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Definitions

Development

Multiposition Small Engine (MSE)—A hand-held power unit having an internal combustion engine operable
in more than one position. MSE configurations include chain saws, weed trimmers, brush cutters, blowers,
hedge trimmers, and cutoff saws.

Power Unit—
and trimmer

Spark Arres
metal particlg

bhaft assemblies, hedge trimmer blade, cutoff saw blade extension, blowerducts

er—An exhaust system having the ability to control the amount and size of par
s emitted into the atmosphere. An exhaust grill or guard is a camponent of t

exhaust systém, if when removed, the test engine can still be operated.

Contact Plape—An imaginary flat surface defined by at least three poifts of contact on thg

power unit ex

Exposed Su
where the en
the extremitie

Exhaust Gag
hottest gases

tremities.

ffaces Temperature Test—A test which measures_exhaust system temperaty
gine exhaust system comes in contact with or inteérsects the contact plane surfac
s of the MSE.

Temperature Test—A test which meastires exhaust gas temperature at the
impinge a contact plane.

Shall—Indicate a mandatory requirement exclusive of all other methods.

Should—An

advisory condition.

May—A permissive condition.

Best Power+Power at maximum torque achievable by a given test MSE at the maxi

corrected nef

Instrumenta

Calibrated L

brake power.speed. (See SAE J1349.)

lion—The following instrumentation is required:

-A MSE unit exclusive of removable extensions such as chain saw bar and cﬂ|ain, brush cutter

, etc.
iculate carbon or
he spark arrester

b surface of MSE

res at the points
s established by

points where the

mum continuous

pading Device—An apparatus designed to test MSEs at given loads and spesd

ds which display

torque or power and is compatible with a multipoint recorder or data logger. A calibrated loading device is
required in chain saw temperature testing and is optional in temperature testing of MSEs other than chain
saws.

Tachometer—A device for determining the rotational speed of a MSE. It may be separate or integrated with
the calibrated loading device or multipoint recorder or data logging device.

Exhaust Gas and Surface Temperature Thermocouples—Temperature  thermocouple composed of
Standard J or K type thermocouple wire with a grounded junction and a probe sheath diameter of 3.2 mm
(1/8 in) or smaller.
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Graduated Cylinders—Calibrated containers for measuring amounts of fuel and lubricant for the fuel mix with
an accuracy of £2% of the amount actually contained.

y rounding is noted.

Screen Test—When gaging, do not exceed 2 0z (1.73 x 1072 N) of force.

screen test shall be made on all MSE screen-type spark arresters:

Wire Plug Gage—A round wire gage of 0.610 mm (0.024 in) diameter with precision ground squared ends.

Screen Housing Seal—With the screen installed, probe the entire periphery for any gaps in the mounting

Vv penefration using the wire plug test gage fails the test

reen Removed—Remove the screen from the exhaust system and randomly)pr
Especially pay attention to any bends, molding, or edges. Any penetfation u

ing Seal After Reassembly—Install the screen in the exhaust,system and rep¢

Contact Plage Determination—The contact planes are determined by the following method

the configuration of the MSE to be tested in accardance with 6.2 through 6.7.

the test plate around the MSE exhaust system, or roll the MSE around the exh
, examining the gas exhaust stream outlet area. For each plane checked, m
nts or a point and line contact, to forim-a flat plane. (Refer to Figures 1 and 2
nts, document the areas where the,test plane touches the muffler assembly.

Use 3.2 mm (1/8 in) to 6.4 mm (1/4 in) pin stripe drafting tape or use a stiff, straight, 3.2

Iwe metal( rods flush with the contact points.

r welding rod to connect the 3 or more contact points. These types of plane i
test unit for more aecurate thermocouple probe alignment during the test.

rm is used, thé.nner radius of the metal rods must exactly describe the cont
de or away from the contact plane. The point of contact must be clearly visi

and _the metal rods must be straight.

pbe the screen at
5ing the wire plug

pat 5.1.

AuSt system on a
ark at least three
) When locating
Mark the contact

mm (1/8 in) thick
hdicators may be

Act plane without
ble and the inner

The diameter of the metal r¢ds must not be

Assemble per manufacturer's specification, less bar and chain, fuel, and oil.

Locate the test planes from the roots of the bumper spikes.

4.4
4.5
Replace if an
5.
The following
5.1
structure. An
5.2 Test With Sd
least 20 timep.
gage fails thg test.
5.3 Screen Hou
6.
6.1 General
6.1.1 Determine
6.1.2 Slowly roll
flat surface
contact po
contact po
points.
6.1.3
hard wire d
fixed to the
If a wire fg
moving ins|
radius of
overlappin
6.2 Chain Saws
6.2.1
6.2.1.1
6.2.2

If spikes or bumper bars are supplied and required by the manufacturer, test the saw with spikes in place.

Fit a spacer, the same thickness as the bar, between the clutch cover and body and reinstall the bolts. The

spacer sha

Il not protrude beyond the body of the saw.
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FIGURE 1—CHAIN SAW WITH CONTACT PLANES IDENTIFIED
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FIGURE 2—BRUSH CUTTER WITH CONTACT PLANES IDENTIFIED

6.2.3 Place the chain brake in the "OFF" or disengaged position and deflect the hand guard by the weight of the

saw into its most rearward position. Use tape to secure the chain brake and hand guard in this position.

6.2.4 Determine the planes per 6.1.

6.3 String Trimmers and Brush Cutters—Use the power head and lower end shaft to determine the planes per
6.1.

6.4 Blower—Use 6.1 with an exception: Where the exhaust port is vented within the blower duct, thermocouples

should be attached to the outlet surface of the exhaust outlet duct. Thermocouples should be attached to the
outlet surface of the exhaust outlet.
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6.5 Hedge Trimmers—Excluding the cutter bar, use bar mount to determine planes per 6.1.

6.6 Cutoff Saws—Remove blade and rotate blade housing. Establish contact plane as the closest possible plane
to the muffler and exhaust outlet.

6.7 Other MSE Configurations—Determine planes for other configurations (that is, power drills, impact devices,
and compactors) without attachments or detachable accessories.

7. Temperature Test—Perform the following temperature tests on all MSEs:

7.1 Exposed Surfaces Temperature Test—Measure exhaust system temperatures at the points where the
engine exhayst system comes in contact with the plane surfaces established per 6.1

7.1.1 TesT ArpARATUS—Use thermocouples welded or brazed to the exhaust system to determine temperatures.

For chain qaws, a calibrated loading device is required (Section 8).
NOTE—DUring all tests, a thermocouple should be mounted to the cylinder head or gpark plug gasket
to monitor the head temperature.

7.2 Exhaust Gag Temperature Test—Measure exhaust gas temperature atthe points where the hottest gases
impinge a plgne established per 6.1.

7.2.1 TeST ApPARATUS—Use thermocouples to measure the exhaust gas temperature. Fof chain saws, a

calibrated Ipading device is required.
NOTE—DUring all tests, a thermocouple should be“mounted to cylinder head or spafk plug gasketto
mdnitor head temperature.

7.3 Test Data—The test data to be recorded for, MSE temperature testing shall include the time, exhaust gas
temperature,|head and ambient temperatures, €ngine speed, torque and the exhaust surfage temperature, if
required. Recorded test data for MSEs other than chain saws may omit the torque data, if a ¢alibrated loading
device was npt used. Recorded test data)for MSEs other than chain saws shall include the method of loading,
including the Jlapproximate percentage of the exhaust port area blocked for blowers.

8. Detailed Temperature Test Methods—Use the following temperature test methods to tdst MSE exhaust
systems. Thg ambient temperature during test runs shall be not less than 15 °C (59 °F).

8.1 Chain Saws

8.1.1 PREPARATION

8.1.1.1 Mount the test unit to the calibrated loading device with the bar clamp.

8.1.1.2 Weld or braze surface probes to all points found by the methods described in 6.1 and 6.2 where the test

plane touches any part of the muffler surface. Use spark plug or cylinder head thermocouples for all tests.
8.1.1.3 Prepare a fresh fuel and oil mixture per the manufacturer's recommendations +2%.

8.1.1.4  Construct the contact planes as described in Section 6.

8.1.1.5 Run the test engine until it reaches operating temperature. Set loading device for the best power speed

stated by manufacturer. Adjust the high-speed mixture jet adjustment screw setting to maximum torque at
best power, then back it out slightly to allow for proper lubrication. Adjust the load to maintain the head

temperat

ures below manufacturer's maximum head temperature limit.
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8.1.1.6

8.1.2

8.1.2.1

8.1.2.2

8.1.2.3

8.1.2.4

8.2 String Trimmers and Brush Cutters

8.2.1

8.2.11

8.2.1.2

8.2.1.3

8.2.14

8.2.15

8.2.2

8.2.2.1

8.2.2.2

8.2.2.3

8.2.2.4

PREPARATION

TEST

Using a portable, hand-held, thermocouple probe, crisscross the plane surfaces to find the hottest spot.
Mount a thermocouple probe to monitor the exhaust gas temperature during the test at this location.

TEST

Run the test engine at best power speed for at least 3 min, simultaneously recording test data.

NOTE—If engine head temperature continues to rise after 3 min, recheck the high-speed mixture setting
and repeat.

Increase speed slowly by 1000 rpm above best power and run for at least 3 min, simultaneously recording

test data.

Decreasé speed slowly to 1000 rpm below best power in steps of 500 rpm. Record torque for each step.
When th¢ 2000 rpm speed reduction has been reached, run for 3 min simultaneously-recprding test data.

Increase|speed slowly to best power speed and run for at least 3 min, simultaneously regording test data.

EXAMPLE—If best poweris 8000 rpm, Test 8.1.2.2 would be conductedyat 9000 rpm| Test 8.1.2.3 at
7000 rpm, and Test 8.1.2.4 at 8000 rpm.

Instrumept test unit to measure speed and temperatures per Section 7. Document the method of loading.
Run test junit with cutting head attachment until the head reaches operating temperature.

Establishy operating engine speed by loading and adjusting the high-speed mixture jdt for best power
speed, of use the best power speed spegified by the manufacturer.

Adjust the high-speed mixture adjustment screw setting to maximum best power spedd, then back out
slightly tq allow for proper lubrication at maximum power.

Adjust the load to maintairithe head temperature within 17 °C (30 °F) below the manufagturer's maximum
head tenperature limit,

Run the festengine at best power speed for at least 3 min, simultaneously recording test(data.

NOTE—If engine head temperature continues to rise after 3 min, recheck the high-speed mixture setting,
adjust and repeat.

Increase speed slowly to 1000 rpm above best power and run for at least 3 min, simultaneously recording

test data.

Decrease speed slowly to 1000 rpm below best power and run for at least 3 min, simultaneously recording
test data.

Increase speed slowly to best power speed and run for at least 3 min, simultaneously recording test data.

EXAMPLE—If best poweris 7000 rpm, Test 8.2.2.2 would be conducted at 8000 rpm, Test 8.2.2.3 at
6000 rpm, and Test 8.2.2.4 at 7000 rpm.
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8.3

8.3.1

Blowers

PREPARATION

8.3.1.1 Instrument the test engine to measure speed and temperatures per Section 7.

8.3.1.2 Run the test engine until the engine is at operating temperature.

8.3.1.3  To check the operational speed, set the unit up without tubes or nozzles. (Blowers are constructed to run

at full throttle with very little load on the engine.) Blowers usually run at a much higher speed than the best
power speed.

8.3.1.4 Run unitffor 3 min, adjust high-speed mixture adjustment screw for the best operationatppwer speed, then

8.3.2

back out|slightly to allow for proper lubrication.

TEST

8.3.2.1 Run test|unit at wide open throttle at least 3 min without tubes or nozzles;simultaneougly recording test

data.

NOTE—If engine head temperature continues to rise after .3<{min, recheck the high-speed mixture
detting, adjust and repeat.

8.3.2.2 Increase|speed by 1000 rpm above the speed found in 8:3.2.1, by partially covering thg blower intake or

dischargé port. Run at least 3 min, simultaneously rec@rding test data.

8.3.2.3 Run test|unit at wide open throttle at least 3 min-without tubes, nozzles, or blocking thg blower intake or

8.4

8.4.1

8.4.2

8.4.3

8.5

9.1

dischargé port, simultaneously recording test data.

EXAMPLUE—If the wide open throttle.speed is 7000 rpm for Test 8.3.2.1, then rur] Test 8.3.2.2 at
8000 rpm and Test 8.3.2:3-at 7000 rpm.

Hedge Trimmers and Cutoff Saws
Instrument(test unit to measydre-speed and temperatures per Section 7.
Run the test engine foratleast 3 min, simultaneously recording test data.
TeEST—RunN| the testwith the throttle wide open. (Hedge trimmers and cutoff saws are conftructed to run at

full throttle jwith-vefy little load on the engine. Hedge trimmers usually run at a much high¢r speed than the
peak torque ‘speed.)

Other MSE Configurations—Test methods for configurations other than those listed previously may be
developed by agreement between the testing agency and the manufacturer with respect to the limit dictated by
Appendix A of this document.

Spark Arrester Effectiveness Test

Introduction—This test method determines the proportion of carbon particles of two sizes retained by the
spark arrester portion of the exhaust system. By definition, an arrester is 100% effective for the retention of
carbon particles larger than the largest actual opening of its screens or baffles through which all gases pass.
The spark arrester effectiveness test is not required for carbon particle retention of the sizes larger than the
actual screen or baffle openings. Consequently, no spark arrester effectiveness test is required for screen type
arresters that pass the screen test, as described in Section 5.
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9.2

9.3

9.3.1

9.3.2

9.4

94.1

9.4.2

9.5

9.5.1

9.5.2

Test Position of Spark Arrester—Test the spark arrester in the position where it is the least effective. This
position is determined by attaching the spark arrester to a short length of hose from the air source. The hose
ID should be equal to or larger than the spark arrester inlet.

Establish conditions described in 9.5.2 and 9.5.3 and then move spark arrester to different positions while
watching for the emission of test carbon particles. The position at which the largest number of particles escape
is the position of least effectiveness.

Test Apparatus—The test apparatus consists of a suitable blower with air directed through the testing
apparatus, a flowmeter, a flow controlling valve or orifice, a back pressure manometer, a screened exhaust
vent, a carbon injector, and a trap for collecting the particles. Figure 3 shows one acceptable arrangement with
some optional features

FLowMETER—Use a flowmeter of an established design, such as a calibrated orifice. Zhe indicated flow shall
be within £5% of actual.

INJECTING MECHANISM—Inject the test carbon with a feeder mechanism that.does not cfush or grind the

material or|affect the normal flow of air through the apparatus, located approximately as shown in Figure 3.

Inject test ¢arbon into the airstream at uniform rate over a period of 15 min=+ 5 min.
Test Carbonf—Make separate test runs using SAE J997 test carbon.

Use 5 g £+ (.1 g of carbon used for each test run.

Test carbon may be reused if the guidelines given in SAEJ997 are followed.

Back Pressyre and Flow

Make provision for measuring back pressurec(differential pressure from intake to discharge of the arrester)
and flow rate through the arrester.

Unless 9.5{3 applies, test the spark afrester at the assigned maximum flow capacity and at the assigned flow
capacity with both coarse and fine.test carbon.

9.5.2.1 Establisiment of Assigned Flow Capacity and Assigned Maximum Flow Capacity—The |assigned maxi-

9.5.3

mum flow capacity is the.constant airflow rate resulting when a spark arrester is subjecfed to a pressure
differential from intake-to discharge of 6.9 kPa (1.0 Ibf/in? gage) without test carbon being injected. The
assigned flow capacity is the constant airflow rate resulting when a spark arrester is subjected to a pres-
sure diffgrentiat 6f°3.5 kPa (0.5 Ibf/in® gage).

Some spark‘arresters may clog before the entire 5 g of test carbon is injected into the grrester. In these
instances, use the following procedure:

9.5.3.1 Condition 1—Initially establish an airflow to cause a back pressure of 6.9 kPa (1.0 Ibf/in? gage). Then

allow the back pressure to build up to 9.0 kPa (1.3 Ibf/in? gage). Once the 9.0 kPa (1.3 Ibf/in® gage) is
reached, maintain this pressure for the balance of the test.

9.5.3.2 Condition 2—Initially establish an airflow to cause a back pressure of 3.5 kPa (0.5 Ibf/in? gage). Then

allow the back pressure to build up to 5.5 kPa (0.8 Ibf/in? gage). Once the 5.5 kPa (0.8 Ibf/in® gage) is
reached, maintain this pressure for the balance of the test.
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DIAMUST BE LARGE ENOUGH
TO ENSURE NEGLIGIBLE BACK
PRESSURE AT MAXIMUM AIR
I FLOW SCREEN (U.S. NO 30, 0.58
203.2 (8) DIAMIN < (0.023) OPENING

SOFT TARGET (OPTIONAL) PLY-
WOOD OR EQUIV. TO BE USED
WHEN NECESSARY TO PREVENT

b CARBON FROM BEING PULVERIZED
CARBON TRAP » |1 THROUGH THE SCREEN AND MUST
BE CAPABLE OF BEING THOROUGHLY

CLEANSED IF USED (FOR ENGINE TEST

SHEEESTFHSEOF HEATFRESISTANT
U OO O T O T T RO

SUBSTITUTE)
SPARK ARRESTER

AIR TIGHT ACCESS HATCH TO

PERMIT CLEAN SWEER-DOWN
BACK PREBSURE OF ALL MATERIAL COLLECTED|
TAP (OPTIONAL)

TRAP FOR-REMOVAL OF CARBPN
PASSED.THROUGH ARRESTER

PIEZOMETER RING OR SUITABLE
PRESSURE PROBE

CARBON |[NJECTOR TEMPERATURE TAP

EXHAUST FROM BLOWER WITH
SUITABLE INSTRUMENTATION
TO INDICATE AIR FLOW RATE

AIR FLOW VARIABLE
ORIFICE TO REGULATE
PRESSURE DROP
THROUGH ARRESTER

DIMENSIONS ARE MM (IN)

FIGURE 8—SPARK ARRESTER TEST APPARATUS

9.6 Carbon Part|cle Collection—Carefully brush all carbon inside the test apparatus which has|escaped through
the spark arrgster during eachrun into the trap and then hand-sieve lightly on a U.S. Standafd No. 30 600 mm
opening (0.023 in) sieveiMWeigh the carbon particles retained.

9.6.1 DETERMINATION OF ARRESTING EFFECTIVENESS—Use Equation 1 to determine arresting effegtiveness for both
SAE fine apd-SAE coarse carbon:

. Weight used — Weight of Carbon Retained
% effectiveness _

- on No. 30 U.S. sieve (600 nm) . 100 (Eq. 1)
fine or coarse weight used

9.6.2 Use Equation 2 to determine the arrester's combined effectiveness:

% combined _ % effectiveness with fine + % effectiveness with coarse (Eq. 2)
efffectiveness 2

-10-
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