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Paragraph 2.1.1lamend to read:

"2.1.1. the equivalent inertia determined in relatio the reference mass as prescribed in
Annex 4a, Table 3and"

Paragraph 2.2amend to read:

"2.2. "Reference ma%$sneans the "unladen mass" of the vehicle incredsed uniform
figure of 100 kg for test according to AnnexXsand 8;"

Insert a new Paragraph 2.2.2. after Paragraph.2.2.1

“2.2.2. “Running order mass means the mass described in Paragraph 2.6. of Aex 1 to
this Regulation and for vehicles designed and comstted for the carriage of more
than 9 persons (in addition to the driver), the mas of a crew member (75 kg), if
there is a crew seat amongst the nine or more sedts

Paragraph 2.5amend to read:

"2.5. "Particulate pollutantsneans components of the exhaust gas which am@veshfrom
the diluted exhaust gas at a maximum temperatug2sfK (52 °C) by means of the
filters described iAnnex 4a; Appendix 4"

Insert a new Paragraph 2.5 tb read:

"2.5.1. “Particle numbers” means the total number of particles of a diametegreater than
23mm diameter present in the diluted exhaust gas @& it has been conditioned to
remove volatile material, as described in Annex 4Appendix 5."

Paragraph 2.6amend to read:

"2.6. "Exhaust emission$ means:
- for positive-ignition (P.l.) engines, emissions fogaseous and particulate
pollutants;
- for compression-ignition (C.l.) engines, emissian of gaseous pollutants,
particulate pollutants and particle numbers;"

Paragraph 3.1.1., subparagraph émend to read:

"... from the start of a Type | test as describeAmmex 4ato this Regulation ..."

Paragraph 4.4.3amend to read:

"4.4.3. The approval mark shall contain an addalocharacter after théype approval
number, the purpose of which is to distinguigbhicle category and clasfr which



ECE/TRANS/WP.29/2010/56
page 3

the approval has been grant@dis letter should be chosen according to the Table
in Annex 3 to this Regulation®

Paragraph 5.2.3. Table Amend as follows (the complete table is reprodiugth the amendments):
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"Table A. REQUIREMENTS
Application of test requirements for type approaatl extensions

Vehicles with positive ignition engines includingldrids Vehicles with C.I
engines including
hybrids
Mono fuel Bi fuef? Flex fuefP| Flex fuel]l Mono
fuel
Reference fueglPetrol (E5)| LPG NG/ Hydrogen| Petrol (E5)| Petrol (E5)| Petrol (E5) Petrol Diesel | Diesel
Biomethane (E5) (B5) (B5)
LPG NG/ Hydrogen | Ethanol|Biodiese
Biomethane (E85)
Gaseous Yes Yes Yes Yes Yes Yes Yes Yes Yes
pollutants (both fuels) (both fuels)|(petrol only) (both (B5
(Type | test) @ fuels) | only)®
Particulates Yes - - Yes Yes Yes Yes Yes Yes
(Type I test) | (direct (direct (direct (direct (direct (B5
injection) injection) | injection) | injection) | injection)| only)®
(petrol | (petrol only)| (petrol only)  (both
only) @ fuels)
Idle emissions Yes Yes Yes Yes Yes Yes Yes - -
(Type Il test) (both fuels) (both fuels)|(petrol only) (both
@ fuels)
Crankcase Yes Yes Yes Yes Yes Yes Yes - -
emissions (petrol | (petrol only)| (petrol only) (petrol)
(Type Il test) only) @
Evaporative Yes - - Yes Yes Yes Yes - -
emissions (petrol | (petrol only)| (petrol only) (petrol)
(Type IV test) only) @
Durability Yes Yes Yes Yes Yes Yes Yes Yes Yes
(Type V test) (petrol | (petrol only)| (petrol only) (petrol) (B5
only) @ only) @
Low Yes - - Yes Yes Yes Yes - -
temperature (petrol | (petrol only)|(petrol only)  (both
emissions only) @ fuels)®
(Type VI test)
In-service Yes Yes Yes Yes Yes Yes Yes Yes Yes
conformity (both fuels) (both fuels)|(petrol only) (both (B5
@ fuels) | only)®
On-board Yes Yes Yes Yes Yes Yes Yes Yes Ye
diagnostics
1) When a bi fuel vehicle is combined with a fferl vehicle, both test requirements are applicable
2) This provision is temporary, further requirements for biodiesel and hydrogen shall be proposed lat on.
3) For this test, fuel applicable to low ambientemperatures should be used. In the absence of a wéngrade reference

fuel specification, the applicable winter grade fukfor this test should be agreed between the appravauthority and
the manufacturer according to the existing market pecifications. Development of a reference fuel fahis application

is underway."

Paragraph 5.3.1.3amend to read:

"5.3.1.3.

The test is carried out using grecedure of Type | test as described in Annex 4a.

The method used to collect and analyse the gasepiigscribed in Appendix 2 and 3
of Annex 4a, and the method to sample and analyske particulates shall be as
prescribed in Appendix 4 and 5 of Annex 44.
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Paragraph 5.3.1.4., Table | (emission liminend to read (the table is reproduced with the
amendments):

Amendthe header of the column "Mass of particulate en(ét’t(PM)" to read'Mass of
particulate matter (PM)", and

in the column "Mass of particulate matter (PM)&late limit value 5.0 in both
subcolumns (for Pl and DI engines), and retaity 4.5, and

deletenotes (1) and (2), and renumimate (3) as (1).



Table 1

Emissions limits

Limit values
Mass of nont Mass of Combined mass .
Mass of carbo| Mass of total . of hydrocarbon{ Mass of particulats .
: methane | oxides of . Number of particles
Reference mass| monoxide | hydrocarbong hydrocarbon§ nitrogen and oxides of matter P)
(RM) (CO) (THC) (NMHC) (NO,) nitrogen (PM)
(ka) ) (THC + NQ)
Ll L2 L3 L4 L2 + L3 L5 Le
(mg/km) (mg/km) (mg/km) (mg/km) (mg/km) (mg/km) (number/km)
Category Class PI Cl PI ciy| el cf| Pl c| P Cl Ph( Cl PI Cl
M - Al 1,000 | 500| 100 - 68 -| 60 180 - 230 4.5 4.5 - 6.0x10"
| |[RM<1,305 1,000/ 500 100 - 68 - 60 180 | 23( 4|5 4.5 - 6.0x10"
Ny I ]1,305<RM<1,760| 1,810 | 630 130 - 90 - 7% 236 295 4.5 4.5 - 6.0% 1
I 1,760 < RM 2,270 740 160 - 108 - 82 280 - 350 54 4.5 - 6.0 x 18
N, - Al 2,270 | 740 160 - 108 - 82 28D 350 4.5 4.5 - 6.0 x 16*

Key: Pl = Positive Ignition, CI = Compression Idait

(€]

Positive ignition particulate mass standardlst@ply only to vehicles with direct injection @ngs.

g obed

9G9/0T02/6¢'dM/SNVHL/303
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Paragraph 5.3.5.1., the first part of the paragraptend to read:

"5.3.5.1.

This test shall not be applied to comgim@signition vehicles

However, for compression ignition vehicles when apying for type approval,
manufacturers shall present to the approval authoty information showing that
the NOx after treatment device reaches a sufficiently higkemperature for efficient
operation within 400 seconds after a cold start at7 °C as described in Type VI

test.

In addition..

Paragraph 5.3.5.1,2amend to read:

"5.3.5.1.2. The test consists of the four elemgnidban driving cycles of Part One of the Type |

test. The Part One test is describedanagraph 6.1.1. of Annex 4a, and illustrated
in figure 1 of the same AnnexThe low ambient temperature"...

Paragraph 9.3,.lamend to read (the text of document ECE/TRANS28R009/57 remains):

"9.3.1.

The information gathered by the manufactashall be sufficiently comprehensive to
ensure that in-service performance can be asséssedrmal conditions of use as
defined in paragraph 9.2. The manufacturer's samphall be drawn from at least two
Contractlng Partles with substantlally different vehlcle operatlng condltlons

the—@en#aeﬂﬂg-PanyFactors such as dlfferences in fuels amblemninmns average
road speeds, and urban/highway driving split shaltaken into consideration in the
selection of the Contracting Parties."

Paragraph 9.3.2amend to read:

"9.3.2.

In selecting th€ontracting Parties geegraphicregionfor sampling vehicles, the
manufacturer may select vehicles from-are@ontracting Party that is considered to
be particularly representative. In this case ntamufacturer shall demonstrate to the
approval authority which granted the type apprdkat the selection is representative
(e.g. by theregiomarket having the largest annual sales of a vehicle fawithin the
Contracting-Partgpplicable Contracting Party). When an in-service family requires
more than one sample lot to be tested as definpdragraph 9.3.5., the vehicles in the
second and third sample lots shall reflect differarhicle operating conditions from

those selected for the first sample—ifsuch-diffeies-exist-within-the Coentraeting
Party

Paragraph 12amend to read (paragraphs 12.1.2. (New type apf®)p 12.1.3. (New vehicles)
and 12.1.4. (On board diagnostic (OBD) system)theit sub-paragraphs shall be deleted):
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"12. TRANSITIONAL PROVISIONS

12.1. General provisions

12.1.1. As from the official date of entry into der of the 06 series of amendments, no
Contracting Party applying this Regulation shafuse to grant approval under this
Regulation as amended by the 06 series of amendment

12.2. Special provisions

12.2.1. Contracting Parties applying this Regutatitay continue to grant approvals to those
vehicles which comply with previous levels of tiRegulation, provided that the
vehicles are intended for export to countries folyathe relating requirements in their
national legislations."

Appendix 3

Paragraph 4.1amend to read:

"4.1. When a check on vehicles is deemed necessangsion tests in accordance with
Annex 4ato this Regulation are performed on pre-conditibmehicles selected in
accordance with the requirements of paragraphs1@.3a of this Appendix. Pre-
conditioning cycles additional to those specifiedaragraph 6.3. of Annex 4do this
Regulation will only be allowed if they are repretive of normal driving."

Annex ],

Item 1.1.1.renumber as item 1.3.3.

Item 2.1, renumber as item 2.6.

Item 2.2, renumber as item 2.8.

Item 3.2.9, delete the first of the two items 3.2.9.1.

ltem 3.2.9.4renumber as item 3.2.10.

ltem 3.2.12.2.5.1 amend to read:

"3.2.12.2.5.1. —CempletBetailed description of the devices and their sthtene:"

ltem 3.2.12.2.6.4amend to read:

"3.2.12.2.6.4. Regeneration system/method. Desonigind/or drawing:...................

Iltem 3.5 and its sub-itemshall be deleted.




ECE/TRANS/WP.29/2010/56
page 9

Item 6.6.1, amend to read:

"6.6.1. Tyre / wheel combination(s)

(@) for all tyre options indicate size designatitogd-capacity index, speed

category symbokelingresistance-to-1SO-28580-(where-applicable)

(b) for tyres of category Z intended to be fitted\ehicles whose maximum
speed exceeds 300 km/h equivalent information dbelprovided; for
wheels indicate rim size(s) and off-set(s)"

Annex 2

Addendum to Type approval Communication

ltem 2.1 amend to read:

"2.1. Tailpipe emisSIioNS tESt FESUILS: ...... o
Emissions classification: 06 series of amendme@¥sseries-of amemnaents?/

Type approval..."

ltem 2.5. and its sub-paragrapkhall be deleted.

Annex 3 amend to read:
“Annex 3
ARRANGEMENTS OF THE APPROVAL MARK
In the approval mark issued and affixed to a vehid in conformity with paragraph 4. of this
Regulation, the type approval number shall be accopanied by an alphabetical character

assigned according to Table 1 of this Annex, refléag the vehicle category and class that the
approval is limited to.

This annex outlines the appearance of this mark, ahgives an example how it shall be
composed.
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The following schematic graph presents the generédy-out, proportions and contents of the
marking. The meaning of numbers and alphabetical ciracter are identified, and sources to
determine the corresponding alternatives for each@proval case are also referred.

Letter according to vehicle clasé 2
Number of country 1
granting the approval Approval number

a Amendmer

|

~83 R - 062439 -

A

"]

a =8 mm (minimum)
Number of Regulation (Regulation No. 83)

1/ Number of country according to footnote in pagguir 4.4.1. of this Regulation
2/ According to Table 1 of this Annex

The following graph is a practical example of howhe marking should be composed

83 R -062439 - J

The preceding approval mark affixed to a vehicle inconformity with paragraph 4. of this
Regulation shows that the vehicle type concerned f&een approved in the United Kingdom
(E11), pursuant to Regulation No. 83 under approval nurber 2439. This mark indicates that
the approval was given in accordance with the requéments of this Regulation with the 06
series of amendments incorporated. Furthermore, thaccompanying letter (J) denotes that the
vehicle belongs to vehicle category M or N.
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Table 1

Letters with reference to fuel, engine and vehicleategory

Character Vehicle category Engine
and class type
J M, N; class I. PI
Cl
K M  to fulfill Cl
specific social
needs
(excluding M, )
L N; class Il Pl
Cl
M N, class IlI, N, PI
Cl

Annex 4 and all its appendiceshall be deleted

Annex 4a

Paragraph ,Jamend to read:

"1.

APPLICABILITY

This Annex effectively replaces former Annex 4."

Paragraph 6.6.4amend to read:

"6.6.4.

Correction for dilution air concentration

The concentration of pollutant in the diluted ex$tagas shall be corrected by the
amount of the pollutant in the dilution air as ¢olis:

C, =C,-C, [él—é) (4)

where:

Ci = concentration of the pollutant i in the dilutethaust gas, expressed in ppm and
corrected by the amount of i contained in the @hlugir,

Ce. = measured concentration of pollutant i in thateii exhaust gas, expressed in ppm,

Cq = concentration of pollutant i in the air used ddotion, expressed in ppm,

DF = dilution factor.

The dilution factor is calculated as follows:



ECE/TRANS/WP.29/2010/56
page 12

DF = 134 for petrol (E5) (5a)

Ceop * (CHC + Cco) no*

135

DF = — and diesel (B5) (5a)
Cooz * (Cuc +Coo) 0™

DE= 119 — forLPG (5b)

CCOZ + (CHC + CCO) 10
_ 95 .

DF = - forNG/biomethane (5¢)
Ceoz * (Cue +Ceo) 10

DF = 125 for Ethanol (E85) (5d)

Ceor * (CHC + Cco) 1o

In these equations:

Cco2 = concentration of C&n the diluted exhaust gas contained in the sargjtag,
expressed in per cent volume,

Cuc = concentration of HC in the diluted exhaust gagtained in the sampling bag,

expressed in ppm carbon equivalent,

concentration of CO in the diluted exhaust gagained in the sampling bag,

expressed in ppm.

Cco

Non-methane hydrocarbon concentration is calculatkas follows:
CNMHC = CTHC — (Rf CH4 x CCH4) where:

CNMHC = corrected concentration of NMHC in the diluted exhaust gas,
expressed in ppm carbon equivalent,

CTHC = concentration of THC in the diluted exhaustgas, expressed in ppm
carbon equivalent and corrected by the amount of T contained in the
dilution air,

CCH4 = concentration of CH4 in the diluted exhausgas, expressed in ppm
carbon equivalent and corrected by the amount of CH contained in the
dilution air,

Rf CH4 = is the FID response factor to methane agefined in paragraph 2.3 of
Annex 4-Appendix 6."
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Annex 4a, Appendix 3, Paragraph 1.3.2 to 1.3.1Gamend to read:

"1.3.2.

1.3.3.

1.3.4.

1.35.

1.3:56.

1.347.

1.348.

1.3:89.

1.34910.

Total hydrocarbonsTHC) analysis - spark-ignition engines:
The analyser shall be of the flame ionisation (Fipe calibrated with propane gas
expressed equivalent to carbon atomg.(C

Total hydrocarbonsTHC) analysis - compression-ignition engines:

The analyser shall be of the flame ionisation tyjta detector, valves, pipework, etc.,
heated to 463 K (190 °C) 10 K (HFID). It shall be calibrated with propagas
expressed equivalent to carbon atomg.(C

Nitrogen oxide (N9 analysis:
The analyser shall be either of the chemi-lumiaas¢CLA) or of the non-dispersive
ultra-violet resonance absorption (NDUVR) type,tbwaith an NQ-NO converter.

Methane (CH) analysis:

The analyser shall be either a gas chromatograplombined with a flame ionisatior
(FID), or a flame ionisation (FID) with a non-methane cutter type, calibrated with
methane gas expressed equivalent to carbon atoms;JC

The analysers shall have a measuring range cdoigatith the accuracy required to
measure the concentrations of the exhaust gas egrojilitants.

Measurement error shall not excedgper cent (intrinsic error of analyser) disregagdi
the true value for the calibration gases.

For concentrations of less than 100 ppm, the nmeamnt error shall not exce#d ppm.

The ambient air sample shall be measured on tine saalyser with an appropriate
range.

No gas drying device shall be used before theyaeed unless shown to have no effect
on the pollutant content of the gas stream.”

Annex 4a, Appendix,7

Paragraph 4.1.2amend to read:

"4.1.2.

The widest tyre shall be chosen. If there are moran three tyre sizes, the widest
minus one shall be chosen.”
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Annex 7,
Paragraph 4.1amend to read:
"4.1. Chassis dynamometer
The chassis dynamometer shall meet the requireroéAispendix 1 of Annex 4a"

Paragraph 5.2.1lamend to read:

"... Type | test as specified linnex 4a..."

Paragraph 5.4.1lamend to read:

"... Type | test as described Annex 4a(cold start urban and extra urban test) ..."

Annex 7 - Appendix 1

Paragraph 3.2amend to read:
"3.2. Calibration of the HC analyser

The analyser should be calibrated using proparaériand purified synthetic air. See
paragraph 3.2. of Appendix 3 Ahnex 4a

Establish a calibration curve as described ingraghs 4.1. to 4.5. of this appendix.”
Annex §
Paragraph 2.1.1amend to read:

"... requirements for the Type | test as specifiedimex 4a, ... "

Paragraph 2.2.1lamend to read:

"2.2.1. The requirements &ppendix 1 of Annex 4aapply. The dynamometer shall be
adjusted to simulate the operation of a vehicletlom road at 266 K (-7 °C).
Such adjustment may be based on a determinaticheofoad load force profile
at 266 K (-7°C).  Alternatively the driving resiste determined according to
Appendix 7 of Annex 4amay be adjusted for a 10 per cent decrease cbms-down
time. The technical service may approve the usshedr methods of determining the
driving resistance.”

Paragraph 2.2.2amend to read:

"2.2.2. For calibration of the dynamometer the Bimns ofAppendix 1 of Annex 4aapply.”
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Paragraph 2.3.1amend to read:

"2.3.1.  Theprovisions of Appendix 2 and Appendix 3 of Annex 4apply."

Paragraph 2.4.1lamend to read:

"2.4.1. The provisions ofAppendix 3 of Annex 4aapply, but only for carbon monoxide,
carbon dioxide, antbtal hydrocarbon testing."

Paragraph 2.4.2amend to read:

"2.4.2. For calibrations of the analytical equipmire provisions oAnnex 4aapply"”

Paragraph 2.5.1amend to read:

"2.5.1. The provisions gbaragraph 3 of Appendix 3 of Annex 4aapply, where they are
relevant.”

Paragraph 2.6.1amend to read:

"2.6.1. For equipment used for the measuremenlafive, temperature, pressure and humidity
the provisions irparagraph 4.6 of Annex 4aapply”

Paragraph 3.2amend to read:
"3.2. The Part One urban driving cycle accordingigure 1 in Annex 4a..."

Paragraph 3.2.1amend to read:

"... operation of the first cycle shall be in accorda withTable 1 and Figure 1 in
Annex 4a..."

Paragraph 3.3.1amend to read:

"3.3.1. For the test vehicle the provisionpafagraph 3.2 of Annex 4aapply. For setting the
equivalent inertia mass on the dynamometer theigions of paragraph 6.2.1 of
Annex 4aapply."

Paragraph 4.2.3amend to read:

"4.2.3. The preconditioning consists-ef thhee completedriving cycle, Parts One and Two,
according to Tables 1 and 2 and Figure 1 of Annexa4 At the request of the
manufacturer, vehicles with a positive-ignition exegmay be preconditioned with cne
Part One and two Part Two driving cycles."
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Paragraph 4.2.5amend to read:

"4.2.5. The drive-wheel tyre pressure shall be iseaccordance with the provisions of
paragraph 6.2.3. of Annex 4&

Paragraph 4.2.7amend to read:

"... Part One cycle as describedTiable 1 and Figure 1 of Annex 4a..."

Paragraph 5.1.1lamend to read:

"... Part One cycleAnnex 4a, Table 1 and Figure L.."

Paragraph 5.2.1.4amend to read:

"5.2.1.4. The vehicle speed as measured from theardgmeter roll(s) shall be used
(paragraph 1.2.6. of Appendix 1 of Annex 43

Paragraph 5.3.1lamend to read:

"5.3.1. The provisions gfaragraph 6.4., excluding 6.4.1.2., of Annex Zapply ..."

Paragraph 5.3.2amend to read:

"...the provisions oparagraph 6.5., excluding paragraph 6.5.2., of Annedaapply.
In..."

Paragraph 5.3.3amend to read:

"... the provisions oparagraph 6.6. of Annex 4aapply."
Annex 9

Paragraph 6.3.1.2amend to read:

"... those described iAppendix 7 of Annex 4a"

Paragraph 6.3.1.4amend to read:

"... those described iAnnex 4a..."
Paragraph 7amend to read:

"7 MEASURING EMISSIONS OF POLLUTANTS
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At the start of the test (O km), and every 10,R00(x 400 km) or more frequently, at
regular intervals until having cover@60,000km, exhaust emissions are measured in
accordance with the Type | test as defined in papg5.3.1. of this Regulation. The
limit values to be complied with are those laid doim paragraph 5.3.1.4. of this
Regulation.

In the case of vehicles equipped with periodicedlgenerating systems as defined in
paragraph 2.20. of this Regulation, it shall beckkd that the vehicle is not approaching
a regeneration period. If this is the case, theclke shall be driven until the end of the
regeneration. If regeneration occurs during théssions measurement, a new test
(including preconditioning) shall be performed, aheé first result not taken into
account.

All exhaust emissions results shall be plotted famction of the running distance on the
system rounded to the nearest kilometre and thdibssaight line fitted by the method
of least squares shall be drawn through all thase pbints. This calculation shall not
take into account the test results at 0 km.

The data will be acceptable for use in the cateuieof the deterioration factor only if
the interpolated 6,400 km ardd0,000km points on this line are within the above-
mentioned limits.

The data are still acceptable when a best fiigdttdine crosses an applicable limit with
a negative slope (the 6,400 km interpolated panhigher than the.60,000km
interpolated point) but th£60,000km actual data point is below the limit.

A multiplicative exhaust emission deteriorationtéacshall be calculated for each
pollutant as follows:

DEF. = &
Mi,
where:
Mi; = mass emission of the pollutant i in g/km intégped to 6,400 km,
Mi, = mass emission of the pollutant i in g/km integted t0160,000km.

These interpolated values shall be carried cattenimum of four places to the right of
the decimal point before dividing one by the otfossietermine the deterioration factor.
The result shall be rounded to three places toigin of the decimal point.

If a deterioration factor is less than one, déemed to be equal to one.

At the request of a manufacturer, an additive exhast emission deterioration factor
shall be calculated for each pollutant as follows:
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D.E.F.=Mp- Mi"

Insert new Appendices 1to 3 into Annext® read:

2.1.

2.2.

2138

"Appendix 1
Standard Bench Cycle (SBC)

Introduction

The standard ageing durability procedure consists foageing a catalyst/oxygen sensor
system on an ageing bench which follows the standhbench cycle (SBC) described in
this Appendix. The SBC requires the use of an agagrbench with an engine as the source
of feed gas for the catalyst. The SBC is a 60-secbeycle which is repeated as necessary
on the ageing bench to conduct ageing for the reqgeid period of time. The SBC is
defined based on the catalyst temperature, enginé#éduel (A/F) ratio, and the amount of
secondary air injection which is added in front ofthe first catalyst.

Catalyst Temperature Control

Catalyst temperature shall be measured in theatalyst bed at the location where the
highest temperature occurs in the hottest catalystAlternatively, the feed gas

temperature may be measured and converted to cataybed temperature using a linear

transform calculated from correlation data collectel on the catalyst design and ageing
bench to be used in the ageing process.

Control the catalyst temperature at stoichiomeic operation (01 to 40 seconds on the
cycle) to a minimum of 800° C (+ 10° C) by selectinthe appropriate engine speed, load,
and spark timing for the engine. Control the maximun catalyst temperature that occurs
during the cycle to 890° C (+ 10° C) by selectindné appropriate A/F ratio of the engine
during the “rich” phase described in the table bdow.

If a low control temperature other than 800° Qs utilized, the high control temperature
shall be 90° C higher than the low control temperaire.

Standard Bench Cycle (SBC)

Time Engine Air/Fuel Ratio Secondary Air
g y
(seconds) Injection

1-40 Stoichiometric with load, spark timing and engine peed None

controlled to achieve a minimum catalyst temperatue of
800° C

41-45 “Rich” (A/F ratio selected to achieve a maximum calyst None

temperature over the entire cycle of 890° C or 90C higher
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than lower control temperature)

46-55 “Rich” (A/F ratio selected to achieve a maximum cadlyst 3% ( 1%)
temperature over the entire cycle of 890° C or 90C higher
than lower control temperature)

56-60 Stoichiometric with load, spark timing and engine peed 3% (£ 1%)
controlled to achieve a minimum catalyst temperatue of
800° C

Standard Bench Cycle

-4
Stoichiometric
Control catalyst PR - 13
o temperature to 800C ' S
T . c
o ' )
© . 1+270
=} . )
= : 5
< "Rich" : 2
; 11 <
‘ ‘ : 0
0 20 40 60
Time (seconds)
— Air/Fuel ratio - - - Secondary Air
Ageing Bench Equipment and Procedures
3.1 Ageing Bench Configuration. The ageing benclhall provide the appropriate exhaust

flow rate, temperature, air-fuel ratio, exhaust comstituents and secondary air injection
at the inlet face of the catalyst.

The standard ageing bench consists of an engine,geéme controller, and engine
dynamometer. Other configurations may be acceptablée.g. whole vehicle on a
dynamometer, or a burner that provides the correcexhaust conditions), as long as the
catalyst inlet conditions and control features spéfied in this Appendix are met.

A single ageing bench may have the exhaust flow gphto several streams providing
that each exhaust stream meets the requirements tifis appendix. If the bench has
more than one exhaust stream, multiple catalyst si&ms may be aged simultaneously.
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3.2.

i3t

3.4.

3.5.

3.6.

3.7.

Exhaust System Installation. The entire catabt(s)-plus-oxygen sensor(s) system,
together with all exhaust piping which connects th&e components, will be installed on

the bench. For engines with multiple exhaust stream(such as some V6 and V8
engines), each bank of the exhaust system will bestalled separately on the bench in

parallel.

For exhaust systems that contain multiple in-line &talysts, the entire catalyst system
including all catalysts, all oxygen sensors and thassociated exhaust piping will be
installed as a unit for ageing. Alternatively, eaclindividual catalyst may be separately
aged for the appropriate period of time.

Temperature Measurement. Catalyst temperatureshall be measured using a
thermocouple placed in the catalyst bed at the lotan where the highest temperature

occurs in the hottest catalyst. Alternatively, thdeed gas temperature just before the
catalyst inlet face may be measured and converted tatalyst bed temperature using a
linear transform calculated from correlation data collected on the catalyst design and
ageing bench to be used in the ageing process. Téealyst temperature shall be

stored digitally at the speed of 1 hertz (one measement per second).

Air/Fuel Measurement. Provisions shall be mad®r the measurement of the air/fuel
(A/F) ratio (such as a wide-range oxygen sensor) akse as possible to the catalyst
inlet and outlet flanges. The information from theg sensors shall be stored digitally at
the speed of 1 hertz (one measurement per second).

Exhaust Flow Balance. Provisions shall be made assure that the proper amount of
exhaust (measured in grams/second at stoichiometrywith a tolerance of +5
grams/second) flows through each catalyst systemahis being aged on the bench.

The proper flow rate is determined based upon thextaust flow that would occur in
the original vehicle’s engine at the steady statengine speed and load selected for the
bench ageing in Paragraph 3.6. of this Appendix.

Setup. The engine speed, load, and spark tingiare selected to achieve a catalyst bed
temperature of 800° C (x 10° C) at steady-state sthiometric operation.

The air injection system is set to provide the nessary air flow to produce 3.0 per cent
oxygen (x 0.1%) in the steady-state stoichiometriexhaust stream just in front of the
first catalyst. A typical reading at the upstream AF measurement point (required in
paragraph 5) is lambda 1.16 (which is approximatelyd per cent oxygen).

With the air injection on, set the “Rich” A/F ratio to produce a catalyst bed
temperature of 890° C (x10° C). A typical A/ F vale for this step is lambda 0.94
(approximately 2 per cent CO).

Ageing Cycle. The standard bench ageing procaas use the standard bench cycle
(SBC). The SBC is repeated until the amount of agajy calculated from the bench
ageing time equation (BAT) is achieved.
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Quiality Assurance. The temperatures and A/F it& in paragraphs 3.3. and 3.4. of this
appendix shall be reviewed periodically (at leastwery 50 hours) during ageing.
Necessary adjustments shall be made to assure thhe SBC is being appropriately
followed throughout the ageing process.

After the ageing has been completed, the catalysinte-at-temperature collected
during the ageing process shall be tabulated into histogram with temperature

groups of no larger than 10 °C. The BAT equation ad the calculated effective
reference temperature for the ageing cycle accordgito Paragraph 2.3.1.4. of Annex 9
will be used to determine if the appropriate amounbf thermal ageing of the catalyst
has in fact occurred. Bench ageing will be extendeid the thermal effect of the

calculated ageing time is not at least 95 per ceat the target thermal ageing.

Startup and Shutdown. Care should be taken tassure that the maximum catalyst
temperature for rapid deterioration (e.g., 1050° Cdoes not occur during startup or
shutdown. Special low temperature startup and shutown procedures may be used to
alleviate this concern.

Experimentally Determining the R-Factor for Bend Ageing Durability Procedures

The R-Factor is the catalyst thermal reactivig coefficient used in the bench ageing
time (BAT) equation. Manufacturers may determine tre value of R experimentally
using the following procedures.

Using the applicable bench cycle and ageibgnch hardware, age several catalysts
(minimum of 3 of the same catalyst design) at diffent control temperatures between
the normal operating temperature and the damage lint temperature. Measure
emissions (or catalyst inefficiency (1-catalyst affiency)) for each exhaust constituent.
Assure that the final testing yields data betweenne- and two-times the emission
standard.

Estimate the value of R and calculate thefettive reference temperature (Tr) for the
bench ageing cycle for each control temperature aoading to Paragraph 2.3.1.4. of
Annex 9.

Plot emissions (or catalyst inefficiency) v&us ageing time for each catalyst. Calculate
the least-squared best-fit line through the data. & the data set to be useful for this
purpose the data should have an approximately commointercept between 0 and
6400 km. See the following graph for an example.

Calculate the slope of the best-fit line forach ageing temperature.

Plot the natural log (In) of the slope of eh best-fit line (determined in step 4.1.4.)
along the vertical axis, versus the inverse of agg temperature (1/(ageing
temperature, deg K)) along the horizontal axis, Calulate the least squared best-fit
lines through the data. The slope of the line is #hR-factor. See the following graph
for an example.
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Appendix 2
Standard Diesel Bench Cycle (SDBC)

Introduction

For particulate filters, the number of regeneratiors is critical to the ageing process.
For systems that require desulphurisation cycles (g. NOx storage catalysts), this
process is also significant.

The standard diesel bench ageing durability procedwe consists of ageing an
aftertreatment system on an ageing bench which falvs the standard bench cycle
(SDBC) described in this Appendix. The SDBC requirg use of an ageing bench with
an engine as the source of feed gas for the system.

During the SDBC, the regeneration/desulphurisatiorstrategies of the system shall
remain in normal operating condition.

The Standard Diesel Bench Cycle reproduces thegine speed and load conditions
that are encountered in the SRC cycle as appropriatto the period for which
durability is to be determined. In order to acceleate the process of ageing, the engine
settings on the test bench may be modified to rededhe system loading times. For
example the fuel injection timing or EGR strategy nay be modified.

Ageing Bench Equipment and Procedures

The standard ageing bench consists of an engjnengine controller, and engine
dynamometer. Other configurations may be acceptablée.g. whole vehicle on a
dynamometer, or a burner that provides the correcexhaust conditions), as long as the
aftertreatment system inlet conditions and controfeatures specified in this Appendix

are met.

A single ageing bench may have the exhaust flow gphto several streams provided

that each exhaust stream meets the requirements tifis appendix. If the bench has

more than one exhaust stream, multiple aftertreatmet systems may be aged
simultaneously.

Exhaust System Installation. The entire aftereatment system, together with all

exhaust piping which connects these components, Wbk installed on the bench. For
engines with multiple exhaust streams (such as sovié and V8 engines), each bank of
the exhaust system will be installed separately ahe bench.

The entire aftertreatment system will be installedas a unit for ageing. Alternatively,
each individual component may be separately agedrfthe appropriate period of time.
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Introduction
The standard road cycle (SRC) is a kilometre accuatation cycle. The vehicle may be

Appendix 3

Standard Road Cycle (SRC)

run on a test track or on a kilometre accumulationdynamometer.

The cycle consists of 7 laps of a 6 km course. Tleagth of the lap may be changed to

accommodate the length of the mileage accumulatidest track.

Standard Road cycle

Description Typical acceleration rate m/s?
(start engine) idle 10 seconds 0
Moderate acceleration to 48 km/h 1.79
Cruise at 48 km/h for ¥4 lap 0
Moderate deceleration to 32 km/h -2.23
Moderate acceleration to 48 km/h 1.79
Cruise at 48 km/h for ¥4 lap 0
Moderate deceleration to stop -2.23
Idle 5 seconds 0
Moderate acceleration to 56 km/h 1.79
Cruise at 56 km/h for ¥4 lap 0
Moderate deceleration to 40 km/h -2.23
Moderate acceleration to 56 km/h 1.79
Cruise at 56 km/h for ¥4 lap 0
Moderate deceleration to stop -2.23

2 idle 10 seconds 0

2 Moderate acceleration to 64 km/h 1.34

2 Cruise at 64 km/h for %4 lap 0

2 Moderate deceleration to 48 km/h -2.23

2 Moderate acceleration to 64 km/h 1.34

2 Cruise at 64 km/h for %4 lap 0

2 Moderate deceleration to stop -2.23

2 Idle 5 seconds 0

2 Moderate acceleration to 72 km/h 1.34

2 Cruise at 72 km/h for ¥4 lap 0

2 Moderate deceleration to 56 km/h -2.23

2 Moderate acceleration to 72 km/h 1.34

2 Cruise at 72 km/h for ¥4 lap 0

2 Moderate deceleration to stop -2.23

3 idle 10 seconds 0

3 Hard acceleration to 88 km/h 1.79
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3 Cruise at 88 km/h for ¥4 lap 0

3 Moderate deceleration to 72 km/h -2.23

3 Moderate acceleration to 88 km/h 0.89

3 Cruise at 88 km/h for ¥4 lap 0

3 Moderate deceleration to 72 km/h -2.23

3 Moderate acceleration to 97 km/h 0.89

3 Cruise at 97 km/h for ¥4 lap 0

3 Moderate deceleration to 80 km/h -2.23

3 Moderate acceleration to 97 km/h 0.89

3 Cruise at 97 km/h for ¥4 lap 0

3 Moderate deceleration to stop -1.79

4 idle 10 seconds 0

4 Hard acceleration to 129 km/h 1.34

4 Coastdown to 113 km/h -0.45

4 Cruise at 113 km/h for %2 lap 0

4 Moderate deceleration to 80 km/h -1.34

4 Moderate acceleration to 105 0.89
km/h

4 Cruise at 105 km/h for %2 lap 0

4 Moderate deceleration to 80 km/h -1.34

5 Moderate acceleration to 121 0.45
km/h

5 Cruise at 121 km/h for % lap 0

5 Moderate deceleration to 80 km/h -1.34

5 Light acceleration to 113 km/h 0.45

5 Cruise at 113 km/h for %2 lap 0

5 Moderate deceleration to 80 km/h -1.34

6 Moderate acceleration to 113 0.89
km/h

6 Coastdown to 97 km/h -0.45

6 Cruise at 97 km/h for % lap 0

6 Moderate deceleration to 80 km/h -1.79

6 Moderate acceleration to 104 0.45
km/h

6 Cruise at 104 km/h for %2 lap 0

6 Moderate deceleration to stop -1.79

7 idle 45 seconds 0

7 Hard acceleration to 88 km/h 1.79

H Cruise at 88 km/h for ¥4 lap 0

7 Moderate deceleration to 64 km/h -2.23

7 Moderate acceleration to 88 km/h 0.89

H Cruise at 88 km/h for ¥4 lap 0

7 Moderate deceleration to 64 km/h -2.23

7 Moderate acceleration to 80 km/h 0.89

H Cruise at 80 km/h for ¥4 lap 0
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Annex 11
Paragraph 2.9amend to read:

"2.9. "Type | teg' means the driving cycle (Parts One and Two) dieedmission approvals,
as detailed imables 1 and 2 of Annex 44

Annex 11 - Appendix 1

Paragraph 3.1amend to read:
"3.1. The test vehicle shall meet the requiremehgmragraph 3.2. of Annex 4d'
Paragraph 4.1amend to read:
"... Type | test as described paragraph 3.2. of Annex 4d'
Paragraph 5.1amend to read:
"... the requirements dkppendix 1 of Annex 4a"
Paragraph 6.1amend to read:
"... the requirementef Annex 4a"
Annex 12

Paragraph 3.1.1.1amend to read:

"... pre-conditioning cycle referred to paragraph 6.3. of Annex 4anay be extended."
Annex 13
Paragraph 3.1amend to read:

"... calculations shall be carried out accordingAttnex 4a, paragraphs 6.4. to 6.6.
Determination of ..."

Paragraph 3.2.1lamend to read:

"... preparation cycles iparagraph 6.3. of Annex 4a..."

Paragraph 3.2.2amend to read:

"... Type | test described iAnnex 4a..."
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Paragraph 3.2.6amend to read:

"... shall be calculated accordingAmnex 4a, paragraph 6.6...."
Annex 14
Paragraph 1.2amend to read:

"... shall be tested according #onex 4g 5, ..."

Paragraph 3.1.2.2,Jamend to read:

"... Part Two cycle described ifable 2 (and Figure 3) of Annex 4a.."
Paragraph 3.1.2.5,3amend to read:

"3.1.2.5.3. The vehicle shall be driven accordmgrovisions in Annex 4g or in case of special
gear shifting strategy, according to the manufaetsinstructions, as incorporated in the
drivers’ handbook of production vehicles and ingidaby a technical gear shift
instrument (for drivers' information). For thesehicles the gear shifting points
prescribedn Annex 4@ are not applied. For the pattern of the opegatiarve the
description according toaragraph 6.1.3. of Annex 4ahall apply.

Paragraph 3.1.2.5,4mend to read:

"3.1.2.5.4. The exhaust gases shall be analyzexding to provisions iA\nnex 4a:

Paragraph 3.1.3.4,3amend to read:

"3.1.3.4.3. The vehicle shall be driven accordm@nnex 4a or in case of special gear shifting
strategy, according to the manufacturer's instonsti as incorporated in the drivers'
handbook of production vehicles and indicated tgchnical gear shift instrument (for
drivers' information). For these vehicles the gdditing points prescribed fnnex 4a
are not applied. For the pattern of the operatimye the description according to
paragraph 6.1.3.2. of Annex 4a&hall apply.”

Paragraph 3.1.3.4,4mend to read:

"3.1.3.4.4. The exhaust gases shall be analysedding to provisions iinnex 4a"

Paragraph 3.2.2.3,Jamend to read:

“3.2.2.3.1. For compression-ignition engined vetgthe Part Two cycle describedible 2 (and
Figure 3) of Annex 4ashall be used. Three consecutive cycles shalirben
according to paragraph 3.2.2.6.3. below."
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Paragraph 3.2.2.6,3amend to read:

"3.2.2.6.3. The vehicle shall be driven accordmémnex 4a or in case of special gear shifting
strategy, according to the manufacturer's instonsti as incorporated in the drivers'
handbook of production vehicles and indicated bgchnical gear shift instrument
(for drivers' information). For these vehicles tpear shifting points prescribed in
Annex 4a are not applied. For the pattern of the operatagye the description
according tgparagraph 6.1.3. of Annex 4ahall apply."

Paragraph 3.2.2.6,4/amend to read:

"3.2.2.6.4. The exhaust gases shall be analyseddicg toAnnex 4a"

Paragraph 3.2.3.1,Jamend to read:

"... Part Two cycle described fable 2 and Figure 2 of Annex 4a."

Paragraph 3.2.3.4,3amend to read:

"3.2.3.4.3. The vehicle shall be driven accordm@mnex 4a,or in case of special gear shifting
strategy, according to the manufacturer's instonsti as incorporated in the drivers'
handbook of production vehicles and indicated tcanical gear shift instrument (for
drivers' information). For these vehicles the gditing points prescribed fnnex 4a
are not applied. For the pattern of the operatimye the description according to
paragraph 6.1.3. of Annex 4ahall apply.”

Paragraph 3.2.3.4,/amend to read:

"3.2.3.4.4. The exhaust gases shall be analyseddicg to provisions i\nnex 4a"

Paragraph 3.3.lamend to read:

"3.3.1. These vehicles shall be tested accordidmteex 4a"

Paragraph 3.3.3amend to read:

"3.3.3. The vehicle shall be driven accordinghtmex 4a,or in case of special gear shifting
strategy according to the manufacturer's instrasti@s incorporated in the drivers'
handbook of production vehicles and indicated t®canical gear shift instrument (for
drivers information). For these vehicles the gglting points prescribed #innex 4a
are not applied. For the pattern of the operatimye the description according to
paragraph 6.1.3. of Annex 4ahall apply.”
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Paragraph 3.4.1lamend to read:

"... tested in hybrid mode accordingAmnex 4a If several hybrid ..."

Paragraph 3.4.3amend to read:

"3.4.3. The vehicle shall be driven accordingAttnex 44a or in case of special gear shifting
strategy according to the manufacturer's instrasti@s incorporated in the drivers'
handbook of production vehicles and indicated chnical gear shift instrument (for
drivers information). For these vehicles the géitiag points prescribed iAnnex 4a
are not applied. For the pattern of the operatimgye the description according to

paragraph 6.1.3.2. of Annex 4ahall apply.”



