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(2) Steady-state cycles. Steady-state duty 
cycles are typically specified in the stand-
ard-setting part as a list of discrete oper-
ating points (modes or notches), where each 
operating point has one value of a normal-
ized speed command and one value of a nor-
malized torque (or power) command. 
Ramped-modal cycles for steady-state test-
ing also list test times for each mode and 
transition times between modes where speed 
and torque are linearly ramped between 
modes, even for cycles with % power. Start a 
steady-state cycle as a hot running test, 
where you start to measure emissions after 
an engine is started, warmed up and running. 
You may run a steady-state duty cycle as a 
discrete-mode cycle or a ramped-modal 
cycle, as follows: 

(i) Discrete-mode cycles. Before emission 
sampling, stabilize an engine at the first dis-
crete mode. Sample emissions and other pa-
rameters for that mode and then stop emis-
sion sampling. Record mean values for that 
mode, and then stabilize the engine at the 
next mode. Continue to sample each mode 
discretely and calculate weighted emission 
results according to the standard-setting 
part. 

(ii) Ramped-modal cycles. Perform ramped- 
modal cycles similar to the way you would 
perform transient cycles, except that 
ramped-modal cycles involve mostly steady- 
state engine operation. Generate a ramped- 
modal duty cycle as a sequence of second-by- 
second (1 Hz) reference speed and torque 
points. Run the ramped-modal duty cycle in 
the same manner as a transient cycle and 
use the 1 Hz reference speed and torque val-
ues to validate the cycle, even for cycles 
with % power. Proportionally sample emis-
sions and other parameters during the cycle 
and use the calculations in subpart G of this 
part to calculate emissions. 

* * * * * 

§ 1065.510 Engine mapping. 
(a) Scope and frequency. An engine 

map is a data set that consists of a se-
ries of paired data points that rep-
resent the maximum brake torque 
versus engine speed, measured at the 
engine’s primary output shaft. Map 
your engine while it is connected to a 
dynamometer. Configure any auxiliary 
work inputs and outputs such as hy-
brid, turbo-compounding, or thermo-
electric systems to represent their in- 
use configurations, and use the same 
configuration for emission testing. See 
Figure 1 of § 1065.210. This may involve 
configuring initial states of charge and 
rates and times of auxiliary-work in-
puts and outputs. We recommend that 

you contact the Designated Compli-
ance Officer before testing to deter-
mine how you should configure any 
auxiliary-work inputs and outputs. Use 
the most recent engine map to trans-
form a normalized duty cycle from the 
standard-setting part to a reference 
duty cycle specific to your engine. Nor-
malized duty cycles are specified in the 
standard-setting part. You may update 
an engine map at any time by repeat-
ing the engine-mapping procedure. You 
must map or re-map an engine before a 
test if any of the following apply: 

(1) If you have not performed an ini-
tial engine map. 

(2) If the atmospheric pressure near 
the engine’s air inlet is not within ±5 
kPa of the atmospheric pressure re-
corded at the time of the last engine 
map. 

(3) If the engine or emission-control 
system has undergone changes that 
might affect maximum torque perform-
ance. This includes changing the con-
figuration of auxiliary work inputs and 
outputs. 

(4) If you capture an incomplete map 
on your first attempt or you do not 
complete a map within the specified 
time tolerance. You may repeat map-
ping as often as necessary to capture a 
complete map within the specified 
time. 

(b) Mapping variable-speed engines. 
Map variable-speed engines as follows: 

(1) Record the atmospheric pressure. 
(2) Warm up the engine by operating 

it. We recommend operating the engine 
at any speed and at approximately 75% 
of the its expected maximum power. 
Continue the warm-up until either the 
engine coolant, block, or head absolute 
temperature is within ±2% of its mean 
value for at least 2 min or until the en-
gine thermostat controls engine tem-
perature. 

(3) Operate the engine at its warm 
idle speed. 

(4) Set operator demand to maximum 
and control engine speed at (95 ±1)% of 
its warm idle speed for at least 15 sec-
onds. For engines with reference duty 
cycles whose lowest speed is greater 
than warm idle speed, you may start 
the map at (95 ±1)% of the lowest ref-
erence speed. 

(5) Perform one of the following: 
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(i) For any engine subject only to 
steady-state duty cycles (i.e., discrete- 
mode or ramped-modal), you may per-
form an engine map by using discrete 
speeds. Select at least 20 evenly spaced 
setpoints between warm idle and the 
highest speed above maximum mapped 
power at which (50 to 75)% of maximum 
power occurs. If this highest speed is 
unsafe or unrepresentative (e.g, for 
ungoverned engines), use good engi-
neering judgment to map up to the 
maximum safe speed or the maximum 
representative speed. At each setpoint, 
stabilize speed and allow torque to sta-
bilize. Record the mean speed and 
torque at each setpoint. We recommend 
that you stabilize an engine for at least 
15 seconds at each setpoint and record 
the mean feedback speed and torque of 
the last (4 to 6) seconds. Use linear in-
terpolation to determine intermediate 
speeds and torques. Use this series of 
speeds and torques to generate the 
power map as described in paragraph 
(e) of this section. 

(ii) For any variable-speed engine, 
you may perform an engine map by 
using a continuous sweep of speed by 
continuing to record the mean feed-
back speed and torque at 1 Hz or more 
frequently and increasing speed at a 
constant rate such that it takes (4 to 6) 
min to sweep from 95% of warm idle to 
the highest speed above maximum 
power at which (50 to 75)% of maximum 
power occurs. If this highest speed is 
unsafe or unrepresentative (e.g, for 
ungoverned engines), use good engi-
neering judgment to map up to the 
maximum safe speed or the maximum 
representative speed. Stop recording 
after you complete the sweep. From 
the series of mean speed and maximum 
torque values, use linear interpolation 
to determine intermediate values. Use 
this series of speeds and torques to gen-
erate the power map as described in 
paragraph (e) of this section. 

(c) Negative torque mapping. If your 
engine is subject to a reference duty 
cycle that specifies negative torque 
values, generate a motoring map by 
any of the following procedures: 

(1) Multiply the positive torques from 
your map by ¥40%. Use linear inter-
polation to determine intermediate 
values. 

(2) Map the amount of negative 
torque required to motor the engine by 
repeating paragraph (b) of this section 
with minimum operator demand. 

(3) Determine the amount of negative 
torque required to motor the engine at 
the following two points: At warm idle 
and at the highest speed above max-
imum power at which (50 to 75)% of 
maximum power occurs. If this highest 
speed is unsafe or unrepresentative 
(e.g, for ungoverned engines), use good 
engineering judgment to map up to the 
maximum safe speed or the maximum 
representative speed. Operate the en-
gine at these two points at minimum 
operator demand. Use linear interpola-
tion to determine intermediate values. 

(d) Mapping constant-speed engines. 
For constant-speed engines, generate a 
map as follows: 

(1) Record the atmospheric pressure. 
(2) Warm up the engine by operating 

it. We recommend operating the engine 
at approximately 75% of the engine’s 
expected maximum power. Continue 
the warm-up until either the engine 
coolant, block, or head absolute tem-
perature is within ±2% of its mean 
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 your engine to 
lower speeds. Stop recording after you 
complete the sweep. Use this series of 
speeds and torques to generate the 
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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 torques 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. 

(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. 

(ii) 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’’, and ‘‘C’’ 
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. 

EFFECTIVE DATE NOTE: At 73 FR 37315, June 
30, 2008, § 1065.510 was revised, effective July 
7, 2008. For the convenience of the user, the 
revised text is set forth as follows: 

§ 1065.510 Engine mapping. 
(a) Applicability, scope, and frequency. An 

engine map is a data set that consists of a 
series of paired data points that represent 
the maximum brake torque versus engine 
speed, measured at the engine’s primary out-
put shaft. Map your engine if the standard- 
setting part requires engine mapping to gen-
erate a duty cycle for your engine configura-
tion. Map your engine while it is connected 
to a dynamometer or other device that can 
absorb work output from the engine’s pri-
mary output shaft according to § 1065.110. 
Configure any auxiliary work inputs and 
outputs such as hybrid, turbo-compounding, 
or thermoelectric systems to represent their 
in-use configurations, and use the same con-
figuration for emission testing. See Figure 1 
of § 1065.210. This may involve configuring 
initial states of charge and rates and times 
of auxiliary-work inputs and outputs. We 
recommend that you contact the Designated 
Compliance Officer before testing to deter-
mine how you should configure any auxil-
iary-work inputs and outputs. Use the most 
recent engine map to transform a normalized 
duty cycle from the standard-setting part to 
a reference duty cycle specific to your en-
gine. Normalized duty cycles are specified in 
the standard-setting part. You may update 
an engine map at any time by repeating the 
engine-mapping procedure. You must map or 
re-map an engine before a test if any of the 
following apply: 

(1) If you have not performed an initial en-
gine map. 

(2) If the atmospheric pressure near the en-
gine’s air inlet is not within ± 5 kPa of the 
atmospheric pressure recorded at the time of 
the last engine map. 

(3) If the engine or emission-control sys-
tem has undergone changes that might affect 
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