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DIESEL EMISSION PRODUCTION AUDIT TEST PROCEDURE

v

1. PURPQOBE:

! This PAE Recommended Practice is intended as a guide for the measur¢ment and
' assesgment of transient smoke and steady-state gaseous emissions fr¢m heavy
duty pehicular diesel engines only using a shortened.éngine dynamomé¢ter cycle
; which|may be applicable to production line or production quality audit

! conditions. Key elements of the procedure closely resemble key elements of
currept or past Federal Test Procedures used faryregulatory approval by the

United States Government.

. SCOPEL

=2 N

N The recommended practice applies to a\production dynamometer test procedure
~ which|can be used to measure the smoke and gaseous emission characteristics
of vepicular diesel engines. This\'procedure describes the smoke emjssion
test method, smoke test cycle,.gaseous emission test method, steadyrstate
gaseolis emission test cycle, ‘équipment, instrumentation, calibration, data
analypis, and correlation.of-results for comparison of production exgine
emissfion performance to the requirements of current or past Federal
reguiations.

Variations in engines, instrumentation, and test equipment may requjre
modiflications to. these procedures or data reduction methods. The
acceptability of this procedure is dependent upon documented statistical data
appropriate-to’ correlate all tests, data reduction techniques, and gpecial

; instrumentation to the required Federal tests.

When lsing the audit test procedure to assess the emissions performance of
production engines, considerations should be be given to expécted emissions
* deterioration factors and quality control limits should be adjusted

| accordingly.

The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement

J SAE Technical Board Rules provide that: “This report is published by SAE to advance the state oftechnical and engineering sciences.
f O arising therefrom, is the sole responsibility of the user.”

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. Printed in U.S.A.
All rights reserved.
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3. SECTIONS:

The procedure is divided into the following sections:

4, Definition of Terms and Abbreviations.
5. Smoke Emission Test Method.
6. Smoke Emission Test Cycle.
7. Smoke Measuring Equipment and Instrumentation.
8. Smoke Measuring System Calibration.
9. Smoke Emission Data Analysis.
10. Correlation of Smoke Measurements.
17. |Gaseous Emission Test Method.
12. |Gaseous Emission Test Cycles.
13. |Gaseous Emission Measuring Equipment and Instrumentation:
14. |Gaseous Emission Measuring System Calibration.
15. |Gaseous Emission Data Analysis. .
16. [Selection of N-Mode Short Cycle.
17. |Correlation of Gaseous Emission Measurements.

4., DEFINITION OF TERMS AND ABBREVIATIONS:

Appendix.

4,1 Terms Used:

4.1.1

4.1.2

4.1.3

4.1.7

4.1.8
4.1.9

Vghicular Diesel Engine: Any compression ignition internal combustion
engine used to propel on-land, nonrail, mobile equipment.

Diesel Smoke: Particles, including aerosois, suspended in the epgine's
gdseous exhaust stream which-obscure, reflect, and/or refract lipght.

Gdseous Emission: Substance'emitted to the atmosphere from any ppening
ddgwnstream from the exhaust port of any engine which is gaseous [in nature
when being emitted.

R3ted Brake Power:y The maximum brake power output of an engine [in
k{lowatts (hovsepower) as stated by the manufacturer.

Rqted Speed: The speed at which the manufacturer specifies the rated
brake power of an engine.

P@ak-Torque Speed: The speed at which the engine develops maxinFm torque
asstated by the manufacturer.

Intermediate Speed: The peak torque speed or 60% of rated speed,
whichever is higher.

Idle Speed: The engine's low idle speed as specified by the manufacturer.

Full Load Power: The power produced, at the speed being considered, when
the fuel control level is placed in the maximum fuel position.

TN

N
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Percent Load: The fraction of the maximum available torque at that

engine speed.

Opacity: The fraction of 1ight emanating from a source which is
transmitted by a smoke-containing path, in percent (opacity = [1
transmittance] x 100).

not

Opacimeter: An optical instrument designed to measure the opacity of
diesel exhaust. Also called a smokemeter. Smokemeters of this type are

described in SAE J35 (Ref. 1).

Range: The distance between zero and full-scale deflection of't
readout device used with the smoke opacimeter.

Span: The distance between zero and a known upscale set"point.

Refsolution: The minimum distinguishable reading ingrement for a
recorded trace or scale combination, expressed as-a percent of t
recording system's full scale.

13 Mode: A gaseous emissions cycle describéd) in Code of Federal
Regulations, Title 40, Chapter I, Part 85°< Control of Air Pollu
New Motor Vehicles and New Motor Vehicle Engines.

4.2 Abbreviations Used:

A.P.1. - American Petroleum.Institute

ASTM - American Society for Testing and Materials
bhp (JkW) - Brake Horsepower'{kilowatts)

BSHC - Brake Specific:Hydrocarbons

BSNOy - Brake Specifijc Nitrogen Oxides

BSCO - Brake Specific Carbon Monoxide

Bdt (Bart) - Dry Barometric Pressure, Pa (in Hg)

e

given
ne

tion from

°C - Degrées Celsius

Chemi - Chemiluminescent

co - _Carbon Monoxide

Conc =/Concentration

Corr = Humidity Correction Factor
dB - Decibels

DB - Dry Bulb Temperature

DIR - Dispersive Infra Red

DUV - Dispersive Ultra Violet

EP - End Point

exh - Exhaust

°F - Degrees Fahrenheit

FID - Flame Ionization Detector
FR - Federal Register

ft - Feet

g - Grams

H - Humidity (grains of water per pound of dry air)
HC - Hydrocarbons

Hg - Mercury
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4.2 Abbreviations Used: (Continued)

hp - Horsepower

h - Hour

Hz - Hertz

H20 - Water

[BP - Initial Boiling Point

in - Inch(es)

IR -. Intake Restriction, kPa (in H20)

IRmax - vanufachrer's maximum recommended Intake Restriction, kPa
v Tt /07

kPa - Kilopascal

kW [hp) - Kilowatts (horsepower)

max - Maximum

min - = Minimum :

m (ft) - Meter (feet)

mm [in) - millemeter (inch)

N (]b) - Newton (pound)

NDIR - Non-Dispersive Infra Red

NDUY - Non-Dispersive Ultra Violet

NO - = Nitric Oxide

NOx - Oxides of Nitrogen

obs - Observed

Pa - Pascal

ppm - Parts per million (volume)

rpm - Revolutions per minute

S - seconds

T Np (1b-ft) - Torque

WB - Wet Bulb Temperature

WF - Weighting Factors

% - Percent

z - Summation

5. SMOKE EMISSION TEST METHOD:

5.1 Befpre commencing the test cycle, the engine is to have met the
manufacturerds-production test specifications and is to be operated at full
Toafl power'for at Teast 1 min with coolant and oil temperatures stlabilized
at the recommended operating temperatures.

5.2 Intpk®'air temperature should be controlled between 20 and 30°C (48 and

86°F). Higher air temperatures may be used if desired, but no allowance
shall be made for possible increased smoke emissions because of such
conditions. (See Appendix A.)

5.3 Fuel Specifications:

5.3.1 The diesel fuels employed shall be clean and bright with pour and cloud
point adequate for operability. The fuels may contain non-metallic
additives as follows: cetane improvers, metal deactivators, anti-oxidants,
dehazer, antirust, pour depressant, dye, and dispersant.
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5.3.2 Fuel meeting the following specifications or substantially equivalent
shall be used in quality audit testing for exhaust emissions from diesel

engines.

The grade of fuel recommended by the engine manufacturer for the

specific model shall be used for testing, commercially designated as ASTM

D

Type 2 fuel.

975 Type 1 or Type 2.

In
fa
Ty
e

Following is the ASTM D 975 specification for
This fuel shall be satisfactory for most audit testing.

ASTM Test

Ttem Method No. Type 2=D
Cetane No. D 613 40-min
Distillation Range D 86 540-640
90% point, °F
Gravity °API D 287 -
Total Sulfur, % D 129 or D 2622 0.5 max
Flash Point, °F D 93 125 min
Viscosity, centistokes D 445 2.0-4.3

cases where the manufacturer believes the emission rate of th

mily is significantly inf]uenceg
pe 2-D fuel blending guidelines

haust emission testing.

by-fuel characteristics, the
can be used to specify fuel f

b engine
following
oJ

ASTM Test
Item Method No. Type 2D

Cetane No. D 613 43.4( - 47
Distillation ‘Range D 86

IBP °F 360 390
10% point,—°F 420 | 440
50% point, °F 500 520
90% point, °F 580 | 600
EP °F 616 | 645
Gravity °API D 1298 34 I 36
Total Sulfur Mass % D129 or D 2622 or D 4294 0.2 - 0.4
Aromatic Vol. % D 1319 28 - 35
Flash Pagint, °F D 93 140 min
Viscosity at 40°C, cSt D 445 2.5 - 3.1
Cloud Point, °F, Max D 2500 + 32

2EPA initially established these blending guidelines in 1977 and revised them

in 1983.

fuel characteristics.

They are subject to further change dependent upon future nationwide

Current as of 1986.
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5.4 An exhaust back pressure of 6.75 +3.4 kPa (2 + 1 in Hg) should be maintained
at full Toad rated speed. A higher back pressure may be maintaine

however, no allowances for any increase in emissions shall be applied to the
data.

d;

5.5 MWith the engine operating at full load power, rated speed, the intake
restriction is to be adjusted to the required value per the following
formula to provide compensation for barometric and vapor pressure changes:

IR max

NOT
opt

IR = 3.38 (Bgq¢ - 29.00 + 13.6) in kPa of water
IR max

(IR = 13.6 (B4t - 29.00 + 13.6) in inches of, Water)

ions are available:

ressurize the intake (combustion) air system.

play testing until sufficiently high barometric pressure prevai
gher or Tower values than would:\bé the case where full complia
nis section is possible.

W smokemeter circuit to establish zero and 100% opacity values.
the meter circuit to stabilize per manufacturer's instructions

rate the engine in the'manner required by the Smoke Test Cycle
ttion 6).

t EMISSION TEST)CYCLE:

5.56.2 D
5.5.3 P
h

t

5.6 Spa
for

5.7 Ope
(Seq

6. SMOK
Cond
foll

ct each smoke emission test specified in Section 5 according t|
wing sequence. (See Appendix B for typical smoke test cycle t

6.1 Lugflown-Mode: When test conditions (Section 5) are fulfilled, and
engineé operating at full load power and rated i

£: Should IR calculate to be a negatiVe number,. then the follogwing

1s.

roceed with test, but recognize that’the effect will normally be to read

nce with

(Allow
.)

0 the
race.)

with the

data

processing equipment and gradually change the dynamometer load to reduce
engine speed from rated speed to intermediate speed within 20-40 s.
Deceleration during this lugdown mode to be linear within +100 rpm.

6.2 Transitional Mode: If desired, de-energize data processing equipm

engine reaches intermediate speed.

ent after

6.2.1 Remove the Toad from the engine and close the fuel control lever.

6.2.2 Set preload on dynamometer as required to perform the acceleration called
for in paragraph 6.3.3.

.
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6.2.3 Ti

op
mo

Acce

me interval between closing of fuel control lever after lugdown mode and
ening of fuel control lever (paragraph 6.3.2) for start of acceleration
de is 30-90 s.

leration Mode:

6.3.1 En
fi

6.3.2 0Op

Tran

ergize the data processing equipment, if needed. However, data from the
rst cycle will not be used for data analysis or correlation.

en the fuel contro] lever gradually to cause the engine to accelerate
d to 200 +50 rpm above the manufacturer's

ommended idle speed in 3-5 s, then snap the fuel control lever full
n to cause the engine to accelerate against the dynamometer)ipertia and
d (as required).

acceleration rate must be controlled by load and/or inertia
ensure that the engine accelerates from 200 +50 rpm-above the
ufacturer's recommended low idle speed through 85% (see note)|of rated
ed in 3.5-6.5 s, with this acceleration being&linear within +J00 rpm.

pdjustment

E: For reasons of simplicity and ease of-~0peration, it is aljowable

t 85% of rated speed be rounded off to ¢€h& nearest 100 rpm; examples,
2100 rpm rated speed, use 1800 rpm; for 1800 rpm rated speed] use 1500
, and so forth.

sitional Mode: After the acceleration mode has been completed|and the

engipe reaches its maximum speed:

{the maximum speed obtained wil}] be

greater than 85% of rated speed,'with exact value a function of preload

appllied and engine power).

6.4.1

Start closing the fuel control lever between 85 and 90% of rated|speed.

The fuel control lever-must reach the idle speed position within[1 s.

6.4.3 A
P
+1

6.5 Acce

Remove the dynamometer load,

if any.
1y the preset load or loads to perform the acceleration called for in
ragraph 6/5. Allow the engine speed to drop to the intermediate speed
00 rpm. '

leration Mode: Rapidly move the fuel control lever to the ful]l open

posi

tion and accelerate the engine against a dynamometer load scheffule such

that engine speed reaches 95-100% or rated speed in 8-12 s.

Repe
may
ques

at paragraphs 6.1-6.5 to obtain data for analysis. Additional cycles
be performed at the option of the manufacturer, if there is any
tion as to cycle to cycle variation. Sections above cycle may be

omitted if they are not needed for correlation under Section 10,

7. SMOKE MEASURING EQUIPMENT AND INSTRUMENTATION:

The following equipment and instrumentation is required to conduct the smoke
emission test:
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7.1 An engine dynamometer with adequate characteristics to perform the tests
required by the test method.

7.2 An intake system of proper diameter and suitable length for the engine being
tested, with provisions for adjusting restriction to enable compliance with
paragraph 5.5. _

7.3 An exhaust sytem of the proper diameter and suitable length for the engine
being tested with provision for mounting the smoke opacimeter. (See
Appendices C, D, and E.) The system must be adequate to impose a back
pressure within the 1imits specified under paragraph 5.4.

A myffler or collector system may be used if it does not raise- the|back
preqsure 1imits beyond those specified in paragraph 5.4.

7.4 A full flow, light extinction opacimeter meeting the recommended

@ requirements of paragraph 7.4.1 is to be mounted in the exhaust system.
SAE |[J35 (Ref. 1), contains methods for running engine tests and gujdelines
for [the correlation of readings between opacimeters.

7.4.1 THe smoke opacimeter must be of the continuous. reading full flow|type with
the following minimum recommended performafice’ characteristics. ($ee
Agpendix H.)

7.4.1.1 [Calibration accuracy +1%.

7.4.1.2 |Linearity +1% (from zero to 50%%opacity).

7.4.1.3 Prift +1% within the temperature range specified by the manufagturer.

7.4.1.4 |[Response time 0.140 s.max for a change from 0% to 95% of full gcale.

7.4.1.5 [Range 0-100% opacity.

7.5 SmokKe opacity and-engine speed are to be monitored continually usipg either
a strip chart recorder or other data collection/processing equipment that is
caliprated toprovide the following minimum performance requirements:

7.5.1 Milnimum<speed range of 13-508 mm/min (0.5-20.0 in/min).

7.5.2 Maximum full-scale response time for smoke opacity of 0.5 s.

7.5.3 An automatic marker indicating 1.0 s intervals to verify chart speed is

desirable.

7.5.4 The various components, opacimeter, electronic filters, and recorder
should comprise a system capable of data output within the following
limits:

7.5.4.1 The smoke opacity trace is to be linear when calibrated or corrected to

read from 0-50% opacity.
of full-scale running.

The trace should have a resolution within 1%

(

!
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7.5.4.2 The engine speed trace is to be 1inear when calibrated to read from the
Tow idle speed to rated engine speed. The trace should have a
resolution within 30 rpm of rated engine speed.

7.5.4.3 The chart speed used to record smoke opacity during the lugdown and
acceleration modes must provide a time resolution of 0.50 s.

7.5.5 The use of general instrumentation for measuring engine speed, power,
@ inlet air restriction, exhaust back pressure, inlet air temperature and
humiditx, barometric pressure, pressure and temperature measurements while

per

accuracy

to[ensure that the smoke test results are not affected by thesé glomponents

SAE J1349 (Ref.

7.5.6 A
chdqracteristics
redorder to ach

7.5.6.1 hree decibel

7.5.6.2 Insertion los
7.5.6.3 Yelectivity -
7.5.6.4 Attenuation -

8. SMOKE [MEASURING SY

7) defines instrument accuracy. :

eparate low-pass electronic filter with the following performance

may be installed between the smoke opacimeter and the
ieve high frequency attenuations.

s point - 10 Hz.

s-- 0+ 0.54dB.

12 dB per octave above 10 Hz.
27 dB down at 40 Hz min.
STEM CALIBRATION;

8.1 The 2Zero and 100% settings of the output from the data processing equipment

shoulld be verifie

d at the beginning and conclusion of each complete cycle.

A span or zero shift of the.smokemeter output up to 2% opacity between

readijngs is accep

table, but greater shifts in output than this requfires

correction and re-running of the test. (If the shift in output of less than

2% i9 known to be linear with time, the output may be corrected.)

8.2 Periodic or as réquired checks for Tinearity between zero and 100% ppacity
shoulld be conducted using calibrated neutral density filters at spefified

opacifty levels.

Any deviation in excess of 1% opacity should be corrected

in the range from 0-50% opacity. (See Appendix F and G for Calibration

Procelduresy)

8.3 If an alternative data processing system per paragraph 7.5 is utilized,
@ periodic checks for correlation with a conventional strip chart recorder
should be made as experience seems necessary to ensure and record the
accuracy of the entire system.

9. SMOKE EMISSION DATA ANALYSIS:

The following procedure is for use with data recorded by a strip chart
recorder or equivalent. It is permissible to utilize an integrating recorder
or data processing equipment that can be demonstrated to yield equivalent

results.
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9.1 Locate the start of the lugdown mode (paragraph 6.1) on the speed trace.
The Tugdown mode starts when the engine speed is 50 rpm below rated speed
and ends when the engine speed is at the intermediate speed. Divide the
lugdown mode into 0.5 s intervals and determine the average smoke reading
during each 0.5 s intervals.

9.1.1 Locate and record the five highest 0.5 s intervals during the lugdown
mode. The average of these five readings is the lugdown smoke value.

9.2 Locate the start of the second acceleration cycle (paragraph 6.3) on the
The fir ion mode starts when the engine s
ijed above the idle speed (paragraph 6.3.2). Divide the accelerption
s (paragraphs 6.3 and 6.5) into 0.5 s intervals and determine the

age smoke reading during each 0.5 s interval.

cate and record the fifteen highest 0.5 s intervals during the
celeration modes. The average of these fifteen readings is th
celeration smoke value. (An alternate number of. ntervals may| be used
r correlation with the Federal Procedure, see Section 10.)

9.2.1 L

[

9.2.2 a third acceleration cycle (paragraph 6.5)<was run, repeat paragraphs
2 and 9.2.1 for the third acceleration mode. The average of the
celeration smoke values for the two cycles is the acce1erat10n smoke

lue.

xamine the average 0.5 s intervalks of paragraphs 9.1 and 9.2. | The
age of the three highest 0.5 s.intervals represents the peak smoke value.

LATION OF SMOKE MEASUREMENTS:

juccessful application.@f this procedure implies confidence thajt values
ned will correlate well with results obtained from the Federal| Test
¢dure using the prescribed smokemeter. In order to achieve such a

dence level, itSis necessary that the manufacturer conduct sucl tests as
may Be required, with freedom to apply correction factors as needed to obtain
good|correlation. -Specific recommendations in this regard are as fpilows:

nding

10.2 Co o ’ a i di-fferences—and—spec “aTresponse ++fferences

Y between equ1pment used in this procedure and in the method prescribed by
the United States Government for certification purposes must be determined
by the manufacturers. SAE J35 (Ref. 1) contains methods under Section 9
for correlation tests.

10.3 The use of regression ana1ysis, based upon test data, is recommended for
establishing satisfactory correlation between the manufacturer's smoke
emission test procedure and the Federal Smoke Test Procedure.
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10.4 Correlation of Smoke Cycle Opacity Measurements:

Back-to-back short cycle and Federal test results (on the same engine)

smoke (acceleration)
+1.5% opacity "b" smoke (1ug)
smoke (peak)

A correction factor between the two types of tests may be applied to the

ceptable short cycle schedules will have correlation coefficie

9 or better. If the average emission level of the population
nfidence lies three standard deviations below the applicable s

correlation coefficient of 0.75 or greater is acceptable.

ceptable short cycle schedules will identify deviant engines a

be warmed up and readied (per manufacturer's recommendations) incl

re commencing the test cycle, the engine is to have met the
facturer's production test specifications. A1l test instrumen

Flow checks/pressure checks for zero, span, and sample gases.

nts of

with 90%
tandard,

s well as

ts shall
uding,

ke air temperature between 20 and 30°C (68 and 86°F) is recomnended.

er air temperatures may be used. (Refer to paragraph 15.5.)
fuel specifications of paragraph 5.3 apply.

exhaust back-pressure requirements ofvparagraph 5.4 apply.

10.4.1
should agree within:
+2.0% opacity "a"
+5.0% opacity "c"
d3ta—priortocorrelationcaleulationss
10.4.2 A(
0
o]
a
10.4.3 Ad
ngminal engines.
11. GASEQUS EMISSION TEST METHOD:
11.1 Befq
many
but [not Timited to:
1. |Zero checks.
2. |Span checks on all ranges.scheduled.
30
11.2 Intg
High
11.3 The
11.4 The
11.5 The

intake air restriction requirements of paragraph 5.5 apply.
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11.6 Span the instruments.

With the engine warmed up and all the test

equipment

readied and at the proper operating temperatures, zero and span the

instruments.

The span gas(es) should be selected in accordance with the

manufacturer's recommendations and the full scale value of the instrument

range(s) to be utilized.

expected emission values shall fall in the 15-100% range of the

instruments.

(a)
(b)

(c|

(d

In

11.7 0Opé
(S¢

(Se
12. GASE(

The full scale is 120 ppm or Tless.
The fu]] §ca1e value is 5590 pm or 1ess.for CO analysis.

chart-deflecion value is greater than 15% of full scale.
The contribution of all modes read below the 15% level isJe

10% by mass of the final test results.

no case shall expected values exceed 100% full scale.

rate the engine in accordance with either the 13-mede emission
bction 12) and/or the manufacturer's short cycle ‘emissions sche
ction 12).

12.1 Thq
of

ful
12.2 The

US EMISSION TEST CYCLES:

> gaseous emissions Test Cycle shall consist of 1-13 steady-sta
engine operation run at various revolutions per minute and per
1 load torque.

b 13-Mode cycle shall be run _to the following schedule:

Full scale values shall be selected so that the

The analyzer's response may be less than 15% of full scale if:

5s than

5 cycle
ule

te modes
cents of

Mode Number Engine Speed +50 rpm Percent Load +2%

)

1 Idle Speed . - 0 (Residual Load Only
2 Intermediate Speed 2.0

3 Intermediate Speed 25.0

4 Intermediate Speed 50.0

§ Intermediate Speed 75.0

6 Intermediate Speed 100.0

7 Idle Speed 0 (Residual Load Only
8 Rated Speed 1000

9 Rated Speed 75.0
10 Rated Speed 50.0

11 Rated Speed 25.0

12 Rated Speed 2.0
13 Idle Speed 0 (Residual Load Only

)

12.3 The N-Mode, Short Cycle test shall consist of those modes (select from the
13 Mode schedule) that enables an estimation of 13-Mode test value in
accordance with the limits specified in Section 17.

e
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12.4 Time of Test:

12.4.1

The stabilization time shall be 2 - 10 minutes.

shall be sampled for a 30-s period.

12.4.2

duration of 5 minutes.

13. GASEOUS EMISSION MEASURING EQUIPMENT AND INSTRUMENTATION:

The f
gaseo

13.1 An

The gaseous emissions

Mode 1, Mode 7, and Mode 8 (if preceded by Mode 7) shall have a minimum

ing equipment and instrumentation is required to conduct the

s emission test.

reqliired by the test method.

13.2 An

bei

ng tested, with provisions for adjusting restriction to enable

compliance with paragraph 5.5.

13.3 An

bei

the

13.4 An

ng tested.
limits specified under paragraph 5.4.

instrument for the continuous measurement of the hydrocarbon

concentration in diesel exhaust.

13.4.1 The instrument(s) should meet those specifications presented in

_—

Ref. 3).

13.4.2 Allternate instruments may be used if correlation is available w
i

instruments already recognized as meeting the proper specificat

13.5 Insitrument(s) for the continuous measurement of carbon monoxide (

oxi

13.5.1

(Vo R |

des of nitrogén(NOx) in diesel exhaust.

he instrument(s) should meet those specifications presented in
AE J177(APR82 (Ref. 2).

13.5.2 Alternate instruments may be used if correlation is available w
i

nstruments already recognized as meeting the proper specificat

bngine dynamometer with adequate characteristics to perform-thg

tests

hir intake system of proper diameter and suitable length for the engine

bxhaust system of the proper diameter and sujtable length for the engine
The system must be adequate to“impose a back-pressyre within

SAE J215
th those

ons.

[0) and

ith those

ions.

13.6 HC, CO, and NOy emission values are to be monitored during each mode of
an emission test, using either a strip chart recorder or other data

c011$ction/processing equipment that is calibrated to provide equivalent
results,

The following are minimum performance requirements for a strip chart
recorder:

13.6.1

Minimum speed range of 13-508 mm/minute (0.5-20 in/minute).

13.6.2 Maximum full-scale response time of 0.5 s.
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13.6.3 Accuracy of +0.25%.

13.6.4 Linearity of 0.1%.

13.7 The use of general instrumentation for measuring engine speed, power,

/] inlet air restriction, exhaust back pressure, inlet air temperature and
humidity, barometric pressure, pressure, and temperature measurements while
performing tests required in this part should be of sufficient accuracy to
ensure that the gaseous emission test results are not affected by these
components. (SAE J1349 defines instrument accuracy.) (Ref. 7.)

14. GASHOUS EMISSION MEASURING SYSTEM CALIBRATION:

14.1 Chgck each day for leaks in the sample line connections.

14.2 A Zero and span check of the HC, CO, and NOx analyzers~should be [done as
often as necessary to ensure that drift is less than H%.

14.3 Chgck the sample gas flow rate during each mode to ensure proper Flow.

14.4 Monthly check of analyzers as outlined in SAE~J177a (Ref. 2) and 0215
(R¢f. 3) to ensure that the equipment is me€eting specifications.

14.5 Monthly check of all equipment related to’Section 13_to ensure thht the
emissions test is not adversely affected by these components.

15, GASHOUS EMISSION DATA ANALYSIS:

15.1 Lodate or record the last 30,8 of each mode and determine the avefage
reqding for HC, CO, and NOy.

15.2 Defermine the concentrdation of HC, CO, and NOy during each mode fjrom the
avgrage reading and corresponding calibration data.

15.3 Defermine the exhaust gas mass-flow rate for each mode according to
SAH J244 (Ref,%4).

15.4 Convert the measured CO and NOy concentrations to a wet basis acdording
to [Section*4 and paragraph 5.4 of SAE J177a (Ref. 2).

15.5 Mulltiply the wet NOy values by the following humidity correction |factor:

' 1
1T+A(H-75)+B (T - 85)

where: A = 0.044 (F/A) - 0.0038
B =-0.116 (F/A) + 0.0053
H = Humidity (grains of water per pound of dry air)
T = Temperature of air in °F (temperature range of 68-1
F/A = Fuel-Air Ratio (dry air basis)

15°F)
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15.6 Calculate the mass emissions and brake specific emissions according to
Section 4 of SAE J1003 (Ref. 6).

16. SELECTION OF N-MODE SHORT CYCLE:

Analysi

The N-Mode Short Cycle should be mode(s) selected from 13-Mode test data
for minimum error of prediction of 13-Mode Cycle results.

s of

13-Mode test data will produce several N-Mode combinations with similar
standard deviation of error of prediction values, therefore, the lowest
standard dev1at1on cr1ter1a shou]d be supp]emented w1th test exper1ence and

nitions of N-Mode Short Cycle:

The Predicted 13-Mode Cycle Result is defined ag the N-Mode Cycl

Ttiplied by an average scaling factor.

of

in a
4sion
est
er.

e Result

e Error of Prediction is defined as the{13-Mode Cycle Result minus the

edicted 13-Mode Cycle Result.

e Best N-Mode Short Cycle is defined as the combination of mog
e smallest standard deviation of ‘the error of prediction, that
1tiplied by an average scaling,factor produces the most accura
edicted 13-Mode Result.

ysis of 13-Mode Data:

is analysis of 13-Modé data is recommended as a means to deter
ich combination of N-Modes in the 13-Mode Cycle contains the 1
riation, and therefore, offers the best basis from which to py
e modal data(should be reduced to a form such that a number of

numbers represents the contribution of that mode to the 13-Md
issions _sum. A single number should be used if HC + NOx is tg
eated ds’a sum and two numbers if treated separately. In the
parateanalysis, it is understood that calculations are to be
rallel. This number will be referred to as Mode X Emissions,

es with
when
te

mine
east
edict.
a pair
de

be
case of
run in
where X

presents the mode under consideration.

on the same engine model, and should proceed as follows:

16.1
16.2 Def
16.2.1
m
16.2.2 T
P
16.2.3 T
t
m
o
16.3 Ana
16.3.1 T
w
v
T
0
e
t
S
P
"
16.3.2
16.3.2.1
16.3.2.2

For each test, divide the 13-Mode Brake Specific emissions by
Mode X emissions.

[t is recommended that analysis be done on at least fifteen 13-Mode tests

the

The resultant is defined as the scaling factor.

Calculate the Average Scaling Factor for each mode for each emission

constituent,

Multiply each Mode X emissions by the average scaling factor.
resultant is the Predicted Mode X Emissions.

The



https://saenorm.com/api/?name=330680656c3e6c63c47ad00a8617373e

SAE J1243

Ar
-

Page 16

16.3.2.3 For each 13-Mode test, subtract the predicted Mode X emissions from the

16.3

2.4

13-Mode emissions result.
Prediction.

The resultant is defined as the Error

Calculate the standard deviation of the error of prediction for all 13

modes for each emission constituent (CO, HC, NOy, HC + NOjz).
mode with the smallest standard deviation for a¥1 c

defined as the best single mode predictor.

16.3.2.5 Repeat the above calculations except combine the best single

16.3.2.6

16.4

17.
17.1

17.2

Th

the¢ N-Mode Short Cycle.

N_
fa
sl

COR

four.

the 13-Mode result for all constituents.

¢ results of the 13-Mode analysis should be used“to guide devel
Mode Short Cycle tests back-to-back. It may<be found that the
ghtly different from that calculated by the 13-Mode analysis.

RELATION OF GASEQUS EMISSION MEASUREMENTS:

Ba
ag

po
ap
ac

Th

ree within:

+0.25 g/bhp-h_for HC
+0.75 g/bhpsh for NO
+0.8 g/bhp+h for HC + NOy
+0.3 g/bhp-h for CO

ra prior tg ‘the back-to-back calculations.

hf. 8)of 0.9 or better. If the average emission level of the
bulation with 90% confidence lies three standard deviations bel
bTicable standard, a correlation coefficient of 0.75 or better

¢tor calculated by dividing the 13-Mode test by the N-Mode test

rorrection factor between the two types of tests may be applied

The

onstituents is

mode

X + Y Emissions.
Calculate the best double mode predictor for each constituentt
for three and four modes, but 1ittle improvement is usually)Seen beyond

Repeat

Select and test the N-Mode Short Cycle that most accurately predicts

ppment of

To test its accuracy,, rin a series of 13FMode and

scaling
may be

¢k-to-back Federal and Short Cycle results on the same engine should

to the

reptable Short cycle schedules will have correlation coefficients

ow the
is

CEptabre.

e correlation coefficient (r) is equal to:
n(Zxy) - (Zx)(Zy)

[n(zx2) - (2021 2n(£v?) - (2y)2)1/2

r-_-

®

@)
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where: x = 13-Mode cycle result in g/bhp-h
y = predicted 13-Mode result from N-Mode short cycle in g/bhp-h
n = sample size of 16 (15 tests, plus point 0, O to direct linear
regression thru origin)
16
Ixy =) Xiy§
i=i
16
Z x= Y X
s
i=1
16

17.3 Accgptable short cycle schedules will identify deviant engines as

nom
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well as

and

ions.
f Diesel

esel.
nc.,

Tne phi (@) symboli$ for the convenience of the user in locating areas where

technical
symbol is
report.

evisions“have been made to the previous issue of the report.
ext ¢o" the report title, it indicates a complete revision of

If the

the
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APPENDIX A

1. RETESTING: Upon completion of the prescribed test(s), the test results
should provide data for accept or reject decision. Under certain conditions,
a retest of a rejected sample may be permitted. These conditions are:

@ Hhd QO O w
e s e e o .

Inlet air temperature higher than specified.
Fuel does not meet specifications.

Exhaust back pressure greater than specified.
InTet air restriction greater than specified.
Barometric pressure abnormally Tow.

Abnormal emissions level.

After engine repairs or adjustments.
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APPENDIX B

SMOKE TEST CYCLE

Ll K]

L)
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1. SMOKE OPACIMENTER INSTALLATION - END OF LINE:

APPENDIX C

installation should be as follows:

1.1

1.2

1.3

1.4

1.5

The smoke opacimeter

The engine exhaust system shall be of circular cross section and be free
of elbows and bends in the terminal 610 mm(2 ft). The end of the
exhaust pipe shall be cut off square and have a diameter in accordance

with the engine being tested, as specified below:

Maximum Rated Kilowatts (hp) Exhaust Pipe Size
Less than 75 (101) 51 mm(2 in)
75-149 (101-200) 76 mm (3 in)
150-224 (201-300) 102 mm (4 in)
225 (301) to more 1272 mm (5 in)

The opacimeter optical unit may be mountéd on a fixed or movab
The normal unrestricted shape of thecexhaust plume shall not b
by the adapter, the meter, or any ventilation system used to r
exhaust from the test site.

The optical unit of the opacimeter shall be mounted radially t
exhaust pipe so that the meaSurement will be made at right ang
axis of the exhaust plume’

The opacimeter shouldbe located at the termination of the exh

e frame.
b modified
bmove the

b the
es to the

ust stack

with the light beam of the opacimeter 127 +25 mm (5 +1 in) from the

stack termination\point.

The full flow.of the exhaust stream shall be centered between
and detectpr-apertures and on the axis of the light beam.

Lhe source

— e —— .~ -
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APPENDIX D

SMOKE OPACIMETER INSTALLATION - INLINE TYPE: The smoke opacimeter may be
installed as follows:

1.1

1.2

1.3

1.4

1.5

1.6

1.7

The sensor may be installed in any position in the exhaust system and
should be located 4.5 +3 m (15 + 10 ft) from the engine.

Exhaust gas temperatures and ambient temperatures should not exceed
! cifications :

emperature of cooling water (if used) for stabilization of, \the
lectronics should be as per manufacturer's recommendation's:

‘Qpacimeter to be installed with a minimum of two pipe diameterd straight

ection upstream from the meter.

nlet pipe to opacimenter to be same inside diameter as opacimgter for a
inimum length of two pipe diameters.

rovide a source of clean dry laboratory<air at the opacimeter [which is
ree of dust and oil and at the pressure.of flow rate scheduled by the
anufacturer of the opacimeter.

The exhaust system must be capable-of being adjusted to meet the exhaust

back pressure required for the smoke test. A butterfly valve gr other
means of increasing the exhaust system back pressure may be plgced on

the exhaust pipe but at leaSt three diameters from the opacimeter.
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APPENDIX E

1. DUAL EXHAUST SYSTEMS: If dual exhaust systems are used for production
testing of Vee engines:

1.1 Exhaust stack diameter shall be determined as in Appendix C with total
engine power divided equally between both exhaust systems.

1.2 Both exhaust sytems should be equipped with smoke opacimeter measuring
instruments.,
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