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Preliminary informations

The presented project about the emissions of chainsaws with detailed analysis of particulate
emissions is a part of the efforts of the Swiss EPA (BUWAL)” to diminish the emissions of the
handheld machines with 2-stroke engines, [1].

Since the beginning of 90-ties a lot of R & D works have been done with the goal to introduce
again the 2-stroke engine in the automotive sector [2], [3]. Although all those trials didn’t
succeed until now, they gave precious inputs to the 2-stroke technology in the traditional
2-stroke sectors, like small two-wheelers, chainsaws and small watercraft, [4], [5].

Some fundamental works of the Graz University of Technology (GUT) and the AVL Graz have
to be mentioned, [6], [7]. [8], [9]-

Most important handicaps of the SI-2-stroke engine concept form the point of view of
emissions and of exhaust gas aftertreatment are:

e impossibility of a proper gas exchange without short-circuiting of a part of air-fuel-mixture
(no 3-way-catalyst),
e mixture lubrication for a simple engine concept (heavy HC in exhaust gas).

Several research works about the particulate matter have been performed by the small
2-stroke manufacturers. The actual state of knowledge can be summarized as follows, [10],
[11],[12]. [13]:

about 98% of the particulate mass (PM) consists of the lub-oil residues (SOF),

the 2-stroke particulate matter (PM) has a mutagenous potential,

PM can be reduced roughly proportional with the reduction of the lub-oil ratio,

PM depends on air-fuel-ratio, it is increased with the richer mixture,

PM can be influenced to a limited extend by the fuel quality,

oxidation catalyst can reduce PM of about 40 to 70% - this oxidation can be improved by

the secondary air introduction in the exhaust pipe,

e oxidation of HC and SOF in the oxidation catalyst by the rich operation causes a
supplementary production of CO due to the lack of oxygen. This effect can remarkably
reduce, or even invert the CO-conversion efficiency,

e at cold start there is higher PM-emission and a higher part of solid PM,

¢ the deterioration factor of PM- and HC-emissions over the lifetime of the engine is very
low. Those emissions depend mainly on the actual conditions of the machine: lub-oil
content, mixture tuning, scavenging losses (engine construction),

o for different engines there is a large PM-emission dispersion of about factor 5.

In generally it has been stated, that the direct measurement of PM for legislation and control
purposes is to complicated and it requires to much time and costs. Therefore it is proposed to
replace the PM measurement by the correlations of PM with CO-, HC-values and lub-oil
content, [12], [14].

*) Abbreviations see at the end of text




Experimental set-up

The engine data of the investigated chainsaws were:

STIHL 056 066
displacement 81.0cm® 91.6cm’
stroke/bore 38 /52 mm 40/54 mm
rated power 4.1 kW 5.0 kW
rated speed 9000 Upm 9000 Upm
idling speed 2500 Upm 2500 Upm
max. speed 13000 Upm 13000 Upm

Fig. 1 — the exhaust gas components have been measured diluted and undiluted.

A direct measurement of the intake air flow is not possible without influencing the engine
power. The air flow results indirectly form the measurements of fuel consumption, diluted
exhaust gas flow and the dilution factor (CO, low/high). The dilution factor in the tunnel was
between 20 and 30.

In addition to that the air excess factor A was calculated from the emission parameters
according to several formulas.

The gas sample for gravimetry (PM), as well as for the particles size distribution (PSD, PN) is
branched form the dilution tunnel.

Particulate emissions analysis

Following methods of PM analysis were used:

gravimetric measurement PM

SMPS - PSD

PAS — DC (NanoMet) *

analysis of filter residue

(extractions, gas chromatography, mass spectroscopy)

PAS shows a signal, which is proportional to the total surface and to the chemistry of the
surface of particulates. DC signal is proportional to the total surface independently of the
chemical composition.

Measuring procedure

Fig. 2 — operating points at full load and at idling have been measured in the manner, that the
weighted emission values of different legal test procedures could be expressed.

*) Abbreviations see at the end of text




Variation of A/F-ratio and of the lub-oil content

Fig. 3 — excessive mixture enrichment, by means of the mixture control screw has visibly
negative effects: lower torque, higher specific fuel consumption, higher CO-, HC- and PM-
values.

It is a justified requirement of the legislation to prohibit a free manual mixture adjustment in the
future.

Fig. 4 — the content of the lubricant oil in the gasoline has a very strong influence on the
particulate matter PM.

Limited emissions

Fig. 5 — compares the weighted emission values (ISO 8178 G3) of a STIHL 066 chainsaw with
different actual and future limit values. This chainsaw fulfills the EUROMOT 1 requirements.
To attain the EUROMOT 2 values an oxidation catalyst would be probably sufficient, but for
the CARB values (2000-2005) other supplementary measures would be necessary.

During the presented investigations a special gasoline without aromats and with a very low

sulphur content was used. This gasoline named “Aspen” lowers the CO-, HC- and PM-
emissions.

Nanoparticulates

Fig. 6 — examples of PSD-spectra show the maximum values of number concentration, which
are similar, or slightly higher, as for a typical diesel engine.

Fig. 7 and Fig. 8 — the higher lub-oil content (4%) causes lower integrated particulates
numbers in the size range 20-200 mm. That means, that the higher particulate mass with 4%
oil originates from bigger particles. In the separate partial size spectra, Fig. 8, the highest
counts for 4% oil in the size range of biggest particles 80-200 mm art to see. The higher oil
content moves the PSD-spectra to the bigger particles sizes.

In opposite to that the special fuel Aspen moves the PSD-spectra to the lower particles sizes.

Fig. 9 — richer mixture provokes slightly higher integrated PN (20-200 mm). The effect of
moving the PSD to the bigger aerodynamic diameters is also visible in upper part of Fig. 11.

Fig. 10 — higher oil content at idling increases strongly the integrated PN (20-200 mm). In the
lower part of Fig. 11 is to see, that the PSD-spectra at idling have other character than at full
load and the higher oil content (4%) increases the PN in all partial spectra.

The results of NanoMet-on-line-sensors and the differential analysis of filter residue confirmed
that there were no solid parts in the particulates.

Summary

® higher lub-oil content
- increases strongly the PN emission
- increases the peak values of PN at idling and shifts the PSD to the bigger sizes at
full load




mixture control screw

- richer mixture tuning increases very much CO- and PM

- moves the PSD at full load to the bigger sizes

- increases slightly the integrated PN (20-200 mm) at full load

special gasoline

- reduces PM

- reduces the integrated PN (20-200 mm)
- shifts the PSD to the smaller sizes

NanoMet / filter residue

- confirm that about the totality of the nanoparticulates and of the PM consists of the lub-
oil residues (SOF)

Perspectives of the technical development to meet the future emission standards
- oxidation catalyst
- improvements of 2-stroke engines
(scavenging, fuel injection, lubrication)
- application of small 4-stroke engines
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Abbreviations

BUWAL Bundesamt fur Umwelt, Wald und Landschaft (Swiss EPA)
DC diffusion charging sensor

EMPA Eidgendssische Materialprifungs- und Forschungsanstalt
EPA Environmental Protection Agency

ETHZ Eidgendssische Technische Hochschule Zirich

PAS photoelectric aerosol sensor

PM particulate matter, particulate mass
PN particles number

PSD particles size distribution

SMPS scanning mobility particles sizer
SOF soluble organic fraction

TT™

Technik Thermische Maschinen




Fig. 1

Experimental set-up and the measured
parameters for chainsaws
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Fig. 11

Particles counts in respective size spectra

Fig. 10

Integrated particles numbers
in the size spectrum 20 - 200 nm
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