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MULTIPOSITION SMALL ENGINE EXHAUST
SYSTEM FIRE IGNITION SUPPRESSION

PURPOSE :

This neconmended practice provides a method of testing<to evaluat
ignition potential of exhaust systems of small multiposition port

SCOPE

This reconmended practice establishes equipmént and test procedur]
deternlining the performance of. exhaust systems of multiposition e
in hand-held portable applications. It isnot applicable to span
used in vehicles or stationary equipments ‘ :

rmance: Recommended performance criteria are given in the
are adequate for the severe fire hazard condition posed by
ative fuels. However, during periods of extreme fire dangj
ms meeting this standard-may not give absolute protection

Additional control.of operations may be necessary during
s L] .

e the fire
able engines.

es for
ngines used
k arresters

Appendix
heavy

r, exhaust

gainst
such

3. DEFINITIONS:

3.1 Multiposition Small Engine (MSE): A hand-held power unit havingd an internal
combustion engine operable in more than one position. MSE confilgurations
include chain’saws, weed trimmers, brushcutters, blowers, hedge |[trimmers,
and cutoff saws. '

3.2 : ; as chain saw
bar and chain, brushcutter and trimmer shaft assemblies, hedge trimmer
blade, cutoff saw blade extension, blower ducts, etc.

SAE Technical Board Rules provide that: “This report is published by SAE to advance the state of technical and engineeripg sciences.
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement
arising therefrom, is the sole responsibility of the user.”

Q . SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your

written comments and suggestions.

Copyright 1988 Society of Automotive Engineers, Inc.
All rights reserved.

Printed in U.S.A.
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3.3 Spark Arrester: An exhaust system having the ability to control the amount

3.4

3.5

3.6

3.7
3.8
3.9

and size of particulate carbon or metal particles emitted into the
atmosphere.

Contact Plane: An imaginary flat surface defined by at least three points
of contact on the surface of an MSE power unit extremities.

Exposed Surfaces Temperature Test: A test which measures exhaust system
temperatures at the points where the engine exhaust system comes in contact

with or intersects the contact plane surfaces established by the extremities
of the MSE.

Exha¢st Gas Temperature Test: A test which measures exhaust ga$ temperature
at the points where the hottest gasses impinge a contact planex

Shal]: Indicate a mandatory requirement exclusive of all other methods.

Should: An advisory condition.

May: | A permissive condition.

3.10 Best Power: Power at maximum torque achievable by a given test WMSE at the

4.

4.1

4.2

4.3

4.4

4.5

4.6

max{mum continuous Corrected Net Brake Power speed. (SAE J1349 JUNSS,
Engine Power Test Code-Spark Ignition and Diesel.)

INSTRUMENTATION:
The fqllowing instrumentation is_required:
Calibirated Loading Device:. -An apparatus designed to test MSE's at given

loadg and speeds which displays torque or power and is compatible|with a
multi{point recorder or, data logger.

meter: A device for determining the rotational speed of an ISE. It

may be separate or-integrated with the calibrated loading device ¢r
multipoint recorder or data logging device.

ocouple:~ Standard J or K type thermocouple wire with welded|tip and
grounded ‘and shielded probe. :

Graduated Cylinders:

r
and lubricant for the fuel m
actually contained.

tatners—fo sur-ing—amounts- of fuel
an accuracy of +2% of the amount

Photographic Equipment: Cameras and adequate 1ighting, appropriate to
record the test set-up.

Wire Plug Gage: A round wire gage, with a diameter of 0.001 in greater than
the Carbon Particle Retention Limit (see appendix A.1) with precision ground
squared ends. Examine ends with an 40X optical magnifier for any rounding
of the corners. Replace if any rounding is noted.

kA~ .
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5. S

T
a

5.1

CREEN TEST:

he following screen test shall be made on all MSE screen type spark
rresters: '

With the screen installed: With the screen installed, probe its periphery

for any gaps in the mounting structure. Any penetration using the wire plug
test gage fails the test. When gaging, do not exceed 2 oz (1730 dynes) of
force.

Test Yy probe the

scregn at least 20 times. Especially pay attention to any bendy, molding,
or edges. Any penetration using the 0.024 in gage fails thé tegt. Record

resullts as GO for penetrations and NO GO for non-penetration atyempts.

Maximum Diameter Test: Usihg various gage sizes, fipd_the largdst diameter

6. C

gage [to penetrate the screen. Record results as "Max. Gage sizd." To the
"Max.| Gage size" add 0.001 in and record the resilts as ‘No-go wire gage
size [for screen openings.”

ONTAGT PLANE DETERMINATION:

T
6.1
6.1.1

6.2
6.2.1

6.2.1

6.2.2

he copntact planes are determined by the, following method:

1: .

rmine the configuration of-the MSE to be tested in accordance with

graphs 6.2 through 6.7 below.

1y roll the test plate around the MSE exhaust system, or roll the MSE
nd the exhaust systém on a flat surface, paying close atteption to the
around the exhaust outlet. For each plane checked, mark @t least

e contact points to form a straight consistent 1ine. (Refler to Figs.
d 2.) When Tocating contact points, pay close attention tpb. areas

e the testplane touches the muffler assembly. Mark the cbntact
ipts. _ _ K .

1/840 1/4 in pin stripe drafting tape or uSe a stiff, str ight, 1/8
in (3,175 mm) thick hard wire or welding rod to construct the
The indi i _

accurate thermocouple probe alignment during the test.

Chain Saws:

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

.1 If spikes or bumper bars are supplied and required by the manufacturer,
test the saw with spikes in place. Locate the test planes from the
roots of the bumper spikes.

Fit a spacer, the same thickness as the bar, between the clutch cover and

body and reinstall the bolts. The spacer shall not protrude beyond the
body of the saw.
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6.2.3

String Trimmers and Brushcutters:

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.
tape to secure the chain brake and hand guard in this position.

Determine the planes per section 6.1.

surfafe of the exhaust outlet duct. Thermocouples should be atl
outlet surface of the exhaust outlet.

Hedge| Trimmers: Excluding the cutter bar, use bar mount,to dete

determine the planes per section 6.1.

Blowers: Use section 6.1. Exception: Where the exhaust port is vented
within the blower duct, thermocouples should be attached to the outlet

Use the power head and Tower end shaft to

per spction 6.1.

Cut Off-Saws: Remove blade and rotate blade housing.™ Establish

the cflosest possible plane to the muffler and exhauist outlet.

Other| MSE Configurations: Determine planes _for other configurat

is, ppwer drills, impact devices and compactors) without attachm
detachable accessories.

7. TEMPERATURE TEST:

Perform the following temperature tests on all MSE's:

Exposed Surfaces Temperature Test: Measure exhaust system tempe

7.1.1

7.2.1 Test Apparatus: Use shielded and grounded thermocouples. For chain saws,

the ppints where the engine'-éxhaust system comes in contact with
surfaces established per‘section 6.1.

Tes{t Apparatus: Use thermocouple welded or brazed to the exhaust system

to
re

etermine temperatures. For chain saws, a calibrated loadi
uired (see.section 8).

ing all.tests, a thermocouple should be mounted to the cyli
rk plug gasket to monitor the head temperature.

ached to the

rmine planes

jons (that

ratures at
the plane

ng device is

nder head or

Gas Temperature Test: Measure exhaust gas temperature 3

calibrated loading device is required.

During all tests, a thermocouple should be mounted to cylinder head or

spark plug gasket to monitor head temperature.

t the points
where the hottest gasses impinge a plane established per section 6.1.

»
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8. DETAILED TEMPERATURE TEST METHODS:

Use the following temperature test methods to test MSE exhaust systems:

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 methpds -
described in sections 6.1 and 6.2 where the test p]ane touchps any part
of the muffler surface. Use spark plug or cylinder head)thefmocouples
fpr all tests. _

8.1.1.3 Prepare a fresh fuel and oil mixture per the manufacturer's
recommendations +2%.

8.1.1.4 Eptablish contact planes by setting the narrow line of tape pr 1/8 in
welding rod sections between marked points:

8.1.1.5 RYn engine until it reaches operating temperature. Set loadiing device
fpr the best power speed stated by manufacturer. Adjust the| high speed
mixture jet adjustment screw setting’ to maximum torque at beft power,
then back it out slightly to allow for proper lubrication. Adjust load
tp maintain head temperatures within 30°F (14.1°C) below manifacturer's
maximum head temperature Timit,

8.1.1.6 By carefully using a portable, hand- he]d shielded probe, crfisscross
plane surfaces to find. the hottest spots. Mount shielded prpbes to
mpnitor exhaust gas temperatures during the test at these logations.

8.1.2 Test:

8.1.2.1 Run fest engine at best power speed for at least 3 min, simufitaneously
recording-time, temperatures, engine speed, torque and head
temperature. Note: If engine head temperature continues to| rise after
3| ming/ recheck high speed mixture setting and repeat.

8.1.2.2 1 or at least
3 min, simultaneously recording time, temperatures, engine speed, torque
and head temperature.

8.1.2.3 Decrease speed slowly to 1000 rpm below best power in steps of 500 rpm.

Record torque for each step.

When the 2000 rpm speed reduction has been

reached, run for 3 min simultaneously recording time, temperatures,

engine speed torque and head temperature.

Example: If bes

t power is

8000, then Test 8.1.2.2 would be conducted at 9000 rpm and Test 8.1.2.3 °
at 7000 rpm.

8.1.2.4. Complete documentation per section 9.
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8.2 String Trimmers and Brushcutters:

8.2.1
8.2.1.1

Preparation:

Instrument test unit to measure speed and temperatures per section 7.

8.2.1.2 Run test unit with cutting head attachment until the head reaches

8.2.1.3

»

8.2.1.4

8.2.1.5

8.2.2.2
8.2.2.1

8.2.2.2

8.2.2.3

0

perating temperature.

Establish operat1ng engine speed by extending the line to the 11ne

].

0
r
a
A
P
m

D
d

m1+nv‘ :nrl ::A1||e+1nn +ha h-unh cnaad m1v+una ot Frw hacd nn
TaJgwJe v : r\-\-\‘ LLL WAl J\-v LA AL LA™ Pv

r use the best power speed specified by the manufacturer,
pquired speed, lengthen or shorten the cutting line. Recor
nd Tine length and diameter to document Toading.

Hjust the high speed mixture adJustment screw sett1ng to ma
pwer speed, then back out slightly to allow for»proper lubr
Aximum power,

b not exceed manufacturer supplied maximum engine head temp
uring test.

Test:

in engine-at best power for at.Jeast 3 minutes.
pmperatures, engine speed, hea@d temperature, and line lengt
jameter. Note: If engine head temperature continues to ri
min, recheck the high speed mixture setting.

\crease speed to 1000, rpm above best power by cutting the 1
ne. Run the unit-for at least 3 minutes. Record time, tel
peed, and head temperature, and line length. '

pcrease speed-to 1000 rpm below best power by lengthening t
In the unit:for at least 3 minutes. Record time, temperatu
peed, head temperature and line length. Example: If the b
peed ,is~7000, Test 8.2.2.2 would be conducted at 8000 rpm a
12.2.3at 6000 rpm.

Record time

ver speed,
[0 achieve
1 the speed

ximum best
ication at

erature

h and
se after

ength of the
nperature,

ne line.
res, engine
pst power
nd Test

omptetedocumentationper—section 9

8.23 Blowers:

8.3.1
8.3.1.1
8.3.1.2
8.3.1.3

Preparation

Instrument test uhit to measure‘speed and temperatures'per section 7.

R

un test unit until the engine is at operating temperature.

To check the operational speed, set the unit up without tubes or

nozzles.

1
t

ittle load on the engine.)
han the best power speed.

(Blowers are constructed to run at full throttle with very
Blowers usually run at a much higher speed

st e, Bttt e
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8.3.1.4 Run unit for 3 min, adjust high speed mixture adjustment screw for the
best operational power speed, then back out slightly to allow for proper

lubrication.

high_speed mixture setting and repeat after 3 minutes.

8.3.2 Test:

8.3.2.1

If engine head temperature continues to rise, recheck the

Run test unit at wide open throttle at least 3 min without tubes or

nozzles. Record time, temperatures, speed, head temperature.

8.3.2.2 1 |  8.3.2.1,
by partially covering the blower intake or discharge ports.) (Run at
lgast three minutes. Record time, temperatures, speed, head |temperature
and approximate percentage of the port area blocked. Examplg: If the
wide open throttle speed is 7000 for step 8.3.2.1, then’run Test 8.3.2.2
at 8000 rpm.

8.3.2.3 Cqmplete documentation per section 9.

8.4 Hedge [Trimmers and Cut-off Saws:

8.4.1 Preparation

8.4.1.1 Instrument test unit to measure speéd and temperatures per sgction 7.

8.4.1.2 Ryn the engine and let it warm up for 3 minutes. '

8.4.2 Tesf: Run the test with the.throttle wide open. (Hedge trimmgrs and
cutqff saws are constructed-to run at full throttle with very little load
on the engine. Hedge trimmers usually run at a much higher speed than the
peak torque speed.) '

8.4.3 Complete documentation per section 9.

8.5 Other|MSE Configurations: Test methods for configurations other |than those
listed above may be developed by agreement between the testing agency and -
the m3gnufacturer with respect to the limits dictated by Appendix|A of this
recomjended practice.

9. DOCUMENTATION PROCFDURF -

Prepare at least the following documentation for all temperature tests, in
addition to data required in section 8:

9.1 Establ

ish planes and photograph the procedure.

9.2 Photograph to show:

9.2.1

General test setup.

9.2.2 Thermocduple and probe locations with respect to the body of the test MSE
unit. '
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9.2.3 Thermocouple and probe Tocations with respect to the planes and exhaust

9.3
9.4
10.
10.1

~

10.2

10.3

10.3.

10.3.

10.4

10.4.

system.
Draw a sketch to record the position of exhaust probes and thermocouples.

Record'the hottest temperatures for each engine speed and torque. Record
running time. :

SPARK_ARRESTER EFFECTIVENESS TEST:

Introduction: This test method determines the
partjcles of two sizes retained by the spark arrester portionce
exhayst system. By definition, an arrester is.100% effective f
reteption of carbon particles larger than the largest actuyal op
screens or baffles through which all gases pass. No test“is re
carbon particle retention of the sizes larger than the.actual o
thus|no retention test is required for screen type @rresters wh
found to have a "no-go" size of 0.023 in or smaller per paragra

ning of its
ui@ed for
enings,

ch are

h £.3.

Test|Position of Spark Arrester: Test the spark arrester in th position

where it is the Teast effective. This position is determined b attaching
the gpark arrester to a short length of hose from the air sourcé. The hose
I.D.|should be equal to or Tlarger than the spark arrester inlet ‘

Estahlish conditions described in paragraphs 10.5.2 and 10.5.3 and then
move(spark arrester to different positions while watching for the emission
of test carbon particles. The position at which the Targest number of
particles escape is the position of least effectiveness.

Test |Apparatus: The test-apparatus consists of a suitable blower with air
dire¢ted through the testing apparatus, a flow meter, a flow comtrolling
valve or orifice, a back pressure manometer, a screened exhaust vent, a
carbgn injector, and)a trap for collecting the particles. Fig.|3 shows one
acceptable arrangement with some optional features.

1 fjjwmeter{ Use a flowmeter of an established design, such as|a
ca]ibrated-orifice. The indicated flow shall be within +5% of actual.

2 Injecting Mechanism: Inject the test carbon with a feeder mec¢hanism that

does not crush or grind the material or affectthe normal—flow of air

through the appara%us, lTocated approximately as shown in Fig. 3. Inject

test carbon into the air stream at uniform rate over a period of 15 + 5
minutes.

-Test Carbon: Make separate test runs using SAE J997, Spark Arrester Test
Carbon. '

1 Use 5 + 0.1 g of carbon used for each test run.

10.4.2 Test carbon may be reused if the guidelines given in SAE J997 are

followed.

S

- .
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10.5 Ba

ck Pressure and Flow:

10.5.1

10.5.2

10.5.2.1

10.5.3

10.5.3.2

10.6 Ca

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

Unless paragraph 10.5.3 applies, test the spark arrester at its assigned
maximum flow capacity and at its assigned flow capacity with both coarse
and fine test carbon:

Establishment of Ass1gned F1ow Capac1ty and Ass1gned Maximum F1ow
Capacity: 183 gned maximum OW N3 he constant air flow
Fate resulting when a spark arrester is subJected to a pressure
£1fferent1a1 from intake to discharge of 1 1bf/in2 gageot6.9 kPa)

ithout test carbon being injected. The assigned flowlcapacity is the
fonstant air flow rate resulting when_a spark arrester is subjected to
) pressure differential of 0.5 1bf/in? gage (3.450kPa).

Soipe spark arresters may clog before the entire. 5.9 of test carbon is

injected into the arrester In these instances] use the following
cedure: ‘

ondition 1: Initially establish an air flow to cause a ba¢k pressure
in gags (6.89 kPa). Then‘a¥low the back pregsure| to build

p to 1.3 1bf/in® gage (8.96 kPa)+One the 1.3 1bf/in‘ gage

8.96 kPa) is reached, ma1nta1n th1s pressure for the balangte of the
test.

ondition 2: _Initially establish an air flow to cause a ba¢k pressure
f 0.5 1bf/1n2 gage (3,45 kPa). Then allow the back pressure_to

uild up to 0.8 1bf/1n2 gage (5.52 kPa). Once the 0.8 1bf/ n2 gage
5.52 kPa) is reached maintain this pressure for the balan¢e of the
est. :

rbon Particle Collection: Carefully brush all carbon inside the test

ap

the
(0.5

10.6.1

rap and-then hand-sieve lightly on a U.S. Standard No. 30 [0.023 in

paiatus which has escaped through the spark arrester during each run into
4 mm) opening] screen. Weigh the carbon particles retained.

De? erm1nat1on of Arrestlng Effectiveness: Use the following formulae to

determine arre ng effe ene or hoth SA ine and SA parse carbon:

Weight of Carbon Retained
% effectiveness _ Weight used - on No. 30 U.S. screen

fine or coarse weight used

X 100

Use the following formulae to determine the arrester's comb1ned
effectiveness:

% Combined = % effectiveness with Fine + % effectiveness with Coarse
effectiveness ' 2
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FIGURE 1 - Chain Saw with Planes
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FIGURE 2 - Brushcutter with Planes
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