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(ii) For paired data, the population of
paired differences from which you sam-
pled the paired differences must have a
normal (i.e., Gaussian) distribution. If
the population of paired difference is
not normally distributed, consult a
statistician for a more appropriate sta-
tistical test, which may include trans-
forming the data with a mathematical
function or using some kind of non-
parametric test.

(3) Show that t is less than the crit-
ical t value, t., tabulated in §1065.602,
for the following confidence intervals:

(1) 90% for a proposed alternate pro-
cedure for laboratory testing.

(ii) 95% for a proposed alternate pro-
cedure for field testing.

(4) Demonstrate the precision of the
proposed alternate procedure by show-
ing that it passes an F-test. Use a set of
at least seven samples from the ref-
erence procedure and a set of at least
seven samples from the alternate pro-
cedure to perform an F-test. The sets
must meet the following requirements:

(i) Within each set, the values must
be independent. That is, the prob-
ability of any given value in a set must
be unchanged by knowledge of another
value in that set. For example, your
data would violate this requirement if
a set showed a distinct increase or de-
crease that was dependent upon the
time at which they were sampled.

(ii) For each set, the population of
values from which you sampled must
have a normal (i.e., Gaussian) distribu-
tion. If the population of values is not
normally distributed, consult a stat-
istician for a more appropriate statis-
tical test, which may include trans-
forming the data with a mathematical
function or using some kind of non-
parametric test.

(iii) The two sets must be inde-
pendent of each other. That is, the
probability of any given value in one
set must be unchanged by knowledge of
another value in the other set. For ex-
ample, your data would violate this re-
quirement if one value in a set showed
a distinct increase or decrease that was
dependent upon a value in the other
set. Note that a trend of emission
changes from an engine would not vio-
late this requirement.

(iv) If you collect paired data for the
paired t-test in paragraph (e)(2) in this
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section, use caution when selecting
sets from paired data for the F-test. If
you do this, select sets that do not
mask the precision of the measurement
procedure. We recommend selecting
such sets only from data collected
using the same engine, measurement
instruments, and test cycle.

(5) Show that F is less than the crit-
ical F value, F.., tabulated in §1065.602.
If you have several F-test results from
several sets of data, show that the
mean F-test value is less than the
mean critical F value for all the sets.
Evaluate F.., based on the following
confidence intervals:

(1) 90% for a proposed alternate pro-
cedure for laboratory testing.

(ii) 95% for a proposed alternate pro-
cedure for field testing.

§1065.15 Overview of procedures for
laboratory and field testing.

This section outlines the procedures
to test engines that are subject to
emission standards.

(a) In the standard-setting part, we
set brake-specific emission standards
in g/(kW-hr) (or g/(hp-hr)), for the fol-
lowing constituents:

(1) Total oxides of nitrogen, NOx.

(2) Hydrocarbons (HC), which may be
expressed in the following ways:

(i) Total hydrocarbons, THC.

(ii) Nonmethane hydrocarbons,
NMHC, which results from subtracting
methane (CH,) from THC.

(iii) Total hydrocarbon-equivalent,
THCE, which results from adjusting
THC mathematically to be equivalent
on a carbon-mass basis.

(iv) Nonmethane hydrocarbon-equiv-
alent, NMHCE, which results from ad-
justing NMHC mathematically to be
equivalent on a carbon-mass basis.

(3) Particulate mass, PM.

(4) Carbon monoxide, CO.

(b) Note that some engines are not
subject to standards for all the emis-
sion constituents identified in para-
graph (a) of this section.

(c) We set brake-specific emission
standards over test intervals, as fol-
lows:

(1) Engine operation. Engine operation
is specified over a test interval. A test
interval is the time over which an en-
gine’s total mass of emissions and its
total work are determined. Refer to the
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standard-setting part for the specific
test intervals that apply to each en-
gine. Testing may involve measuring
emissions and work during the fol-
lowing types of engine operation:

(i) Laboratory testing. Under this type
of testing, you determine brake-spe-
cific emissions for duty-cycle testing
by using an engine dynamometer in a
laboratory. This typically consists of
one or more test intervals, each defined
by a duty cycle, which is a sequence of
speeds and torques that an engine must
follow. If the standard-setting part al-
lows it, you may also simulate field
testing by running on an engine dyna-
mometer in a laboratory.

(i1) Field testing. This type of testing
consists of normal in-use engine oper-
ation while an engine is installed in a
vehicle. The standard-setting part
specifies how test intervals are defined
for field testing.

(2) Constituent determination. Deter-
mine the total mass of each con-
stituent over a test interval by select-
ing from the following methods:

(1) Continuous sampling. In continuous
sampling, measure the constituent’s
concentration continuously from raw
or dilute exhaust. Multiply this con-
centration by the continuous (raw or
dilute) flow rate at the emission sam-
pling location to determine the con-
stituent’s flow rate. Sum the constitu-
ent’s flow rate continuously over the
test interval. This sum is the total
mass of the emitted constituent.

(ii) Batch sampling. In batch sam-
pling, continuously extract and store a
sample of raw or dilute exhaust for
later measurement. Extract a sample
proportional to the raw or dilute ex-
haust flow rate. You may extract and
store a proportional sample of exhaust
in an appropriate container, such as a
bag, and then measure HC, CO, and
NOx concentrations in the container
after the test interval. You may de-
posit PM from proportionally extracted
exhaust onto an appropriate substrate,
such as a filter. In this case, divide the
PM by the amount of filtered exhaust
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to calculate the PM concentration.
Multiply batch sampled concentrations
by the total (raw or dilute) flow from
which it was extracted during the test
interval. This product is the total mass
of the emitted constituent.

(iii) Combined sampling. You may use
continuous and batch sampling simul-
taneously during a test interval, as fol-
lows:

(A) You may use continuous sam-
pling for some constituents and batch
sampling for others.

(B) You may use continuous and
batch sampling for a single con-
stituent, with one being a redundant
measurement. See §1065.201 for more
information on redundant measure-
ments.

(3) Work determination. Determine
work over a test interval by one of the
following methods:

(1) Speed and torque. For laboratory
testing, synchronously multiply speed
and brake torque to calculate instanta-
neous values for engine brake power.
Sum engine brake power over a test in-
terval to determine total work.

(i1) Fuel consumed and brake-specific
fuel consumption. Directly measure fuel
consumed or calculate it with chemical
balances of the fuel, intake air, and ex-
haust. To calculate fuel consumed by a
chemical balance, you must also meas-
ure either intake-air flow rate or ex-
haust flow rate. Divide the fuel con-
sumed during a test interval by the
brake-specific fuel consumption to de-
termine work over the test interval.
For laboratory testing, calculate the
brake-specific fuel consumption using
fuel consumed and speed and torque
over a test interval. For field testing,
refer to the standard-setting part and
§1065.915 for selecting an appropriate
value for brake-specific fuel consump-
tion.

(d) Refer to §1065.650 for calculations
to determine brake-specific emissions.

(e) The following figure illustrates
the allowed measurement configura-
tions described in this part 1065:
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Figure 1 of §1065.15—Default test procedures and other specified procedures.
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