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(97.5 to 102.5)% of the corresponding meas-
ured value.

(4) Required declared torques. If a nonzero
idle or minimum torque is representative of
in-use operation, you must declare the ap-
propriate torque as follows:

(i) For variable-speed engines, declare a
warm idle torque that is representative of in-
use operation. For example, if your engine is
typically connected to an automatic trans-
mission or a hydrostatic transmission, de-
clare the torque that occurs at the idle speed
at which your engine operates when the
transmission is engaged. Use this value for
cycle generation. You may use multiple
warm idle torques and associated idle speeds
in cycle generation for representative test-
ing. For example, for cycles that start the
engine and begin with idle, you may start a
cycle in idle with the transmission in neu-
tral with zero torque and later switch to a
different idle with the transmission in drive
with the Curb-ldle Transmission Torque
(CITT). For variable-speed engines intended
primarily for propulsion of a vehicle with an
automatic transmission where that engine is
subject to a transient duty cycle with idle
operation, you must declare a CITT. You
must specify a CITT based on typical appli-
cations at the mean of the range of idle
speeds you specify at stabilized temperature
conditions.

(ii) For constant-speed engines, declare a
warm minimum torque that is representa-
tive of in-use operation. For example, if your
engine is typically connected to a machine
that does not operate below a certain min-
imum torque, declare this torque and use it
for cycle generation.

(5) Optional declared torques. For constant-
speed engines you may declare a maximum
test torque. You may use the declared value
for cycle generation if 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 un-
safe or unrepresentative for your engine.
Any alternate techniques you use must sat-
isfy the intent of the specified mapping pro-
cedures, which is to determine the maximum
available torque at all engine speeds that
occur during a duty cycle. Identify any devi-
ations from this section’s mapping proce-
dures when you submit data to us.
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(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.
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(b) Transform normalized values of
speed, torque, and power using the fol-
lowing conventions:

(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, fues, 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, fuer. 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,g greater than the
reference torque you calculated from a
normalized duty cycle. This provision
permits you to command T.s values
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 T«
greater than 0 N-m when a normalized
duty cycle specifies a 0% torgue 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, P« YOu may convert these ref-
erence powers to reference speeds and
torques for operator demand and dyna-
mometer control.
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(c) For variable-speed engines, com-
mand reference speeds and torques se-
quentially to perform a duty cycle.
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 torqgue 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 torgues. 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.

EFFECTIVE DATE NOTE: At 73 FR 37317, June
30, 2008, §1065.512 was revised, effective July
7, 2008. For the convenience of the user, the
revised text is set forth as follows:

§1065.512 Duty cycle generation.

(a) Generate duty cycles according to this
section if the standard-setting part requires
engine mapping to generate a duty cycle for
your engine configuration. The standard-set-
ting part generally defines applicable duty
cycles in a normalized format. A normalized
duty cycle consists of a sequence of paired
values for speed and torque or for speed and
power.
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(b) Transform normalized values of speed,
torque, and power using the following con-
ventions:

(1) Engine speed for variable-speed engines.
For variable-speed engines, normalized speed
may be expressed as a percentage between
warm idle speed, fnige, and maximum test
speed, faesi OF speed may be expressed by re-
ferring to a defined speed by name, such as
“warm idle,” “intermediate speed,”” or “A,”
“B,”” or “C”” speed. Section 1065.610 describes
how to transform these normalized values
into a sequence of reference speeds, farer. RUN-
ning duty cycles with negative or small nor-
malized speed values near warm idle speed
may cause low-speed idle governors to acti-
vate and the engine torque to exceed the ref-
erence torque even though the operator de-
mand is at a minimum. In such cases, we rec-
ommend controlling the dynamometer so it
gives priority to follow the reference torque
instead of the reference speed and let the en-
gine govern the speed. Note that the cycle-
validation criteria in §1065.514 allow an en-
gine to govern itself. This allowance permits
you to test engines with enhanced-idle de-
vices and to simulate the effects of trans-
missions such as automatic transmissions.
For example, an enhanced-idle device might
be an idle speed value that is normally com-
manded only under cold-start conditions to
quickly warm up the engine and
aftertreatment devices. In this case, nega-
tive and very low normalized speeds will gen-
erate reference speeds below this higher en-
hanced idle speed and we recommend con-
trolling the dynamometer so it gives priority
to follow the reference torque, controlling
the operator demand so it gives priority to
follow reference speed and let the engine
govern the speed when the operator demand
is at minimum.

(2) Engine torque for variable-speed engines.
For variable-speed engines, normalized
torque is expressed as a percentage of the
mapped torque at the corresponding ref-
erence speed. Section 1065.610 describes how
to transform normalized torques into a se-
quence of reference torques, T Section
1065.610 also describes special requirements
for modifying transient duty cycles for vari-
able-speed engines intended primarily for
propulsion of a vehicle with an automatic
transmission. Section 1065.610 also describes
under what conditions you may command
Trwer greater than the reference torque you
calculated from a normalized duty cycle.
This provision permits you to command Tref
values that are limited by a declared min-
imum torque. For any negative torque com-
mands, command minimum operator demand
and use the dynamometer to control engine
speed to the reference speed, but if reference
speed is so low that the idle governor acti-
vates, we recommend using the dynamom-
eter to control torque to zero, CITT, or a de-
clared minimum torque as appropriate. Note
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