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Introduction and Motivation

The introduction of diesel particulate filters (DPF) lead to a significant reduction of exhaust emissions. When operating properly they reduce particulate matter (PM)
by more than 99%. Yet existing field-based methods to measure engine PM emissions were typically opacity based and not sensitive enough to measure the greatly
reduced particle concentrations downstream of a DPF (Mayer et al., 2004). For that reason solid particle number concentration measurement has become a proven
metric to determine compliance with corresponding emissions limits such as Euro 5b/6 standards (Bischof, 2015). More recently Switzerland was the first country
worldwide to introduce legislation aimed at in-use compliance testing of construction machinery DPFs, which also relies on solid particle number (SR 941.242).
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preventing it from re-condensing into particles, and (4) a Condensation Particle Counter
(CPC) that individually counts all remaining solid particles. The resulting dilution-corrected
concentration is output to the PC or tablet computer that is used to control the NPET.
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Fig. 1: Operating principle of the Nanoparticle Emission Tester (NPET).

Performance Characterization: Laboratory and Initial Testing Testing of DPFs in the Field
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Fig. 2: Detection efficiency of the NPET system using
polydisperse CAST generated soot.
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10000 - Figure 3 shows the concentration linearity
of NPET compared to a CPC (Model 3772,
TSI Inc.). Salt aerosol (NaCl) was pre-
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mode diameter at 110 nm. This test aerosol
was subsequently diluted at a ratio of 60:1in

a Rotating Disk Diluter (Model 379020A, TSI

Inc.) operated at 80°C.
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Fig. 6: Photos and exemplary test result from first NPET
measurements on in-use buses in Santiago, Chile.
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Fig. 4: Solid particle number and opacity
measurements of an Atlas excavator (with DPF).
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NPET Measurements Modes

The Official Swiss Test Mode is compliant with SR
941.242, In 40s it takes and averages three
separate 5s samples. The test average Is then
compared to the regulation limit (2.5x10° particles
cm3) and the instrument displays pass or fail.
Alternative: General Purpose/Research Test Mode.

Official Measurement: Complete
Concentration (cm™3): |5.05E4

Overall Mean (cm™3):

Limit (cm™3): 2.5E5

Mean #1 (cm™3):
Mean #2 (cm™3):
Mean #3 (cm™3):

Result : PASS

Start Time:
Duration :
Temperature (°C) :
Pressure (kPa) :
RH (%) :

Fig. 5: Example test report
of a Bobcat A770 equipped
with a functioning DPF.

Conclusion and Summary
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