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The Administrative Committee of the 1997 Agreement (AC.4),

Desiring to define uniform conditions on Periodical Technical Inspections of 
wheeled vehicles that ensures a high level of safety and protection of the environment,

Bearing in mind that the 1997 Agreement established on 13 November 1997
provides for the adoption of uniform conditions for periodical technical inspections of 
wheeled vehicles and the conditions for reciprocal recognition by Contracting Parties of the 
International Technical Inspection Certificates granted on the basis of these inspections,

Bearing in mind that the assessment of compliance with the technical prescriptions 
of Rules annexed to the 1997 Agreement requires the use of administrative and technical 
arrangements,

Bearing in mind that the inspections may take place in any of the territories of the 
Contracting Parties and at a variety of technical centres within those territories, 

Bearing in mind that to facilitate the application of the Agreement, AC.4 has decided 
that the administrative and technical provisions, necessary for technical inspections should 
be comprehensively defined in terms of their essential characteristics and performance in a 
Resolution,

Bearing in mind that this Resolution does not hold regulatory status within 
Contracting Parties,

Recommends that Contracting Parties refer to this Resolution when establishing the 
suitability of their technical inspection regime when used for the assessment of compliance 
with the prescriptions of Rules in the framework of the 1997 Agreement.
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1. Harmonization of technical prescriptions of Contracting Parties with respect to roadworthiness of wheeled vehicles is the declared objective of the 1997 Agreements. An essential element of this objective is the confidence that the assessment of compliance is robust and not subject to variation depending upon the administrative and technical arrangements used in the assessment process.
2. At its seventy-seven session, the Inland Transport Committee (ECE/TRANS/248, para. 61) welcomed the discussions on the importance of periodic technical inspections and the 1997 Agreement for the sake of road safety and environmental protection, and requested the World Forum for Harmonization of Vehicle Regulations (WP.29) to consider the introduction of harmonized rules on testing equipment, on skills, training and certification of inspectors, as well as on supervision benefiting from recent achievements.
3. At its 165th session, WP.29 agreed to establish an informal working group on periodical technical inspections (IWG on PTI) to provide for a proper preparation of the proposals on development of the 1997 Vienna agreement provisions and alignment it with national legislations of the Contracting Parties. 
4. At the 168th session of WP.29, the Co-Chairs of IWG on PTI, through informal document WP.29-168-05, presented proposals for development of the 1997 Agreement. WP.29 supported the approach, proposed by the IWG on PTI, when general obligations and responsibilities of the Contracting Parties necessary to arrange PTI shall be put into the 1997 Vienna Agreement text and the detailed recommendations for ensuring the objectivity and the high quality of the technical inspections, undertaken in accordance with the recommended methods specified in the Rules, will be prescribed by the Resolution. 
5. WP.29 affirmed the approach at its 169th session and adopted the Resolution at its 171st session.
6. This Resolution is written to define the administrative and technical provisions for a PTI Particulate Number test (PTI-PN-test) and its preparation for use in a regulatory context. 
7. The construction of this Resolution is designed to permit the addition of discrete addenda for each and any administrative and technical arrangements, as appropriate to the Agreement. Further elements may be included according to the nature of the specific provisions.
8. Additions to or amendments of the individual addenda are subject to the agreement of AC.4 as appropriate to the needs of the Agreement.


Resolution R.E.x on the administrative and technical provisions required for carrying out the Particle Number test in a Periodic Technical Inspection according to the technical prescriptions specified in Rules annexed to the 1997 Agreement

1. [bookmark: _Toc84771584]Scope 

1.1 	This Resolution establishes minimum requirements for a Periodic Technical Inspection Particle Number emission test (PTI-PN-test) of diesel vehicles equipped with a wall flow filter and used on public roads. This Resolution details specific administrative and technical provisions for this PTI emission test.
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2.1 	This Resolution contains those details associated with any administrative and technical provisions that are necessary to establish a PTI-PN-test appropriate for use in determining the condition of particulate filters, within the Rules. These details are those associated with the measuring equipment, test procedure and emission limit values.

2.2. The technical prescriptions for each administrative and technical provision can be found in a discrete paragraph of this Resolution.

2.3. The regulatory prescriptions for the use of the provisions can be found in the Agreement or in the individual Rule for which the provision is specified
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3.1 Particle counter

PTI-PN-tests undertaken shall be carried out by using appropriate facilities and equipment. This may include, where applicable, the use of mobile emission testers. Particle counters measure the particle number concentration of exhaust gas and shall comply with the following minimum requirements:

3.1.1 An adequate sampling system that transports representative exhaust gas from the tail pipe to the particle number counter and meets certain criteria for particle losses;

3.1.2 An adequate measuring system to avoid particle losses caused by condensed matter (such as water or fuel);

3.1.3 An adequate system that removes a certain minimum share of volatile particles from the sample;

3.1.4 An adequate system for determination of the volumetric concentration of particles in an exhaust gas sample. The system measures solid particles of a certain mobility size diameter range;

3.1.5 An adequate measuring range with a specified measuring accuracy around the emission limit value(s) for determination of the particle number concentration. An extended measuring range (with reduced measuring accuracy) is needed for diagnostic purposes;

3.1.6 An adequate processor that can be freely set on the following points of a programmable test procedure: stabilisation times, sampling times, sampling numbers and sampling frequency;

3.1.7 An adequate display with actual information of the measuring procedure and the actual measured particle number concentration;

3.1.8 An adequate leak check facility or procedure;

3.1.9 An adequate adjustment facility for calibration purposes;

3.1.10 An adequate diagnosis system to ensure the proper working of the particle counter;

In Annex A a minimum set of specific parameters of the particle counter is given.
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Considerations
Research results of TNO and JRC show a fairly good correlation of the PN-concentration at low idle speed and NEDC PN emissions. 

4.1 PTI emission test
The PTI-PN-emission test is executed at low idle speed. 

4.2 Engine preconditioning
The preconditioning of the engine is of great importance because the particulate emissions is very dependent on a few parameters. These are:
· the coolant temperature
· the condition of the EGR system 
· the current status of a particulate filter regeneration 

Engine preconditioning is meant to create stable and defined test conditions. Stable test conditions can only be achieved when the engine is warm, the EGR-system is stable during the test (EGR-valve(s) closed) and no DPF regeneration is active. 

At low idle speed minimum PN emission can be achieved with a warm engine (engine coolant temperature is above a certain value), without Exhaust Gas Recirculation (EGR) and no regeneration of the particulate filter is ongoing.
 
Alternative preconditioning is possible. Due to the very high filtration efficiency of a properly functioning wall flow particulate filter, the test can be performed at any engine condition. Even with relatively high engine particulate emissions when the engine is cold, the particulate filter then filters sufficiently to meet the limit value. In practice, this leads to shorter test times.
In case of a failed test with a cold engine, further preconditioning is needed. The second emission test is performed with a warm engine, a de-activated EGR-system and without an active DPF-regeneration.

4.3 Test and measuring procedure
After the particle tester has warmed up and a leak check has been carried out, the test procedure is started. Representative exhaust gas is sampled from the exhaust pipe and fed into the emissions tester. After a certain stabilization time, the measurement is started and the particle concentration is measured during a certain time. Then the average particle concentration over the measurement time is determined.

4.4 Determination of the average result
The average arithmetic particle concentration of the collected instantaneous measured values ​​is determined by a microprocessor on the basis of the measurement time and minimum measurement frequency. In case of multiple measurements, for every measurement the average particle concentration is determined. Finally the arithmetic mean of the various measurements is determined.
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Considerations
In order to avoid false negative test results the PTI-PN limit value should be less strict than the effective limit value in the (vehicle or engine) type approval.

5.1 PN limit values
The limit value of the particle concentration determines which goal is pursued. Requirements can be imposed on the limit value of the particle concentration in order to be able to detect only particulate filter removal; If requirements are imposed on the filtration efficiency of a particulate filter, lower limit values ​​are required.

Moreover particulate emission levels of diesel and petrol engines differ. In general, at low idle speed, petrol engines have lower particulate emissions than diesel engines. Further research is needed to establish a PTI-PN-limit value for petrol engines.

5.2 Fast pass option
The option for a fast pass limit value (i.e. 25% of the PN limit value) in longer test procedures will generally lead to shorter test times on average.

5.3 Fast fail option
The option for a fast fail limit value is intended to prevent contamination of particle counters. It also leads to shorter test times.



6. [bookmark: _Toc84771589]Recommendations

Testing without prescribed engine conditioning is possible and saves time.
Since the particulate emission from a cold engine is substantially higher than from a warm engine, testing a cold engine is relatively unfavourable. This means that a cold engine that falls below the PTI limit value will also meet the emission requirements when warmed up. In daily PTI practice, this means that engines do not have to be brought up to operating temperature. So the emission test can be carried out in less time.


Considerations: 

Do we need a PTI-PN-test for gasoline vehicles? At the time the share and the amount of diesel vehicles with a defective or removed particulate filter appears to be substantial because DPF technology appears to be insufficiently robust. That is why the PTI-PN-test has been developed for these diesel vehicles. 
Since a few years GPF technology entered the market. And again the question is: Are substantial quantities of GPFs being removed or cracked? Currently no information is available. 
Now the nature of GPF technology is different from DPF technology because there are hardly any active regenerations. This could mean that GPF technology is relatively robust and as a result few defects occur. Before introducing the PTI-PN-test for petrol vehicles, it is recommended that an investigation will be started on the proportion of vehicles with GPF defects and removals. The results of this research will be able to substantiate the usefulness and necessity of a particulate test for petrol vehicles. If the particle test for petrol vehicles is to be developed, special attention should be paid to the sampling system, the particle counter and the PTI-PN limit value.

Particle counter for gasoline engines. The current PTI-PN-testers are mainly developed for diesel exhaust gas that contains at low idle speed around 20 g water per kg exhaust gas (2 mass%). However exhaust gas of stoichiometric gasoline engines contains approximately 100 g water per kg exhaust gas (10 mass%). This item should be clearly addressed in a Resolution. Due to the relatively large water content in the exhaust gas of stoichiometric petrol engines, particles will easily adhere to condensed water. Specific requirements should be formulated in type approvals of particle counters. 

PTI-PN limit values for gasoline engines need further attention. The particulate emission levels of a petrol engine are generally much lower than a diesel engine. Even without a GPF some of these engines could pass the PTI-PN-test. In order to get a good picture of the particulate emissions of petrol vehicles with GPF under PTI conditions, an exploratory study must first be carried out.
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I. Particle Counter:
PTI particle counters measure the volumetric particle concentration of raw exhaust gas. The measuring unit is particles per cubic centimetre (#/cm3);

II. Measurement principles:
No requirements are imposed on the measuring principle of the particle counter. To date, particle counters with Diffusion Charging (DC) technology or Condensation Particle Counter (CPC) technology are designed;

III. Removal of volatile particles:
At least 90% of the volatile particles are removed from the exhaust gas sample;

IV. Particle sizes:
The particle counter is characterised with a monodisperse sample with the next two particle sizes: 
· 23  nm  +/- 5%
· 80  nm  +/- 5%

V. Counting efficiency ranges:
The required counting efficiency ranges are
-	23 nm (+/- 5%)     	0.2 – 0.6
-	80 nm (+/- 5%)  	0.7 – 1.3

VI. Measuring range
The minimum required measuring range shall be from 5,000 #/cm3 to the applicable PTI-PN limit value (mostly 250,000 or 1,000,000 #/cm3). For diagnostic purposes an extension of the measuring range is recommended (5,000,000 to 50,000,000 #/cm3);

VII. Resolution of indication
The least significant figure of the display shall provide a minimum resolution of 1000 particles/cm3;

VIII. Size of indication
Digital figures of the display shall be at least 5 mm high; 

IX. Measuring frequency
The minimum required measuring frequency is 1 Hz;

X. Processor of the test procedure and data:
The processor of the particle counter is able to apply a minimum stabilisation time of 15 seconds and a minimum measuring time of 15 seconds. The data processor is capable of determining an average measured value from a collection of individual measured values.

XI. Permissible error
The maximum permissible error* of the particle counter is:
· Absolute	+/- 25,000  #/cm3
· Relative	+/- 25%
*Absolute or relative, whichever is greater

XII. Repeatability
For 20 consecutive measurements of the same reference PN sample carried out by the same person with the same instrument within relatively short time intervals, the experimental standard deviation of the 20 results shall not be greater than one third of the modulus of the maximum permissible error for the relevant sample.

XIII. Stability with time or drift
When used in accordance with the manufacturer’s operating instructions, the measurements made by the instrument, under stable environmental conditions and after adjustment using a reference PN sample or the internal adjustment facility, shall remain within the maximum permissible error for at least 12 h without the need for reference PN sample or internal readjustments by the user. If the instrument is equipped with a means for drift compensation, such as automatic zero or automatic internal adjustment, the action of these adjustments shall not produce an indication that can be confused with a measurement of an external gas.

XIV. Response time emission tester
For measuring PN concentration, the instrument including the specified gas handling system shall indicate 95 % of the final value (as determined with reference PN samples) within 15 s after changing from ambient air. The instrument may be provided with a logging device to check this requirement.

XV. Operating conditions
The particle counter ambient operating conditions are:
Temperature	+5 to +40 °C
Pressure		860 to 1060 hPa
Humidity		up to 95% condensing (open location)

XVI. Disturbances
Disturbance tests are part of the type approval of the particle counter. Disturbance parameters are: Shock, vibration, EMC, humidity, main voltage

XVII. Calibration
The particle counter should be calibrated at least once every 12 months.
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