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Subpart E—Exhaust Emission Test
Procedures

§ 89.401–96 Scope; applicability.

(a) This subpart describes the proce-
dures to follow in order to perform ex-
haust emission tests on new nonroad

compression-ignition engines subject
to the provisions of subpart B of this
part.

(b) Exhaust gases, either raw or di-
lute, are sampled while the test engine
is operated using an 8-mode test cycle
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on an engine dynamometer. The ex-
haust gases receive specific component
analysis determining concentration of
pollutant, exhaust volume, the fuel
flow, and the power output during each
mode. Emission is reported as grams
per kilowatt hour (g/kW-hr).

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

§ 89.402–96 Definitions.

The definitions in subpart A of this
part apply to this subpart. For terms
not defined in this part, the definitions
in part 86, subparts A, D, I, and N of
this chapter apply to this subpart. The
following definition also applies to this
subpart.

Specific emissions, (g/kW-hr), shall be
expressed on the basis of observed gross
power.

When it is not possible to test the en-
gine in the gross conditions, for exam-
ple, if the engine and transmission
form a single integral unit, the engine
may be tested in the net condition.
Power corrections from net to gross
conditions will be allowed with prior
approval of the Administrator.

§ 89.403–96 Symbols/abbreviations.

(a) The abbreviations in § 86.094–3 or
§ 89.3 of this chapter apply to this sub-
part.

(b) The abbreviations in Table 1 in
appendix A to subpart D also apply to
this subpart. Some abbreviations from
§89.3 have been included for the con-
venience of the reader.

(c) The symbols in Table 2 in appen-
dix A to subpart D apply to this sub-
part.

§ 89.404–96 Test procedure overview.

(a) The test consists of prescribed se-
quences of engine operating conditions
to be conducted on an engine dyna-
mometer. The exhaust gases, generated
raw or dilute during engine operation,
are sampled for specific component
analysis through the analytical train.
The test is applicable to engines
equipped with catalytic or direct-flame
afterburners, induction system modi-
fications, or other systems, or to un-
controlled engines.

(b) The test is designed to determine
the brake-specific emissions of hydro-
carbons, carbon monoxide, and oxides
of nitrogen. The test consists of one
idle mode, four power modes at one
speed and three power modes at an-
other speed. These procedures require
the determination of the concentration
of each pollutant, exhaust volume, the
fuel flow, and the power output during
each mode. The measured values are
weighted and used to calculate the
grams of each pollutant emitted per
kilowatt hour (g/kW-hr).

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

(2) On air-cooled engines, the fan
shall be installed.

(3) Additional accessories (for exam-
ple, oil cooler, alternators, or air com-
pressors) may be installed but such ac-
cessory loading will be considered
parasitic in nature and observed power
shall be used in the emission calcula-
tion.

(d) All emission control systems in-
stalled on or incorporated in the appli-
cation must be functioning during all
procedures in this subpart. In cases of
component malfunction or failure,
maintenance to correct component
failure or malfunction must be author-
ized in accordance with § 86.094–25 of
this chapter.

(e) The engine must be equipped with
an electrical generation device typical
of one used in customer service (such
as an alternator). The power drain
from it must be no greater than what is
sufficient to operate the engine on the
test stand.

§ 89.405–96 Recorded information.
(a) The information described in this

section must be recorded, where appli-
cable, for each test.

(b) Engine description and specifica-
tion. A copy of the information speci-
fied in this paragraph must accompany
each engine sent to the Administrator
for compliance testing. The manufac-
turer need not record the information
specified in this paragraph for each
test if the information, with the excep-
tion of paragraphs (b)(3) and (b)(9) of
this section, is included in the manu-
facturer’s application for certification.
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(1) Engine-system combination.
(2) Engine identification numbers.
(3) Number of hours of operation ac-

cumulated on engine.
(4) Rated maximum horsepower and

torque.
(5) Maximum horsepower and torque

speeds.
(6) Engine displacement.
(7) Governed speed.
(8) Idle rpm.
(9) Fuel consumption at maximum

power and torque.
(10) Maximum air flow.
(11) Air inlet restriction.
(12) Exhaust pipe diameter(s).
(13) Maximum exhaust system

backpressure.
(c) Test data; general.
(1) Engine-system combination.
(2) Engine identification number.
(3) Instrument operator.
(4) Engine operator.
(5) Number of hours of operation ac-

cumulated on the engine prior to be-
ginning the warm-up portion of the
test.

(6) Fuel identification.
(7) Date of most recent analytical as-

sembly calibration.
(8) All pertinent instrument informa-

tion such as tuning, gain, serial num-
bers, detector number, and calibration
curve numbers. As long as this infor-
mation is available for inspection by
the Administrator, it may be summa-
rized by system number or analyzer
identification numbers.

(d) Test data; pre-test.
(1) Date and time of day.
(2) Test number.
(3) Barometric pressure, pre-test seg-

ment.
(4) Engine intake humidity, pre-test

segment for compression-ignition en-
gines with non-conditioned air supply
systems.

(5) Maximum observed torque for in-
termediate and rated speeds.

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

(7) Air temperature after and pres-
sure drop across the charge air cooler
(if applicable) at maximum observed
torque and rated speed.

(e) Test data; modal.
(1) Recorder chart or equivalent.

Identify for each test mode the emis-

sion concentration traces and the asso-
ciated analyzer range(s). The start and
finish of each test.

(2) Observed engine torque.
(3) Observed engine rpm.
(4) Record engine torque and engine

rpm continuously with a chart recorder
or equivalent recording device.

(5) Intake air flow and depression for
each mode.

(6) Engine intake air temperature for
each mode.

(7) Mass fuel flow for each mode.
(8) Engine intake humidity.
(9) Coolant temperature outlet.
(10) Engine fuel inlet temperature, lo-

cation to be representative of in-use as
specified by each manufacturer.

(f) Test data; post-test.
(1) Recorder chart or equivalent.

Identify the zero traces for each range
used and the span traces for each range
used. Identify hangup check, if per-
formed.

(2) Total number of hours of oper-
ation accumulated on the engine.

(3) Barometric pressure, post-test
segment.

(4) Engine intake humidity, post-test
segment for compression-ignition en-
gines with non-conditioned air supply
systems.

§ 89.406–96 Pre-test procedures.
(a) Allow a minimum of 30 minutes

warmup in the standby or operating
mode prior to spanning the analyzers.

(b) Replace or clean the filter ele-
ments and then vacuum leak check the
system per § 89.316–96(a). A pressure
leak check is also permitted per
§ 89.316–96(b). Allow the heated sample
line, filters, and pumps to reach oper-
ating temperature.

(c) Perform the following system
checks:

(1) Check the sample-line tempera-
ture (see § 86.310–79 of this chapter for
raw test procedures or § 86.1310–90 of
this chapter for dilute test procedures).

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

(3) A hang-up check is permitted, but
is optional.

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

(e) Check system flow rates and pres-
sures.

§ 89.407–96 Engine dynamometer test
run.

(a) Measure and record the tempera-
ture of the air supplied to the engine,
the fuel temperature at the pump inlet,
and the observed barometric pressure.

(b) The governor and fuel system
shall have been adjusted to provide en-
gine performance at the levels reported
in the application for certification re-
quired under § 89.115–96.

(c) The following steps are taken for
each test:

(1) Install instrumentation and sam-
ple probes as required.

(2) Perform the pre-test procedure as
specified in § 89.406–96.

(3) Read and record the general test
data as specified in § 89.405–96(c).

(4) Start cooling system.
(5) Precondition (warm up) the en-

gine in the following manner:
(i) Operate the engine at idle for 2 to

3 minutes;
(ii) Operate the engine at approxi-

mately 50 percent power at the peak
torque speed for 5 to 7 minutes;

(iii) Operate the engine at rated
speed and maximum horsepower for 25
to 30 minutes;

(iv) Optional. It is permitted to pre-
condition the engine at rated speed and
maximum horsepower until the oil and
water temperatures are stabilized. The
temperatures are defined as stabilized
if they are maintained within ±2 °C for
2 minutes. The engine must be oper-
ated a minimum of 10 minutes for this
option. This optional procedure may be
substituted for the procedure in para-
graph (c)(5)(iii) of this section;

(v) Optional. If the engine has been
operating on service accumulation for
a minimum of 40 minutes, the service
accumulation may be substituted for
the procedure in paragraphs (c)(5)(i)
through (iii) of this section.

(6) Read and record all pre-test data
specified in § 89.405–96(d).

(7) Start the test cycle (see § 89.410–
96) within 20 minutes of the end of the
warmup. (See paragraph (c)(13) of this
section.)

(8) During the first mode calculate
the torque corresponding to 75, 50, and
10 percent of the maximum observed
torque for the rated speed.

(9) During the fifth mode calculate
the torque corresponding to 75 and 50
percent of the maximum observed
torque for the intermediate speed.

(10) Record all modal data specified
in § 89.405–96(e) during a minimum of
the last 60 seconds of each mode.

(11) Record the analyzer(s) response
to the exhaust gas during the a mini-
mum of the last 60 seconds of each
mode.

(12) Test modes may be repeated, as
long as the engine is preconditioned by
running the previous mode.

(13) If a delay of more than 20 min-
utes occurs between the end of one
mode and the beginning of another
mode, the test is void. If the delay is
under four hours, the test may be re-
started without preconditioning (begin
at the point in the procedure described
at paragraph (c)(6) of this section). If
the delay exceeds 4 hours, the test
shall include preconditioning (begin at
paragraph (c)(2) of this section).

(14) The engine speed and torque
must be measured within the accuracy
requirements of Table 3 (in appendix A
to subpart D), and maintained within
the requirements of Table 1 (in appen-
dix B to this subpart) during a mini-
mum of the last 60 seconds of each
mode.

(15) If at any time during a test
mode, the test equipment malfunctions
or the specifications in paragraph
(c)(14) of this section are not met, the
test mode is void and may be aborted.
The test mode may be restarted with-
out preconditioning (begin with para-
graph (c)(6) of this section).

(16) Fuel flow and air flow during the
idle load condition may be determined
just prior to or immediately following
the dynamometer sequence, if longer
times are required for accurate meas-
urements.

(d) 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
zero and span responses recorded prior
to the execution of that test mode.
Only the zero and span for the range(s)
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used to measure the emissions during a
test mode are required to be recorded
after the completion of the test mode.

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

(4) A leak check is permitted between
test segments.

(5) A hangup check is permitted be-
tween test segments.

(6) If, during the emission measure-
ment portion of a test segment, the
value of the gauges downstream of the
NDIR analyzer(s) G3 or G4 (see Figure 1
in appendix B to subpart D) differs by
more than ±0.5 kPa from the pretest
value, the test segment is void.

§ 89.408–96 Post-test procedures.

(a) A hangup check is recommended
at the completion of the last test mode
using the following procedure:

(1) Within 30 seconds introduce a
zero-grade gas or room air into the
sample probe or valve V2 (see Figure 1
in appendix B to subpart D) to check
the ‘‘hangup zero’’ response. Simulta-
neously start a time measurement.

(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 span-zero response and the
hangup zero response shall not be
greater than 5.0 percent of full scale or
10 ppmC whichever is greater.

(b) Begin the analyzer span checks
within 6 minutes after the completion
of the last mode in the test. Record for
each analyzer the zero and span re-
sponse for each range used during 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
§ 89.316–96(a) immediately after the
span checks. If the vacuum side leak
check does not meet the requirements
of § 89.316–96(a), the test is void.

(d) Record the post-test data speci-
fied in § 89.405–96(f).

(e) For a valid test, the analyzer drift
between the before-mode and after-
mode 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)

must not exceed 2 percent of full-scale
chart deflection for each range used.

(2) The zero response drift must not
exceed 2 percent of full-scale chart de-
flection for each range used above 155
ppm (or ppmC) or 3 percent of full-scale
chart deflection for each range below
155 ppm (or ppmC).

§ 89.409–96 Data logging.

(a) A computer or any other auto-
matic data processing 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 once
every 5 seconds.

(d) 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.

(e) For purposes of this section, cali-
bration data includes calibration
curves, linearity curves, span-gas re-
sponses, and zero-gas responses.

§ 89.410–96 Engine test cycle.

(a) The 8-mode cycle (see Table 1 in
appendix B to this subpart) shall be fol-
lowed in dynamometer operation tests
of compression-ignition nonroad en-
gines.

(b) During each non-idle mode, hold
the specified speed and load to within
±2 percent of point. During each idle
mode, speed must be held within the
manufacturer’s specifications for the
engine, and the throttle must be in the
fully closed position and torque must
not exceed 5 percent of the peak torque
value of mode 5.

(c) If the operating conditions speci-
fied in paragraph (b) of this section for
modes 2, 3, 4, 6, and 7 cannot be main-
tained, the Administrator may author-
ize deviations from the specified load
conditions. Such deviations shall 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.
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(d) Power generated during the idle
mode may not be included in the cal-
culation of emission results.

§ 89.411–96 Exhaust sample proce-
dure—gaseous components.

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

(1) For bag sample analysis, the ana-
lyzer response must be stable at great-
er than 99 percent of the final reading
for the dilute exhaust sample bag. A
single value representing the average
chart deflection over a 10-second sta-
bilized period shall be stored.

(2) For continuous analysis systems,
a single value representing the average
integrated concentration over a cycle
shall be stored.

(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, and
so forth, 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) Bag sample analysis. For bag sam-
ple analysis perform the following se-
quence:

(1) Warm up and stabilize the analyz-
ers; clean and/or replace filter ele-
ments, conditioning columns (if used),
and so forth, as necessary.

(2) Obtain a stable zero reading.
(3) Zero and span the analyzers with

zero and span gases. The span gases
must have concentrations between 75
and 100 percent of full-scale chart de-
flection. The flow rates and system
pressures during spanning shall be ap-
proximately the same as those encoun-
tered during sampling. A sample bag

may be used to identify the required
analyzer range.

(4) Recheck zero response. If this zero
response differs from the zero response
recorded in paragraph (c)(3) of this sec-
tion by more than 1 percent of full
scale, then paragraphs (c)(2), (c)(3), and
(c)(4) of this section must be repeated.

(5) If a chart recorder is used, iden-
tify and record the most recent zero
and span response as the pre-analysis
values.

(6) If ADC equipment is used, elec-
tronically record the most recent zero
and span response as the pre-analysis
values.

(7) Measure HC, CO, CO2, and NOX

background concentrations in the sam-
ple bag(s) with approximately the same
flow rates and pressures used in para-
graph (c)(3) of this section. (Constitu-
ents measured continuously do not re-
quire bag analysis.)

(8) A post-analysis zero and span
check of each range must be performed
and the values recorded. The number of
events that may occur between the pre-
and post-analysis checks is not speci-
fied. However, the difference between
pre-analysis zero and span values (re-
corded in paragraph (c)(5) or (c)(6) of
this section) versus those recorded for
the post-analysis check may not exceed
the zero drift limit or the span drift
limit of 2 percent of full-scale chart de-
flection for any range used. Otherwise
the test is void.

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

(1) Warm up and stabilize the analyz-
ers; clean and/or replace filter ele-
ments, conditioning columns (if used),
and so forth, as necessary.

(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) Optional: Perform a hangup check
for the HFID sampling system:

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

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

(iii) If the overflow zero response ex-
ceeds the analyzer zero response by 2
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percent or more of the HFID full-scale
deflection, hangup is indicated and cor-
rective action must be taken.

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

(4) Obtain a stable zero reading.
(5) Zero and span each range to be

used on each analyzer operated prior to
the beginning of the test cycle. The
span gases shall have a concentration
between 75 and 100 percent of full-scale
chart deflection. The flow rates and
system pressures shall be approxi-
mately the same as those encountered
during sampling. The HFID analyzer
shall be zeroed and spanned through
the overflow sampling system.

(6) Re-check zero response. If this
zero response differs from the zero re-
sponse recorded in paragraph (d)(5) of
this section by more than 1 percent of
full scale, then paragraphs (d)(4), (d)(5),
and (d)(6) of this section must be re-
peated.

(7) If a chart recorder is used, iden-
tify and record the most recent zero
and span response as the pre-analysis
values.

(8) If ADC equipment is used, elec-
tronically record the most recent zero
and span response as the pre-analysis
values.

(9) Collect background HC, CO, CO2,
and NOX in a sample bag (for dilute ex-
haust sampling only, see § 89.420–96).

(10) Perform a post-analysis zero and
span check for each range used at the
conditions specified in paragraph (d)(5)
of this section. Record these responses
as the post-analysis values.

(11) Neither the zero drift nor the
span drift between the pre-analysis and
post-analysis checks on any range used
may exceed 3 percent for HC, or 2 per-
cent for NOX, CO, and CO2, of full scale
chart deflection, or the test is void. (If
the HC drift is greater than 3 percent
of full-scale chart deflection, hydro-
carbon hangup is likely.)

(12) Determine background levels of
NOX, CO, or CO2 (for dilute exhaust
sampling only) by the bag sample tech-
nique outlined in paragraph (c) of this
section.

(e) Hydrocarbon hangup. If HC hangup
is indicated, the following sequence
may be performed:

(1) Fill a clean sample bag with back-
ground 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 2 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)(6) of this section.

§ 89.412–96 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 1 in ap-
pendix B to subpart D. All components
or parts of components that are wetted
by the sample or corrosive calibration
gases shall be either chemically
cleaned stainless steel or inert mate-
rial, for example, polytetrafluoro-
ethylene resin. The use of ‘‘gauge sav-
ers’’ or ‘‘protectors’’ with nonreactive
diaphragms to reduce dead volumes is
permitted.

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

(2) The probe shall have a minimum
of three holes. The spacing of the ra-
dial planes for each hole in the probe
must be such that they cover approxi-
mately equal cross-sectional areas of
the exhaust duct. See Figure 1 in ap-
pendix A to this subpart. 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° (that is, section view C-C of
Figure 1 in appendix A to this subpart).
The holes should be sized such that
each has approximately the same flow.
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If only three holes are used, they may
not all be in the same radial plane.

(3) The probe shall extend radially
across the exhaust duct. The probe
must pass through the approximate
center and must extend across at least
80 percent of the diameter of the duct.

(c) Sample transfer line. (1) The maxi-
mum inside diameter of the sample
line shall not exceed 1.32 cm.

(2) If valve V2 is used, the sample
probe must connect directly to valve
V2. The location of optional valve V2
may not be greater than 1.22 m from
the exhaust duct.

(3) The location of optional valve V16
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 exceed the leak-
age rate specification for the vacuum
side of the pump.

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

(e) 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.

(f) 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.

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

(1) The sample for all components
shall be taken with one sample probe,
except as allowed under § 89.413–96, and
internally split to the different analyz-
ers.

(2) The sample transport system from
the engine exhaust pipe to the HC ana-
lyzer and the NOX analyzer must be
heated as indicated in Figure 1 in ap-
pendix B of subpart D.

§ 89.413–96 Raw sampling procedures.
Follow these procedures when sam-

pling for gaseous emissions.
(a) The gaseous emission sampling

probe must be installed at least 0.5 m

or 3 times the diameter of the exhaust
pipe—whichever is the larger—up-
stream of the exit of the exhaust gas
system.

(b) In the case of a multi-cylinder en-
gine with a branched exhaust manifold,
the inlet of the probe shall be located
sufficiently far downstream so as to en-
sure that the sample is representative
of the average exhaust emissions from
all cylinders.

(c) In multi-cylinder engines having
distinct groups of manifolds, such as in
a ‘‘Vee’’ engine configuration, it is per-
missible to:

(1) Sample after all exhaust pipes
have been connected together into a
single exhaust pipe.

(2) For each mode, sample from each
exhaust pipe and average the gaseous
concentrations to determine a value
for each mode.

(3) Sample from all exhaust pipes si-
multaneously with the sample lines
connected to a common manifold prior
to the analyzer. It must be dem-
onstrated that the flow rate through
each individual sample line is ±4 per-
cent of the average flow rate through
all the sample lines.

(4) Use another method, if it has been
approved in advance by the Adminis-
trator.

(d) All heated sampling lines shall be
fitted with a heated filter to extract
solid particles from the flow of gas re-
quired for analysis. The sample line for
CO, CO2, and O2 analysis may be heated
or unheated.

(e) If the composition of the exhaust
gas is influenced by any treatment
such as heat exchanger or air injection
(except catalysts and soot filters) then
the exhaust probe must be taken up-
stream of this device.

§ 89.414–96 Air flow measurement
specifications.

(a) The air flow measurement method
used must have a range large enough to
accurately measure the air flow over
the engine operating range during the
test. Overall measurement accuracy
must be ±2 percent of the reading for
all modes except the idle mode. For the
idle mode, the measurement accuracy
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shall be ±5 percent or less of the read-
ing. The Administrator must be ad-
vised of the method used prior to test-
ing.

(b) When an engine system incor-
porates devices that affect the air flow
measurement (such as air bleeds) that
result in understated exhaust emission
results, corrections to the exhaust
emission results shall be made to ac-
count for such effects.

§ 89.415–96 Fuel flow measurement
specifications.

The fuel flow rate measurement in-
strument must have a minimum accu-
racy of ±1 percent of full-scale flow rate
for each measurement range used. An
exception is allowed at the idle point.
For this mode (idle), the minimum ac-
curacy is ±2 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 measure-
ment.

§ 89.416–96 Raw exhaust gas flow.
The exhaust gas flow shall be deter-

mined by one of the methods described
in this section and conform to the tol-
erances of Table 3 in appendix A to sub-
part D:

(a) Measurement of the air flow and
the fuel flow by suitable metering sys-
tems (for details see SAE J244. This
procedure has been incorporated by ref-
erence. See § 89.6.) and calculation of
the exhaust gas flow as follows:

GEXHW=GAIRW+GFUEL (for wet exhaust
mass)

or

VEXHD=VAIRD+(¥.767)×GFUEL (for dry
exhaust volume)

or

VEXHW=VAIRW+.749×GFUEL (for wet ex-
haust volume)

(b) Exhaust mass calculation from
fuel consumption (see § 89.415–96) and
exhaust gas concentrations using the
method found in § 89.418–96.

§ 89.417–96 Data evaluation for gase-
ous emissions.

For the evaluation of the gaseous
emission recording, the last 60 seconds
of each mode are recorded, and the av-
erage values for HC, CO, CO2, and NOX

during each mode are determined from
the average concentration readings de-
termined from the corresponding cali-
bration data.

§ 89.418–96 Raw emission sampling cal-
culations.

(a) The final test results shall be de-
rived through the steps described in
this section.

(b) The exhaust gas flow rate GEXHW

and VEXHW shall be determined (see
§ 89.416–96) for each mode.

(c) When applying GEXHW the meas-
ured concentration shall be converted
to a wet basis according to the follow-
ing formula, if not already measured
on a wet basis.

K F
G

G
KW FH

fuel

air
W= − ×













−1 1 only applicable for raw exhaust

FFH=1.783 if air/fuel ratio is 1.00
1.865 if air/fuel ratio is 1.35
1.920 if air/fuel ratio is 3.50

(d) As the NOX emission depends on
ambient air conditions, the NOX con-
centration shall be corrected for ambi-
ent air temperature and humidity with
the factor KH given in the following
formulas. Equation (1) of this para-
graph is to be used when testing in un-
controlled dynamometer rooms or at

other sites with uncontrolled tempera-
tures and humidities. Equation (2) of
this paragraph is to be used for all test-
ing when performed in controlled con-
dition rooms. For engines operating on
alternative combustion cycles, other
correction formulas may be used if
they can be justified or validated.

(1) For compression-ignition engines
operating in uncontrolled conditions:
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K
A H B T

H =
+ −( ) + −( )

1

1 10 71 298.
Where:
A=0.309 (f/a)¥0.0266
B=-0.209 (f/a)+0.00954
T=temperature of the air in K
H=humidity of the inlet air in grams of

water per kilogram of dry air in
which:

H
R p

p p R
a d

B d a

=
× ×

−( ) × × −

6 220

10 2

.

(2) For compression-ignition engines
operating in controlled conditions:

K
H

H =
− −( )( )

1

1 0 0182 10 71. .

If required the dry fuel/air ratio may be
calculated from the following equation:
Where:

( / )
. ( / )

.

f a
M aM

a

X
DCO DCO DHC

K

c H Stoich =
+

+

= + +

=

138 18 1 4

10 10 10

3 5

2
2 6 6

(e) The pollutant mass flow for each
mode shall be calculated as follows:
Gas mass = u×Gas conc.×GEXHW

Gas mass = v×Gas conc.×VEXHD

Gas mass = w×Gas conc.×VEXHW

The coefficients u (wet), v (dry), and
w (wet) are to be used according to the
following table:

Gas u v w Conc.

NOX ...... 0.001587 0.00205 0.00205 ppm.
CO ........ 0.000966 0.00125 0.00125 ppm.
HC ........ 0.000478 0.000618 ppm.
CO2 ....... 15.19 19.64 19.64 percent.
O2 ......... 11.05 14.29 14.29 percent.

NOTE: The given coefficients u, v, and w are
calculated for 273.15 °K (0 °C) and 101.3 kPa.
In cases where the reference conditions vary
from those stated, an error may occur in the
calculations.

(f) The following equations may be
used to calculate the coefficients u, v,
and w in paragraph (e) of this section
for other conditions of temperature
and pressure.

(1) For ideal gases at 273.15 °K (0 °C)
and 101.3 kPa:

For the calculation of u, v, and w for
NOX (as NO2), CO, HC (in paragraph (e)
of this section as H1.85; CO2; O2

w=4.4615.10¥5 * M if conc. in ppm
w=4.4615.10¥1 * M if conc. in percent
v=w
u=w/PAir

M=Molecular weight
pAir=Density of dry air at 273.15 °K (0

°C), 101.3 kPa=1.293 kg/m3

(2) For real gases at 273.15 °K (0 °C)
and 101.3 kPa: For the calculation of u,
v, and w
w=gas×10¥6 if conc. in ppm
v=w
u = w/pAir

pGas = Density of measured gas at 0 °C,
101.3 kPas in g/m3

(3) General formulas for the calcula-
tion of concentrations at temperature
(designated as T) and pressure (des-
ignated as p):
—for ideal gases

conc
g

m

M

M

T

T T

P

P

Conc ppm

v

o

o o3
610

= ×
+

×  
( )

—for real gases

conc
g

m

T

T T

P

P

Conc ppm
Gas

o

o o3
610

= ×
+

×ρ  
( )
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with:
1% = 104 ppm
M = Molecular weight in g/Mo1
Mv = Molecular Volume = 22.414 × 10¥3

m3/Mol for ideal gases
T = reference temperature 273.15 K
p = reference pressure 101.3 kPa
T = Temperature in °C
p = pressure in kPa
pGas = Density of the measured gas at 0

°C, 101.3 kPa
Conc. = Gas concentration

(g) The emission shall be calculated
for all individual components in the
following way:

individual

WF

WF

i
i

i n

i i
i

i n gas

 Gas Mass

 P

i

=
×

×

=

=

=

= −

∑

∑
1

1

1

The weighting factors and the number
of modes (n) used in the above calcula-
tion are according to § 89.410–96.

§ 89.419–96 Dilute gaseous exhaust
sampling and analytical system de-
scription.

(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 petro-
leum-fueled nonroad compression-igni-
tion engines. This system utilizes the
CVS concept (described in § 86.1310–90 of
this chapter) of measuring mass emis-
sions of HC, CO, and CO2. A continu-
ously integrated system is required for
HC and NOX measurement and is al-
lowed for all CO and CO2 measure-
ments. The mass of gaseous emissions
is determined from the sample con-
centration and total flow over the test
period. As an option, the measurement
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 PDP–CVS and a heat ex-
changer or a CFV–CVS with either a
heat exchanger or electronic flow com-
pensation. Figure 2 in appendix A to
this subpart is a schematic drawing of
the PDP–CVS system. Figure 3 in ap-
pendix A to this subpart is a schematic
drawing of the CFV–CVS system.

(2) The HC analytical system for pe-
troleum-fueled compression-ignition
engines requires a heated flame ioniza-
tion detector (HFID) and heated sam-
ple system (191 ±11 °C).

(i) The HFID sample must be taken
directly from the diluted exhaust
stream through a heated probe and in-
tegrated continuously over the test
cycle. Unless compensation for varying
flow is made, the HFID must be used
with a constant flow system to ensure
a representative sample.

(ii) The heated probe shall be located
in the primary dilution tunnel and far
enough downstream of the mixing
chamber to ensure a uniform sample
distribution across the CVS duct at the
point of sampling.

(3) The CO and CO2 analytical system
requires:

(i) Bag sampling (see § 86.1309–90 of
this chapter) and analytical capabili-
ties (see § 86.1311–90 of this chapter), as
shown in Figure 2 and Figure 3 in ap-
pendix A to 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. Unless com-
pensation for varying flow is made, a
constant flow system must be used to
ensure a representative sample.

(4) The NOX analytical system re-
quires a continuously integrated meas-
urement of diluted NOX meeting the
minimum requirements and technical
specifications contained in paragraph
(b)(4) of this section. Unless compensa-
tion for varying flow is made, a con-
stant flow system must be used to en-
sure a representative sample.

(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
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equivalent results and if approved in
advance by the Administrator.

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

(1) Exhaust dilution system. The PDP–
CVS shall conform to all of the require-
ments listed for the exhaust gas PDP–
CVS in § 86.1309–90(b) of this chapter.
The CFV–CVS shall conform to all of
the requirements listed for the exhaust
gas CFV–CVS in § 86.1309–90(c) 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 at or below the tem-
perature required for the measurement
of hydrocarbon emissions noted in the
following paragraph and to prevent
condensation of water at any point in
the dilution tunnel.

(ii) The flow capacity of the CVS
must be sufficient to maintain the di-
luted exhaust stream in the primary
dilution tunnel at a temperature of 191
°C or less at the sampling zone for hy-
drocarbon measurement and as re-
quired to prevent condensation at any
point in the dilution tunnel. Gaseous
emission samples may be taken di-
rectly from this sampling point.

(iii) For the CFV–CVS, either a heat
exchanger or electronic flow compensa-
tion is required (see Figure 3 in appen-
dix A to this subpart).

(iv) 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, shall be within ±11 °C) of the
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)
shall 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.

(v) The primary dilution air shall
have a temperature of 25 °C ±5 °C.

(2) Continuous HC measurement system.
(i) The continuous HC sample system
(as shown in Figure 2 or 3 in appendix
A to 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. The
‘‘overflow’’ system may also be used to
calibrate the HC analyzer per § 86.1321–
90(b) of this chapter, although this is
not required.

(ii) No other analyzers may draw a
sample from the continuous HC sample
probe, line or system, unless a common
sample pump is used for all analyzers
and the sample line system design re-
flects good engineering practice.

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

(iv) The overflow gases shall enter
the heated sample line as close as prac-
tical to the outside surface of the CVS
duct or dilution tunnel.

(v) The continuous HC sampling sys-
tem shall consist of a probe (which
must raise the sample to the specified
temperature) and, where used, a sample
transfer system (which must maintain
the specified temperature). The contin-
uous hydrocarbon sampling system (ex-
clusive of the probe) shall:

(A) Maintain a wall temperature of
191 °C ±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 191 °C
±11 °C over its entire length. The tem-
perature of the system shall be dem-
onstrated by profiling the thermal
characteristics of the system where
possible at initial installation and
after any major maintenance per-
formed on the system. The profiling
shall be accomplished using the inser-
tion thermocouple probing technique.
The system temperature will be mon-
itored continuously during testing at
the locations and temperature de-
scribed in § 86.1310–90(b)(3)(v).

(C) Maintain a gas temperature of 191
°C ±11 °C immediately before the heat-
ed filter and HFID. These gas tempera-
tures will be determined by a tempera-
ture sensor located immediately up-
stream of each component.

(vi) The continuous hydrocarbon
sampling probe shall:

(A) Be defined as the first 25 cm to 76
cm of the continuous hydrocarbon sam-
pling system.
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(B) Have a 0.48 cm minimum inside
diameter.

(C) Be installed in the primary dilu-
tion tunnel at a point where the dilu-
tion air and exhaust are well mixed
(that is, approximately 10 tunnel diam-
eters downstream of the point where
the exhaust enters the dilution tunnel).

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

(E) Increase the gas stream tempera-
ture to 191 °C ±11 °C at the exit of the
probe. The ability of the probe to ac-
complish this shall be demonstrated
using the insertion thermocouple tech-
nique at initial installation and after
any major maintenance. Compliance
with the temperature specification
shall be demonstrated by continuously
recording during each test the tem-
perature of either the gas stream or
the wall of the sample probe at its ter-
minus.

(vii) The response time of the contin-
uous measurement system shall be no
greater than:

(A) 1.5 seconds from an instantaneous
step change at the port entrance to the
analyzer to within 90 percent of the
step change.

(B) 20 seconds from an instantaneous
step change at the entrance to the
sample probe or overflow span gas port
to within 90 percent of the step change.
Analysis system response time shall be
coordinated with CVS flow fluctuations
and sampling time/test cycle offsets if
necessary.

(C) For the purpose of verification of
response times, the step change shall
be at least 60 percent of full-scale chart
deflection.

(3) Primary dilution tunnel. (i) The pri-
mary dilution tunnel shall be:

(A) Small enough in diameter to
cause turbulent flow (Reynolds Number
greater than 4000) and of sufficient
length to cause complete mixing of the
exhaust and dilution air;

(B) At least 46 cm in diameter; (en-
gines below 110 kW may use a dilution
tunnel that is 20 cm in diameter or
larger)

(C) Constructed of electrically con-
ductive material which does not react
with the exhaust components; and

(D) Electrically grounded.

(ii) The temperature of the diluted
exhaust stream inside of the primary
dilution tunnel shall be sufficient to
prevent water condensation.

(iii) The engine exhaust shall be di-
rected downstream at the point where
it is introduced into the primary dilu-
tion tunnel.

(4) Continuously integrated NOX, CO,
and CO2 measurement systems. (i) The
sample probe shall:

(A) Be in the same plane as the con-
tinuous HC probe, but shall be suffi-
ciently distant (radially) from other
probes and the tunnel wall so as to be
free from the influences of any wakes
or eddies.

(B) Heated and insulated over the en-
tire length, to prevent water condensa-
tion, to a minimum temperature of 55
°C. Sample gas temperature imme-
diately before the first filter in the sys-
tem shall be at least 55 °C.

(ii) The continuous NOX, CO, or CO2

sampling and analysis system shall
conform to the specifications of part
86, subpart D of this chapter with the
following exceptions and revisions:

(A) The system components required
to be heated by part 86, subpart D of
this chapter need only be heated to
prevent water condensation, the mini-
mum component temperature shall be
55 °C.

(B) The system response shall be no
greater than 20 seconds. Analysis sys-
tem response time shall be coordinated
with CVS flow fluctuations and sam-
pling time/test cycle offsets, if nec-
essary.

(C) Alternative NOX measurement
techniques outlined in § 86.346–79 of this
chapter are not permitted for NOX

measurement in this subpart.
(D) All analytical gases must con-

form to the specifications of § 89.312–96.
(E) Any range on a linear analyzer

below 155 ppm must have and use a
calibration curve conforming to
§ 89.310–96.

(iii) The chart deflections or voltage
output of analyzers with non-linear
calibration curves shall be converted to
concentration values by the calibration
curve(s) specified in § 89.323–96 before
flow correction (if used) and subse-
quent integration takes place.
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§ 89.420–96 Background sample.
(a) Background samples are produced

by drawing a sample of the dilution air
during the 60 second exhaust collection
phase of each test cycle mode.

(1) Individual background samples
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 of the test cycle modes.
Hence, a single cumulative background
value will be used for the emission cal-
culations for each mode.

(b) For analysis of the individual
sample described in paragraph (a)(1) of
this section, a single value represent-
ing the average chart deflection over a
10-second stabilized period is stored.
All readings taken during the 10-second
interval must be stable at the final
value to within ≤1 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.

§ 89.421–96 Exhaust gas analytical sys-
tem; CVS bag sample.

(a) Schematic drawings. Figure 4 in ap-
pendix A to this subpart is a schematic
drawing of the exhaust gas analytical
system used for analyzing CVS bag
samples from compression- ignition en-
gines. Since various configurations can
produce accurate results, exact con-
formance with the drawing 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 in some systems, may be ex-
cluded if their exclusion is based upon
good engineering judgment.

(b) Major component description. The
analytical system, Figure 4 in appendix
A to this subpart, consists of a flame
ionization detector (FID) (heated for
petroleum-fueled compression-ignition
engines to 191 °C ±6 °C) for the measure-
ment of hydrocarbons, nondispersive

infrared analyzers (NDIR) for the meas-
urement of carbon monoxide and car-
bon dioxide, and a chemiluminescence
detector (CLD) (or HCLD) for the meas-
urement of oxides of nitrogen. The ex-
haust gas analytical system shall con-
form 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
§§ 86.1322–84 and 86.1342–90 of this chap-
ter.)

(3) A CO instrument will be consid-
ered to be essentially free of CO2 and
water vapor interference if its response
to a mixture of 3 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 1 percent of full scale CO
concentration on ranges above 300 ppm
full scale or less than 3 ppm on ranges
below 300 ppm full scale. (See § 86.1322–
84 of this chapter.)

(c) Alternate analytical systems. Analy-
sis systems meeting the specifications
of part 86, subpart D of this chapter
(with the exception of §§ 86.346–79 and
86.347–79) may be used for the testing
required under this subpart. Heated
analyzers may be used in their heated
configuration.

(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.

§ 89.422–96 Dilute sampling proce-
dures—CVS calibration.

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

(1) The flowmeter calibration must
be traceable to NIST measurements,
and will serve as the reference value
(NIST ‘‘true’’ value) for the CVS cali-
bration. (Note: In no case should an up-
stream screen or other restriction
which can affect the flow be used ahead
of the flowmeter unless calibrated
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throughout 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 ASME flow nozzles are considered
equivalent if traceable to NIST meas-
urements. Other measurement systems
may be used if shown to be equivalent
under the test conditions in this sec-
tion and traceable to NIST measure-
ments.

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

(4) Procedures used by EPA for both
PDP–CVS and CFV–CVS are outlined
below. Other procedures yielding equiv-
alent results may be used if approved
in advance by the Administrator.

(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 PDP–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 pres-
sure and temperature) can then be
plotted versus a correlation function
which is the value of a specific com-
bination 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.

(4) Connect a system as shown in Fig-
ure 5 in appendix A to 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 ................ ±.34 kPa
Ambient temperature .............................................................. TA °C .................. ±.3 °C
Air temperature into metering venturi ..................................... ETI °C .................. ±1.1 °C
Pressure drop between the inlet and throat of metering ven-

turi.
EDP kPa ................ ±.01 kPa

Air flow .................................................................................... QS m3/min ........... ±.5% of NIST value.
Air temperature at CVS pump inlet ........................................ PTI °C .................. ±1.1 °C
Pressure depression at CVS pump inlet ................................ PPI kPa ................ ±.055 kPa
Pressure head at CVS pump outlet ....................................... PPO kPa ................ ±.055 kPa
Air temperature at CVS pump outlet (optional) ...................... PTO °C .................. ±1.1 °C
Pump revolutions during test period ...................................... N Revs .............. ±1 Rev.
Elapsed time for test period ................................................... t s ..................... ±.5 s.
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(5) After the system has been con-
nected as shown in Figure 5 in appen-
dix A to 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 3 minutes and repeat
the data acquisition.

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

point is calculated in standard cubic
meters per minute (0 °C, 101.3 kPa)
from the flowmeter data using the
manufacturer’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

P
o

s p

p

= × ×
273

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 0 °C, 101.3 kPa.

n=Pump speed in revolutions per
minute.

Tp=Pump inlet temperature °K=Pti+273
°K, Pti=Pump inlet temp °C

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 ∆

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

pump inlet to pump outlet, (kPa).
=Pe¥Pp.

Pe=Absolute pump outlet pressure,
(kPa)

=PB+PPO

Where:

PPO=Pressure head at pump outlet,
(kPa).

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

Vo=Do¥M(Xo)
Do and M are the intercept and slope

constants, respectively, describing
the regression line.

(8) A CVS system that has multiple
speeds must 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
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 ±3 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.
Kv=calibration coefficient.
P=absolute pressure.
T=absolute temperature.

The calibration procedure described in
paragraph (d)(3) of this section estab-
lishes the value of the calibration coef-
ficient at measured values of pressure,
temperature, and air flow.

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

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

Parameter Symbol Units Tolerances

Barometric Pressure (corrected) ............................................ PB kPa ................ ±.34 kPa
Air temperature, into flowmeter .............................................. ETI °C .................. (±.3 °C
Pressure drop between the inlet and throat of metering ven-

turi.
EDP kPa ................ ±.01 kPa

Air flow .................................................................................... QS m3/min. .......... ±.5% of NIST value.
CFV inlet depression .............................................................. PPI kPa ................ ±.055 kPa
Temperature at venturi inlet ................................................... TV °C .................. ±2.2 °C

(4) Set up equipment as shown in Fig-
ure 6 in appendix A to 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 criti-
cal flow range of the venturi.

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

(i) The air flow rate (designated as
Qs) at each test point is calculated 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 meter

per minute, at the standard condi-
tions of 0 °C, 101.3 kPa.

Tv = Temperature at venturi inlet, °K.
Pv = PB - PPI (= Pressure at venturi

inlet, kPA)
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 A
to this subpart.)

(iv) For a minimum of eight points in
the critical region calculate an average
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 can be
used to verify that the CVS and analyt-
ical instruments can accurately meas-
ure a mass of gas that has been in-
jected into the system. (Verification
can also be accomplished by constant
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 poi-
sonous).

(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 5 min-
utes).

(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 ±2 percent must be
found and corrected.

§ 89.423–96 CVS calibration frequency.

The CVS positive displacement pump
or critical flow venturi shall be cali-
brated following initial installation,
major maintenance or as necessary
when indicated by the CVS system ver-
ification (described in § 89.352–96(e)).
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§ 89.424–96 Dilute emission sampling
calculations.

(a) The final reported emission test
results are computed by use of the fol-
lowing formula:

A

g WF

kW hr WF
WM

i i
i

i n

i i
i

i n=
×( )

− ×( )
=

=

=

= −

∑

∑
1

1

1

Where:

Awm = Weighted mass emission level
(HC, CO, CO2, or NOX) in grams per
kilowatt-hour.

gi = Mass emission level in grams,
measured during the mode.

WFi = Effective weighing factor.

kW-hri = Total kilowatt-hours (kilo-
watts integrated over time) for the
mode.

(b) The mass of each pollutant for
each mode for bag measurements and
diesel heat exchanger system measure-
ments is determined from the following
equations:

(1) Hydrocarbon mass:
HCmass= Vmix × DensityHC × (HCconc/106)

(2) Oxides of nitrogen mass:
NOXmass = Vmix × DensityNO2 × KH ×

(NOXconc/106)
(3) Carbon monoxide mass:

COmass= Vmix× DensityCO× (COconc/106)
(4) Carbon dioxide mass:

CO2mass= Vmix× DensityCO2 × (CO2conc/102)
(c) The mass of each pollutant for the

mode for flow compensated sample sys-
tems is determined from the following
equations:

HC V Density

HC HC
DF

mass mix HC

e d

= ×
− −





1
1

106

NOX K

NOX NOX
DF V Density

CO V Density

CO CO
DF

CO V Density

CO CO
DF

mass H

e d

mix NO

mass mix CO

c d

mix COmass

e d

=
− −





×

= ×
− −





= ×
− −





1
1

10

1
1

10

1
1

10

6

6

2

2 2

6

2

2

(d) Meaning of symbols:
(1) For hydrocarbon equations:

HCmass= Hydrocarbon emissions, in
grams per test mode.

DensityHC= Density of hydrocarbons is
(.5800 kg/m3) for #1 diesel, and
(0.5746 kg/m3) for #2 diesel, assum-
ing an average carbon to hydrogen

ratio of 1:1.93 for #1 diesel, and
1:1.80 for #2 diesel at 20 °C and 101.3
kPa pressure.

HCconc= Hydrocarbon concentration of
the dilute exhaust sample corrected
for background, in ppm carbon
equivalent (that is, equivalent pro-
pane times 3).
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HC HC HC
DF

conc e d= − −






1
1

Where:

HCe= Hydrocarbon concentration of the
dilute exhaust bag sample or, for
diesel heat exchanger systems, av-
erage hydrocarbon concentration of
the dilute exhaust sample as cal-
culated from the integrated HC
traces, in ppm carbon equivalent.
For flow compensated sample sys-
tems (HCe)i is the instantaneous
concentration.

HCd= Hydrocarbon concentration of the
dilution air as measured, in ppm
carbon equivalent.

(2) For oxides of nitrogen equations:

NOXmass= Oxides of nitrogen emissions,
in grams per test mode.

Density NO2= Density of oxides of nitro-
gen is 1.913 kg/m3, assuming they
are in the form of nitrogen dioxide,
at 20 °C and 101.3 kPa pressure.

NOXconc= Oxides of nitrogen concentra-
tion of the dilute exhaust sample
corrected for background, in ppm:

NOxconc = − −



NOx NOx

DFe d 1
1

Where:

NOXe= Oxides of nitrogen concentration
of the dilute exhaust bag sample as
measured, in ppm. For flow com-
pensated sample systems (NOXe)i is
the instantaneous concentration.

NOXd= Oxides of nitrogen concentration
of the dilute air as measured, in
ppm.

(3) For carbon monoxide equations:

COmass=Carbon monoxide emissions,
grams per test mode. Den-
sityCO=Density of carbon monoxide
(1.164 kg/m3 at 20 °C and 101.3 kPa
pressure).

COconc=Carbon monoxide concentration
of the dilute exhaust sample cor-
rected for background, water vapor,
and CO2 extraction, ppm.

CO CO CO
DF

conc e d= − −






1
1

Where:
COe=Carbon monoxide concentration of

the dilute exhaust bag sample vol-
ume corrected for water vapor and
carbon dioxide extraction, ppm.
For flow compensated sample sys-
tems, (COe)i is the instantaneous
concentration.

The following calculation assumes
the carbon to hydrogen ratio of the
fuel is 1:1.85. As an option the meas-
ured actual carbon to hydrogen ratio
may be used:
COe=[1¥0.01925CO2e¥0.000323R]COem

Where:
COem=Carbon monoxide concentration

of the dilute exhaust sample as
measured, ppm.

CO2e=Carbon dioxide concentration of
the dilute exhaust bag sample, in
percent, if measured. For flow com-
pensated sample systems, (CO2e)i is
the instantaneous concentration.
For cases where exhaust sampling
of CO2 is not performed, the follow-
ing approximation is permitted:

CO
Density Ve

CO mix
2

44.010

12 011 1 008

453 6 100

2

=
+. .

.

α
 

M
 

1 

a=Average carbon to hydrogen ratio.
M1=Fuel mass consumed during the

test cycle.

R=Relative humidity of the dilution
air, percent.
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COd=Carbon monoxide concentration of
the dilution air corrected for water
vapor extraction, ppm.

COd=(1¥0.000323R)COdm

Where:

COdm=Carbon monoxide concentra-
tion of the dilution air sample as
measured, ppm.

NOTE: If a CO instrument which meets the
criteria specified in § 86.1311–90 of this chap-
ter is used and the conditioning column has
been deleted, COem must be substituted di-
rectly for COe and COdm must be substituted
directly for COd.

(4) For carbon dioxide equation:

CO2mass=Carbon dioxide emissions, in
grams per test mode.

Density CO2=Density of carbon dioxide
is 1.830 kg/m3, at 20 °C and 760 mm
Hg pressure.

CO2conc=Carbon dioxide concentration
of the dilute exhaust sample cor-
rected for background, in percent.

CO CO CO
DFmass e d2 2 2 1
1

= − −






Where:
CO2d=Carbon dioxide concentration of

the dilution air as measured, in
percent.

( )
.

,
.

.5
13 4

10

13 4

2
4

2

DF
CO HC CO CO

e ee e

=
+ + ×( ) =−  or DF

(6) KH=Humidity correction factor.
For compression-ignition engines:
KH=1/[1¥0.0182 (H¥10.71)].
Where:
H=Absolute humidity of the engine in-

take air in grams of water per kilo-
gram of dry air and

H =(6.211)Ri×Pd)/(Pb¥(Pd×Ri/100))
Where:
Ri=Relative humidity of the engine in-

take air, in percent.
Pd=Saturated vapor pressure (kPa) at

the engine intake air dry bulb tem-
perature.

PB=Barometric pressure (kPa).
(e) The final reported brake-specific

fuel consumption (BSFC) shall be
computed by use of the following
formula:

BSFC
M

kW
=

− hr

Where:

BSFC=brake-specific fuel consumption
in grams of fuel per kilowatt-hr
(kW-hr)

M=mass of fuel in grams, used by the
engine during a mode

kW-hr=total kilowatts integrated with
respect to time for a mode

(f) The mass of fuel for the mode is
determined from mass fuel flow meas-
urements made during the mode, or
from the following equation:

M
G

R
S=

















2

1

27315.

Where:

M=Mass of fuel, in grams, used by the
engine during the mode.

Gs=Grams of carbon measured during
the mode:

G HC CO COS mass mass mass
=

+ ( )












+ +
12 011

12 011 1 008
0 429 0 273 2

.

. .
. .

α

R2=Grams C in fuel per gram of fuel
Where:

HCmass=hydrocarbon emissions, in
grams for the mode
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CO2mass=carbon monoxide emissions, in
grams for the mode

CO2mass=carbon dioxide emissions, in
grams for the mode

α=The atomic hydrogen to carbon ratio
of the fuel.

§ 89.425–96 Particulate adjustment fac-
tor.

The following equation may be used
to adjust the particulate measurement
when the test fuel specified in Table 4
of Subpart D of this Part is used:

PMadj=PM¥[BSFC *0.0917
*(FSF¥USLFCA)]

Where:
PMadj=adjusted measured PM level [g/

Kw-hr]
PM=measured weighted PM level [g/

Kw-hr]
BSFC=measured brake specific fuel

consumption [G/Kw-hr]
FSF=fuel sulfur weight fraction
USLFCA=upper sulfur level weight frac-

tion of California specification.
This adjustment only applies to en-
gines with no exhaust gas after treat-
ment. No adjustment is provided for
engines with exhaust gas after treat-
ment.
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APPENDIX A TO SUBPART E—FIGURES

VerDate 10<AUG>98 01:40 Aug 12, 1998 Jkt 179153 PO 00000 Frm 00093 Fmt 8010 Sfmt 8006 Y:\SGML\179153T.XXX 179153T PsN: 179153T



98

40 CFR Ch. I (7–1–98 Edition)Pt. 89, Subpt. E, App. A

VerDate 10<AUG>98 01:40 Aug 12, 1998 Jkt 179153 PO 00000 Frm 00094 Fmt 8010 Sfmt 8006 Y:\SGML\179153T.XXX 179153T PsN: 179153T



99

Environmental Protection Agency Pt. 89, Subpt. E, App. A

VerDate 10<AUG>98 01:40 Aug 12, 1998 Jkt 179153 PO 00000 Frm 00095 Fmt 8010 Sfmt 8006 Y:\SGML\179153T.XXX 179153T PsN: 179153T



100

40 CFR Ch. I (7–1–98 Edition)Pt. 89, Subpt. E, App. A

VerDate 10<AUG>98 01:40 Aug 12, 1998 Jkt 179153 PO 00000 Frm 00096 Fmt 8010 Sfmt 8006 Y:\SGML\179153T.XXX 179153T PsN: 179153T



101

Environmental Protection Agency Pt. 89, Subpt. E, App. A

VerDate 10<AUG>98 01:40 Aug 12, 1998 Jkt 179153 PO 00000 Frm 00097 Fmt 8010 Sfmt 8006 Y:\SGML\179153T.XXX 179153T PsN: 179153T



102

40 CFR Ch. I (7–1–98 Edition)Pt. 89, Subpt. E, App. A

VerDate 10<AUG>98 01:40 Aug 12, 1998 Jkt 179153 PO 00000 Frm 00098 Fmt 8010 Sfmt 8006 Y:\SGML\179153T.XXX 179153T PsN: 179153T



103

Environmental Protection Agency Pt. 89, Subpt. E, App. B

APPENDIX B TO SUBPART E—TABLE 1

TABLE 1.—8. MODE TEST CYCLE (MY96 AND LATER)

Test segment Mode
No. Engine speed (1)

Observed
torque (2)

(percent of
maximum
observed)

Time in mode
(minutes) Weighting

factors
Min Max

1 ..................................................... 1 Rated ............................................. 100 5.0 20.0 0.15
1 ..................................................... 2 Rated ............................................. 75 5.0 20.0 0.15
1 ..................................................... 3 Rated ............................................. 50 5.0 20.0 0.15
1 ..................................................... 4 Rated ............................................. 10 5.0 20.0 0.10
2 ..................................................... 5 Int ................................................... 100 5.0 20.0 0.10
2 ..................................................... 6 Int ................................................... 75 5.0 20.0 0.10
2 ..................................................... 7 Int ................................................... 50 5.0 20.0 0.10
2 ..................................................... 8 Idle ................................................. 0 5.0 20.0 0.15

(1) Engine speed (non-idle): ±1 percent of rated or ±3 rpm, which ever is greater. Engine speed (idle): Within manufacturer’s
specifications. Rated speed, intermediate speed, and idle speed are specified by the manufacturer. If no intermediate speed is
stated, 60 percent of rated speed shall be used.

(2) Torque (non-idle): Throttle fully open for 100 percent points. Other non-idle points: ±2 percent of set point. Torque (idle):
Throttle fully closed. Load less than 5 percent of peak torque.
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