some modifications were necessary dueto the different design of the
WMTC cycle (higher vehicle speeds, 3 parts) and the gearshift procedure. The gearshift protocol
represented EU/USA gearshift behaviour because the Japanese gearshift behaviour databasewasnot
complete at that time.

Intotal the results (roller speed data) of 27 vehicles were ddlivered, 18 from Europe, 6 from Japan
and 2 from the USA.

Thedrivesbility problemsthat were reported can befocussed on tyre dip, whedl lock and tracedhlity
problems due to poor power in case of low power vehicles. In addition some malfunctions of the
gearshift caculation sheet were detected.

The problem with tyre dip and traceahility was biggest for part 1 and smallest for part 3. It is
obvioudy related to the individua roller-tyre combination. An additiona questionnaire was sent out
todl participantsin order to get further information about theroller benchesaswell asabout thetyres
used for the measurements. The results of the questionnaire show big variations in technical
specifications (diameter, maximum power, maximum speed) of the roller benches. The tyre dip
problem could neither be related to tyre type or Size nor to vehicle specifications. It istyre related
rather than roller bench related but the avail able tyreinformeation isnot suitableto show adear picture
about the influencing parameters. No tyre dip problems were reported for roller benches with
"textured" surfaces. The results of the questionnaire do not suggest further reductions of the cycle
dynamicsduring acceleration phases. Therisk of tyredip can bereduced by textured roller surfaces.

The whed lock problem is partly caused by the fact that only the rear whed break can be used
during deceleration on aroller test bench and partly related to thetyre characteristicslikethetyre dip
problem. Asthereis no sgnificant influence of the deceleration on the emissons the whed lock
problem can be reduced by areduction of the deceleration values.

The poor power problem can only be avoided when the cycle dynamics are adjusted to the vehicles
at thelower end of the power to massratio scale. But thissolution would not bein linewith practical
use. Nevertheess countermeasures to the poor power problem should be further investigated.
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7.  VEHICLE CLASSIFICATION

The vehicle classfication is one of the important issues of the WMTC development process. For
practica reasonsthefollowing first provisond classfication of vehicleswas made by TNO withinthe
frame of the cycle development work:

C-classl: vehicles with an engine capacity of <150 ¢
C-cdassll: vehides with an engine capacity of 150 cc — 450 cm?
C-classlll: vehicles with an engine capacity of > 450 cn?®

During the andlyss of the driveshility vaidation test results some conflicts with practica use and
technica posshilitiesreveaed for this classfication. On one hand thereisaseriesof vehicleson the
European market that would be classified as C-class | or C-dass|| athough their maximum speed
exceeds the maximum speed of the corresponding cycle parts substantidly (see Table 24). Onthe
other hand there are aso vehicles of C-class 2 and C-class 3 whose maximum speed is below the
maimum speed of the corresponding cycle parts.

engine capacit
max. vehicle — ~ Y _p Y < ~
<= cmi | > cmiigk= cmi | > cmni
speed . : .
in percent In percent In percent
<= 95 km/h 48.3 6.7 0.2
> 95 km/h <4
125 km/h 50.3 70.0 1.1
> 125 km/h 1.4 23.3 98.7
sum 100.0 100.0 100.0

Table 24:  Vehicle type digtribution for engine capacity and maximum vehicle speed classes
(data source: KBA datistics of type approva vaues)

For that reason some aternatives based on power to mass ratio and maximum vehicle speed as
substitute or additiona criteriawere discussed but the FE-group could not find acompromise. Itwas
decided to postpone afind decison till the andyss of the emissons validation test resultswill have
been finished.

For the emissons vdidetion tests the following provisond classification was used in order to get as
much information as possble about the "border aress.

Pclass 1: vehides with amaximum speed of lessthan 80 kim/h,

Pclass 2: vehides with a maximum speed of 80 km/h or higher but less than 120
kmvh,

Pclass 3: vehicles with amaximum speed of 120 km/h or higher

Maximum speed is the maximum vehicle speed as declared by the manufacturer.

Sincethe existing classficaionsfor motorcycletype approvd in dl threeregions use engine capacity
classes, the FE group reached an agreement that the cl assification systemn should be based on engine
cgpacity and maximum vehicle speed.

During interim discussion phases it was agreed thet the lower limit for class | is formed by engine
capacity of more than 50 cm® and maximum speed of more than 50 knvh, that specid class | is
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defined by engine capacity of up to 50 cm? and maximum speed of more than 50 km/h but not more
than 60 knmvh.

But therewas no agreement for maximum speed borders between the classes 1, 2 and 3 at that stage
of theproject. The proposalsfor amaximum speed border between class 1 and class 2 on one hand
and class 2 and class 3 on the other hand that were discussed were justified by two contrasting
philosophies about the driveability capabilities. Some members of the group argued that the
classfication mugt be defined in away that the traceability is guaranteed for any cycle part, while
some others would accept deviations from the cycle trace resulting in full throttle operation for
about 10 per cent of thetota cycletimein order to reproducethe practical useand in order to cover
awider area of the engine map. These contrary philosophies resulted in different proposas for
maximum speed borders between class 1 and 2 (80 km/h versus 120 kmvh) and class2 and class 3
(120 kmvh versus 140 knvh).

As part of the United Kingdom's contribution to the vaidation work of the WMTC working

group, 12 motorcyclesweretested by Ricardo over anear final verson of thecyde. Inthemain, this
work looked at machinesthat would be subject to al three parts of the new cycle. It was observed
that nmotorcycles operating a or near their maximum speed would be subject to excessive and
unrepresentative gperation on full throttle. This would be necessary to achieve both the required
Speed and acceleration of the cycle. This observation suggests that there should be a reasonable
allowance between the vehicle's potential maximum speed and the speed at which it istested.

The United Kingdom proposed that afactor of 0.85* vy, for the maximum cyde speed would ensure
an appropriate alowance. In order to smooth the transition between the vehicle classes, the United
Kingdom recommended to develop cycles with reduced top speeds for al parts and use them for
those vehicles whose speed factor (0.85* Vima) IS below but close to the maximum speed of the

origind cycle part.

Thisapproach wastaken by the WM TC group and discussed. Asthe outcome of the discussonthe
fallowing compromisewasfound in connection with additional cycleversonswith reduced speedsfor
all cycle parts (see chapter 4.5.):

Class 1:

Vehidesthat fulfil the following specifications belong to dlass 1.

engine capacity <= 50 cm? and 50 km/h < v < 60 kmv/h subclass 1-1,
50 cmB < engine capacity < 150 cm? and Vina < 50 km/h subclass 1-2,
engine capacity < 150 cm?® and 50 knmv/h <= Ve < 100 km/h

but not including subclass 1-1 subclass 1-3.

Vmax 1S the maximum vehicle speed.
Class 2:
Vehicles thet fulfil the following specifications belong to class 2:

engine capacity < 150 cm? and 100 km/h <= vy < 115 kmvh or
engine capacity >= 150 cm?® and Vina < 115 kmv/h subclass 2-1,
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115 km/h <= Ve < 130 kmvh subclass 2-2.
Vmax 1S the maximum vehicle speed.

Class 3:

Vehidesthat fulfil the following specifications belong to dass 3:
130 <= Vimax < 140 km/h subclass 3-1,
Vinax >= 140 km/h subclass 3-2.
Vmax IS the maximum vehicle speed.

Table 25 gives an overview of the vehicle dassficaion in terms of engine cgpacity and maximum
vehicle speed.

150 3
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140 3
3 3-1

130 3
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Table 25: vehicle dassfication
8.  WEIGHTING FACTORS FOR AN OVERALL WMTC EMISSIONS RESULT

Anather open question besdesthe vehicle classficationisthe caculation of an overal emissonsresut
for class 2 and class 3 vehicles. As dready mentioned in chapter 4.4., it is necessary to apply
weightings to the emissions results of the different cycle partsin order to caculate an overdl| result
that reflects the gatistics of vehicle use, because otherwise the equa time length of 600 sfor each
cycle part leads to a coincidenta weighting of 14 per cent for part 1, 31 per cent for part 2 and 55
per cent for part 3 that isnot in line with practical use.

1500
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At the 8th WMTC FE meeting in Ann Arbor, JARI presented a calculation method that is based on
the following in-use parameters:

- annud mileage for different road category,

- average onetrip (engine start to stop) distance,

- equivaent cold gart ratio

The equivdent cold sart retio is estimated by the soak time distribution and cold art factors. The
cold start factor is 100 per cent for soak times > 6 hours and is O per cent when the coolant
temperature reaches the temperature at hot condition. The equivaent cold start retio isca culated by
summarising the soak time frequency (derived from traffic surveys) multiplied with the cold dart
factor.

The weightings for the different cycle parts are derived from the annud mileage for different road
categories. Thewelghting for part 1 isthen splitted into aweighting for part 1, cold and part 1, hot.
The weighting for part 1, cold is derived from the average one trip distance, the distance driven in
part 1 and the equivaent cold sart ratio. Theweghting for part 1, hot isthe difference between the
tota weighting for part 1 (derived from theannua mileage for urban use) and theweighting for part 1,
cold.

The FE group agreed on the use of the Jgpanese approach for the weighting cdculaion. The
Japanese delegates made dso a proposd for a smplification in order to skip the measurement of
part 1, hot for class 2 and class 3 vehicles, which was accepted by the mgority of the FE group.

For Japan the gtatistical data needed for the weighting factor calculation were derived by retiond
traffic monitoring and inventories. IMMA investigated similar data for Europe and the US.
RWTUEV was asked to assess the statistical data delivered by different parties and work out a
comparison of the resultsfor weightingsto be applied on the WM TC cycle parts based on averages
of the 3regions EU, USA, Japan. This comparison isshown in Table 26.

vehicle class cycle IMMA world wide |Steven 1ww [Steven 2ww |IMMA EU new Japan
class 1 part 1, cold 41.4% 63.4% 63.4% 38.6% 63.0%
part 1. hot 58.6% 36.6% 36.6% 61.4% 37.0%
part 1, cold 27.7% 28.4% 28.4% 27.5% 28.0%

class 2 part 1, hot - - - -
part 2 72.3% 71.6% 71.6% 72.5% 72.0%
part 1, cold 20.8% 20.4% 20.4% 16.2% 20.0%

class 3 part 1, hot - - - -
part 2 62.8% 46.1% 52.6% 64.8% 77.0%
part 3 16.4% 33.5% 27.0% 19.0% 3.0%

Table 26: Comparison of different proposals for weighting factors

In adiscussion between experts from the WM TC group, the EU Commission, Member States and
NGO'sinlate December 2002 it was agreed that the main problem of theweghting factor discusson
is the lack of reliable Satidicd data for average trip length and mileage digtribution for road
categories. Nevertheless, the previous table shows a bias towards part 2. Therefore it was
proposed to use smplified weighting values as shown in the following teble:
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Vehicle class Cycle Weighting
Part 1, cold Wi 50 per cent
Class1 ’
ass Part 1, hot Winot 50 per cent
Part 1, cold Wi 30 per cent
Class 2
ass Part 2, hot W5 70 per cent
Part 1, cold Wy 25 per cent
Class3 Part 2, hot W» 50 per cent
Part 3, hot Ws 25 per cent

Table 27: Find weighting factors

The weightings have to be applied to the emisson results and the fuel consumption as described
below:

The emisson results in g/lkm and the fuel consumption in litre’100 km are averaged for each cycle
part. The (averaged) result of part 1 or part 1, reduced speed is named R;, the (averaged) result of
part 2 or part 2, reduced speed is named R, and the (averaged) result of part 3 or part 3, reduced
gpeed isnamed R;. Using these emisson resultsin g/km and thefuel consumptioninlitre/200 km; the
find result R, depending on the vehicle dass asdefined in chapter 7., shdl be caculated by means of
the following formulas

Class1 R=R;" W1 +Rinot” Winot
Class 2 R:Rl,W]_"'Rz,Wz uation 8
Class3 R=R;"wW;+R, " w, +R; " wy

for each pollutant, the carbon dioxide emission and the fuel consumption using the weightings shown
inTeble 27.

9. EMISSIONSVALIDATION TESTS

9.1. Generd information

One important step for the whole project was the emissons vaidation programme.

The following decisons'recommendations were made with respect to the emissons vaidation

programme by the WMTC group:

a) Cycdeverson7 (thelatest verson a that time) should be used for thebenchtests, part 1
should be measured with cold start first and then repested at the end in warm condition.

b)  Incaseof poor power the cycle trace should be followed as good as possible,
c) The folowing provisond vehicle dassficaion (indicated in tables and figures as

"Pclass") should be used for the emissons vaidation programme:
- Cydepat 1ismandatory for al vehicles,
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- Part 2 should be driven if v_max >= 80 knvh,
- Part 3 should be driven if v_max >= 120 krm/h.
V_max is the maximum vehicle speed as declared by the manufacturer.

d) Thegearshift procedure asdescribed in chapter 5. should be gpplied. Theuseof higher
engine speeds were alowed for driveability or practicability reasons.

To be able to start this programme in September 2000 updates of the test protocol, the gearshift
procedure and the results delivery format were carried out and distributed amongst the parti cipentsof
this programme. 21 scooters and 38 motorcycles were announced to be measured within this
programme.

The following cycles were mandatory:
- Drait WMTC cyde for emissions vdidation programme, latest version,
- Appropriate regiond certification cycle according to the corresponding measurement
procedure.

For Europe, the test cycle as described in COM 2000 314 final EU's proposal for amendment of
Directive 97/24/EC, section 5.3.1., gppendix 1 should be used. Additional cycleslikethe European
passenger car test cycle (EU Directive 98/69/EC, NEDC) for Europe were recommended. It was
aso recommended to measure additional conditions that can be used for off cycle emissons
provisons.

The following guiddines were given for the road load settings:

It was recommended to perform coast down measurements on the road and use the results for the
specification of load settings. |f coast down measurements were not poss ble the settings of the US-
FTP specifications should be used. If the maximum speed of a vehicle as declared by the
manufacturer was below 130 km/h and this speed could not be reached on the roller bench with the
US-FTP test bench settings, they had to be adjusted until the maximum speed was reached.

The following results should be ddlivered:
- Technicd data of the vehide including maximum speed,
- Bag resaults of the emissons for each part of the WMTC and other test cycles,
- Roller speed with 1 Hz resolution, drive whedl speed, if possible,
- Engine speed for vehicles with automatic gearbox (1 Hz resolution),
- Emissonswith 1 Hz resolution,
- Temperatures at exhaust tailpipe and CV'S metering device (1 Hz resolution),
- Temperature, barometric pressure and humidity of test cell,
- Humidity of dilution air.

The results of 54 vehicles were delivered:
- only bag results 3 vehicles,
- bag results and roller speed (second by second): 19 vehicles,
- bag results, roller speed and engine speed (second by second): 8 vehicles,
- bag reaults, roller speed and emissions (second by second): 11 vehicles,
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- bag reaults, roller speed, engine speed and emissions (second by second): 9 vehicles,

- bagresults, roller speed, drive whedl speed and emissions (second by second): 2 vehicles,

- bag resaults, roller speed, drive whedl speed, engine speed and emissions (second by
second): 2 vehides

Thefollowing problems occurred in some cases.
- Some participants were not able to measure emissonswith 1 Hz resolution,
- Theroad load setting requirements were not fulfilled,
- Theprovisond vehicde classfication was not met,
- The speed tolerances were not met,
- Only bag results were ddlivered,
- Thewrong cycle verson was used. (This vehicle was excluded from the andlyss).

But 90 per cent of the results could be used for further analysis.
Table 28 shows an overview of the vehicle sample digtribution for different regions and provisond
vehicle classes. 83 per cent of the vehicles were measured in Europe.

region | number | Pclass 1| Pclass 2| Pclass 3
EUR 45 10 16 19
JAPAN 6 2 2 2
USA 2 2
Sum 53 12 18 23

Table 28: Vehicle sample for the emissons vdideation test programme

Table 29 givesan overview of the ditribution of enginetype and reduction system within the vehicle
sample, Table 30 showsthe participating ingtitutes/'organi sations and Table 31 containsthe technica
data of the vehicles.

It has to be pointed out that road load settings based on coast down measurements on road were
recommended. If such coast down results were not available the settings of the US-FTP
specifications should be used. But, these settings are no more up-to-date asthe | SO/TC22/\WG17
has shown on the basis of new measurementsin Japan. Initsfina report the SO group presented a
new list with updated settings. The differencesbetween US-FTP and | SO/TC22/\WGL17 settingsare
depending on vehicle mass and speed. For 11 vehiclesthe road load settings of the US-FTP were
not gppropriate, most of them aretriad and enduro vehicles. It can be expected that for thesevehicles
the differences are significant.
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engine type reduction system PClass 1|PClass 2| PClass 3

2-str direct injection 1
2-str oxidation catalyst 4 1
2-str no 3 1
4-str 3 way catalyst 2 9
4-str 3 way catalyst + Air injection 1
4-str oxidation catalyst 1 4
4-str oxidation catalyst + Air injection 1 1
4-str air injection 4 3
4-str no 4 8 5

Sum 12 18 23

Table 29: Didribution of engine type and reduction system within the vehicle sample

Table 30:

region institute no of vehicles
Europe ACEM 3
Europe AECC 2
Europe EMPA 2
Europe HTA Biel 1
Europe INTA 15
Europe JRC 3
Europe Ricardo 11
Europe RWTUV 8
Japan JAMA 3
Japan JARI 3
USA Harley Davidson 2
sum 53

| ngtitutes/organi sations participating on the emissons validetion test programme
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. engine ducti cain |Pnin | v_max | max WMTC | max speed
region no type reduction system cm3 | kW |inkm/h | cycle part |not reached
JAPAN 19 2-str oxidation catalyst 49 4.8 60 1 X
EUR 15 2-str oxidation catalyst 125 | 6.8 69 1
EUR 42 2-str oxidation catalyst 101 | 5.0 85 1
EUR 43 4-str no 9 | 5.6 82 1
EUR 46 4-str no 125 | 75 100 1
EUR 48 2-str no 250 | 6.8 75 1
EUR 50 2-str no 248 | 13.3 95 1
EUR 71 2-str no 125 | 8.2 1
EUR 72 2-str oxidation catalysi 84 6.3 1
EUR 73 4-str no 182 | 13.6 1
EUR 79 2-str Direct injection | 49 1
JAPAN 62 4-str no 49 2.9 60 1
EUR 16 2-str no 272 | 14.0 82 2 X
EUR 17 4-str no 649 | 8.8 98 2 X
EUR 41 4-str Air injection 125 | 11.0 | 110 2 X
EUR 51 4-str no 124 | 8.4 110 2 X
EUR 52 4-str Air injection 125 | 11.0 | 103 2 X
JAPAN 63 4-str Air injection 124 | 9.6 95 2 X
EUR 7 4-str no 150 | 84 95 2
EUR 31 4-str 3 way catalyst | 125 | 11.0 | 100 2
EUR 34 4-str oxidation catalyst 124 | 8.0 90 2
EUR 35 4-str no 249 | 15.0| 115 2
EUR 47 4-str no 249 | 14.7| 115 2
EUR 53 4-str no 234 | 14.0| 120 2
EUR 54 4-str no 239 | 14.3 125 2
EUR 57 4-str no 124 | 11.0| 104 2
EUR 67 4-str 3 way catalyst 125 | 11.0 103 2
EUR 74 4-str Air injection 150 | 8.8 2
EUR 82 2-str oxidation catalyst 50 | 6.7 2
JAPAN 25 asy |OXidationcatalystiv, o 11961 150 2
Air injection
EUR 36 4-str oxidation catalyst 250 | 15.5| 123 3 X
USA 28 4-str oxidation catalys1449| 25.0 | 130 3 X
EUR 13 4-str oxidation catalyst 459 | 28.5 | 158 3
EUR 32 4-str 3 way catalyst [1130| 62.5| 196 3
EUR 38 4-str 3 way catalyst [1170] 45.0 168 3
EUR 39 | 4ty |SWaycatalystrAlNgaq | go0 25 3
injection
EUR 40 4-str 3 way catalyst [1298]105.5| 250 3
EUR 60 4-str oxidation catalyst 996 | 86.0 | 250 3
EUR 65 4-str no 748 | 54.4| 185 3
EUR 66 4-str 3 way catalyst [1171] 72.0| 200 3
EUR 68 4-str 3 way catalyst [1064| 67.0 | 220 3
EUR 75 4-str 3 way catalyst | 955 | 76.5 3
EUR 76 | a4 |OXidationcatalystigg, | 4, g 3
Air injection
EUR 77 4-str no 499 | 43.0 3
EUR 78 4-str Air injection 398 | 32.7 3
EUR 80 4-str 3 way catalyst [1298|106.7 3
EUR 81 4-str no 249 | 155 3
EUR 83 4-str Air injection 649 | 29.4 3
EUR 137 4-str 3 way catalyst | 652 | 25.0 | 145 3
EUR 160 4-str no 996 | 86.0 | 250 3
JAPAN 26 4-str Air injection 399 | 24.0] 140 3
JAPAN 64 4-str 3 way catalyst 781 | 59.0 180 3
USA 27 4-str no 1199| 445 | 177 3

Table 31: Technicd data of the vehicles
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9.2. Realltsof the emissons vaidation progranme

Theresultsof theemissonsvaidationtestsaregivenin Table 32 to Table 35 ingtest and in Table 36
to Table 39 in g/lkm. The CO2 vaues are measured vaues from the exhaust gas. The gtr (see[4])
provides the caculaion procedure for the totd CO2 emisson directly related to the fue
consumption.

Sncethevehicle dassfication and theweightingswere il under discusson, whenthevdidationdata
andyss was performed, the results for the WMTC are shown for each cycle part separately, no
overal WMTC result was calculated and no comparison with the results of the regiond cycleswas
carried out.

NEDC denominates the European passenger car test cycle (EU Directive 98/69/EC), TRIAS
denominates the Japanese type gpprovd test cyclethat isamodified verson of the ECE Regulation
No. 40.

A more detailed andysis of the vaidation test results can be summarised asfollows.

The emissonsvarianceis
- Dependent of individua engine control technique,
- Dependent of emission levd,
- Independent of tracesbility,
- Not different from othersif the maximum roller speed is below the maximum set speed.

High variances in emissions results within each vehicle group (engine type/reduction system) dueto
individua vehicle design, high overlgp in range between different groups

The high variances of the emissonsresultsindicate thet thereisasubstantia optimisation potentid in
some cases. As a consequence substantialy lower variances can be expected if the reduction
systems are optimised in accordance to the WMTC.
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max
region | no engine [ WMTC | max speed NEDC | ECE R 40 WMTC, WMTC, [ WMTC,| WMTC, us-ETP| TRIAS
type | cycle [notreached part 1, cold | part2 | part 3 | part 1, hot
part
JAPAN]| 19 | 2-str 1 X 8.403 16.240 9.510 25.964 | 8.403
EUR | 15| 2-str 1 31.140 41.597 22.070
EUR | 42| 2-str 1 35.997 26.557 26.133
EUR | 43 | 4-str 1 3.310 3.553 3.170
EUR | 46 | 4-str 1 3.487 4.983 3.500
EUR | 48| 2-str 1 114.817 54.190 57.227
EUR | 50| 2-str 1 63.557 60.277 60.907
EUR | 71| 2-str 1 66.367 50.347 56.533
EUR | 72| 2-str 1 11.750 18.717 9.140
EUR | 73| 4-str 1 8440 | 2.880 2.825
EUR | 79 [ 2-sir 1 8.420 [ 3.630 3.614
JAPAN| 62 | 4-str 1 3.598 3.042 7.659 [ 2.787
EUR | 16 | 2-str 2 X 58.083 40.680 65.910 37.750
EUR | 17| 4-str 2 X 10.037 12.100 16.303 9.873
EUR | 41| 4-str 2 X 7.573 10.090 18.390 8.477
EUR | 51| 4-str 2 X 4.697 4.273 7.020 4.090
EUR | 52| 4-str 2 X 5.957 7.973 12.207 5.867
JAPAN] 63 | 4-str 2 X 3.217 6.230 2.271 5.014 | 2.141
EUR 7 4-str 2 1.720 3.034 3.894 1.314
EUR | 31| A4-str 2 5.627 1.342 3.139 3.041 0.817
EUR | 34| 4-str 2 5.671 1.878 3.211 5.376 2.089
EUR | 35| 4-str 2 9.123 5.050 4.043 6.900 4.340
EUR | 47| 4-str 2 1.998 2.827 4.500 2.047
EUR | 53| 4-str 2 8.190 11.693 15.350 7.283
EUR | 54 ] A4-str 2 3.630 4.750 5.313 3.127
EUR | 57| 4-str 2 5.782 7.149 8.103 | 5.566
EUR | 67 | 4-str 2 4.823| 0.762 2.851 2.601 0.685
EUR | 74| 4-str 2 15.080| 12.540 11.569 13.830
EUR | 82| 2-str 2 38.281| 4.289 29.121 32.379
JAPAN]| 25 | 4-str 2 2.880 4.603 2.454 5.619 | 0.987
EUR | 36 | 4-str 3 X 5728 | 2.345 2.890 4.722 | 7.298 1.867
USA | 28] 4-str 3 X 11.704 5.404 | 6.278
EUR | 13| 4-str 3 2.203 3.593 3.442 | 4.719 2.047
EUR | 32| A4-str 3 5.811 0.515 6.280 1.584 | 1.616 1.893
EUR | 38| 4-str 3 4.884 0.655 6.168 1.461 | 0.692 1.012
EUR | 39 | 4-str 3 5.067 1.434 4.052 3.757 | 10.856 5.423
EUR | 40| 4-str 3 4.164 1.106 1.844 2.099 | 3.548 2.037
EUR | 60 [ 4-str 3 4.941 9.492 8.151 | 11.582 6.398
EUR | 65 ] 4-str 3 9.137 11.043 9.213 [ 8.247 6.547
EUR | 66 | 4-str 3 4.922 0.662 5.328 1.871 | 2.732 1.026
EUR | 68 | 4-str 3 0.868 | 0.110 0.816 0.168 | 0.459 0.365
EUR | 75| 4-str 3 7.890 3.230 4.428 6.046 [ 11.342
EUR | 76 | 4-str 3 4.070 0.910 2.406 3.175 | 6.641
EUR | 77 | 4-str 3 10.660| 6.120 5.812 9.459 | 10.183
EUR | 78 | 4-str 3 11.030f{ 6.950 7.083 12.744| 11.083
EUR | 80 ] 4-str 3 4.753 1.241 0.403 3.423 | 5.627
EUR | 81| 4-str 3 6.901 3.004 6.520 5.842 | 6.792
EUR | 83| 4-str 3 8872 | 2.446 4.307 6.692 | 7.831
EUR |137[ 4-str 3 1.757 | 0.449 3.622 3.658 | 2.621 2.338
EUR |160| 4-str 3 5.476 5.945 8.809 | 7.101 4.756
JAPAN]| 26 | 4-str 3 7.939 6.082 7.837 | 8.321 2.520 10.151 | 2.609
JAPAN]| 64 | 4-str 3 4.237 3.179 3.872 | 5.244 1.157 4.825 | 1.106
USA | 27| 4-str 3 18.027 8.202 | 6.855

Table 32: Reaults of the emissions vdidation tests for HC in g/test
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region | no engine | max WMTC | max speed NEDC | ECE R 40 WMTC, |WMTC,|WMTC,| WMTC, US-FTP| TRIAS
type | cycle part |notreached part 1, cold| part2 | part3 | part 1, hot
JAPAN| 19 | 2-str 1 X 16.94 22.79 19.19 62.18 | 16.94
EUR | 15| 2-str 1 46.36 42.69 40.43
EUR |42 | 2-str 1 71.39 61.92 60.20
EUR |43 | 4-str 1 56.84 57.45 58.84
EUR | 46| 4-str 1 53.00 51.99 56.13
EUR |48 | 2-str 1 162.90 129.04 129.21
EUR | 50| 2-str 1 132.93 124.56 121.31
EUR | 71| 2-str 1 116.61 99.71 100.08
EUR | 72| 2-str 1 47.52 38.64 49.26
EUR | 73| 4-str 1 118.75] 18.01 27.17
EUR | 79| 2-str 1 6.68 191 2.88
JAPAN| 62 | 4-str 1 21.05 24.14 56.31 | 22.53
EUR |16 | 2-str 2 X 110.89 86.39 134.36 87.07
EUR | 17| 4-str 2 X 170.94 165.64 288.43 176.25
EUR |41 | 4-str 2 X 38.52 58.82 181.88 54.63
EUR | 51| A4-str 2 X 62.91 56.96 204.97 69.65
EUR |52 | 4-str 2 X 43.25 55.70 160.73 54.59
JAPAN| 63 | 4-str 2 X 41.46 125.23 47.33 110.08 | 39.77
EUR | 7 | 4-str 2 13.10 15.00 63.27 15.14
EUR | 31| 4-str 2 39.18 3.32 6.90 26.85 4.20
EUR |34 | 4-str 2 117.15] 12.50 21.49 101.61 22.08
EUR | 35| 4-str 2 9295 28.17 29.14 55.24 40.13
EUR |47 | 4-str 2 38.20 31.57 91.34 36.76
EUR | 53| 4-str 2 127.59 140.43 261.43 122.19
EUR |54 | 4-str 2 61.80 65.73 110.01 69.45
EUR |57 | 4-str 2 30.58 25.41 65.70 | 24.06
EUR | 67 | 4-str 2 50.95 3.26 7.96 30.39 4.70
EUR | 74| 4-str 2 72.25 | 23.29 29.69 63.06
EUR | 82| 2-str 2 41.20 2.51 29.80 116.75
JAPAN| 25 | 4-str 2 30.04 145.63 33.25 105.20 | 19.65
EUR | 36| 4-str 3 X 173.11| 61.78 63.12 120.89 | 211.01 53.00
USA | 28| 4-str 3 X 64.78 24.81 | 216.69
EUR |13 | 4-str 3 17.26 24.26 36.33 | 86.20 19.22
EUR | 32| 4-str 3 52.38 6.69 55.73 21.88 | 19.01 21.13
EUR | 38| 4-str 3 83.95( 15.11 81.87 24.33 | 31.03 21.12
EUR |39 | 4-str 3 41.21 1.91 25.11 32.54 | 161.72 18.72
EUR |40 | 4-str 3 14.57 4.56 10.45 7.74 8.75 4.83
EUR | 60| 4-str 3 4.94 12.33 12.84 | 78.73 5.64
EUR | 65| 4-str 3 29.03 33.76 37.68 | 50.21 29.65
EUR | 66 | 4-str 3 21.47 2.96 18.21 9.30 12.81 3.95
EUR | 68| 4-str 3 4.17 0.66 3.36 0.71 3.06 1.39
EUR | 75| 4-str 3 70.83 | 25.32 39.67 54.10 | 104.96
EUR | 76 | 4-str 3 114.60| 20.06 51.54 70.92 | 262.01
EUR | 77 | A4-str 3 162.28] 82.79 62.47 127.53 | 407.77
EUR | 78| 4-str 3 75.49 | 21.15 26.92 57.41 | 250.05
EUR |80 | 4-str 3 27.60 6.83 2.72 18.99 | 40.97
EUR | 81| 4-str 3 139.73| 34.40 45.42 125.15 | 478.89
EUR | 83| 4-str 3 126.34| 32.09 33.52 101.68 | 432.86
EUR |137| 4-str 3 25.88 7.16 86.37 73.70 | 37.88 77.99
EUR [160| 4-str 3 65.51 45.97 86.70 | 152.18 45.25
JAPAN| 26 | 4-str 3 155.63 38.48 130.64 | 502.61 43.45 114.40 | 26.34
JAPAN | 64 | 4-str 3 20.43 13.12 8.24 14.30 2.20 18.36 | 2.07
USA | 27| 4-str 3 47.68 24.70 | 126.43

Table 33: Resaults of the emissons vdidation testsfor CO in g/test
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region | no engine | max WMTC | max speed NEDC|ECE R 40 WMTC, |WMTC, |WMTC,| WMTC, US-ETP| TRIAS
type cycle part |not reached part 1, cold | part2 | part 3 | part 1, hot
JAPAN| 19 [ 2-str 1 X 0.142 0.149 0.251 | 0.039
EUR | 15| 2-str 1 0.039 0.080 0.077
EUR | 42| 2-str 1 0.023 0.047 0.030
EUR | 43| 4-str 1 0.427 0.573 0.497
EUR | 46| 4-str 1 0.290 0.563 0.437
EUR |48 | 2-str 1 0.010 0.020 0.017
EUR | 50| 2-str 1 0.030 0.037 0.030
EUR | 71| 2-str 1 0.047 0.097 0.110
EUR | 72| 2-str 1 0.020 0.047 0.020
EUR | 73| 4-str 1 2.810| 0.550 0.692
EUR [ 79| 2-str 1 5.590 1.720 1.608
JAPAN | 62 | 4-str 1 0.936 0.801 3.087 |0.834
EUR | 16| 2-str 2 X 0.037 0.047 0.700 0.043
EUR |17 | 4-str 2 X 0.270 0.253 2.207 0.230
EUR | 41| 4-str 2 X 0.730 0.783 2.100 0.553
EUR | 51| 4-str 2 X 0.533 0.630 1.510 0.350
EUR |52 | 4-str 2 X 0.430 0.640 2.037 0.383
JAPAN | 63 [ 4-str 2 X 0.641 2.188 0.500 1.444 | 0.510
EUR 7 4-str 2 0.919 1.245 2.673 0.756
EUR | 31| 4-str 2 4.365| 0.826 1.620 3.625 0.807
EUR | 34| 4-str 2 1.681 0.519 0.748 1.348 0.451
EUR | 35| 4-str 2 3.999| 0.577 0.890 4.364 0.512
EUR | 47| 4-str 2 0.609 0.893 2.950 0.843
EUR | 53| 4-str 2 0.140 0.157 0.567 0.133
EUR |54 | 4-str 2 0.433 0.530 2.570 0.487
EUR [ 57| 4-str 2 0.825 1.148 3.778 | 1.054
EUR | 67| 4-str 2 3.675 0.666 1.665 3.745 0.757
EUR | 74| 4-str 2 4.750| 0.860 0.882 5.317
EUR | 82| 2-str 2 0.288 0.206 0.223 0.347
JAPAN| 25 | 4-str 2 0.539 1.454 0.419 2.015 | 0.376
EUR | 36| 4-str 3 X 2.281| 0.314 0.605 1.858 | 10.414 0.532
USA [ 28] A4-str 3 X 1.459 7.682 | 16.779
EUR | 13| 4-str 3 0.412 1.628 2.609 | 7.438 0.712
EUR | 32| 4-str 3 1.045| 0.123 0.247 0.479 | 3.729 0.263
EUR | 38| 4-str 3 1.209 0.188 0.437 1.226 | 4.130 0.358
EUR | 39| 4-str 3 0.901 0.179 0.169 0.482 | 2.729 0.325
EUR 140 | 4-str 3 2.087| 0.230 0.351 0.992 | 10.820 0.360
EUR | 60| 4-str 3 0.691 0.959 4.833 | 10.557 1.092
EUR | 65| 4-str 3 0.557 0.597 2.817 | 16.440 0.627
EUR | 66 | 4-str 3 6.356 0.761 1.152 4.176 | 20.862 0.765
EUR | 68| 4-str 3 0.172 0.087 0.252 0.277 | 0.763 0.204
EUR | 75| 4-str 3 2.990| 0.270 0.473 1.832 | 14.886
EUR | 76| 4-str 3 1.140| 0.160 0.352 1.039 | 5.373
EUR | 77| 4-str 3 2.150| 0.370 0.639 1.992 | 5.435
EUR | 78| 4-str 3 2.920 0.450 0.717 2.975 9.712
EUR |80 ]| 4-str 3 2.456| 0.116 0.202 0.739 | 4.918
EUR | 81| 4-str 3 2.631 0.604 0.846 2.332 | 5.734
EUR | 83| 4-str 3 3.783 0.727 1.178 3.435 | 7.733
EUR |137]| 4-str 3 1.843| 0.264 0.486 1.643 | 6.546 0.399
EUR |160| 4-str 3 0.542 0.726 2.426 | 10.332 0.639
JAPAN| 26 | 4-str 3 4.792 1.955 4.352 | 8.196 1.158 5.766 | 0.939
JAPAN | 64 [ 4-str 3 2.023 0.509 1.177 | 7.835 0.310 1.988 | 0.310
USA | 27| 4-str 3 0.974 6.457 | 26.977

Table 34: Results of the emissons vdidetion tests for NOx in g/test
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region | no engine | max WMTC | max speed NEDC | ECE R 40 WMTC, |WMTC,|WMTC,| WMTC, US-FTP| TRIAS
type | cycle part |notreached part 1, cold| part2 | part3 | part 1, hot
JAPAN| 19 | 2-str 1 X 176.6 184.9 4779 | 180.3
EUR | 15| 2-str 1 179.6 169.3 171.9
EUR |42 | 2-str 1 221.5 186.8 198.6
EUR | 43| 4-str 1 176.8 182.6 169.0
EUR | 46| 4-str 1 156.9 181.9 156.2
EUR |48 | 2-str 1 139.8 145.9 131.9
EUR | 50| 2-str 1 189.3 169.0 157.4
EUR | 71| 2-str 1 139.3 133.9 128.1
EUR | 72| 2-str 1 273.2 239.1 240.8
EUR | 73| 4-str 1 699.0 | 293.6 289.1
EUR | 79| 2-str 1 4075 ] 142.1 159.6
JAPAN | 62 | 4-str 1 90.4 85.8 250.8 | 91.7
EUR | 16| 2-str 2 X 192.9 176.2 483.8 155.0
EUR | 17| 4-str 2 X 317.3 293.6 539.5 258.9
EUR | 41| 4-str 2 X 221.7 203.4 439.5 184.4
EUR | 51| A4-str 2 X 201.5 224.3 401.9 178.2
EUR [52 | 4-str 2 X 193.8 204.2 414.1 188.6
JAPAN | 63 | 4-str 2 X 186.2 358.2 162.8 411.7 | 193.0
EUR | 7 | 4-str 2 307.1 316.2 610.2 293.9
EUR | 31| 4-str 2 797.0| 313.8 303.4 602.4 276.9
EUR | 34| 4-str 2 477.6 | 202.2 192.7 343.5 170.9
EUR | 35| 4-str 2 6545 | 262.0 2455 470.8 183.8
EUR | 47| 4-str 2 255.5 253.8 407.6 205.2
EUR | 53| 4-str 2 178.9 180.4 369.0 157.0
EUR | 54| 4-str 2 215.9 237.3 499.7 194.8
EUR | 57| 4-str 2 291.7 305.0 501.8 | 2714
EUR | 67| 4-str 2 744.6 | 293.2 284.2 577.6 270.5
EUR | 74| 4-str 2 644.7 235.2 178.0 443.6
EUR | 82| 2-str 2 412.1 | 2141 107.6 366.2
JAPAN| 25| 4-str 2 285.1 443.1 246.2 696.2 | 315.9
EUR | 36| 4-str 3 X 604.1 | 268.0 254.2 391.5 | 9453 220.7
USA | 28| 4-str 3 X 670.3 1086.9 | 1913.6
EUR | 13| 4-str 3 468.5 501.1 710.0 | 1374.4 398.7
EUR | 32| 4-str 3 1644.5| 790.9 690.6 1111.4 | 2062.9 670.2
EUR | 38| 4-str 3 1295.0)] 672.0 574.6 864.1 | 1554.3 573.0
EUR 139 | 4-str 3 1418.6| 644.7 635.0 924.1 | 1629.1 523.2
EUR | 40| 4-str 3 1533.7] 783.4 733.1 998.2 | 1789.3 649.1
EUR | 60| 4-str 3 637.2 579.0 888.4 | 1537.3 570.0
EUR | 65| 4-str 3 692.5 596.4 933.7 | 1883.3 524.9
EUR | 66| 4-str 3 1476.5| 691.5 665.2 1053.2 | 2075.5 599.8
EUR | 68| 4-str 3 1542.8| 817.7 764.1 1003.5 | 1733.1 660.1
EUR | 75| 4-str 3 1327.9] 657.1 596.2 884.7 | 1600.3
EUR | 76| 4-str 3 1183.4| 556.6 596.7 857.3 | 1571.5
EUR | 77| 4-str 3 830.4 | 336.4 353.1 577.8 | 1283.8
EUR | 78| 4-str 3 719.1| 3204 259.1 490.1 | 1185.4
EUR | 80| 4-str 3 1488.2| 755.5 125.9 1034.3 | 1889.0
EUR | 81| 4-str 3 590.3 | 235.6 224.7 404.2 | 890.8
EUR | 83| 4-str 3 1055.5| 493.0 476.2 684.3 | 1398.6
EUR |137| 4-str 3 929.7 | 464.4 355.9 539.3 | 1164.9 313.1
EUR |160| 4-str 3 566.3 441.2 690.3 | 1244.3 459.2
JAPAN| 26 | 4-str 3 953.2 418.2 632.2 | 1332.1 348.9 963.7 | 414.4
JAPAN | 64 | 4-str 3 1425.7 699.4 1010.2 | 1857.9 626.6 1568.6 | 683.5
USA | 27| 4-str 3 463.9 789.4 | 1607.0
Table 35: Resultsof theemissonsvaidation testsfor CO2 (measured va uesfrom the exhaust ges)

in g/test




TRANSWP.29/GRPE/2004/10

page 42
max
. engine [ WMTC| max speed WMTC, WMTC, [WMTC,[ WMTC,
regton no type | cycle |notreached NEDC| ECE R 40 part 1, cold | part2 | part 3 | part 1, hot US-FTP | TRIAS
part
JAPAN| 19 | 2-str 1 X 4.006 2.347 2.387 | 2.105
EUR | 15[ 2-str 1 7.787 10.158 5413
EUR |42 | 2-str 1 9.038 6.483 6.398
EUR |43 | 4-str 1 0.828 0.880 0.781
EUR | 46 [ 4-str 1 0.874 1.225 0.865
EUR [48 | 2-str 1 28.709 13.441 14.118
EUR 150 2-str 1 15.984 14.759 14.986
EUR | 71 [ 2-str 1 16.647 12.444 13.960
EUR | 72| 2-str 1 2.953 4.632 2.267
EUR [73 ] 4-str 1 0.781]| 0.727 0.691
EUR | 79| 2-str 1 0.841| 0.915 0.886
JAPAN | 62 | 4-str 1 0.902 0.760 0.708 | 0.698
EUR [16 | 2-str 2 X 14.533 10.054 7.489 9.234
EUR | 17| A4-str 2 X 2.502 2.973 1.825 2412
EUR |41 [ 4-str 2 X 1.897 2.490 2.064 2.131
EUR | 51 [ 4-str 2 X 1.178 1.045 0.783 1.006
EUR [52 ] A4-str 2 X 1.491 1.962 1.371 1.435
JAPAN [ 63 | 4-str 2 X 0.793 0.692 0.559 0.463 | 0.536
EUR 7 4-str 2 0.430 0.759 0.430 0.324
EUR | 31 [ 4-str 2 0.536[ 0.339 0.770 0.333 0.200
EUR [34 | 4-str 2 0.536| 0.477 0.795 0.594 0.514
EUR | 35| 4-str 2 0.873| 1.281 1.004 0.763 1.069
EUR | 47 [ 4-str 2 0.500 0.694 0.495 0.504
EUR | 53| 4-str 2 2.050 2.881 1.693 1.795
EUR | 54| 4-str 2 0.909 1.170 0.584 0.768
EUR | 57 [ 4-str 2 1.419 1.831 0.888 1.364
EUR | 67 [ 4-str 2 0.454( 0.191 0.699 0.286 0.168
EUR | 74| 4-str 2 1.429( 3.178 2.864 1.523
EUR [82 ] 2-str 2 3.757| 1.077 7.233 3.789
JAPAN | 25 | 4-str 2 0.711 0.504 0.604 0.469 | 0.247
EUR | 36 [ 4-str 3 X 0.534[ 0.593 0.715 0.520 | 0.466 0.461
USA |28 | 4-str 3 X 2.875 0.594 | 0.400
EUR | 13| 4-str 3 0.552 0.881 0.378 | 0.301 0.498
EUR | 32 [ 4-str 3 0.543[ 0.131 1.553 0.174 | 0.103 0.465
EUR |38 | 4-str 3 0.454| 0.170 1.533 0.160 | 0.044 0.250
EUR |39 | 4-str 3 0.471| 0.367 1.003 0.413 | 0.689 1.350
EUR |40 | A4-str 3 0.388| 0.282 0.456 0.232 | 0.226 0.501
EUR | 60| 4-str 3 1.217 2.328 0.891 | 0.734 1.566
EUR | 65| 4-str 3 2.244 2.657 1.003 [ 0.523 1.563
EUR [66 | 4-str 3 0.447] 0.168 1.313 0.206 [ 0.174 0.251
EUR | 68 [ 4-str 3 0.081[ 0.029 0.204 0.018 | 0.029 0.090
EUR | 75 4-str 3 0.734[ 0.819 1.091 0.663 | 0.720
EUR 176 | A4-str 3 0.378| 0.232 0.593 0.347 | 0.422
EUR [77 ] 4-str 3 0.994| 1.557 1.432 1.041 | 0.649
EUR | 78 [ 4-str 3 1.029| 1.790 1.730 1.398 | 0.705
EUR |80 | 4-str 3 0.439| 0.313 0.100 0.376 | 0.358
EUR | 81| 4-str 3 0.638| 0.757 1.606 0.642 | 0.438
EUR [83 ] 4-str 3 0.821] 0.617 1.065 0.734 [ 0.497
EUR 137 4-str 3 0.163[ 0.115 0.900 0.403 | 0.167 0.581
EUR [160| 4-str 3 1.345 1.453 0.963 [ 0.452 1.159
JAPAN [ 26 | 4-str 3 0.721 1.498 0.860 | 0.529 0.621 0.846 | 0.653
JAPAN | 64 | 4-str 3 0.384 0.782 0.424 | 0.333 0.284 0.402 | 0.277
USA |27 | A4-str 3 4434 0.899 | 0.438

Table 36: Results of the emissons vdidation tests for HC in g/km
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region | no engine | max WMTC | max speed NEDC|ECE R 40 WMTC, |WMTC, |WMTC,| WMTC, US-ETP| TRIAS
type cycle part |not reached part 1, cold | part2 | part 3 | part 1, hot
JAPAN| 19 [ 2-str 1 X 5.62 4.74 5.72 4.24
EUR | 15| 2-str 1 11.59 10.42 9.92
EUR | 42| 2-str 1 17.92 15.12 14.74
EUR | 43| 4-str 1 14.22 14.22 14.50
EUR |46 | 4-str 1 13.28 12.77 13.87
EUR |48 | 2-sir 1 40.73 32.01 31.88
EUR | 50| 2-str 1 33.43 30.50 29.85
EUR | 71| 2-str 1 29.25 24.64 24.71
EUR | 72| 2-str 1 11.95 9.56 12.22
EUR | 73| 4-str 1 10.99 4.55 6.65
EUR [ 79| 2-str 1 0.67 0.48 0.71
JAPAN| 62 | 4-str 1 5.28 6.03 5.21 5.64
EUR | 16| 2-str 2 X 27.75 21.35 15.26 21.30
EUR |17 | 4-str 2 X 42.63 40.71 32.28 43.06
EUR |41 | 4-str 2 X 9.65 14.52 20.41 13.72
EUR | 51| 4-str 2 X 15.78 13.94 22.85 17.12
EUR [52 ] 4-str 2 X 10.82 13.70 18.05 13.35
JAPAN | 63 [ 4-str 2 X 10.22 13.91 11.66 10.17 | 9.95
EUR 7 4-str 2 3.28 3.75 6.99 3.73
EUR | 31| 4-str 2 3.73 0.84 1.69 2.94 1.03
EUR | 34| 4-str 2 11.08 3.17 5.32 11.22 5.43
EUR [ 35| 4-str 2 8.89 7.15 7.24 6.11 9.88
EUR | 47| 4-str 2 9.55 7.75 10.06 9.05
EUR | 53| 4-str 2 31.93 34.59 28.83 30.11
EUR |54 | 4-str 2 15.48 16.19 12.09 17.05
EUR | 57| 4-str 2 7.50 6.49 7.20 5.90
EUR | 67| 4-str 2 4.79 0.82 1.95 3.34 1.15
EUR | 74| 4-str 2 6.85 5.90 7.35 6.94
EUR | 82| 2-str 2 4.04 0.63 7.40 13.66
JAPAN| 25 | 4-str 2 7.41 15.96 8.19 8.77 4.91
EUR | 36| 4-str 3 X 16.14 15.63 15.62 13.32 | 1347 13.08
USA [ 28] A4-str 3 X 1591 2.73 13.81
EUR | 13| 4-str 3 4.32 5.95 3.99 5.50 4.68
EUR [ 32| 4-sir 3 4.90 171 13.78 2.41 121 5.20
EUR | 38| 4-str 3 7.80 3.91 20.34 2.67 1.97 5.21
EUR | 39| 4-str 3 3.83 0.49 6.21 3.58 10.27 4.66
EUR 140 | 4-str 3 1.36 1.16 2.58 0.86 0.56 1.19
EUR | 60| 4-str 3 1.22 3.02 1.40 4.99 1.38
EUR | 65| 4-str 3 7.13 8.12 4.10 3.19 7.08
EUR | 66 | 4-str 3 1.95 0.75 4.49 1.02 0.81 0.97
EUR | 68| 4-str 3 0.39 0.17 0.84 0.08 0.19 0.34
EUR | 75| 4-str 3 6.59 6.42 9.77 5.93 6.66
EUR [ 76| 4-str 3 10.64 5.12 12.71 7.76 16.63
EUR | 77| 4-str 3 15.13 21.07 15.40 14.03 | 25.97
EUR | 78| 4-str 3 7.04 5.45 6.58 6.30 15.91
EUR [ 80| 4-str 3 2.55 1.72 0.67 2.09 2.61
EUR | 81| 4-str 3 12.92 8.67 11.19 13.76 | 30.85
EUR | 83| 4-str 3 11.69 8.10 8.29 11.15 | 2745
EUR [137| 4-str 3 2.40 1.83 21.45 8.11 2.41 19.38
EUR |160| 4-str 3 16.09 11.24 9.47 9.69 11.02
JAPAN| 26 | 4-str 3 14.13 9.47 14.34 | 31.95 10.70 9.53 6.60
JAPAN | 64 [ 4-str 3 1.85 3.23 0.90 0.91 0.54 1.53 0.52
USA | 27| 4-str 3 11.73 2.71 8.08

Table 37: Resaults of the emissions vdidation tests for CO in g/km
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. engine | max WMTC | max speed WMTC, |[WMTC, | WMTC,| WMTC,
region | no type cycle part |not reached NEDC|ECE R 40 part 1, cold | part2 | part 3 | part 1, hot US-FTP| TRIAS
JAPAN| 19 [ 2-str 1 X 0.035 0.037 0.023 | 0.010
EUR | 15| 2-str 1 0.010 0.020 0.019
EUR | 42| 2-str 1 0.006 0.011 0.007
EUR | 43| 4-str 1 0.107 0.142 0.122
EUR | 46| 4-str 1 0.073 0.138 0.108
EUR | 48| 2-str 1 0.003 0.005 0.004
EUR | 50| 2-str 1 0.008 0.009 0.007
EUR | 71| 2-str 1 0.012 0.024 0.027
EUR | 72| 2-str 1 0.005 0.012 0.005
EUR | 73| 4-str 1 0.260| 0.139 0.169
EUR | 79| 2-str 1 0.558| 0.433 0.394
JAPAN | 62 | 4-str 1 0.234 0.200 0.285 | 0.209
EUR | 16| 2-str 2 X 0.009 0.012 0.080 0.011
EUR |17 | 4-str 2 X 0.067 0.062 0.247 0.056
EUR | 41| 4-str 2 X 0.183 0.193 0.236 0.139
EUR | 51| 4-str 2 X 0.134 0.154 0.168 0.086
EUR |52 | 4-str 2 X 0.108 0.158 0.229 0.094
JAPAN | 63 [ 4-str 2 X 0.158 0.243 0.123 0.133 | 0.128
EUR 7 4-str 2 0.230 0.311 0.295 0.186
EUR | 31| 4-str 2 0.416 | 0.209 0.397 0.397 0.198
EUR | 34| 4-str 2 0.159 0.132 0.185 0.149 0.111
EUR | 35| 4-str 2 0.382| 0.146 0.221 0.483 0.126
EUR | 47| 4-str 2 0.152 0.219 0.325 0.208
EUR | 53| 4-str 2 0.035 0.039 0.062 0.033
EUR | 54| 4-str 2 0.109 0.131 0.283 0.120
EUR | 57| 4-str 2 0.203 0.293 0.414 | 0.258
EUR | 67| 4-str 2 0.346 0.167 0.408 0.412 0.186
EUR | 74| 4-str 2 0.450| 0.218 0.218 0.585
EUR | 82| 2-str 2 0.028 0.052 0.055 0.041
JAPAN| 25 | 4-str 2 0.133 0.159 0.103 0.168 | 0.094
EUR | 36| 4-str 3 X 0.213| 0.080 0.150 0.205 | 0.665 0.131
USA |28 | A4-str 3 X 0.359 0.844 | 1.071
EUR | 13| 4-str 3 0.103 0.400 0.286 | 0.475 0.173
EUR | 32| 4-str 3 0.098| 0.031 0.061 0.053 | 0.237 0.065
EUR | 38| 4-str 3 0.112 0.049 0.108 0.135 | 0.263 0.088
EUR | 39| 4-str 3 0.084 | 0.046 0.042 0.053 | 0.173 0.081
EUR 140 | 4-str 3 0.194| 0.059 0.087 0.110 | 0.688 0.089
EUR | 60| 4-str 3 0.170 0.235 0.528 | 0.669 0.267
EUR | 65| 4-str 3 0.137 0.144 0.307 | 1.043 0.150
EUR | 66 | 4-str 3 0.578 0.193 0.284 0.459 | 1.326 0.187
EUR | 68| 4-str 3 0.016 0.022 0.063 0.031 | 0.049 0.050
EUR | 75| 4-str 3 0.278| 0.068 0.116 0.201 | 0.945
EUR | 76| A4-str 3 0.106 | 0.041 0.087 0.114 | 0.341
EUR | 77| 4-str 3 0.200 | 0.094 0.157 0.219 | 0.346
EUR | 78| 4-str 3 0.272 0.116 0.175 0.326 | 0.618
EUR |80 ]| 4-str 3 0.227| 0.029 0.050 0.081 | 0.313
EUR | 81| 4-str 3 0.243 0.152 0.208 0.256 | 0.369
EUR | 83| 4-str 3 0.350| 0.183 0.291 0.377 | 0.490
EUR |137]| 4-str 3 0.171| 0.067 0.121 0.181 | 0.416 0.099
EUR |160| 4-str 3 0.133 0.177 0.265 | 0.658 0.156
JAPAN| 26 | 4-str 3 0.435 0.482 0.478 | 0.521 0.285 0.480 | 0.235
JAPAN | 64 [ 4-str 3 0.184 0.125 0.129 | 0.497 0.076 0.166 | 0.078
USA | 27| 4-str 3 0.239 0.708 | 1.724

Table 38: Reaults of the emissons vdidetion tests for NOx in gkm
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region | no engine | max WMTC | max speed NEDC|ECE R 40 WMTC, |WMTC, |WMTC,| WMTC, US-ETP| TRIAS
type cycle part |not reached part 1, cold | part2 | part 3 | part 1, hot
JAPAN| 19 [ 2-str 1 X 43.6 45.6 43.9 45.2
EUR | 15| 2-str 1 44.9 41.3 42.2
EUR [42| 2-str 1 55.6 45.6 48.6
EUR | 43| 4-str 1 44.2 45.2 41.6
EUR |46 | 4-str 1 39.3 44.7 38.6
EUR |48 | 2-str 1 35.0 36.2 32.5
EUR | 50| 2-str 1 47.6 41.4 38.7
EUR | 71| 2-str 1 34.9 33.1 31.6
EUR | 72| 2-str 1 68.7 59.2 59.7
EUR | 73| 4-str 1 64.7 74.1 70.7
EUR [ 79| 2-str 1 40.7 35.8 39.1
JAPAN| 62 | 4-str 1 22.7 21.4 24.0 23.0
EUR | 16| 2-str 2 X 48.3 43.5 55.0 37.9
EUR | 17| A4-str 2 X 79.1 72.2 60.4 63.3
EUR [41]| 4-str 2 X 55.5 50.2 49.3 46.3
EUR | 51| 4-str 2 X 50.5 54.9 44.8 43.8
EUR [52 ] 4-str 2 X 48.5 50.3 46.5 46.1
JAPAN | 63 [ 4-str 2 X 45.9 39.8 40.1 38.0 48.3
EUR 7 4-str 2 76.9 79.1 67.4 72.5
EUR |31 ]| A4-str 2 76.0 79.2 74.4 66.0 67.8
EUR | 34| 4-str 2 45.2 51.3 47.7 37.9 42.1
EUR [ 35| 4-str 2 62.5 66.5 61.0 52.1 45.3
EUR [47| 4-str 2 63.9 62.3 44.8 50.5
EUR | 53| 4-str 2 44.8 44.4 40.7 38.7
EUR |54 | 4-str 2 54.1 58.4 54.9 47.8
EUR [ 57| 4-str 2 71.6 77.9 55.0 66.5
EUR | 67| 4-str 2 70.1 734 69.7 63.5 66.4
EUR | 74| 4-str 2 61.1 59.6 441 48.8
EUR | 82| 2-str 2 40.4 53.8 26.7 42.9
JAPAN| 25 | 4-str 2 79.0 70.4 48.6 60.6 58.1 79.0
EUR | 36| A4-str 3 X 56.3 67.8 62.9 43.1 60.3 54.5
USA [ 28] A4-str 3 X 164.7 1194 | 1221
EUR | 13| 4-str 3 117.4 123.0 77.9 87.7 97.0
EUR [ 32| 4-sir 3 153.8 201.8 170.8 122.3 | 131.1 164.7
EUR | 38| 4-str 3 120.3 173.8 142.8 94.9 98.8 141.3
EUR | 39| 4-str 3 131.8 164.8 157.2 101.6 | 103.5 130.2
EUR |40 ]| 4-str 3 142.8 200.1 181.3 110.5 | 1138 159.8
EUR | 60| 4-str 3 156.9 142.0 97.1 97.5 139.5
EUR | 65| 4-str 3 170.1 143.5 101.7 | 119.5 125.3
EUR | 66 | 4-str 3 134.2 175.9 163.9 115.7 131.9 146.8
EUR | 68| 4-str 3 143.3 210.9 190.5 110.6 | 110.3 162.5
EUR | 75| 4-str 3 123.5 166.7 146.8 97.0 101.6
EUR [ 76| 4-str 3 109.9| 1420 147.1 93.8 99.8
EUR | 77| 4-str 3 77.4 85.6 87.0 63.6 81.8
EUR | 78| 4-str 3 67.1 82.5 63.3 53.8 75.4
EUR [ 80| 4-str 3 137.4 190.8 31.1 113.8 | 120.2
EUR | 81| 4-str 3 54.6 594 55.4 44.4 57.4
EUR | 83| 4-str 3 97.7 1244 117.8 75.1 88.7
EUR [137| 4-str 3 86.1 118.6 88.4 59.4 74.0 77.8
EUR |160| 4-str 3 139.0 107.8 75.4 79.2 111.9
JAPAN| 26 | 4-str 3 86.5 103.0 69.4 84.7 85.9 80.3 |[103.8
JAPAN| 64 | 4-str 3 129.4 172.0 110.7 | 117.9 154.1 130.8 | 171.2
USA | 27| 4-str 3 114.1 86.5 102.7
Table 39: Reaultsof theemissonsvdidation tessfor CO2 (measured va uesfrom the exhaust ges)

in g/km
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10. TEST PROTOCOL

An update of the test protocol was worked out on the basis of the state of the discussion in the
WMTC group o far and on the basis of the ISO work on updating 1SO 11486 (Motorcycles -
Chassis dynamometer setting method) and 1SO 6460 (concerning the gas sampling and cooling
aspects). Thisprotocol was used for the preparation of theround robintest. 1t can now be replaced
by the draft globa technica regulation.

11. ROUND ROBIN TEST

The round robin test was started in April 2003. Three vehicles (one per class) were tested in
different laboratories in al three regions. The am is to get experience about the interpretation /
gpplication of the WMTC test procedure in different laboratories and to get reliable data for the
caculation of the reproducibility of the WMTC test procedure.

Eight Iaboratories were participated in the round robin test, one from Japan, onefrom the USA and
sx from Europe. Theresultsof theWMTC testsareshownin Table 40. Table 41 showstheresults
for the ECE Regulation No. 40test. Largedifferenceswerefound between thelaboratoriesfor both
cycles.

The test result deviations were examined in detail, but examination could not be gpplied to the ECE
cycletest resultsdueto the fact that measurement was done only oncein the ECE cycleround robin
test.



Average of the thres test performed in each lab Correlation amongst all labs
FART 1 fverage Deviation % Standard  Variation
LanAJ LabB | LabC] LabD | LabE | LabF [ LabG | LabH] wvawe Jlaba]labB|lanc] LabD | LabE |LabFlLab G]Lan H) Deviation  coefficient
CLASS1 B94 | 577 | 712 | 604 | 638 | 882 | 751 | 827 | 7107 6% 3% [es] -15% 2% |12 103 14%
CO (g/km) [cLassz | e26 | 422 | 417 | 607 | 645 | 541 | 487 | 695 | se0 | 12w 3 . B N
cLasss | 1422 1401 | 1524 | 2040 | 1355 | 1531 | 1530 [ 1504 | 1580 |88 | 3% | s | % | 2w | 214 14%
CLASS1 148 [ 119 | 151 | 121 | 097 | 167 | 108 | 145 | 132 | 12% [ 8% 5 8% [H0%] o024 18%
HC (g/km) [classz | oso | 058 | 118 | 078 | oss | 138 | 047 | 114 | osz | 3% 5% | 4% e
CLASS3 | 228 | 186 | 108 | 258 | 203 | 233 | 227 | 223 | 220 | 4% 8% [T 2% | 023 | 10%
CLASS1 035 | 043 | 033 | 041 | 034 | 036 | 034 | 039 | oar | an 11% 8% ] oo« 10%
NOx (g/km) |cLassz | o1e | oz | 021 | 022 | oz3 | 028 | 047 | o2z | o2z || @ A% 2% | 003 16%
classs | o4o | 043 | o35 | 041 | o3e | 041 [ 037 [ a0 ]| oas | 1w 3% N 6%
cLasst | eoos | 7413 ] 6165 | eoss | 7954 | 7334 | 71 | 7230 | 7184 | 3w w | 1w | 511 7%
CO2 (g/km) |cLassz | 5388 | 5551 | 4767 | 5080 | e664 | 6257 | s060 | 6170 | se23 | -an g% | 11% [Sese]q0%] 670 12%
cLasss | 143.36]14863) 136.14] 144 55] 162,00 | 15585 ] 158 66| 156 6a] 150.70 | 2566 7% | aw |8 4w | sas 6%
(*) Parti-hot for Peugeot PART 1 Average Deviation % Standard  Varation
Lab A ) LapB ) tab Gl Llab D] LabE ) LabF | LabG | LabH ) wvalue Deviation  coefficient
CLASS1 481 | 345 | 551 | 638 | 394 | 594 | 514 | 548 | s6.08 0.98 19%
CO (g/km) |cLass2 1426 ) 1164 | 777 | 861 | 962 | 1122 | 1028 | 1198 | 10.67 2.06 19%
classs | 292 | 230 | 303 | 338 | 239 | 230 | 357 | 326 | z8s 13% | 051 18%
CLASS1 088 | oss | o1 | o1 | oso | oee | 075 | oe7r | oss 0.11 14%
HC (g/km) [cLassz | 071 | 052 | 078 | 056 | ose | 102 | 051 | o8s | 071 EE
cLasss | o4 | 048 | 048 | 050 | 042 | 057 | 051 | nas | oas 0.04 8%
CLASST 036 | 044 | 031 | 043 | 035 | 033 | 038 | 028 | 0a7 0.04 12%
NOx (g/km) [cLass2 025 [ o030 | o032 o3s | 031 | 038 | 029 | 03a | o032 s8] o004 148
crasss | os2 | 108 | 076 | ose | o077 | oss | o84 | 0o | 091 | o 13%
cLass1 | eoss | 7255 | 6150 6e20 | sooo | 7377 | 7255 [ 722e | 714 | -2ne | 2m [tace| e | 12 25 | 1% | 526 7%
CO2 (g/km) [cLassz | 4588 | av0s| 4313|4524 | 5263 | 5184 | 4605 | 5096 | 4786 | -a% | -2 [-100 | B8 | 10w a4y iR 249 7%
cLasss | 101.28]104.76] 94.07 | 103.20] 106.58 [ 107.10[ 11138 106.11] 10431 | -39 | 0% [-10] 1% 29 | 3% | 7% | 2% | soe 5%
PART 1 Average |
Lab.& ] LabB | Lab.C | LabD | Lab.E | LabF LabH ] walue JlLabalLabBlLab.C
CO (g/km) |cLaSS3 | 1080 715 | 644 | 362 | 535 7.47 | f8.69 na. |-18%
HC (g/km) [cLasss | 037 031 | 031 | 024 | 034 o3z [ o2 na |-12%
NOx (g/km) [cLASS3 112 107 | 145 | 135 | 133 132 | 120 f 7% | na [-11%
CO2 (gikm) |cLasss | 108.33 102.48] 108.40] 11430 | 114 68 | 11837 111824 3% | na | -8%

== deviation 5% -- 10%
=> deviation > 10%

I - cicviation > 20%

== Mol tested

B & G excluded

Table 40: Results of the round robin test for the WMTC cycle

HNEB: only minimum and maximum desiation indicated

B&G

excluded

)7 obed

0T/7002/3d49O/6Z' dM/SNVYH L



1 test each lab; D & CH = 2 test av., JRC = 3 test av. Correlation amongst all European labs
\ Final emissions Average Deviation % Standard  Vanation
Lo aliooeian CTion DT ioh E Tiop P Tiap ] vaive TighaliopelianCTLob D TiopeTicn Deviation_coeficient
CALSS1 381 | 384 | 540 | 561 329 | 493 | 547 4.55 % 23%
CO (g/km) |caLss2 703 | 493 | 514 | 737 | 713 | 524 | 7.29 6.30 :
ciasss | 580 | 262|603 ] 740 | 520 | 414 601 ]| sar | 36%
CALSS1 077 | 087 | 049 | 083 | 058 | 089 | 0.84 082 | 8% 20% 1% -32%
HC (g/km) |caLss2 125 | 088 | 150 | 045 | 133 | 145 ] 1.32 1.18 | &% 27%  -82% [EREE]

CLASS3 160 | 161 | 105 | 1.38 1.12 126 | 0.96 1.28
CALSS1 027 | 037 | 027 J 029 | 0N 032 | 0.26 0.30
INOx (g/km)|CaLsS2 013 | 018 J 014 J 010 | 013 | 022 | 016 0.16
CLASS3 016 | 027 | 025 | 013 | 023 | 030 | 0.24 0.23
CALSS1 7454 | 7815 ) 65.07 | 7420 | 89.60 | 80.05| 77.00] 76.96
ICO2 (g/km)|caLss2 G244 | 6633 5643 5760 71.90 | 7062 | 6970] 66.29
CLASS3  |15220]154 51f159.21]151.10] 18560 | 173 97| 168.80] 163.78

== deviation 5% -- 10%
=» deviation > 10%
=> deviation > 20%
NE: only minimum and maximum deviation indicated

Table 41: Results of the round robin test for the ECE Regulation No. 40 cycle

gy abed
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Thefallowing findings were obtained from the results of the round robin test and its analysis.

a)  Thesdient outcome of the test was large differencesin test results for the WMTC aswell as
for the ECE Regulation No. 40 among the laboratories that had performed the test.

b)  Theone-way layout variance andysis of WMTC test results showed the following :
- Therewas no sgnificant difference in repeetability (variance) among the laboratories.
- Therewas differencein test results among the laboratories.

c) Themultipleregresson andyssof WMTC test results and vel ocity tracegbility resulted inthe

fallowing condusons

- Some of the laboratories falled to keep velocity tracesbility errors within the tolerance
established in the WMTC.

- In many cases, there was a correlaion between THC emisson amount and \elodty
traceability.

- Inadditionto velocity traceshility, the emiss on measurement system including the setting of
the chassis dynamometer may be consdered as an influencing factor for emisson test
results.

d) Theandyssof emisson concentrationintime seriesof laboratoriesrecording different velocity
traceability performances resulted in:
- With the WMTC, THC emisson behaviour differed when velocity tracesbility
performances differed.
- There were differences in tota carbon concentration among the laboratories, and these
differences may be attributable to discrepancies in the cdibration of the emisson
measurement system including the setting of the chassi's dynamometer.

€)  Thepossbleinfluence of vehicle condition on emission behaviour was suggested by NOx and
other emission patterns, hut the avail able datawere not sufficient to alow effectiveandysison

this possibility.
Data needed to evaluate correlations among labor atories

The discrepanciesin the test results of laboratories may be corrected by the methods listed below. These
methods will need to be implemented by each laboratory in order to improve its measurement accuracy.

a)  Errorsin the measurement system:
- Chasss dynamometer:
Removd of systematic errors. Examination into running res stance (examination of dynamo
load meter and coast down time);
Removd of accidenta errors: Repetition testing (dready in action).
- BExhaudt sysem.
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Remova of systematic errors. Cdlibrate the emisson measurement system by propeneshoating
prior to around robin test. Additionally, cdibrate the emisson measurement system by span
gas shooting after each round of the test.

Removd of accidental errors: Repetition testing (already in action).

b)  Changein vehicle condition:
After setting the running resistance, measure the emission amount (g/km) at idle and congtant
speeds (for example, at 40, 60, 80, 100 and 120 km/h), and find out changesin the vehide
condition and errors in the emisson measurement system.
Removd of systematic errors. Respect the test protocol, and set uniform testing conditions
such as temperature, humidity and cooling wind direction and other conditions.
Remova of accidental errors: Drivethetest vehicleat least two cyclesbefore sarting thetest.

¢)  Running method:
Consder the methods listed bel ow, assuming the driving of thetest vehiclewithin thetolerance
established in the test method.
Remova of sysematic errors. Use the same rider throughout the te<t.
Removal of accidentd errors: Repetition testing (already in action).

12. OFF CYCLE EMISSIONS

The discussion has dready been started, but this issue is subject of future work. Generic aspects and
definitions that are worked out in the parale working HDV-Off Cycde emisson group (GRPE informad
group) will be consdered for the discussonsin the WMTC group.

13.  SUMMARY AND CONCLUSIONS

The devel oped test cycle and the accompanying gearshift procedureweretested in severd laboratoriesindl
three regions with respect to driveability. They form a good baance between representetivity of in-use
driving and bench test requirements like reproducibility. The dynamics of the WMTC cycle reflect the
averagedriving behaviour for motorcyclesinred live operation. Thefind result of the cycle development is
cycle verson 9 with 3 parts and two versions per part (norma and reduced speed).

The road load settings and other test conditions like cooling fan specifications were updated according to
the outcome of the 1SO work.

Although the requirements of the emissonsvalidation programmewere not fully met, thereareenough vaid
resultsleft for futureanalysis. All current reduction systems are represented in thevehide sample; reduction
sysemswereabit underrepresented in provisona class 2, whereasthemgor part of theprovisiona class3
vehicleswas equipped with reductions systems. The mgjor part of the emissons validation test resultscan
be used for a comparison with regiona emissions test procedures.
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Theround robintest isfindised. The sdient outcome of the test was large differencesin test resultsfor the
WMTC as well as for the ECE Regulation No. 40 among the laboratories that had performed the test.
These differences need to be reduced. Some recommendations were given how to achievethis.

The compromisesfound for vehicle dassfication and weighting of theresultsarewell balanced betweenthe
different requirements like representativity, practicability and smplicity.

With the devel oped test cycle, gearshift prescriptionsand test protocol aworld wide harmonized emissions
test procedure for motorcycles can be established. A draft verson of a globa technica regulation has
aready been worked out. The only issue that needs to be clarified is the performance requirements.

14.
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15. ANNEX A
DESCRIPTION OF THE MODIFICATION WORK ON THEWMTC CYCLE

The following modifications were carried out based on technica discussonsin the WMTC group and
preliminary tests by the industry.

TNO Automotivedid first modificationsonthe WM TC cyclethat aremainly rel ated to the improvement
of thedrivesbility. These modifications concern cycle partsbelow 20 kmvh, the smoothing of ripplesfor
the cruising parts caused by vehicle speed measurement uncertainties and the maximum speed of part 3
of the cycle. A detailed description of these modificationsis givenin [1].

The resulting cyce was named "verson 3" and is shown in Table 42 to Table 44
Table 44.
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Table 42: Cycleverson 3, part 1



TRANS/WP.29/GRPE/2004/10
page 53

120 1

110 F

100 ¥
90 I =—version 3, part 2| / \

80 ; \ JTag

— MW A
NIy
“1)
1

10 F

vehicle speed in km/h

timeins

Table 43: Cycleverson 3, part 2
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RWTUEV Fahrzeug carried out further modifications on the basis of discussions and decisonsin the
WMTC group.

The following modifications were done in a second step:

Part 1.
- Modules 2, 3 and 5 of part 1 were replaced by more representative ones (length, average
speed and dynamics were kept),
- Therank order of the modules was changed (module 8 was shifted to the 2nd postion),
- Thetop speed of module 8 was limited to 60 km/h,
- Theidetime digtribution was brought in line with the Satistics

Part 3:
- Thetop speed was increased to 125 knmvh.
These modifications resulted in verson 4.

Furthermore an andysis of the acceleration pattern showed unredlistic "jumps’ in some cycle phases.
Smoothing the acceleration pattern and recaculating the vehicle speed pattern from the smoothed
acceleration pattern diminated these "jumps’. This results in verson 5. Version 5 was used for the
drivesbility vaidation tests and isshown in Table 45 to Table 47.
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Table 45: Cycleverson 5, part 1
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Table 46: Cycleverson 5, part 2
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Since vehicle speed pattern and gearshift procedure are closely linked, the imination of mafunctionsin
the gearshift procedure resulted in cycle version 6.

As an outcome of the driveability validetion tests the following modifications led to verson 7 which is
now the basis for the emissons vdidation:

In part 1 the modules 2 and 3 were exchanged to get amore redlistic pattern for the cold start phase.

To reduce the risk of whedl lock cycle phases with excessve decd erations were modified so that the
fallowing limitations are fulfilled:

- vehicle accderation <=-2m/¥
- acceleration * vehicle speed <=-30 m¥/s?

The second criterion (accel eration* vehicle speed) was necessary becausetherewere still some sections
in the cycleswith acceleration val ues above-2 m/<s? that caused wheel lock in somecases. Themodified
cydes(versgon 7) are shownin Table 48 to Table 50.
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Table 48: Cycleverson 7, part 1
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Table 49: Cycleverson 7, part 2
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Although the results of adetailed andysis of the tyre dip phenomenon showed that the dynamics of the
WMTC do not cause higher risks for tyre dip than existing certification cycles it was decided in the
WMTC group thet thisrisk should be minimised for the WM TC toimprove driveability, independent of
the gtuation for existing cycles.

A renewed andysis showed that the trangtions from standdtill to ride and vice versa become smooth
enough if daldt is between -0.8 m/s¥/s and +0.8 m/s/s. Consequently the vehicle speed pattern were
modified until daldt falsinto that range.

Snceitislogicd to goply the same criterion adso for phasesin ride condition where daldt isoutsde this
range (in cases where adeceleration isimmediately followed by an acceleration and vice versa), these

cycle phases were modified accordingly.

The results are shown in the following figures.
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Table 52: Cycle verson 8, part 2
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During the WMTC FE meeting in Tokyo in April 2002, the Japanese del egation requested a special
verson of pat 1 with a top speed of 50 kmvh for low powered motorcycles whose technica
specifications are close to mopeds.

Since there are only two modulesin part 1 with vehicle speeds above 50 kmvh (module 3 and 8), only
these modules were modified. Module 3 was replaced by amodul e taken from in-use measurements of
vehicle 6 (this module was closest to the existing one) and module 8 was lowered in speed to fulfil the
limitation of 50 km/h.

The result is shown in the following figure.
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Table54: Cycleverson 8, part 1, reduced speed, with top speed limited to 50 km/h for low powered

motorcycles with 50 cm® engine capacity whose technica specifications are close to
mopeds

The compromise found on vehicle classes made it necessary to create additiona cycle versonswith
reduced speed aso for part 2 and part 3. In order to achieve that the dynamicsof the cycle partswith
reduced speed were only changed dightly compared to thenormad versions, the speed pattern was not
smply limited by the reduced maximum but the whole module containing the maximum speed was
lowered at its first acceleration phase and its last ceceleration phase (e.g. see Table 57). For
consstency reasons this approach was then also gpplied to part 1, so that version 9 of part 1, reduced
speed isdightly different from verson 8. But thereis no difference between the norma cycle parts of
verson 8 and 9.
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The cydes verson 9 are shown in the following figures.
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16. ANNEX B —FINAL CYCLE VERSION
roller speed [ [ [ [ [ roller speed [ [ [ [ [
. reduced - . reduced -
time | normal indicators time| normal indicators
speed speed
no 1 no 1
s km/h km/h  |stop|acc |cruise| dec | gear- no Z. s km/h km/h |stop|acc |cruise |dec|gear- no L.
. gear .. | gear
shift shift
1 0.0 0.0] x 61 29.7 29.7 X
2 0.0 0.0] x 62 26.9 26.9 X
3 0.0 0.0] x 63 23.0 23.0 X
4 0.0 0.0] x 64 18.7 18.7 X
5 0.0 0.0] x 65 14.2 14.2 X
6 0.0 0.0] x 66 9.4 9.4 X
7 0.0 0.0] x 67 4.9 4.9 X
8 0.0 0.0] x 68 2.0 2.0l x
9 0.0 0.0] x 69 0.0 0.0 x
10 0.0 0.0] x 70 0.0 0.0 x
11 0.0 0.0] x 71 0.0 0.0 x
12 0.0 0.0] x 72 0.0 0.0] x
13 0.0 0.0] x 73 0.0 0.0 x
14 0.0 0.0] x 74 1.7 1.7 X
15 0.0 0.0] x 75 5.8 5.8 X
16 0.0 0.0] x 76 11.8 11.8 X
17 0.0 0.0] x 77 18.3 18.3 X
18 0.0 0.0] x 78 24.5 24.5 X
19 0.0 0.0] x 79 29.4 29.4 X
20 0.0 0.0] x 80 32.5 32.5 X
21 0.0 0.0] x 81 34.2 34.2 X
22 1.0 1.0 X 82 34.4 34.4 X
23 2.6 2.6 X 83 345 34.5 X
24 4.8 4.8 X 84 34.6 34.6 X
25 7.2 7.2 X 85 34.7 34.7 X
26 9.6 9.6 X 86 34.8 34.8 X
27 12.0 12.0 X 87 35.2 35.2 X
28 14.3 14.3 X 88 36.0 36.0 X
29 16.6 16.6 X 89 37.0 37.0 X
30 18.9 18.9 X 90 37.9 37.9 X
31 21.2 21.2 X 91 38.5 38.5 X
32 235 235 X 92 38.8 38.8 X
33 25.6 25.6 X 93 38.8 38.8 X
34 27.1 27.1 X 94 38.7 38.7 X
35 28.0 28.0 X 95 38.4 38.4 X
36 28.7 28.7 X 96 38.0 38.0 X
37 29.2 29.2 X 97 37.4 37.4 X
38 29.8 29.8 X 98 36.9 36.9 X
39 30.3 30.3 X X 99 36.6 36.6 X
40 29.6 29.6 X X 100 36.4 36.4 X
41 28.7 28.7 X X 101 36.4 36.4 X
42 27.9 27.9 X X X 102 36.5 36.5 X
43 275 27.5 X X X 103 36.7 36.7 X
44 27.3 27.3 X X X 104 36.9 36.9 X
45 27.3 27.3 X X X 105 37.0 37.0 X
46 27.4 27.4 X X X 106 37.2 37.2 X
47 275 275 X X X 107 37.3 37.3 X
48 27.6 27.6 X X X 108 37.4 374 X
49 27.6 27.6 X X X 109 37.3 37.3 X
50 27.7 27.7 X X X 110 36.8 36.8 X
51 27.8 27.8 X X 111 35.8 35.8 X
52 28.1 28.1 X X 112 34.6 34.6 X
53 28.6 28.6 X X 113 31.8 31.8 X
54 28.9 28.9 X X 114 28.9 28.9 X
55 29.2 29.2 X X 115 26.7 26.7 X X
56 29.4 29.4 X X 116 24.6 24.6 X X
57 29.7 29.7 X X 117 25.2 25.2 X X
58 30.1 30.1 X X 118 26.2 26.2 X X
59 30.5 30.5 X X 119 275 275 X X
60 30.7 30.7 X X 120 29.2 29.2 X X

Table 58: Cyclepart 1, verson 9, 1t0 120 s
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roller speed [ [ roller speed [ ]
. reduced - . reduced -
time | normal indicators time| normal indicators
speed speed
no no
s km/h km/h |stop|acc|cruise| dec | gear- no 1. s km/h km/h |stop|acc |cruise |[dec|gear- no 1.
. gear .. | gear
shift shift
121 31.0 31.0 X X 181 0.0 0.0] x
122 32.8 32.8 X X 182 0.0 0.0] x
123 34.3 34.3 X X 183 2.0 2.0l x
124 35.1 35.1 X 184 6.0 6.0 X
125 35.3 35.3 X 185 12.4 12.4 X
126 35.1 35.1 X 186 214 21.4 X
127 34.6 34.6 X 187 30.0 30.0 X
128 33.7 33.7 X 188 37.1 37.1 X
129 32.2 32.2 X 189 425 40.5 X
130 29.6 29.6 X 190 46.6 42.6 X
131 26.0 26.0 X 191 49.8 43.8 X
132 22.0 22.0 X 192 52.4 44.4 X
133 18.5 18.5 X 193 54.4 45.4 X
134 16.6 16.6 X 194 55.6 45.6 X
135 17.5 17.5 X 195 56.1 46.1 X
136 20.9 20.9 X 196 56.2 46.2 X
137 25.2 25.2 X 197 56.2 46.2 X
138 29.1 29.1 X 198 56.2 46.2 X
139 31.4 314 X 199 56.7 46.7 X
140 31.9 31.9 X 200 57.2 47.2 X
141 31.4 31.4 X 201 57.7 47.7 X
142 30.6 30.6 X 202 58.2 48.2 X
143 29.5 29.5 X 203 58.7 48.7 X
144 27.9 27.9 X 204 59.3 49.3 X
145 24.9 24.9 X 205 59.8 49.8 X
146 20.2 20.2 X 206 60.0 50.0 X
147 14.8 14.8 X 207 60.0 50.0 X
148 9.5 9.5 X 208 59.9 49.9 X
149 4.8 4.8 X 209 59.9 49.9 X
150 1.4 1.4 X 210 59.9 49.9 X
151 0.0 0.0 x 211 59.9 49.9 X
152 0.0 0.0 x 212 59.9 49.9 X
153 0.0 0.0] x 213 59.8 49.8 X
154 0.0 0.0 x 214 59.6 49.6 X
155 0.0 0.0l x 215 59.1 49.1 X
156 0.0 0.0 x 216 57.1 47.1 X
157 0.0 0.0 x 217 53.2 43.2 X
158 0.0 0.0 x 218 48.3 38.3 X
159 0.0 0.0 x 219 43.9 33.9 X
160 0.0 0.0] x 220 40.3 30.3 X
161 0.0 0.0 x 221 39.5 29.5 X
162 0.0 0.0] x 222 413 31.3 X
163 0.0 0.0 x 223 45.2 35.2 X
164 0.0 0.0 x 224 50.1 40.1 X
165 0.0 0.0 x 225 53.7 43.7 X
166 0.0 0.0 x 226 55.8 45.8 X
167 0.0 0.0 x 227 55.8 45.8 X
168 0.0 0.0 x 228 54.7 44.7 X
169 0.0 0.0] x 229 53.3 43.3 X
170 0.0 0.0 x 230 52.2 42.2 X
171 0.0 0.0] x 231 52.0 42.0 X
172 0.0 0.0 x 232 52.1 42.1 X
173 0.0 0.0 x 233 51.8 41.8 X
174 0.0 0.0 x 234 50.8 41.8 X
175 0.0 0.0 x 235 49.2 41.2 X
176 0.0 0.0] x 236 474 40.4 X
177 0.0 0.0 x 237 45.7 39.7 X
178 0.0 0.0] X 238 43.9 38.9 X
179 0.0 0.0 x 239 42.0 38.7 X
180 0.0 0.0 x 240 40.2 38.7 X

Table 59: Cyclepart 1, verson 9, 121 t0 240 s
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roller speed [ ] [ [ [ roller speed [ ] [ ] |
. reduced " . reduced -
time | normal indicators time | normal indicators
speed speed
no no
. no 1. . no 1.
s km/h km/h |stop|acc|cruise| dec | gear- S km/h km/h |[stop |acc |cruise|dec | gear-
’ gear . | gear
shift shift
241 38.3 38.3 X 301 30.6 30.6 X X
242 36.4 36.4 X 302 28.9 28.9 X
243 34.6 34.6 X 303 27.8 27.8 X
244 32.7 32.7 X 304 27.2 27.2 X
245 30.6 30.6 X 305 26.9 26.9 X
246 28.1 28.1 X 306 26.5 26.5 X
247 25.4 25.4 X 307 26.1 26.1 X
248 23.1 23.1 X 308 25.7 25.7 X
249 21.2 21.2 X 309 25.5 25.5 X
250 19.5 19.5 X 310 25.7 25.7 X
251 17.8 17.8 X 311 26.4 26.4 X
252 15.2 15.2 X 312 27.3 27.3 X
253 11.5 11.5 X 313 28.1 28.1 X
254 7.2 7.2 X 314 27.9 27.9 X
255 2.5 2.5 X 315 26.0 26.0 X
256 0.0 0.0] x 316 22.7 22.7 X
257 0.0 0.0] x 317 19.0 19.0 X
258 0.0 0.0] x 318 16.0 16.0 X
259 0.0 0.0] x 319 14.6 14.6 X
260 0.0 0.0] x 320 15.2 15.2 X
261 0.0 0.0] x 321 16.9 16.9 X
262 0.0 0.0] x 322 19.3 19.3 X
263 0.0 0.0] x 323 22.0 22.0 X
264 0.0 0.0] x 324 24.6 24.6 X
265 0.0 0.0] x 325 26.8 26.8 X
266 0.0 0.0] x 326 27.9 27.9 X
267 0.5 0.5 x 327 28.1 28.1 X
268 2.9 2.9 X 328 27.7 27.7 X
269 8.2 8.2 X 329 27.2 27.2 X
270 13.2 13.2 X 330 26.7 26.7 X
271 17.8 17.8 X 331 26.6 26.6 X
272 214 21.4 X 332 26.8 26.8 X
273 24.1 24.1 X 333 27.0 27.0 X
274 26.4 26.4 X 334 27.2 27.2 X
275 28.4 28.4 X 335 27.4 27.4 X
276 29.9 29.9 X 336 27.5 27.5 X
277 30.4 30.4 X 337 27.7 27.7 X
278 30.5 30.5 X 338 27.9 27.9 X
279 30.3 30.3 X 339 28.1 28.1 X
280 30.2 30.2 X 340 28.3 28.3 X
281 30.1 30.1 X 341 28.6 28.6 X
282 30.1 30.1 X 342 29.0 29.0 X
283 30.1 30.1 X 343 29.5 29.5 X
284 30.1 30.1 X 344 30.1 30.1 X
285 30.1 30.1 X 345 30.5 30.5 X
286 30.1 30.1 X 346 30.7 30.7 X
287 30.2 30.2 X 347 30.8 30.8 X
288 30.4 30.4 X X 348 30.8 30.8 X
289 31.0 31.0 X X 349 30.8 30.8 X
290 31.8 31.8 X X 350 30.8 30.8 X
291 32.7 32.7 X X 351 30.8 30.8 X
292 33.6 33.6 X X 352 30.8 30.8 X
293 34.4 34.4 X X 353 30.8 30.8 X
294 35.0 35.0 X X 354 30.9 30.9 X
295 35.4 35.4 X X 355 30.9 30.9 X X X
296 35.5 35.5 X X 356 30.9 30.9 X X X
297 35.3 35.3 X X 357 30.8 30.8 X X X
298 34.9 34.9 X X 358 30.4 30.4 X X X
299 33.9 33.9 X X 359 29.6 29.6 X X
300 32.4 32.4 X X 360 28.4 28.4 X X

Table 60: Cycle part 1, verson 9, 241 to 360 s
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roller speed [ [ roller speed | ]
. reduced - ) reduced -
time | normal indicators time | normal indicators
speed speed
no no
S km/h km/h |stop|acc |cruise| dec | gear- no 1. S km/h km/h |stop|acc|cruise|dec|gear- nol.
) gear . | gear
shift shift
361 27.1 271 X X 421 34.0 34.0 X
362 26.0 26.0 X X 422 354 354 X
363 254 254 X X 423 36.5 36.5 X
364 25.5 255 X X X 424 37.5 37.5 X
365 26.3 26.3 X X X 425 38.6 38.6 X
366 27.3 27.3 X X X 426 39.7 39.7 X
367 28.4 28.4 X X X 427 40.7 40.7 X
368 29.2 29.2 X X X 428 41.5 415 X
369 29.5 295 X X X 429 41.7 41.7 X
370 294 29.4 X X X 430 41.5 41.5 X
371 28.9 28.9 X X X 431 41.0 41.0 X
372 28.1 28.1 X X X 432 40.6 40.6 X
373 27.2 27.2 X X X 433 40.3 40.3 X
374 26.3 26.3 X X X 434 40.1 40.1 X
375 25.7 25.7 X X X 435 40.1 40.1 X
376 25.5 255 X X X 436 39.8 39.8 X
377 25.6 25.6 X X X 437 38.9 38.9 X
378 26.0 26.0 X X X 438 375 37.5 X
379 26.4 26.4 X X X 439 35.8 35.8 X
380 27.0 27.0 X X X 440 34.2 34.2 X
381 27.7 27.7 X X X 441 325 325 X
382 28.5 285 X X X 442 30.9 30.9 X
383 29.4 29.4 X X X 443 29.4 29.4 X
384 30.2 30.2 X X X 444 28.0 28.0 X
385 30.5 305 X X X 445 26.5 26.5 X
386 30.3 30.3 X X 446 25.0 25.0 X
387 29.5 29.5 X X 447 23.4 23.4 X
388 28.7 28.7 X X 448 21.9 21.9 X
389 27.9 27.9 X X 449 20.4 20.4 X
390 27.5 275 X 450 194 19.4 X
391 27.3 27.3 X 451 18.8 18.8 X
392 27.0 27.0 X 452 18.4 18.4 X
393 26.5 26.5 X 453 18.0 18.0 X
394 25.8 25.8 X 454 17.5 17.5 X
395 25.0 25.0 X 455 16.9 16.9 X
396 21.5 215 X 456 16.4 16.4 X
397 16.0 16.0 X 457 16.6 16.6 X
398 10.0 10.0 X 458 17.7 17.7 X
399 5.0 5.0 X 459 19.3 19.3 X
400 2.2 2.2 X 460 20.9 20.9 X
401 1.0 10| x 461 22.3 22.3 X
402 0.0 00| x 462 23.2 23.2 X
403 0.0 00| x 463 23.2 23.2 X
404 0.0 00| x 464 22.2 22.2 X
405 0.0 00| x 465 20.3 20.3 X
406 0.0 00| x 466 17.9 17.9 X
407 0.0 00| x 467 15.2 15.2 X
408 1.2 1.2 X 468 12.3 12.3 X
409 3.2 3.2 X 469 9.3 9.3 X
410 5.9 5.9 X 470 6.4 6.4 X
411 8.8 8.8 X 471 3.8 3.8 X
412 12.0 12.0 X 472 1.9 1.9 X
413 15.4 154 X 473 0.9 0.9 X
414 18.9 18.9 X 474 0.0 0.0 x
415 22.1 221 X 475 0.0 0.0 x
416 24.7 24.7 X 476 0.0 0.0 x
417 26.8 26.8 X 477 0.0 0.0 x
418 28.7 28.7 X 478 0.0 0.0 x
419 30.6 30.6 X 479 0.0 0.0 x
420 324 324 X 480 0.0 0.0] x

Table 61: Cyclepart 1, verson 9, 361t0 480 s
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roller speed [ ] [ [ [ roller speed [ ] [ ] [
. reduced - . reduced -
time | normal indicators time| normal indicators
speed speed
no no
. no 1. . no 1.
S km/h km/h |stop|acc|cruise| dec | gear- s km/h km/h [stop|acc | cruise|dec | gear-
. gear .. | gear
shift shift
481 0.0 00| x 541 0.0 0.0] x
482 0.0 00| x 542 2.7 2.7 X
483 0.0 0.0 x 543 8.0 8.0 X
484 0.0 00| x 544 16.0 16.0 X
485 0.0 00| x 545 24.0 24.0 X
486 14 14 X 546 32.0 32.0 X
487 4.5 4.5 X 547 37.2 37.2 X
488 8.8 8.8 X 548 40.4 40.4 X
489 134 134 X 549 43.0 43.0 X
490 17.3 17.3 X 550 44.6 44.6 X
491 19.2 19.2 X 551 45.2 45.2 X
492 19.7 19.7 X 552 45.3 45.3 X
493 19.8 19.8 X 553 45.4 45.4 X
494 20.7 20.7 X 554 455 45.5 X
495 23.6 23.6 X 555 45.6 45.6 X
496 28.1 28.1 X 556 45.7 45.7 X
497 32.8 328 X 557 45.8 45.8 X
498 36.3 36.3 X 558 45.9 45.9 X
499 37.1 371 X 559 46.0 46.0 X
500 35.1 35.1 X X 560 46.1 46.1 X
501 31.1 311 X X 561 46.2 46.2 X
502 28.0 28.0 X X 562 46.3 46.3 X
503 27.5 27.5 X X 563 46.4 46.4 X
504 29.5 29.5 X X 564 46.7 46.7 X
505 34.0 34.0 X X 565 47.2 47.2 X
506 37.0 37.0 X X 566 48.0 48.0 X
507 38.0 38.0 X X 567 48.9 48.4 X
508 36.1 36.1 X 568 49.8 48.6 X
509 315 31.5 X 569 50.5 49.4 X
510 245 245 X 570 51.0 49.8 X
511 175 17.5 X 571 51.1 50.0 X
512 10.5 10.5 X 572 51.0 49.9 X
513 4.5 45 X 573 50.4 49.3 X
514 1.0 10| x 574 49.0 49.0 X
515 0.0 00| x 575 46.7 46.7 X
516 0.0 00| x 576 44.0 44.0 X
517 0.0 00| x 577 41.1 41.1 X
518 0.0 00| x 578 38.3 38.3 X
519 2.9 29 X 579 35.4 354 X
520 8.0 8.0 X 580 31.8 31.8 X
521 16.0 16.0 X 581 27.3 27.3 X
522 24.0 24.0 X 582 22.4 224 X
523 32.0 32.0 X 583 17.7 17.7 X
524 38.8 38.8 X 584 13.4 13.4 X
525 43.1 43.1 X 585 9.3 9.3 X
526 46.0 46.0 X 586 5.5 5.5 X
527 475 475 X 587 2.0 2.0 X
528 47.5 475 X 588 0.0 0.0] x
529 44.8 44.8 X 589 0.0 0.0] x
530 40.1 40.1 X 590 0.0 0.0] x
531 33.8 33.8 X 591 0.0 0.0] x
532 27.2 27.2 X 592 0.0 0.0] x
533 20.0 20.0 X 593 0.0 0.0] x
534 12.8 12.8 X 594 0.0 0.0] x
535 7.0 7.0 X 595 0.0 0.0 x
536 2.2 2.2 X 596 0.0 0.0] x
537 0.0 00| x 597 0.0 0.0 x
538 0.0 00| x 598 0.0 0.0] x
539 0.0 00| x 599 0.0 0.0] x
540 0.0 00| x 600 0.0 0.0] x

Table 62: Cycle bart 1, verson 9,481t0 600 s
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roller speed [ [ roller speed [ ]
. reduced - . reduced -
time | normal indicators time| normal indicators
speed speed
no no
. no 1. ) no 1.
s km/h km/h |stop|acc|cruise| dec | gear- s km/h km/h |stop|acc|cruise |dec | gear-
) gear .. | gear
shift shift
1 0.0 0.0 x 61 23.7 23.7 X X
2 0.0 0.0] x 62 23.8 23.8 X X
3 0.0 00| x 63 25.0 25.0 X X
4 0.0 0.0] x 64 27.3 27.3 X X
5 0.0 00| x 65 30.4 30.4 X X
6 0.0 0.0] x 66 33.9 33.9 X X
7 0.0 0.0] x 67 37.3 37.3 X X
8 0.0 00| x 68 39.8 39.8 X X
9 23 23] X 69 39.5 39.5 X
10 7.3 7.3 X 70 36.3 36.3 X
11 15.2 15.2 X 71 314 314 X
12 23.9 23.9 X 72 26.5 26.5 X
13 325 325 X 73 24.2 24.2 X X
14 39.2 39.2 X 74 24.8 24.8 X X
15 44.1 44.1 X 75 26.6 26.6 X X
16 48.1 48.1 X 76 275 27.5 X X
17 51.2 51.2 X 77 26.8 26.8 X X
18 53.3 53.3 X 78 25.3 25.3 X X
19 54.5 54.5 X 79 24.0 24.0 X X
20 55.7 55.7 X 80 23.3 23.3 X X
21 56.8 56.8 X 81 23.7 23.7 X X
22 57.5 575 X 82 249 24.9 X X
23 58.0 58.0 X 83 26.4 26.4 X X
24 58.4 58.4 X 84 27.7 27.7 X X
25 58.5 58.5 X 85 28.3 28.3 X X
26 58.5 58.5 X 86 28.3 28.3 X X
27 58.6 58.6 X X 87 28.1 28.1 X X
28 58.9 58.9 X X 88 28.1 28.1 X X
29 59.3 59.3 X X 89 28.6 28.6 X X
30 59.8 59.8 X X 90 29.8 29.8 X X
31 60.2 60.2 X X 91 31.6 31.6 X X
32 60.5 60.5 X X 92 33.9 33.9 X X
33 60.8 60.8 X X 93 36.5 36.5 X
34 61.1 61.1 X X 94 39.1 39.1 X
35 61.5 61.5 X X 95 415 41.5 X
36 62.0 62.0 X X 96 43.3 43.3 X
37 62.5 62.5 X X 97 44.5 44.5 X
38 63.0 63.0 X X 98 45.1 45.1 X
39 63.4 63.4 X X 99 45.1 45.1 X
40 63.7 63.7 X X 100 43.9 43.9 X
41 63.8 63.8 X X 101 41.4 41.4 X
42 63.9 63.9 X X 102 384 384 X
43 63.8 63.8 X X 103 35.5 35.5 X
44 63.2 63.2 X X 104 32.9 32.9 X
45 61.7 61.7 X X 105 31.3 31.3 X
46 58.9 58.9 X X 106 30.7 30.7 X X
47 55.2 55.2 X 107 31.0 31.0 X X
48 51.0 51.0 X 108 32.2 32.2 X X
49 46.7 46.7 X 109 34.0 34.0 X X
50 42.8 42.8 X 110 36.0 36.0 X
51 40.2 40.2 X 111 37.9 37.9 X
52 38.8 38.8 X 112 39.8 39.8 X
53 379 37.9 X 113 41.6 41.6 X
54 36.7 36.7 X 114 43.1 43.1 X
55 35.1 35.1 X 115 44.3 44.3 X
56 329 32.9 X 116 45.0 45.0 X
57 30.4 304 X 117 45.5 45.5 X
58 28.0 28.0 X 118 45.8 45.8 X X
59 25.9 25.9 X 119 46.0 46.0 X X
60 24.4 24.4 X X 120 46.1 46.1 X X

Table 63: Cycle part 2, verson 9 for vehicleclasses2 and 3, 1t0 120 s
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roller speed [ ] [ [ [ roller speed [ ] [ ] [
. reduced R . reduced R
time | normal indicators time| normal indicators
speed speed

no no
s km/h km/h |stop|acc |cruise| dec | gear- no 1. s km/h km/h |[stop|acc|cruise|dec |gear- no 1.

. gear .. | gear

shift shift
121 46.2 46.2 X X 181 57.0 57.0 X
122 46.1 46.1 X X 182 56.3 56.3 X
123 45.7 45.7 X X 183 55.2 55.2 X
124 45.0 45.0 X 184 53.9 53.9 X
125 44.3 44.3 X 185 52.6 52.6 X
126 44.7 44.7 X 186 51.3 51.3 X
127 46.8 46.8 X 187 50.1 50.1 X
128 50.1 50.1 X 188 515 51.5 X
129 53.6 53.6 X 189 53.1 53.1 X
130 56.9 56.9 X 190 54.8 54.8 X
131 59.4 59.4 X 191 56.6 56.6 X
132 60.2 60.2 X 192 58.5 58.5 X
133 59.3 59.3 X 193 60.6 60.6 X
134 57.5 57.5 X 194 62.8 62.8 X
135 55.4 55.4 X 195 64.9 64.9 X
136 52.5 52.5 X 196 67.0 67.0 X
137 47.9 47.9 X 197 69.1 69.1 X
138 41.4 41.4 X 198 70.9 70.9 X
139 344 34.4 X 199 722 72.2 X
140 30.0 30.0 X X 200 72.8 72.8 X
141 27.0 27.0 X X 201 72.8 72.8 X
142 26.5 26.5 X X 202 719 71.9 X
143 28.7 28.7 X X 203 70.5 70.5 X
144 33.8 33.8 X 204 68.8 68.8 X
145 40.3 40.3 X 205 67.1 67.1 X
146 46.6 46.6 X 206 65.4 65.4 X
147 50.4 50.4 X 207 63.9 63.9 X
148 53.9 53.9 X 208 62.7 62.7 X
149 56.9 56.9 X 209 61.8 61.8 X
150 59.1 59.1 X 210 61.0 61.0 X
151 60.6 60.6 X 211 60.4 60.4 X X
152 61.7 61.7 X 212 60.0 60.0 X X
153 62.6 62.6 X 213 60.2 60.2 X X
154 63.1 63.1 X 214 61.4 61.4 X X
155 62.9 62.9 X 215 63.3 63.3 X X
156 61.6 61.6 X 216 65.5 65.5 X X
157 594 59.4 X 217 674 67.4 X X
158 56.6 56.6 X 218 68.5 68.5 X X
159 53.7 53.7 X 219 68.7 68.7 X X
160 50.7 50.7 X 220 68.1 68.1 X X
161 47.7 47.7 X 221 67.2 67.2 X X
162 45.0 45.0 X 222 66.5 66.5 X X
163 43.0 43.0 X 223 65.9 65.9 X X
164 419 41.9 X 224 65.5 65.5 X X
165 41.6 41.6 X 225 64.9 64.9 X X
166 41.3 41.3 X 226 64.1 64.1 X X
167 40.9 40.9 X 227 63.0 63.0 X X
168 41.8 41.8 X 228 62.1 62.1 X X
169 42.1 42.1 X 229 61.6 61.6 X X
170 41.8 41.8 X 230 61.7 61.7 X X
171 41.3 41.3 X 231 62.3 62.3 X X
172 41.5 41.5 X 232 63.5 63.5 X X
173 435 43.5 X 233 65.3 65.3 X X
174 46.5 46.5 X 234 67.3 67.3 X X
175 49.7 49.7 X 235 69.3 69.3 X X
176 52.6 52.6 X 236 714 71.4 X X
177 55.0 55.0 X 237 735 73.5 X
178 56.5 56.5 X 238 75.6 75.6 X
179 57.1 57.1 X 239 7.7 75.7 X
180 57.3 57.3 X 240 79.7 76.7 X

Table 64: Cycle part 2, version 9 for vehicle classes2 and 3, 121t0 240 s
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roller speed [ [ roller speed [ ]
. reduced - . reduced -
time | normal indicators time [ normal indicators
speed speed
no no
s km/h km/h [stop|acc|cruise| dec | gear- no . s km/h km/h |[stop|acc|cruise|dec|gear- no 1.
shift | 9% shift | 95
241 81.5 77.5 X 301 68.3 68.3 X
242 83.0 78.0 X 302 67.3 67.3 X
243 84.5 78.5 X 303 66.1 66.1 X
244 86.0 79.0 X 304 63.9 63.9 X
245 87.4 79.4 X 305 60.2 60.2 X
246 88.7 79.7 X 306 54.9 54.9 X
247 89.6 80.1 X 307 48.1 48.1 X
248 90.2 80.7 X 308 40.9 40.9 X
249 90.7 81.2 X 309 36.0 36.0 X
250 91.2 81.5 X 310 33.9 33.9 X
251 91.8 81.8 X 311 33.9 33.9 X
252 924 824 X 312 36.5 36.5 X
253 93.0 83.0 X 313 41.0 41.0 X
254 93.6 83.6 X 314 45.3 45.3 X
255 94.1 84.1 X 315 49.2 49.2 X
256 94.3 84.3 X 316 515 51.5 X
257 94.4 84.4 X 317 53.2 53.2 X
258 94.4 84.4 X 318 53.9 53.9 X
259 94.3 84.3 X 319 53.9 53.9 X
260 94.3 84.3 X 320 53.7 53.7 X
261 94.2 84.2 X 321 53.7 53.7 X
262 94.2 84.2 X X 322 54.3 54.3 X
263 94.2 84.2 X X 323 554 554 X
264 94.1 84.1 X X 324 56.8 56.8 X
265 94.0 84.0 X X 325 58.1 58.1 X
266 94.0 84.0 X X 326 58.8 58.8 X
267 93.9 83.9 X X 327 58.2 58.2 X
268 93.9 83.9 X X 328 55.8 55.8 X
269 93.9 83.9 X X 329 52.6 52.6 X
270 93.9 83.9 X X 330 49.2 49.2 X
271 93.9 83.9 X X 331 47.6 47.6 X
272 94.0 84.0 X X 332 48.4 484 X
273 94.0 84.0 X X 333 51.8 51.8 X
274 94.1 84.1 X X 334 55.7 55.7 X
275 94.2 84.2 X 335 59.6 59.6 X
276 94.3 84.3 X 336 63.0 63.0 X
277 94.4 84.4 X 337 65.9 65.9 X
278 94.5 84.5 X 338 68.1 68.1 X
279 94.5 84.5 X 339 69.8 69.8 X
280 94.5 84.5 X 340 711 71.1 X
281 94.5 84.5 X 341 72.1 72.1 X
282 94.4 84.4 X 342 72.9 72.9 X
283 94.5 84.5 X 343 73.7 73.7 X
284 94.6 84.6 X 344 74.4 74.4 X
285 94.7 84.7 X 345 75.1 75.1 X
286 94.8 84.8 X 346 75.8 75.8 X
287 94.9 84.9 X 347 76.5 76.5 X
288 94.8 84.8 X 348 77.2 77.2 X
289 94.3 84.3 X 349 77.8 77.8 X
290 93.3 83.3 X 350 78.5 78.5 X
291 91.7 82.7 X 351 79.2 79.2 X
292 89.6 81.6 X 352 80.0 80.0 X
293 87.0 81.0 X 353 81.0 81.0 X
294 84.1 80.1 X 354 82.0 82.0 X
295 81.2 79.2 X 355 82.9 82.9 X
296 78.4 78.4 X 356 83.7 83.7 X
297 75.7 75.7 X 357 84.2 84.2 X
298 73.2 73.2 X 358 84.4 84.4 X
299 71.1 71.1 X 359 84.5 84.5 X
300 69.5 69.5 X 360 844 84.4 X

Table 65: Cycle part 2, verson 9 for vehicle classes 2 and 3, 241 t0 360 s
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roller speed [ ] [ [ [ roller speed [ ] [ ] [
. reduced - . reduced -
time | normal indicators time | normal indicators
speed speed

no no

s km/h km/h |stop|acc|cruise| dec | gear- no 1. s km/h km/h |stop|acc |cruise|dec |gear- no 1.
) gear .. | gear

shift shift
361 84.1 84.1 X 421 63.0 63.0 X X
362 83.7 83.7 X 422 63.6 63.6 X X
363 83.2 83.2 X 423 63.9 63.9 X X
364 82.8 82.8 X 424 63.8 63.8 X X
365 82.6 82.6 X 425 63.6 63.6 X X
366 82.5 82.5 X 426 63.3 63.3 X X
367 82.4 82.4 X 427 62.8 62.8 X X
368 82.3 82.3 X 428 61.9 61.9 X X
369 82.2 82.2 X 429 60.5 60.5 X X
370 82.2 82.2 X 430 58.6 58.6 X X
371 82.2 82.2 X 431 56.5 56.5 X X
372 82.1 82.1 X 432 54.6 54.6 X X
373 81.9 81.9 X 433 53.8 53.8 X X
374 81.6 81.6 X 434 54.5 54.5 X X
375 81.3 81.3 X 435 56.1 56.1 X X
376 81.1 81.1 X 436 57.9 57.9 X X
377 80.8 80.8 X 437 59.6 59.6 X X
378 80.6 80.6 X 438 61.2 61.2 X X
379 80.4 80.4 X 439 62.3 62.3 X X
380 80.1 80.1 X 440 63.1 63.1 X X
381 79.7 79.7 X 441 63.6 63.6 X X
382 78.6 78.6 X 442 63.5 63.5 X X
383 76.8 76.8 X 443 62.7 62.7 X X
384 73.7 73.7 X 444 60.9 60.9 X X
385 69.4 69.4 X 445 58.7 58.7 X X
386 64.0 64.0 X 446 56.4 56.4 X X
387 58.6 58.6 X 447 54.5 54.5 X X
388 53.2 53.2 X 448 53.3 53.3 X X
389 47.8 47.8 X 449 53.0 53.0 X X
390 42.4 42.4 X 450 53.5 53.5 X X
391 37.0 37.0 X 451 54.6 54.6 X X
392 33.0 33.0 X 452 56.1 56.1 X X
393 30.9 30.9 X 453 57.6 57.6 X X
394 30.9 30.9 X 454 58.9 58.9 X X
395 33.5 33.5 X 455 59.8 59.8 X X
396 38.0 38.0 X 456 60.3 60.3 X X
397 42.5 42.5 X 457 60.7 60.7 X X
398 47.0 47.0 X 458 61.3 61.3 X X
399 51.0 51.0 X 459 62.3 62.3 X X
400 53.5 53.5 X 460 64.1 64.1 X X
401 55.1 55.1 X 461 66.2 66.2 X X
402 56.4 56.4 X 462 68.1 68.1 X X
403 57.3 57.3 X 463 69.7 69.7 X X
404 58.1 58.1 X 464 70.4 70.4 X X
405 58.8 58.8 X 465 70.7 70.7 X X
406 59.4 59.4 X 466 70.7 70.7 X
407 59.8 59.8 X 467 70.7 70.7 X
408 59.7 59.7 X 468 70.7 70.7 X
409 59.4 59.4 X 469 70.6 70.6 X
410 59.2 59.2 X 470 70.5 70.5 X
411 59.2 59.2 X 471 70.3 70.3 X
412 59.5 59.5 X 472 70.2 70.2 X
413 60.0 60.0 X 473 70.1 70.1 X
414 60.5 60.5 X 474 69.8 69.8 X
415 61.0 61.0 X 475 69.5 69.5 X
416 61.2 61.2 X 476 69.1 69.1 X
417 61.3 61.3 X 477 69.1 69.1 X
418 61.4 61.4 X 478 69.5 69.5 X
419 61.7 61.7 X 479 70.3 70.3 X X
420 62.3 62.3 X 480 71.2 71.2 X X

Table 66: Cycle part 2, verson 9 for vehicle classes 2 and 3, 36110480 s
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roller speed [ [ roller speed [ [ ]
. reduced — . reduced -
time | normal indicators time| normal indicators
speed speed
no no
. no 1. ) no 1.
s km/h km/h |stop|acc]|cruise| dec | gear- s km/h km/h |stop|acc |cruise |[dec|gear-
. gear .. | gear
shift shift
481 72.0 72.0 X X 541 65.3 65.3 X
482 72.6 72.6 X X 542 69.6 69.6 X
483 72.8 72.8 X X 543 72.3 72.3 X
484 72.7 72.7 X X 544 73.9 73.9 X
485 72.0 72.0 X X 545 75.0 75.0 X
486 70.3 70.3 X 546 75.7 75.7 X
487 67.7 67.7 X 547 76.5 76.5 X
488 64.4 64.4 X 548 77.3 77.3 X
489 61.0 61.0 X 549 78.2 78.2 X
490 57.6 57.6 X 550 78.9 78.9 X
491 54.0 54.0 X 551 79.4 794 X
492 49.7 49.7 X 552 79.6 79.6 X
493 44.4 44.4 X 553 79.3 79.3 X
494 38.2 38.2 X 554 78.8 78.8 X
495 31.2 31.2 X 555 78.1 78.1 X
496 24.0 24.0 X 556 775 775 X
497 16.8 16.8 X 557 77.2 77.2 X
498 104 10.4 X 558 77.2 77.2 X
499 5.7 5.7 X 559 775 77.5 X
500 2.8 2.8 x 560 77.9 77.9 X
501 1.6 1.6/ x 561 78.5 78.5 X
502 0.3 0.3] x 562 79.1 79.1 X
503 0.0 0.0] x 563 79.6 79.6 X
504 0.0 0.0/ x 564 80.0 80.0 X
505 0.0 0.0] x 565 80.2 80.2 X
506 0.0 0.0/ x 566 80.3 80.3 X
507 0.0 0.0] x 567 80.1 80.1 X
508 0.0 0.0 x 568 79.8 79.8 X
509 0.0 0.0] x 569 79.5 79.5 X
510 0.0 0.0l x 570 79.1 79.1 X
511 0.0 0.0] x 571 78.8 78.8 X
512 0.0 0.0] x 572 78.6 78.6 X
513 0.0 0.0] x 573 78.4 784 X
514 0.0 0.0] x 574 78.3 78.3 X
515 0.0 0.0 x 575 78.0 78.0 X
516 0.0 0.0] x 576 76.7 76.7 X
517 0.0 0.0 x 577 73.7 73.7 X
518 0.0 0.0] x 578 69.5 69.5 X
519 0.0 0.0] x 579 64.8 64.8 X
520 0.0 0.0] x 580 60.3 60.3 X
521 0.0 0.0] x 581 56.2 56.2 X
522 0.0 0.0] x 582 52.5 52.5 X
523 0.0 0.0] x 583 49.0 49.0 X
524 0.0 0.0 x 584 45.2 45.2 X
525 0.0 0.0 x 585 40.8 40.8 X
526 0.0 0.0 x 586 354 35.4 X
527 0.0 0.0l x 587 29.4 29.4 X
528 0.0 0.0] x 588 234 234 X
529 0.0 0.0] x 589 17.7 17.7 X
530 0.0 0.0] x 590 12.6 12.6 X
531 0.0 0.0/ x 591 8.0 8.0 X
532 0.0 0.0] x 592 4.1 4.1 X
533 2.3 2.3| X 593 1.3 1.3 x
534 7.2 7.2 X 594 0.0 0.0] x
535 14.6 14.6 X 595 0.0 0.0 x
536 23.5 23.5 X 596 0.0 0.0] x
537 33.0 33.0 X 597 0.0 0.0] x
538 42.7 42.7 X 598 0.0 0.0 x
539 51.8 51.8 X 599 0.0 0.0] x
540 59.4 59.4 X 600 0.0 0.0l x
Table 67: Cycle part 2, version 9 for vehicle classes 2 and 3, 481 to 600 s
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roller speed [ ] [ [ [ roller speed [ ] [ ] |
. reduced " . reduced -
time | normal indicators time | normal indicators
speed speed
no no
. no 1. . no 1.
s km/h km/h |stop|acc|cruise| dec | gear- S km/h km/h |[stop |acc |cruise|dec | gear-
’ gear . | gear
shift shift
1 0.0 0.0] x 61 73.9 73.9 X X
2 0.0 0.0] x 62 74.1 74.1 X X
3 0.0 0.0] x 63 75.1 75.1 X X
4 0.0 0.0] x 64 76.8 76.8 X X
5 0.0 0.0] x 65 78.7 78.7 X X
6 0.0 0.0] x 66 80.4 80.4 X X
7 0.0 0.0/ x 67 81.7 81.7 X X
8 0.9 0.9] x 68 82.6 82.6 X
9 3.2 3.2 X 69 83.5 83.5 X
10 7.3 7.3 X 70 84.4 84.4 X
11 12.4 12.4 X 71 85.1 85.1 X
12 17.9 17.9 X 72 85.7 85.7 X
13 23.5 23.5 X 73 86.3 86.3 X
14 29.1 29.1 X 74 87.0 87.0 X
15 34.3 34.3 X 75 87.9 87.9 X
16 38.6 38.6 X 76 88.8 88.8 X
17 41.6 41.6 X 77 89.7 89.7 X
18 43.9 43.9 X 78 90.3 90.3 X
19 45.9 45.9 X 79 90.6 90.6 X
20 48.1 48.1 X 80 90.6 90.6 X
21 50.3 50.3 X 81 90.5 90.5 X
22 52.6 52.6 X 82 90.4 90.4 X
23 54.8 54.8 X 83 90.1 90.1 X
24 55.8 55.8 X 84 89.7 89.7 X
25 55.2 55.2 X 85 89.3 89.3 X
26 53.8 53.8 X 86 88.9 88.9 X
27 52.7 52.7 X 87 88.8 88.8 X
28 52.8 52.8 X 88 88.9 88.9 X
29 55.0 55.0 X 89 89.1 89.1 X
30 58.5 58.5 X 90 89.3 89.3 X
31 62.3 62.3 X 91 89.4 89.4 X
32 65.7 65.7 X 92 89.4 89.4 X
33 68.0 68.0 X 93 89.2 89.2 X
34 69.1 69.1 X %4 88.9 88.9 X
35 69.5 69.5 X 95 88.5 88.5 X
36 69.9 69.9 X 96 88.0 88.0 X X
37 70.6 70.6 X 97 87.5 87.5 X X
38 71.3 71.3 X 98 87.2 87.2 X X
39 72.2 72.2 X 99 87.1 87.1 X X
40 72.8 72.8 X 100 87.2 87.2 X X
41 73.2 73.2 X 101 87.3 87.3 X X
42 73.4 73.4 X 102 87.4 87.4 X X
43 73.8 73.8 X 103 87.5 87.5 X X
44 74.8 74.8 X 104 87.4 87.4 X X
45 76.7 76.7 X 105 87.1 87.1 X
46 79.1 79.1 X 106 86.8 86.8 X
47 81.1 81.1 X 107 86.4 86.4 X
48 82.1 82.1 X 108 85.9 85.9 X
49 81.7 81.7 X X 109 85.2 85.2 X
50 80.3 80.3 X X 110 84.0 84.0 X
51 78.8 78.8 X X 111 82.2 82.2 X
52 77.3 77.3 X X 112 80.3 80.3 X
53 75.9 75.9 X X 113 78.6 78.6 X
54 75.0 75.0 X X 114 77.2 77.2 X
55 74.7 74.7 X X 115 75.9 75.9 X
56 74.6 74.6 X X 116 73.8 73.8 X
57 74.7 74.7 X X 117 70.4 70.4 X
58 74.6 74.6 X X 118 65.7 65.7 X
59 74.4 74.4 X X 119 60.5 60.5 X
60 74.1 74.1 X X 120 55.9 55.9 X

Table 68: Cycle part 3, verson 9 for vehicleclass 3, 110 120 s
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roller speed [ [ roller speed [ ]
. reduced - . reduced -
time | normal indicators time | normal indicators
speed speed
no no
S km/h km/h |stop |acc |cruise| dec | gear- no 1. S km/h km/h |stop|acc|cruise [dec|gear- nol.
. gear .. | gear
shift shift
121 53.0 53.0 X 181 50.2 50.2 X
122 51.6 51.6 X 182 48.7 48.7 X
123 50.9 50.9 X 183 47.2 47.2 X
124 50.5 50.5 X 184 47.1 47.1 X
125 50.2 50.2 X 185 47.0 47.0 X
126 50.2 50.2 X 186 46.9 46.9 X
127 50.6 50.6 X 187 46.6 46.6 X
128 51.2 51.2 X 188 46.3 46.3 X
129 51.8 51.8 X 189 46.1 46.1 X
130 52.5 52.5 X 190 46.1 46.1 X
131 53.4 53.4 X 191 46.4 46.4 X
132 54.9 54.9 X 192 47.1 47.1 X
133 57.0 57.0 X 193 48.1 48.1 X
134 59.4 59.4 X 194 49.8 49.8 X
135 61.9 61.9 X 195 52.2 52.2 X
136 64.3 64.3 X 196 54.8 54.8 X
137 66.4 66.4 X 197 57.3 57.3 X
138 68.1 68.1 X 198 59.5 59.5 X
139 69.6 69.6 X 199 61.7 61.7 X
140 70.7 70.7 X 200 64.3 64.3 X
141 71.4 71.4 X 201 67.7 67.7 X
142 71.8 71.8 X 202 714 71.4 X
143 72.8 72.8 X 203 74.9 74.9 X
144 75.0 75.0 X 204 78.2 78.2 X
145 77.8 77.8 X 205 81.1 81.1 X
146 80.7 80.7 X 206 83.9 83.9 X
147 83.3 83.3 X 207 86.5 86.5 X
148 85.4 85.4 X 208 89.1 89.1 X
149 87.3 87.3 X 209 91.6 91.6 X
150 89.1 89.1 X 210 94.0 94.0 X
151 90.6 90.6 X 211 96.3 96.3 X
152 91.9 91.9 X 212 98.4 98.4 X
153 93.2 93.2 X 213| 100.4 100.4 X
154 94.5 94.5 X 214 102.1 102.1 X
155 96.0 96.0 X 215] 103.6 103.6 X
156 97.5 97.5 X 216 104.9 104.9 X
157 98.9 98.9 X 217| 106.2 106.2 X
158 99.8 99.8 X 218 1074 106.4 X
159 99.0 99.0 X 219 108.5 106.5 X
160 96.6 96.6 X 220/ 109.3 106.6 X
161 93.7 93.7 X 221 109.9 106.6 X
162 91.3 91.3 X 222 110.5 107.0 X
163 90.4 90.4 X 223 110.9 107.3 X
164 90.6 90.6 X 224 111.2 107.3 X
165 91.1 91.1 X 225| 1114 107.2 X
166 90.9 90.9 X 226| 111.7 107.2 X
167 89.0 89.0 X 227 1119 107.2 X
168 85.6 85.6 X 228 1123 107.3 X
169 81.6 81.6 X 229| 113.0 107.5 X
170 77.6 77.6 X 230 114.1 107.3 X
171 73.6 73.6 X 231 115.7 107.3 X
172 69.7 69.7 X 232 1175 107.3 X
173 66.0 66.0 X 233 119.3 107.3 X
174 62.7 62.7 X 234 121.0 108.0 X
175 60.0 60.0 X 235 122.2 108.2 X
176 58.0 58.0 X 236| 122.9 108.9 X
177 56.4 56.4 X 237 123.0 109.0 X
178 54.8 54.8 X 238| 122.9 108.9 X
179 53.2 53.2 X 239| 122.7 108.7 X
180 51.7 51.7 X 240 122.6 108.6 X

Table 69: Cycle part 3, verson 9 for vehicleclass 3, 121 t0 240 s
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roller speed [ ] [ [ [ roller speed [ ] | ] [
. reduced - ) reduced -
time | normal indicators time | normal indicators
speed speed

no no

S km/h km/h |stop|acc |cruise| dec | gear- no 1. S km/h km/h |stop|acc|cruise|dec|gear- nol.
) gear . | gear

shift shift
241 1224 108.4 X 301| 109.8 95.8 X
242 122.3 108.3 X 302| 109.9 95.9 X
243 122.2 108.2 X 303 110.2 96.2 X
244| 122.2 108.2 X 304| 110.4 96.4 X
245 122.2 108.2 X 305 110.7 96.7 X
246| 122.2 108.2 X 306| 110.7 96.7 X
247| 1223 108.3 X 307 110.3 96.3 X
248| 1224 108.4 X 308| 109.3 95.3 X
249| 1224 108.4 X 309| 108.0 94.0 X
250 122.5 108.5 X 310| 106.5 92.5 X
251| 1225 108.5 X 311| 105.4 91.4 X
252 1225 108.5 X 312 104.9 90.9 X
253| 1225 108.5 X 313| 104.7 90.7 X
254 122.6 108.6 X 314 104.3 90.3 X
255| 122.8 108.8 X 315| 103.6 89.6 X X
256 123.0 109.0 X 316| 102.6 88.6 X X
257| 123.2 109.2 X 317| 101.7 87.7 X X
258| 123.3 109.3 X 318| 100.8 86.8 X X
259| 1234 109.4 X 319| 100.2 86.2 X X
260| 123.5 109.5 X 320 99.8 85.8 X X
261| 123.5 109.5 X 321 99.7 85.7 X X
262| 123.6 109.6 X 322 99.7 85.7 X X
263| 123.8 109.8 X 323| 100.0 86.0 X X
264| 124.0 110.0 X 324| 100.7 86.7 X X
265 124.2 110.2 X 325 101.8 87.8 X X
266| 124.5 110.5 X 326| 103.2 89.2 X X
267 124.7 110.7 X 327 104.9 90.9 X X
268| 124.9 110.9 X 328| 106.6 92.6 X X
269 125.1 1111 X 329 108.3 94.3 X X
270 125.2 111.2 X 330| 109.9 95.9 X X
271 1253 1113 X 331 1114 97.4 X X
272 125.3 111.3 X 332 112.7 98.7 X X
273| 1253 111.3 X 333| 1137 99.7 X X
274 125.2 111.2 X 334 114.3 100.3 X X
275| 125.0 111.0 X 335| 114.6 100.6 X X
276 124.8 110.8 X 336 115.0 101.0 X X
277 124.6 110.6 X 337| 115.4 101.4 X X
278 124.4 110.4 X 338 115.8 101.8 X X
279| 1243 110.3 X 339| 116.2 102.2 X X
280 123.9 109.9 X 340, 116.5 102.5 X X
281| 123.3 109.3 X 341| 116.6 102.6 X X
282 122.1 108.1 X 342| 116.7 102.7 X X
283| 120.3 106.3 X 343| 116.8 102.8 X X
284| 118.0 104.0 X 344| 117.0 103.0 X X
285 1155 101.5 X 345 117.5 103.5 X X
286| 113.2 99.2 X 346| 118.3 104.3 X X
287 111.2 97.2 X 347 119.2 105.2 X X
288| 110.1 96.1 X 348| 120.1 106.1 X X
289| 109.7 95.7 X 349| 120.8 106.8 X X
290| 109.8 95.8 X 350 121.1 107.1 X X
291 110.1 96.1 X 351 120.7 106.7 X X
292| 1104 96.4 X 352 119.0 105.0 X X
293 110.7 96.7 X 353 116.3 102.3 X X
294| 110.9 96.9 X 354 113.1 99.1 X X
295| 110.9 96.9 X 355| 110.3 96.3 X X
296| 110.8 96.8 X 356 109.0 95.0 X X
297| 110.6 96.6 X 357| 109.4 95.4 X X
298| 110.4 96.4 X 358| 110.4 96.4 X X
299| 110.1 96.1 X 359| 111.3 97.3 X X
300 109.9 95.9 X 360 1115 97.5 X X

Table 70: Cycle part 3, verson 9 for vehicle class 3, 241 t0 360 s
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roller speed [ [ roller speed [ ]
. reduced - . reduced -
time | normal indicators time [ normal indicators
speed speed
no no
s km/h km/h [stop|acc|cruise| dec | gear- no . s km/h km/h |[stop|acc|cruise|dec|gear- no 1.
shift | 9% shift | 95

361 110.1 96.1 X X 421 116.2 102.2 X
362 1074 934 X X 422 1164 102.4 X
363 1044 90.4 X X 423 116.6 102.6 X
364 101.8 87.8 X X 424 116.8 102.8 X
365/ 100.0 86.0 X X 425 117.0 103.0 X
366 99.1 85.1 X X 426 1174 103.4 X
367 98.7 84.7 X X 427 117.9 103.9 X
368 98.2 84.2 X X 428 1184 104.4 X
369 99.0 85.0 X X 429 118.8 104.8 X
370, 100.5 86.5 X X 430 1192 105.2 X
371 1023 88.3 X X 431 1195 105.5 X
372 103.9 89.9 X X 432 119.7 105.7 X
373| 105.0 91.0 X X 433 119.9 105.9 X
374 105.8 91.8 X X 434 120.1 106.1 X
375/ 106.4 924 X X 435 120.3 106.3 X
376] 107.1 93.1 X X 436 120.5 106.5 X
377, 107.7 93.7 X X 437 1208 106.8 X
378 108.3 94.3 X X 438 121.1 107.1 X
379 109.0 95.0 X X 439 121.5 107.5 X
380/ 109.6 95.6 X X 440 122.0 108.0 X
381 110.3 96.3 X X 441 122.3 108.3 X
382 110.9 96.9 X X 442 122.6 108.6 X
383] 1115 97.5 X X 443 122.9 108.9 X
384 112.0 98.0 X X 444| 1231 109.1 X
385/ 1123 98.3 X X 445 123.2 109.2 X
386 112.6 98.6 X X 446 123.4 109.4 X
387 1129 98.9 X X 447 1235 109.5 X
388 113.1 99.1 X X 448 123.7 109.7 X
389 1133 99.3 X X 449 123.9 109.9 X
390 1133 99.3 X X 450 124.2 110.2 X
391 113.2 99.2 X X 451 124.4 110.4 X
392 113.2 99.2 X X 452 124.7 110.7 X
393 113.3 99.3 X X 453 125.0 111.0 X
394 1135 99.5 X X 454 125.2 111.2 X
395 113.9 99.9 X X 455 125.3 111.3 X
396] 114.3 100.3 X X 456 125.1 111.1 X
397 1146 100.6 X X 457 124.4 110.4 X
398 1149 100.9 X X 458 123.3 109.3 X
399 115.1 101.1 X 459 122.0 108.0 X
400/ 115.3 101.3 X 460 120.8 106.8 X
401, 1154 1014 X 461 1195 105.5 X
402 115.5 101.5 X 462 1184 104.4 X
403| 115.6 101.6 X 463 117.8 103.8 X
404, 115.8 101.8 X 464 117.6 103.6 X
405 115.9 101.9 X 465 1175 103.5 X
406, 116.0 102.0 X 466 1175 103.5 X
407| 116.0 102.0 X 467 1174 103.4 X
408, 116.0 102.0 X 468 117.3 103.3 X
409, 116.0 102.0 X 469 117.1 103.1 X
410, 1159 101.9 X 470 116.9 102.9 X
411 1159 101.9 X 471 116.6 102.6 X
412| 1159 101.9 X 472 116.5 102.5 X
413| 115.8 101.8 X 473 1164 102.4 X
414 115.8 101.8 X 474 116.4 102.4 X
415/ 115.8 101.8 X 475 116.5 102.5 X
416/ 115.8 101.8 X 476 116.7 102.7 X
417, 115.8 101.8 X 477 117.0 103.0 X
418, 115.8 101.8 X 478 117.3 103.3 X
419, 1159 101.9 X 479 117.7 103.7 X
420 116.0 102.0 X 480 118.1 104.1 X

Table 71: Cycle part 3, verson 9 for vehicle class 3, 361 t0 480 s
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roller speed [ [ [ [ [ roller speed [ [ [ [ |
. reduced _— . reduced _—
time [ normal indicators time| normal indicators
speed speed
no no
s km/h km/h [stop|acc|cruise| dec | gear- no 1. s km/h km/h |[stop|acc |cruise|dec|gear- no 1.
. gear .. | gear
shift shift
481 118.5 104.5 X 541 115.0 101.0 X
482 118.8 104.8 X 542 115.3 101.3 X
483 118.9 104.9 X 543 116.0 102.0 X
484 119.1 105.1 X 544 116.7 102.7 X
485 119.1 105.1 X 545 1175 103.5 X
486 119.1 105.1 X 546 118.2 104.2 X
487 119.2 105.2 X 547 118.6 104.6 X
488 119.2 105.2 X 548 118.7 104.7 X
489 119.3 105.3 X 549 118.8 104.8 X
490[ 119.3 105.3 X 550 118.8 104.8 X
491 119.4 105.4 X 551 118.9 104.9 X
492| 119.5 105.5 X 552 119.1 105.1 X
493| 119.5 105.5 X 553 1194 105.4 X
494 119.3 105.3 X 554 119.7 105.7 X
495 119.0 105.0 X 555 119.9 105.9 X
496| 118.6 104.6 X 556 120.0 106.0 X
497| 118.2 104.2 X 557 119.6 105.6 X
498 117.8 103.8 X 558 1184 105.4 X
499 117.6 103.6 X 559 115.9 103.9 X
500, 117.5 103.5 X 560 113.2 102.2 X
501 117.4 103.4 X 561 1105 100.5 X
502| 117.4 103.4 X 562 107.2 99.2 X
503 117.3 103.3 X 563 104.0 98.0 X
504 117.0 103.0 X 564 1004 96.4 X
505 116.7 102.7 X 565 96.8 94.8 X
506| 116.4 102.4 X 566 92.8 92.8 X
507| 116.1 102.1 X 567 88.9 88.9 X
508 115.9 101.9 X 568 84.9 84.9 X
509| 115.7 101.7 X 569 80.6 80.6 X
510 115.5 101.5 X 570 76.3 76.3 X
511 115.3 101.3 X 571 72.3 72.3 X
512 115.2 101.2 X 572 68.7 68.7 X
513| 115.0 101.0 X 573 65.5 65.5 X
514| 1149 100.9 X 574 63.0 63.0 X
515/ 114.9 100.9 X 575 61.2 61.2 X
516| 115.0 101.0 X 576 60.5 60.5 X
517| 115.2 101.2 X 577 60.0 60.0 X
518 115.3 101.3 X 578 59.7 59.7 X
519| 115.4 101.4 X 579 59.4 59.4 X
520 115.4 101.4 X 580 59.4 59.4 X
521| 115.2 101.2 X 581 58.0 58.0 X
522| 114.8 100.8 X 582 55.0 55.0 X
523| 114.4 100.4 X 583 51.0 51.0 X
524| 1139 99.9 X 584 46.0 46.0 X
525| 113.6 99.6 X 585 38.8 38.8 X
526/ 1135 99.5 X 586 31.6 31.6 X
527| 1135 99.5 X 587 24.4 24.4 X
528| 113.6 99.6 X 588 17.2 17.2 X
529| 113.7 99.7 X 589 10.0 10.0 X
530, 113.8 99.8 X 590 5.0 5.0 x
531 113.9 99.9 X 591 2.0 2.0/ x
532| 114.0 100.0 X 592 0.0 0.0 x
533 114.0 100.0 X 593 0.0 0.0 x
534 114.1 100.1 X 594 0.0 0.0 x
535 114.2 100.2 X 595 0.0 0.0 x
536| 114.4 100.4 X 596 0.0 0.0 x
537| 1145 100.5 X 597 0.0 0.0 x
538| 114.6 100.6 X 598 0.0 0.0 x
539| 114.7 100.7 X 599 0.0 0.0 x
540| 114.8 100.8 X 600 0.0 0.0l x

Table 72: Cycle part 3, verson 9 for vehicle class 3, 481 to 600 s





