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INTRODUCTION

Especially sensitivity is one of the most important features of suitable measurement
systems for future engine and exhaust gas aftertreatment concepts. Besides the sensitivity
and limit of detection which in future most likely has to be close to immission levels, some
other important aspects like repeatability and ability of calibration have to be kept in mind.
This is, however, not only a question of the measurement system alone. Conditioning of
the unit under test, dilution and influence of sampling systems are very important issues in
this context. Additionally, it has been shown that the nature of the measurement quantity
itself exhibits the source for some significant instationarities. As a specific example, it has
been shown that the total PM mass including volatiles is much more fluctuating than the
solid PM fraction, e.g., like the EC mass emission.

In this contribution these aspects are discussed in detail for the LI2SA system, relying on
time-resolved laser-induced incandescence in comparison to conventional methods. The
technique evaluates thermal radiation of soot particles after rapid laser heating and has
been shown to be selective just on the EC component of the PM emission. Consequently,
as the appropriate calibration tool the CAST Aerosol Standard together with coulometric
analysis of the aerosol is favoured.

RESULTS

Experimental results are presented for different vehicles and engines with advanced
aftertreatment and combustion concepts within different driving cycles, both under
stationary and transient conditions. Especially engine concepts with emission levels well
below Euro IV have been in the focus of the presented trials. These are including engines
with DPF systems (PSA FAP and heavy duty CRT system) as well as gasoline direct
injection (GDI) concepts. The repeatability of the results at those low emission levels has



been determined and compared for the gravimetric method (standard and US2007), the
CPC and the LI2SA system. The analysis of the variances shows a non-uniform behaviour:
whereas the LI2SA and the CPC results for heavy duty applications are (dependent on the
driving cycle) generally more repeatable than the standard and the US2007 gravimetry,
the light duty measurements are strongly influenced by both, the driving cycle and also the
combustion and aftertreatment concept and thus yield inconsistent results.

Especially for ultra low emission levels, achieved for heavy duty measurements, about 6
times greater values for the variance of the standard gravimetric method as compared to
the LI2SA results have been obtained which most likely indicate that the volatile particle
fraction is one of the main sources for measurement uncertainties. This is in particular
remarkable as total filter loads below the suggested minimum of 0.5mg (for the 47mm
filters) have been observed and the variance is considered not to be acceptable in this
case. The solid fraction (the EC fraction in this case) has been proven to be much more
repeatable. However, especially for the heavy duty CRT system some remaining
fluctuations in the EC mass emission are clearly obvious, caused by the engine itself
despite of carefully being conditioned.

CONCLUSIONS

The main conclusions drawn from these results are:

e There are principle limitations for the repeatability of all instruments. These are
mainly given by fluctuations of the engine and/or the aftertreatment system, the test
protocol employed and the sampling system. Further, even fluctuations given by
statistical noise have to be considered for different measurement systems, like the
CPC and also for the LI2SA system.

e Heavy duty measurements (on engine test benches) have been consistently shown
to be much better repeatable than light duty measurements (on chassis
dynamometers).

e The employed sampling system has an essential influence on the repeatability of
gravimetric and CPC results, but not on the LI2SA results.

e Most likely, volatile exhaust components are one major source for measurement
uncertainties, especially for the gravimetric method.
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