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(b) Use good engineering judgment to 
measure other oxygenated compounds 
in the exhaust. 

§ 1065.810 Calculations. 
(a) THCE emissions. (1) Calculate 

THCE emissions as the sum of the mass 
of the nonoxygenated hydrocarbons in 
the exhaust and the carbon-equivalent 
mass of each measured oxygenated spe-
cies in the exhaust. 

(2) Calculate carbon-equivalent mass 
of each measured oxygenated species 
from the following equation: 

Carbon equivalent = 13.8756 × MOC/ 
MWPC 

Where: 
MOC is the mass of the oxygenated com-

pound in the exhaust, and MWPC is the 
molecular weight of compound per carbon 
atom of compound. 

(b) NMHCE emissions. Calculate 
NMHCE emissions as either: 

(1) The sum of the mass of the 
nonoxygenated nonmethane hydro-
carbons in the exhaust and the carbon- 
equivalent mass of each measured 
oxygenated species in the exhaust. 

(2) THCE minus the mass of methane 
in the exhaust. 

(c) Sample calculation. (1) Assume the 
following emissions for a test: 40.00 
grams of nonoxygenated hydrocarbons, 
100.00 grams of ethanol, and 10.00 grams 
of acetaldehyde, and 1.00 gram of form-
aldehyde. 

(2) The carbon-equivalent of the 
masses of oxygenated compounds are: 

(i) 13.8756 × 100.00/(46.068/2) = 60.24 
grams of ethanol. 

(ii) 13.8756 × 10.00/(44.052/2) = 6.30 
grams of acetaldehyde. 

(iii) 13.8756 × 1.00/(30.026) = 0.46 grams 
of formaldehyde. 

(3) THCE = 40.00 + 60.24 + 6.30 + 0.46 = 
107.00 grams per test. 

Subpart J—Field Testing 
§ 1065.901 Applicability. 

(a) The test procedures in this sub-
part measure brake-specific emissions 
from engines while they remain in-
stalled in vehicles or equipment in the 
field. 

(b) These test procedures apply to 
your engines as specified in the stand-
ard-setting part. For example, part 1048 

of this chapter specifies emission 
standard to be used for in-use tests 
conducted in accordance with the pro-
visions of this part. Unless this subpart 
is specifically mentioned in the stand-
ard-setting part, compliance with the 
provisions of this subpart is not re-
quired. 

§ 1065.905 General provisions. 
(a) Unless the standard-setting part 

specifies deviations from the provisions 
of this subpart, testing conducted 
under this subpart must conform to all 
of the provisions of this subpart. 

(b) Testing conducted under this sub-
part may include any normal in-use op-
eration of the engine. 

§ 1065.910 Measurement accuracy and 
precision. 

(a) Measurement systems used for in- 
use testing must be accurate to within 
±5 percent compared to engine dyna-
mometer testing conducted according 
to the test procedures of this part that 
are applicable for your engine. These 
systems must also have a precision of 
±5 percent or better. Determine accu-
racy and precision of an in-use system 
by simultaneously measuring emis-
sions using the engine-dynamometer 
test procedures of this part and the in- 
use system. To have a statistically 
valid sample, measure emissions dur-
ing at least 3 tests each for at least 3 
different engines. You must conduct 
these verification tests using the test 
cycle specified in the standard-setting 
part, unless we approve a different test 
cycle. 

(1) A system must meet the following 
conditions to be considered sufficiently 
accurate: 

(i) The correlation coefficient (r) for 
a least-squares linear fit that includes 
the origin must be 0.95 or higher. 

(ii) The average ratio (for all tests) of 
the emission rate from the in-use sys-
tem divided by the emission rate from 
the dynamometer procedure must be 
0.97 to 1.05. 

(2) For a system to be considered suf-
ficiently precise, the average coeffi-
cient of variance for all engines must 
be 5 percent or less for each pollutant. 

NOTE: Increasing the length of the sam-
pling period may be an effective way to im-
prove precision. 
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(b) Measurement systems that con-
form to the provisions of §§ 1065.915 
through 1065.950 are considered to be in 
compliance with the accuracy and pre-
cision requirements of paragraph (a) of 
this section. 

EFFECTIVE DATE NOTE: At 69 FR 39262, June 
29, 2004, § 1065.910 was revised, effective Aug. 
30, 2004. For the convenience of the user, the 
revised text is set forth as follows: 

§ 1065.910 Measurement accuracy and preci-
sion. 

Measurement systems used for field testing 
have accuracy and precision comparable to 
those of dynamometer testing. Measurement 
systems that conform to the provisions of 
§§ 1065.915 through 1065.950 are deemed to be 
in compliance with the accuracy and preci-
sion requirements of paragraph of this sec-
tion. If you use other field testing measure-
ment systems you need to have documenta-
tion indicating that it is comparable to a dy-
namometer system. 

(a) The two systems must be calibrated 
independently to NIST traceable standards 
or equivalent national standards for this 
comparison. We may approve the use of 
other standards. Calculations of emissions 
results for this test should be consistent 
with the field testing data reduction scheme 
for both the in-use equipment and the dyna-
mometer equipment, and each complete test 
cycle will be considered one ‘‘summing inter-
val’’, Si as defined in the field-testing data 
reduction scheme. 

(b) While other statistical analyses may be 
acceptable, we recommend that the compari-
son be based on a minimum of seven (7) re-
peats of colocated and simultaneous tests. 
Perform this comparison over the applicable 
steady-state and transient test cycles using 
an engine that is fully warmed up such that 
its coolant temperature is thermostatically 
controlled. If there is no applicable transient 
test cycle, use the applicable steady-state 
cycle. Anyone who intends to submit an al-
ternative comparison is encouraged to first 
contact EPA Office of Transportation and 
Air Quality, Assessment and Standards Divi-

sion to discuss the applicant’s intended sta-
tistical analysis. The Division may provide 
further guidance specific to the appropriate 
statistical analysis for the respective appli-
cation. 

(c) The following statistical tests are sug-
gested. If the comparison is paired, it must 
demonstrate that the alternate system 
passes a two-sided, paired t-test. If the test 
is unpaired, it must demonstrate that the al-
ternate system passes a two-sided, unpaired 
t-test. The average of these tests for the ref-
erence system must return results less than 
or equal to the applicable emissions stand-
ard. The t-test is performed as follows, where 
‘‘n’’ equals the number of tests: 

(1) Calculate the average of the in-use sys-
tem results; this is Iavg. 

(2) Calculate the average of the results of 
the system to which the in-use system was 
Referenced; this is Ravg. 

(3) Calculate the ‘‘n-1’’ standard deviations 
for the in-use and reference averages; these 
are Isd and Rsd respectively. Form the F 
ratio: F = (Isd/Rsd) 2. F must be less than the 
critical F value, Fcrit at a 95% confidence 
interval for ‘‘n-1’’ degrees of freedom. Table 1 
of this section lists 95% confidence interval 
Fcrit values for n-1 degrees of freedom. Note 
that nA represents the number of alternate 
system samples, while nR represents the 
number of reference system samples. 

(4) For an unpaired comparison, calculate 
the t-value: 

t unpaired = (Iavg ¥ Ravg)/((Isd
2 +Rsd

2)/n)1⁄2 

(5) For a paired comparison, calculate the 
‘‘n-1’’ standard deviation (squared) of the dif-
ferences, di, between the paired results, 
where ‘‘i’’ represents the ith test of n number 
of tests: 

S D
2 = (Sdi

2 ¥ ((Sdi)2/n))/(n-1) 

(6) For a paired comparison, calculate the 
t-value: 

tpaired = (Iavg ¥ Ravg)/(SD
2/n)1⁄2 

(d) The absolute value of t must be less 
than the critical t value, t crit at a 95% con-
fidence interval for ‘‘n-1’’ degrees of freedom. 
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TABLE 2 OF § 1065.910.—95% CONFIDENCE 
INTERVAL CRITICAL T VALUES FOR T-TEST 

n-1 tcrit 

6 ......................................................................... 2.45 
7 ......................................................................... 2.36 
8 ......................................................................... 2.31 
9 ......................................................................... 2.26 
10 ....................................................................... 2.23 
11 ....................................................................... 2.20 
12 ....................................................................... 2.18 
13 ....................................................................... 2.16 
14 ....................................................................... 2.14 
15 ....................................................................... 2.13 
16 ....................................................................... 2.12 
17 ....................................................................... 2.11 
18 ....................................................................... 2.10 
19 ....................................................................... 2.09 
20 ....................................................................... 2.09 

§ 1065.915 Equipment specifications 
for SI engines. 

This section describes equipment you 
may use to measure in-use emissions. 
You may use other equipment and 
measurement systems that conform to 
the requirements of §§ 1065.905 and 
1065.910. 

(a) The primary components of the 
in-use measurement system are a mass 
air flow sensor, a portable FID, a 
zirconia-based NOX sensor, a zirconia- 
based air/fuel ratio sensor, and a port-
able NDIR analyzer. 

(1) The mass air flow sensor must 
meet the requirements of § 1065.930. 

(2) The portable FID must meet the 
requirements of § 1065.935. 

(3) The NOX and air/fuel sensors must 
meet the requirements of § 1065.940 

(4) The NDIR analyzer must meet the 
requirements of § 1065.945. 

(b) You must measure the following 
parameters continuously at a rate of 3 
Hz or higher and store the data elec-
tronically: 

(1) THC, NOX, CO concentrations. 
(2) Mass air-fuel ratio. 
(3) Intake air flow rate. 
(4) Engine speed. 
(5) Parameters used to calculate 

torque. 
(c) You must minimize sample line 

length for any analyzers that require a 
physical sample be drawn from the ex-
haust to the analyzer (i.e., THC and CO 
analyzers). You must draw these sam-
ples at a constant flow rate. In no case 
may you use any combination of sam-
ple line length and sample flow rate 
that would require more than 10 sec-
onds for the analyzer to reach 90 per-

cent of its final response after a step 
change to the input concentration at 
the opening of the sample probe. For 
residence time delays between 1 and 10 
seconds, you must correct the measure-
ments to be consistent with the data 
for engine speed, torque, and air in-
take. You may also correct other meas-
urements with less than delays less 
than 1 second. 

(d) You may insert the sample probes 
and sensors into the exhaust pipe, or 
mount them in an exhaust extension 
that is connected to the exhaust pipe 
with negligible leaking. Place the sam-
ple probes and sensors close enough to 
the center line of the exhaust pipe to 
minimize boundary layer effects from 
the wall. 

§ 1065.920 Equipment setup and test 
run for SI engines. 

This section describes how to set up 
the equipment specified in § 1065.915, 
and how to use it to measure in-use 
emissions from SI engines. 

(a) Inspect the vehicle or equipment 
to determine whether it meets any ap-
plicable requirements of the standard- 
setting part. This may include require-
ments related to model year, accumu-
lated hours of operation, fuel specifica-
tions, maintenance history, engine 
temperatures, etc. 

(b) Perform calibrations as specified 
in this subpart. In the field, this gen-
erally will require only zeroing and 
spanning the instruments. However, 
each instrument must have been fully 
calibrated according to the instrument 
manufacturer’s specifications. Non-
linear calibrations generated pre-
viously from the full calibration may 
be used after zeroing and spanning the 
instruments. Spanning can be per-
formed using a single gas bottle, con-
sistent with good engineering practice, 
and provided that stability of the span 
mixture has been demonstrated. 

(c) Connect the data recorder (with 
any necessary signal interpreters or 
converters) to the engine’s electronic 
control module. 

(d) Disconnect the air intake system, 
as necessary, to attach the mass air 
flow sensor. Reconnect the system 
after attaching the mass air flow sen-
sor. 
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