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Subpart E—Gaseous Exhaust Test
Procedures

§ 90.401 Applicability.
(a) This subpart describes the proce-

dures to follow in order to perform ex-
haust emission tests on new nonroad
spark-ignition engines and vehicles
subject to the provisions of subpart A
of part 90. Provisions specific to raw
gas sampling are in § 90.414 through
§ 90.419, provisions specific to constant
volume sampling are in § 90.420 through
§ 90.426. All other sections in this sub-
part apply to both raw gas sampling
and constant volume sampling except
where indicated otherwise.

(b) Requirements for emission test
equipment and calibrating this equip-
ment are found in subpart D of this
part.

(c) Certain text in this subpart is
identified as pertaining to Phase 1 or
Phase 2 engines. Such text pertains
only to engines of the specified Phase.
If no indication of Phase is given, the
text pertains to all engines, regardless
of Phase.

(d) For Phase 2 Class I, Phase 2 Class
I–B, and Phase 2 Class II natural gas
fueled engines, the following sections
from 40 CFR Part 86 are applicable to
this subpart. The requirements of the
following sections from 40 CFR Part 86
which pertain specifically to the meas-
urement and calculation of non-meth-
ane hydrocarbon (NMHC) exhaust emis-
sions from otto cycle heavy-duty en-
gines must be followed when deter-
mining the NMHC exhaust emissions
from Phase 2 Class I, Phase 2 Class I–B,
and Phase 2 Class II natural gas fueled
engines. Those sections are: 40 CFR
86.1327–94 Engine dynamometer test
procedures, overview, 40 CFR 86.1340–94
Exhaust sample analysis, 40 CFR
86.1342–94 Calculations; exhaust emis-
sions, 40 CFR 86.1344–94(d) Required in-
formation—Pre-test data, and 40 CFR
86.1344–94(e) Required information—
Test data.

[60 FR 34598, July 3, 1995, as amended at 64
FR 15244, Mar. 30, 1999; 65 FR 24312, Apr. 25,
2000]

§ 90.402 Definitions.
The definitions in § 90.3, § 90.101, and

§ 90.302 apply to this subpart.

§ 90.403 Symbols, acronyms, and ab-
breviations.

(a) The acronyms and abbreviations
in § 90.5 apply to this subpart.

(b) The symbols in Table 1 in Appen-
dix A to Subpart D apply to this sub-
part.

§ 90.404 Test procedure overview.
(a) The test consists of prescribed se-

quences of engine operating conditions
to be conducted on an engine dyna-
mometer or equivalent load and speed
measurement device. The exhaust
gases generated during engine oper-
ation are sampled either raw or dilute
and specific components are analyzed
through the analytical system.

(b) The test is designed to determine
the brake-specific emissions of hydro-
carbons, carbon monoxide, carbon diox-
ide, and oxides of nitrogen and fuel
consumption. For Phase 2 Class I–B,
Class I, and Class II natural gas fueled
engines the test is also designed to de-
termine the brake-specific emissions of
non-methane hydrocarbons. The test
consists of three different test cycles
which are application specific for en-
gines which span the typical operating
range of nonroad spark-ignition en-
gines. Two cycles exist for Class I–B, I
and II engines and one is for Class I–A,
III, IV, and V engines (see § 90.103(a)
and § 90.116(b) for the definitions of
Class I–A, I–B, and I—V engines). The
test cycles for Class I–B, I, and II en-
gines consist of one idle mode and five
power modes at one speed (rated or in-
termediate). The test cycle for Class I–
A, III, IV, and V engines consists of one
idle mode at idle speed and one power
mode at rated speed. These procedures
require the determination of the con-
centration of each pollutant, fuel flow,
and the power output during each
mode. The measured values are weight-
ed and used to calculate the grams of
each pollutant emitted per brake kilo-
watt hour (g/kW-hr).

(c)(1) When an engine is tested for ex-
haust emissions the complete engine
must be tested, with all emission con-
trol devices installed and functioning.

(2) On air cooled engines, the cooling
fan must be installed. For engines
whose cooling fan serves a dual pur-
pose, such as an air pump/blower, an
external fan may be used to provide the
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engine with cooling air and the origi-
nal cooling fan may be removed.

(d) All emission control systems in-
stalled on or incorporated in the appli-
cation must be functioning during all
procedures in this subpart. In case of
component malfunction or failure, no
maintenance is allowed without prior
approval from the Administrator, in
accordance with § 90.119.

[60 FR 34598, July 3, 1995, as amended at 64
FR 15244, Mar. 30, 1999; 65 FR 24312, Apr. 25,
2000]

§ 90.405 Recorded information.
(a) Record the information described

in this section for each test, where ap-
plicable.

(b) Test data; general. (1) Engine iden-
tification number.

(2) Engine emission control system.
(3) Test operator(s).
(4) Number of hours of operation ac-

cumulated on the engine prior to be-
ginning the warm-up portion of the
test (to the nearest tenth hour).

(5) Fuel identification.
(6) For 2-stroke engines, fuel/oil mix-

ture ratio.
(7) Date of most recent analyzer

bench calibration.
(8) All pertinent instrument informa-

tion such as tuning, gain, serial num-
bers, detector number, and calibration
curve(s). As long as this information is
traceable, it may be summarized by
system number or analyzer identifica-
tion numbers.

(c) Test data; pre-test. (1) Date and
time of day.

(2) Test number.
(3) Barometric pressure; as an option,

barometric pressure can be measured
as a modal measurement instead of or
in addition to a pre- and post-test
measurement.

(4) Recorder chart or equivalent.
Identify for each test segment zero
traces for each range used, and span
traces for each range used.

(d) Test data; modal. (1) Recorder
chart or equivalent. Identify for each
test mode the emission concentration
traces and the associated analyzer
range(s).

(2) Observed engine torque.
(3) Observed engine rpm.
(4) Intake air flow if applicable.

(5) Test cell temperature and humid-
ity for each mode.

(6) For raw gas testing; fuel flow for
each mode. Fuel flow measurement is
not required for dilute testing, but is
allowed. If the fuel flow measurement
is a volume measurement system,
record the fuel temperature in the
measurement system for fuel density
corrections to the mass flow rate. If
the fuel temperature is within 3 °C of
the calibration temperature, no den-
sity correction is required.

(7) Engine intake temperature and
humidity, if applicable.

(8) Exhaust mixing chamber surface
temperature, if applicable.

(9) Exhaust sample line temperature,
if applicable.

(10) Engine fuel inlet pressure.
(e) Test data; post-test. (1) Recorder

chart or equivalent. Identify the hang-
up check.

(2) Recorder chart or equivalent.
Identify the zero traces for each range
used and the span traces for each range
used.

(3) Total number of hours of oper-
ation accumulated on the engine (to
the nearest tenth hour).

(4) Barometric pressure, post-test
segment.

§ 90.406 Engine parameters to be
measured and recorded.

Measure or calculate, then record the
engine parameters in Table 1 in Appen-
dix A of this subpart.

§ 90.407 Engine inlet and exhaust sys-
tems.

(a) The engine manufacturer is liable
for exhaust emission compliance over
the full range of air inlet filter systems
and exhaust muffler systems.

(b) The air inlet filter system and ex-
haust muffler system combination used
on the test engine must be the systems
expected to yield the highest emission
levels.

§ 90.408 Pre-test procedures.
(a) Engine service accumulation and

stabilization procedure. Use the service
accumulation procedure determined by
the manufacturer for exhaust emission
stabilizing of an engine, consistent
with good engineering practice (see
§ 90.118).
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(1) The manufacturer determines, for
each engine family, the number of
hours at which the engine exhaust
emission control system combination
is stabilized for emission testing. How-
ever, this stabilization procedure may
not exceed 12 hours. The manufacturer
must maintain, and provide to the Ad-
ministrator upon request, a record of
the rationale used in making this de-
termination. If the manufactuer can
document that at some time prior to
the full 12 hour service accumulation
period the engine emissions are de-
creasing for the remainder of the 12
hours, the service accumulation may
be completed at that time. The manu-
facturer may elect to accumulate 12
hours on each test engine within an en-
gine family without making this deter-
mination.

(2) During service accumulation, the
fuel and lubricants specified in § 90.308
must be used.

(3) Engine maintenance during serv-
ice accumulation is allowed only in ac-
cordance with § 90.118.

(b) Engine pre-test preparation. (1)
Drain and charge the fuel tank(s) with
the specified test fuel (see § 90.308(b)) to
50 percent of the tank’s nominal capac-
ity. If an external fuel tank is used, the
engine fuel inlet system pressure must
be typical of what the engine will see
in use.

(2)(i) Operate the engine on the dyna-
mometer measuring the fuel consump-
tion (fuel consumption required only
for raw gas sampling method) and
torque before and after the emission
sampling equipment is installed, in-
cluding the sample probe, using the
modes specified in the following table.

Engine class Test cycle Operating
mode

(A) I, I–B, II .................................. A 6
(B) I, I–B, II .................................. B 1
(C) I–A, III, IV, V .......................... C 1

(ii) These modes are from Table 2 in
Appendix A of this subpart. The emis-
sion sampling equipment may not sig-
nificantly affect the operational char-
acteristics of the engine (typically the
results should agree within five per-
cent).

(c) Analyzer pre-test procedures. (1) If
necessary, warm up and stabilize the

analyzer(s) before calibrations are per-
formed.

(2) Replace or clean the filter ele-
ments and then leak check the system
as required by § 90.324(a). If necessary,
allow the heated sample line, filters,
and pumps to reach operating tempera-
ture.

(3) Perform the following system
checks:

(i) If necessary, check the sample-
line temperature. Heated FID sample
line temperature must be maintained
between 110 °C and 230 °C; a heated NOX

sample line temperature must be main-
tained between 60 °C and 230 °C.

(ii) Check that the system response
time has been accounted for prior to
sample collection data recording.

(iii) A HC hang-up check is permitted
(see § 90.413(e)).

(4) Check analyzer zero and span be-
fore and after each test at a minimum.
Further, check analyzer zero and span
any time a range change is made or at
the maximum demonstrated time span
for stability for each analyzer used.

(d) Check system flow rates and pres-
sures and reset, if necessary.

[60 FR 34598, July 3, 1995, as amended at 65
FR 24312, Apr. 25, 2000]

§ 90.409 Engine dynamometer test run.

(a) Engine and dynamometer start-up.
(1) Only adjustments in accordance
with § 90.119 may be made to the test
engine prior to starting a test.

(2) If necessary, warm up the dyna-
mometer as recommended by the dyna-
mometer manufacturer or use good en-
gineering practice.

(3) For Phase 1 engines, at the manu-
facturer’s option, the engine can be run
with the throttle in a fixed position or
by using the engine’s governor (if the
engine is manufactured with a gov-
ernor). In either case, the engine speed
and load must meet the requirements
specified in paragraph (b)(12) of this
section. For Phase 2 Class I, Phase 2
Class I–B, and Phase 2 Class II engines
equipped with an engine speed gov-
ernor, the governor must be used to
control engine speed during all test
cycle modes except for Mode 1 or Mode
6, and no external throttle control may
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be used that interferes with the func-
tion of the engine’s governor; a con-
troller may be used to adjust the gov-
ernor setting for the desired engine
speed in Modes 2–5 or Modes 7–10; and
during Mode 1 or Mode 6 fixed throttle
operation may be used to determine
the 100 percent torque value.

(b) Each test consists of the following
steps.

(1) Record the general test data as
specified in § 90.405(b).

(2) Precondition the engine in the fol-
lowing manner;

(i) Operate the engine at a power
greater than or equal to 50 percent
maximum power at the appropriate
speed (rated or intermediate) for 20
minutes;

(ii) Option. If the engine has been op-
erating on service accumulation for a
minimum of 40 minutes, the service ac-
cumulation may be substituted for step
(i).

(3) Record all pre-test data specified
in § 90.405(c).

(4) Start the test cycle (see § 90.410)
within five minutes of the completion
of the steps required by paragraph
(b)(2) of this section.

(5) Modes are to be performed in the
numerical order specified for the ap-
propriate test cycle (see ‘‘Mode Points’’
Table 2 in Appendix A of this subpart).

(6) For Class I, I–B, and II engines,
during the maximum torque mode cal-
culate the torque corresponding to 75,
50, 25, and 10 percent of the maximum
observed torque (see Table 2 in Appen-
dix A to this subpart).

(7) Once engine speed and load are set
for a mode, run the engine for a suffi-
cient period of time to achieve thermal
stability. At the manufacturer’s op-
tion, determine and document the ap-
propriate criterion for thermal sta-
bility for each engine family. If the
manufacture chooses not to make this
determination, an acceptable alter-
native is to run the engine at each
mode until the cylinder head tempera-
ture remains within a 10 °C bandwidth
for three minutes. Cylinder head tem-
perature may be measured at the base
of the spark plug. After stability is
achieved, emission measurements are
initiated.

(8) Record all modal data specified in
§ 90.405(d) for a minimum time period of

the last two minutes of each mode.
Longer averaging periods are accept-
able, but the data averaged must be
from a continuous time period. The du-
ration of time during which this data is
recorded is referred to as the ‘‘sam-
pling period.’’ The data collected dur-
ing the sampling period is used for
modal emission calculations.

(9) Continuously record the ana-
lyzer’s response to the exhaust gas dur-
ing each mode.

(10) Modes may be repeated.
(11) If a delay of more than one hour

occurs between the end of one mode
and the beginning of another mode, the
test is void and must be restarted at
paragraph (b)(1) of this section.

(12) The engine speed and load must
be maintained within the requirements
of § 90.410 during the sampling period of
each mode. If this requirement is not
met, the mode is void and must be re-
started.

(13) If at any time during a mode the
test equipment malfunctions or the
specifications in § 90.410 can not be met,
the test is void and must be aborted.
Corrective action should be taken and
the test restarted.

(14) If at any time during an oper-
ating mode the engine stalls, restart
the engine immediately and continue
the test starting with the steps re-
quired by paragraph (b)(6) of this sec-
tion. If the engine will not restart
within five minutes the test is void. If
maintenance is required on the engine,
advance approval from the Adminis-
trator is required as specified in
§ 90.119. After corrective action is
taken, the engine may be rescheduled
for testing. Report the reason for the
malfunction (if determined) and the
corrective action taken.

(15) Fuel flow and air flow during the
idle condition may be determined just
prior to or immediately following the
dynamometer sequence, if longer times
are required for accurate measure-
ments. If the dilute sampling method
(Constant Volume Sampling) is used,
neither fuel flow nor air flow measure-
ments are required.

(c) Exhaust gas measurements. (1)
Measure HC, CO, CO2, and NOX con-
centration in the exhaust sample.

(2) Each analyzer range that may be
used during a test mode must have the
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zero and span responses recorded prior
to the start of the test. Only the
range(s) used to measure the emissions
during the test is required to have its
zero and span recorded after the com-
pletion of the test. Depending on the
stability of each individual analyzer,
more frequent zero checks or spans be-
tween modes may be necessary.

(3) It is permitted to change filter
elements between modes.

(4) A leak check is permitted between
modes.

(5) A hang-up check is permitted be-
tween modes (see § 90.413).

(6) If, during the emission measure-
ment portion of a mode, the value of
the gauges downstream of the NDIR
analyzer(s) G3 or G4 (see Figure 2 in
Appendix B of Subpart D), differs by
more than ±0.5kPa from the pretest
value, the test mode is void.

[60 FR 34598, July 3, 1995, as amended at 64
FR 15244, Mar. 30, 1999; 65 FR 24313, Apr. 25,
2000]

§ 90.410 Engine test cycle.
(a) Follow the appropriate 6-mode

test cycle for Class I, I–B and II engines
and 2-mode test cycle for Class I–A, III,
IV, and V engines when testing spark-
ignition engines (see Table 2 in Appen-
dix A of this subpart).

(b) For Phase 1 engines and Phase 2
Class I–A, III, IV, and V, and Phase 2
Class I and II engines not equipped
with an engine speed governor, during
each non-idle mode, hold both the spec-
ified speed and load within ± five per-
cent of point. During the idle mode,
hold speed within ± ten percent of the
manufacturer’s specified idle engine
speed. For Phase 2 Class I, I–B, and II
engines equipped with an engine speed
governor, during Mode 1 or Mode 6 hold
both the specified speed and load with-
in ± five percent of point, during Modes
2–3, or Modes 7–8 hold the specified load
with ± five percent of point, during
Modes 4–5 or Modes 9–10, hold the speci-
fied load within the larger range pro-
vided by +/¥0.27 Nm (+/¥0.2 lb-ft), or +/
¥ten (10) percent of point, and during
the idle mode hold the specified speed
within ± ten percent of the manufac-
turer’s specified idle engine speed (see
Table 1 in Appendix A of this subpart
for a description of test Modes). The
use of alternative test procedures is al-

lowed if approved in advance by the
Administrator.

(c) If the operating conditions speci-
fied in paragraph (b) of this section for
Class I, I–B, and II engines using Mode
Points 2, 3, 4, and 5 cannot be main-
tained, the Administrator may author-
ize deviations from the specified load
conditions. Such deviations may not
exceed 10 percent of the maximum
torque at the test speed. The minimum
deviations, above and below the speci-
fied load, necessary for stable oper-
ation shall be determined by the manu-
facturer and approved by the Adminis-
trator prior to the test run.

(d) Do not include power generated
during the idle mode, Mode 11, in the
calculation of emission results.

[60 FR 34598, July 3, 1995, as amended at 64
FR 15244, Mar. 30, 1999; 65 FR 24313, Apr. 25,
2000]

§ 90.411 Post-test analyzer procedures.

(a) Perform a HC hang-up check
within 60 seconds of the completion of
the last mode in the test. Use the fol-
lowing procedure:

(1) Introduce a zero gas or room air
into the sample probe or valve V2 (see
Figure 2 in Appendix B of Subpart D)
to check the ‘‘hangup zero’’ response.
Simultaneously start a time measure-
ment.

(2) Select the lowest HC range used
during the test.

(3) Within four minutes of beginning
the time measurement in paragraph
(a)(1) of this section, the difference be-
tween the zero gas response and the
hang-up zero response may not be
greater than 5.0 percent of full scale or
10 ppmC, whichever is greater.

(b) Begin the analyzer span checks
within six minutes after the comple-
tion of the last mode in the test.
Record for each analyzer the zero and
span response for each range used dur-
ing the preceding test or test segment.

(c) If during the test, the filter ele-
ment(s) were replaced or cleaned, a
vacuum check must be performed per
§ 90.324(a) immediately after the span
checks. If the vacuum side leak check
does not meet the requirements of
§ 90.324(a), the test is void.

(d) Read and record the post-test
data specified in § 90.405(e).
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(e) For a valid test, the analyzer drift
between the before-segment and after-
segment span checks for each analyzer
must meet the following requirements:

(1) The span drift (defined as the
change in the difference between the
zero response and the span response)
may not exceed two percent of full-
scale chart deflection for each range
used.

(2) The zero response drift may not
exceed two percent of full-scale chart
deflection for each range used above 155
ppm (or ppm C), or three percent of
full-scale chart deflection for each
range below 155 ppm (or ppm C).

§ 90.412 Data logging.
(a) A computer or any other auto-

matic data collection (ADC) device(s)
may be used as long as the system
meets the requirements of this subpart.

(b) Determine from the data collec-
tion records the analyzer responses
corresponding to the end of each mode.

(c) Record data at a minimum of rate
of one Hz (one time per second).

(d) Determine the final value for
power by averaging the individually
calculated power points for each value
of speed and torque recorded during the
sampling period. As an alternative, the
final value for power can be calculated
from the average values for speed and
torque, collected during the sampling
period.

(e) Determine the final value for CO2,
CO, HC, and NOX concentrations by
averaging the concentration of each
point taken during the sample period
for each mode.

§ 90.413 Exhaust sample procedure—
gaseous components.

(a) Automatic data collection equipment
requirements. The analyzer response
may be read by automatic data collec-
tion (ADC) equipment such as com-
puters, data loggers, and so forth. If
ADC equipment is used, the following
is required:

(1) For dilute grab (‘‘bag’’) sample
analysis, the analyzer response must be
stable at greater than 99 percent of the
final reading for the dilute exhaust
sample. The ADC must store a single
value representing the average chart
deflection over a 10-second stabilized
period. Alternatively, the ADC may

store the individual instantaneous
chart deflections collected over a 10-
second stabilized period.

(2) For continuous analysis systems,
the ADC must store a single value rep-
resenting the average integrated con-
centration over a measurement period.
Alternatively, the ADC may store the
individual instantaneous values col-
lected during the measurement period.

(3) The chart deflections or average
integrated concentrations required in
paragraphs (a)(1) and (a)(2) of this sec-
tion may be stored on long-term com-
puter storage devices such as computer
tapes, storage discs, punch cards, or
they may be printed in a listing for
storage. In either case a chart recorder
is not required and records from a
chart recorder, if they exist, need not
be stored.

(4) If ADC equipment is used to inter-
pret analyzer values, the ADC equip-
ment is subject to the calibration spec-
ifications of the analyzer as if the ADC
equipment is part of analyzer system.

(b) Data records from any one or a
combination of analyzers may be
stored as chart recorder records.

(c) Grab sample analysis. For dilute
grab sample analysis perform the fol-
lowing procedure:

(1) Calibrate analyzers using the pro-
cedure described in § 90.326.

(2) Record the most recent zero and
span response as the pre-analysis val-
ues.

(3) Measure and record HC, CO, CO2,
and NOX concentrations in the exhaust
sample bag(s) and background sample
bag(s) using the same flow rates and
pressures.

(4) Good engineering practice dic-
tates that exhaust emission sample bag
analyzer readings below 15 percent of
full scale should generally not be used.

(5) A post-analysis zero and span cali-
bration check of each range must be
performed and the values recorded. The
number of events that may occur be-
tween the pre- and post-checks is not
specified. However, the difference be-
tween pre-analysis zero and span val-
ues (recorded in paragraph (c)(2) or
(c)(3) of this section) versus those re-
corded for the post-analysis check may
not exceed the zero drift limit or the
span drift limit of two percent of full-
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scale chart deflection for any range
used. Otherwise the analysis is void.

(d) Continuous sample analysis. For
continuous sample analysis perform
the following procedure:

(1) Calibrate analyzers using the pro-
cedure described in § 90.326.

(2) Leak check portions of the sam-
pling system that operate at negative
gauge pressures when sampling and
allow heated sample lines, filters,
pumps, and so forth to stabilize at op-
erating temperature.

(3) Option: Determine the HC hang-up
for the FID or HFID sampling system:

(i) Zero the analyzer using zero gas
introduced at the analyzer port.

(ii) Flow zero gas through the over-
flow sampling system. Check the ana-
lyzer response.

(iii) If the overflow zero response ex-
ceeds the analyzer zero response by two
percent or more of the FID or HFID
full-scale deflection, hang-up is indi-
cated and corrective action must be
taken (see paragraph (e) of this sec-
tion).

(iv) The complete system hang-up
check specified in paragraph (e) of this
section is recommended as a periodic
check.

(4) If necessary, recalibrate analyzer
using the procedure specified in para-
graph (d)(1) of this section.

(5) Good engineering practice dic-
tates that analyzers used for contin-
uous analysis should be operated such
that the measured concentration falls
between 15 percent and 100 percent of
full scale.

(6) Record the most recent zero and
span response as the pre-analysis val-
ues.

(7) Collect background HC, CO, CO2,
and NOX in a sample bag (for dilute ex-
haust sampling only, see § 90.422).

(8) Perform a post-analysis zero and
span check for each range used at the
conditions specified in paragraph (d)(1)
of this section. Record these responses
as the post-analysis values.

(9) Neither the zero drift nor the span
drift between the pre-analysis and
post-analysis checks on any range used
may exceed three percent for HC, or
two percent for NOX, CO, and CO2, of
full-scale chart deflection, or the test
is void. (If the HC drift is greater than

three percent of full-scale chart deflec-
tion, HC hang-up is likely.)

(10) Determine background levels of
HC, NOX, CO, or CO2 (for dilute exhaust
sampling only) by the grab (‘‘bag’’)
technique outlined in paragraph (c) of
this section.

(e) Hydrocarbon hang-up. If HC hang-
up is indicated, the following procedure
may be performed:

(1) Fill a clean, evacuated sample bag
with background air.

(2) Zero and span the HFID at the an-
alyzer ports.

(3) Analyze the background air sam-
ple bag through the analyzer ports.

(4) Analyze the background air
through the entire sample probe sys-
tem.

(5) If the difference between the read-
ings obtained is two ppm or more,
clean the sample probe and the sample
line.

(6) Reassemble the sample system,
heat to specified temperature, and re-
peat the procedure in paragraphs (e)(1)
through (e)(5) of this section.

§ 90.414 Raw gaseous exhaust sam-
pling and analytical system descrip-
tion.

(a) Schematic drawing. An example of
a sampling and analytical system
which may be used for testing under
this subpart is shown in Figure 2 in Ap-
pendix B of Subpart D. All components
or parts of components that are wetted
by the sample or corrosive calibration
gases must be either chemically
cleaned stainless steel or inert mate-
rial (e.g., polytetrafluoroethylene
resin). The use of ‘‘gauge savers’’ or
‘‘protectors’’ with nonreactive dia-
phragms to reduce dead volumes is per-
mitted.

(b) Sample probe. (1) The sample probe
must be a straight, closed end, stain-
less steel, multi-hole probe. The inside
diameter may not be greater than the
inside diameter of the sample line +0.03
cm. The wall thickness of the probe
may not be greater than 0.10 cm. The
fitting that attaches the probe to the
exhaust pipe must be as small as prac-
tical in order to minimize heat loss
from the probe.

(2) The probe must have a minimum
of three holes. The spacing of the ra-
dial planes for each hole in the probe
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must be such that they cover approxi-
mately equal cross-sectional areas of
the exhaust duct. See Figure 2 in Ap-
pendix B of Subpart D. The angular
spacing of the holes must be approxi-
mately equal. The angular spacing of
any two holes in one plane may not be
180° ± 20° (i.e., section view C–C of Fig-
ure 2 in Appendix B of Subpart D). The
holes should be sized such that each
has approximately the same flow. If
only three holes are used, they may
not all be in the same radial plane.

(3) The exhaust gas probe must be lo-
cated in a position which yields a well
mixed, homogenous sample of the en-
gine exhaust. The probe must extend
radially across the exhaust gas stream.
The probe must pass through the ap-
proximate center and must extend
across at least 80 percent of the ex-
haust gas stream. The exact position of
the probe may vary from engine family
to engine family.

(c) Mixing chamber. The exhaust mix-
ing chamber is located in the exhaust
system between the muffler and the
sample probe. The mixing chamber is
an optional component of the raw gas
sampling equipment.

(1) The internal volume of the mixing
chamber may not be less than ten
times the cylinder displacement of the
engine under test. The shape of the
mixing chamber must be such that it
provides a well mixed, homogenous
sample at the sample probe location.

(2) Couple the mixing chamber as
closely as possible to the engine muf-
fler.

(3) Maintain the inner surface of the
mixing chamber at a minimum tem-
perature of 179 °C.

(4) Thermocouple temperature moni-
toring of the mixing chamber inner
surface is required to assure wall tem-
peratures specified in paragraph (c)(3)
of this section. The temperature meas-
urement must be accurate to within ± 5
°C.

(5) The sample probe must extend ra-
dially across the exit of the mixing
chamber. The probe must pass through
the approximate center and must ex-
tend across at least 80 percent of the
diameter of the exit. The exact posi-
tion of the probe may vary from engine
family to engine family. The probe
must be located in a position which

yields a well mixed, homogenous sam-
ple of the exhaust.

(d) Sample transfer line. (1) The max-
imum inside diameter of the sample
line may not exceed 1.32 cm.

(2) If valve V2 in Figure 1 of Appendix
B of this subpart is used, the sample
probe must connect directly to valve
V2. The location of optional valve V2 in
Figure 1 of Appendix B of Subpart D
may not be greater than 1.22 m from
the exhaust duct.

(3) The location of optional valve
V16, Figure 1 of Appendix B of this sub-
part, may not be greater than 61 cm
from the sample pump. The leakage
rate for this section on the pressure
side of the sample pump may not ex-
ceed the leakage rate specification for
the vacuum side of the pump.

(e) Venting. All vents, including ana-
lyzer vents, bypass flow, and pressure
relief vents, of regulators should be
vented in such a manner as to avoid en-
dangering personnel in the immediate
area.

(f) Any variation from the specifica-
tions in this subpart, including per-
formance specifications and emission
detection methods, may be used only
with prior approval by the Adminis-
trator.

(g) Additional components, such as
instruments, valves, solenoids, pumps,
switches, and so forth, may be em-
ployed to provide additional informa-
tion and coordinate the functions of
the component systems.

(h) The following requirements must
be incorporated in each system used for
raw testing under this subpart.

(1) Take the sample for all compo-
nents with one sample probe and split
it internally to the different analyzers.

(2) Heat the sample transport system
from the engine exhaust pipe to the HC
analyzer for the raw gas sampling
method as indicated in Figure 1 in Ap-
pendix B of this subpart. The NOX ana-
lyzer for the raw gas sampling method
may be heated as indicated in Figure 1
in Appendix B of this subpart. The HC
analyzer and the NOX analyzer for the
dilute sampling method may be heated
as indicated in Figure 1 in Appendix B
of this subpart.
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§ 90.415 Raw gaseous sampling proce-
dures.

Fit all heated sampling lines with a
heated filter to extract solid particles
from the flow of gas required for anal-
ysis. The sample line for HC measure-
ment must be heated. The sample line
for CO, CO2 and NOX analysis may be
heated or unheated.

§ 90.416 Intake air flow measurement
specifications.

(a) If used, the engine intake air flow
measurement method used must have a
range large enough to accurately meas-
ure the air flow over the engine oper-
ating range during the test. Overall
measurement accuracy must be two
percent of full-scale value of the meas-
urement device for all modes except
the idle mode. For the idle mode, the
measurement accuracy must be ±five
percent or less of the full-scale value.
The Administrator must be advised of
the method used prior to testing.

(b) When an engine system incor-
porates devices that affect the air flow
measurement (such as air bleeds, air
injection, pulsed air, and so forth) re-
sulting in understated exhaust emis-
sion results, make corrections to the
exhaust emission results to account for
such effects.

§ 90.417 Fuel flow measurement speci-
fications.

(a) Fuel flow measurement is re-
quired only for raw testing. Fuel flow
is allowed for dilute testing. If the
measured fuel flow is used in the dilute
calculations for brake-specific fuel con-

sumption (see § 90.426(e)), the fuel flow
instrument must meet the require-
ments of this section.

(b) The fuel flow measurement in-
strument must have a minimum accu-
racy of one percent of full-scale flow
rate for each measurement range used.
An exception is allowed for the idle
mode. For this mode, the minimum ac-
curacy is ± five percent of full-scale
flow rate for the measurement range
used. The controlling parameters are
the elapsed time measurement of the
event and the weight or volume meas-
urement.

§ 90.418 Data evaluation for gaseous
emissions.

For the evaluation of the gaseous
emissions recording, record the last
four minutes of each mode and deter-
mine the average values for HC, CO,
CO2 and NOX during each mode from
the average concentration readings de-
termined from the corresponding cali-
bration data. Longer averaging times
are acceptable, but the sampling period
which is reported must be a continuous
set of data.

§ 90.419 Raw emission sampling cal-
culations—gasoline fueled engines.

(a) Derive the final weighted brake-
specific mass emission rates (g/kW–hr)
through the steps described in this sec-
tion.

(b) Air and fuel flow method. If both
air and fuel flow mass rates are meas-
ured, use the following equations to de-
termine the weighted emission values
for the test engine:
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Where: WHC = Mass rate of HC in exhaust [g/hr],
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GAIRD = Intake air mass flow rate on dry
basis [g/hr],

GFUEL = Fuel mass flow rate [g/hr],
MHCexh = Molecular weight of hydrocarbons in

the exhaust, see the following equation:

MHCexh
= + +12 01 1 008 16 00. . .α β

Where:

α = Hydrogen/carbon atomic ratio of the fuel
β = Oxygen/carbon atomic ratio of the fuel
Mexh = Molecular weight of the total exhaust,

see the following equation:
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Where:
WHC = HC volume concentration in exhaust,

ppmC wet
WCO = CO percent concentration in the ex-

haust, wet
DCO = CO percent concentration in the ex-

haust, dry
WCO2 = CO2 percent concentration in the ex-

haust, wet
DCO2 = CO2 percent concentration in the ex-

haust, dry

WNOX = NO volume concentration in ex-
haust, ppm wet

WO2 = O2 percent concentration in the ex-
haust, wet

WH2 = H2 percent concentration in exhaust,
wet

K = correction factor to be used when con-
verting dry measurements to a wet basis.
Therefore, wet concentration=dry con-
centration × K,

where K is:

K
DCO DCO DH

=
+ × +( ) × −

1

1 0 005 0 012 2. .α

DH2 = H2 percent concentration in exhaust,
dry, calculated from the following equa-
tion:

DH
DCO DCO DCO

DCO DCO
2

2

2

0 5

3
=

× × × +( )
+ ×( )

. α

Wco = Mass rate of CO in exhaust, [g/hr]
Mco = Molecular weight of CO=28.01
WNOx = Mass rate of NOX in exhaust, [g/hr]
MNO2 = Molecular weight of NO2=46.01
KH = Factor for correcting the effects of hu-

midity on NO2 formation for 4-stroke gaso-
line small engines, see the equation below:

K
H

H =
− −( )

1

1 0 0329 10 71. .

Where:
H = absolute humidity of the intake air in

grams of moisture per kilogram of dry air,
see § 90.426(f) for a method by which H can
be calculated.

For two-stroke gasoline engines, KH

should be set to 1.
(c) Fuel flow method. The following

equations are to be used when fuel flow
is selected as the basis for mass emis-
sion calculations using the raw gas
method.
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W
M

M

G

TC

WHC

W
M

M

G

TC
WCO

W
M

M

G

TC

WNO
K

HC
HC

F

FUEL

CO
CO

F

FUEL

NO
NO

F

FUEL X
H

exh

X

X

= × ×

= × ×

= × × ×

10

10

4

4

Where:
WHC = Mass rate of HC in exhaust, [g/hr]
MHCexh = Molecular weight of hydrocarbons in

the exhaust, see following equation:

M M M MHC C H Oexh
= + +α β

MC = Molecular weight of carbon=12.01 [g/
mole]

MH = Molecular weight of hydrogen=1.008 [g/
mole]

MO = Molecular weight of oxygen=16.00 [g/
mole]

α = Hydrogen to carbon ratio of the test fuel
β = Oxygen to carbon ratio of the test fuel
MF = Molecular weight of test fuel
GFUEL = Fuel mass flow rate, [g/hr]
TC=Total carbon in exhaust, see following

equation:

TC WCO WCO
WHC

= + +2 410
WCO = CO percent concentration in the ex-

haust, wet
WCO2 = CO2 percent concentration in the ex-

haust, wet
DCO = CO percent concentration in the ex-

haust, dry
DCO2 = CO2 percent concentration in the ex-

haust, dry
WHC = HC volume concentration in exhaust,

ppmC wet
WNOX = NOX volume concentration in ex-

haust, ppm wet
K = correction factor to be used when con-

verting dry measurements to a wet basis.
Therefore, wet concentration=dry con-
centration x K, where K is:

K
DCO DCO DH

=
+ × +( ) × −

1

1 0 005 0 012 2. .α

DH2 = H2 percent concentration in exhaust,
dry, calculated from the following equa-
tion:

DH
DCO DCO DCO

DCO DCO
2

2

2

0 5

3
=

× × × +( )
+ ×( )

. α

WCO = Mass rate of CO in exhaust, [g/hr]
MCO = Molecular weight of CO = 28.01
WNOX = Mass rate of NOX in exhaust, [g/hr]
MNO2 = Molecular weight of NO2=46.01
KH = Factor for correcting the effects of hu-

midity on NO2 formation for 4-stroke gaso-
line small engines, see the following equa-
tion:

K
H

H =
− −( )

1

1 0 0329 10 71. .
Where:
H = specific humidity of the intake air in

grams of moisture per kilogram of dry air.
For two-stroke gasoline engines, KH should

be set to 1.

(d) Calculate the final weighted
brake-specific emission rate for each
individual gas component using the fol-
lowing equation:

A

W WF

P WF
WM

i i
i

n

i i
i

n=

×( )

×( )

∑

∑
Where:
AWM = Final weighted brake-specific mass

emission rate (HC, CO, NOX) [g/kW-hr]
Wi = Mass emission rate during mode i [g/hr]
WFi = Weighting factors for each mode ac-

cording to § 90.410(a)
Pi = Gross average power generated during

mode i [kW], calculated from the following
equation,

Pi

2

60 000

π

,
× ×speed torque

Where:
speed = average engine speed measured dur-

ing mode i [rev./minute]
torque = average engine torque measured

during mode i [N-m] (e) Compute the final
reported brake-specific fuel consumption
(BSFC) by use of the following formula:
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BSFC
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∑

∑
Where:
BSFC = brake-specific fuel consumption in

grams of fuel per kilowatt-hour (g/kW-hr).
GFUELi = Fuel mass flow rate of the engine

during mode i [g/hr]
WFi = Weighting factors for each mode ac-

cording to § 90.410(a)
Pi = Gross average power generated during

mode i [kW].

§ 90.420 CVS concept of exhaust gas
sampling system.

(a) A dilute exhaust sampling system
is designed to directly measure the
true mass of emissions in engine ex-
haust without the necessity of meas-
uring either fuel flow or intake air
flow. This is accomplished by diluting
the exhaust produced by a test engine
with ambient background air and
measuring the total diluted exhaust
flow rate and the concentration of
emissions within the dilute flow. Total
mass flow of an emission is then easily
calculated.

(b) A constant volume sampler (CVS)
is typically used to control the total
amount of dilute flow through the sys-
tem. As the name implies, a CVS re-
stricts flow to a known value depend-
ent only on the dilute exhaust tem-
perature and pressure.

(c) For the testing described in this
subpart, a CVS must consist of: a mix-
ing tunnel into which the engine ex-
haust and dilutant (background) air
are dumped; a dilute exhaust flow me-
tering system; a dilute exhaust sample
port; a background sample port; a di-
lute exhaust sampling system; and a
background sampling system.

(1) Mixing tunnel. The mixing tunnel
must be constructed such that com-
plete mixing of the engine exhaust and
background air is assured prior to the
sampling probe.

(2) Exhaust flow metering system. A di-
lute exhaust flow metering system
must be used to control the total flow
rate of the dilute engine exhaust as de-
scribed in § 90.421.

(3) Exhaust sample port. A dilute ex-
haust sample port must be located in

or downstream of the mixing tunnel at
a point where complete mixing of the
engine exhaust and background air is
assured.

(4) Background sample port. A dilute
exhaust sample port must be located in
the stream of background air before it
is mixed with the engine exhaust. The
background probe must draw a rep-
resentative sample of the background
air during each sampling mode.

(5) Exhaust sampling system. The di-
lute exhaust sampling system controls
the flow of samples from the mixing
tunnel to the analyzer system. This
could be either a continuous sampling
system or grab (bag) sampling system.
If a critical flow venturi (CFV) is used
on the dilute exhaust sample probe,
this system must assure that the sam-
ple CFV is in choke flow during test-
ing. If no CFV is used, this system
must assure a constant volumetric flow
rate through the dilute exhaust sample
probe or must incorporate electronic
flow compensation.

(6) Background sampling system. The
background sampling system controls
the flow of samples from the back-
ground air supply to the analyzer sys-
tem. This could be either a continuous
sampling system or grab (bag) sam-
pling system. This system must assure
a constant volumetric flow rate
through the background sample probe.

§ 90.421 Dilute gaseous exhaust sam-
pling and analytical system descrip-
tion.

(a) General. The exhaust gas sampling
system described in this section is de-
signed to measure the true mass of gas-
eous emissions in the exhaust of
nonroad small spark-ignition engines.
This system utilizes the Constant Vol-
ume Sampling (CVS) concept (de-
scribed in § 90.420) of measuring mass
emissions of HC, NOX, CO, and CO2.
Grab sampling for individual modes is
an acceptable method of dilute testing
for all constituents, HC, NOX, CO, and
CO2. Continuous dilute sampling is not
required for any of the exhaust con-
stituents, but is allowable for all. Heat-
ed sampling is not required for any of
the constituents, but is allowable for
HC and NOX. The mass of gaseous emis-
sions is determined from the sample
concentration and total flow over the
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test period. As an option, the measure-
ment of total fuel mass consumed over
a cycle may be substituted for the ex-
haust measurement of CO2. General re-
quirements are as follows:

(1) This sampling system requires the
use of a Positive Displacement Pump—
Constant Volume Sampler (PDP–CVS)
system with a heat exchanger, or a
Critical Flow Venturi—Constant Vol-
ume Sampler (CFV–CVS) system with
CFV sample probes and/or a heat ex-
changer or electronic flow compensa-
tion. Figure 2 in Appendix B of this
subpart is a schematic drawing of the
PDP–CVS system. Figure 3 in Appendix
B of this subpart is a schematic draw-
ing of the CFV–CVS system.

(2) The HC analytical system re-
quires:

(i) Grab sampling (see § 90.420, and
Figure 2 or Figure 3 in Appendix B of
this subpart) and analytical capabili-
ties (see § 90.423, and Figure 4 in Appen-
dix B of this subpart), or

(ii) Continuously integrated meas-
urement of diluted HC meeting the
minimum requirements and technical
specifications contained in paragraph
(b)(2) of this section.

(iii) The dilute HC analytical system
for nonroad small spark-ignition en-
gines does not require a heated flame
ionization detector (HFID).

(iv) If used, the HFID sample must be
taken directly from the diluted ex-
haust stream through a heated probe
and integrated continuously over the
test cycle.

(v) The heated probe must be located
in the sampling system far enough
downstream of the mixing area to en-
sure a uniform sample distribution
across the CVS duct at the sampling
zone.

(3) The CO and CO2 analytical system
requires:

(i) Grab sampling (see § 90.420, and
Figure 2 or Figure 3 in Appendix B of
this subpart) and analytical capabili-
ties (see § 90.423, and Figure 4 in Appen-
dix B of this subpart), or

(ii) Continuously integrated meas-
urement of diluted CO and CO2 meeting
the minimum requirements and tech-
nical specifications contained in para-
graph (b)(4) of this section.

(4) The NOX analytical system re-
quires:

(i) Grab sampling (see § 90.420, and
Figure 2 or Figure 3 in Appendix B of
this subpart) and analytical capabili-
ties (see § 90.423, and Figure 4 in Appen-
dix B of this subpart), or

(ii) A continuously integrated meas-
urement of diluted NOX meeting the
minimum requirements and technical
specifications contained in paragraph
(b)(4) of this section.

(5) Since various configurations can
produce equivalent results, exact con-
formance with these drawings is not re-
quired. Additional components such as
instruments, valves, solenoids, pumps,
and switches may be used to provide
additional information and coordinate
the functions of the component sys-
tems. Other components, such as snub-
bers, which are not needed to maintain
accuracy on some systems, may be ex-
cluded if their exclusion is based upon
good engineering judgment.

(6) Other sampling and/or analytical
systems may be used if shown to yield
equivalent results and if approved in
advance by the Administrator.

(b) Component description. The compo-
nents necessary for exhaust 0sampling
must meet the following requirements:

(1) Exhaust dilution system. The PDP–
CVS must conform to all of the re-
quirements listed for the exhaust gas
PDP–CVS in § 90.420 of this chapter.
The CFV–CVS must conform to all of
the requirements listed for the exhaust
gas CFV–CVS in § 90.420 of this chapter.
In addition, the CVS must conform to
the following requirements:

(i) The flow capacity of the CVS must
be sufficient to maintain the diluted
exhaust stream in the dilution system
at a temperature of 190 °C or less at the
sampling zone for hydrocarbon meas-
urement and as required to prevent
condensation at any point in the dilu-
tion system. Gaseous emission samples
may be taken directly from this sam-
pling point.

(ii) For the CFV–CVS, either a heat
exchanger or electronic flow compensa-
tion is required (see Figure 3 in Appen-
dix B of this subpart).

(iii) For the CFV–CVS when a heat
exchanger is used, the gas mixture
temperature, measured at a point im-
mediately ahead of the critical flow
venturi, must be within ±11 °C of the
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average operating temperature ob-
served during the test with the simul-
taneous requirement that condensation
does not occur. The temperature meas-
uring system (sensors and readout)
must have an accuracy and precision of
±2 °C. For systems utilizing a flow com-
pensator to maintain proportional
flow, the requirement for maintaining
constant temperature is not necessary.

(2) Continuous HC measurement system.
(i) The continuous HC sample system
(as shown in Figure 2 or 3 in Appendix
B of this subpart) uses an ‘‘overflow’’
zero and span system. In this type of
system, excess zero or span gas spills
out of the probe when zero and span
checks of the analyzer are made.

(ii) No other analyzers may draw a
sample from the continuous HC sample
probe, line, or system, unless a com-
mon sample pump is used for all ana-
lyzers and the sample line system de-
sign reflects good engineering practice.

(iii) The overflow gas flow rates into
the sample line must be at least 105
percent of the sample system flow rate.

(iv) The overflow gases must enter
the sample line as close as practical to
the outside surface of the CVS duct or
dilution system.

(v) The continuous HC sampling sys-
tem consists of a probe (which for a
HFID analyzer must raise the sample
to the specified temperature) and,
where used, a sample transfer system
(which for a HFID must maintain the
specified temperature). The HFID con-
tinuous hydrocarbon sampling system
(exclusive of the probe) must:

(A) Maintain a wall temperature of
190 ±11 °C as measured at every sepa-
rately controlled heated component
(that is, filters, heated line sections),
using permanent thermocouples lo-
cated at each of the separate compo-
nents.

(B) Have a wall temperature of 190
±11 °C over its entire length. The tem-
perature of the system is demonstrated
by profiling the thermal characteris-
tics of the system where possible at
initial installation and after any major
maintenance performed on the system.
The profiling is to be accomplished
using the insertion thermocouple prob-
ing technique. The system temperature
must be monitored continuously dur-

ing testing at the locations and tem-
perature described in § 90.421(b)(2).

(C) Maintain a gas temperature of 190
±11 °C immediately before the heated
filter and HFID. Determine these gas
temperatures by a temperature sensor
located immediately upstream of each
component.

(vi) The continuous hydrocarbon
sampling probe:

(A) Is defined as the first 25.4 to 76.2
cm of the continuous hydrocarbon sam-
pling system.

(B) Has a 0.483 cm minimum inside
diameter.

(C) Is installed in the dilution system
at a point where the dilution air and
exhaust are well mixed and provide a
homogenous mixture.

(D) Is sufficiently distant (radially)
from other probes and the system wall
so as to be free from the influence of
any wakes or eddies.

(E) For a continuous HFID sample
probe, the probe must increases the gas
stream temperature to 190 ±11 °C at the
exit of the probe. Demonstrate the
ability of the probe to accomplish this
using the insertion thermocouple tech-
nique at initial installation and after
any major maintenance. Demonstrate
compliance with the temperature spec-
ification by continuously recording
during each test the temperature of ei-
ther the gas stream or the wall of the
sample probe at its terminus.

(vii) The response time of the contin-
uous measurement system must be
taken into account when logging test
data.

(3) Sample mixing. (i) Configure the di-
lution system to ensure a well mixed,
homogeneous sample prior to the sam-
pling probe(s).

(ii) Make the temperature of the di-
luted exhaust stream inside the dilu-
tion system sufficient to prevent water
condensation.

(iii) Direct the engine exhaust down-
stream at the point where it is intro-
duced into the dilution system.

(4) Continuously integrated NOX, CO,
and CO2 measurement systems—(i) Sample
probe requirements:

(A) The sample probe for continously
intergrated NOX, CO, and CO2 must be
in the same plane as the continuous HC
probe, but sufficiently distant (radi-
ally) from other probes and the tunnel
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wall so as to be free from the influ-
ences of any wakes or eddies.

(B) The sample probe for continously
intergrated NOX, CO, and CO2 must be
heated and insulated over the entire
length, to prevent water condensation,
to a minimum temperature of 55 °C.
Sample gas temperature immediately
before the first filter in the system
must be at least 55 °C.

(ii) Conform to the continuous NOX,
CO, or CO2 sampling and analysis sys-
tem to the specifications of part 86,
subpart D of this chapter with the fol-
lowing exceptions and revisions:

(A) Heat the system components re-
quiring heating only to prevent water
condensation, the minimum compo-
nent temperature is 55 °C.

(B) Coordinate analysis system re-
sponse time with CVS flow fluctuations
and sampling time/test cycle offsets, if
necessary.

(C) Use only analytical gases con-
forming to the specifications of § 90.312
of this subpart for calibration, zero and
span checks.

(D) Use a calibration curve con-
forming to § 90.321 for CO and CO2 and
§ 90.318 for NOX for any range on a lin-
ear analyzer below 155 ppm.

(iii) Convert the chart deflections or
voltage output of analyzers with non-
linear calibration curves to concentra-
tion values by the calibration curve(s)
specified in § 90.321 of this chapter be-
fore flow correction (if used) and subse-
quent integration takes place.

§ 90.422 Background sample.
(a) Background samples are produced

by drawing a sample of the dilution air
during the exhaust collection phase of
each test cycle mode.

(1) An individual background sample
may be produced and analyzed for each
mode. Hence, a unique background
value will be used for the emission cal-
culations for each mode.

(2) Alternatively, a single back-
ground sample may be produced by
drawing a sample during the collection
phase of each test cycle mode. Hence, a
single cumulative background value
will be used for the emission calcula-
tions for each mode.

(b) For analysis of the individual
sample described in paragraph (a)(1) of
this section, a single value rep-

resenting the average chart deflection
over a 10-second stabilized period must
be stored. All readings taken during
the data logging period must be stable
within ± one percent of full scale.

(c) Measure HC, CO, CO2, and NOX ex-
haust and background concentrations
in the sample bag(s) with approxi-
mately the same flow rates and pres-
sures used during calibration.

§ 90.423 Exhaust gas analytical system;
CVS grab sample.

(a) Schematic drawings. Figure 4 in
Appendix B of this subpart is a sche-
matic drawing of the exhaust gas ana-
lytical systems used for analyzing CVS
grab ‘‘bag’’ samples from spark-igni-
tion engines. Since various configura-
tions can produce accurate results,
exact conformance with the drawing is
not required. Additional components
such as instruments, valves, solenoids,
pumps and switches may be used to
provide additional information and co-
ordinate the functions of the compo-
nent systems. Other components such
as snubbers, which are not needed to
maintain accuracy in some systems,
may be excluded if their exclusion is
based upon good engineering judgment.

(b) Major component description. The
analytical system, Figure 4 in Appen-
dix B of this subpart, consists of a
flame ionization detector (FID) or a
heated flame ionization detector
(HFID) for the measurement of hydro-
carbons, non-dispersive infrared ana-
lyzers (NDIR) for the measurement of
carbon monoxide and carbon dioxide,
and a chemiluminescence detector
(CLD) (or heated CLD (HCLD)) for the
measurement of oxides of nitrogen. The
exhaust gas analytical system must
conform to the following requirements:

(1) The CLD (or HCLD) requires that
the nitrogen dioxide present in the
sample be converted to nitric oxide be-
fore analysis. Other types of analyzers
may be used if shown to yield equiva-
lent results and if approved in advance
by the Administrator.

(2) If CO instruments are used which
are essentially free of CO2 and water
vapor interference, the use of the con-
ditioning column may be deleted. (See
§ 90.317 and § 90.320.)

(3) A CO instrument is considered to
be essentially free of CO2 and water
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vapor interference if its response to a
mixture of three percent CO2 in N2,
which has been bubbled through water
at room temperature, produces an
equivalent CO response, as measured
on the most sensitive CO range, which
is less than one percent of full-scale CO
concentration on ranges above 300 ppm
full scale or less than three ppm on
ranges below 300 ppm full scale. (See
§ 90.317.)

(c) Alternate analytical systems. Anal-
ysis systems meeting the specifications
and requirements of this subpart for di-
lute sampling may be used upon ap-
proval of the Administrator.

(d) Other analyzers and equipment.
Other types of analyzers and equip-
ment may be used if shown to yield
equivalent results and if approved in
advance by the Administrator.

§ 90.424 Dilute sampling procedures—
CVS calibration.

(a) The CVS is calibrated using an ac-
curate flowmeter and restrictor valve.

(1) The flowmeter calibration must
be traceable to the National Institute
for Standards and Testing (NIST) and
serves as the reference value (NIST
‘‘true’’ value) for the CVS calibration.
(Note: In no case should an upstream
screen or other restriction which can
affect the flow be used ahead of the
flowmeter unless calibrated through-
out the flow range with such a device.)

(2) The CVS calibration procedures
are designed for use of a ‘‘metering
venturi’’ type flowmeter. Large radius
or American Society of Mechanical En-
gineers (ASME) flow nozzles are con-
sidered equivalent if traceable to NIST
measurements. Other measurement
systems may be used if shown to be
equivalent under the test conditions in
this section and traceable to NIST
measurements.

(3) Measurements of the various flow-
meter parameters are recorded and re-
lated to flow through the CVS.

(4) Procedures using both PDP–CVS
and CFV–CVS are outlined in the fol-
lowing paragraphs. Other procedures
yielding equivalent results may be used
if approved in advance by the Adminis-
trator.

(b) After the calibration curve has
been obtained, verification of the en-
tire system may be performed by in-

jecting a known mass of gas into the
system and comparing the mass indi-
cated by the system to the true mass
injected. An indicated error does not
necessarily mean that the calibration
is wrong, since other factors can influ-
ence the accuracy of the system (for
example, analyzer calibration, leaks,
or HC hangup). A verification proce-
dure is found in paragraph (e) of this
section.

(c) PDP–CVS calibration. (1) The fol-
lowing calibration procedure outlines
the equipment, the test configuration,
and the various parameters which must
be measured to establish the flow rate
of the CVS pump.

(i) All the parameters related to the
pump are simultaneously measured
with the parameters related to a flow-
meter which is connected in series with
the pump.

(ii) The calculated flow rate, in cm3/
s, (at pump inlet absolute pressure and
temperature) can then be plotted
versus a correlation function which is
the value of a specific combination of
pump parameters.

(iii) The linear equation which re-
lates the pump flow and the correlation
function is then determined.

(iv) In the event that a CVS has a
multiple speed drive, a calibration for
each range used must be performed.

(2) This calibration procedure is
based on the measurement of the abso-
lute values of the pump and flowmeter
parameters that relate the flow rate at
each point. Two conditions must be
maintained to assure the accuracy and
integrity of the calibration curve:

(i) The temperature stability must be
maintained during calibration. (Flow-
meters are sensitive to inlet tempera-
ture oscillations; this can cause the
data points to be scattered. Gradual
changes in temperature are acceptable
as long as they occur over a period of
several minutes.)

(ii) All connections and ducting be-
tween the flowmeter and the CVS
pump must be absolutely void of leak-
age.

(3) During an exhaust emission test
the measurement of these same pump
parameters enables the user to cal-
culate the flow rate from the calibra-
tion equation.
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(4) Connect a system as shown in Fig-
ure 5 in Appendix B of this subpart. Al-
though particular types of equipment
are shown, other configurations that
yield equivalent results may be used if

approved in advance by the Adminis-
trator. For the system indicated, the
following measurements and accura-
cies are required:

CALIBRATION DATA MEASUREMENTS

Parameter Symbol Units Sensor-readout
tolerances

Barometric pressure (corrected) ................................................................................... PB kPa ±.340 kPa.
Ambient temperature ..................................................................................................... TA °C ±.28 °C.
Air temperature into metering venturi ........................................................................... ETI °C ±1.11 °C.
Pressure drop between the inlet and throat of metering venturi .................................. EDP kPa ±0.012 kPa.
Air flow ........................................................................................................................... QS m3/min. ±0.5 percent of

NIST value.
Air temperature at CVS pump inlet ............................................................................... PTI °C ±1.11 °C.
Pressure depression at CVS pump inlet ....................................................................... PPI kPa ±0.055 kPa.
Pressure head at CVS pump outlet .............................................................................. PPO kPa ±0.055 kPa.
Air temperature at CVS pump outlet (optional) ............................................................ PTO °C ±1.11 °C.
Pump revolutions during test period ............................................................................. N Revs ±1 Rev.
Elapsed time for test period .......................................................................................... t s ±0.5 s.

(5) After the system has been con-
nected as shown in Figure 5 in Appen-
dix B of this subpart, set the variable
restrictor in the wide open position and
run the CVS pump for 20 minutes.
Record the calibration data.

(6) Reset the restrictor valve to a
more restricted condition in an incre-
ment of pump inlet depression that will
yield a minimum of six data points for
the total calibration. Allow the system
to stabilize for three minutes and re-
peat the data acquisition.

(7) Data analysis:
(i) The air flow rate, Qs, at each test

point is calculated in standard cubic
feet per minute 20 °C, 101.3 kPa from
the flowmeter data using the manufac-
turer’s prescribed method.

(ii) The air flow rate is then con-
verted to pump flow, Vo, in cubic meter
per revolution at absolute pump inlet
temperature and pressure:

V
Q

n

T kPa

P
o

s p

p

= × ×
293

101 3.

Where:
Vo = Pump flow, m3/rev at Tp, Pp.
Qs = Meter air flow rate in standard cubic

meters per minute, standard conditions are
20 °C, 101.3 kPa.

n = Pump speed in revolutions per minute.
Tp = Absolute pump inlet temperature in

Kelvin, =PTI+273 [°K]
Pp = Absolute pump inlet pressure, kPa. =

PB¥PPI

Where:

PB = barometric pressure, kPa
PPI = Pump inlet depression, kPa.

(iii) The correlation function at each
test point is then calculated from the
calibration data:

X
n

p

P
o

e

=










1 ∆

Where:

Xo = correlation function.
∆p = The pressure differential from pump

inlet to pump outlet [kPa]
∆p = Pe¥Pp.

Where:

Pe = Absolute pump outlet pressure [kPa], Pe

= PB+PPI

(iv) A linear least squares fit is per-
formed to generate the calibration
equation which has the form:

V D M Xo o0 = − ( )
Where:

Do and M are the intercept and slope con-
stants, respectively, describing the regres-
sion line.
(8) A CVS system that has multiple

speeds should be calibrated on each
speed used. The calibration curves gen-
erated for the ranges will be approxi-
mately parallel and the intercept val-
ues, Do, will increase as the pump flow
range decreases.

(9) If the calibration has been per-
formed carefully, the calculated values

VerDate 11<MAY>2000 13:50 Aug 24, 2000 Jkt 190149 PO 00000 Frm 00238 Fmt 8010 Sfmt 8010 Y:\SGML\190149T.XXX pfrm08 PsN: 190149T



239

Environmental Protection Agency § 90.424

from the equation will be within ± 0.50
percent of the measured value of Vo.
Values of M will vary from one pump
to another, but values of Do for pumps
of the same make, model, and range
should agree within ± three percent of
each other. Calibrations should be per-
formed at pump start-up and after
major maintenance to assure the sta-
bility of the pump slip rate. Analysis of
mass injection data will also reflect
pump slip stability.

(d) CFV–CVS calibration. (1) Calibra-
tion of the CFV is based upon the flow
equation for a critical venturi. Gas
flow is a function of inlet pressure and
temperature:

Q
K P

T
s

v=

Where:

Qs = flow rate [m3/min.]
Kv = calibration coefficient
P = absolute pressure [kPa]
T = absolute temperature [°K]

The calibration procedure described
in paragraph (d)(3) of this section es-
tablishes the value of the calibration
coefficient at measured values of pres-
sure, temperature, and air flow.

(2) The manufacturer’s recommended
procedure must be followed for cali-
brating electronic portions of the CFV.

(3) Measurements necessary for flow
calibration are as follows:

CALIBRATION DATA MEASUREMENTS

Parameter Symbol Units Tolerances

Barometric Pressure (corrected) ......................... PB kPa ±.34 kPa
Air temperature, into flowmeter ........................... ETI °C ±.28 °C
Pressure drop between the inlet and throat of

metering venturi.
EDP in. H2 O ±.05 in H2 O

Air flow ................................................................. QS m3/min ±.5 percent of NIST value
CFV inlet depression ........................................... PPI (kPa) ±.055 kPa
Temperature at venturi inlet ................................ TV °C ±2.22 °C

(4) Set up equipment as shown in Fig-
ure 6 in Appendix B of this subpart and
eliminate leaks. (Leaks between the
flow measuring devices and the critical
flow venturi will seriously affect the
accuracy of the calibration.)

(5) Set the variable flow restrictor to
the open position, start the blower, and
allow the system to stabilize. Record
data from all instruments.

(6) Vary the flow restrictor and make
at least eight readings across the crit-
ical flow range of the venturi.

(7) Data analysis. The data recorded
during the calibration are to be used in
the following calculations:

(i) Calculate the air flow rate (des-
ignated as Qs) at each test point in
standard cubic feet per minute from
the flow meter data using the manufac-
turer’s prescribed method.

(ii) Calculate values of the calibra-
tion coefficient for each test point:

K
Q T

P
v

s v

v

=

Where:

Qs = Flow rate in standard cubic meters per
minute, at the standard conditions of 20 °C,
101.3 kPa.

Tv = Temperature at venturi inlet, °K.
Pv = Pressure at venturi inlet, kPa = PB ¥

PPI

Where:

PPI = Venturi inlet pressure depression, kPa.

(iii) Plot Kv as a function of venturi
inlet pressure. For choked flow, Kv will
have a relatively constant value. As
pressure decreases (vacuum increases),
the venturi becomes unchoked and Kv

decreases. (See Figure 7 in Appendix B
to Subpart D.)

(iv) For a minimum of eight points in
the critical region, calculate an aver-
age Kv and the standard deviation.

(v) If the standard deviation exceeds
0.3 percent of the average Kv , take cor-
rective action.

(e) CVS system verification. The fol-
lowing ‘‘gravimetric’’ technique may
be used to verify that the CVS and ana-
lytical instruments can accurately
measure a mass of gas that has been in-
jected into the system. (Verification
can also be accomplished by constant
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flow metering using critical flow ori-
fice devices.)

(1) Obtain a small cylinder that has
been charged with 99.5 percent or
greater propane or carbon monoxide
gas (CAUTION—carbon monoxide is
poisonous).

(2) Determine a reference cylinder
weight to the nearest 0.01 grams.

(3) Operate the CVS in the normal
manner and release a quantity of pure
propane into the system during the
sampling period (approximately five
minutes).

(4) The calculations are performed in
the normal way except in the case of
propane. The density of propane (0.6109
kg/m3/carbon atom) is used in place of
the density of exhaust hydrocarbons.

(5) The gravimetric mass is sub-
tracted from the CVS measured mass
and then divided by the gravimetric
mass to determine the percent accu-
racy of the system.

(6) Good engineering practice re-
quires that the cause for any discrep-
ancy greater than ± two percent must
be found and corrected.

§ 90.425 CVS calibration frequency.

Calibrate the CVS positive displace-
ment pump or critical flow venturi fol-
lowing initial installation, major
maintenance, or as necessary when in-
dicated by the CVS system verification
(described in § 90.424(e)).

§ 90.426 Dilute emission sampling cal-
culations—gasoline fueled engines.

(a) The final reported emission test
results must be computed by use of the
following formula:

A

W WF

P WF

KWM

i i
i

n

i i
i

n Hi
=

⋅( )

⋅( )
⋅

∑

∑
Where:

AWM = Final weighted brake-specific mass
emission rate for an emission (HC, CO, CO2,
or NOX) [g/kW-hr]

Wi = Average mass flow rate of an emission
(HC, CO, CO2, NOX) from a test engine dur-
ing mode i [g/hr]

WFi = Weighting factor for each mode i as
defined in § 90.410(a).

Pi = Gross average power generated during
mode i [kW], calculated from the following
equation,

Pi = × ×
2

60 000

π

,
speed torque

Where:

speed = average engine speed measured dur-
ing mode i [rev./minute]

torque = average engine torque measured
during mode i [N-m]
KHi = NOX humidity correction factor for

mode i. This correction factor only affects
calculations for tion factor only affects cal-
culations for NOX and is equal to one for all
other emissions. KHi is also equal to 1 for all
two-stroke engines.

(b) The mass flow rate, Wi in g/hr, of
an emission for mode i is determined
from the following equations:

W Q
C C

DF
i i

Di Bi

i

= ⋅ ⋅
−

⋅ −


















Density

10
1

1
6

Where:

Qi = Volumetric flow rate oandard conditions
[m3/hr at STP].

Density = Density of a specific emission
(DensityHC, DensityCO, DensityCO2, Den-
sityNOx) [g/m3].

DFi = Dilution factor of the dilute exhaust
during mode i.

CDi = Concentration of the emission (HC, CO,
NOX) in dilute exhaust extracted from the
CVS during mode i [ppm].

CBi = Concentration of the emission (HC, CO,
NOX) in the background sample during
mode i [ppm].

STP = Standard temperature and pressure.
All volumetric calculations made for the
equations in this section are to be cor-
rected to a standard temperature of 20 °C
and 101.3 kPa.

(c) Densities for emissions that are to
be measured for this test procedure
are:

DensityHC = 576.8 g/m3

DensityNOX = 1912 g/m3

DensityCO = 1164 g/m3

DensityCO2 = 1829 g/m3

(1) The value of DensityHC above is
calculated based on the assumption
that the fuel used has a carbon to hy-
drogen ratio of 1:1.85. For other fuels
DensityHC can be calculated from the
following formula:
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DensityHC =
M

R

HC

STP
Where:

MHC = The molecular weight of the hydro-
carbon molecule divided by the number of
carbon atoms in the molecule [g/mole]

RSTP = Ideal gas constant for a gas at
STP=0.024065 [m3-mole].

(2) The idealized molecular weight of
the exhaust hydrocarbons, i.e., the mo-
lecular weight of the hydrocarbon mol-
ecule divided by the number of carbon
atoms in the molecule, MHC, can be cal-
culated from the following formula:

M M M MHC C H O= + +α β
Where:

MC = Molecular weight of carbon=12.01 [g/
mole]

MH = Molecular weight of hydrogen=1.008 [g/
mole]

MO = Molecular weight of oxygen=16.00 [g/
mole]

α = Hydrogen to carbon ratio of the test fuel
β = Oxygen to carbon ratio of the test fuel

(3) The value of DensityNOX above as-
sumes that NOX is entirely in the form
of NO2

(d) The dilution factor, DF, is the
ratio of the volumetric flow rate of the
background air to that of the raw en-
gine exhaust. The following formula is
used to determine DF:

DF
C C CD D DHC CO CO

=
+ +

13 4

2

.

Where:

CDHC = Concentration of HC in the dilute
sample [ppm]

CDCO = Concentration of CO in the dilute
sample [ppm]

CDCO2 = Concentration of CO2 in the dilute
sample [ppm]

(e) The humidity correction factor KH

is an adjustment made to the measured
NOX. This corrects for the sensitivity
that a spark-ignition engine has to the
humidity of its combustion air. The
following formula is used to determine
KH for NOX calculations:

K
H

H =
− −( )

1

1 0 0329 10 71. .
Where:

H = Absolute humidity of the engine intake
air [grams of water per kilogram of dry
air].

(f) Calculate the absolute humidity
of the engine intake air H using the
following formula:

H
P

P
P

dew

b
dew

=
−







6 211

100

.

Where:

Pdew = Saturated vapor pressure at the dew
point temperature [kPa]

Pb = Barometric pressure [kPa].

(g) Compute the final reported brake-
specific fuel consumption (BSFC) by
use of the following formula:

BSFC

G WF

P WF

FUEL i
i

n

i i
i

n

i

=

×( )
×( )

∑

∑
Where:

BSFC = brake-specific fuel consumption in
grams of fuel per brake kilowatt-hour [g/
kW-hr].

GFUELi = mass flow rate of engine fuel during
mode i [g/hr]

WFi = Weighting factors for each mode ac-
cording to § 90.410(a)

Pi = Gross average power generated during
mode i [kW], calculated from the following
equation,

Pi = × ×
2

60 000

π

,
speed torque

Where:

speed = average engine speed measured dur-
ing mode i [rev./minute]

torque = average engine torque measured
during mode i [N–m]

(h) The fuel mass flow rate, Fi, can be
either measured or calculated using
the following formula:

F
M

T
i

FUEL=

Where:

MFUEL = Mass of fuel consumed by the engine
during the mode [g]

T = Duration of the sampling period [hr]

(i) The mass of fuel consumed during
the mode sampling period, MFUEL, can
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be calculated from the following equa-
tion:

M
G

R
FUEL

s=
×2 27315.

Where:

Gs = Mass of carbon measured during the
mode sampling period [g]

R2 = The fuel carbon weight fraction, which
is the mass of carbon in fuel per mass of
fuel [g/g]

The grams of carbon measured during
the mode, Gs, can be calculated from
the following equation:

G
HC

CO COs
mass

mass mass=
×

+
+ +

12 011

12 011 1 008
0 429 0 273 2

.

. .
. .

α

Where:

HCmass=mass of hydrocarbon emissions for
the mode sampling period [grams]

CO2mass=mass of carbon monoxide emissions
for the mode sampling period [grams]

CO2mass=mass of carbon dioxide emissions for
the mode sampling period [grams]

α=The atomic hydrogen to carbon ratio of
the fuel

§ 90.427 Catalyst thermal stress resist-
ance evaluation.

(a) The purpose of the evaluation pro-
cedure specified in this section is to de-
termine the effect of thermal stress on
catalyst conversion efficiency for
Phase 1 engines. The thermal stress is
imposed on the test catalyst by expos-
ing it to quiescent heated air in an
oven. The evaluation of the effect of
such stress on catalyst performance is
based on the resultant degradation of
the efficiency with which the conver-
sions of specific pollutants are pro-
moted. The application of this evalua-
tion procedure involves the several
steps that are described in the fol-
lowing paragraphs.

(b) Determination of initial conversion
efficiency. (1) A synthetic exhaust gas
mixture having the composition speci-
fied in § 90.329 is heated to a tempera-
ture of 450 °C ± 5 °C and passed through
the new test catalyst or, optionally, a
test catalyst that has been exposed to
temperatures less than or equal to 500
°C for less than or equal to two hours,
under flow conditions that are rep-
resentative of anticipated in-use condi-
tions.

(2) The concentration of each pollut-
ant of interest, that is, hydrocarbons,
carbon monoxide, or oxides of nitrogen,

in the effluent of the catalyst is deter-
mined by means of the instrumenta-
tion that is specified for exhaust gas
analysis in subpart D of this part.

(3) The conversion efficiency for each
pollutant is determined by:

(i) Subtracting the effluent con-
centration from the initial concentra-
tion;

(ii) Dividing this result by the initial
concentration; and

(iii) Multiplying this result by 100
percent.

(c) Imposition of thermal stress. (1) The
catalyst is placed in an oven that has
been pre-heated to 1000 °C and the tem-
perature of the air in the oven is main-
tained at 1000 °C ± 10 °C for six hours.

(2) The catalyst is removed from the
oven and allowed to cool to room tem-
perature.

(d) Determination of final conversion ef-
ficiency. The steps listed in paragraph
(b) of this section are repeated.

(e) Determination of conversion effi-
ciency degradation.

(1) The final conversion efficiency de-
termined in paragraph (c) of this sec-
tion is subtracted from the initial con-
version efficiency determined in para-
graph (b) of this section.

(2) This result is divided by the ini-
tial conversion efficiency.

(3) This result is multiplied by 100
percent.

(f) Determination of compliance with
degradation limit. The percent degrada-
tion determined in paragraph (e) of this
section must not be greater than 20
percent.

[60 FR 34598, July 3, 1995, as amended at 64
FR 15244, Mar. 30, 1999]
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APPENDIX A TO SUBPART E OF PART 90—TABLES

TABLE 1—PARAMETERS TO BE MEASURED OR CALCULATED AND RECORDED

Parameter Units

Airflow rate (dry), if applicable ..................................................................................................................................... g/h
Fuel flow rate ............................................................................................................................................................... g/h
Engine Speed .............................................................................................................................................................. rpm
Engine Torque Output ................................................................................................................................................. N m
Power Output ............................................................................................................................................................... kW
Air inlet temperature .................................................................................................................................................... °C
Air humidity .................................................................................................................................................................. mg/kg
Coolant temperature (liquid cooled) ............................................................................................................................ °C
Exhaust mixing chamber surface temperature, if applicable ...................................................................................... °C
Exhaust sample line temperature, if applicable .......................................................................................................... °C
Total Accumulated hours of Engine Operation ........................................................................................................... h
Barometric Pressure .................................................................................................................................................... kPa

TABLE 2—TEST CYCLES FOR CLASS I–A, I–B, AND CLASS I–V ENGINES

Mode Speed 1 2 3 4 5 6 7 8 9 10 11

Rated Speed Intermediate Speed Idle
Mode Points—A

Cycle ................. ............ ............ ............ ............ ............ 1 2 3 4 5 6
Load Percent—A

Cycle ................. ............ ............ ............ ............ ............ 100 75 50 25 10 0
Weighting .............. ............ ............ ............ ............ ............ 9% 20% 29% 30% 7% 5%
Mode Points—B

Cycle ................. 1 2 3 4 5 ............ ............ ............ ............ ............ 6
Load Percent—B

Cycle ................. 100 75 50 25 10 ............ ............ ............ ............ ............ 0
Weighting .............. 9% 20% 29% 30% 7% ............ ............ ............ ............ ............ 5%
Mode Points—C

Cycle ................. 1 ............ ............ ............ ............ ............ ............ ............ ............ ............ 2
Load Percent—C

Cycle ................. 100 ............ ............ ............ ............ ............ ............ ............ ............ ............ 0
Weighting for

Phase 1 Engines 90% ............ ............ ............ ............ ............ ............ ............ ............ ............ 10%
Weighting for

Phase 2 Engines 85% ............ ............ ............ ............ ............ ............ ............ ............ ............ 15%

[60 FR 34598, July 3, 1995, as amended at 65 FR 24313, Apr. 25, 2000]
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Subpart F—Selective Enforcement
Auditing

§ 90.501 Applicability.

The requirements of subpart F shall
be applicable to all nonroad engines
and vehicles subject to the provisions
of subpart A of part 90.

§ 90.502 Definitions.

The definitions in subpart A of this
part apply to this subpart. The fol-
lowing definitions shall also apply to
this subpart.

Acceptable quality level (AQL) means
the maximum percentage of failing en-
gines that can be considered a satisfac-
tory process average for sampling in-
spections.

Configuration means any subclassi-
fication of an engine family which can
be described on the basis of gross
power, emission control system, gov-
erned speed, fuel system, engine cali-

bration, and other parameters as des-
ignated by the Administrator.

Inspection criteria means the pass and
fail numbers associated with a par-
ticular sampling plan.

Test engine means an engine in a test
sample.

Test sample means the collection of
engines selected from the population of
an engine family for emission testing.

§ 90.503 Test orders.
(a) The Administrator shall require

any testing under this subpart by
means of a test order addressed to the
manufacturer.

(b) The test order will be signed by
the Assistant Administrator for Air
and Radiation or his or her designee.
The test order will be delivered in per-
son by an EPA enforcement officer or
EPA authorized representative to a
company representative or sent by reg-
istered mail, return receipt requested,
to the manufacturer’s representative
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