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DIESEL EMISSION PRODUCTION AUDIT TEST
PROCEDURE-SAE J1243
Report of Automotive Emissions Committee approved October 1978.

Purpose-This SAE Recommended Practice is intended as a guide for the
measurement and assessment of transient smoke and steady state gaseous
emissions from vehicular diesel engines using a shortened engine dyna­
mometer cycle which may be applicable to production line or production
quality audit conditions. Key elements of the procedure closely resemble
key elements of the Federal Test Procedure 1used for regulatory approval
by the United States Government.

Scope- The recommended practice applies to a production dynamometer
test procedure which can be used to measure the smoke and gaseous
emission characteristics of vehicular diesci engines. This procedure describes
the smoke emission test method, smoke test cycle, gaseous emission test
method, gaseous emission test cycle, equipment, instrumentation, calibra­
tion, data analysis, and correlation of results for comparison of production
engine emissions performance to the requirements of the Federal regula­
tions.

Variations in engines, instrumentation, and test equipment may require
modifications to these procedures or data reduction methods. The accept­
ability of this procedure is dependent upon documented statistical data
appropriate to correlate all tests, data reduction techniques, and special
instrumentation to the required Federal tests.

When using the audit test procedure to assess the emissions performance
of production engines, consideration should be given to expected emissions
deterioration factors and quality control limits should be adjusted accord­
ingly.

Sections-The procedure is divided into the following sections:
I. Definition of Terms and Abbreviations.
2. Smoke Emission Test Method.
3. Smoke Emission Test Cycle.
4. Smoke Measuring Equipment and Instrumentation.
5. Smoke Measuring System Calibration.
6. Smoke Emission Data Analysis.
7. Correlation of Smoke Measurements.
8. Gaseous Emission Test Method.
9. Gaseous Emission Test Cycles.

10. Gaseous Emission Measuring Equipment and Instrumentation.
1I. Gaseous Emission Measuring System Calibration.
12. Gaseous Emission Data Analysis.
13. Selection of N-Mode Short Cycle.
14. Correlation of Gaseous Emission Measurements.
15. Appendix.

1. Definition of Terms and Abbrevilltions
1.1 Terms Used

1.1.1 Vehicular Diesel Engine-'-Any compression ignition internal com­
bustion engine used to propel on-land, nonrail, mobile equipment.

1.1.2 Diesel Smoke-Particles, including aerosols, suspended in the en­
gine's gaseous exhaust stream which obscure, reflect, and/or refract light.

1.1.3 Gaseous Emission-Substance emitted to the atmosphere from any
opening downstream from the exhaust port of any engine which is gaseous
in nature when being emitted.

1.104 Rated Brake Power-The maximum brake power output of an en­
gine in kilowatts (horsepower) as stated by the manufacturer (SAE Recom·
mended Practice J 816b.) (Ref. 1.)

1.1.5 Rated Speed-The speed at which the manufacturer specifies the
rated brake power of an engine.

1.1.6 Peak Torque Speed-The speed at which the engine develops maxi­
mum torque as stated by the manufacturer.

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

1.1.8 Idle Speed-The engine's low idle speed as specified by the manu­
facturer.

1.1.9 Full Load Power-The power produced, at the speed being con­
sidered, when the fuel control lever is placed in the maximum fuel position.

1.1.10 Percent Load-The fraction of the maximum' available torque at
that engine speed. '

1.1.11' Opacity-That fraction of light transmitted from a source which
is prevented from reaching the observer or instrument receiver expressed in
percent (opacity ~ 100% (I-transmittance)).

1.1.12 Smoke Opacimeter-An optical instrument designed to measure
the opacity of diesel exhaust gases. The full flow of exhaust gases passes

1Code of Federal Regulations, Title 40, Chapter 1, Part 85-Control of
Air Pollution from New Motor Vehicles and New Motor Vehicle Engines.

SAE Recommended Practice

through the optical unit. One such smoke opacimeter is described in SAE
Information ReportJ255a (Ref. 2). Others, of the inline type, are availa­
ble commercially.

1.1.13 Range-The distance between zero and full·scale deflection ofthe
readout device used with the smoke opacimeter.

1.1.14 Span-The distance between zero and a known upscale set point.
1.1.15 Resolution-The minimum distinguishable reading increment for a

given recorded trace or scale combination, expressed as a percent of the re­
cording system's full scale.

1.1.16 13 Mode-A gaseous emissions cycle described in Code of Federal
Regulations, Title 40, Chapter I, Part 85-Control of Air Pollution from
New Motor Vehicles and New Motor Vehicle Engines.

1.2 Abbreviations Used
A.P.I. ..: American Petroleum Institute
ASTM - American Society for Testing and Materials
bhp (kW) - Brake Horsepower (kilowatts)
BSHC - Brake Specific Hydrocarbons
BSNOx - Brake Specific Nitrogen Oxides
BSCO - Brake Specific Carbon Monoxide
Bdt (Bart) - Dry Barometric Pressure, Pa (in Hg)
o C - Degrees 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,
of - Degrees Fahrenheit
FID - Flame Ionization Detector
FR - Federal Register
ft - Feet
g -Grams
H - Humidity (grains of water per pound of dry air)
He - Hydrocarbons
Hg - Mercury
hp - Horsepower
h - Hour
Hz - Hertz
H20- Water
IBP - Initial Boiling Point
in - Inch (es)
IR - Intake Restriction, kPa (in H20)
IRmax - Manufacturer's maximum recommended Intake

Restriction, kPa (in H20)
kPa - Kilopascal
kW (hp) - Kilowatts (horsepower)
max - Maximum
min - Minimum
m (£1) - Meter (feet)
mm (in) - millimeter (inch)
N (lb) - Newton (pound)
NDIR - Non-Dispersive Infra Red
NDUV - 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 Nm (Ib·ft) - Torque
WB - Wet Bulb Temperature
WF - Weighting Factors
% - Percent
1: - Summation
Z. Smoke Emission Test Method

2.1 Before commencing the test cycle, the engine is to have met the
manufacturer's production test specifications and is to be operated at full
load power for at least 1 minute with coolant and oil temperatures stabi-
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Note: Should IR calculate to be a negative number; then the following.
options are available.

IRmax
IR =3.38 (B dt - 29.00 +'13T) in kPa of water

( ~ )IR =13.6 (Bdt - 29.00 + 13.6 ) in inches of water

2.6 Span smokemeter circuit to establish zero and 100% opacity
values. (Allow for the meter circuit to stabilize per manufacturer's
instructions.)

2.7 Operate the engine in the manner required by the Smoke Test
Cycle (Section 3). .

3. Smoke Test Cycle-Conduct each smoke emission test specified in
Section 2 according to the following sequence. (See Appendix B for
typical smoke. test cycle trace.)

3.1 Lugdown Mode-When test conditions (Section 2) are fulfilled,
and with the engine operating at full load power and rated speed, energize
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.

3.2 Transitional Mode-If desired, de-energize data processing equip­
ment after engine reaches intermediate speed

3.2.1 Remove the load from the engine and close the fuel control lever.
3.2.2 Set preload on dynamometer as required to perform the accelera­

tion called for in paragraph 3.3.3.
3.2.3 Time interval between closing of fuel control lever after lugdown

mode and opening of fuel control lever (paragraph 3.3.2) for start of
acceleration mode is 30-90 s.

3.3 Acceleration Mode
3.3.1 Energize the data processing equipment, if needed. However.

data from the first cycle will not' be used for data analysis or correlation.
3.3.2 Open the fuel control lever gradually to cause the engine to

accelerate smoothly from idle speed to 200 ± 50 rpm above the manu­
facturer's recommended idle speed in 3-5 s, then snap the fuel control
lever full open to cause the engine to accelerate ~gainst the dynamometer
inertia and load (as required).

3.3.3 The acceleration rate must be controlled by load and/or inertia
adjustment to ensure that the engine accelerates from 200 ± 50 rpm
above the manufacturer's recommended low idle speed through 85%
(see note) of rated speed in 3.5-6,5 s, with this acceleration being linear
within ± 100 rpm. _

Note: For reasons of simplicity and ease of operation, it is allowable
that 85% of rated speed be rounded off to the nearest 100 rpm; examples,
for 2100 rpm rated speed, use 1800 rpm; for 1800 rpm rated speed, use
1500 rpm, etc.

3.4 Transitional Mode-After the acceleration mode has been com­
pleted and the engine reaches its maximum speed: (the maximum speed
obtained will be greater than 85% of rated speed, with exact value a
function of preload applied and engine power.)

3.4.1 Start closing the fuel control lever between 85 and 90% of rated
speed. The fuel eontrollever must reach the idle speed position within
1 s.

3.4.2 Remove the dynamometer load, if any. .
3.4.3 Apply the preset load-or loads to perform the acceleration called

for in paragraph 3.5. Allow the cnginc speed to drop to the intermediatc
speed ± 100 rpm. .

3.5 Acceleration Mode-Rapidly move -the fuel control lever to the full
open position and accelerate the enginc against a dynamomctcr load
schedule such that engine speed reaches 95-100% of rated speed in 8-12 s..
- 3.6 Repeat paragraphs 3.1-3.5 to obtain data for analysis. Additional
cycles may be performed at the option of the manufacturer, if there is any
question as to cycle to cycle variation. Sections of above cycle may be
omitted if they are not needed for correlation under Section 7. .

4. Smoke Measuring Equipment and Instrumentation-The following
equipment and irtstrumentation is required to conduct the smoke emission
test.

4.1 An engine dynamometer with adequate characteristics to perform
the tests required by the test method.

4.2 An intake system of proper diameter and suitable length for the
engine being tested, with provisions for adjusting restriction to enable
compliance with paragraph 2.5.

·4.3 An exhaust system of the proper diameter and suitable length
for the engine being tested with provision for mountinjt the smoke
opacimeter. (See Appendices C, D, and E.) The system must be adequate
to impose a back pressure within the limits specified under paragraph 2.4.

A muffler or collector system may be used if it does not raise the back
pressure limits beyond those specified in paragraph 2.4.

4.4 A full flow, light extinction smoke opacimeter mecting thc re­
commended requirements of paragraph 4.4.~ is to be mounted in the ex­
haust system. SAE Recommended PracticeJl157 (Ref. 3), contains
methods for running engine tests and guidelines for bench tests to evaluatc
opacimeters.

4.4.1 The smoke opacimeter must be of the continuous reading full
flow type with the following minimum recommendcd performance charac-

40 min
540 -640

0.5 max
125 min
2.0 - 4.3

Type 2-D

Remainder
130 min
2.6 ± 0.6

27% min

46 ± 4

370 ± 30
430 ± 30
505 ± 35
580 ± 30
620 ± 40

35 ± 2
0.35 ± 0.15

D 613
D 86

D 93
D445

ASTMTES1'.
Method·No.

D 287
D 129 orD 2622

. -093
D445

D613
D86

ITEM

ITEM

Cetane No.
Distillation Range
90% point, ° F
Gravity °API
Total Sulfur, %
Flash Point, °F
Viscosity, centis tokes

Cetane No.
Distillation Range

IBFoF
10% point, ° F
50% point, ° F
90% point, ° F

EpoF
Gravity °API D 287
Total Sulfur, % D 129 orD 2622
Hydrocarbon composition . D 1319 .
Aromatics, %
Paraffins, Naphthenes
Olefins, %
Flashpoint, ° F
Viscosity, centistokes

2.4 An exhaust back pressure of 6.75 ± 3.4 kPa (2 ± I in Hg) should be
maintained at full load rated speed A higher back pressure may be main·
tained; however, no allowances for any increase ·in emissions shall be applied
to the data.

2.5 With the engine operating at full load power, rated speed, the in·
take restriction is to be adjusted to the reqUired value per the following
formula to provide compensation for barometric and vapor pressure
changes:

2.3.3 In cases where the manufacturer believes the emission rate of the
engine family is sil!l1ificantly influenced by fuel characteristics, the follow­
ing typical Type 2-D fuel specification shall be used for exhaust emission
testing.

2.5.1 Pressurize the intake (combustion) air system.
2.5.2 Delay testing until sufficiently high barometric -pressure prevails.
2.5.3 Proceed with test, but recognize that the effect will normally be to

read higher or lower values than would be the case where full compliance
with this section is possible.

. lized at the recommended operating temperatures.
2.2 Intake air·temperature should be controlled between 20 and 30°C

(68 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.)

2.3 Fuel Specifications
2.3.1 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.

2.3.2 Fuel meeting the following specifications or substantially equiva­
lent 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 975 Type 1 or Type 2. Following is the ASTM D 975 specifica­
tion for Type 2 fuel. This fuel shall be satisfactory for most audit testing.

ASTMTest
Method No.
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teristics. (See Appendix H.)
4.4.1.1 Calibration accuracy ± 1%.
4.4.1.2 Linearity ± 1% (from zero to 50% opacity).
4.4.1.3 Drift ± 1% within the temperature range specified by the manu­

facturer.
4.4.1.4 Response Time 0.140 s max for a change from 0% to 95% of

full 'scale..
4.4.1.5 Range 0-100% opacity.
4.5 Smoke opacity and engine speed are to be monitored continually

using either a strip chart recorder or other data collection/processing
equipment that is calibrated to provide the following minimum perfor­
mance rcquirements.

4.5.1 Minimum speed range of 13-508 mm/minute (0.5-20.0 in/minute).
4.5.2 Maximum full-scale response time for smoke opacity of 0.5 s.
4.5.3 An automatic marker indicating 1.0 s intervals to verify chart speed

is desirable.
4.504 The various components, opacimeter, electronic filters, and re­

corder should comprise a system capable of data output within the following
lilllits: '

4.5.4.1 The smoke opacity trace is to be linear when calibrated or cor­
rected, to read from 0-50% opacity. The trace should have a resolution
within 1% of full-scale reading.

4.5.4.2 The engine speed trace is to be linear when calibrated to read
from the low idle speed to rated engine speed. The trace should have a
resolution within 30 rpm of rated engine speed.

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

4.5.5 The use of general instrumentation for measuring engine speed,
power, fuel rate, inlet air restriction, exhaust back pressure, inlet air tem­
perature and humidity, barometric pressure, pressure, and temperature
measurements while performing tests required in this part should be of
sufficient accuracy to ensure that the smoke emission test results are not
affected by these components (SAE Recommended PracticeJ816b)
(Ref. I), defines instrument accuracy.

4.5.6 A separate low-pass electronic filter with the following perfor­
mancc characteristics may be installed between the smoke opacimcter and
the recorder to achieve high frequency attenuations.

4.5.6.1 Three decibels point-IO Hz. '
4.5.6.2 Insertion loss-O ± 0.5 dB.
4.5.6.3 Selectivity-12 dB per octave above 10 Hz.
4.5.6.4 Attenuation-27 dB down at 40 Hz min.

5. Smoke Measuring System Calibration
5.1 The zero and 100% settings of the output from the data process­

ing equipment should be verified at the beginning and conclusion of each
complete cycle. A span or zero shift of the smokemeter output up to 2%
opacity between readings is acceptable, but greater shifts in output than
this requires correction and re-running of the test. (If the shift in output
of less than 2% is known to be linear with time, the output may be cor­
rected.)

5.2 Periodic or as required checks for linearity between zero and 100%
opacity should be conducted using calibrated neutral density filters at
specified opacity 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 Procedures.)

5.3 If an alternative data processing system per paragraph 4.6 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.' '

6. Smoke Emission Dota 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.

6.1 Locate the start of the lugdown mode (paragraph 3.1) on the speed
trar.e. The lugdown 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 1/2 s intervals and determine the average
smoke reading during each 1/2 s intervals.

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

6.2 Locate the start of the second acceleration cycle (paragraph 3.3)
on the speed trace: The first acceleration mode starts when the engine
speed is raised above the idle speed (paragraph 3.3.2). Divide the accelera­
tion, modes (paragraphs 3.3 and 3.5) into 0.5 s intervals and determine the
average smoke rcading during each 0.5 s interval.

6.2.1 Locate and record the fifteen highest 0.5 s intervals during the
acceleration modes. The average of these fifteen readings is the acceleration
smoke value. (An alternate number of intervals may be used for correia·
tion with the Federal Procedure, see Section 7.)

3

6.2.2 If a third acceleration cycle (paragraph 3.5) was run, repeat para­
graphs 6.2 and 6.2.1 for the third acceleration mode. The average of the
acceleration smoke values for the two cycles is the acceleration smoke value.

6.3 Re-examine the average 0.5 s intervals of paragraphs 6.1 and 6.2
The average of the three highest 0.5 s intervals represents the peak smoke
value.

7. Correlation of Smoke Measurements- The successful application of
this procedure implies confidence that values obtained will correlate well
with results obtained from the Federal Test Procedure using the prescribed
smokemeter. In order to achieve such a confidence level, it is necessary
that the manufacturer conduct such tests as may be required, with freedom
to apply correction factors as needed to obtain good correlation. Specific
recommcndations in this regard are as follows:

7.1 The number of 0.5 s intervals analyzed under paragraph 6.2 of
this procedure may be modified to assist in acceptable correlation depend­
ing upon the particular manufacturer's needs.

7.2 Correction for staek size difference and spectral response differ·
ence between equipment used in this procedure and in the method pre­
scribed by the United States Government for certification purposes must
be determined by the manufacturers. SAE Recommended Practice
J1157 (Ref. 3), contains methods under Section 3 for correlation tests.

7.3 The use of regression analysis, based upon test data, is recom·
mended for establishing satisfactory correlation between the manu­
facturer's smoke emission test procedure and the Federal Smoke Test
Procedure.

7.4 Correlation of Smoke Cycle Opacity Measurements
704.1 Back-to-back short cycle and Federal test results (on the same

engine) should agree within:

±2.0% opacity a smoke (acceleration)
±1.5% opacity b smoke (lug)
±5.0% opacity c smoke (peak)

A correction factor between the two types of tests may be applied to the
data prior to correlation calculations.

704.2 Acceptable short cycle schedules will have correlation coefficients
of 0.9 or better. If the average emission level of the population with 90%
confidence lies 3 standard deviations below the applicable standard, a cor­
relation coefficient of 0.75 or greater is acceptable.

704.3 Acceptable short cycle schedules will identify deviant engines as
well as nominal engines.

8. Gaseous Emission Test Method
8.1 Before commencing the test cycle, the engine is to have met the

manufacturer's production test specifications. All test instruments shall
be warmed up and readied (per manufacturer's recommendations) including,
but not limited to:

1. Zero checks.
2. Span checks on all ranges scheduled.
3. Flow checks/pressure checks for zero, span, and sample gases.

8.2 Intake air temperature between 20 and 30°C (68 and 86° F)
is recommended. Higher air temperatures may be used. (Refer to para­
graph 12.5.)

8.3 The fuel specifications of paragraph 2.3 apply.
8.4 The exhaust back-pressure requirements of paragraph 2.4 apply.
8.5 The intake air restriction requirements of paragraph 2.5 apply.
8.6 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 accord­
ance with the manufacturer's recommendations and the full scale value of
the instrument range(s) to be utilized. Full scale values shall be selected
so that the expected emission values shall fall in the 15-1 00% ran~e of
the instruments. The analyzer's response may be less than 15% of fuJI
scale if:
(a) The full scale value is 120 ppm or less.
(b) The full scale value is 5500 ppm or less for CO analysis.
(c) The emissions from the engine are erratic and the average chart-de·
flection value is greater than 15% of full scale.
(d) The contribution of all modes read below the 15% level is less than
10% by mass of the final test results.
In no case shall expected values exceed 100% full scale.

8.7 Operate the engine in accordance with either the 13 mode
emissions cycle (Section 9) and/or the manufacturer's short cycle
emissions schedule (Section 9).

9. Gaseous Emissions Test Cycles
9.1 The gaseous emissions Test Cycle shall consist of 1-13 steady

state modes of engine operation run at various revolutions per minute and
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percents of full load torque.
9.2 The 13 Mode cycle shall be run to the following schedule:

9.3 The N-Mode, Short Cycle test shall consist of those modes
(selected from the 13 Mode schedule) that enables an estimation of 13·
Mode test values in accordance with the limits specified in Section 14.

9.4 Time of Test
9.4.1 The stabilization time shall be 2 minutes to 10 minutes. The

gaseous emissions shall be sampled for a 30~ period.
9.4.2 Mode 1, Mode 7, and Mode 8 (if preceded by Mode 7) shall have

a minimum duration of 5 minutes. -
10. Gaseous Emissions MetlSUring Equipment and Instrumentation-The

following equipment and instrumentation is required to conduct the gaseous
emission test:

10.1 An engine dynamometer with adequate characteristics to per'
form the tests required by the test method.

10.2 An air intake system of proper diameter and suitable length for
the engine being tested, with provisions for adjusting restriction to enable
compliance with paragraph 2.5.

10.3 An exhaust system of the proper diameter and suitable length
for the engine being tested. The system must be adequate to impose a
back'pressure within the limits specified under paragraph 2.4.

10.4 An instrument for the continuous measurement of the hydro·
carbon concentration in diesel exhaust.

10.4.1 The instrument(s) should meet those specifications presented in
SAE Recommended Practice J215 (Ref. 4).

10.4.2 Alternate instruments may be used if correlation is available with
those instruments already recognized as meeting the proper specifications.

10.5 Instrument(s) for the continuous measurement of carbon
monoxide (CO) and oxides of nitrogen (NOx) in diesel exhaust.

10.5.1 The instrument(s) should meet those specifications presented in
SAE Recommended Practice JI77a (Ref. 5). .

10.5.2 Alternate instruments may be used if correlation is available with
those instruments already recognized as meeting the proper specifications.

10.6 HC, CO, and NO emission values are to be monitored during each
mode .of an emission test, using either a strip chart recorder or other data
collection/processing equipment that is calibrated to provide equivalent
results.

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

10.6.1 Minimum speed range of 13-508 mm/minute (0.5-20 in/min-
ute)

10.6.2 Maximum full~cale response time of 0.5 s.
10.6.3 Accuracy of ± 0.25%.
10.6.4 Linearity of 0.1 %.

10.7 The use of general instrumentation for measuring engine speed,

Where: A
B
H
T

Mode Number

2

3

4

5

6

7

8

9

10

11

12

13

Engine Speed ±50 rpm Percent Load ±2%

Idle Speed ,0 (Residual
Load Only)

Intermediate Speed 2.0

Intermediate Speed 25.0

Intermediate Speed 50.0

Intermediate Speed 75.0

Intermediate Speed 100.0

Idle Speed o (Residual
Load Only)

Rated Speed 100.0

Rated Speed 75.0

Rated Speed 50.0

Rated Speed 25.0

Rated Speed 2.0

Idle Speed o (Residual
Load Only)

power, fuel rate, inlet air restriction, exhaust back pressure, inlet air tem­
perature 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 Recommended Practice J816b
defines instrument accuracy.) (Ref. 1.)

11. Gaseous Emission Meosuring System Calibration
11.1 Check each day for leaks in the sample line connections.
11.2 A zero and span check of the HC, CO, and NO analyzers should

be done as often as necessary to ensure that drift is less than t 1%.
11.3 Check the sample gas flow rate during each mode to ensure proper

flow.
11.4 Monthly check of analyzers as outlined in SAE Recommended

PracticesJI77a (Ref. 5) andJ2I5 (Ref. 4), to ensure that the equipment
is meeting specifications.

11.5 Monthly check of all equipment related to Section 10 to ensure
that the emissions test is not adversely affected by these components.

12. Gaseous Emission Data Analysis
12.1 Locate or record the last 30 s of each mode and determine the

average reading for HC, CO, and NO.
12.2 Determine the concentration of HC, CO, and NO during each

mode from the average reading and corresponding calibration data.
12.3 Determine the exhaust gas mass-flow rate for each mode accord­

ing to the SAE Recommended PracticeJ244 (Ref. 6).
12.4 Convert the measured CO and NO concentrations to a wet basis

according to Section 4 and paragraph 5.4 of SAE Recommended Practice
JI77a (Ref. 5).

12.5 Multiply the wet NO values by the following humidity correction
factor:

1 + A (H-75) + B (T-85)

=0.044 IF/A) - 0.0038
=-0.116 (F/A) + 0.0053
=Humidity (gruns of water per pound of dry air)
= TemperatUre of air in 0 F (temperature range .

of 68-115° F)
F/A =Fuel-Air Ratio (dry air basis)

12.6 Calculate the mass emissions and brake specific emissions accord­
ing to Section 4 of the SAE Recommended Practice J1003 (Ref. 7).

13. Selection ofN·Mode Short Cycle
13.1 The N-Mode Short Cycle should be models) selected from 13­

Mode test data for minimum error of prediction of IS·Mode Cycle results.
Analysis of 13·Mode test data will produce several N·Mode combinations
with similar standard deviation of error of prediction values, therefore,
the lowest standard deviation criteria should be supplemented with test
experience and judgement to enable the final combination to be the best
predictor of I3·Mode results in accordance with Section 14. Each engine
model in a manufacturer's line should be evaluated individually. As the
emission characteristics vary with engine model, it may be found that the
best N-Mode cycle for one model may not be the best predictor for ­
another.

13.2 Definitions of N-Mode Short Cycle
13.2.1 The Premcted 13-Mode Cycle Result is defined as the N-Mode

Cycle Result multiplied by an average scaling factor.
13.2.2 The Error of Premction is defined as the 13-Mode Cycle Result

minus the Predicted 13-Mode Cycle Result.
13.2.3 The Best N-Mode Short Cycle is defined as the combination of

modes with the smallest standard deviation of the error of prediction, that
when multiplied by an average scaling factor produces the most accurate
Predicted IS-Mode Result.

13.3 Analysis of 13-Mode Data
13.3.1 This analysis of 13-Mode data is recommended as a means to

determine which combination of N-Modes in the 13-Mode Cycle contains
the least variation, and therefore, offers the best basis from which to pre·
dict. The modal data should be reduced to a form such that a number or a
pair of numbers represents the contribution of that mode to the 13-Mode
emissions sum. A single number should be used if He + NOx is to be treat­
ed as a sum and two numbers if treated separately. In the case of separate
analysis, it is understood that calculations are to be run in parallel. This
number will be referred to as Mode X Emissions, where X represents the
mode under consideration.

13.3.2 It is recommended that analysis be done on at least fifteen (15)
13·Mode tests on the same engine model, and should proceed as follows:

13.3.2.1 For each test, divide the 13-Mode Brake Specific emissions
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14.3 Acceptable short cycle schedules will identify deviant engines as
well as nominal engines.

Refuenc~ .
1. SAEj816b, Engine Test Code-Spark Ignition and Diesel (March,

1973).
2. SAEj255a, Diesel Engine Smoke Measurement (Steady State)
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3. SAEj1l57, Measurement Procedure f~r Evalua!i?~of Full-Bow"

Light-Extinction Smokemeter Performance (August, 1976).
4. SAE j215, Continuous Hydrocarbon Analysis of Diesel Engines

(November, 1970).
5. SAE j 177a, Measurement of Carbon Dioxide, Carbon Monoxide,

and Oxides of Nitrogen in Diesel Exhaust (March, 1974).
6. SAEj244, Measurement of Intake Air or Exhaust Gas Flow of

Diesel Engines (September, 1971).
7. SAE j 1003, Diesd Engine Emission Measurement Procedure

(March,1973).
8. john E. Freund, Modern Elementary Statistics, Prentice-Hall, Inc.,

Englewood Cliffs, NJ 1973.

by the Mode X emissions. The resuhant is defined as the scaling factor.
Calculate the Average Scaling Factor for each mode for each emission
constituent.

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

13.3.2.3 For each 13-Mode test, subtract the predicted Mode X
emissions from the 13·Mode emissions result. The resultant is defined as
the Error'of Prediction.

13.3.2.4 Calculate the standard deviation of the error of prediction
for all 13 modes for each emission constituent (CO, HC, NOx, HC + NOx)'
The mode with the smallest standard deviation for all constituents is de­
fined as the best single mode predictor.

13.3.2.5 Repeat the above calculations except combine the best single
mode predictor with each of the remaining modes to form X + Y Emissions.
Calculate the best double mode predictor for each constituent. Repeat for
three and four modes, but little improvement is usually seen beyond four.

13.3.2.6 Select and test thc N-Mode Short Cycle that most accurately
predicts the 13-Mode result for all constituents.

13.4 The results of the 13·Mode analysis should be used to guide devel­
opment of the N-Mode Short Cycle. To test its accuracy, run a series of
13-Mode and N-Mode Short Cycle tests back-to-back. It may be found that
the scaling factor calculated by dividing the 13-Mode test by the N-Mode
test may be slightly different from that calculated by the 13·Mode analysis.

14. Co"elotion of Gaseous Emission Measurements
14.1 Back-to-back Federal and Short Cycle results on the same engine

should agree within:

±O.25g/bhp-h for HC
±O.75 g/bhp-h for NO
±O.8 g/bhp-h for HC + NOx
±0.3 g/bhp-h for CO

A correction factor between the two types of tests' may be applied to the
data prior to the back-to-back calculations. ,

14.2 Acceptable short cycle schedules will have correlation coefficients
(Ref. 8) of 0.9 or better. If the average emission level of the population
with 90% confidence lies 3 standard deviations below the applicable stand­
ard, a correlation coefficient of 0.75 or better is acceptable.

the correbtfon coefficient (i-)1S'equal to:

1 xy

I x

] y

16
1 XiYi
i=1

16
1 Xi
i=1

16
1 Yi
i=1

5

r
[n

Where: x
y

n

n C~;xy) - (~x) (LY)

13-Mode Cycle Result in g/bhp-h
Predicted 13-Mode Result from N-Mode Short

Cycle in g/bhp-h
Sample size of 16 (15 tests, plus point 0, 0

to direct linear regression thru origin)

APPENDIX A

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:

1. Inlet air temperature higher than specified.
2. Fuel does not meet specifications.
3. Exhaust back pressure greater than specified.
4. Inlet air restriction greater than specified.
5. Barometric pressure abnormally low.
6. Abnormal emissions level.
7. After engine repairs or adjustments.
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6

APPENDIXB

SMOKE TEST CYCLE
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APPENDIXC

Smoke Opacimeter Installation-End ofLine-The smoke opaeimeter
installation should be as follows:

1. 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 speeified below:

Less than 75 (101) 51 mm (2 inl
75 - 149 (101 - 200) 76 mm (3 int
150 - 224 (201 - 300) 102 mm (4 in)
225 (301) to more 127 mm (5 in)

2. The opacimeter optical unit may be mounted on a fixed or movable
frame. The normal unrestricted shape of the exhaust plume shall not be
modified by the adapter, the meter, or any ventilation system used to re­
move the exhaust from the test site.

3. The optical unit of the opacimeter shall be mounted radially to the
exhaust pipe so that the measurement will be made at right angles to the
axis of the exhaust plume.

4. The opaeimeter should be located at the termination of the exhaust
stack with the light beam of the opacimeter 127 ± 25 mm (5 ± 1 in) from
the stack termination point.

5. The full flow of the exhaust stream shall be centered between the
source and detector apertures and on the axis of the light beam.

Maximum Rated Kilowatts (hp) Exhaust Pipe Size

2. Exhaust gas temperatures and ambient temperatures should not
exceed manufacturer's specifications.

3. Temperature of cooling water (if used) for stabilization of the
electronics should be as per manufacturer's recommendations.

4. Opaeimeter to be installed with a minimum of two (2) pipe
diameters straight section upstream from the meter.

5. Inlet pipe to opacimeter to be same inside diameter as opaeimeter
for a minimum length of two (2) pipe diameters.

6. Provide a source of clean dry laboratory air at the opacimeter
which is free" of dust and oil and at the pressure or flow rate scheduled by
the manufacturer of the opaeimeter.

7. The exhaust system must be capable of being adjusted to meet the
exhaust back pressure required for the smoke test. A butterfly valve or
other means of increasing the exhaust system back pressure may be placed
on the exhaust pipe but at least three (3) diameters from the opaeimeter.

APPENDIXE

Dual Exhaust Systems-If dual exhaust systems are used for production
testing of Vee engines:

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

2. Both exhaust systems should be equipped with smoke opacimeter
measuring instruments.

APPENDIXF

APPENDIXD

Smoke Opacimeter Installation-Intine 7)pe-The smoke opacimeter
may be installed as follows:

1. 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.

Calibration Procedure-End of Line Smoke Opocimeter- The smoke
opaeimeter calibration should be checked with the following procedure:

1. Clean the optical surfaces to remove foreign material and finger
prints.

2. Adjust the instrument controls under conditions of no smoke to
give a recorder trace of zero.

3. Insert calibrated neutral density filter(s) in the opacimeter light
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