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1. SCOPE

This document describes a fuel-consumption test procedure that utilizes industry accepted data collection and statistical
analysis methods to determine the difference in fuel consumption between vehicles with a gross vehicle weight of more
than 10000 pounds. This test procedure can be used for an evaluation of two or more different vehicles but is not to be used
to evaluate a component change. Although on-road testing is allowed, track testing is the preferred method because it has
the greatest opportunity to minimize weather and traffic influences on the variability of the results. All tests shall be conducted
in accordance with the weather constraints described within this procedure and shall be supported by collected data and
analysis. This document provides information that may be used in concert with SAE Recommended Practices SAE J1264,
SAE J1252, SAE J1321, and SAE J2966, as well as additional current and future aerodynamic and vehicle performance
SAE standards.

1.1 Purpose

The purpose of this
between test vehicle
comparison through

2. REFERENCES
2.1 Applicable Do

The following public
latest issue of SAE ¢
211 SAE Publice

Available from SAE

Hocument is to provide a standardized test procedure to determine the difference
s. Two or more vehicles may be compared simultaneously and directly or by non
the use of an unchanging control vehicle. The method by which this is achieved i

cuments

htions form a part of this specification to the extent specified herein. Unless oth
ublications shall apply.

tions

nternational, 400 Commonwealth Drive, Watrendale, PA 15096-0001, Tel: 877-6

in fuel consumption
concurrent (indirect)
5 described in 4.9.

prwise indicated, the

D6-7323 (inside USA

and Canada) or +1 124-776-4970 (outside USA), www.sae.ord,

SAE J1252 SAH Wind Tunnel Test Procedure for Trucks and Buses

SAE J1263 Road Load Measurement and Dynamometer Simulation Using Coastdown Techniqugs

SAE J1264 Joint RCCC/SAE Fuel Consumption Test Procedure (Short Term In-Service Vehicle) [Type 1

SAE J1321 Fue| Consumption Test Procedure - Type Il

SAE J1594 Vehjcle Aerodynamics Terminology

SAE J2084 Aergdynamic. Testing of Road Vehicles - Testing Methods and Procedures

SAE J2263 Road Load Measurement Using Onboard Anemometry and Coastdown Techniques

SAE J2711 Recommended Practice for Measuring Fuel Economy and Emissions of Hybrid-Electric and Conventional
Heavy-Duty Vehicles

SAE J2881 Measurement of Aerodynamic Performance for Mass-Produced Cars and Light-Duty Trucks

SAE J2966 Guidelines for Aerodynamic Assessment of Medium and Heavy Commercial Ground Vehicles Using
Computational Fluid Dynamics

R-430 Aerodynamics of Road Vehicles

Buckel, H., “Transit Bus Fuel Economy Test,” SAE Technical Paper 810025, 1981, https://doi.org/10.4271/810025.

Surcel, M. and Michaelsen, J., “Fuel Consumption Tests for Evaluating the Accuracy and Precision of Truck Engine
Electronic Control Modules to Capture Fuel Data,” SAE Technical Paper 2009-01-1605, 2009, https://doi.org/10.4271/2009-
01-1605.
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2.2  Other Publications

Coleman, H. and Steele, G., “Experimental Validation and Uncertainty Analysis for Engineers,” 3rd ed., Wiley, 2009.

TMC Report, “Report of Frederick, Maryland, Truck and Bus Fuel Economy Demonstration, Conducted October 22-
November 1, 1979, by the Joint TMC/SAE Task Force for In-Service Test Procedures of The American Trucking Industry,”

November 1980.

RP 1102A

RP 1103A

RP 1109B

TMC Fuel Consumption Test Procedure - Type
TMC Fuel Consumption Test Procedure - Type lll

TMC Type IV Fuel Economy Test Procedure

3. DEFINITIONS

ACCURACY: The e
cannot be determine

ASTM: An internatio
develops and publis
services.

AERODYNAMIC DE
the vehicle.

CARGO WEIGHT (d
COLD START: The

CONFIDENCE INTHE
when subjected to th

CONTROL VEHICL
any other purpose d

COMBINATION VE}
pulled vehicle (traile

COMPONENT: A co

tent to which a given measurement agrees with the standard value for\that meg
d for this test procedure because of the lack of a standard value.

hal standards organization, known until 2001 as the American Society for Testing
hes voluntary consensus technical standards for a wide range“of materials, pro

VICE: A structure or system on the exterior of the vehicle for altering the aerodyna

W): Equal to the gross vehicle weight minus the tare weight.
nitial operation of the vehicle after 12 hours of no operation (including no engine i

RVAL: A range about the result which*95% of the population (i.e., repeated sampl
e same test conditions.

E (CV): A control vehicle obtains reference data for the test and is not modified in
iring the entire test.

1ICLE: An equipment configuration that includes a separate power unit and at |

).

bumper, fairings, mifrors, etcsThe tractor, truck, truck-trailer, trailer, or entire vehicle as a single entity

DATA POINT (DP):

he'guantity of fuel consumed by a single vehicle during a run.

surement. Accuracy

and Materials, which
ducts, systems, and

mic forces acting on

dling).

e runs) will fall within

any way or used for

pbast one unpowered

mponent js.defined as an individual part of the test vehicle or tractor or trailer or tquck-trailer; i.e., tires,

is not a component.

DIESEL EXHAUST FLUID (DEF): An aqueous urea solution used with selective catalytic reduction exhaust after-treatment

systems to reduce N

Ox emissions.

DIESEL OXIDATION CATALYSTS (DOC): A part of the exhaust system designed to remove harmful emissions from the
exhaust gas of a diesel engine.

DRIVER: Operator of a vehicle.

DUTY/DRIVING CYCLE: The test cycle as defined by length in miles, number of complete stops, distance between stops,
average road speed, road grade, engine on time, number of idle periods, length of total idle time and length of idle
periods/stops, total time to complete the cycle, engine speed and accessories used during idle period, reverse driving, and
any unique transmission shifting or operational activity during which time test fuel is consumed.
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DPF REGENERATION EVENT, ACTIVE: An emission reduction event that may temporarily alter the vehicles fuel
consumption rate and substantially increase the DPF outlet exhaust temperature in the range 200 to 300 °C above normal
operating range.

DPF REGENERATION EVENT, PASSIVE: An emission reduction event that may alter engine operating parameters to
oxidize diesel soot in the DPF. This may occur without substantially increasing DPF outlet exhaust temperatures as would
occur during an active regeneration event. It may, or may not, affect the vehicles fuel consumption rate.

ENGINE RUN TIME: Time accumulated during which the engine is running. This includes all time whether consuming test
fuel or not and may also include time between runs.

EXHAUST GAS RECIRCULATION (EGR): The recirculation of a portion of engine exhaust gas back to the combustion
chambers for the purpose of reducing emissions.

FIFTH WHEEL: A piyoting coupling device attached to a leading vehicle or component of a combination|vehicle that supports
the front of a trailer.

FLOW METER: An ihstrument used to measure the flow rate or volume of a fluid.
FUEL WEIGH TANK (PORTABLE FUEL TANK, TEST TANK): An easily removable fueltank.

GAP, AERODYNAMIC: Longitudinal distance between the aft most point of the cab-external surface, ingluding aerodynamic
side fairings, and thg forward most point of the cargo carrying portion of the trailer.

GAP, TRACTOR T(Q TRAILER: Longitudinal distance between the vertical flat surface of the back of the cab/sleeper to the
vertical flat surface dn the front of the trailer.

GASEOUS FLUID: A medium other than pure liquid.

GLOBAL POSITIONING SYSTEM (GPS): A device capable of measuring and/or displaying vehjcle speed, latitude,
longitude, and elevation using a system of satellites, computers, and receivers.

GROSS COMBINED WEIGHT (GCW): Applies to.combination vehicles. The combination of the total|weight of the tractor
(powered unit), the tptal weight of the trailer, and the weight of the freight load.

GROSS VEHICLE WEIGHT (GVW): Applies'to single unit vehicles. The total weight of a vehicle and thg weight of the freight
load.

GROSS VEHICLE WEIGHT RATING (GVWR): The maximum allowable total mass of a road vehicle when loaded including
the weight of the vehicle, fuel, passengers, cargo, and trailer tongue weight.

MEAN: The sum of the sample values divided by the number of values.

NIST: National Institute-of Standards and Technology.

OBSERVER: A passenger in the vehicle responsible for maintaining and recording various test operational conditions and
assisting the driver. The observer may also perform checks of elapsed times and intervals between test vehicles.

ODOMETER READING: The distance (mileage or kilometers) accumulated by the vehicle as displayed on the odometer on
the vehicles instrument panel.

OEM: Original equipment manufacturer.
ON-BOARD DIAGNOSTICS (OBD): A system which monitors emission related components to ensure compliant operation.
POWERED UNIT: The portion of the vehicle which includes the primary propulsion system.

PRECISION: The extent to which a given set of measurements of the same sample agree with their mean.
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RUN (R): A complete and simultaneous circuit of the specified test route by the test vehicle(s) and the control vehicle (if
used) or one test vehicle and the control vehicle when such test method is being conducted as described in 4.9. The run
shall be completed without the occurrence of an equipment failure or malfunction, driver error, or a failure to obtain all
required weather and operational data. Each run generates one data point for each vehicle.

RUN RATIO: The ratio of fuel efficiency (miles per gallon (mpg)), fuel quantity, or DEF quantity of one test vehicle divided
by another test vehicle.

RUN TIME: The time required for a vehicle to complete a run. This may or may not include engine idling prior to and/or after

actual vehicle movement.

SEGMENT: A minim

um of three runs with the vehicles under test.

SEMITRAILER: Trai
SINGLE UNIT VEHI
STANDARD DEVIA
SELECTIVE CATAL
reductant fluid (refe
elemental nitrogen a

TARE WEIGHT (TW

TEST (T): A testis ¢
test vehicle and the

TEST FUEL: Fuel cq
TEST ROUTE—ON
have minimal traffic
allow consistent and
same approximate g
TEST ROUTE—ON-
TEST TANK: The fu

THERMALLY STAB
thermally stable stat

er supported at the rear by Its own wheels and at the tfront by a Tifth wheel mounte

CLE: A vehicle which has the powered portion and freight carrying unit mounted t

YTIC REDUCTION (SCR) AFTERTREATMENT SYSTEMS: A-system which

red to as diesel exhaust fluid (DEF)) in conjunction with a ‘eatalyst to convert
nd oxygen.

): Weight of an empty vehicle with full fuel tanks, lubricants and trailer but without

omposed of two segments (Segment 1 and Segment 2) with sufficient valid dats
control vehicle when applicable.

nsumed and measured/quantified during:the test run.

to increase repeatability. For consideration, roadways using a cloverleaf at the t
repeatable operation of both yehicles for every run. The route shall have a start
eographical location.

TRACK: For on-track.tests, a test route consists of a specified number of laps arg

bl source tank used during a test run.

| E FUEL CONSUMPTION: Fuel consumed while operating over the duty cycle
b. This state is achieved by conducting a vehicle warm-up drive.

TRACK (TEST TRA

speed over the compléete track circuit. The track road surface shall be similar to that found ona U.S. h

TEST VEHICLE (TV

CK)\ A continuous closed circuit that allows for the safe operation of test vehicles

1 to a tractor or dolly.

D the same chassis.

[ION: A measure of the spread or scatter of measurements around the miean of those measurements.

employs a chemical
nitrogen oxides into

occupants or load.

acquired from each

ROAD: The route shall be representative of the desired drive cycle under investigation. The route shall

Lirn around point will
And stop point at the

und the test track.

with the vehicle in a

at the selected test

): The vehicle(s) that are being compared.

TMC: The Technology and Maintenance Council of American Trucking Associations

ghway.

TRACTOR: A vehicle designed primarily to pull a semi-trailer by the use of the fifth wheel which is mounted over its drive
axle(s). May be called a highway tractor to differentiate it from a farm tractor.

TRAILER: A freight carrying unpowered unit pulled by a powered unit.

TRUCK: A vehicle which carries cargo in a body (van, tank, etc.) which is mounted to a chassis, possibly in addition to a
trailer which is towed by the vehicle.

TRUCK-TRAILER: A truck-trailer combination consists of a truck that holds cargo in its body which is connected to its
chassis, and which tows a trailer.
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UNCERTAINTY: Having limited knowledge where it is impossible to exactly determine the true value, thus having more
than one possible outcome.

VEHICLE CLASSES: Class of the vehicle based on gross vehicle weight (Table 1).

Table 1 - Vehicle classes weight range

VEHICLE RELATIVI

longitudinal axis of the vehicle.

VEHICLE VELOCIT
WARM-UP: Operatic
WIND ANGLE (®): A
WIND VELOCITY (M
WIND GUST: A sud

YAW ANGLE (W): Is
and wind angle, rela

4. TEST PREPARA
NOTE: A separate
4.1 Test Site
411 Test Track
A controlled test env

the test results. Grad
fuel consumption. Tr

Gross Vehicle Weight

Class Pounds Kilograms

Class 3 10001 to 14000 4536 to 6350
Class 4 14001 to 16000 6351 to 7258
Class 5 16001 to 19500 7259 to 8845
Class 6 19501 to 26000 8846 to 11794
Class 7 26001 to 33000 11795 to 14969
Class 8 33001 or more 14970 or more

E VELOCITY (V): “V” is the sum of the vehicle velocity and the compoenent of wi

¥ (VT): Velocity of the vehicle relative to the roadway.

n of the vehicle for a specified duration over the duty cycleto achieve a thermally
ngle of the mean wind direction relative to the vertical cénter plane of the vehicle
W): The rate of motion of the air past a fixed poit'on the ground.

len and brief increase in wind velocity.

ive to the vehicle heading.

ATION

ironmentthat has a closed loop test track is recommended for this procedure to n
es are(acceptable; however, it should be noted they may affect the vehicles differe
bck-Selection shall be consistent with the vehicle evaluation of interest. For instang

file (Information Form)is provided for your convenience to document the test detdi

nd velocity along the

stable condition.

the effective wind angle experienced by the vehicle based upon vehicle ground velocity, wind velocity,

S.

hinimize variations in
ntly and the resultant
e, if the test vehicles

LS ot ranrac.

h a track that is also

normally run in relat
relatively flat.

meahflat t S bhanitvandldb. - totinia t rarara—th wahial
veTymatterrarT, T o wouTO DT TTHOST TCPTCSTTITiatv e tToU COTTToarc— - veToIiC S™O

Track shape should also be considered when selecting a location. Since wind can affect vehicles differently, the shape of
the track is preferably either oval or circular so that the effects of steady wind blowing in a constant direction are minimized.

NOTE: If the test vehicles normally operate in off-road soft surface type conditions, the road surface will have a significant
impact and thus the test track road surface should match normal operating conditions.
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4.1.2 Public Roadways

For on-road tests, a test route shall have a start and stop point at the same approximate geographical location (for instance,
within 1/2 mile of each other to minimize the effect of any net elevation change). The route shall have minimal traffic to
increase repeatability. The road surface may have a significant impact and thus the road surface shall represent the
operating conditions for the vehicles under investigation. For consideration, roadways using a cloverleaf at the turn around
point will allow consistent and repeatable operation of both vehicles for every run.

NOTE: If testing is chosen to be conducted on public roadways, be aware that the results may have a large variation due

to uncontrollable factors such as traffic and changing weather patterns over the route. As a result, the statistically
calculated confidence interval may be equally large and the results may show no differences between the vehicles.
If test results obtained on public roadways produce statistical confidence interval results greater than the nominal
difference between the vehicles or is greater than acceptable to the test operator, it is advised that the test be

conducted o
4.2 Test Speed

The test speed shal
conditions. Vehicles
(engine speeds and
over any part of the
vehicles to ensure re
4.3 Drivers and O

Drivers selected sha
the test period. Drive

Observers may be a
observer shall reco
adjustments to the ¢
shall be taken as tq
consumption and thy

4.4 Fuel Source

Fuel used for the tes
ensure all vehicles g

than 1% by volume and then be refueled from the dedicated source. It is acceptable to combine the fu

vehicles with the deq

4.5 Fuel Measurement

a test rack. (oee AppendixX A Tor efieclts weather may have on the results. )

be representative of in-service operation and be within the capabilitylof the te

shift points). If the test vehicles can be operated in more than onétransmission ge
test run at the speed selected, a pre-determined driving procedure shall be spec
peatability. All vehicles shall be operated at the same duty/driving cycle test spee

DServers

Il be sufficiently skilled so that test results are notyaffected by the driver’s technig
rs shall also have a strong motivation for unbiased results and excellence of test

5signed (but are not required) to each driver to record data and assist with compl€
rd elapsed times for each run overall and between any landmarks previou
riving style between landmarks can-be made during a run to meet the elapsed

not attempt to make up relatively large amounts of time. Doing so may adve
s affect the results.

t shall be from a single dedicated source that is large enough to complete the tes
re powered with identical fuel, all fuel in the vehicles test tanks prior to testing sha

icated source-provided all fuel is combined and mixed prior to any filling for testin

The only two methog

5t vehicles and road

are to be operated according to vehicle, engine, and transmission\manufacturers’ recommendations

ar or differential ratio
fied and used for all
d(s).

ue improving during
procedure conduct.

X driving cycles. The
sly identified. Slight
time profile but care
rsely affect the fuel

t without refilling. To
| be removed to less
el removed from the

g.

s-approved for measuring the fuel consumed during a test are gravimetric (direct

measurement of the

weight of the fuel consumed) and volumetric by flow meter. The chosen method shall not change during a test. See more
information in 4.6.

451 Gravimetric

With this method, a scale is used to weigh the portable fuel tanks both before a run (when full of fuel) and after a run (after
fuel has been consumed from the tank). The difference between the pre-run and post run weight is therefore the amount of

fuel used for the run. The weight of the fuel consumed for a run can then be converted to volume if desired by using a
density value which may be obtained using a standard scientific and/or engineering method or from the fuel supplier.

452 Volumetric by Flow Meters
The volumetric method utilizes fuel flow meters placed in-line between the on-board fuel tank and the engine. The volume

of fuel consumed during the run is measured by the meter. Because volumetric measurement of a fluid changes with its
temperature, a thermal coefficient of expansion calculation shall be used to correct for density changes.
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Data collection rate for the flow meter shall be at least 1 Hz (one measurement per second) and the thermal coefficient of
expansion calculation shall be applied to each data point.

CAUTION: Applying a thermal coefficient of expansion calculation to the entire volume of fuel utilizing only the beginning
and ending fuel temperatures will produce inaccurate results.

Return flow from the engine needs to be either measured separately from the supply flow, or (ideally) introduced back into
the supply flow, beyond the flow meter, after being cooled. The latter method requires only one flow meter, which measures
the actual amount of fuel being consumed by the engine.

Engines that introduce a large amount of gaseous fluid in the return flow may be problematic to measure fuel consumption,
unless a separator is introduced into the system. Additionally, flow meters may not be suitable for engines with very high
return flow.

4.5.3 Other Methdds
Volumetric measurement of fuel in the tank and/or as metered from a fuel dispensing nozzle shall not be used because it is
not sufficiently acclyrate even when compensated for thermal expansion to meet the lintentiong of this procedure.
Additionally, the dafa obtained from the engine electronic control module (ECM) shalb not be use¢d because it is not
sufficiently accurate jor repeatable to meet the intentions of this procedure.

4.6 Test Equipmept

All instrumentation u
meet all applicable

information, and pla
4.6.1 Fuel Tank (f

An easily removable
lines as a result of I

sed in the test process shall have valid NIST traceablé.calibration records and all
ANSTM standards for the intended fuel application All instrumentation type, spec
ement in regards to weather measurement instrumentation shall be documented

br Use with Gravimetric Fuel Measurement:NMethod)

fuel tank shall be appropriately sized{o complete a test run without risk of indu
w fuel. A good rule of thumb is that the fuel tank should contain approximately twq

fuel necessary to coplete a run. Adequate tank volume’should also be allowed for thermal expansion

should be fitted with
return lines should b
in the return line.

Installing two or mo
reduce the stopped
color coded and/or n
from one tank to and

quick disconnect fuel lines so'that it can be removed from the vehicle for weigh

‘e removable tanks per test vehicle can be used to save time between runs. T
time between test runs while tanks are switched. To prevent error in tank switc
umbered. Having these tanks simultaneously installed on the vehicle so that only
ther will further reduce the stopping time between runs.

The installation of thé tanks, shall affect all vehicles equally by weight and aerodynamics. This can be m

all tanks are identicg

| in ‘censtruction and installation.

fuel consumed shall
fications, calibration

cing air into the fuel
times the estimated
of the fuel. The tank
ing. The supply and

b adequately spaced to ensure gaseous fluid does not enter the supply line as a re¢sult of gaseous fluid

his can substantially
ning, they should be
he lines are diverted

inimized by ensuring

4.6.2 Fuel Cooler

A fuel cooler/radiator capable of maintaining the temperature of the fuel in the tank below the engine OEMs maximum
allowed temperature (normally 160 °F per engine OEM recommendations, but should be validated by the engine OEM) may
be required. Failing to keep the fuel temperature below the maximum allowed value may trigger an engine derate strategy
which will affect the fuel consumption. The cooler shall be located in a manner to obtain the necessary air flow while
minimizing the aerodynamic impact on the vehicle. Pressure drop across the fuel cooler shall not impede flow to a point
where the manufacturer specified delivery pressure and volume is not maintained which may result in a performance derate
condition. An alternative to a fuel cooler may be to increase the volume of the fuel tank so that the return fuel does not
overheat the source fuel.
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4.6.3 Scale (for Use with Gravimetric Fuel Measurement Method)

A single calibrated digital scale having sufficient capacity and capability to accurately weigh the portable fuel tanks
throughout the full range of tested fuel levels shall be used for all tank weight measurements.

The scale shall have a display resolution of no more than 0.1% of the minimum fuel consumption value for a test run. The
scale shall be verified by calibration to be accurate within £0.25% of the measurement range observed throughout the test.

To minimize measurement error, the scale manufacturer's recommendations shall be followed for leveling, warming of
electronics, and zeroing; weight measurements shall be recorded immediately after the display has settled to a final value;
the scale shall be shielded from wind and/or drafts as they will cause unstable and/or biased measurement values; and

portable fuel tanks s

hall be placed on the scale platform in the same location and orientation.

A calibration weight
of measurements.

46.4 Flow Meters|

A positive displacem
to accurately measu
values obtained fro

and at the data coll
second) and the the
point.

CAUTION: Applying
and end

All flow meter systen
flow rates. Dependin
vehicles (see 4.9 for
and report a value W

NOTE: To ensure a
check shoul
flow as meg
equipment U

If using a gr.

Within the range of tank weights shall be used to verily the scale repeatability pri

ent flow meter intended for gasoline or diesel fuel may be used if it haS)sufficient ca
re fuel flow and volume throughout the full range of vehicle operating conditions.

this instrument are temperature compensated per the fuel temperature at the in
ction rate. The data collection rate for the flow meter shallbe’ at least 1 Hz (o

a thermal coefficient of expansion calculation to the entire volume of fuel utilizin
ng fuel temperatures will produce inaccurate results.

ns shall be calibrated and accurate within0.25% of the reading throughout the m
g on the method of evaluation being conducted, the meter may or may not requir
clarification). Swapping may be omitted if all flow meters can be proven to measu
ithin 0.25% of each other.

gross error did not occur with.the installation of the flow meter and data acquisitior]
] be performed. This can be’accomplished by comparing the flow as measured b,
sured using either a_graduated container or gravimetric tank. The accuracy 3
sed to perform this(validation will affect the precision of the comparison.

hduated container, record the dispensed volume of fuel and its temperature for ¢

Depending

60 °F (15.6 {C). For instance, if the fuel in the container is at 80 °F (27.7 °C), a 1 gallon chang
graduated cpntainermay be reported by the flow meter as less than 1 gallon. The formula
correction fgctor for'thermal expansion of a liquid will affect the comparison. If possible, it is
formula and|caleulation process as the meter system.

n the flow imeter system, the dispensed volume may be corrected to the indus

br to each sequence

pacity and capability
tis required that the
let to the flow meter
e measurement per

rmal coefficient of expansion (temperature compensation) calculation shall be g@pplied to each data

g only the beginning

basurement range of
e swapping between
re the same quantity

system, a validation
y the meter to actual
nd resolution of the

mparison purposes.
ry standard value of
e as indicated by the
used to determine a
est to use the same

If using a gravimetric tank to perform the “as installed” validation check, the density of the fuel sample shall be
precisely known to avoid errors when converting volume to mass.

CAUTION: Be aware that flow meters are typically calibrated at steady state conditions and typically have a varying
accuracy at different flow rates. Ensure that the calibration is performed in the range of the expected flow rates.
Additionally, because actual fuel consumed by the engine will include many transients throughout the range, a
more complete and useful calibration curve would include such transients. Because of these inherent potential
errors in the accuracy of a flow meter, the most accurate comparisons can thus be achieved under steady state
conditions.
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4.6.5 Weather Measurement Station(s)

Wind speed, wind direction, and true air temperature (shielded from direct sun light or sources of thermal radiation) shall be
measured and recorded throughout the test at a minimum sampling rate of one sample/minute. It is recommended that
weather measurements be obtained at multiple locations but is not required. (See Appendix A for effects weather may have

on the results.)

The device and its lo

cation shall meet the following requirements:

°F for temperature.

nt devices shall be located in an open area such that they are not influenced

obstacles and shall not be shielded from above or from the wind in any direction.

g judgment shall be used when determining the weather measureméntiocation
ormalization and Weather Constraints

more information.

> direction, and +1
b.
and not more thgn 30 feel.

c. The measurems

d. Good engineerin

4.7 Wind Speed N

See Appendix A for

4.7.1  Wind Speed Normalization

To ensure consisten
a height of 10 feet u

where:

Vw,10 = the test ]

Cy in the application of the wind speed test criteria, all wind speed measurements
5ing the 1/7th power law relationship shown in*Equation 1.

Vw,10 =M (10/Hm)""

eference wind speed at 10 feet above the road surface

Vwm = the measutfed wind speed

Hwm = the elevatiq

Listed in Table 2 arg
reference wind spee

n height for the wind measurement

scaling factors to correct wind speed measurements obtained at a height other
d at 10.feet'above ground level.

Table 2 - Wind speed normalization per height above ground

The weather measurement station(s) shall have accuracies within £1.5 mph for wind speed, +5 degrees for wind

The weather measurements shall be obtained at an elevation distance above the road surface that is greater than 4 feet

by vehicles or other

ong the route.

shall be corrected to

(Eq. 1)

han 10 feet to a test

Hwm (feet) Scale Factor Hw (feet) Scale Factor
4 1.140 14 0.953
5 1.104 15 0.944
6 1.076 16 0.935
7 1.052 18 0.919
8 1.032 20 0.906
9 1.015 22 0.893

10 1.000 24 0.882
11 0.986 26 0.872
12 0.974 28 0.863
13 0.963 30 0.855
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EXAMPLE: A wind speed (Vw) of 10.50 mph is obtained at a measurement height (Hw) of 5 feet abo
corrected wind speed at 10 feet above ground level is:

Vw,10 =Vm x Hm = 10.5 x 1.104 = 11.59 mph

4.7.2 \Weather Constraints

ve ground level. The

Weather data of each run shall be reviewed to ensure the constraints listed in Table 3 are not violated. Measured wind

speed conditions shall be normalized per 4.7.1 before being compared to the requirements.

Table 3 - Weather constraints

Criteria Requirements

Mean wind speed during a run <12 mph (19 km/h)

Mean wind speed ghange between segments and

between runs <5 mph (8 km/h)

Max wind gust 15 mph (24 km/h)

Allowable temperafure range 40 to0 100 °F (4 to0 38 °C)

Temperature change within a test <30 °F (17 °C) (e.g., 50 to 80 °F 10 to 27 °C

within a test)

Rain None allowed

For a more completg understanding of the difference between two vehicles, additional complete tests
under different weather conditions within these constraints.

CAUTION: Wind diection will have an impact on aerodynamics and thus fuel consumption. The req

should be conducted

Llirements in Table 3

are intennded to minimize such affects but are not all encompassing. For example, althougl wind speed may be

similar Between runs and/or segments, different wind.directions may produce significantly
and thug could increase test result variability. Therefore, to minimize data variability, win
speed of all runs and segments should be similar.

4.8 Test Vehicles

This procedure is to pe used to evaluate the differénce in fuel consumption between vehicles for a give
requirements for the|vehicles to be similar in any)manner.

It should be noted th
repeatability of the
and those factors sh

t large differences invvehicle type (external geometry and/or powertrain) may ady
easured differences-between vehicles. It should also be noted that many factors aft
Il be identical between the vehicles if their impact is not the objective of the com

different yaw angles
d direction and wind

n drive cycle with no

ersely affect the test
ect fuel consumption
barison.

pbdynamics, driveline
vehicle components
o tractors are being
reefer versus reefer

or dry van versus dry-v
of trailer fairing, etc.), tra|Ier height, door type, exterlor surface roughness undercarnage bogles

skirts, boat-tail, front
brakes, etc. Equally

important, if two trailers are being compared, the tractors connected to each trailer shall be of the same manufacturer and

model (for instance, high roof sleeper versus high roof sleeper or day cab versus day cab), tire man

ufacturer and model

and tread depth, aerodynamic features (side fairings, roof fairings, bumpers, etc.), wheel base, mirrors, axle types, etc.

4.8.1 Vehicle Checklist

In general, each vehicle shall be checked for proper operating condition prior to testing. The following is not an all-inclusive
list of items that should be checked, but it does give a direction on the type of items that can have an effect on the results.

a. Vehicle wheel and axle alignment checked and proper.

b. New air cleaner element and fuel filters are recommended.

c. Each vehicle properly lubricated prior to test. All fluid levels should be checked and be at prescribed levels.
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d. Cold tire pressures measured and inflated to vehicle or tire manufacturer standard. Tire pressures need to be set at the
beginning of the day following overnight cold soaks. Ensure solar loading on all tires is consistent prior to adjusting
pressures.

e. Tread depth of all tires measured and recorded.

f. A stall check made on vehicles equipped with automatic transmissions and torque converters.

g. Exhaust system free of mechanical and operational defects.

h. Proper brake adjustment.

i. Odometers and speedometers should be validated to ensure vehicle speed accuracy. Methods to determine accuracy
may be: (1) medsure the actual revolufions per mile of the drive fires and adjust the appropriate €]ectronic parameters
to match, (2) mepsure the elapsed time to complete a predefined distance, or (3) use a GPS capaljle of measuring road

speed within 0.1|mph. If the speedometer is not accurate, then a vehicle speed adjustmentmay bg necessary to match
the indicated spg¢ed to the actual speed.

j-  Mile per gallon {mpg) displays should be turned off or covered up. Such information-Can potentially alter the driver
habits.

k. The fuel lines ofthe measurement system shall be purged of air.

I.  The installation ¢f the fuel measurement system shall not adversely affect the mechanical or aerodynamic performance
of the vehicle.

The following items ghould not only be checked prior to testing but,should also be checked before each run. The pre-run
checks need not be ps extensive as during the initial vehicle preparation but can be conducted as a g¢neral observation.

a. Cab windows fof all vehicles are closed. If windows ar&open, the openings shall be the same in|each vehicle for the
entire test. For tfansit buses, all windows shall stay thie same (open or closed) for entire test.

b. Accessory loadg for each vehicle as consistent'as possible (for example, by turning air conditionipg off or to the same
setting, defrostef off, blower speed at the same setting, and lights on).

c. Fully functional ¢ngine and aftertreatment systems without diagnostic trouble codes or other engine/emission service
indicators illumirjated (MIL, DEF).

d. All emission aftertreatment components shall be in proper working condition. Vehicles that rely on g reductant chemical
(e.g., DEF) to cgntrol pollutants shall have sufficient volume on board to complete all testing.

e. Temperature controlled fan drives shall be set to the same operating mode throughout the test.

f. Entire vehicle cl¢an-and free of damage or missing body parts.

g. Free of brake air system leaks.

h. Full air tank pressure.

i. Oil pressure and no oil leaks (engine, transmission, axles, etc.).
j-  Coolant temperature and no coolant leaks.

k. No excessive exhaust smoke.

I. Observed ability to maintain selected test speed.

m. Aftertreatment condition, i.e., state of DPF loading and regeneration state. Drivers should note dash displays that
indicate or broadcast regeneration state or a DPF illuminated before keying off.
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prior to proceeding with the test.

n.
0. Engine brake on
p.

4.8.2 Break-in

the same setting—preferably off.

Diesel particulate filter regeneration switch off (if equipped)

Check/investigate all vehicle diagnostic caution and warning signals/alarms and resolve all vehicle operational concerns

To ensure overall vehicle break-in is not greatly affecting the results, all test vehicles, including the control vehicle if used,
shall have at least 500 miles on the odometer. In the case of testing new vehicles or vehicles with new tires, the tires shall
have a minimum of 500 miles of use.

All vehicles tested shall conform to the rules in Table 4.

Table 4 - Vehicle mileage requirements

Case Maximum Odon

eter Difference

The odometer on a

| vehicles is less than 10000 miles (8050 km) 2000'miles (3219 K

m)

The odometer on a
than 30000 miles (4

| vehicles is greater than 10000 miles (16093 km) but less

18280 km) 4000 miles (6437 K

m)

The odometer on a
than 100000 miles

| vehicles is greater than 30000 miles (48280 km) but less

160934 km) 8000 miles (12875

km)

The odometer on a

| vehicles is greater than 100000 miles (160934 km) 50000 miles (8046

y km)

If the test vehicles rg

EXAMPLE 1: If the
accun
the ve

EXAMPLE 2: If the
accun
the ve

4.8.3 Weight and

Weight and distribu

comparisons and the associated.Considerations for each.

side in different mileage groupings, then the tighter mileage delta constraint shall

pdometer on Vehicle A is 8000 miles while<the odometer on Vehicle B is 11000,
ulate miles to be within 2000 miles of Véhicle B; thus, 9000 or more miles for Ve
hicles reside in two groupings at the start of the test.

bdometer on Vehicle A is 24000, miles while the odometer on Vehicle B is 35000,
ulate miles to be within 4000 _miles of Vehicle B; thus, 31000 or more miles for Vg
hicles are now in the same grouping.
Distribution

fion is dependent-upon the evaluation being conducted. The following are tw
argo weights automatically places a weight penalty on the vehicle with the greates

aluating not only how the vehicle configurations differ but also how the weight diffe
eet'‘on fuel consumption. Axle weight distribution in this case is dependent up

apply.

then Vehicle A shall
hicle A. In this case,

then Vehicle A shall
hicle A. In this case,

o types of possible

t tare weight. This is
rence of the vehicles
bn the cargo weight

4.8.3.1 Identical ¢
best for eV
has an efi
distributio
simulates
4.8.3.2

the condition where the two different vehicles carry the same payload.

erably identical. This

Identical gross vehicle weight takes the vehicle weight effect out of the evaluation and is best for evaluating

conditions where the vehicle, in actual operations, would perform as if at a similar vehicle weight condition. Weight
distribution on the axles of the vehicles shall be matched as closely as possible. If the weight distribution cannot
be matched between the vehicles, the difference on each axle load shall be <5% or <500 pounds, whichever is
less. Total gross vehicle weight differences between the vehicles shall be less than 200 pounds. In the case of
combination vehicles where trailers are swapped between segments, the weight shall be adjusted to maintain the
appropriate distribution. This can be accomplished using smaller ballast type weights that can be easily
repositioned.
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4.8.4 Aftertreatment Preconditioning

Vehicles equipped with advanced aftertreatment systems such as diesel particulate filters (DPF), lean NOx traps, catalysts
(LNT, LNC), selective catalytic reduction (SCR) systems, or others not mentioned require aftertreatment preconditioning
per the vehicle manufacturer’'s recommendations and/or procedures before conducting each test sequence or even before
each run depending on the run length. The objective of the process is to minimize variability due to increases in exhaust
backpressure as a result of soot loading which may result in regeneration events and associated increase in fuel
consumption.

The DPF preconditioning consists of a stationary forced regeneration using a service tool or other passive regeneration
methods recommended by the engine or aftertreatment manufacturer.

(See Appendix B for additional information on advanced aftertreatment systems and Appendix C for test strategies.)

4.8.5 Vehicle Warm Up

Test vehicles shall bg operated at vehicle test speeds for 1 hour prior to the start of a test segment to ingure that the vehicles
achieve stabilized operating conditions in all components. A test run shall begin within 45 minutes on within a time period
equal to 30% of the {ime to complete a run, whichever is less. (See Table 5 for a quick reference guidg.) If commencement
of a run within the allowed time is not possible, additional warm-up time shall be conducted per Equation 2 in 5.2.3.

If the objective of the test is to measure the fuel consumption difference between-vehicles during warmtup, all vehicles shall
not be operated for @ minimum of 12 hours prior to starting each run.

NOTE: To minimizeltest run variability through precise duplication of the drive cycle from run to run, it is recommended that
during the wlarm-up process each driver and observer (if used)'should note the precise locatipn where brakes are
used and for how long, where shifting of gears occur, and areas of acceleration and deceleratjon.

4.9 Vehicle Test Gomparison Method(s)

Simultaneous (headito-head) testing is recommended; however, if it is not possible to evaluate all vehjcles simultaneously,
use the flow chart to|determine the test comparison method.

~+

NOTE: Each test may only use one of the four-comparison methods depicted in the following flowcha
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Comparison Method Selection Flowchart

Head-to-Head (Method A)

* Two drivers for entire test (no driver substitution)
o Required change(s) between segments

For entire vehicle evaluations: swap the drivers
between the vehicles

Number of

Three or more

Test Vehicles

Yes

fa¥i in
whttaneous

For tractor ev TSwap the ariver ana rrater,
pair between the tractors

For trailer evalpations: swap the driver and tractor
pair between the trailers

If using flow mgters, the flowmeter is paired with a
driver unless swapping of the flowmeters are not

Testing

required per 4J6.4
e Minimum three runs|per segment*
e Two segments
e Use calculation method “A”

*More runs may be nedessary to obtain an acceptable
confidence interval restilt as determined by the test operator.

Use Control Vehicle (Method B)

Two drivers for entire/test (no driver substitution)
Drivers and trailers (or driver/trailer or driver/tractor p
case of combination vehicle testing) are assigned to
control and test vehicles for entire test, no swapping
Minimdm-three runs per segment*

One seégment per test vehicle

If Using a flow meter, the one assigned to the control
stays with the control truck for the entire test

Use calculation method “B”

Qir in

truck

He¢ad-to-Head (Method C)

* Required change(s) petween segments
the vehicles
between the trgctors

between the trgilers

4.6.4

o One driver per vehicle for entire test (no driver substitution)

. For entire vehigle evaluations: swap(the drivers between
e  For tractor evaluations: swap the driver and trailer pair
e  For trailer evalyations: swap.the driver and tractor pair

. If using flow mgtersstheflow meter is paired with the driver
unless swappir|g(of.the flowmeters are not required per

Yes )
Simultaneous

Testing

Ll C. +

testing) are paired to each unit being evaluated

flowmeters are not required per 4.6.4
e Minimum three runs per segment*
o Number of segments equal number of vehicles
o Use calculation method “C”

o All drivers (or driver/trailer pair in case of combination vehicle

o All flow meters are paired to each driver unless swapping of the

*More runs may be necessary to obtain an acceptable confidence interval

result as determined by the test operator.

L\ lakicla (Mot od M)
TSC-oOftro—v-ete e (vretRot—1

o Drivers and trailers (or driver/trailer or driver/tra

e Minimum three runs per segment*
¢ One segment per test vehicle

stays with the control truck for the entire test
e Use calculation method “D”

o Two drivers for entire test (no driver substitution)

case of combination vehicle testing) are assigned to
control and test vehicles for entire test, no swapping

e If using a flow meter, the one assigned to the control truck

ctor pair in

For methods B and D, the control vehicle shall not be modified in any way or used for any other purpose during the entire test. The mileage break-in
requirements described in 4.8.2 shall be adhered to throughout the entire test. To minimize potential undetectable differences in performance of the
control vehicle as a result of sitting unused between tests for relatively long periods of time, it is highly recommended that all tests be conducted within
three months. In the case that testing cannot be completed within three months, a complete mechanical functional check and performance evaluation
shall be conducted which shall include the following: (1) the fuel shall be drained and the tanks filled from the same source at the time the test truck is
filled, (2) the engine oil and filters should be considered for changing, (3) and a complete vehicle check and test setup as described in 4.8 shall be

performed.


https://saenorm.com/api/?name=8d6c6397d9fcc9cf29c58808780a8fde

SAE INTERNATIONAL J1526™ MAY2022 Page 18 of 49

5. TEST PROCEDURE
This section defines the basic steps to execute the test process and offers example procedures to perform each step.

Results from different tests that do not use the same procedures to perform each step are not equivalent and shall not be
compared.

NOTE: The provided analysis spreadsheet is intended to supplement the SAE J1526 procedure. The data analysis
calculations are detailed in Appendices C, E, and F of the document.

5.1 General Information

The overall objective is to determine differences in fuel consumption between warmed up vehicles while operated under
identical drive cycle$ without excessive soot Toading in the DPF and without active DPF regeneratioh (DPF regeneration
system turned off or dlisabled). If an active DPF regeneration occurs during a run, the run will be invalid-and shall be removed
from the test data sef. If the user lacks the capability to monitor appropriate regeneration messages over the CAN data bus,
the exhaust temperature exiting the DPF can be measured to determine occurrence of an active'regeneration event. Active
regeneration is indicgated by a significant temperature rise above typical exhaust temperaturelvalues mgasured during a run
(usually increase in the range of 200 to 300 °C above nominal operating temperatures) @nd‘it may aldo be indicated by an
increase in fuel congumption although it may not be obvious from the Run ratio of the-affected run. (Spe Appendices B, C,
and D for additional [nformation on advanced aftertreatment systems and test strategies.)

NOTE: Since the introduction of DPF systems, the general trend has beentoward more frequent passive regeneration
events and |ess frequent active regeneration events. Passive regeneration events occur regardless if the active
DPF regenefation system is disabled. Thus, disabling or turning off the active DPF regeneratign system may result
in an uninteptional penalty against the vehicle which operatés-with more frequent passive fegeneration events.
software tools, detecting passive regeneration*events may be impossible. Thefefore, awareness of
this risk shduld be understood when comparing the fugl*consumption of different emission Jevel vehicles of the
same or different manufacturers (i.e., 2017 emission.system in a 2020 vehicle versus a 2021 emission system of
the same manufacturer and vehicle model but of a 2021 vehicle).

The test vehicles arg run according to the selected method per the flowchart in 4.9 on the test track (or|public road). At least
three runs per segment are required; however, additional runs may be necessary to achieve an aqceptable confidence
interval. During each run, the vehicles shall be spaced at a distance of at least 1500 feet. Be aware that distance from other
non-test vehicles on|public roads will have an influence on the test results. Each run shall have the same length, shall be
greater than 50 milgs, shall be completed without the occurrence of equipment or driver malfunction], shall be completed
without a failure to optain the required weather data, and shall start and end at the same geographical|location. Maximizing
the use of cruise dontrol while alsd minimizing or eliminating downshifting, if at all possible, will obtain the highest
repeatability and thup the lowest uncertainty of each run and ultimately the test results. The use of the fhrottle pedal vehicle
speed limiter for speed control is hot recommended for reasons which included, but are not limited to,| ensuring the drivers
foot does not lift during the run can be challenging and may result in run time variations and fuel constimption repeatability
issues; some truck QEMs have a feature which provides additional engine power for passing when a 1(00% throttle pedal is
, ifthe” driver is continually at 100% throttle to maintain the speed limiter, the ghgine may consume
more fuel than normal);) and some engines may perform differently at the speed limiter in comparispn to being in cruise
control and thereforethe Tuel consumption may be aifected.

The following is a general outline of the test process. Details of the steps are explained in 5.2.
Step:

1. Prepare for Segment 1.

2. Conduct Segment 1 evaluation.

3. Prepare for Segment 2.

4. Conduct Segment 2 evaluation.

5. Analyze and publish the results.
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Test results are valid only for the vehicle configurations, test conditions, and duty cycle under which the test was conducted.
Different vehicle configurations, test conditions, and/or duty cycles may produce different results.

5.2 Test Process

Vehicle Preparation for Segment 1

Prepare the vehicles as described in 4.8.

Record the odometer readings before the vehicle warm-up.

Precondition the DPF and allow the vehicles to cool to ambient temperature or at least 12 hours before continuing with

5.2.1

a.

b.

the warm-up.

c.

d. Warm-up the tes
e. Fill and weigh the
f.  Record the odor
g. Commence with
522 Test Segme
5.2.2.1  Run Start

The start of a run for
a point in the record
record the run time.
test and for each tes

To ensure the minin

time interval after the previous vehicle.

The following are tw

Example A Step 1
idle p
seque

vehicl

All velf
subse

Example B

t vehicles.

test tanks.

heter reading after the vehicle warm-up.
Test Segment 1.

nt 1

a given vehicle is commenced with (1) the cansumption of fuel from the test tank
led flowmeter data set which is identified as\the start of the run. Simultaneously,
The method by which fuel begins to be censumed from the test tank shall be ide
t vehicle.

um spacing between vehicles (see’5.1), each vehicle subsequently begins the

b possible methods to starta run. Others may be equally valid.

: Switch the fuel lines)to the test tanks. Step 2: start the engine and run timer. Step
briod, begin accelerating the vehicle to test speed. The subsequent vehicle(s
hce of events=(steps 1, 2, and 3) after a waiting period to ensure the minimd

(s).

or, if applicable, (2)
a timer is started to
htical throughout the

Lin with an adequate

3: after a 60 second

follow(s) the same
m spacing between

n the test route. The

icleséstart the engines and run timers at the same time. The first vehicle departs ¢
Hueht-vehicle(s) sit and idle while waiting a fixed time period to ensure a minim

vehicl

PS .

||Am spacing between

5222 RunEnd

The end of a run for each vehicle concludes with the stoppage of fuel consumption from the test tank. Simultaneously the
timer is stopped which is recording the run time for that given vehicle. The method for fuel stoppage shall be identical
throughout the test and for each test vehicle.
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The following are two possible methods to end a run. Others may be equally valid.

Example A

Step 1: placing the vehicle in neutral at a landmark and applying the brakes to bring the vehicle to a stop.*

Step 2: idling the engine for 60 seconds. Step 3: stopping the engine and run timer then immediately
disconnecting the fuel lines.

*The purpose of placing the vehicle in neutral ensures that the engines experience the same loading while
coming to a stop.

Example B

Step 1: placing the vehicle in neutral at a landmark and applying the brakes to bring the vehicle to a stop.

Step 2: the returning truck(s) idles while waiting for the other truck(s) to arrive. Step 3: All vehicles turn off the
engines and run timers simultaneously.

Whichever starting 4
shall be equal for all

The first segment is
acceptable to the tes

5.2.3 Events Betw
a. Tank weigh and
filled, reweighed
between the beg
is simply record
measurement m

Record the odor

run time for the
difference betwe
run time vehicle

Driver/observer
apparent handlin
If damage or an
discarded and d

Vehicle check: T|

Time constraint:
care shall be tak

Run time differemce calculation: The time for each vehiclé/to complete a run (run time) shall be with

nd ending methods are used, the tofal idling Time during a run (at the start plus 3
the vehicles.

considered complete after a minimum of three runs is completed and “after th
t operator.

een Runs

refill: At the end of a run, the test tanks are weighed and the weight is recordeq
, and prepped for a subsequent run. The amount of fuel consumed during the
inning and ending weight of the test tank. (In the casé of fuel flow meters, the fue
ed and the meter is prepped for the subsequent run.) (See 4.5 for inform
ethods.)

heter reading.
same vehicle within the same segment. If comparing identically configured vg
en the fastest and slowest vehiclé:shall not be greater than 0.5% for any given run

Runs that do not fall within these constraints are invalid and shall not be included

fuestioning: All drivers and-0Observers (if used) shall be questioned to ascertain 3

t the end of the run)

e result variability is

. The test tanks are
run is the difference
| consumption value
ption regarding fuel

n 0.5% of the largest
hicles, the run time
based on the largest
in the results.

ny differences in the

g, power, and/or braking characteristics of their respective vehicles and their cominents shall be noted.

event occurred to the vehicle during the run that would affect the fuel consumpti
bcumented as such.

he vehicles\shall be given a quick overall check for abnormality (see 4.8).

bn, the data shall be

The time required performing the preceding steps results in a cooling down of the test vehicles and

runs. The maximum

bn tasinsure that the cool-down periods are near identical for all vehicles between al

allowed cool-doy

v period shall be the lesser of 45 minutes or a time period equal to 30% of the tinpe to complete a run.

Table 5 can be used as a quick reference guide.
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Table 5 - Maximum allowed cool down time

Max Allowed Cool Down Time
30% of run time
Run Time [min] | {up to max of 45 min)
45 14
] 18
90 27
120 36
150 45
180 45
AE
45

If the start of a subgequent run within the allowed time is not possible, additional warm-up.time shall be conducted per

Equation 2.
Additional warm-up time = Actual cool down time - Allowed ceol’down time

EXAMPLE: If the rup time is equal to 60 minutes, the maximum allowed cool down time is 18 minut
down time is 35 minutes, then the additional warm-up (driving)ime required shall be ng
17 minutes.

Suggestions to minimize the cool-down period: (1) The tank weigh andrefill process can be shorteneq
set of marked fuel tgnks so that the cool down period is kept to agminimum by simply swapping the &
full tanks. (2) The rlin time difference calculation can be perfermed after the vehicles have begun
(3) The vehicle chedk can be performed simultaneously with_ the driver/observer questioning provided
are available such tHat key vehicle checks are not inadverténtly overlooked.

a. Optional driver swap between runs: For methods described in 4.9 where swapping of drivers and

(Eq. 2)

es. If the actual cool
less than 35 - 18 =

by having a second
mpty fuel tanks with
the subsequent run.
sufficient personnel

baired trailers and/or

flowmeters is required between segments, it.should be noted, although not required per this procg¢dure, that swapping

between runs of a segment will produce data with an evenly distributed effect throughout the
swapping between runs is implemented,.the minimum number of runs per segment shall be fou
occur in both segments. For clarificationy runs will be conducted in the following manner:

o Segment1 Run 1

o Segment 2 Run 1

o Segment 1 Run 2

segment and test. If
and swapping shall

o Segment 2 Run’2

o Segment 1 Run 3
o Segment2 Run 3
o Segment 1 Run 4

o Segment2 Run 4

If following this method, runs pairs shall be conducted such that changing weather conditions are equally weighted

between the segments. (See Appendix A for effects weather may have on the results.)
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Run ratio check: Although not required per this procedure, obtaining a Run ratio of less than 2% for all runs should be

the objective of each segment. Data points outside this range are an indication of uncontrolled and/or uncontrollable
test variables and may be natural occurrences in the operation of the vehicle. These data points shall be included in the
statistical analysis. These data points shall not be discarded unless they are associated with mechanical failure, driver
errors, active DPF regeneration.

5.2.4 Vehicle Prep for Segment 2

In addition to the steps (listed in 5.2.1) for vehicle preparation for Segment 1, the swapping of drivers, flow meters, and/or
trailers may need to be performed as directed by the method chosen in 4.9. Preconditioning of the DPF, cool down, and
warm-up may be waived if testing can resume within the max allowed cool down period as described in 5.2.3, item (f).

5.2.5 Test Segment 2

Perform the same stLps as in test Segment 1.

5.3 Data Processi
Using the supplied B
The results are calc
measurement for thi

NOTE: Comparison
comparison.
into the two
different veh
Control) - (9

Step 1: Conduct a
requirements of the

9

xcel spreadsheet, enter the fuel weight or fuel quantity and run times(into the appr|
Llated automatically. DEF quantity can also be entered for comparison analysis
5 procedure. DEF measurement information is provided in Appendix D.

5 of two vehicles not run in a direct head-to-head evalGation must use the sam
Comparison of two vehicles using the same control-vehicle must be conducted
Lehicle with control analysis spreadsheet. It is statistically incorrect to simply subtn
cles which were compared to a control vehicle, i.ey(% Diff Veh A versus Veh B) #
Diff Veh B versus Control).

minimum three runs for Segment 1 and\enter the data into the table. If any
procedure are violated, the associated eells will turn red. (See Figure 1.)

Dbpriate tab and cells.
put is not a required

e control vehicle for
by entering the data
act the results of two
(% Diff Veh A versus

of the run time rule

Segment 1

Vehicle ID Vieh A Veh B Dela  Run
gty Time

Run ValidfawsFuel Run Time|qty Fuel RunTime| Fuel % Diff

1 Yes (39600 13035 41 560 13040 -196 | 0.04%

2 oXes | 40270 13050 42 250 13130

NYes | 40500 13040 42 900 13055 -240 | 0.11%

& Yes | 39.860 13030 41,800 15035

5 Yes

B Yes

s

E Yes

9 Yes

10 Yes

11 Yes

12 Yes

13  Yes

14  Yes

15 Yes

40.058 0.15%. 42128
Average Range Awverage Range Range

Figure 1 - Segment 1 run data - all runs with a run time rule violation

To correct, toggle the switch in the “Valid” column to “No” to discard a run from the calculations. (See Figures 2 and 3.)
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Segment 1
Vehicle ID Veh A Veh B Delta  Run
gty Time
Run Valid| gty Fuel Run Time| gty Fuel RunTime| Fuel % Diff
1  Yes | 39600 13035 41 560 13040 -1.96 | 0.04%
2 | Yes _lv 0.270 13050 42 250 13130
3 ho D500 13040 42 900 13055 -240 | 0.11%
4 TY¥es | 32.860 13030 41,800 15035
5 Yes
B Yes
T e
E Yes
9  Yes
10 Yes
11  Yes
12 Yes
13  Yes
14  Yes
15 Yes
40.058 0.15% 42128
Average Range Average RapEe/ Range
Figure 2 - Invalid run toggle selection
Segment 1
Vehicle 1D Veh A Veh B Delta  Run
gty Time
Run Valid| gty Fuel Fun Time| gty Fuel Run Time| Fuel % Diff
1  Yes | 39600 13035 41 560 13040 -1.96 | 0.04%
2 NaS| 48270 13050 42 250 13130
3 Yes (™O500 13040 42 900 13055
4  ¥ds | 39.860 13030 41 800 13035
5 ¥es
B Yes
¥ Yes
B Yes
9  Yes
11 Yes
12 Yes
13 Yes
14 Yes
15 Yes
39987 0.08% 42 0B7 0.15% 0.46
Average Range Average Range Range

Figure 3 - Segment 1 run data - valid runs

Step 2: Set the “Estimate Confidence Interval’ to “Yes” and review the predicted confidence interval (Conf Int). (See

Figures 4 and 5.)
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Comparison | Select | Estimate Confidence Interval?

Segment 1 =

Figure 4 - Estimate confidence interval - “yes”

Veh A Compared to Veh B
ith-35%€Confidencetnterval
WWITRTT o |
Result  Conflnt
Average Difference in Fuel Quantity -2.10 0.24
% Less Fuel Consumed by Veh A 500 * 0.6%

Is fuel consumption proven different
w/ at least 95% confidence?

Figure 5 - Estimated results

1%

If the confidence intgrval is larger than desired, additional runs or tighter{controls on the process may|be necessary. Once
a user defined acceptable confidence interval is achieved, proceed to Step 3.

Step 3: Conduct a minimum three runs for Segment 2/Test Segment following the same data entry and review of results as
in the previous two steps. If the “Estimate Confidence Interval™remains set to “Yes” after data is entgered into the cells of
Segment 2/Test Segment, the “Delta qty Fuel/Diff A-B” will-indicate “Est ON” and the Results will indicated “Not Calc.”
Simply change the “Estimate Confidence Interval” to “No” @and review the results. (See Figures 6, 7, 8,/]and 9.)

[ Estimate Confidence Intérval? | vyes |

Qv
X .O Segment 2

Veh A Veh B Delta Run

gty Time

Run Valid| gty Fuel Run Time| gty Fuel Run Time| Fuel % Diff

KX/~Yes | 36110 13060 38.100 13045 EstON | 0.11%

2  Yes | 37.800 13055 39.570 13070 EstON | 0.11%

3 Yes | 38470 13045 40,120 13060 EstON | 0.11%
4 Yes
5 Yes
B Yes
7  Yes
E Yes
9  Yes
10 Yes
11 Yes
12 Yes
13  Yes
14  Yes
15 Yes

37.460 0.11%. 35263 0.19% 0.00

Average Range Awverage Range Range

Figure 6 - Segment 2 data with estimate confidence interval set to “yes”
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Veh A Compared to Veh B
with 95% Confidence Interval

Result Conf Int

Average Difference in Fuel Quantity Mot Calc = Mot Calc

Mot Calc Mot Calc = Not Calc

Is fuel consumption proven different
w/ at least 95% confidence?

Mot Calc

Mot Calc - Indicates that insufficient data is available, the data is stastically indeterminate, the comparison
type is not selected, or data is entered in Segment 2 with Estimate Test Tolerance sef to Yes.

Figure 7 - Resuits with- Segment 2 data entered and witirestimate confidence Interval et to “yes”

| Estimate Confidence Interval? | Mo |
Segment 2
Veh A Veh B Delta Go¥un
gty Time
Run Valid| gty Fuel Run Time| gty Fuel RunTime| Fuel % Diff
1  Yes | 36110 13060 38.100 13045 (—1.99 0.11%.
2 Yes | 37.800 13055 39.570 13870 -1.77 | 011%
3  Yes | 38470 13045 40,120 N0eD -165 | 0.11%
4 Yes
5 Yes
B Yes
7 Yes
B Yes
9 Yes
10 Yes
11 Yes
12 Yes
13  Yes
14 Yes
15 ¥es
37.460 0.11% 35263 0.19% 0.34
Average Range Average Range Range

Figtre 8 - Segment 2 data with estimate confidence interval set to “no”

Step 4: If both segments are valid and complete, the overall results are shown in the following table. If the test for statistical
difference is validated, the indicator will display “Yes” as shown in Figure 9.

Figure 9 - Results with Segment 2 data entered and with estimate confidence interval set to “no

Veh A Compared to Veh B
with 95% Confidence Interval

Result  Conflnt
Average Difference in Fuel Quantity -1.95 = 0.27
% Less Fuel Consumed by Veh A 48% = 07%

Is fuel consumption proven different
w/ at least 95% confidence?

”
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If the test for statistical difference is not validated, the indicator will display “No” as shown in Figure 10. In this case, it is
recommended that the process be reviewed for errors and/or conduct additional runs to reduce the variability and confidence
interval value.

Veh A Compared to Veh B
with 95% Confidence Interval
Result  Conflint
155
% Less Fuel Consumed by Veh & 11% = 39%

Is fuel consumption proven different
w/ at least 95% confidence?

Figure 10 - Statistical difference not valid - large confidence interval

Average Difference in Fuel Quantity -0.45

14

In the case shown in[Figure 11, the test for statistical difference is not validated as indicated'with “No.” It is also evident that
operational repeatability is not the reason for the invalidated statistical difference as indicated by the +0.02 confidence
interval. In this case] it should be accepted that the two vehicles have similar fuel consumption under the test conditions.

Veh A Compared to Veh B O\ N
with 95% Confidence Inte

v
Qg.llt Conf Int
Average Difference in Fuel Quantity -0.02 = 0.02

% Less Fuel Consumed by Veh 4 0.1% % 0.1%
Is fuel consumption proven different
w/ at least 85% confidence?

Figure 11 - Statistical difference not valid - small confidence interval

I+

In a rare circumstange when the fuel consumption-of the two vehicles is identical, the spreadsheet will pot calculate a result.
It will indicate “Not Calc” because there is_no difference between the vehicles and there is no statisfical difference. (See
Figure 12.)
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Mot Calc - Indicates that insufficiept da%a is available, the data is stastically indeterminate, the compar

Comparison | Fuel Quantity | Pounds |Units Estimate Confidence Interval? | no |
Segment 1 Segment 2
venicle |  Veh A Veh B Delta Run Veh A Veh B Delfta Run
qty Time qty Time
Run Valid| gty Fuel Run Time|qgty Fuel RunTime| Fuel %o Diff Run Valid|aty Fuel Run Time|qgty Fuel RunTime| Fuel Y Diff
1 Yes | 39.600 13035 39.500 13040 0.00 1  Yes | 40.250 13060 40.250 13045 0.00 | 0.11%
2 Yes | 40.270 13050 40.270 13045 0.00 2  Yes | 42560 13055 42.560 13070 0.00 | 0.11%
3 Yes | 40500 13040 40.500 13055 0.00 3 Yes | 42.600 13045 42 600 13060 0.00 0.11%
4  Yes | 38860 130350 39.860 13055 0.00 4 Yes | 40150 13030 40.150 13040 0.00 0.08%
g Yes [ Yoo
6 Yes & Yes
7 Yes 7 Yes =
B Yes B Yes n‘ l/
3 Yes 9 Yes (QN
( -
10 Yes 10 Yes V2
11 Yes 11 Yes A~
N
12 Yes 12 Yes ) QV,
13 Yes 13 Yes AYD
14 Yes 14 Yes o\
15 Yes 15 Ves NIk
40058 | 015% [ 40058 | 015% | o000 4 023% | 41390 | 023%
Aperage Range Awerage Range  Range Avergga ™S Range Awverage Range  Rgnge
Veh A Compared to Veh B N
with 95% Confidence Interval ‘\\
Result Cl{r}f\@!
Average Difference in Fuel Quantity 0.00 = NowCalc
% More Fuel Consumed by Veh A 0.0%o%\ Not Calc
Is fuel consumption proven different
w/ at least 95% confidence? Not Cale

type is not selected, or data is enfeped in Segment 2 with Estimate Confidence Interval set to Yes.

son

Figure 12 - Vehicle comparison with identical fuel consumption

In the rare circumstgnce the fuel consumption of the two vehicles is different but there is no variation i
run to run, the sprepdsheet will calculate a result but not a confidence interval. This is because t
difference. This may be a result.-of.insufficient resolution of the measurement device and therefore the device should be

verified to meet the minimum requirements of 4.6.3 and 4.6.4. (See Figure 13.)

h the difference from
here is no statistical
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Comparison | Fuel Quantity | Pounds |Units Estimate Confidence Interval? | no |
Segment 1 Segment 2
venicled|  Veh A Veh B Delta Run Veh A Veh B Defta  Run
gty Time qty Time
Run Valid | gty Fuel RunTime|qty Fuel RunTime| Fuel % Diff Run Valid| gty Fuel Run Time|qgtyFuel RunTime| Fuel 3% Diff
1 Yes | 39.600 13035 38.600 13040 1.00 0.04% 1  Yes | 39.600 13060 38.600 13045
2 Yes | 40.270 13050 39.270 13045 1.00 0.04% 2 Yes | 40270 13055 39.270 13070
3 Yes | 40500 13040 39.500 13055 1.00 0.11% 3 Yes | 40500 13045 39.500 13060
4 Yes 39.860 13030 38.860 13035 1.00 4  Yes 39.B60 13030 38.B60 13040
5 Yes 5 Yes
& Yes 6 Yes
7 Yes 7 Yes —
B VYes B Yes (\( l/
9 Yes 9 Yes ('\V
10 Yes 10 Yes 1)
11 Yes 11 Yes C~ I,
12 Yes 12 Yes D
13 Yes 13 Yes RN M
14 Yes 14 Yes e\ 1
15 Yes 15 Yes A
j0.058 0.15% 39.058 0.15% 0.00 40,0584, 0:23% 39.058 0.23% {
Akerage Range Average Range Range Avergge, \ Range Average FRange Rgnge
Veh A Compared to Veh B ]
with 85% Confidence Interval 5\\
Result CD\”,K@
Average Difference in Fuel Quantity 1.00 = Notkalc
% Mare Fuel Consumed by Veh A 2. 6% =\Mot Calc
Is fuel consumption proven different
Not Cale
w/ at least 95% confidence?

5.4 Documentatiop for the Report

Mot Calc - Indicates that insufficient daidis available, the data is stastically indeterminate, the comparifon
type is not selected, or data is engered in Segment 2 with Estimate Confidence Interval set to Yes.
kigure 13 - Vehicle comparison with no run to run fuel consumption variation

It should be recognized that every“aspect of the vehicles being compared has some amount of influe
The significance of gach individual difference is mostly dependent upon the purpose of the evaluation. In all cases, the
major components such as-large aerodynamic components (roof and side fairings) and driveline domponents (engine,
transmission, axle ratio) will have a significant impact and shall be thoroughly reviewed and documented as part of the

evaluation.

ce upon the results.

The following list of information shall be included in the report. It identifies the most significant items; however, it is not
intended to be an all-inclusive list of items. Other items determined to potentially have significant impact upon the results
shall be documented and a copy of the vehicle specification (if available) shall be included in the report for a complete

description of the vehicle.

A form is provided with the data analysis spreadsheet for convenience. However, it is recognized that individual users may
have different preferences for layout of information and therefore the use of the form is not a requirement.


https://saenorm.com/api/?name=8d6c6397d9fcc9cf29c58808780a8fde

SAE INTERNATIONAL J1526™ MAY2022 Page 29 of 49

Conditions and test equipment:

a. Testdate

b. Test facility name and location

c. Duty cycle description including speed and elevation profile

d. Fuel measurement equipment specifications (i.e., resolution, accuracy, capacity, manufacturer, model, serial number,
etc.)

e. Weather station manufacturer, model, and specifications

f.  Weather station [dimensions and site location(s) dimensions relative to the test route
g. Calibration records of all measurement equipment (weather station, scale or flow meters, tirepressure gauge, etc.)
Powered unit (tractof/bus/truck):
a. Manufacturer
b. Model
c. Date of manufadture and VIN
d. General descripfion
1. Wheelbase
2. Fuel tank capacity and level of fill during testing
3. Cabl/sleeper{configuration and/or size
4. Fifth wheel height to ground at test load
e. Aero components
1. Roof fairing
2. Chassis fairings

3. Aero bumper

4. Cab/sleeperlextenders
5. Sun visor
6. Hood mirrors
f.  Engine label information
1. Model year
2. Advertised peak power at rpm
3. Advertised peak torque at rpm

4. Displacement
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n.
0.

Trailers (cargo carrigr):

5. Engine serial number

6. Model

7. Engine family

8. Emissions family

Engine software version (if accessible)

Aftertreatment software version (if accessible)

Transmission (make/model)

Drive axle (makl/model)

Drive axle ratio

Steer tires (makg/model/psi/size/tread depth)

Drive tires (makg/model/psi/size/tread depth)

Trailer tires (make/model/psi/size/tread depth)

Odometer reading

Trailer manufacturer

Trailer model

Trailer date of manufacture and VIN
General trailer dpscription

Height (at norm3l ride height)

1. Front
2. Rear

Aero components

1. Trailer fairing devices

2. Front fairings

3. Underbody fairings

4. Rear fairings

5. Other (specify)
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Other:
a. Tractor to trailer gap
b. Aerodynamic trailer gap
c. Loaded steer axle weight
d. Loaded drive axle weight
e. Loaded trailer axle weight
f. Descriptive photographs sufficient to clearly describe the vehicles
Method and operatign:
a. Selected test megthod
b. Driver/observer |[dentification and vehicle assignments, and test coordinator/support staff identifica
c. Describe the method for commencing and ending of a run and any idle times
d. Records for each run
1. Pre and pos} run test tank weight
2. Runtime
3. Driver and opserver (if applicable) interviews
4. Start and end time of run
5. Weather measurements

5.5 Reporting of T|

CAUTION: Test res
was con
may be
test resy

est Results

ults are valid only-for/the vehicle configurations, duty cycles, and test conditions
ducted. For example, the general applicability of a valid test result to different envi

It when tested in the different environmental conditions.

Only calculated valu

procedure shall be erorted according to the following format. An image of the spreadsheet shall also b

in Figure 14.

es from. the supplied software may be used in the reporting of test results. Test

Hetermined when a subsequent valid test result produces a statistically similar va

tion

under which the test
onmental conditions
ue to the initial valid

results from the test
e included as shown

(Calculated Percent Change in Fuel Consumed) + (Percent Confidence Interval of Calculated Value)

e Mean vehicle sp

Min air temperat

eed, vehicle weight, tractor trailer gap, aerodynamic gap

ure, mean air temperature, max air temperature

Min wind speed, mean wind speed, max wind speed, each corrected to an elevation of 10 feet above the road surface
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EXAMPLE: 4.8% change in fuel consumption +0.7% confidence interval.

e 65 mph, 65000 pounds, 42 inches, 36 inches

e Temp [min, avg, max] = 50 °F, 70 °F, 80 °F

e  Wind [min, avg, max] = Calm, 3 mph, 10 mph

Comparison | Fuel Quantity | Pounds |Units Estimate Confidence Interval? | no |
Segment 1 Segment 2

Vehicle ID Veh A Veh B Deita  Run Veh A Veh B Hera Run

qty Time ty Time
Run Valid|gfy Fuel Run Time|qty Fuel RunTime| Fuel % Diff Run Valid| gty Fuel Run Time|qty Fuef \Run Time| Ruel % Diff
1 Yes 0. 600 13035 41.560 13040 1 Yes | 36110 13060 3800 13045 4199 | 0.11%
2 40.270 13050 42.250 13130 2 Yes | 37.800 13055 39590 13070 .77 | 0.11%
3  Yes | 40500 13040 42.900 13055 3 Yes | 38470 13045 40,120 13060
4 Yes 0 860 13030 41 2800 13035 4 Yes “\'
5 Yes 5 Yes A\\
& Yes & Yes Z. \J
7 Yes 7 Yes {'\\\
B Yes B Yes | OV
9  Yes 9  Yes \‘

\‘
10 Yes 10 Yes |y
11 Yes 11 Yes
12 Yes N\ Yes
13 Yes 13" Yes
14 Yes 14 Yes
15 Yes 15 Yes
}9.987 0.08% 42 087 0.15% 0.46 37460 0.11% 39.263 0.19%
Aperage Range Average Range Range Average Range Average Range Range
. &
Veh A Comp. oVeh B
with 95% Confidence Interval
A\ Result  Confint
Average Differenge in\uel Quantity -185 = 0.27
% Less Fuel Consumed by Veh & 48% £ 07%
Is fuel consumption proven different
w/ ADleast 95% confidence?
Figure 14 - Final report image
6. NOTES

6.1 Revision Indicator

A change bar (I) located in the left margin is for the convenience of the user in locating areas where technical revisions, not
editorial changes, have been made to the previous issue of this document. An (R) symbol to the left of the document title
indicates a complete revision of the document, including technical revisions. Change bars and (R) are not used in original
publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE TRUCK AND BUS J1526 REVISION TASK FORCE OF THE SAE TRUCK AND BUS
AERODYNAMICS AND FUEL ECONOMY COMMITTEE
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APPENDIX A - WEATHER EFFECTS

Environmental factors such as air temperature, barometric pressure, wind speed, and wind direction can affect the
aerodynamic resistance of all test vehicles. Wind speed and direction will have the largest impact on test data quality.
Additionally, wind speed and direction are highly heterogeneous in location and time, resulting in significant variation in wind
characteristics at a test site and over a test time period. Wind speed and direction will affect each vehicle differently. As a
result of these factors, it is recognized that all fuel consumption test procedures do not provide wind average effects, but
are best suited to provide a high quality fuel consumption value over a limited range of wind conditions.

A vehicle operating at a velocity (V) will experience a wind velocity (Vw) that impinges on the vehicle at an angle (®); this
results in a vehicle relative velocity (V) acting at a yaw angle (V) as depicted in Figure A1.

fe———— 4%
v, = [ —

¥ ~\ S
W IZ — C

Vv d 7

< W

Figure A1 - Vehicle wind velocity and yaw diagram

Vehicles operating ij the continental United States may routinely experienée wind speed values in exgess of 12 mph (refer
to the 2009 Department of Energy (DOE) wind energy data, Wind Energy Resource Atlas of America, DOE/CH 100934,
Oct. 1986, DE86004442). An analysis of more than 30 years of historical data compiled by the Npational Oceanic and
Atmospheric Administration (NOAA) results in a historical mean-wind speed of 7.5 mph (12.1 knJ/h) at a mid-vehicle
elevation distance of 10 feet (3.05 m). The information is based\on data available up to 2009. Regjional and local wind
averages may vary gignificantly from national averages.

As noted above, theé fuel consumption of medium and-heavy trucks and buses is highly influenced by environmental
conditions and espegially by wind speed and directionTrucks and buses differ from automobiles in that the rate of change
of aerodynamic resjstance with yaw angle is greatly increased (approximately ten times higher). Figure A2 shows
comparative drag coefficient versus yaw response’for various vehicle types. The shape of the yaw| curve will vary with
vehicle design and aerodynamic treatments. Forexample, it is possible that an aerodynamic device may reduce drag at low
yaw angles and incrgase drag at higher yaw angles relative to a baseline configuration.
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Figure A2 - Yaw effect on drag coefficient for.families of vehicles

The heterogeneous hature of wind with small changes in time and locatien results in significant differe
effects between veh
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An approach to imprpve the updérstanding of the effect of yaw angle on vehicle performance is to obtain aerodynamic yaw

trend data with the SAE J1252 wind tunnel test procedure and to combine these results with fuel consu
from this procedure for wifid, velocities less than 5 mph.

mption data obtained
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APPENDIX B - ADVANCED AFTERTREATMENT SYSTEM INFORMATION

B.1 SYSTEM TYPES

U.S. light-, medium-, and heavy-duty truck regulations were implemented in 2007 to reduce diesel particulate emissions.
Diesel particulate filters (DPF) were added to exhaust systems to trap the soot produced in diesel combustion. With
continued operation, the soot levels build in the DPF, increasing the exhaust backpressure. Additional fuel introduced into
the filter in an active regeneration event elevates the exhaust temperature converting the soot to CO2 through oxidation,
restoring the lower backpressure. These aftertreatment systems come in various sizes and physical configurations, each is
designed for the specific application to maximize fuel economy. Design variables and operating conditions affect the
regeneration frequency and duration. Some examples include: physical constraints of packaging, vocation, service
application, duty cycle, useful life, engine hour run time, and ambient conditions.

U.S. mandated redu
(SCR) systems in mg
known as Diesel EX|
existing DPFs.

B.2 SYSTEMS (

Manufacturers have

CTIoNS 1N nitrogen oxide (NOx) emissions beginning n 207U Ied 1o the use of select
ny light, medium, and heavy-duty vehicles. These SCR systems use a urea based
haust Fluid (DEF). These additional aftertreatment systems are designed,to,wo

DPERATIONS

developed DPF and SCR systems to rely upon either active ‘or‘passive DPF reg

e catalytic reduction
reductant commonly
k cooperatively with

eneration processes

depending on the diity cycle. In an active DPF regeneration, the engine controls- may be modified t¢ reduce EGR rates,

change injection tim
In a passive DPF re¢
exhaust gas that will
fuel to the exhaust s

As engine and after-
identical vehicles c4q
system or control str
B.3 EXHAUST S
With the introduction
up strategies to ens
manufacturer to ma
consumption when t
B.4 COMPLEXI]
A number of factors

DEF consumption r|
calibration, after-tred

ng, and supply fuel to the DPF to provide a controlled oXidation of the accumulats

react with DPF and SCR catalyst to oxidize the particulate matter to CO2 without
ream.

freatment technology progresses and revisiehs are made to software, it is possibl
n have different fuel consumption rates purely as a result of internal changes t
ategy that is not publicly released information.

YSTEM WARM-UP

of advanced after-treatmentin"2007, engine manufacturers have relied upon ara
ure emission compliance. Fhese exhaust system warm up strategies may vary
hufacturer, and by type.of advanced after-treatment used. The result may be in
nese strategies are(active.

Y IN MEASURING CONSUMPTION RATES
can affect.the regeneration process and frequency and the associated total vehiq

btes fornSCR equipped engines. Among these factors are duty cycle, engine
tmenpt.system design, and ambient conditions.

d particulate matter.

generation, the engine controls may be modified to,Operate in a manner that pfjovides an optimized

the addition of diesel

e that two seemingly
b the after-treatment

nge of exhaust warm
by model year, from
creased engine fuel

le fuel economy and
and after-treatment

In the absence of a comprehensive knowledge of the interaction of these highly variable, complex factors, and the ability to
measure both consumable fluids simultaneously, it is recommended that only driving segments which do not include active
regeneration events be used to determine differential fuel economy improvement.
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APPENDIX C - TOTAL VEHICLE FUEL CONSUMPTION

NOTE: This process is not intended to be a step by step procedure as the procedure may vary by model year, manufacturer
to manufacturer, and by engine displacement; however, it is intended to provide the user with a general method of
evaluating advanced aftertreatment fuel consumption.

NOTE: This process will generate results that are representative of the conditions under which the evaluation is conducted.
A change in ambient weather conditions, gross vehicle weight, duty cycle, etc., may alter the results.

NOTE: The Excel spreadsheet is supplied with a worksheet titled “Total Veh Fuel Consumption” which can be used to
quantify the fuel consumption as described in the following process. An example worksheet is also supplied within
the spreadsheet.

CAUTION: Before groceeding with this section, read Appendix B 10 understand the potential uncerfaihty of the results.

CAUTION: Since the introduction of advanced after-treatment exhaust systems in 2007, theyamoupt of fuel consumed
during ap active regeneration event has continually decreased, as engine manufagtarers $earched for ways to
improve| efficiency. An additional outcome of these more efficient systems is the increading number of miles
that can|accumulate between each active regeneration event. As a result, aecurately meapsuring the amount of
fuel consumed during an active regeneration event has become more{difficult and tim¢ consuming. Where

, it is recommended to compare vehicles with similar emission.system technologigs. If the objective is

to comppre vehicles with dissimilar emission system technologies (e.g., DOC, DPF, EGHR, and/or SCR), there

may be|a statistically significant difference in active regen fuel consumption. If the objgctive is to compare
vehicles| equipped with SCR systems, this process may requite in excess of 1000 mileg to achieve a single
active rgdgeneration. Moreover, because of this higher mileag€ requirement, the ability to aglhere to the required
weather| constraints of this procedure may be impossible: In this case, it should be Jrecognized that the
measurg¢ment uncertainty may be greater than the measured amount of fuel per active regeneration. Therefore
using th(s process to compare vehicles all of which,contain SCR systems may not producg useful information.

CAUTION: Since the introduction of DPF systems, the genéral trend has been toward more frequent passive regeneration
events gnd less frequent active regeneration-events. Passive regeneration events occur regardless if the active
DPF redeneration system is disabled. Thus) disabling or turning off the active DPF regemeration system may
result infan unintentional penalty against-the vehicle which operates with more frequent passive regeneration
events. Without OEM software tools; detecting passive regeneration events may be inpossible. Therefore,
awarengss of this risk should be understood when comparing the fuel consumption of different emission level
Vehicleq of the same or different manufacturers (i.e., 2017 emission system in a 2020 vghicle versus a 2021
emission system of the sameymanufacturer and vehicle model but of a 2021 vehicle).

CA1 PREPARATJON

Begin with a preconditioned. aftertreatment system as described in 4.8.4. Record all miles accumulated in each of the
following parts for the purpose of determining the regen interval discussed in Equation C4.

C.2 PROCEDURE

When considering total fuel consumption of a vehicle, it is necessary to not only include the thermally stable operating
conditions primarily addressed in this document but to also include the vehicle warm-up contribution and any active
regenerations that occur in normal frequency.

c.21 Evaluate Each Contributing Fuel Consumption Part

Cc211 Warm-up Fuel Consumption (aka Warm-up Run)

To evaluate fuel consumption in real world operations, the fuel consumed during normal vehicle warm-up following a parked
condition shall be included. The purpose is to determine the fuel consumption during the thermal stabilization process.

NOTE: Fuel consumption rate may be higher as fluids, tires, exhaust system, engine, etc., reach steady state condition.
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Measure the fuel consumption and mileage accumulation of the vehicle from a cold start (12 hours no operation).

conducted simultaneously.

If testing vehicles head-to-head (methods A or C of 4.9), the warm-up fuel consumption process of all vehicles shall be

If testing using a control vehicle (methods B or D of 4.9), the warm-up fuel consumption process of both the control and

test vehicle shall be conducted simultaneously. Each control to test vehicle comparison shall be conducted under nearly
identical ambient weather conditions.

Conduct the warm-up run identical to a run as described in 5.2.2. The warm-up run time shall be approximately 1 hour

and start and end at the same general geographical location. After the warm-up run is complete, 5.2.3 shall be followed.

A minimum of three warm-up runs are required per segment.

Use the following eq

where:
Warm-up fuel cd
Warm-up test m

c21.2 Therma

The fuel consumed gluring this state of operation is the rate atwhich the fuel is consumed after the ve

thermally stable stat

Measure the fuel ¢
consumption part. (S

In addition to the req
at all times. This is

addition to the test ryin time; idling prier to’and after a run shall be included with that same run.

Use the following eq

uation to determine the warm-up fuel rate per mile.

Warm-up Fuel Consumption
Warm-up Test Miles

Warm-up Fuel per Mile =

nsumption = the total fuel consumed for all valid warm<up runs
les = the total miles traveled for all valid warm-upruns

ly Stable Fuel Consumption

a}

c.

pnsumption as defined in Section 5. Before starting this part, review the acti
ee C.2.1.3)

lirements in Section 5,ithe engine run time shall be tightly controlled to within 0.5%
b ensure time triggered*active regenerations do not bias the results. Engine run ti

uation to determine the thermally stable fuel consumption rate per mile.

Therm 5table Fuel Consumption
Therm Stable Test Miles

Thermally Stable Fuel per Mile =

(Eq. C.1)

hicle has achieved a

e regeneration fuel

between all vehicles
me includes idling in

(Eq. C.2)

where:

Therm stable fuel consumption = the total fuel consumed as defined in Section 5

Therm stable test miles = the total miles traveled while consuming test fuel as defined in Section 5

C.213

Active Regeneration Fuel Consumption

The amount of fuel consumed by an active regeneration event is dependent upon numerous factors. (See Appendix B for

more information.)

Measure the fuel consumption for this part following the Section 5 steps. Alternatively, you may measure the active

regeneration fuel consumption while conducting the thermally stable fuel consumption (C.2.1.2).
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Runs that are identified to include active regenerations (by a significant increase in the exhaust stream or by CAN bus data)
shall be noted and separated from the non-active regeneration runs.

An active regeneration event may not start and end within a given run. Extending the run to complete the active regeneration
event is recommended, provided sufficient fuel is available in the test tank and the route is repeated until the active
regeneration event is complete. If on a test track, the vehicles continue on the track to the end point for final fuel consumption
determination. If on a public roadway, the vehicles turn around either at the designated turn around location, or when the
active regeneration event ceases, whichever occurs first, while obeying all appropriate traffic laws, and continue to the
original ending location for final fuel consumption determination. All vehicles shall be operated over an equivalent drive
cycle during the route extension.

An alternative to extending the run is to continue the active regeneration event in the subsequent run(s). In this case, the
time to change the test fuel tanks shall be less than 5 minutes and the engine shall be turned off. Turning the engine off is
to reduce cooling o Y Y y the subsequent run.
Without OEM softwgre tools, it is impossible to know if a warm-up strategy has been activated.

The accuracy of the|measured active regeneration fuel consumption improves with the number-of samples; therefore, it is
recommended that gt least two active regeneration events are captured on the test vehicle(s).,The minjmum recommended
two active regeneratjon events can either occur in the same segment or in separate segments.
Use the following equation to determine the amount of fuel consumed by an active.régeneration even{. The fuel consumed
to power the vehicle during an active regeneration event is automatically excluded by’'the equation. Thg event start and stop
can be identified by either CAN messages or a substantial increase in the DPF outlet exhaust tempefature (see Section 3
for more detail).
Active regen fuel consumption = Regen veh fuel cons - (RWNRVv ratio avg * NonRegen veh|fuel cons) (Eq. C.3)

where:

Rv = the vehicle|which undergone active regeneration(s)

NRv = the vehicle which did not undergo active regeneration(s)

Regen veh fuel ¢ons = the sum of fuel consumed by Rv during active regeneration run(s)

NonRegen veh fuel cons = the sum of.fuel consumed by NRv during Rv active regeneration run(s

Rv/NRv ratio av]; = the average of the Rv/NRv fuel consumption ratios during non-active regenergtion runs

Active regeneral]

on run(s),=arun where Rv is undergoing active regeneration

Non-active regeferation run(s) = a run where Rv is not undergoing active regeneration

Identification of Rv apnd-NRv are assigned to a particular vehicle once one of the vehicles undergoes an active regeneration
event. If both vehicles undergo an active regeneration event during the same run, that run is invalid (see run 7 in Figure B1).

If the vehicle identified as the NRv undergoes an active regeneration event but the vehicle identified as Rv does not (see
runs 8 and 9 in Figure B1), the data point is not valid for calculating active regen fuel of the Rv; however, it can be used to
calculate the active regen fuel of the NRv. This is accomplished by continuing runs until the vehicle successfully completes
the active regeneration event. Data is then grouped appropriately and vehicle identifications are changed to represent their
activity. (See the calculation method as illustrated in Figure B1 which is also located in the Excel spreadsheet on a separate
worksheet. This represents one segment of the test.)
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Vehicle No. 1 2 Reidentify Vehicle No. 1 2
Regen ldentity m Regen Identltyl Rv MNrv |
Run Rv/MRv Run Rv/MRv
1 50.10 52.10 1.040 |noregen 1 50.10 52.10 0.962 |noregen
2 50.10 52.10 1.040 |noregen 2 50.10 52.10 0.962 |noregen
3 50.10 52.10 1.040 |noregen 3 50.10 52.10 0.962 |noregen
4 50,10 52,10 1.040  |noregen 4 50,10 52,10 0.962 |noregen
5 50.10 57.10 full regen Rv 5 50.10 57.10 full regen MRv
8 50.10 57.10 full regen Rv 8 50.10 57.10 full regen MRv
7 51.50 53.50 partial regen both 7 51.50 53.50 partial regen both
3 55.10 52.10 full regen NRv 3 55.10 52.10 full regen Rv
9 55.10 52.10 full regen MRv 9 55.10 52.10 full regen Rv
10 .10 52.10 1.040 |noregen 10 \50.10 52.10 0.962 |noregen
A n Fuel ?L:ruckz Active Regan Fuel of Truckd
T 540 M Test Miles 540 TM
Avg Rv/NRv ratio (non regen runk) N 1.040  |Rv/NRv avg Avg Rv/NRv ratio (non regen run 0.962 |Ry/NRvavg
Regen veh H 114.20 |RvFC Regen veh Fuel Cons| J110.20 |BAFC
MonRegen veh Huel Cons| 100.20 |NRvFC MNonRegen veh Fuel Cons| 10429 WNRFC
Active Rggen Fuel 10.000 ARF=RvFC-(Rv/NRv avg * NRvFC) Active Regen Fuel £10.000 ARF=RvFC-(RY/NRv avg * NRvFC)

Use the following eq
(frequency).

where:
Active regen fue]
Regen interval 7
subsequent acti

upon a number

C.22

The following equati

Regen Fuel per Mile =

Figure B1 - Active regeneration fuel calculation example

Active Regen Fuel Consumption
Regen Interval

consumption = the value obtained from Equation C.3

Total Vehicle FuelNConsumption Calculation

Lation to determine the normalized fuel consumption per mile based on the active

the sum of the distance in miles between the end of an active regeneration ev
e regeneration event for each active regeneration event encountered; this distanceg is highly dependent
pf factors andtherefore may vary during this evaluation

bri_shall be used to determine a vehicles total fuel consumption representative of

regeneration interval

(Eq C.4)

bnt and the end of a

in-service operation

for the conditions (weather, duty cycle, etc.) under which the evaluation is conducted.

Total Vehicle Fuel Consumption= |

where:

Warm-up Fuel per Mile X
£ | Therm Stable Fuel per Mile X
+ | Regen Fuel per Mile

Wu Miles
Therm Stable Miles )
X Wu Miles + Therm Stable Miles )

)

Warm-up fuel per mile = the value obtained from Equation C.1

(Eq C.5)

Wu miles = A value in miles that represents the first hour of in-service operation. A standard value of 60 miles can be
used. This is based on starting a vehicle, maneuvering to a main roadway, accelerating to highway speeds and driving

for 1 hour.
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