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value for at least 2 min or until the en-
gine thermostat controls engine tem-
perature.

(3) You may operate the engine with
a production constant-speed governor
or simulate a constant-speed governor
by controlling engine speed with an op-
erator demand control system de-
scribed in §1065.110. Use either
isochronous or speed-droop governor
operation, as appropriate.

(4) With the governor or simulated
governor controlling speed using oper-
ator demand, operate the engine at no-
load governed speed (at high speed, not
low idle) for at least 15 seconds.

(5) Record at 1 Hz the mean of feed-
back speed and torque. Use the dyna-
mometer to increase torque at a con-
stant rate. Unless the standard-setting
part specifies otherwise, complete the
map such that it takes (2 to 4) min to
sweep from no-load governed speed to
the lowest speed below maximum
mapped power at which the engine de-
velops (85-95)% of maximum mapped
power. You may map Yyour engine to
lower speeds. Stop recording after you
complete the sweep. Use this series of
speeds and torques to generate the
power map as described in paragraph
(e) of this section.

(e) Power mapping. For all engines,
create a power-versus-speed map by
transforming torque and speed values
to corresponding power values. Use the
mean values from the recorded map
data. Do not use any interpolated val-
ues. Multiply each torque by its cor-
responding speed and apply the appro-
priate conversion factors to arrive at
units of power (kW).

(f) Measured and declared test speeds
and torques. You may use test speeds
and torgues that you declare instead of
measured speeds and torques if you de-
clare them before engine mapping and
they meet the criteria in this para-
graph (f). Otherwise, you must use
measured speed and torque.

(1) Measured speeds and torques. De-

termine the applicable measured
speeds and torques according to
§1065.610:

(i) Measured maximum test speed for
variable-speed engines.

(ii) Measured maximum test torque
for constant-speed engines.
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(iii) Measured “A”, “B’””, and “C”
speeds for steady-state tests.

(iv) Measured intermediate speed for
steady-state tests.

(2) Required declared speeds. You must
declare the following speeds:

(i) Warmed-up, low-idle speed for
variable-speed engines. Declare this
speed in a way that is representative of
in-use operation. For example, if your
engine is typically connected to an
automatic transmission or a hydro-
static transmission, declare this speed
at the idle speed at which your engine
operates when the transmission is en-
gaged.

(if) Warmed-up, no-load, high-idle
speed for constant-speed engines.

(3) Optional declared speeds. You may
declare an enhanced idle speed accord-
ing to §1065.610. You may use a de-
clared value for any of the following as
long as the declared value is within
(97.5 to 102.5)% of its corresponding
measured value:

(i) Measured maximum test speed for
variable-speed engines.

(ii) Measured intermediate speed for
steady-state tests.

(iii) Measured “A”, “B”,
speeds for steady-state tests.

(4) Declared torques. You may declare
an enhanced idle torque according to
§1065.610. You may declare maximum
test torque as long as it is within (95 to
100)% of the measured value.

(g) Other mapping procedures. You
may use other mapping procedures if
you believe the procedures specified in
this section are unsafe or unrepre-
sentative for your engine. Any alter-
nate techniques must satisfy the intent
of the specified mapping procedures,
which is to determine the maximum
available torque at all engine speeds
that occur during a duty cycle. Report
any deviations from this section’s map-
ping procedures.

§1065.512 Duty cycle generation.

(a) The standard-setting part defines
applicable duty cycles in a normalized
format. A normalized duty cycle con-
sists of a sequence of paired values for
speed and torque or for speed and
power.

(b) Transform normalized values of
speed, torque, and power using the fol-
lowing conventions:

and “C”
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(1) Engine speed for variable-speed en-
gines. For variable-speed engines, nor-
malized speed may be expressed as a
percentage between idle speed and
maximum test speed, fnies, Or speed
may be expressed by referring to a de-
fined speed by name, such as warm
idle,” “‘intermediate speed,” or “A,)”
“B,”” or ‘““C” speed. Section 1065.610 de-
scribes how to transform these normal-
ized values into a sequence of reference
speeds, fye. NOte that the cycle-valida-
tion criteria in §1065.514 allow an en-
gine to govern itself at its in-use idle
speed. This allowance permits you to
test engines with enhanced-idle devices
and to simulate the effects of trans-
missions such as automatic trans-
missions.

(2) Engine torque for variable-speed en-
gines. For variable-speed engines, nor-
malized torque is expressed as a per-
centage of the mapped torque at the
corresponding reference speed. Section
1065.610 describes how to transform nor-
malized torques into a sequence of ref-
erence torques, T4 Section 1065.610
also describes under what conditions
you may command T,¢ greater than the
reference torque you calculated from a
normalized duty cycle. This provision
permits you to command T« Vvalues
representing curb-idle transmission
torque (CITT).

(3) Engine torque for constant-speed en-
gines. For constant-speed engines, nor-
malized torque is expressed as a per-
centage of maximum test torque, Tiex.
Section 1065.610 describes how to trans-
form normalized torques into a se-
quence of reference torques, T.s. Sec-
tion 1065.610 also describes under what
conditions you may command Tie
greater than 0 N-m when a normalized
duty cycle specifies a 0% torque com-
mand.

(4) Engine power. For all engines, nor-
malized power is expressed as a per-
centage of mapped power at maximum
test speed, fuex. Section 1065.610 de-
scribes how to transform these normal-
ized values into a sequence of reference
powers, Prs. YOU may convert these ref-
erence powers to reference speeds and
torques for operator demand and dyna-
mometer control.

(c) For variable-speed engines, com-
mand reference speeds and torques se-
quentially to perform a duty cycle.
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Issue speed and torque commands at a
frequency of at least 5 Hz for transient
cycles and at least 1 Hz for steady-
state cycles (i.e., discrete-mode and
ramped-modal). For transient cycles,
linearly interpolate between the 1 Hz
reference values specified in the stand-
ard-setting part to determine the 5 Hz
reference speeds and torques. During
an emission test, record the 1 Hz mean
values of the reference speeds and
torques and the feedback speeds and
torques. Use these recorded values to
calculate cycle-validation statistics
and total work.

(d) For constant-speed engines, oper-
ate the engine with the same produc-
tion governor you used to map the en-
gine in §1065.525 or simulate the in-use
operation of a governor the same way
you simulated it to map the engine in
§1065.525. Command reference torque
values sequentially to perform a duty
cycle. Issue torque commands at a fre-
quency of at least 5 Hz for transient cy-
cles and at least 1 Hz for steady-state
cycles (i.e, discrete-mode, ramped-
modal). For transient cycles, linearly
interpolate between the 1 Hz reference
values specified in the standard-setting
part to determine the 5 Hz reference
torque values. During an emission test,
record the 1 Hz mean values of the ref-
erence torques and the feedback speeds
and torques. Use these recorded values
to calculate cycle-validation statistics
and total work.

(e) You may perform practice duty
cycles with the test engine to optimize
operator demand and dynamometer
controls to meet the cycle-validation
criteria specified in §1065.514.

§1065.514 Cycle-validation criteria.

This section describes how to deter-
mine if the engine’s operation during
the test adequately matched the ref-
erence duty cycle. This section applies
only to speed, torque, and power from
the engine’s primary output shaft.
Other work inputs and outputs are not
subject to cycle-validation criteria.
For any data required in this section,
use the duty cycle reference and feed-
back values that you recorded during a
test interval.

(a) Testing performed by EPA. Our
tests must meet the specifications of
paragraph (g) of this section, unless we

744



