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Paragraph 3.1.8.amend to read:

"3.1.8. '‘Constant-speed engihemeans an engine whose type approval or
certification is limited to constant-speed openatiEngines whose constant-
speed governor function is removed or disablecharonger constant-speed
engines;"

Paragraph 3.1.47.amend to read:

"3.1.47. 'Penetration fraction PF means the deviation from ideal functioning of a
non-methane cutter (see Conversion efficiency oh-methane cutter
(NMC) E). An ideal non-methane cutter would have a methasmetration
factor, PFchs, of 1.000 (that is, a methane conversion efficjeBgq4 Of 0),
and the penetration fraction for all other hydrdcars would be 0.000, as
represented biPFc,n6 (that is, an ethane conversion efficieri€ysye of 1).
The relationship iSPFCH4 =1 —-Ecya andPchHez 1 —Econe”

Paragraph 3.1.55.amend to read:

"3.1.55. ‘Response tinlemeans the difference in time between the charfgthe
component to be measured at the reference poina aydtem response of 90
per cent of the final readingyf) with the sampling probe being defined as the
reference point, whereby the change of the measumeghonent is at least 60
per cent full scale (FS) and the devices for gagchimg shall be specified to
perform the gas switchinig less than 0.1 second. The system response time
consists of the delay time to the system and ofifeetime of the system;"

Paragraph 3.1.68.amend to read:

"3.1.68. "Tolerancé means the interval in which 95 per cent of a afetecorded
values of a certain quantity shall lie, with thenssning 5 per cent of the
recorded values deviating from the tolerance irgtkervhe specified recording
frequencies and time intervals shall be used terdehe if a quantity is
within the applicable tolerance."

Paragraph 3.2.amend to read (including the existing footnte

"3.2. General symbofs
Symbol Unit Term
a - y intercept of the regression line
=Y - Slope of the regression line
r? - Coefficient of determination

2 Specific symbols are found in Annexes."
Paragraph 3.3.amend to read:
"3.3. Subscripts

denorm Denormalized quantity
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Paragraph 6.3.3.amend to read:
"6.3.3. Auxiliaries to be removed

Certain auxiliaries whose definition is linked kwithe operation of the
machine and which may be mounted on the enginé lseakmoved for the
test.

Where auxiliaries cannot be removed, the powey #iEsorb in the unloaded
condition may be determined and added to the medsemgine power (see
note g in the table of Annex A.5). If this valuegi®ater than 3 per cent of the
maximum power at the test speed it may be verlfigthe test authority. The

power absorbed by auxiliaries shall be used toshdjie set values and to
calculate the work produced by the engine ovetdkecycle."

Paragraphs 6.6.1. and 6.6.2mend to read:
"6.6.1. Continuous regeneration

For an exhaust aftertreatment system based onn@ngous regeneration
process the emissions shall be measured on atredtenent system that has
been stabilized so as to result in repeatable @nssbehaviour. The
regeneration process shall occur at least oncegitine NRTC hot start test
or ramped-modal cycle (RMC) test, and the manufactehall declare the
normal conditions under which regeneration occamof load, temperature,
exhaust back-pressure, etc.). In order to demdesttat the regeneration
process is continuous, at least three NRTC hot tats or ramped-modal
cycle (RMC) tests shall be conducted. In case off@Rhot start test, the
engine shall be warmed up in accordance with papdgr.8.2.1., the engine
be soaked according to paragraph 7.4.2. and tbieNIRTC hot start test be
run. The subsequent NRTC hot start tests shall theed after soaking
according to paragraph 7.4.2. During the tests,aeshtemperatures and
pressures shall be recorded (temperature beforaféadthe after-treatment
system, exhaust back pressure, etc.). The aftertesd system is considered
to be satisfactory if the conditions declared by thanufacturer occur during
the test during a sufficient time and the emisgiesults do not scatter by
more than 25 per cent or 0.005 g/kWh, whichevegreater. If the exhaust
aftertreatment has a security mode that shifts tpedodic (infrequent)
regeneration mode, it shall be checked accordirgatagraph 6.6.2. For that
specific case, the applicable emission limits cdéddexceeded and would not
be weighted.

6.6.2. Periodic (infrequent) regeneration

This provision only applies for engines equippethvémission controls that
are regenerated on a periodic basis. For enginehwe run on the discrete
mode cycle this procedure cannot be applied.

The emissions shall be measured on at least thREECNhot start tests or
ramped-modal cycle (RMC) tests, one with and twthedt a regeneration
event on a stabilized aftertreatment system. Tigemeration process shall
occur at least once during the NRTC or RMC testreljeneration takes
longer than one NRTC or RMC test, consecutive NRFRMC tests shall

be run and emissions continued to be measured wtigtatting the engine
off until regeneration is completed and the averafehe tests shall be
calculated. If regeneration is completed during &est, the test shall be
continued over its entire length. The engine maegeaipped with a switch
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capable of preventing or permitting the regenemafioocess provided this
operation has no effect on the original enginebeation.

The manufacturer shall declare the normal paranoeteditions under which
the regeneration process occurs (soot load, temyperaexhaust back-
pressure, etc.). The manufacturer shall also peotige frequency of the
regeneration event in terms of number of testsnguwhich the regeneration
occurs. The exact procedure to determine this &equy shall be agreed by
the type approval or certification authority basggbn good engineering
judgement.

For a regeneration test, the manufacturer shalVigeoan aftertreatment
system that has been loaded. Regeneration shaticeat during this engine
conditioning phase. As an option, the manufactunary run consecutive
NRTC hot start or RMC tests until the aftertreatinepstem is loaded.
Emissions measurement is not required on all tests.

Average emissions between regeneration phasesbehd#termined from the
arithmetic mean of several approximately equidistdRTC hot start or
RMC tests. As a minimum, at least one hot NRTC MORas close as
possible prior to a regeneration test and ondNRIC or RMC immediately
after a regeneration test shall be conducted.

The average specific emission rate related to teot &, [g/kWh] shall be
weighted as follows (see figure 6.1):

_ _nl&+n
= —FE (6-3)
n+n,
Where:
n = number of tests in which regeneration does notig
N = number of tests in which regeneration occurs (mimmone
test),
€ = average specific emission without regeneratidk\Vh,
= = average specific emission with regenerationy\\ik

At the choice of the manufacturer and based on upmod engineering
analysis, the regeneration adjustment fadtgr expressing the average
emission rate, may be calculated either multipeaor additive as follows:

Multiplicative

Ky, :@ (upward adjustment factor) (6-4a)
e
g, .

Ky, =—% (downward adjustment factor) (6-4b)
er

Additive

ky, =€, —€ (upward adjustment factor) (6-5)
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Ko, =€, —€ (downward adjustment factor) (6-6)

Upward adjustment factors are multiplied with orded to measured
emission rates for all tests in which the regemematioes not occur.
Downward adjustment factors are multiplied with asded to measured
emission rates for all tests in which the regemnemabccurs. The occurrence
of the regeneration shall be identified in a mantheat is readily apparent
during all testing. Where no regeneration is idedj the upward adjustment
factor shall be applied.

With reference to Annexes A.7.-8. on brake speadfigission calculations,
the regeneration adjustment factor:
(@)  Shall be applied to the results of the weighN&TC and RMC tests,

Paragraphs 7.2.1.3., figure 7.1, the titlemend to read:

"Figure 7.1
Test procedures for emission measuremeht

Paragraph 7.3.1.3amend to read:
"7.3.1.3. Preparation of measurement equipmergdorpling

0] Any electronic integrating devices shall beasst or re-zeroed, before
the start of any test interval."

Paragraph 7.4.2.amend to read:
"7.4.2. Transient test cycle (NRTC)

The Non-Road Transient Cycle (NRTC) is specifiedAnnex A.1l. as a

second-by-second sequence of normalized speedeanaetvalues. In order

to perform the test in an engine test cell, themadized values shall be
converted to their equivalent reference valuegherindividual engine to be

tested, based on specific speed and torque vatigedified in the engine-

mapping curve. The conversion is referred to asoealization, and the

resulting test cycle is the reference NRTC testecgt the engine to be tested
(see paragraph 7.7.2.).

Paragraph 7.5.amend to read:

"7.5. General test sequence

(h)  PMfilter(s) shall be pre-conditioned, weighlednpty weight), loaded,
re-conditioned, again weighed (loaded weight) drahtsamples shall
be evaluated according to pre- (para. 7-351)4and post-test
(para. 7.3.2.2.) procedures;

The following diagram gives an overview about thecedures needed to
conduct NRMM test cycles with measuring exhausir@gmissions.
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Figure 7.3
Test sequence

( Steady-state discrete & rampecD ( Transient NRTC
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Emissions calculation A.7.-A.8.
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Paragraph 7.6.amend to read:

"7.6.

Engine mapping

Before starting the engine mapping, the enginel dhalwarmed up and
towards the end of the warm up it shall be operédedt least 10 minutes at
maximum power or according to the recommendatiorthef manufacturer
and good engineering judgement in order to stabilie engine coolant and
lube oil temperatures. When the engine is stalilizbe engine mapping
shall be performed.

Except constant speed engines, engine mappingkshakrformed with fully
open fuel lever or governor using discrete speadascending order. The
minimum and maximum mapping speeds are definedlas\s:

Minimum mapping speed = warm idle speed

Maximum mapping speed m,; X 1.02 or speed where max torque drops off
to zero, whichever is smaller.

Wheren,; is the high speed, defined as the highest engieedswhere 70 per
cent of the maximurpower is delivered.

If the highest speed is unsafe or unrepresentdgvg., for ungoverned
engines), good engineering judgement shall be usedhap up to the
maximum safe speed or the maximum representatige on

Paragraph 7.7.2.3amend to read:

"7.7.2.3.

Denormalization of engine torque

for the respective reference speed as determinpdragraph 7.7.2.2."

Paragraph 7.8.2.4amend to read:

"7.8.2.4.

Table 7.1

Validation criteria

RMC Regression line tolerances

Speed Torque Power

Standard error of estimatemaximum 1 per cent maximum 2 per cent of maximum 2 per cent of

(SEB of y onx of rated speed maximum engine maximum engine
torque power

Slope of the regression | 0.99 to 1.01 0.98-1.02 0.98-1.02

line, a;

Coefficient of minimum 0.990 minimum 0.950 minimum 0.950

determinationy?

y intercept of the 11 per cent of rated | £20 Nm or 2 per cent | 4 kW or 2 per cent of
regression linegy speed of maximum torque maximum power

whichever is greater | whichever is greater




ECE/TRANS/WP.29/2011/82

Paragraph 7.8.3.amend to read:

"7.8.3.

Transient test cycle (NRTC)

Small denormalized speed values near warm idledspegy cause low-speed
idle governors to activate and the engine torqueexceed the reference
torque even though the operator demand is at amaimi. In such cases, it is
recommended to control the dynamometer so it gprexity to follow the
reference torque instead of the reference speedeanice engine govern the
speed.

Paragraph 7.8.3.5amend to read:

"7.8.3.5.

Validation statistics (see Annex A.2.)

Linear regression between the reference and thgb&ek values shall be
calculated for speed, torque and power.

To minimize the biasing effect of the time lag betm the reference and
feedback cycle values, the entire engine speedtenggie feedback signal
sequence may be advanced or delayed in time witber to the reference
speed and torque sequence. If the feedback sigreakhifted, both speed and
torque shall be shifted by the same amount in dneesdirection.

The method of least squares shall be used, witlbéisé-fit equation having
the form:

y=aX +ag (7-6)
Where:

y = feedback value of speed (M)ntorque (Nm), or power (kW)
a = slope of the regression line

X = reference value of speed (Mjntorque (Nm), or power (kW)
Q = y intercept of the regression line

The standard error of estimatSHE of y on x and the coefficient of
determinationr@) shall be calculated for each regression linen@nA.2.).

It is recommended that this analysis be perfornmtetl Hz. For a test to be
considered valid, the criteria of table 7.2 of théggagraph shall be met.
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Table 7.2
Regression line tolerances
Speed Torque Power

Standard error of | <5.0 percent of <10.0 per cent of | <10.0 per cent of
estimate $EB of | maximum test speed| maximum mapped | maximum
y onx torque mapped power
Slope of the 0.95t0 1.03 0.83-1.03 0.89-1.03
regression lineg,
Coefficient of minimum 0.970 minimum 0.850 minimum 0.910

determinationy?

y intercept of the | <+10 per cent of idle| £20 Nm or 2 per | +4 kW or +2 per

regression linegy cent of maximum cent of maximum
torque whichever is | power whichever
greater is greater

For regression ... specified.

Table 7.3
Permitted point deletions from regression analysis

Permitted point

Event Conditions (n = engine speed, T = torque) deletions
Minimum Nrer = Nigle speed and
o]
perator and power
demand
(idle point) | T,s= 0 per cent
and
Tam> (Tref - 0-02Tmaxmappedtorq|.)e
and
Tam< (Tref + 0-02Tmaxmappedtorq|)e
Minimum Nact < 1.02Nes aNA Tt > Tret power and
operator either torque
or
demand or speed

Nact > Nret andTactS Tref'
or

Nact > l-oznref and -IFef < Tactf (Tref+ 0-02Tmaxmappedtorqt)e

Maximum | Naet < Nes ANATaet> Tret power and
operator or either torque
demand or speed

Nact=> 0.98 Nref andTact < Tref
or

Nact < 0-98nref a-ndTref > Tactz (Tref - 0-02Tmaxmappedtorqt)e
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Paragraph 8.1.4.3amend to read:

"8.1.4.3.

Procedure

The following linearity verification protocol shdile used:

@

0

(k)

At a recording frequency of at least the minimurequency, as

specified in table 9.2, the reference value shalhteasured for 30 s
and the arithmetic mean of the recorded valtqu:ecorded;

Steps in paragraphs (g) through (i) of thisgggaph shall be repeated
until all reference quantities are measured;

The arithmetic mear¥, , and reference valueg,;, shall be used to

calculate least-squares linear regression parasneted statistical
values to compare to the minimum performance ditepecified in
table 8.2. The calculations described in Annex Attll be used.”

Paragraph 8.1.8.4., figure 8.Amend to read:

"Figure 8.1

Schematic diagrams for diluted exhaust flow CVS c#ration
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Paragraphs 8.1.8.4.2. and 8.1.8.48mend to read:

"8.1.8.4.2.

8.1.8.4.3.

PDP calibration

A positive-displacement pump (PDP) shall be catiémtdo determine a flow-

versus-PDP speed equation that accounts for fl@kalge across sealing

surfaces in the PDP as a function of PDP inlet qumess Unigue equation
coefficients shall be determined for each speedhith the PDP is operated.
A PDP flow meter shall be calibrated as follows:

)] The PDP is operated for at least 3 minutestabibze the system.
Then by continuously operating the PDP, the medmnegaof at least
30 s of sampled data of each of the following qiti@stare recorded:

0] The mean flow rate of the reference flow me@gy, ;

(i)  The mean temperature at the PDP inlgt,

(iii)  The mean static absolute pressure at the PR, p;;
(iv)  The mean static absolute pressure at the RIBIBt@y;
(v)  The mean PDP speethpp,

CFV calibration

A critical-flow venturi (CFV) shall be calibrated tverify its discharge
coefficient,Cq, at the lowest expected static differential pressetween the
CFV inlet and outlet. A CFV flow meter shall beibahted as follows:

)] The CFV shall be operated for at least 3 miaute stabilize the
system. The CFV shall continue operating and tharmalues of at
least 30 s of sampled data of each of the follovgogntities shall be
recorded:

0] The mean flow rate of the reference flow me@gy, ;

(i)  Optionally, the mean dew point of the calilboat air, Tge. Se€
Annexes A.7-A.8 for permissible assumptions dumngjssion
measurements;

(i)  The mean temperature at the venturi inlgt;
(iv)  The mean static absolute pressure at the vientat, pj,;

(v)  The mean static differential pressure betwdsn CFV inlet
and the CFV outletApcry;

11
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Paragraph 8.1.8.5.1amend to read:
"8.1.8.5.1.  Introduction

(@) A propane check serves as a CVS verificatiodetermine if there is
a discrepancy in measured values of diluted exhéust A propane
check also serves as a batch-sampler verificatiatetermine if there
is a discrepancy in a batch sampling system thabes a sample
from a CVS, as described in paragraph (f) of thasagraph. Using
good engineering judgment and safe practices, ¢chexk may be
performed using a gas other than propane, such@so€ CO. A
failed propane check might indicate one or moreblemos that may
require corrective action, as follows:

(iv)  The hydrocarbon contamination verification the sample
system shall be performed as described in paragtaph.2.;

Paragraph 8.1.8.5.4amend to read:
"8.1.8.5.4.  Preparation of the HC sampling systenitie propane check

Vacuum side leak check verification of the HC shngpsystem may be
performed according to (g) of this paragraph. I6 throcedure is used, the
HC contamination procedure in paragraph 7.3.1.2y rha used. If the
vacuum side leak check is not performed accordmdg), then the HC
sampling system shall be zeroed, spanned, andegefdr contamination, as
follows:

Paragraph 8.1.8.5.7amend to read:
"8.1.8.5.7.  PM secondary dilution system verifioati

When the propane check is to be repeated to vibrify°M secondary dilution
system, the following procedure from (a) to (d) Ish# used for this
verification:

(d)  The reference £z mass shall be subtracted from the calculated mass.
If this difference is within 5 per cent of the eeénce mass, the batch
sampler passes this verification. If not, corrextiaction shall be
taken."

Paragraph 8.1.8.5.8amend to read:
"8.1.8.5.8.  Sample dryer verification

If a humidity sensor for continuous monitoring afvd point at the sample
dryer outlet is used this check does not applyolag as it is ensured that the
dryer outlet humidity is below the minimum valuesed for quench,
interference, and compensation checks.

(a) If a sample dryer is used as allowed in paggfa3.2.3.1. to remove
water from the sample gas, the performance shalNdrdgied upon
installation, after major maintenance, for thermiailler. For osmotic

12
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membrane dryers, the performance shall be verifjgsh installation,
after major maintenance, and within 35 days ofrigst

(d)  The following sample dryer verification proceeumethod shall be
used to determine sample dryer performance, or gawineering
judgment shall be used to develop a different palto

(vii) The sample dryer meets the verification ifethresult of
paragraph (d)(vi) of this paragraph is less tha dbw point
corresponding to the sample dryer specificationdedsrmined
in paragraph 9.3.2.3.1. plus 2 °C or if the mokfien from
(d)(vi) is less than the corresponding sample dryer
specifications plus 0.002 mol/mol or 0.2 volume pent. Note
for this verification, sample dew point is exprebge absolute
temperature, Kelvin."

Paragraph 8.1.8.6.1amend to read:

"8.1.8.6.1.

Specifications for differential flow amurement

Acceptable accuracies @j,, can be obtained by either of the following
methods:

(c)  The accuracy ofiy, is determined indirectly from the accuracy of the
dilution ratio as determined by a tracer gas, €@,. Accuracies
equivalent to method (a) fok,, are required;

Paragraph 8.1.8.6.3amend to read:

"8.1.8.6.3.

Special requirements for differentlaiff measurement

A carbon flow check using actual exhaust is stlprmgcommended for
detecting measurement and control problems andfywvegi the proper
operation of the partial flow system. The carbawflcheck should be run at
least each time a new engine is installed, or seimgtsignificant is changed
in the test cell configuration.

Paragraph 8.1.8.7.1amend to read:

"8.1.8.7.1.

Scope and frequency

Upon initial sampling system installation, aftegjor maintenance such as
pre-filter changes, and within 8 hours prior to feauty-cycle sequence, it
shall be verified that there are no significantwao-side leaks using one of
the leak tests described in this section. Thisfieation does not apply to any
full-flow portion of a CVS dilution system."

13
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Paragraph 8.1.9.1.4amend to read:
"8.1.9.1.4.  Procedure

The interference verification shall be performeddiews:

(d)  The humidified test gas shall be introduced itite sampling system.
The humidified test gas may be introduced downsirehany sample
dryer, if one is used during testing;

Paragraph 8.1.9.2.4amend to read:
"8.1.9.2.4.  Procedure

The interference verification shall be performeddai®ws:

(c)  The humidified C® test gas shall be introduced into the sampling
system. The humidified CQest gas may be introduced downstream
of any sample dryer, if one is used during testing;

Paragraph 8.1.10.1.3amend to read:
"8.1.10.1.3. HC FID response optimization
This procedure is only for FID analyzers that measiC.

(a) Instrument manufacturer requirements and gogiheering judgment
shall be used for initial instrument start-up andsib operating
adjustment using FID fuel and zero air. Heated F$ball be within
their required operating temperature ranges. Flfparse shall be
optimized to meet the requirement of the hydrocarlvesponse
factors and the oxygen interference check accorditg
paragraphs 8.1.10.1.1. (a) and 8.1.10.2. at thé¢ cmwsmon analyzer
range expected during emission testing. Higheryaealrange may be
used according to the instrument manufacturersmetendation and
good engineering judgment in order to optimize Riaurately, if the
common analyzer range is lower than the minimungeafor the
optimization specified by the instrument manufagetur

(c)  The following step from (1) to (4) or the procee instructed by the
instrument manufacturer shall be taken for optitiira The
procedures outlined in SAE paper No. 770141 maggimnally used
for optimization;

(iii) The difference between the span and zero respdrakebe
plotted and the fuel flow adjusted to the rich siofethe
curve. This is the initial flow rate setting whichay need
further optimization depending on the results ofe th
hydrocarbon response factors and the oxygen imegrée
check according to paragraphs 8.1.10.1.1.(a) @nd®@2;

14
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(iv) If the oxygen interference or the hydrocarbon respo
factors do not meet the following specificatiortse tairflow
shall be incrementally adjusted above and below the
manufacturer's  specifications,  repeating  paragraphs
8.1.10.1.1.(a) and 8.1.10.2. for each flow;

Paragraph 8.1.11.2amend to read:

"8.1.11.2. CLD quench verification calculations

CLD quench-check calculations shall be performeddascribed in this
paragraph."”

Paragraph 8.1.11.2.3gmend to read:
"8.1.11.2.3. Combined 4 and CQ quench calculations

XH20meas= measured mole fraction of water during the gbererification

according to paragraph 8.1.11.1.5.(g)

XNOmeas= measured concentration of NO when NO span gateisded

with CO, span gas, according to paragraph 8.1.11.1.4.(j)

XNOact = actual concentration of NO when NO span gdseaded with

CO, span gas, according to paragraph 8.1.11.1.4.(jJ an
calculated according to equation (8-5)

Xcozexp= maximum expected concentration of £@uring emission

testing, according to paragraph 8.1.11.2.2.

Paragraph 8.1.11.3.4gmend to read:
"8.1.11.3.4. Procedure

The interference verification shall be performedallews:

)

This difference shall be multiplied by the catif the expected mean
HC concentration to the HC concentration measuradnd the
verification. The analyzer meets the interfereneéfication of this
paragraph if this result is within £2 per cent loé tNQ, concentration
expected at the standard:

< < )_(HC,exp -
|XNOx,CLD,meas_ X NOx,NDuv,mer[E - s Z%EQ X NOX,@);,(&G)

C,meas

Where:

X = the mean concentration of N@easured by

NOx,CLD,meas
CLD [pumol/mol] or [ppm]

XNOXNDUV,meas = the mean concentration of N@easured by
NDUV [umol/mol] or [ppm]

15
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Xtc.meas = the mean concentration of HC measured

[mol/mol] or [ppm]

Xiic exp = the mean concentration of HC expected at the

standard [pmol/mol] or [ppm]

X

NOX,exp the mean concentration of N@xpected at

the standard [pumol/mol] or [ppm]"

Paragraph 8.1.12.2.5gmend to read:

"8.1.12.2.5. Correction calculation

The PM sample filter shall be corrected for buoyansing the following
equations:

- Par
My = My 2 (8-8)
1—- Pair
Predia
Where:
Meor = PM sample filter mass corrected for buoyancy
Muncor = PM sample filter mass uncorrected for buoyancy

Paragraph 8.2.4.5amend to read:

"8.2.4.5.

Stabilisation of PM samples

To stabilise PM samples, they shall be placed & @nmore containers that
are open to the PM-stabilization environment, whiish described in

paragraph 9.3.4.3. A PM sample is stabilized ag las it has been in the
PM-stabilization environment for one of the followi durations, during

which the stabilization environment has been witttie specifications of
paragraph 9.3.4.3.:

Paragraph 9.3.2.3.1.2gmend to read:

"9.3.2.3.1.2. Type of sample dryers allowed andcedore to estimate moisture content

after the dryer

Either type of sample dryer described in this peaply to decrease the effects
of water on gaseous emission measurements mayede us

(@) If an osmotic-membrane dryer upstream of arsegas analyzer or
storage medium is used, it shall meet the temperafpecifications in
paragraph 9.3.2.2. The dew poifite, and absolute pressumgeta,
downstream of an osmotic-membrane dryer shall baitored. The
amount of water shall be calculated as specifiedrninexes A.7-A.8
by using continuously recorded valuesTaf,, and pya OF their peak
values observed during a test or their alarm séttpolacking a
direct measurement, the nomir®l., is given by the dryer's lowest
absolute pressure expected during testing.
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(b)

Paragraph 9.3.2.4.

"Table 9.1

A thermal chiller upstream of a THC measuremspstem for
compression-ignition engines may not be used. theamal chiller
upstream of an N£to-NO converter or in a sampling system without
an NQ-to-NO converter is used, the chiller shall meet NO, loss-
performance check specified in paragraph 8.1.1Th% dew point,
Tgew and absolute pressumg,,, downstream of a thermal chiller shall
be monitored. The amount of water shall be caledlas specified in
Annexes A.7.-A.8 by using continuously recordedueal of Ty, and
Potar OF their peak values observed during a test oir iarm set
points. Lacking a direct measurement, the nonpgalis given by the
thermal chiller’s lowest absolute pressure expedigthg testing. If it
is valid to assume the degree of saturation irthieemal chiller,Tge,
based on the known chiller efficiency and contirsiouonitoring of
chiller temperatureThiler may be calculated. If values Bfer are not
continuously recorded, its peak value observedndud test, or its
alarm setpoint, may be used as a constant valudetermine a
constant amount of water according to Annexes Ag-K it is valid
to assume thakpier IS equal tOTgews Teniter May be used in lieu Gfyey
according to Annexes A.7-A.8. If it is valid to asse a constant
temperature offset betwedgyer andTgen, due to a known and fixed
amount of sample reheat between the chiller outietd the
temperature measurement location, this assumedetamope offset
value may be factored in into emission calculatiofise validity of
any assumptions allowed by this paragraph shallshewn by
engineering analysis or by data.”

, table 9.&Amend to read:

Gaseous Batch Sampling Container Materials

CO, CQ, G,, CH,,

CoHe, CiHg, NO, NO,* | polyvinylidene fluoridé for example Kyndf,

polyvinyl fluoride (PVF} for example Tedldl,

polytetrafluoroethylerfor example Teflo", or stainless

steet
THC, NMHC polytetrafluoroethylerfeor stainless stefl
1 As long as aqueous condensation in storage contaipeevented.
2 Upto 40°C.
% Upto 202°C.
4 At (191 +11)°C."

Paragraph 9.4.4.1.2amend to read:
"9.4.4.1.2.  Shaft work

Work

and power shall be calculated from outputsspéed and torque

transducers according to paragraph 9.4.4.1. Ovseyastlems for measuring
speed and torque shall meet the calibration andifioaions in
paragraphs 8.1.7. and 8.1.4.

Torque induced by the inertia of accelerating ardeterating components
connected to the flywheel, such as the drive shaft dynamometer rotor,
shall be compensated for as needed, based on ggoatering judgment.”

17
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Paragraph 9.4.5.3.2amend to read:

"9.4.5.3.2. Flow meter response time

For the purpose of controlling of a partial flowlution system to extract a
proportional raw exhaust sample, a flow meter raspotime faster than
indicated in table 9.3 is required. For partialwflalilution systems with
online control, the flow meter response time shaket the specifications of
paragraph 8.2.1.2."

Paragraph 9.4.7.3amend to read:

"9.4.7.3. Gas chromatograph

Application: A gas chromatograph may be used to smea CH
concentrations of diluted exhaust for batch sangpliwhile also a non-
methane cutter may be used to measure, CHs described in
paragraph 9.4.7.2. a reference procedure basedyas ehromatograph shall
be used for comparison with any proposed altermagasurement procedure
under paragraph 5.1.3."

Paragraph 9.5.1.1.(a), table 9.4mend to read:

"Table 9.4
Contamination limits, applicable for raw or dilute measurements [umol/mol = ppm (3.2.)]

Constituent

Purified Synthetic Aif

Purified N, 2

THC (C, equivalent)

< 0.05 pmol/mol

< 0.05 pmol/mol

(6{0) <1 pmol/mol <1 pmol/mol
CcO, <10 pmol/mol <10 pmol/mol
0O, 0.205 to 0.215 mol/mol <2 pmol/mol
NO, < 0.02 pmol/mol <0.02 pmol/mol

& |t is not required that these levels of purity mternationally and/or nationally recognized
standards traceable."

Paragraph A.2.1., equation (A.2-Bmend to read:

>y

wy = _i=1 A.2-1)"
y N (A.2-1)
Paragraph A.2.8., equation (A.2-1@mend to read:
N 2
ZI:yI - aOy _(aly |:'yreﬁ ):|
"SEE, ={-& (A.2-10)"

N-2

18
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Paragraph A.4.1.amend to read:
"A4.1. Introduction

Figure A.4.1 shows the sampling points at which ¢hebon flows shall be
checked. The specific equations for the carbon $laweach of the sample
points are given in the following paragraphs.

Figure A4.1
Measuring points for carbon flow check

location 1

O

Paragraphs A.4.3. to A.4.samend to read:

"A.4.3. Carbon flow rate in the raw exhaust (locat®)

If CO, is measured on a dry basis it shall be converte@ wet basis
according to paragraph A.7.3.2. or A.8.2.2.

A.4.4. Carbon flow rate in the dilution system @éon 3)

If CO, is measured on a dry basis it shall be converte@ et basis
according to paragraph A.7.3.2. or A.8.2.2.

A.4.5. Calculation of the molar mass of the exhaast

The molar mass of the exhaust gas shall be cadcliatcording to equation
(A.8-15) (see paragraph A.8.2.4.2.).

19
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Annex A.5.amend to readr{cluding the existing footnoté§:

"Annex A.5

Installation requirements for equipment and auxilaries

Number Equipment and auxiliaries Fitted for emiadiest

_h Charge ... by the manufacturer.
" The power ... test bed.

Paragraphs A.7.0.1amend to readr{cluding the existing footnotes):
"A.7.0.1. General symbols

Annex 7 Annex 8 Unit Quantity

a b, Do t.b.d’ y intercept of the regression line, PDP calibration
intercept

a m t.b.d’ Slope of the regression line

] ] kg/(m-s) Dynamic viscosity

! See subscripts; e.gi_ for mass rate of dry air am_, for fuel mass rate.

7 t.b.d.= to be defined.

Paragraph A.7.1.1amend to read:

"A7.1.1. Dry air and chemical species

This annex uses the following molar masses or gfieanolar masses of
chemical species:

Mywrc = 13.875389 g/mol (non-methane hydrocafBpn
Myox = 46.0055 g/mol (oxides of nitrog®h

Mryc = 13.875389 g/mol (total hydrocart®h

(@) The effective molar masses of THC and NMHC @eéined by an
atomic hydrogen-to-carbon ratio, of 1.85;

20
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(b)  The effective molar mass of NGs defined by the molar mass of
nitrogen dioxide, N@

Paragraph A.7.1.4.1amend to read:
"A.7.1.4.1. THC determination and THC/CHhitial contamination corrections

(a) If THC emissions are required to be determinxgghrhc.rip) shall be
calculated by using the initial THC contaminatiopncentration
XrHerrHe-Fiopinic from paragraph 7.3.1.2. as follows:

Paragraph A.7.1.4.2amend to read:
"A.7.1.4.2. NMHC determination

To determine NMHC concentratiomyunc, one of the following shall be
used:

(b) For non-methane cuttergyuyc shall be calculated using the non-
methane cutter's penetration fractiod) of CH; and GHg from
paragraph 8.1.10.3., and using the HC contaminatiwh dry-to-wet
corrected THC concentrationkrucprhc-rioicor @S determined  in
subparagraph (a) #.7.1.4.1;

0] The following equation for penetration fracteordetermined
usingg an NMC configuration as outlined in
paragraph 8.1.10.3.4.1. shall be used:

X _ XTHC[THC—FID]cor - XTHC[NMC-FID] ERFCH4[THC-FID] (A.7-6)
NMHC — '
1- RFPF(32H6[NMC—FID] ERFCH4FI’HC-FID]

Where:

concentration of THC, HC

contamination (optional) and dry-to-

wet corrected, as measured by the
NMC FID during sampling through

the NMC

XTHC[NMC-FID]

RFcharthe-FiD) = response factor of THC FID to CH4,
according to paragraph 8.1.10.1.4.

RFPFmepnmcripp = Non-methane cutter combined ethane
response factor and penetration
fraction, according to
paragraph 8.1.10.3.4.1.

(i) For penetration fractions determined using &iMC
configuration as outlined in paragraph 8.1.10.3,4.the
following equation shall be used:
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_ XTHC[THC-FiD]cor ‘:PFCH4[NMC-FID] ~ XrHCINMC-FID]
XnmHe = (A7-7)

P I:CHA[NMC-FID] - PI:CZHG[NMC—FID]

Where:

non-methane cutter GHpenetration
fraction, according to
paragraph 8.1.10.3.4.2.

PFchanmc-Fip)

XTHCINMC-FID] = concentration of THC, HC
contamination (optional) and dry-to-
wet corrected, as measured by the
NMC FID during sampling through
the NMC

PFcarsnme-FiD) = non-methane cutter ethane penetration
fraction, according to

paragraph 8.1.10.3.4.2.

(i)  For penetration fractions determined using aNMC
configuration as outlined in paragraph 8.1.10.3,4.the
following equation shall be used:

Where:

non-methane cutter GHpenetration
fraction, according to
paragraph 8.1.10.3.4.3.

PFchamnmc-Fip)

concentration of THC, HC

contamination (optional) and dry-to-

wet corrected, as measured by the
NMC FID during sampling through

the NMC

XTHCINMC-FID]

RFPF2nepnmcripp = non-methane  cutter  GHcombined
ethane response factor and penetration
fraction, according to
paragraph 8.1.10.3.4.3.

RFcharthe-FiD) = response factor of THC FID to GH
according to paragraph 8.1.10.1.4.

(c) For a gas chromatograpkymnc shall be calculated using the THC
analyzer's response factdRR) for CH,, from paragraph 8.1.10.1.4.,
and the HC contamination and dry-to-wet correctadial THC
concentrationrycirhe-riojcor &S determined in paragraph (a) above as
follows:

22
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Paragraph A.7.2.3amend to read:

"A.7.2.3. Chemical balance procedure

Use the following steps to complete a chemicalrizda

@)

(b)

Measured concentrations suchX@sgmeas XNomeas aNdXu20in, Shall be
converted to dry concentrations by dividing themdmne minus the
amount of water present during their respective sueaments; for
example:Xp2oxcozmeas XH20xNomeas @NdXnz0ine If the amount of water
present during a “wet” measurement is the samehasuhknown
amount of water in the exhaust flow,cexn it has to be iteratively
solved for that value in the system of equatiohsnly total NQ are
measured and not NO and WNGseparately, good engineering
judgement shall be used to estimate a split in tb@&l NQ,
concentration between NO and N€r the chemical balances. The
molar concentration of NQ xyox, may be assumed to be 75 per cent
NO and 25 per cent NOFor NG, storage aftertreatment systems,
Xnox May be assumed to be 25 per cent NO and 75 peiNean For
calculating the mass of N@missions, the molar mass of Nfor the
effective molar mass of all NGspecies, regardless of the actual,NO
fraction of NQ, shall be used,;

Equations (A.7-10 to A.7-26) in paragraph (d) tbis paragraph
A.7.2.3. have to be entered into a computer progranteratively
solve forxpzoexh Xccombdry@NdXgivexn. G0OOd engineering judgment shall
be used to guess initial values f&fi0exn Xccombdry aNd Xgivexh:
Guessing an initial amount of water that is abeu¢e the amount of
water in the intake or dilution air is recommendé&dessing an initial
value of Xccombary @S the sum of the measured £QO, and THC
values is recommended. Guessing an initipbetween 0.75 and 0.95

(0.75< x,, < 0.99), such as 0.8 is also recommended. Values in the

system of equations shall be iterated until thetmesently updated
guesses are all withihl per cent of their respective most recently
calculated values;

At the end of the chemical balance, the molar ftate N, is calculated as

specified in paragraphs A.7.3.3. and A.7.4.3."

23
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Paragraph A.7.3.3amend to read:

"A.7.3.3.

Exhaust gas molar flow rate

The flow rate of the raw exhaust gases can be thirezeasured or can be
calculated based on the chemical balance of pgshgha7.2.3. Calculation
of raw exhaust molar flow rate is performed fromasigred intake air molar
flow rate or fuel mass flow rate. The raw exhaustian flow rate can be

calculated from the sampled emissiom'@h, based on the measured intake

air molar flow rate,n_, or the measured fuel mass flow ratg, ,, and the

values calculated using the chemical balance iagraph A.7.2.3. It shall be
solved for the chemical balance in paragraph A37.@t the same frequency

thatn  or m,, is updated and recorded.

Paragraph A.7.4.1.amend to read:

"A7.4.1.

Emission mass calculation and backgrowordection

Equations for the calculation of gaseous emissimassmy,s [g/test] as a
function of molar emissions flow rates are as folo

(@  Continuous sampling, varying flow rate

N
rTlgas = % (M gas@i:L N e>thX ga (see A.7-29)
i=

Where:

Mgas = generic emission molar mass [g/mol]

Neyi = instantaneous exhaust gas molar flow rate oetebasis
[mol/s]

Xgas = instantaneous generic gas molar concentratioa wet
basis [mol/mol]

f = data sampling rate [Hz]

N = number of measurements [-]

Continuous sampling, constant flow rate

Myas = M god N o X (AT (see A.7-31)

Where:

Mgas = generic emission molar mass [g/mol]

Ny, = exhaust gas molar flow rate on a wet basis [mol/s]

Xgas = mean gaseous emission molar fraction on a wet basis
[mol/mol]

At = time duration of test interval

(b)  Batch sampling, regardless varying flow or c¢ans rate is, the
following equation shall be used:
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1 Sy
rngas = T (M galsER ga@ pen (see A.7-32)
i=1

Where:

Mgas = generic emission molar mass [g/mol]

I"lexhi = instantaneous exhaust gas molar flow rate on dass
[mol/s]

Xgas = mean gaseous emission molar fraction on a wet basis
[mol/mol]

f = data sampling rate [Hz]

N = number of measurements [-]

Paragraph A.7.4.4.1amend to read:
"A.7.4.4.1. Sampling

(b)  Sampling from a constant flow rate

For sampling with a constant dilution ratibR), mpy [g] shall be
calculated using the following equation:

Mpy = My DR (A.7-46)
Where:

Memail = PM mass in dilution air [g]

DR = dilution ratio [-] defined as the ratio betwett'e mass

of the emissionm and the mass of diluted exhaust
Maire (DR= n‘/ Mivexn )-

The dilution ratioDR can be expressed as a functioX@fy:
1

DR=—
1- Xdiliexh

(A.7-47)"
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Annex A.7, Appendix &mend to read:

"Annex A.7

Appendix 1

26

Diluted exhaust flow (CVS) calibration

A.7.6.

A.7.6.1.
A.7.6.2.

A.7.6.3.

A.7.6.4.

Introduction

This Appendix 1 describes the calculations for braling various flow
meters. Paragraph A.7.6.1. of this Appendix 1 fitsscribes how to convert
reference flow meter outputs for use in the catibraequations, which are
presented on a molar basis. The remaining paragmgdcribe the calibration
calculations that are specific to certain typefiaf meters.

PDP calibration calculations

(d)  The procedure in subparagraphs (a) througbf(t)is paragraph shall
be repeated for every speed that PDP is operated;

Venturi governing equations and permigsdagsumptions

This section describes the governing equationspeanchissible assumptions
for calibrating a venturi and calculating flow ugim venturi. Because a
subsonic venturi (SSV) and a critical-flow vent(€FV) both operate
similarly, their governing equations are nearly theme, except for the
equation describing their pressure ratiofi.e., rssy versusrcgy). These
governing equations assume one-dimensional isdatroviscid
compressible flow of an ideal gas. In paragraph.®3/(d), ... Molar flow

rate, N [mol/s], shall be calculated as follows:

n=C L1 A th, (A.7-60)
\/Z D\/Imix ERDTn

Where:

Cq = Discharge coefficient, as determined in paragrap/.6.3.(a)
[-]

C = Flow coefficient, as determined in paragrapi.®.3.(b) [-]

SSV calibration

(a) Molar based approach. To calibrate an SSV fiwster the following
steps shall be performed:

0] The Reynolds numbeR¢€, for ... approximateu:
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and, using the Sutherland three-coefficient vidgasiodel:

_ [ Tn : To+S
4=t H [ET : S] w767
Where:
Tl = Dynamic viscosity of calibration gas [kg /(m-s)]
Ho = Sutherland reference viscosity [kg /(m-s)]
S = Sutherland constant [K]
To = Sutherland reference temperature [K]
Tin = Absolute temperature at the venturi inlet [K]

Paragraphs A.7.7.1. to A.7.7.2unend to read:

"AT.7.1.

A7.7.2.

A.7.7.3.

Scope and frequency

The calculations in this Appendix 2 are performed determine if gas
analyzer drift invalidates the results of a tederwal. If drift does not
invalidate the results of a test interval, the tegerval's gas analyzer
responses shall be corrected for drift accordinthi® Appendix 2. The drift-
corrected gas analyzer responses shall be usell sulssequent emission
calculations. The acceptable threshold for gasyaealdrift over a test
interval is specified in paragraph 8.2.2.2.

Correction principles

The calculations in this Appendix 2 utilize a gamlgzer's responses to
reference zero and span concentrations of andlygiases, as determined
sometime before and after a test interval. Theutations correct the gas
analyzer's responses that were recorded duringt anterval. The correction

is based on an analyzer's mean responses to redereno and span gases,
and it is based on the reference concentratiortheofzero and span gases
themselves. Validation and correction for driftlsba performed as follows:

Drift validation

After applying all the other corrections—excepfftdtbrrection—to all the gas
analyzer signals, brake-specific emissions shalc&leulated according to
A.7.5. Then all gas analyzer signals shall be obted: for drift according to
this Appendix 2. Brake-specific emissions shallreealculated using all of
the drift-corrected gas analyzer signals. The begexific emission results
shall be validated and reported before and aftiér abrrection according to
paragraph 8.2.2.2."
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Paragraph A.8.0.1.amend to read (including the existing footnHte
"A.8.0.1. General symbols

Annex 8 Annex 7 Unit Quantity

b, Dy a t.b.d3 y intercept of the regression line
m a t.b.d3 Slope of the regression line

] ] kg/(m-s) Dynamic viscosity

% t.b.d.= to be defined.
Paragraph A.8.2.1.2amend to read:

"A.8.2.1.2. Transient and ramped modal cycles tests

The total mass per test of a gaseous emissjgiig/test] shall be calculated
by multiplication of the time aligned instantaneoasncentrations and

exhaust gas flows and integration over the tesfecyrcording to the
following equation:

Paragraph A.8.2.3amend to read:
"A.8.2.3. NQ, correction for humidity and temperature

As the NQ emission depends on ambient air conditions, the, NO
concentration shall be corrected for ambient ainperature and humidity
with the factord, [-] given in the following equation. This factas valid for

a humidity range between 0 and 25 gitkg dry air.

Paragraph A.8.2.4.1., table A.84mend to read:

"Table A.8.1

Raw exhaust gasi and component densities (the figures are calculated for emission
concentration expressed in ppm)

Gas NQ CO HC CQ o, CH,

pgas[kg/m3] 2.053 1.250 0.621 1.9636 1.4277 0.716
Pe - _ :

Fuel [kg/m] Coefficientuggsati = 2, dry air, 273 K, 101.3 kPa

Diesel | 1.2939] 0.00158Y 0.000966 0.0004{79 0.00]1518001&03 0.000553

Paragraph A.8.3.2amend to read:
"A.8.3.2. Dry-to wet concentration conversion

All concentrations in paragrapiA.8.3.2. shall be converted using

equation (A.8-5)¢, =k, [)."
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Paragraph A.8.3.3., table A.8.@mend to read:

"Table A.8.2

Diluted exhaust gasu values and component densities (the figures are calculated for
emission concentration expressed in ppm)

Gas NQ Cco HC CQ O, CH,
pgas[kg/m3] 2.053 1.250 0.621 1.9636 1.4277 0.716
Fuel [kg//)?n3] Coefficientugssatd = 2, dry air, 273 K, 101.3 kPa

Diesel| 1.293| 0.001588 0.000967 0.000480 0.00151001004| 0.000553

Paragraphs A.8.3.4.1. to A.8.3.4.8mend to read:

"A.8.3.4.1.

PDP-CVS system

The calculation of the mass of the diluted exhkgttest] over the cycle is
as follows, if the temperature of the diluted extany is kept within +6 K
over the cycle by using a heat exchanger:

m,, =1.293V,[h.3 P = (A.8-36)

Where:

Vo = volume of gas pumped per revolution under test
conditions [m3/rev]

Ne = total revolutions of pump per test [rev/test]

Po = absolute pressure at pump inlet [kPa]

T = average temperature of the diluted exhaust gasrap
inlet [K]

1.293 kg/ml = air density at 273.15 K and 101.325 kPa

If a system with flow compensation is used (i.ethaut heat exchanger), the
mass of the diluted exhaust gasy; [kg] during the time interval shall be
calculated as follows:

m,, =1.293V,[h, G2 = (A8-37)

Where:

Vo = volume of gas pumped per revolution under test
conditions [m3/rev]

Pe = absolute pressure at pump inlet [kPa]

Np) = total revolutions of pump per time intervdtevi/At]

T = average temperature of the diluted exhaust gasrap
inlet [K]

1.293 kg/ml = air density at 273.15 K and 101.325 kPa

29



ECE/TRANS/WP.29/2011/82

30

A.8.3.4.2.

A.8.3.4.3.

CFV-CVS system

The calculation of the mass flow over the cyeig [g/test] is as follows, if
the temperature of the diluted exhaust is keptiwitil K over the cycle by
using a heat exchanger:

m, = 1293}_55\' & (A.8-38)
Where:

t = cycle time [s]

Ky = calibration coefficient of the critical flow weuri for

standard conditionE(\/R m* E‘k) /kg}

Po = absolute pressure at venturi inlet [kPa]
T
1.293 kg/ni

If a system with flow compensation is used (i.etheut heat exchanger), the
mass of the diluted exhaust gawsy; [kg] during the time interval shall be
calculated as follows:

absolute temperature at venturi inlet [K]
air density at 273.15 K and 101.325 kPa

my; = 1.2931:[;_ (E";V Ebp (A.8-39)

Where:

At; = time interval of the test [s]

Ky = calibration coefficient of the critical flow weuri for
standard conditionE(x/R [fn* Bl;) /kg}

Po = absolute pressure at venturi inlet [kPa]

T = absolute temperature at venturi inlet [K]

1.293 kg/m = air density at 273.15 K and 101.325 kPa

SSV-CVS system

The calculation of the diluted exhaust gas mass the cyclemgy [kg/test]
shall be as follows, if the temperature of the t@itbhexhaust is kept within
+11K over the cycle by using a heat exchanger:

m,, =1.293q, 45, [At (A.8-40)
Where:

1.293 kg/m = air density at 273.15 K and 101.325 kPa

At = cycle time [s]

Ovssv = air flow rate at standard conditions (101.32Bak

273.15 K) [ni/s]
with
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_A 1/, . 1
Qussv = 60 d,*C, B T_( rpl 8- rpl 7147 1— r 4y L4286 (A.8-41)

D 'p

If a system with flow compensation is used (i.etheut heat exchanger), the
mass of the diluted exhaust gawsy; [kg] during the time interval shall be
calculated as follows:

my; =1.2930, ¢, [At (A.8-42)
Where:

1.293 kg/m = air density at 273.15 K and 101.325 kPa

At; = time interval [s]

Qussv = volumetric flow rate of the SSV fifs]"

Paragraph A.8.3.5.2.2amend to read:
"A.8.3.5.2.2. Calculation of the particulate mdssvfrate

The particulate emission flow rate over the cydgwn [g/h] shall be
calculated as follows:

(b)  For the multiple-filter method

: £600
Qe =T [q = (A.8-57)
o 1000
Where:
Ompvi = particulate mass flow rate for the madg/h]
i = particulate sample mass collected at mdadeg]
Oredi = equivalent diluted exhaust gas mass flow rateweh
basis at mode[kg/s]
Mes = mass of diluted exhaust sample passed through th

particulate sampling filter at modégkg]

The PM mass is determined over the test cycle bynsation of the
average values of the individual modehkiring the sampling period.

The particulate mass flow ratgpy [9/h] or gwem [9/h] Mmay be background
corrected as follows:

(c) For the single-filter method

_Imo Mas(o L o 7°%a 858
quM { |: %(1 D}WVFI:H |:qnedf 1000( )

Myep my
Where:
Ompm = particulate mass flow rate [g/h]
m = particulate sample mass collected [mg]
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"A.8.4.2.1.

(d)

Myep = mass of diluted exhaust sample passed through the
particulate sampling filter [kg]

Mg = particulate sample mass of the dilution air cobect
[mg]

my = mass of the dilution air sample passed through the
particulate sampling filters [kg]

D; = dilution factor at modei (see equation (A.8-29) of
paragraph A.8.3.2.2.) []

WF = weighting factor for the modie[-]

Oeat = average equivalent diluted exhaust gas mass floev ra

on wet basis [kg/s]

For the multiple-filter method

Qo = {& - [& [él - %ﬂ} [0} 000 1 859)

My m, 1000

Where:

Owpmi = particulate mass flow rate at mddeg/h]

m = particulate sample mass collected at mdadeg]

Mg = mass of diluted exhaust sample passed through th
particulate sampling filter at mod¢kg]

Mg = particulate sample mass of the dilution air extid
[mg]

My = mass of the dilution air sample passed through t
particulate sampling filters [kg]

D = dilution  factor (see equation (A.8-29) of
paragraph A.8.3.2.2.) [-]

Omedi = equivalent diluted exhaust gas mass flow ratewen

basis at mode[kg/s]

If more than one measurement is macﬁ}d/m,shall be replaced

withm /"
Paragraph A.8.4.2.1amend to read:

Transient and ramped modal cycles

The particulate specific emissions shall be catedlavith equation (A.8-61)
whereeg,s [0/kWh] andmy,s [g/test] are substituted sy [g/kWh] andmgy
[gltest] respectively:

Gom

= Mow (A.8-64)

W,

act
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Where:

Mpy = total mass of particulates emission, calculaaedording to
paragraph A.8.3.5. [g/test]

Paragraphs A.8.5.1. to A.8.5.2unend to read:
"A.8.5.1. Positive displacement pump (PDP)

The airflow rate @ycvs) at each restriction setting (minimum 6 settingfsll
be calculated in standard s from the flowmeter data using the
manufacturer's prescribed method. The airflow shtdl then be converted to
pump flow {/,) in m*/rev at absolute pump inlet temperature and presssir

follows:
V0 = M [.;.2{3_1537 (A.8-68)
n B
Where:
Ovcvs = air flow rate at standard conditions (101.32%kP73.15 K)
[m¥/s]
A.8.5.2. Critical flow venturi (CFV)

The airflow rate @ycvs) at each restriction setting (minimum 8 settingfsll
be calculated in standard s from the flowmeter data using the
manufacturer's prescribed method. The calibratiopefficient Ky

|:(\/R mn* E'k) /kg] shall be calculated from the calibration data dach

setting as follows:

Qvevs E\/?

Ky =———— (A.8-71)
Py
Where:
Ovevs = air flow rate at standard conditions (101.32%kR73.15 K)
[m¥/s]
A.8.5.3. Subsonic venturi (SSV)

The airflow rate ¢uss\) at each restriction setting (minimum 16 settings)
shall be calculated in standard®s from the flowmeter data using the
manufacturer's prescribed method. The dischargefficieat shall be
calculated from the calibration data for each sgtés follows:
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C, = Dssv (A.8-72)
f‘bbj 2 R, 1 (r1.4286_r 1.7143 1
\ p p 4. 1.4286
T|n,V 1_ rD IFp
Where:
Ay = collection of constants and units conversion9).6056940
1
. 1
m> K2 _ 1
- Di
min ﬁPa mm?
Ovevs = air flow rate at standard conditions (101.32%kR73.15 K)
[m¥/s]

To determine the range of subsonic flady,shall be plotted as a function of
Reynolds numbeReg at the SSV throat. ThRe at the SSV throat shall be
calculated with the following equation:

60 a,
Re= A0 [F¥8Y (A.8-73)
d, Cu
with
b X T 15
= (A.8-74)
S+T

Where:

A = collection of constants and units

conversions = 27.43831K9 nin mm
m3 s m

Ovevs = air flow rate at standard conditions (101.32%kP73.15 K)
[m¥/s]
dy = diameter of the SSV throat [mm]

= absolute or dynamic viscosity of the gas (kg#)]
= 1.458 x 10 (empirical constant) [k@h-sK®9)]

S = 110.4 (empirical constant) [K]
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Appendix 2

Paragraph 3.1.8.amend to read:

"3.1.8.

'‘Constant-speed engthemeans an engine whose type approval or
certification is limited to constant-speed openatigngines whose constant-
speed governor function is removed or disablechartonger constant-speed
engines;"

Paragraph 3.1.32.amend to read:

"3.1.32.

‘Intermediate test spe€dneans that engine speed which meets one of the
following requirements:

(a)  for engines which are designed to operate awsgeed range on a full
load torque curve, the intermediate speed shallth®e declared
maximum torque speed if it occurs between 60 pet aed 75 per
cent of rated speed;

(b) if the declared maximum torque speed is leam 80 per cent of rated
speed, then the intermediate speed shall be 6@grerof the rated
speed;

(c) if the declared maximum torque speed is gretit@n 75 per cent of
the rated speed then the intermediate speed shalbbper cent of
rated speed.

Rated speed is replaced by the denormalizationdspeé¢he generation of
steady-state 8-mode test cycle (discrete and rangathfor engines that are
tested with both the steady state and also thsigancycle.”

Paragraph 3.1.47.amend to read:

"3.1.47.

'Penetration fraction PFmeans the deviation from ideal functioning of a
non-methane cutter (see Conversion efficiency oh-methane cutter
(NMC) E). An ideal non-methane cutter would have a methazeretration
factor, PFchg, Of 1.000 (that is, a methane conversion efficjeBgn, of 0),
and the penetration fraction for all other hydrdcers would be 0.000, as
represented bPFcon6 (that is, an ethane conversion efficieri€ysye of 1).
The relationship ig::’Fc}-M =1 -Ecns andPFc2H6 =1 —-Econe”

Paragraph 3.1.53.amend to read:

"3.1.53.

'Rated speédmeans the maximum full load speed allowed bygbeernor,
as designed by the manufacturer, or, if such a gavels not present, the
speed at which the maximum power is obtained frioenengine, as designed
by the manufacturer;

Rated speed is replaced by the denormalizationdspeé¢he generation of
steady-state 8-mode test cycle (discrete and raogainfor engines that are
tested with both the steady state and also thsigancycle.”

Paragraph 3.1.55.amend to read:

"3.1.55.

‘Response tinlemeans the difference in time between the charfgthe
component to be measured at the reference poina gydtem response of 90
per cent of the final readingyf) with the sampling probe being defined as the
reference point, whereby the change of the measumeghonent is at least 60
per cent full scale (FS) and the devices for gatchimg shall be specified to
perform the gas switching in less than 0.1 sec@hd. system response time
consists of the delay time to the system and ofifeetime of the system;"
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Paragraph 3.1.68.amend to read:

"3.1.68.

"Tolerancé means the interval in which 95 per cent of a afetecorded
values of a certain quantity shall lie, with thenssning 5 per cent of the
recorded values deviating from the tolerance irgtkervhe specified recording
frequencies and time intervals shall be used terdehe if a quantity is
within the applicable tolerance;"

Paragraph 3.2.amend to read (including the existing footnte

"3.2.

General symbofs

Symbol Unit Term
a - y intercept of the regression line
a - Slope of the regression line
r? - Coefficient of determination

2 Specific symbols are found in Annexes.

Paragraph 3.3.amend to read:

"3.3.

Subscripts

denorm Denormalized quantity

Paragraph 6.3.3.amend to read:

"6.3.3.

Auxiliaries to be removed

Certain auxiliaries whose definition is linked kithe operation of the
machine and which may be mounted on the enginé lseakmoved for the
test.

Where auxiliaries cannot be removed, the powey #iEsorb in the unloaded

condition may be determined and added to the medsemgine power (see
note g in the table of Annex A.5). If this valuegieater than 3 per cent of the
maximum power at the test speed it may be verlfigthe test authority. The

power absorbed by auxiliaries shall be used tosadhe set values and to
calculate the work produced by the engine ovetebecycle."

Paragraphs 6.6.1. and 6.6.2amend to read:

"6.6.1.

Continuous regeneration

For an exhaust aftertreatment system based onn@ngous regeneration
process the emissions shall be measured on atreditenent system that has
been stabilized so as to result in repeatable @nssbehaviour. The
regeneration process shall occur at least oncagltine NRTC hot start test
or ramped-modal cycle (RMC) test, and the manufactehall declare the
normal conditions under which regeneration occamoi load, temperature,
exhaust back-pressure, etc.). In order to demdasthat the regeneration
process is continuous, at least three NRTC hot stats or ramped-modal
cycle (RMC) tests shall be conducted. In case off@Rhot start test, the



ECE/TRANS/WP.29/2011/82

engine shall be warmed up in accordance with papdgr.8.2.1., the engine
be soaked according to paragraph 7.4.2. and tbieNIRTC hot start test be
run. The subsequent NRTC hot start tests shall theed after soaking
according to paragraph 7.4.2. During the tests,aeshtemperatures and
pressures shall be recorded (temperature beforafadthe after-treatment
system, exhaust back pressure, etc.). The aftertesd system is considered
to be satisfactory if the conditions declared by thanufacturer occur during
the test during a sufficient time and the emisgiesults do not scatter by
more than 25 per cent or 0.005 g/kWh, whichevegreater. If the exhaust
aftertreatment has a security mode that shifts tpedodic (infrequent)
regeneration mode, it shall be checked accordimgatagraph 6.6.2. For that
specific case, the applicable emission limits cdéddexceeded and would not
be weighted.

6.6.2. Periodic (infrequent) regeneration

This provision only applies for engines equippethvémission controls that
are regenerated on a periodic basis. For enginehwe run on the discrete
mode cycle this procedure cannot be applied.

The emissions shall be measured on at least thREECNhot start tests or
ramped-modal cycle (RMC) tests, one with and twthedt a regeneration
event on a stabilized aftertreatment system. Tigemeration process shall
occur at least once during the NRTC or RMC testreljeneration takes
longer than one NRTC or RMC test, consecutive NRFRMC tests shall

be run and emissions continued to be measured wtigtatting the engine
off until regeneration is completed and the averafehe tests shall be
calculated. If regeneration is completed during &est, the test shall be
continued over its entire length. The engine maegeaipped with a switch
capable of preventing or permitting the regenemapoocess provided this
operation has no effect on the original enginebeation.

The manufacturer shall declare the normal paraneeteditions under which
the regeneration process occurs (soot load, temyperaexhaust back-
pressure, etc.). The manufacturer shall also peovfte frequency of the
regeneration event in terms of number of testsndwihich the regeneration
occurs. The exact procedure to determine this &eqy shall be agreed by
the type approval or certification authority basggbn good engineering
judgement.

For a regeneration test, the manufacturer shaligeoan aftertreatment
system that has been loaded. Regeneration shaticeat during this engine
conditioning phase. As an option, the manufacturery run consecutive
NRTC hot start or RMC tests until the aftertreatinepstem is loaded.
Emissions measurement is not required on all tests.

Average emissions between regeneration phasesbehdétermined from the
arithmetic mean of several approximately equidistdRTC hot start or
RMC tests. As a minimum, at least one hot NRTC tMRas close as
possible prior to a regeneration test and oneNtRIC or RMC immediately
after a regeneration test shall be conducted.
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The average specific emission rate related to taot &, [g9/kWh] shall be
weighted as follows (see figure 6.1):

_ _n@&+n
= —fIE (6-3)
n+n,
Where:
n = number of tests in which regeneration doesnotir,
N = number of tests in which regeneration occurs (mimmone
test),
€ = average specific emission without regeneratdk\Vh,
€ = average specific emission with regeneration\dik

At the choice of the manufacturer and based on upmod engineering
analysis, the regeneration adjustment fadtor expressing the average
emission rate, may be calculated either multipheaor additive as follows:

Multiplicative
K., :% (upward adjustment factor) (6-4a)
e
g, _
kDr = — (downward adjustment factor) (6-4b)
el'
Additive
Ky, =€, —€ (upward adjustment factor) (6-5)
Ko, =€, —€ (downward adjustment factor) (6-6)

Upward adjustment factors are multiplied with orded to measured
emission rates for all tests in which the regemematioes not occur.
Downward adjustment factors are multiplied with asded to measured
emission rates for all tests in which the regememabccurs. The occurrence
of the regeneration shall be identified in a mantheat is readily apparent
during all testing. Where no regeneration is idedj the upward adjustment
factor shall be applied.

With reference to Annexes A.7.-8. on brake speadfigission calculations,
the regeneration adjustment factor:

(@)  Shall be applied to the results of the weighN&TC and RMC tests,

Paragraphs 7.2.1.3., figure 7.1, the titlemend to read:

"Figure 7.1
Test procedures for emission measuremeht
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Paragraph 7.3.1.3amend to read:
"7.3.1.3. Preparation of measurement equipmergdorpling

0] Any electronic integrating devices shall beasst or re-zeroed, before
the start of any test interval."

Paragraph 7.4.2.amend to read:
"7.4.2. Transient test cycle (NRTC)

The Non-Road Transient Cycle (NRTC) is specifiadAnnex A.1l. as a

second-by-second sequence of normalized speedeguetvalues. In order

to perform the test in an engine test cell, themadized values shall be
converted to their equivalent reference valuegHerindividual engine to be

tested, based on specific speed and torque vatieggified in the engine-

mapping curve. The conversion is referred to asodealization, and the

resulting test cycle is the reference NRTC testecgf the engine to be tested
(see paragraph 7.7.2.).

Paragraph 7.5.amend to read:

"7.5. General test sequence

(h)  PMfilter(s) shall be pre-conditioned, weighethpty weight), loaded,
re-conditioned, again weighed (loaded weight) dmhtsamples shall
be evaluated according to pre- (para.7.3.1.5.) gubt-test
(para. 7.3.2.2.) procedures;

The following diagram gives an overview about thecedures needed to
conduct NRMM test cycles with measuring exhausirengmissions.
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Figure 7.3
Test sequence

( Steady-state discrete & ramped) ( Transient NRTC

If transient cycle
is not applied.

A 4
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If transient cycle an

steady-state are applied.

A 4

Generation engine map
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v

Defining steady-state test cycle

Generate reference test cycle

A4

v

Run one or more practice cycle as
necessary to check engine/test

v

Natural or forced cool dov

Ready all systems for sampling (analyzer calibratiwluded) & data collection

v

Warm-up engine

A 4

\ 4

Exhaust emission test

Cold start exhaust emission phase

v

'

Hot soak

A 4

Hot start exhaust emission phase

A

1) Data collection 2) Post-test procedures 3) Eatédas

y

v

Emissions calculation A.7.-A.8.
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Paragraph 7.6.amend to read:
"7.6. Engine mapping

Before starting the engine mapping, the enginel dhalwarmed up and
towards the end of the warm up it shall be oper&tedt least 10 minutes at
maximum power or according to the recommendatiorthef manufacturer
and good engineering judgement in order to stabilie engine coolant and
lube oil temperatures. When the engine is stalilizbe engine mapping
shall be performed.

Except constant speed engines, engine mappingkshakrformed with fully
open fuel lever or governor using discrete speadascending order. The
minimum and maximum mapping speeds are definedlas\s:

Minimum mapping speed = warm idle speed

Maximum mapping speed m,; X 1.02 or speed where max torque drops off
to zero, whichever is smaller.

Wheren,; is the high speed, defined as the highest engieedswhere 70 per
cent of the maximurpower is delivered.

If the highest speed is unsafe or unrepresentdgvg., for ungoverned
engines), good engineering judgement shall be usedhap up to the
maximum safe speed or the maximum representatige on

Paragraph 7.7.1.1.amend to read:
"7.7.1.1. Rated speed

For engines that are tested with the steady state adso the transient
schedule, the denormalization speed shall be eatnilaccording to the
transient procedure (paragraphs 7.6.2. and 7. afdLfigure 7.3).

If the calculated denormalization spe@egk{.m) is within £2.5 per cent of the
denormalization speed as declared by the manuéactiuhe declared
denormalization speethdenom) May be used for the emission test. If the
tolerance is exceeded, the calculated denormaizapeedriyenom) shall be
used for the emissions test. In case of the ststatg cycle the calculated
denormalization speethdnorm iS tabled as rated speed. This means that the
rated speed is replaced by the denormalizationdsipethe generation of the
steady-state 8-mode test cycle (discrete and ramgaly including the
determination of the intermediate speed.

For engines that are not tested with the transienédule, the rated speed of
tables in Annex A.1. for the 8-mode discrete arel dierived ramped mode
cycle shall be calculated according to the procedparagraphs 7.6.1. and
7.7.2.1. and figure 7.3). The rated speed is défingparagraph 3.1.53."

Paragraph 7.7.2.3amend to read:

"7.7.2.3. Denormalization of engine torque
for the respective reference speed as determinpdragraph 7.7.7.2:2

Paragraph 7.8.2.4amend to read:
"7.8.2.4. Validation criteria
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Table 7.1

RMC Regression line tolerances

Speed

Torque

Power

Standard error of
estimate $EB of y
onx

maximum 1 per
cent of rated speed

maximum 2 per cent
of maximum engine
torque

maximum 2 per
cent of maximum
engine power

Slope of the
regression lineg,

0.99t01.01

0.98 - 1.02

0.98 - 1.02

Coefficient of
determinationy?

minimum 0.990

minimum 0.950

minimum 0.950

y intercept of the
regression linegg

11 per cent of rateq
speed

] +20 Nm or 2 per cent]

of maximum torque
whichever is greater

+4 kKW or 2 per
cent of maximum
power whichever is

greater

Paragraph 7.8.3.amend to read:
"7.8.3. Transient test cycle (NRTC)

Small denormalized speed values near warm idledspesy cause low-speed
idle governors to activate and the engine torqueexceed the reference
torque even though the operator demand is at ammami In such cases, it is
recommended to control the dynamometer so it gprexity to follow the
reference torque instead of the reference speedeanide engine govern the
speed.

Paragraph 7.8.3.5amend to read:

"7.8.3.5. Validation statistics (see Annex A.2.)

Linear regression between the reference and thdbéed values shall be
calculated for speed, torque and power.

To minimize the biasing effect of the time lag betm the reference and
feedback cycle values, the entire engine speedtengtie feedback signal
sequence may be advanced or delayed in time wéjrert to the reference
speed and torque sequence. If the feedback sigreakhifted, both speed and
torque shall be shifted by the same amount in aneesdirection.

The method of least squares shall be used, witlbéisé-fit equation having

the form:

y=aiX +ag (7-6)
Where:

y = feedback value of speed (M)ntorque (Nm), or power (kW)
a = slope of the regression line

X = reference value of speed (Mjntorque (Nm), or power (KW)
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ay = y intercept of the regression line

The standard error of estimatSHE of y on x and the coefficient of
determinationt®) shall be calculated for each regression linen@nA.2.).

It is recommended that this analysis be perforntetl dz. For a test to be
considered valid, the criteria of table 7.2 of thégsagraph shall be met.

Table 7.2
Regression line tolerances
Speed Torque Power
Standard error of <5.0 percentof | <10.0 percentof | <10.0 per cent of
estimate $EB of y on | maximum test maximum mapped | maximum
X speed torque mapped power
Slope of the regression0.95 to 1.03 0.83-1.03 0.89-1.03
line, a;
Coefficient of minimum 0.970 minimum 0.850 minimum 0.910
determinationy?
y intercept of the <+10 per cent of | 20 Nm or +2 per | +4 KW or 2 per
regression linegg idle cent of maximum cent of maximum
torque whichever is | power whichever
greater is greater

For regression ... specified.
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Table 7.3

Permitted point deletions from regression analysis

Permitted point

Nact=> 0.98 Nref andTact < Tref
or

Nact < 0-98nref a-ndTref > Tactz (Tref - 0-02Tmaxmappedtoqu)e

Event Conditions (n = engine speed, T = torque) deletions
Minimum Nref = Nigle speed and
operator and power
demand
(idle point) | T.s= 0 per cent

and

Tact> (Tref - 0-02Tmaxmappedtoqu)e

and

Tact< (Tref + 0-02Tmaxmappedtoqu)e
Minimum Nact < 1.02Ngs aNd T > Tret power and
operator or either torque
demand or speed

Nact > Nret andTactS Tref'

or

Nact > 1-Oznref and -lFef < TactS (Tref+ 0-02Tmaxmappedt0rql)e
Maximum | Nact < Nyes AN Taet> Tres power and
operator or either torque
demand or speed

Paragraph 8.1.4.3amend to read:

"8.1.4.3.

Procedure

The following linearity verification protocol shalle used:

0] At a recording frequency of at least the minimudrequency, as
specified in table 9.2, the reference value shalhteasured for 30 s

and the arithmetic mean of the recorded valigstecorded...

0] Steps in paragraphs (g) through (i) of thisgggaph shall be repeated

until all reference quantities are measured;

(k)  The arithmetic mear, , and reference valueg,;, shall be used to

calculate least-squares linear regression paraseted statistical
values to compare to the minimum performance dsitepecified in
table 8.2. The calculations described in Annex Atll be used."



ECE/TRANS/WP.29/2011/82

Paragraph 8.1.8.4., figure 8.&amend to read:

"Figure 8.1

Schematic diagrams for diluted exhaust flow CVS c#@iration

&

2 9%

reference r‘gg?g‘gr
flow meter PDP

@ @ downstream
pressure

control

reference  variable CFV blower
flow meter restrictor

Poem

reference SSV variable speed
flow meter blower

Paragraphs 8.1.8.4.2. and 8.1.8.4@mend to read:

"8.1.8.4.2.

PDP calibration

A positive-displacement pump (PDP) shall be catdmtao determine a flow-
versus-PDP speed equation that accounts for fl@kalge across sealing
surfaces in the PDP as a function of PDP inlet qunes Unique equation
coefficients shall be determined for each speadhith the PDP is operated.
A PDP flow meter shall be calibrated as follows:

®

The PDP is operated for at least 3 minutestabibze the system.
Then by continuously operating the PDP, the mednegaof at least
30 s of sampled data of each of the following qiti@stare recorded:

(i)  The mean flow rate of the reference flow metff,, . This
may include several measurements of different gtiesitsuch
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8.1.8.4.3.

as reference meter pressures and temperatures,
calculatingd,, ;

(i)  The mean temperature at the PDP inlgt,

(i)  The mean static absolute pressure at the PIZ®, piy;

(iv)  The mean static absolute pressure at the RBIBtq,,;

(v)  The mean PDP speethpp,

CFV calibration

A critical-flow venturi (CFV) shall be calibrated tverify its discharge
coefficient,Cgy, at the lowest expected static differential pressetween the
CFV inlet and outlet. A CFV flow meter shall beibahted as follows:

) The CFV shall be operated for at least 3 migute stabilize the
system. The CFV shall continue operating and tharmalues of at
least 30 s of sampled data of each of the followjngntities shall be
recorded:

0] The mean flow rate of the reference flow metdy, . This

may include several measurements of different dpiesit such
as reference meter pressures and temperatures,

calculatingd,, ;

(i)  Optionally, the mean dew point of the caliboat air, T4e,. See
Annexes A.7-A.8 for permissible assumptions duengssion
measurements;

(iii)  The mean temperature at the venturi inlgf;
(iv)  The mean static absolute pressure at the vientat, pj,;

(v)  The mean static differential pressure betwdsn CFV inlet
and the CFV outletApcry;

Paragraph 8.1.8.5.1amend to read:

"8.1.8.5.1.

Introduction

(@) A propane check serves as a CVS verificatiodetermine if there is
a discrepancy in measured values of diluted exhémst A propane
check also serves as a batch-sampler verificatiatetermine if there
is a discrepancy in a batch sampling system thates a sample
from a CVS, as described in paragraph (f) of trdsagraph. Using
good engineering judgment and safe practices, chexk may be
performed using a gas other than propane, suchGso€ CO. A
failed propane check might indicate one or morebigmms that may
require corrective action, as follows:

for

for
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(iv)  The hydrocarbon contamination verification the sample
system shall be performed as described in paragtaph.2.;

Paragraph 8.1.8.5.4amend to read:

"8.1.8.5.4.

Preparation of the HC sampling systenitie propane check

Vacuum side leak check verification of the HC shngpsystem may be
performed according to (g) of this paragraph. I§ throcedure is used, the
HC contamination procedure in paragraph 7.3.1.2y rha used. If the
vacuum side leak check is not performed accordmdg), then the HC
sampling system shall be zeroed, spanned, andegefdr contamination, as
follows:

Paragraph 8.1.8.5.7amend to read:

"8.1.8.5.7.

PM secondary dilution system verifioati

When the propane check is to be repeated to vibrify°M secondary dilution
system, the following procedure from (a) to (d) IsH# used for this
verification:

(d)  The reference g mass shall be subtracted from the calculated mass.
If this difference is within 5 per cent of the eeénce mass, the batch
sampler passes this verification. If not, correetiaction shall be
taken."

Paragraph 8.1.8.5.8amend to read:

"8.1.8.5.8.

Sample dryer verification

If a humidity sensor for continuous monitoring afvd point at the sample
dryer outlet is used this check does not applyolag as it is ensured that the
dryer outlet humidity is below the minimum valuesed for quench,
interference, and compensation checks.

(a) If a sample dryer is used as allowed in paggfa3.2.3.1. to remove
water from the sample gas, the performance shalNdidgied upon
installation, after major maintenance, for thermiailler. For osmotic
membrane dryers, the performance shall be verifjgsh installation,
after major maintenance, and within 35 days ofrigst

(d)  The following sample dryer verification procedumethod shall be
used to determine sample dryer performance, or gawineering
judgment shall be used to develop a different palto

(vi) The sample dryer meets the verification ifethresult of
paragraph (d)(vi) of this paragraph is less than dbw point
corresponding to the sample dryer specificationdedsrmined
in paragraph 9.3.2.3.1. plus 2 °C or if the mokfien from
(d)(vi) is less than the corresponding sample dryer
specifications plus 0.002 mol/mol or 0.2 volume pent. Note
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for this verification, sample dew point is exprebge absolute
temperature, Kelvin."

Paragraph 8.1.8.6.1amend to read:

"8.1.8.6.1.  Specifications for differential flow emurement

Acceptable accuracies @j,, can be obtained by either of the following
methods:

(c)  The accuracy ofiy, is determined indirectly from the accuracy of the
dilution ratio as determined by a tracer gas, €@,. Accuracies
equivalent to methoh) for g, are required;

Paragraph 8.1.8.6.3amend to read:

"8.1.8.6.3.  Special requirements for differentlai measurement

A carbon flow check using actual exhaust is stlprmgcommended for
detecting measurement and control problems andfywvegi the proper
operation of the partial flow system. The carbawflcheck should be run at
least each time a new engine is installed, or seimgtsignificant is changed
in the test cell configuration.

Paragraph 8.1.8.7.1amend to read:
"8.1.8.7.1.  Scope and frequency

Upon initial sampling system installation, aftegjor maintenance such as
pre-filter changes, and within 8 hours prior to feauty-cycle sequence, it
shall be verified that there are no significantwamo-side leaks using one of
the leak tests described in this section. Thisfieation does not apply to any
full-flow portion of a CVS dilution system."

Paragraph 8.1.9.1.4amend to read:
"8.1.9.1.4. Procedure

The interference verification shall be performedallews:

(d)  The humidified test gas shall be introducea itte sampling system.
The humidified test gas may be introduced downsiredany sample
dryer, if one is used during testing;

Paragraph 8.1.9.2.4amend to read:

"8.1.9.2.4. Procedure

The interference verification shall be performedallews:
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(c)  The humidified C® test gas shall be introduced into the sampling
system. The humidified CQest gas may be introduced downstream
of any sample dryer, if one is used during testing;

Paragraph 8.1.10.1.3amend to read:
"8.1.10.1.3. HC FID response optimization
This procedure is only for FID analyzers that measiC.

(a) Instrument manufacturer requirements and gogiheering judgment
shall be used for initial instrument start-up andsib operating
adjustment using FID fuel and zero air. Heated F$ball be within
their required operating temperature ranges. Fl§parse shall be
optimized to meet the requirement of the hydrocarlvesponse
factors and the oxygen interference check accorditg
paragraphs 8.1.10.1.1.(a) and 8.1.10.2. at the owatmon analyzer
range expected during emission testing. Higheryaealrange may be
used according to the instrument manufacturersmetendation and
good engineering judgment in order to optimize Rzurately, if the
common analyzer range is lower than the minimungeafor the
optimization specified by the instrument manufagetur

(c)  The following step from (1) to (4) or the procee instructed by the
instrument manufacturer shall be taken for optitiira The
procedures outlined in SAE paper No. 770141 maggimnally used
for optimization;

(iii) The difference between the span and zero respdrakebe
plotted and the fuel flow adjusted to the rich siofethe
curve. This is the initial flow rate setting whichay need
further optimization depending on the results ofe th
hydrocarbon response factors and the oxygen imegrée
check according to paragraphs 8.1.10.1.1.(a) @nd®@2;

(iv) If the oxygen interference or the hydrocarbon respo
factors do not meet the following specificatiortse airflow
shall be incrementally adjusted above and below the
manufacturer's specifications, repeating
paragraphs 8.1.10.1.1.(a) and 8.1.10.2. for eaet fl

Paragraph 8.1.11.2amend to read:
"8.1.11.2. CLD quench verification calculations

CLD quench-check calculations shall be performeddascribed in this
paragraph."”
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Paragraph 8.1.11.2.3amend to read:
"8.1.11.2.3. Combined @ and CQ quench calculations

XH20meas= measured mole fraction of water during the ghererification

according to paragraph 8.1.11.1.5.(g)

XNOmeas= measured concentration of NO when NO span gateisded

with CO, span gas, according to paragraph 8.1.11.1.4.(j)

XNOact = actual concentration of NO when NO span gdsdaded with

CO, span gas, according to paragraph 8.1.11.1.4.(J an
calculated according to equation (8-5)

Xcozexp= maximum expected concentration of £@Quring emission

testing, according to paragraph 8.1.11.2.2.

Paragraph 8.1.11.3.4amend to read:
"8.1.11.3.4. Procedure

The interference verification shall be performeddi®ws:

(@)

This difference shall be multiplied by the catif the expected mean
HC concentration to the HC concentration measuradng the
verification. The analyzer meets the interfereneéfication of this
paragraph if this result is within +2 per cent loé tNQ, concentration
expected at the standard:

< < 7HC,exp =
|XNOX,CLD,meas_ X NOx,NDUV,meJS[E - = 2%[6 X NOx,e>)p(8'6)

C,meas

Where:

XNoxCLDmeas = the mean concentration of N@easured by
CLD [pmol/mol] or [ppm]

XNOX,NDUV,meas = the mean concentration of N@neasured by
NDUV [umol/mol] or [ppm]

= the mean concentration of HC measured

HC,meas
[wmol/mol] or [ppm]
Xiic exp = the mean concentration of HC expected at the
standard [pmol/mol] or [ppm]
7N0x,exp = the mean concentration of N@xpected at

the standard [prmol/mol] or [ppm]
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% < Xic ex 40
|XNOx,CLD,meas_ X NOx,NDUV,meJx[Eﬁj = |300_ Slq)x (%j = 5 ppn

C,meas

Paragraph 8.1.12.2.5gmend to read:
"8.1.12.2.5. Correction calculation

The PM sample filter shall be corrected for buoyansing the following

equations:
1- loair
Pueigh
r‘ncor = rranor net (8'8)
1- pair
pmedia
Where:
Meor = PM sample filter mass corrected for buoyancy
Muncor = PM sample filter mass uncorrected for buoyancy
Muncor = 100.000 mg
Pweight = 8000 kg/lﬁ
Pmedia = 920 kg/rﬁ
1- Pair _1.18282
Ioweight 8000
= —— |=100.000¢| ——=2555- | = 100.1139mr
Irncor Irnmcor 1- pair 1_118282
pmedia 920

Paragraph 8.2.4.5amend to read:
"8.2.4.5. Stabilisation of PM samples

To stabilise PM samples, they shall be placed & @nmore containers that
are open to the PM-stabilization environment, whiish described in

paragraph 9.3.4.3. A PM sample is stabilized ag las it has been in the
PM-stabilization environment for one of the followi durations, during

which the stabilization environment has been witttie specifications of

paragraph 9.3.4.3

Paragraph 9.3.2.3.1.2gmend to read:

"9.3.2.3.1.2. Type of sample dryers allowed andcedore to estimate moisture content
after the dryer

Either type of sample dryer described in this peaxply to decrease the effects
of water on gaseous emission measurements mayelde us
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@)

(b)

Paragraph 9.3.2.4.

"Table 9.1

If an osmotic-membrane dryer upstream of arsegas analyzer or
storage medium is used, it shall meet the temperafpecifications in
paragraph 9.3.2.2.The dew pointTse and absolute pressui@yta,
downstream of an osmotic-membrane dryer shall baitored. The
amount of water shall be calculated as specifiedrninexes A.7-A.8
by using continuously recorded valuesTagf, and pya OF their peak
values observed during a test or their alarm séttpolacking a
direct measurement, the nomira. is given by the dryer's lowest
absolute pressure expected during testing;

A thermal chiller upstream of a THC measuremsgpstem for
compression-ignition engines may not be used. thexmal chiller
upstream of an N£to-NO converter or in a sampling system without
an NGQ-to-NO converter is used, the chiller shall meet NO, loss-
performance check specified in paragraph 8.1.1Th& dew point,
Taew and absolute pressupg,., downstream of a thermal chiller shall
be monitored. The amount of water shall be caledlas specified in
Annexes A.7.-A.8 by using continuously recordedueal of Tye,, and
Pota OF their peak values observed during a test oir thlarm set
points. Lacking a direct measurement, the nonpgagl is given by the
thermal chiller’s lowest absolute pressure expedigthg testing. If it
is valid to assume the degree of saturation irthikeemal chiller,Tge,
based on the known chiller efficiency and contiraimoonitoring of
chiller temperatureTier may be calculated. If values o are not
continuously recorded, its peak value observedndusd test, or its
alarm setpoint, may be used as a constant valudetermine a
constant amount of water according to Annexes A3-K it is valid
to assume thanijer is equal toTgew Tehiter May be used in lieu Gfjey
according to Annexes A.7-A.8. If it is valid to asse a constant
temperature offset betwe@iper and Tgey, due to a known and fixed
amount of sample reheat between the chiller outied the
temperature measurement location, this assumedetamope offset
value may be factored in into emission calculatiofise validity of
any assumptions allowed by this paragraph shallshewn by
engineering analysis or by data."

, table 9.amend to read:

Gaseous Batch Sampling Container Materials

CO, CQ, G,, CH,,

C,He, CiHg, NO, NO,* | polyvinylidene fluoridé for example Kyndr,

polyvinyl fluoride (PVF} for example Tedlal,

polytetrafluoroethyleriefor example TefloR", or stainless

steet
THC, NMHC polytetrafluoroethylereor stainless stekl
1 As long as aqueous condensation in storage contaipeevented.
2 Upto 40°C.
3 Upto 202°C.
4 At (191 +11)°C."
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Paragraph 9.4.4.1.2amend to read:

"9.4.4.1.2.

Shaft work

Work and power shall be calculated from outputsspéed and torque
transducers according to paragraph 9.4.4.1. Ovseyatlems for measuring
speed and torque shall meet the calibration andifioaions in
paragraphs 8.1.7. and 8.1.4.

Torque induced by the inertia of accelerating amdeterating components
connected to the flywheel, such as the drive sahaft dynamometer rotor,
shall be compensated for as needed, based on ggotering judgment.”

Paragraph 9.4.5.3.2amend to read:

"9.4.5.3.2.

Flow meter response time

For the purpose of controlling of a partial flowluion system to extract a
proportional raw exhaust sample, a flow meter raspotime faster than
indicated in table 9.3 is required. For partialwflalilution systems with
online control, the flow meter response time shaket the specifications of
paragraph 8.2.1.2."

Paragraph 9.4.7.3amend to read:

"9.4.7.3.

Gas chromatograph

Application: A gas chromatograph may be used to smea CH
concentrations of diluted exhaust for batch sangpliwhile also a non-
methane cutter may be used to measure, CHs described in
paragraph 9.4.7.2. a reference procedure basedyas ehromatograph shall
be used for comparison with any proposed altermagasurement procedure
under paragraph 5.1.3."

Paragraph 9.5.1.1.(a), table 9.4mend to read:

C-:r:nkilz:n?ifation limits, applicable for raw or dilute measurements [umol/mol = ppm (3.2.)]
Constituent Purified Synthetic Aif Purified N,
THC (C, equivalent) < 0.05 pmol/mol < 0.05 pmol/mol
Cco <1 pmol/mol <1 pmol/mol
CcO, <10 pmol/mol <10 pmol/mol
0O, 0.205 to 0.215 mol/mol <2 pmol/mol
NO, < 0.02 pmol/mol <0.02 pmol/mol

& |t is not required that these levels of purity mternational and/or national recognized standamiseable.long
as aqueous condensation in storage containerveies."

Paragraph A.2.1., equation (A.2-Bmend to read:

" y — =1 (A.Z-l)"
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Paragraph A.2.8., equation (A.2-1@mend to read:

> -a, (3, )

"SEE, ={-= N_2 (A.2-10)"

Paragraph A.4.1.amend to read:
"A.4.1. Introduction

Figure A.4.1 shows the sampling points at which ¢aebon flows shall be
checked. The specific equations for the carbon dlaveach of the sample
points are given in the following paragraphs.

Figure A.4.1
Measuring points for carbon flow check

Air  Fuel

i i
Y

~lf—

ENGINE

Partial Flow Svetem

Paragraphs A.4.3. to A.4.samend to read:

"A.4.3. Carbon flow rate in the raw exhaust (locat®)

If CO, is measured on a dry basis it shall be converte@ et basis
according to paragraph A.7.3.2. or A.8.2.2."

A.4.4. Carbon flow rate in the dilution system @éion 3)

If CO, is measured on a dry basis it shall be converte@ et basis
according to paragraph A.7.3.2. or A.8.2.2.

A.4.5. Calculation of the molar mass of the exhaast

The molar mass of the exhaust gas shall be cadcliatcording to equation
(A.8-15) (see paragraph A.8.2.4.2.).
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Paragraphs A.7.0.1amend to read (including the existing footndtgs
"A.7.0.1. General symbols

Annex? | Annexs Unit Quantity

ay b, Do t.b.d’ y intercept of the regression line, PDP calibration
intercept

a m t.b.d’ Slope of the regression line

] ] kg/(m-s) Dynamic viscosity

! See subscripts; e.gi, for mass rate of dry air ain_, for fuel mass rate.
’ t.b.d.= to be defined.

Paragraph A.7.1.1.amend to read:

"A7.1.1. Dry air and chemical species

This annex uses the following molar masses or &#feanolar masses of
chemical species:

Mnunc = 13.875389 g/mol (non-methane hydrocafBpn
Mnox = 46.0055 g/mol (oxides of nitrog®h

Mryc = 13.875389 g/mol (total hydrocart®h

(@  The effective molar masses of THC and NMHC deéned by an
atomic hydrogen-to-carbon ratie, of 1.85;

(b)  The effective molar mass of NGs defined by the molar mass of
nitrogen dioxide, N@

Paragraph A.7.1.4.1amend to read:
"A.7.1.4.1. THC determination and THC/CHitial contamination corrections

(a) If THC emissions are required to be determineghrrc-rip) shall be
calculated by using the initial THC contaminatiooncentration
XtHerthe-riopinic from paragraph 7.3.1.2. as follows:

55



ECE/TRANS/WP.29/2011/82

56

Paragraph A.7.1.4.2amend to read:
"A.7.1.4.2. NMHC determination

To determine NMHC concentratiomyvyc, one of the following shall be

used:

(b)

For non-methane cuttergyyuc shall be calculated using the non-
methane cutter's penetration fractio®¥)Y of CH; and GHg from
paragraph 8.1.10.3., and using the HC contaminatiwh dry-to-wet
corrected THC concentratioXrucrric-riojcor @S determined in
paragraph (a) of A.7.1.4.1.;

()

(ii)

The following equation for penetration fractordetermined
using an NMC configuration as outlined in
paragraph 8.1.10.3.4.1. shall be used:

X [RE

_ XTHC[THC-FIDIcor

THC[NMC-FID] CHA4[THC-FID]

e =) RFPR [RF, 7o
C2HB6[NMC-FID] CH4[THC-FID]

Where:

XTHCINMC-FID] = concentration of THC, HC
contamination (optional) and dry-to-
wet corrected, as measured by the
NMC FID during sampling through
the NMC

RFcharthe-Fipy = response factor of THC FID to CH4,
according to paragraph 8.1.10.1.4.

RFPFeomepnmeripp = Non-methane cutter combined ethane
response factor and penetration
fraction, according to

paragraph 8.1.10.3.4.1.

For penetration fractions determined using &@iMC
configuration as outlined in paragraph 8.1.10.3,4.the
following equation shall be used:

_ XTHC[THC-FIDIcor EPFCH4[NMC-FID] ~ XrHCINMC-FID] (A.7-7)

XumHe ~

P I:CHA[NMC-FID] - PI:CZHG[NMC—FID]

Where:

non-methane cutter GHpenetration
fraction, according to
paragraph 8.1.10.3.4.2.

concentration of THC, HC
contamination (optional) and dry-to-
wet corrected, as measured by the

PFchapnmc-Fip)

XTHC[NMC-FID]
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NMC FID during sampling through

the NMC
PFcarsnme-FiD) = non-methane cutter ethane penetration
fraction, according to

paragraph 8.1.10.3.4.2.

(i) For penetration fractions determined using aNMC
configuration as outlined in paragraph 8.1.10.3,4.the
following equation shall be used:

Where:

PFchapnmc-Ei) = non-methane cutter GHpenetration
fraction, according to
paragraph 8.1.10.3.4.3.

concentration of THC, HC
contamination (optional) and
dry-to-wet corrected, as measured by
the NMC FID during sampling
through the NMC

RFPFconepnmc-rpp - = hon-methane  cutter  GHcombined
ethane response factor and penetration
fraction, according to
paragraph 8.1.10.3.4.3.

XTHC[NMC-FID]

RFchatHe-FiD) = response factor of THC FID to GH
according to paragraph 8.1.10.1.4.

(c) For a gas chromatograpkymnc shall be calculated using the THC
analyzer's response factdRR) for CH,, from paragraph 8.1.10.1.4.,
and the HC contamination and dry-to-wet correctadial THC
concentrationrycirhe-rFiojcor &S determined in paragraph (a) above as
follows:

Paragraph A.7.2.3amend to read:

"A.7.2.3. Chemical balance procedure

Use the following steps to complete a chemicalrzda

(a) Measured concentrations suchX@spmeas XNomeas aNdXu20in, Shall be
converted to dry concentrations by dividing themdme minus the
amount of water present during their respective sueaments; for
example:Xp20xcozmeas XHz20xNomeas @NdXnzoine If the amount of water
present during a “wet” measurement is the samehasuhknown
amount of water in the exhaust flow,cexn it has to be iteratively
solved for that value in the system of equatiohsnly total NQ are
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measured and not NO and NGseparately, good engineering
judgement shall be used to estimate a split in tb@l NQ,
concentration between NO and N€r the chemical balances. The
molar concentration of NQ xyox, may be assumed to be 75 per cent
NO and 25 per cent NOFor NG, storage aftertreatment systems,
Xnox May be assumed to be 25 per cent NO and 75 peiNean For
calculating the mass of N@missions, the molar mass of Nfor the
effective molar mass of all NGspecies, regardless of the actual,NO
fraction of NQ, shall be used,;

(b)  Equations (A.7-10 to A.7-26) in paragraph (d)this paragraph
A.7.2.3. have to be entered into a computer progranteratively
solve forxpzoexh Xccombdry@NdXgivexn. GOOd engineering judgment shall
be used to guess initial values f&fi0exn Xccombdry aNd Xgivexh:
Guessing an initial amount of water that is abeu¢e the amount of
water in the intake or dilution air is recommendé&dessing an initial
value of Xccombary @S the sum of the measured £QO, and THC
values is recommended. Guessing an initipbetween 0.75 and 0.95

(0.75< x,, < 0.99), such as 0.8 is also recommended. Values in the

system of equations shall be iterated until thetmesently updated
guesses are all withihl per cent of their respective most recently
calculated values;

At the end of the chemical balance, the molar ftate N, is calculated as
specified in paragraphs A.7.3.3. and A.7.4.3."

Paragraph A.7.3.3amend to read:

"A.7.3.3.

Exhaust gas molar flow rate

The flow rate of the raw exhaust gases can be thirezeasured or can be
calculated based on the chemical balance of pgrhgha7.2.3. Calculation
of raw exhaust molar flow rate is performed fromasigred intake air molar
flow rate or fuel mass flow rate. The raw exhaustian flow rate can be

calculated from the sampled emissions,, , based on the measured intake

air molar flow rate,n

int ?
values calculated using the chemical balance iagraph A.7.2.3. It shall be
solved for the chemical balance in paragraph A37.at the same frequency

that n, or m,, is updated and recorded.

or the measured fuel mass flow rarg,, , and the

Paragraph A.7.4.1.amend to read:

"A7.4.1.

Emission mass calculation and backgrowordection

Equations for the calculation of gaseous emissimassmy,s [g/test] as a
function of molar emissions flow rates are as folo

(@  Continuous sampling, varying flow rate

1 N
Myas = T (M gas@ n e>dhE|X gi (see A.7-29)
i=1
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Where:

Mgas = generic emission molar mass [g/mol]

Ney = instantaneous exhaust gas molar flow rate on dass
[mol/s]

Xgas = instantaneous generic gas molar concentration weta
basis [mol/mol]

f = data sampling rate [Hz]

N = number of measurements [-]

Continuous sampling, constant flow rate

Myas = M ol f X AT (see A.7-31)

Where:

Mgas = generic emission molar mass [g/mol]

hexh = exhaust gas molar flow rate on a wet basis [mol/s]

Xgas = mean gaseous emission molar fraction on a wet basis
[mol/mol]

At = time duration of test interval

(b) Batch sampling, regardless varying flow or cant rate is, the
following equation shall be used:

1 Sy
mgas = T M gasER ga@ n exr (see A.7-32)
i=1

Where:

Mgas = generic emission molar mass [g/mol]

Neyy = instantaneous exhaust gas molar flow rate on dagis
[mol/s]

Ygas = mean gaseous emission molar fraction on a wet basis
[mol/mol]

f = data sampling rate [Hz]

N = number of measurements [-]

Paragraph A.7.4.4.1amend to read:
"A.7.4.4.1. Sampling

(b)  Sampling from a constant flow rate
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For sampling with a constant dilution ratiDR), mpy [g] shall be
calculated using the following equation:

Moy = Mpyg DR (A.7-46)
Where:

Memdil = PM mass in dilution air [g]

DR = dilution ratio [-] defined as the ratio betwett'e mass

of the emissionm and the mass of diluted exhaust
Maexn (DR = MY My )-

The dilution ratioDR can be expressed as a functioX@fxn:

DR= 1

= (A.7-47)"
1- Xdiltexh

Annex A.7, Appendix amend to read:

"Annex A.7

Appendix 1

Diluted exhaust flow (CVS) calibration

A.7.6.

A.7.6.1.
A.7.6.2.

A.7.6.3.

60

Introduction

This Appendix 1 describes the calculations for braling various flow
meters. Paragraph A.7.6.1. of this Appendix 1 fitsscribes how to convert
reference flow meter outputs for use in the catibraequations, which are
presented on a molar basis. The remaining paragrgscribe the calibration
calculations that are specific to certain type#af meters.

PDP calibration calculations

(d)  The procedure in paragraphs (a) through (¢hisfparagraph shall be
repeated for every speed that PDP is operated;

Venturi governing equations and permigsdagsumptions

This section describes the governing equationspamdhissible assumptions
for calibrating a venturi and calculating flow ugia venturi. Because a
subsonic venturi (SSV) and a critical-flow vent(€FV) both operate
similarly, their governing equations are nearly tbeme, except for the
equation describing their pressure ratiofi.e., rssy versusrcry). These
governing equations assume one-dimensional isdotromviscid
compressible flow of an ideal gas. In paragraph.®37(d), ... Molar flow

rate, N [mol/s], shall be calculated as follows:
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A.7.6.4.

n=_C, [T 3 A h, (A.7-60)
\/Z D\/lmix ERDTn

Where:

Cq = Discharge coefficient, as determined in paragrap/.6.3.(a)
[-]

Cs = Flow coefficient, as determined in paragrapf.8.3.(b) [-]

SSV calibration

(@) Molar based approach. To calibrate an SSV fioster the following
steps shall be performed:

0] The Reynolds numbeR¢€, for ... approximateu:

and, using the Sutherland three-coefficient vidggasiodel:

— [ Tn : T+S
eulp 4w
Where:
] = Dynamic viscosity of calibration gas [kg /(m-s)]
Ho = Sutherland reference viscosity [kg /(m-s)]
S = Sutherland constant [K]
To = Sutherland reference temperature [K]
Tn = Absolute temperature at the venturi inlet [K]

Paragraphs A.7.7.1. to A.7.7.2unend to read:

"AT.7.1.

A7.7.2.

Scope and frequency

The calculations in this Appendix 2 are performed determine if gas
analyzer drift invalidates the results of a tedierwal. If drift does not
invalidate the results of a test interval, the tederval's gas analyzer
responses shall be corrected for drift accordinthi® Appendix 2. The drift-
corrected gas analyzer responses shall be usell sulssequent emission
calculations. The acceptable threshold for gasyaealdrift over a test
interval is specified in paragraph 8.2.2.2.

Correction principles

The calculations in this Appendix 2 utilize a gawlgzer's responses to
reference zero and span concentrations of andlygiases, as determined
sometime before and after a test interval. Theuations correct the gas
analyzer's responses that were recorded duringtanterval. The correction
is based on an analyzer's mean responses to redereno and span gases,
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A.7.7.3.

and it is based on the reference concentratiortheofzero and span gases
themselves. Validation and correction for driftlsba performed as follows:

Drift validation

After applying all the other corrections—excepfftdtbrrection—to all the gas
analyzer signals, brake-specific emissions shalc&leulated according to
A.7.5. Then all gas analyzer signals shall be obtec:for drift according to
this Appendix 2. Brake-specific emissions shallreealculated using all of
the drift-corrected gas analyzer signals. The begexific emission results

shall be validated and reported before and aftiér abrrection according to
paragraph 8.2.2.2."

Paragraph A.8.0.1.amend to read (including the existing footn9te

"A.8.0.1. General symbols
Annex 8 Annex 7 Unit Quantity
b, Do a t.b.d? y intercept of the regression line
m =Y t.b.d3 Slope of the regression line
] 1] kg/(m-s) Dynamic viscosity

3 t.b.d.= to be defined.

Paragraph A.8.2.1.2amend to read:

"A.8.2.1.2.

Transient and ramped modal cycles tests

The total mass per test of a gaseous emigsjgs{g/test] shall be calculated
by multiplication of the time aligned instantaneoasncentrations and

exhaust gas flows and integration over the testecyrcording to the
following equation:

Paragraph A.8.2.3amend to read:

"A.8.2.3.

NQ, correction for humidity and temperature

As the NQ emission depends on ambient air conditions, the, NO
concentration shall be corrected for ambient ainpterature and humidity
with the factorsk, [-] given in the following equation. This facte valid for

a humidity range between 0 and 25 gitkg dry air.
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Paragraph A.8.2.4.1., table A.84mend to read:

"Table A.8.1
Raw exhaust gasi and component densities (the& figures are calculated for emission
concentration expressed in ppm)

Gas NQ CcoO HC CQ O, CH,

pgas[kg/m3] 2.053 1.250 0.621 1.9636 1.427y 0.71¢6
JoX . _ .

Fuel [kg/m3] Coefficientugssatd = 2, dry air, 273 K, 101.3 kPa

Diesel | 1.2939] 0.00158Y 0.0009¢6 0.000479 0.001518001003| 0.000557

Paragraph A.8.3.2amend to read:

"A.8.3.2. Dry-to wet concentration conversion
All concentrations in paragrapf.8.3.2. shall be converted using
equation (A.8-5)¢,, = k, [&;)."

Paragraph A.8.3.3., table A.8.@mend to read:

"Table A.8.2

Diluted exhaust gasu values and component densities (the figures are calculated for
emission concentration expressed in ppm)

Gas NQ CO HC CQ O, CH,

pgas[kg/m3] 2.053 1.250 0.621 1.9636 1.4277 0.71¢
Le . _ .

Fuel [kg/m3] Coefficientugssatd = 2, dry air, 273 K, 101.3 kPa

Diesel | 1.293| 0.001588 0.000967 0.000480 0.001%19001004( 0.000559

Paragraphs A.8.3.4.1. to A.8.3.4.8mend to read:
"A.8.3.4.1. PDP-CVS system

The calculation of the mass of the diluted exhkgttest] over the cycle is
as follows, if the temperature of the diluted extan.qy is kept within +6 K
over the cycle by using a heat exchanger:

Y
m,, =1.293V, [h, -3 = (A.8-36)
Where:
Vo = volume of gas pumped per revolution under test
conditions [m3/rev]
Np = total revolutions of pump per test [rev/test]
Pp = absolute pressure at pump inlet [kPa]
T = average temperature of the diluted exhaust gasrap

inlet [K]
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A.8.3.4.2.

1.293 kg/ml = air density at 273.15 K and 101.325 kPa

If a system with flow compensation is used (i.ethaut heat exchanger), the
mass of the diluted exhaust gasy; [kg] during the time interval shall be
calculated as follows:

m,, =1.293V,h, G2 = (A.8-37)

Where:

Vo = volume of gas pumped per revolution under test
conditions [m3/rev]

Po = absolute pressure at pump inlet [kPa]

Np, = total revolutions of pump per time intervdteviAt]

T = average temperature of the diluted exhaust gpsrap
inlet [K]

1.293 kg/ml = air density at 273.15 K and 101.325 kPa

CFV-CVS system

The calculation of the mass flow over the cyeig [g/test] is as follows, if
the temperature of the diluted exhaust is keptiwifi1 K over the cycle by
using a heat exchanger:

my = 1.293]TE(|55V [Dp (A.8-38)
Where:

t = cycle time [s]

Ky = calibration coefficient of the critical flow weuri for

standard conditionE(\/R * E‘k) /kg}

Po = absolute pressure at venturi inlet [kPa]
T
1.293 kg/ni

If a system with flow compensation is used (i.etheut heat exchanger), the
mass of the diluted exhaust gawsy; [kg] during the time interval shall be
calculated as follows:

absolute temperature at venturi inlet [K]
air density at 273.15 K and 101.325 kPa

m, = 1.29:~mi Ell;v [P, (A8-39)
Where:

At; = time interval of the test [s]

Ky = calibration coefficient of the critical flow weuri for

standard conditionE(\/R * E‘k) /kg}
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Pp = absolute pressure at venturi inlet [kPa]
T = absolute temperature at venturi inlet [K]
1.293 kg/m = air density at 273.15 K and 101.325 kPa

A.8.3.4.3. SSV-CVS system

The calculation of the diluted exhaust gas mass thes cyclemyy [kg/test]
shall be as follows, if the temperature of the t@itlexhaust is kept within
+11K over the cycle by using a heat exchanger:

m,, =1.293q, o, [At (A.8-40)

Where:

1.293 kg/m = air density at 273.15 K and 101.325 kPa

At = cycle time [s]

Ovssv = air flow rate at standard conditions (101.32Bak
273.15 K) [ni/s]

with

Qussv = % d,*C, P %( rpl.4286_ rp”lﬁ EE 1- rD4]|-,pl.4286J (A.8-41)

If a system with flow compensation is used (i.etheut heat exchanger), the
mass of the diluted exhaust gawsy; [kg] during the time interval shall be
calculated as follows:

My, =1.2930, ¢, [At (A.8-42)
Where:

1.293 kg/m = air density at 273.15 K and 101.325 kPa

At; = time interval [s]

Qussv = volumetric flow rate of the SSV fifs]"

Paragraph A.8.3.5.2.2amend to read:
"A.8.3.5.2.2. Calculation of the particulate mdssvfrate

The particulate emission flow rate over the cydgwy [g9/h] shall be
calculated as follows:

(b)  For the multiple-filter method

. ﬁ600
COpmi = BLLE mf (A.8-57)
Mg 1000
Where:
Ovpmi = particulate mass flow rate for the madg/sh]
i = particulate sample mass collected at mdadeg]
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Oredi = equivalent diluted exhaust gas mass flow ratewen
basis at mode[kg/s]

Mg = mass of diluted exhaust sample passed through th
particulate sampling filter at mod¢kg]

The PM mass is determined over the test cycle loynsation of the
average values of the individual modekiring the sampling period.

The particulate mass flow ratgem [9/h] Or gmemi [0/0] Mmay be background
corrected as follows:

(©

(d)

For the single-filter method

_ My 5 1 —— 3600
Qrpm = { m - {dEEl - D] BNFJ} (et lOOO(A.8-58)

rnsep my =

Where:

Onpm = particulate mass flow rate [g/h]

m = particulate sample mass collected [mg]

Myep = mass of diluted exhaust sample passed through th
particulate sampling filter [kg]

Mg = particulate sample mass of the dilution air extkd
[mg]

my = mass of the dilution air sample passed through t
particulate sampling filters [kg]

D = dilution factor at mode (see equation (A.8-29) of
paragraph A.8.3.2.2.) []

WF = weighting factor for the modd-]

et = average equivalent diluted exhaust gas mass rfde

on wet basis [kg/s]

For the multiple-filter method

- 1 600
Oemi = {i - [& [él - _Dj}} (O e (A.8-59)

My m, 1000

Where:

OmPMi = particulate mass flow rate at madde/h]

m = particulate sample mass collected at mdadeg]

Mg = mass of diluted exhaust sample passed through th
particulate sampling filter at mod¢kg]

Mg = particulate sample mass of the dilution air exid
[mg]

My = mass of the dilution air sample passed through t

particulate sampling filters [kg]



ECE/TRANS/WP.29/2011/82

D = dilution  factor (see equation (A.8-29) of
paragraph A.8.3.2.2.) [-]
Omedi = equivalent diluted exhaust gas mass flow ratewen

basis at mode[kg/s]

If more than one measurement is mad'ef,d/nhshall be replaced with

M/ my"
Paragraph A.8.4.2.1amend to read:
"A.8.4.2.1. Transient and ramped modal cycles

The particulate specific emissions shall be catedlavith equation (A.8-61)
whereeg,s [0/kWh] andmy.s [g/test] are substituted sy [g/kWh] andmgy
[gltest] respectively:

e, = bu (A.8-64)
Wact

Where

Mpy = total mass of particulates emission, calculaaedording to

paragraph A.8.3.5. [g/test]

Paragraphs A.8.5.1. to A.8.5.2unend to read:
"A.8.5.1. Positive displacement pump (PDP)

The airflow rate @ycys) at each restriction setting (minimum 6 settingfsll
be calculated in standard s from the flowmeter data using the
manufacturer's prescribed method. The airflow shtdl then be converted to
pump flow {/,) in m*/rev at absolute pump inlet temperature and presssir

follows:
V, = Gewsg27315; (A.8-68)
n P
Where:
Ovevs = air flow rate at standard conditions (101.32%kRP7315 K)
[m¥/s]
A.8.5.2. Critical flow venturi (CFV)

The airflow rate dycys) at each restriction setting (minimum 8 settingfsll
be calculated in standard ’tsm from the flowmeter data using the
manufacturer's prescribed method. The calibratiopefficient Ky

[(\/E mn* E'E) /kg] shall be calculated from the calibration data dach

setting as follows:
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A.8.5.3.

Qvevs B/?

Ky =————— (A.8-71)
P
Where:
Ovcvs = air flow rate at standard conditions (101.32%kP73.15 K)
[m¥/s]

Subsonic venturi (SSV)

The airflow rate ¢yssy) at each restriction setting (minimum 16 settings)
shall be calculated in standard®s from the flowmeter data using the
manufacturer's prescribed method. The dischargefficieat shall be
calculated from the calibration data for each sgtés follows:

C,= Qssv (A.8-72)
fﬁijzpp i(rmzse_r 1.7143( 1 j
Tin,V P p 1- rD4rp1.4286
Where:
Ao = collection of constants and units conversion€).6056940
m? K% 1

min kPa mm?

Ovevs = air flow rate at standard conditions (101.32%kPR73.15 K)
[m¥/s]

To determine the range of subsonic flady,shall be plotted as a function of
Reynolds numbeReg at the SSV throat. ThRe at the SSV throat shall be
calculated with the following equation:

60 q,
Re= A0 %Y (A.8-73)
d,
with
b X T 15
= (A.8-74)
S+T

Where:

Ay = collection of constants and units

conversions = 27.43831Kg nin nm
md s m

Ovevs = air flow rate at standard conditions (101.32%kR73.15 K)
[m¥s]
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dy

diameter of the SSV throat [mm]

absolute or dynamic viscosity of the gas (kg$)]
1.458 x 10 (empirical constant) [kgh-sK°?)]
110.4 (empirical constant) [K]
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