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[bookmark: _GoBack]The WLTP group questioned the terms PM and PN. So far, according to the definitions in the European regulation, the term ‘particle’ was conventionally used for the matter being characterized (measured) in the airborne phase (suspended matter), and the term ‘particulate’ for the deposited matter. 
However the term Particulate matter (PM) mass was not used consistently. This has been corrected as below.
The WLTP drafting group is asking the following:
1. Do you agree with the following definition? "Particulate matter” (PM) means any material collected on a specified filter medium after diluting the exhaust with clean filtered diluent to a temperature less than  325 K (52 °C); typically this is primarily carbon, condensed hydrocarbons, and sulphates with associated water
1. Assuming that you agree with the above, do you see any problem if the GTR then uses the terms "PM mass" and "PM number"? This last term, "PM number", would then make the use of the abbreviation "PN" in the GTR extraneous.



Definitions in GTR

3.6. PM/PN
3.6.1. "Particle number" (PN) means the total number of solid particles emitted from the vehicle exhaust and as specified in this gtr.
3.6.2. "Particulate matter" (PM) means any material collected on the filter media from diluted vehicle exhaust as specified in this gtr.

Annex 5
Test equipment and calibrations

3.3.2.2. At the vehicle manufacturer's request, the dilution air may be sampled according to good engineering practice to determine the tunnel contribution to background PM mass and particle number levels, which can then be subtracted from the values measured in the diluted exhaust. See paragraph 1.2.1.3. of Annex 6.

4.1.2.1.1. With the exception of paragraph 4.1.3.1. (hydrocarbon sampling system), paragraph 4.2. (PM mass emissions measurement equipment) and paragraph 4.3. (particle number emissions measurement equipment) of this annex, the dilute exhaust gas sample may be taken downstream of the conditioning devices (if any).

4.1.5.3.1. Heated sample probe in the dilution tunnel located in the same vertical plane as the PM and PN sample probes.

4.2. PM mass emissions measurement equipment

4.2.1.2.2. The particulate PM sample flow rate shall be proportional to the total mass flow of diluted exhaust gas in the dilution tunnel to within a tolerance of ±5 per cent of the particulate PM sample flow rate. The verification of the proportionality of the PM sampling flowrate should be made during the commissioning of the system and as required by the responsible authority.

4.2.1.2.3. The sampled dilute exhaust gas shall be maintained at a temperature above 293 K (20 °C) and below 325 K (52 °C) within 20 cm upstream or downstream of the particulate PM filter face. Heating or insulation of the components of the PM sampling system to achieve this is permissible.

4.2.1.2.7. Temperatures required for the PM mass measurement shall be measured with an accuracy of ±1 °C and a response time ( ) of fifteen seconds or less.

4.2.1.2.8. The PM sample flow from the dilution tunnel shall be measured with an accuracy of ±2.5 per cent of reading or ±1.5 per cent full scale, whichever is lowerthe least.
The above accuracy of the PM sample flow from the CVS tunnel is also applicable where double dilution is used. Consequently, the individual measurement and control of the secondary dilution air flow and diluted exhaust flow rates through the PM filter must be of a higher accuracy so that above limits are overall not exceeded.

4.2.1.2.9. All data channels required for the PM mass measurement shall be logged at a frequency of 1 Hz or faster. Typically these would include:
(a) Diluted exhaust temperature at the PM filter;
(b) PM sampling flow rate;
(c) PM secondary dilution air flow rate (if secondary dilution is used);
(d) PM secondary dilution air temperature (if secondary dilution is used). 

4.2.1.3.1. PM sampling probe

4.2.1.3.1.4. The pre-classifier (e.g. cyclone, impactor, etc.) shall be located upstream of the filter holder assembly. The pre-classifier 50 per cent cut point particle aerodynamic diameter shall be between 2.5 μm and 10 μm at the volumetric flow rate selected for sampling particulate PM mass emissions. The pre-classifier shall allow at least 99 per cent of the mass concentration of particles with an aerodynamic diameter of 1 μm particles entering the pre-classifier to pass through the exit of the pre-classifier at the volumetric flow rate selected for sampling particulate mass emissions. However, a sampling probe, acting as an appropriate size-classification device, such as that shown in Figure A5/13, is acceptable as an alternative to 
a separate preclassifier.

where:
mf	is the corrected particulate PM sample mass, mg;
muncorr	is the uncorrected particulate PM sample mass, mg;

4.2.1.3.3.1. As an option, the sample extracted from the CVS for the purpose of PM measurement may be diluted at a second stage, subject to the following requirements:

4.2.1.3.3.1.5. If the double diluted PM sample is returned to the CVS, the location of the sample return shall be selected so that it does not interfere with the extraction of other samples from the CVS.

4.2.1.3.4.2. The temperature of the gas flow in the flow meter may not fluctuate by more than ±3 K except: 
(a) When the PM sampling flow meter has real time monitoring and flow control operating at 1 Hz or faster;
(b) During regeneration tests on vehicles equipped with periodically regenerating after-treatment devices.
In addition, the sample mass flow rate shall remain proportional to the total flow of diluted exhaust gas to within a tolerance of ±5 per cent of the particulate sample massPM sample flow rate. Should the volume of flow change unacceptably as a result of excessive filter loading, the test shall be invalidated. When it is repeated, the rate of flow shall be decreased.

Table A5/1
Analytical balance verification criteria
	Measurement system
	Intercept b
	Slope m
	Standard error SEE
	Coefficient of determination r2

	PM Balance
	≤1per cent max
	0.99–1.01
	≤1per cent max
	≥0.998



4.2.2.4. Buoyancy correction
The sample and reference filter weights shall be corrected for their buoyancy in air. The buoyancy correction is a function of sampling filter density, air density and the density of the balance calibration weight, and does not account for the buoyancy of the PM itself.

Annex 6
Type 1 test procedure and test conditions

1.2.1.3.1. Background particulate PM mass measurement

1.2.1.3.1.1.3. Where subtraction of the background contribution gives a negative result, the particulate PM mass result shall be considered to be zero.

1.2.10. Particulate PM mass sampling

1.2.12.2. The particulate PM mass and particle number sampling systems shall be started. 

Annex 7
Calculations

3.3. Mass of particulatePM mass emissions

3.3.1. Calculation of particulate PM mass emissions using the double dilution method
Particulate PM mass emission Mp (g/km) is calculated as follows:
(38)
where exhaust gases are vented outside tunnel;
and:
(39)
where exhaust gases are returned to the tunnel;
where:
is the volume of diluted exhaust gases (see paragraph 2. of this annex), under standard conditions;
is the volume of diluted exhaust gas flowing through the particulate filter under standard conditions;
Pe	is the particulate PM mass collected by one or more filters, mg;
is the distance corresponding to the operating cycle, km;
is the particulate emission, g/km.

3.3.1.1. Where correction for the particulate background level from the dilution system has been used, this shall be determined in accordance with paragraph 1.2.1.3.1. of Annex 6. In this case, the particulate PM mass (g/km) shall be calculated as follows:
(40)
in the case where exhaust gases are vented outside tunnel;
(41)
in the case where exhaust gases are returned to the tunnel;
where:
is the volume of tunnel air flowing through the background particulate filter under standard conditions;
Pa	is the rolling average of the particulate PM mass collected from the dilution tunnel as specified in this gtr up to a maximum equivalent of 1mg/km at the same CVS and particulate sampling flow rates;
is the dilution factor determined in paragraph 3.2.1.1.1. of this annex.
Where application of a background correction results in a negative particulate PM mass (in g/km), the result shall be considered to be zero g/km particulate PM mass.

3.3.2. Calculation of particulate PM mass emissions using the double dilution method
(42)
where: 
is the volume of diluted exhaust gas flowing through the particulate filter under standard conditions;
is the volume of the double diluted exhaust gas passing through the particulate collection filters;
is the volume of the secondary dilution air.
Where the secondary diluted PM sample gas is not returned to the tunnel, the CVS volume shall be calculated as in single dilution, i.e.:
(43)
where is the measured volume of diluted exhaust gas in the dilution system following extraction of particulate sample under standard conditions.
