INTERNATIONAL®

0CT2020

SURFACE VEHICLE J1321m™

RECOMMENDED PRACTICE | issued ]
Reaffirmed 1
Revised 2

981-10
986-10
020-10

Superseding J1321 FEB2012

Fuel Consumption Test Procedure - Type |l

RATIONALE

The previous SAE J1321 document lacked sufficient details related to between-run cool-down criteria,

flow meters to asse

the previous version contained various formatting errors and a lack of references that support th
procedure. To addreps the limitations of the procedure, it was determined that a full revision of the dog
An updated calculatipn spreadsheet is included with modification to the reporting precision of the final

no change to the da

The increased dema
advancements in pqg
growing need for an
these needs, the S
Bus J1321 Revision
test facility experts
recommended pract

This recommended
procedure utilizes |
consumption for truc
use and disseminati

This document:

fuel consumption, and the reporting criteria for testing active aerodynamic(echn

a analysis process.
FOREWORD

nd for greater fuel efficiency, improved freight efficieicy*and reduced emissions
wertrain systems, low rolling resistance tires, aerodynamics, and system integ
ccurate procedure for determining the impact of various technologies on fuel cons
AE Truck and Bus Aerodynamics and Fuel Eeonomy Committee sponsored
Task Force to revise this recommended practice. The task force was comprised of
, engine manufacturers, technology developers, and technical experts frg
ce draws from a large body of test data; jnput from major testing laboratories, ang

gorous engineering procedures. and accepted statistical analysis methods to
ks and buses. Test results that'do not rigorously follow the method described are n
bn and shall not be represented as an SAE J1321-Type |l test result.

procedures that determine and document the percent change in fuel use g

pters.that improve the precision of the measured fuel use data relative to environm

the use of volumetric
plogies. Additionally,
e proper use of the
ument was required.
test results. There is

coupled with major
ration have led to a
umption. To address
the SAE Truck and
truck manufacturers,
m academia. This
industry groups.

practice describes fuel consumgption test procedures for on-track and on-road testing. The test

determine the fuel
bt intended for public

ue to a change in

in configuratioh, set-up, or operation for a measured set of environmental conditiops present during the

ental test conditions.

1. Describes test
vehicle/powertra
test.

2. Identifies param

3. Ensures unifor

Ity and transparency or test results Dy aerining the rtormat and content required

public use of all test results.

or reporting and the

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be revised, reaffirmed, stabilized, or cancelled. SAE invites your written comments and

suggestions.
Copyright © 2020 SAE Intern

ational

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,

recording, or otherwise, without the prior written permission of SAE.
TO PLACE A DOCUMENT ORDER:

SAE WEB ADDRESS:

Tel:  877-606-7323 (inside USA and Canada) . . . . s
Tel:  +1724-776-4970 (outside USA) For more information on this standard, visit
Fax: 724-776-0790 https://www.sae.org/standards/content/J1321_ 202010/

Email: CustomerService@sae.org

http://www.sae.org



https://www.sae.org/standards/content/J1321_202010/
https://saenorm.com/api/?name=050d1b4fe5fdb6fc5c2a7836ea865736

SAE INTERNATIONAL J1321™ OCT2020 Page 2 of 48

TABLE OF CONTENTS

1. ST O 0 ] USSR 4
1.1 0T oo T SO 4
1.2 Limitations and REQUIFEMENTS ... it e e e e e et e e e e e e e e st e e e e e e e e e e nnnnnneeeens 4
1.3 (B 1oTo10 4 0 =T 0] S 6 LT YT 5
2. = N[0 = O 5
2.1 Y o] o] [T07=1 o] (=38 B To ot U o 1= ) £ 5
2.1.1 TN = 0] ][ T=1 i o] o T PSPPSR 5
21.2 L@ (T U1 o] o= o g - PSPPSR 6
2.2 Related PUDIICALIONS ...t e e e e e et e e e e e e e e annbneeeeeeas 6
2.21 SAE PUDIICALIONS. ...ttt e e s e e e e e e aaasassaaansasasasnnssnssssnnsnnsnnnnnnnnnsnnnnns 6
222 OthEr PUDIICATIONS ...ttt e aa e e aaaa e s asaaasassanansnsasnsnnssnsssnnsnsnsnnnnnnnnnsnnnnns 7
3. DEHRINITIONS ...ttt e s e e e s e e e snneeeesnneeeesnnneessssae et e e e e nreeeeeneeeeeeaaeeas 7
4, TEST PLANNING.......ooiiiiiiiie ettt siree e srree e sraee e snnne s snnee e fod e s sieeee s e 10
4.1 Data Quality ConSIAErations ...........cooiiiiiiiiiiiiii e e s e 10
4.2 Tes| ConSiderations .........c.ceeeiiiiiei i see e seeee e S b e 11
421 TEST ODJECHIVE ..oeiieiiiieeeee et e e e e e e s areae e e B s reeeeeaeeesennnnneeeraeeesenrrereeeeeeeaans 11
422 Veh|cle Type, Configuration, and Condition...............cccoveriiiiiiicce S eeeeieeeeee e e 11
4.2.3 DPH/SCR Preconditioning............ccocciiieeeeeeiicciiieeeeeeeeceeiieeeese e b e e e 11
424 LIS (5] =TT PRSP PUPTPPRPRR 12
425 TeSITrack ..o N 12
4.2.6 Weather ... 12
4.2.7 OnN-Road TeSt ROULE ......uuuiiee e e sennnnnnnnnnnnns dhaseaaeneeeaaeananananees 12
4.2.8 Trailers ..o P 12
429 Veh|cle Weight and Distribution ... 8 e 12
4210 1 U LYY o= T UL =T o g1 o S e SN SRR 12
4.2.11 DIIVEIS et sttt e e e 13
4212 L0 TS < YT SRR PRSI TSR 13
4213 F Y o To | =Yg g (o I Lo (o= St S 13
4214 100l (141=) (= g o =T oY [o ] o oSS SRURRRY TSR 13
5. INSTRUMENTATION AND EQUIPMENT ....ooiiiiiiieiiiee e e 13
51 =T I OToT KT W g ] o (oo e SO EUERN RS 13
511 GraYiMETIIC ... e s b et a e aa e s e aasanasnsnnssnsnsnnnnsnnsnnnnnnsdhasssnsnsnnnsnnnnnnnnnnes 13
51.2 Volymetric, FIOW METEII............e e e e 14
5.2 Weather.. ... 14
53 GPS Vehicle OPEIatioN ...t e e e e ee e e e e e smenee e e e e e 15
6. TEJT PROCEDURE ...ttt ettt e steee e s steeeessnnneesssmneeee st e e s e e 15
6.1 Test Preparation...........ooooo i 15
6.1.1 Testeigeck OO OO OO O OO 15
6.1.2 =Y a1 o U= = o o I = T 1T o0 4= o | S 15
6.1.3 INSTFUMENTATION ..ot e e e e et e e e e e e e s bt e e e e e e e e e abbbeeeeeaeeaaan 17
6.1.4 1YY PSP PUPUP PP 20
6.1.5 L0 o1ST=T Y=Y SRRSO TRPRRRRRPRRt 20
6.1.6 Data RECOIMING PrOCESS .......eiiiiiiiiiii ettt ettt ettt e e et e e et e e e e bbe e e e aanbe e e e 20
6.1.7 Y=Y 13 LT 14 4 o S 20
6.2 TESE PrOCESS ... 20
6.2.1 Baseline SEOMENT ... it 21
6.2.2 IS RS T=Te a1 o PRSP UUUPPPPPRRN 24
6.3 TSt Data PrOCESSING .. ..o i i e 24
6.3.1 Test Fuel Consumption Data RECOrING .........ooiiiiiiiiiiiiiiie e e aa e 25
6.3.2 Test Fuel Consumption Data ANAlYSiS..........ueiiiiiiiiiiiiiiiie e e e e e e st e e e e e e s s enntaeeeaaeeeaans 25

6.3.3 RepPOrting Of TESE RESUIES.......eoiiii i e e e e e e e e e s st re e e e e e e e e snareaeeeaeas 26


https://saenorm.com/api/?name=050d1b4fe5fdb6fc5c2a7836ea865736

SAE INTERNATIONAL

J1321™ OCT2020

Page 3 of 48

7.
7.1

APPENDIX A

APPENDIX B

APPENDIX C

APPENDIX D

Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8
Table 9

DATA QUALITY - STATISTICAL ANALYSIS APPROACH

SAMPLE DATA ANALYSIS

Vehicle classes weight range

Crit

ria that are different for on-track and on-road testing
cles mileage reqUIremMEeNtS ..........eviiiiiiii e
NG FACTOIS ... e e e
imum allowed cool-down time
Bline SegmMeENt table ... A
segmeNnt table...... ... b
results table



https://saenorm.com/api/?name=050d1b4fe5fdb6fc5c2a7836ea865736

SAE INTERNATIONAL J1321™ OCT2020 Page 4 of 48

1. SCOPE

This document describes a rigorous-engineering fuel-consumption test procedure that utilizes industry accepted data
collection and statistical analysis methods to determine the change in fuel consumption for individual trucks and buses with
GVWR of more than 10000 pounds. The test procedure may be conducted on a test track or on a public road under
controlled conditions and supported by extensive data collection and data analysis constraints. The on-road test procedure
is offered as a lower cost alternative to on-track testing, but the user is cautioned that on-road test may result in lower
resolution (or precision) data due to a lack of control over the test environment. Test results that do not rigorously follow the
method described herein are not intended for public use and dissemination and shall not be represented as an
SAE J1321-Type Il test result.

1.1 Purpose

This recommended fractice provides a standardized test procedure 1o determine the change In a vehicle’s fuel consumption
by adding, removing} or modifying a vehicle component or system. The procedure utilizes two or morg identical medium to

heavy-duty single u
unchanging control
process. All vehicles

it or combination vehicles weighing more than 10000 pounds. Vehicles used i
behicle, to provide reference fuel consumption, and test vehicle(s) that aré moq
are operated simultaneously and over the identical test circuit during each test rur

provides a percent difference in fuel consumption between two conditions of a test yehicle(s). A di

collection and statist

1.2 Limitations an
The fuel consumed
with aerodynamic re
consumption test, re
uncontrolled variatio

a. Minimizing the v
ensuring all vehi
the allowable va

b. The minimizatio

shapes that are
and wind condi
consumption an
performed in as
detailed discuss

The limitations of thig
“m” be reviewed and

cal analysis approach are presented in Section 6 and AppendixB,
] Requirements

by a moving vehicle is dictated by the aerodynamic and rolling resistive forces 3
sistance being the dominant force for most vehicles{covered by this procedure.
gardless of the technology or system under investigation, it is critically important
ns in aerodynamic and rolling forces are minimized throughout the test process.

priation in rolling resistance between vehicles used during a test is accomplished
cles operate at speeds and with tire setup, weight characteristics, and on road su
fiations in test criteria described within this document.

n of aerodynamic variation is aeecomplished in this procedure by using vehicles w
operated on identical drive-eycles and by ensuring that vehicle interference effe
ions are within the allowable variations described within this document (see
d data quality are highly ‘sensitive to the presence of wind, it is suggested th
on of wind effect§ gan be found in Appendix A.

procedure<are'defined below. It is important that all test limitations described beloy
rigorously followed. These limitations are applicable to on-track and on-road test

nption.data obtained from this procedure may be represented as an SAE J1321-T]

the test include an
ified during the test
. The test procedure
scussion of the data

cting on the vehicle,
In conducting a fuel
that unknown and/or

in this procedure by
faces that are within

ith identical external
cts, air temperature,
4.1). Because fuel
At testing should be

low a wind speed as\possible. The maximum mean wind speed for a run shall b¢ limited (see 4.1). A

v in items “a” through
ng.

ype |l test result.

Test results generated from any test that does not rigorously follow this method and the test report

ng requirements are

not intended for public use and dissemination and shall not be represented as an SAE J1321-Type Il test result.

A test is comprised of a baseline segment and a test segment. Each baseline segment and each test segment are

comprised of a minimum of three runs of the control vehicle and test vehicle(s). A single run is a complete circuit of the
test route by both the control vehicle and test vehicle(s) where both the control vehicle and test vehicle(s) are operated

a. Only fuel consur
b.
c.

simultaneously.
d.

description, and
e.

conducted.

with environmental test information described in this procedure.

All test results must be presented in the defined format, with the defined statistical analysis, with vehicle configuration

Test results are valid only for the vehicle configuration, test conditions, and test cycle under which the test was
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All vehicles used in the test must have the same external surface contours (preferably the same make, model, and

year), tires and wheels (preferably the same type, condition, and mileage), aerodynamic configuration, and powertrain,
and are in the same operational and physical condition. Tread must be of the same scalable depth.

wind conditions described within this document (see 4.1).

All vehicles must be operated on identical drive cycle, on identical road surfaces, and within allowable temperature and

All runs are valid, and all test data collected from each run are valid. All test data must be included in the statistical

analysis process. Test data may be excluded from the statistical analysis if a documented equipment failure or
malfunction or driver error has occurred, or weather condition requirements have been violated. The source of the failure
must be recorded and documented in the test report.

The test site environmental conditions must be recorded throughout the test. The required environmental data include,

but are not limitd
transient enviror

The test procedy

The general app
valid test result g

If the confidence
analysis results,
less than the no
of 4%, additiona
not show statist
influenced by va

This test proced
fuel consumptio
SAE J1526 test

1.3 Document Us¢

All users of this doct
This document is str|
2. REFERENCES
2.1 Applicable Do

The following public

d 10, temperature, wind speed, and direction. The data sampling rate must be suf
mental effects.

re does not measure or provide aerodynamic data.

icability of a valid test result to different environmental factors may-be determined
roduces a statistically similar value to the initial valid test result dndér those cond

interval value for a test is greater than or equal to the nominaktest value, as determ
it is recommended that additional runs may be conducted to reduce the confidej
minal test value. For example, if the test result is a ndminal value of 3% + a conf|
runs may reduce the confidence interval to a valueless than the nominal value.
cally conclusive results, the user must conclude _that the change in fuel consum
Fiations in the test environment (i.e., weather, driver, etc.) or is less than the test

ire requires the use of identical vehicles and therefore it cannot be used to detern

n between two different test vehicleg;(i.e., truck-to-truck comparisons). It is
brocedure be used to determine the difference in fuel consumption between two d

ment are encouraged to.review all sections of this document prior to executing a

Lictured to service both the novice and the expert user.

cuments

ptions-form a part of this specification to the extent specified herein. Unless oth

icient to capture any

when a subsequent
tions.

ned by the statistical

hce interval value to

dence interval value
If additional runs do
ption is either being
recision.

nine the difference in
recommended that
fferent test vehicles.

fest program.

prwise indicated, the

latest issue of SAE

ublications shall apply.
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Joint RCCC/SAE Fuel Consumption Test Pracedure (Short Term In-Service Vehi
Road Load Measurement Using Onboatd Anemometry and Coastdown Techniqu

Recommended Practice for Measuring Fuel Economy and Emissions of
Conventional Heavy-Duty Vehiclés

Measurement of Aerodynamic Performance for Mass-Produced Cars and Light-D

, D., and Wood, R, "A Computer Simulation of the Effect of Wind on Heavy Trug
ical Paper 2010-014-2039, 2010, https://doi.org/10.4271/2010-01-2039.

A., Diez,J Burton, K. et al., "Effect of Platooning on Fuel Consumption of Clas
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11/2044-01-2438.
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2):626-639, 2014,

Landman, D., Cragu

n, M., McCormick, M., and Wood, R., "Drag Reduction of a Modern Straight Truck,"

SAE Int. J. Commer.

Veh. 4(1):256-262, 2011, https://doi.org/10.4271/2011-01-2283.

Landman, D., Wood, R., Seay, W., and Bledsoe, J., "Understanding Practical Limits to Heavy Truck Drag Reduction," SAE
Int. J. Commer. Veh. 2(2):183-190, 2010, https://doi.org/10.4271/2009-01-2890.

McAuliffe, B., Lammert, M., Lu, X., Shladover, S. et al., "Influences on Energy Savings of Heavy Trucks Using Cooperative
Adaptive Cruise Control," SAE Technical Paper 2018-01-1181, 2018, https://doi.org/10.4271/2018-01-1181.

Mihelic, R. and Ellis, M., "Ramifications of Test Track Curves On Aerodynamic Prediction for Tractor Trailer Vehicles," SAE
Technical Paper 2013-01-2460, 2013, https://doi.org/10.4271/2013-01-2460.

Surcel, M. and Provencher, Y., "Comparison of Fuel Efficiency and Traction Performances of 6 x 4 and 6 x 2 Class 8
Tractors," SAE Int. J. Commer. Veh. 7(2):478-486, 2014, https://doi.org/10.4271/2014-01-2358.
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Waltzer, S., Johnson, D., Wei, K., and Wilson, J., "Fuel-Savings from Aerodynamic Efficiency Improvements for Combination
Tractor-Trailers Relative to Vehicle Speed," SAE Int. J. Commer. Veh. 9(2):321-330, 2016, https://doi.org/10.4271/2016-
01-8133.

Wood, R., "A Review of Reynolds Number Effects on the Aerodynamics of Commercial Ground Vehicles," SAE Int. J.
Commer. Veh. 5(2):628-639, 2012, https://doi.org/10.4271/2012-01-2045.

Wood, R., "Reynolds Number Impact on Commercial Vehicle Aerodynamics and Performance," SAE Int. J. Commer. Veh.
8(2):590-667, 2015, https://doi.org/10.4271/2015-01-2859.

2.2.2  Other Publications

TMC RP 1102A TMC Fuel Consumption Test Procedure - Type |l

TMC RP 1103A TMC Fuel Consumption Test Procedure - Type Il
TMC RP 1109B Type IV Fuel Economy Test Procedure

TMC Report, “Repqgrt of Frederick, Maryland, Truck and Bus Fuel Economy Demenstration, Conducted October 22-
November 1, 1979, Iby the Joint TMC/SAE Task Force for In-Service Test Procedures of The Americah Trucking Industry,”
November 1980.

3. DEFINITIONS

ACCURACY: The extent to which a given measurement agrees with the“standard value for that megsurement. Accuracy
cannot be determingd for this test procedure because of the lack of a.standard value.

ACTIVE AERODYNAMIC DEVICE: A device that provides a varying impact on the local and/or gIobII aerodynamics of a
vehicle. The impact pn the vehicle aerodynamics may be based on the assessment of (1) vehicle opgrating conditions, or
(2) real-time environmental factors and conditions. The devi¢e may be passive, which require no auxiliafy power, and active,
which require energy expenditure.

AERODYNAMIC DHVICE: A structure or system added to the exterior of the vehicle for altering the|aerodynamic forces
acting on the vehiclg.

BASELINE SEGMEINT (BS): A minimum efthree runs with both the control vehicle and the unmodified test vehicle running
simultaneously.

CARGO WEIGHT (GW): The weightiequal to the gross vehicle weight minus the tare weight.

COMPONENT: Withjin the limitations of this test procedure, a component is defined as a part that can|be added, attached,
or removed from thel powered vehicle and/or a pulled vehicle. This may include but not be limited to fluids, lubricants, fuel
additives, tires, aerqdynamiic enhancements, exhaust after-treatment, engine, or other powertrain dgvices. Components
which are not considered testable are such systems that:

o Integral part of the overall system (e.g., hybrid systems due to rotational inertial of motor system), unless the entire
system and subcomponents are changed.

e Complete powered vehicle or powered portion of a combination vehicle.

CONTROL VEHICLE (CV): The control vehicle is used to obtain reference data for the test and is not modified in any way
or used for any other purpose during the entire test.

COMBINATION VEHICLE: An equipment configuration that includes a separate power unit and at least one unpowered
pulled vehicle (trailer).

DATA POINT (DP): The quantity of fuel consumed by a single vehicle during a run.

DRIVER: Operator of a vehicle.


https://doi.org/10.4271/2016-01-8133
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DUTY/DRIVING CYCLE: The cycle is comprised of length in miles, number of complete stops, distance between stops,
average road speed using only rolling time, number of idle periods, length of total idle time and length of idle periods, engine
speed and accessories used during idle period, reverse driving, and any unique shifting transmission or operational activity.

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

FLOW METER: An instrument used to measure the rate of flow or volume of a fluid.

FUEL VOLUME MEASURING DEVICE/PROCESS: The fuel volume measuring device/process with proven capability of
measuring fuel volume must be used (see 5.1.2).

FUEL WEIGH TANK: An easily removable fuel tank. The tank should be appropriately sized to complete a test run without

risk of inducing air i
complete a run. The
weighing. The suppl
satisfy Department @

GAP, AERODYNAM
side fairings, and the

GAP, TRACTOR TO
vertical flat surface d

hto the Tuel Tines. A good rule of thumb is approximately two times the estimat
tank should be fitted with quick disconnect fuel lines so that it can be remove
and return lines should be adequately spaced to ensure air does not enter\the li
f Transportation (DOT) safety requirements (refer to 49 CFR part 393, sUbpart E)

IC: Longitudinal distance between the aft most point of the cab external surface, in
forward most point of the cargo carrying portion of the vehicle,

n the front of the trailer.

GLOBAL POSITIONING SYSTEM (GPS): A system of satellites, computers, and receivers that is a

latitude and longitud
the receiver.

GRAVIMETRIC: Me

GROSS COMBINAT
(powered unit) the tg

GROSS VEHICLE W

GROSS VEHICLE W
the weight of the veh

MEAN: The sum of
NIST: National Instit

OBSERVER: A pass

e of a receiver on Earth by calculating the time.difference for signals from differe

hsurement by weight.

tal weight of the trailer and the weight of the freight load.
EIGHT (GVW): Applies tossingle unit vehicles. The total weight of a vehicle with n

EIGHT RATING (GVWR): The maximum allowable total mass of a road vehicle w
icles, fuel, passengers, cargo, and trailer tongue weight.

he values of a.random variable divided by the number of values.
ite of Standards and Technology.

enger-in the vehicle responsible for maintaining and recording various test opera

assisting the driver.

I

d fuel necessary to

d| from the vehicle for

es. The tank should

Cluding aerodynamic

TRAILER: Longitudinal distance between the vertical flat sugface of the back of the cab/sleeper to the

ble to determine the
nt satellites to reach

ION WEIGHT (GCW): Applies to combination vehicles. The combination of the totgl weight of the tractor

aximum freight load.

hen loaded including

ional conditions and

OEM: Original equip

ment manufacturer.

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.

RUN (R): A complete and simultaneous circuit of the specified test route by both the test vehicle(s) and the control vehicle.
The run must 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 the test vehicle and one data point for the
control vehicle.

SCALE: The scale is used to weigh the fuel weight tank and its contents during the test process. The scale must have
sufficient capacity and resolution to support the testing process as described in Section 5.
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SEMITRAILER: Truck trailer supported at the rear by its own wheels and at the front by a fifth wheel mounted to a tractor
or dolly.

SINGLE UNIT VEHICLE: A vehicle which has the powered portion and freight carrying unit mounted to the same chassis.
STANDARD DEVIATION: A measure of the spread or scatter of measures around the mean of those measures.

TARE WEIGHT (TW): Weight of empty vehicle with full fuel tanks, lubricants, and trailer, but without occupants or load.
TEST (T): A test is composed of a baseline segment and a test segment.

TEST ROUTE, ON-ROAD: The route shall be representative of the desired drive cycle under investigation. The route should
have minimal traffic to increase repeatability. For consideration, roadways using a cloverleaf at the turn around point will

allow consistent and mmon start and end
point.

TEST ROUTE, ON-]
TEST SEGMENT (T
TEST TRACK: A clo

TEST VEHICLE (TV

segment of a test. The modifications to the test vehicle may be components,technologies, or system

TMC: Technology ar

TRACTOR: A vehicl
axle(s). May be calle

TRAILER: A freight ¢

TRUCK: A vehicle W
trailer which is toweq

TRUCK-TRAILER: A
chassis, and which t

UNCERTAINTY: Ha
than one possible oy

VEHICLE CLASSES

repeatable operation of both vehicles tor every run. The route shall have a co

S5): A minimum of three runs with both the control vehicle and a medified test vehi
sed-circuit road used to evaluate vehicle performance.

: The test vehicle is used to evaluate modifications to a Vehicle between the basel

d Maintenance Council.

b designed primarily to pull a semi-trailer by‘\the use of the fifth wheel which is m
d a truck/highway tractor to differentiate_itfrom a farm tractor.

arrying unpowered unit pulled by a.powered unit.
hich carries cargo in a body. (van, tank, etc.) which is mounted to a chassis, pos
by the vehicle.

bws a trailer.

Ving limited knowledge where it is impossible to exactly determine the true valu
tcome.

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

[RACK: For on-track tests, a test route consists of a specified number of\laps arolind the test track.

Cle.

ne segment and test
changes.

bunted over its drive

sibly in addition to a

truck-trailer combination consists of a truck that holds cargo in its body which is connected to its

e, thus having more

Table 1 - Vehicle cl it
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

VEHICLE RELATIVE VELOCITY (V): “V” is the sum of the “vehicle velocity “and the component of “wind velocity” along the
longitudinal axis of the vehicle.

VEHICLE VELOCITY (Vr): Velocity of the vehicle relative to the roadway.
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WIND ANGLE (®): Angle of the mean wind direction relative to the vertical centerplane of the vehicle.

WIND VELOCITY (Vw): The rate of motion of the air past a fixed point.

WIND GUST: A sudden acceleration of the wind velocity with a duration less than 2 seconds.

YAW ANGLE (¥): The effective wind angle experienced by the vehicle based upon vehicle ground velocity, wind velocity,
and wind angle, relative to the vehicle heading. Vehicle aerodynamic drag increases exponentially with increasing yaw

angle.

NOTE: Additional terms can be found in SAE J2971.

4. TEST PLANNIN

The following two s
minimal experience
4.1  Data Quality G

A detailed discussio
Appendix C.

In general, an on-track test provides improved data quality compared to ah’on-road test. The test

aerodynamic interfer
data, along with imp

It is recognized that
technologies. A sum
Table 3 shows criter
this document may &
testing may use eith

G

Ib sections provide an overview of relevant test criteria. This information ish\prd
n performing this class of fuel consumption testing.

onsiderations

n of the statistical analysis approach is contained in Appendix BA sample data

ence from vehicles and road structures, uniform test surface, ability to collect high ¢
oved vehicle speed control while minimizing driver.werkload.

b user may need to balance data quality with test cost when evaluating fuel consu
mary of criteria that are the same for both:gn*track and the on-road test method
a that differ for on-track and on-road testing. Only test results that satisfy the crit
e labeled as SAE J1321-Type Il test résults. On-track testing shall only use on-tr
br on-track or on-road criteria.

Table 2 - Criteria that are ;the same for on-track and on-road testing

vided for those with

analysis is shown in

track offers reduced
uality environmental

mption improvement
5 is listed in Table 2.
bria described within
Ack criteria. On-road

Criteyia Recommended On-Road and On-Track Requirement
Vehicles Identical test and control vehicle
Vehicles setup Identical
Vehicles load Identical
Vehicles condition Identical

Mean wind speed ¢

uring a run <12 mph (19.32 km/h) (see 6.1.3.2)

Maximum wind gug
(less than 2 secong

t during-a.run <15 mph (24.15 km/h) (see 6.1.3.2)

duration)

Mean wind speed ¢
segments and run

hange between | <5 mph (8.05 km/h) (see 6.1.3.2)

Allowable temperature range

40 to 100 °F (4.44 to 37.8 °C) (see 6.1.3.2)

Temperature change during test

<30 °F (16.7° C) (EX: 50 to 80 °F (10 to 26.7 °C) within a test)

(see 6.1.3.2)

Rain

None allowed

Weather measurements samples

Minimum of 1 sample/60 seconds during sample period

Maximum time between runs

See 6.2.1.3

Speed control

GPS matched with use of cruise control

Spacing control

GPS matched with use of cruise control

Minimum vehicle spacing

1500 feet (457 m)

Fuel measurement

method Gravimetric
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Table 3 - Criteria that are different for on-track and on-road testing

Criteria

On-Track Requirement

On-Road Requirement

Test site

Track

Road

Instantaneous vehicle to

e 11 mph (1.61 km/h) for constant

Duty cycle and/or grade dependent

vehicle speed variation

speed test on level surface or
track

Duty cycle and/or grade
dependent

Grade change

<3.5% Duty cycle dependent

Run length

>50 miles (80.5 km) >100 miles (161 km)

Weather measurements sites

Minimum of one location Minimum of three locations

(see 6.1.3.2)

4.2 Test Consider
The user of this doq
Additional informatio
421 Test Objecti
This recommended
modifying a compor]
examined are those

htions

ument should review and consider the factors listed below when planning-a fu
h on each item can be found in Sections 5 and 6 and Appendices A, BiCyand D.

Ve

fuel, and auxiliary logd for a given duty cycle.

4.2.2 Vehicle Type, Configuration, and Condition

Identical vehicles sh
external surface co
condition, mileage,

year in these weight
(805 km) of use. Thg
10000 miles (16100
requirements preser

all be used, and their condition must be_similar. Identical vehicles are defined
tours (preferably the same make, model, and year), tires and wheels (prefer.

| consumption test.

practice will quantify the impact on a vehicle’s fuel consumptien resulting from adding, removing, or
ent or system or a change in vehicle operation. Examples)of components or s
that change aerodynamic resistance, rolling resistance;. powertrain efficiency, lul

ystems that may be
ricant effectiveness,

as having the same
bbly the same type,

nd same tire model per tire position),~aerodynamic configuration, powertrain, and are in the same
operational and physical condition. It is acceptable to, utilize vehicles of a different model year i
aerodynamic, mechanical, or system components have changed. It is understood that vehicle and cg

vehicles shall have at ledst;500 miles (805 km) on the odometer if tested new b
km) if tested by any, other person or organization and all vehicles tested sh
ted in Table 4.

Table 4 - Vehicles mileage requirements

no features of the
rtified engine model

Classes may not be aligned by©alendar or model year of build. Tires shall have a njinimum of 500 miles

an OEM or at least
puld conform to the

Case Maximum Odometer

Difference

The odometer on o

he vehicle'is less than 5000 miles (8050 km) 1000 miles (1610 km)

The odometer on a
but less than 1000(

| vehicles is greater than 5000 miles (8050 km)
miles (16100 km) on one vehicle

3000 miles (4830 km)

The odometer on a

but less than 30000 miles (48300 km) on one vehicle

Lviadhiclac-ic araatarthan 10000 - milee (16100 k)
—erHGIeSHS-greater—tahi—ovooo-HhhesS{rot+do«th

10000 - milese (16400 km)
T Ee SO T oIkttt

The odometer on a

Il vehicles is greater than 30000 miles (48300 km) | No limit

4.2.3

DPF/SCR Preconditioning

Vehicles equipped with advanced after-treatment, including diesel particulate filters (DPF), lean NOx traps or catalysts (LNT,
LNC) or selective catalytic reduction (SCR) systems may require after-treatment preconditioning before conducting each
test sequence. The objective of the process will be to minimize test to control vehicle variability due to unforeseen
regeneration events and associated increase in fuel consumption. The preconditioning may consist of a stationary forced
DPF regeneration using a service tool or other passive regeneration methods recommended by the engine or after-treatment
manufacturer. It is recommended that the regeneration be completed several hours prior to the preconditioning warm-up
period such that thermal stabilization of the test vehicles is achieved before conducting test runs.
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NOTE: If a DPF regeneration occurs during a run, the run will be invalid and shall be removed from the test data set. If the
user lacks the capability to monitor appropriate regeneration messages over the controlled area network (CAN)
data bus, the exhaust temperature across the DPF should be measured to determine occurrence of a DPF
regeneration as indicated by a temperature increase across the DPF. Regeneration may be indicated by an increase
in fuel consumption although may not be obvious from the T/C ratio of the effected run.

424 Test Speed

The test speed should be representative of in-service operation and be within the capability of the test vehicles and road

conditions. Vehicles are to be operated according to vehicle, engine, and transmission manufacturers’ recommendations

(engine speeds and shift points). If the test vehicles can be operated in more than one transmission or differential ratio over
any part of the test route at the speed selected, a pre-determined driving procedure must be specified and used for all

vehicles.

425 Test Track
Track selection shoJ
patterns. The track
speed(s) over the c(
surfaces. It is recom
426 Weather

A primary source o
Section 5, 6.1.3.2, a
42,7 On-Road T¢g
For on-road tests, a
should have minimal
will allow consistent
4.2.8 Trailers

If trailers are used, t
not be exchanged b¢
the control vehicle m
4.2.9 Vehicle Wei
If vehicle weight and

be representative of
be configured to equ

Id consider track shape, length, road surface, grade change, speed limitations, a
bhould be a continuous closed circuit that allows for the safe operationlLof the te
mplete track circuit without interruption. The track road surface should be repre
mended that the test track circuit shall have a grade change <3.5%:

imprecision during a truck or bus fuel consumption, test is variations in wea
nd Appendix A for additional information, cautions,.and limitations.

st Route

test route must have a start and stop point at the same approximate geographica
traffic to increase repeatability. For consideration, roadways using a cloverleaf at
and repeatable operation of both vehicles for every run.

he trailers must be permanently assigned to a specific tractor throughout the enti
btween the vehicles. A'trailer may be a changeable component for the test vehicl
ust not change undenany test scenarios.

hht and Distribution
or weight'distribution are not a test variable the vehicle weight and weight distributi

the fléet operations and be within the capability of the vehicles under test. Weig
ally‘load each axle in order to reduce the bias from trailer and tractor axles. All ve

same total weight a

hd historical weather
5t vehicle at the test
sentative of highway

her conditions. See

| location. The route
he turn around point

e test. Trailers must
e only. The trailer for

pn for the test should
nt distribution should
hicles must have the

hd_weight distribution. The cargo weights selected for the test should be repres

entative of the fleet

operations and within the capability of the vehicles under test. Static weights should be selected in preference to live or
liquid loads that may shift during the course of normal testing. Cargo weight must not change during a test unless a change
in weight is a factor being tested. If the total weight between the control and test vehicles cannot be matched the difference
must be £1.5%. If the weight distribution cannot be matched between the control and test vehicles the difference in each
axle load must be <5% or <500 pounds (226.8 kg), whichever is lesser.

4.2.10 Fuel Use Measurement
Gravimetric fuel measurement is preferred for this test procedure. See Sections 5 and 6 for additional details. All portable

tanks used in a test must be weighed on the same portable scale. A flow meter may be used if the accuracy requirements
described in Sections 5 and 6 are satisfied.
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4.2.11 Drivers

Drivers should be sufficiently skilled so that test results are not affected by the driver’s technique during the test period.
Drivers should also have a strong motivation for unbiased results and excellence of test procedure conduct.

4.2.12 Observers

Observers may be assigned (but are not required) to each vehicle to record data and assist with complex driving cycles.

4.2.13 Aerodynamic Devices

Aerodynamic drag reduction equipment (fairings and air flow control devices) should be tested in very low wind conditions

for smallest possible

result tolerance. See Appendix A for more information on this topic.

Active aerodynamic
percentage of total t
percentage of total
Engineering judgem
is active for each teg

4.2.14 Odometer P

devices shall be installed and used during the tests as it is intended foirnho
me over which the device is active shall be documented for each test runsJt.is re
time over which the device is active during a test run shall be consistent bet
bnt shall be used to assess the consistency of the valid runs, and the differences in
t run shall be documented with the results.

recision

If odometers and sp¢
test or during the ve

5. INSTRUMENT

edometers are used, the precision of all vehicles should‘e determined using GPS
icle setup process and compensations made for errerduring actual tests runs.

ION AND EQUIPMENT

Care must be takenlin the collection of all test data. This section*provides specific information regan
and measurement gquipment required for a successful testsTo minimize variation in fuel consump
environmental effecs and vehicle operational characteristies must be monitored continually throughdg
All instrumentation uged in the test process should be NIST traceable and all fuel consumed shall meef

International standa
5.1  Fuel Consumq

Only the two method

ds for fuel for the intended application.
tion

s described in this section may be used to measure the fuel consumed during a

fall into two categotlies: gravimetric and olumetric. To minimize errors in the test process, the g

preferred for both on
A flow meter may be

The following fuel us

-track and on-road tests. A discussion of this fuel measurement approach is prov
used if thelflow meter can satisfy the accuracy requirements described in 5.1.2.

e measurement methods are not approved and shall not be used.

rmal operation. The
commended that the
ween all valid runs.
total time the device

during the warm-up

ding instrumentation
tion data quality the
ut the test program.
all applicable ASTM

fest. These methods
avimetric method is
ded in 5.1.1.

a. Data obtained fr

bm-the electronic control module (ECM).

b. Volumetric measurements obtained by measuring fuel volume in the fuel tank.

C.

5.1.1  Gravimetric

Volumetric measurements obtained from a fuel dispensing system.

The gravimetric method is a direct measurement of the weight of the fuel consumed. Gravimetric fuel measurement

instrumentation and

a.

equipment consist of the following items.

Fuel tank: An easily removable fuel tank appropriately sized to complete a test run without risk of inducing air into the

fuel lines—a good rule of thumb is approximately two times the estimated fuel necessary to complete a run. The tank
should be fitted with quick disconnect fuel lines so that it can be removed from the vehicle for weighing. The supply and
return lines should be adequately spaced to ensure air does not enter the lines. For on-road testing, the user shall verify
that the removable fuel tank satisfies DOT safety requirements.
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Fuel cooler: A fuel cooler/radiator capable of maintaining the temperature of the fuel in the tank below the engine OEM’s
maximum allowed temperature (normally 160 °F (71.1 °C)) may be required. The cooler should be located in a manner
to obtain the necessary air flow while not greatly affecting the aerodynamics of the vehicle. Pressure drop across the
fuel cooler should not impede flow to a point where manufacturer specified delivery pressure and volume is not
maintained.

Scale: A calibrated digital scale having sufficient capacity and capability to accurately weigh portable fuel tanks
throughout the full range of tested fuel levels. The scale should 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. A calibration weight within this test range shall be used to
verify the scale repeatability prior to each sequence of measurements. Weight measurements should be recorded
immediately after the display has settled to a final value. Portable fuel tanks shall be placed on the scale platform in the
same location and orientation.

5.1.2 Volumetric, Flow Meter

A flow meter intendef for gasoline or diesel fuel may be used if it has sufficient capacity and capability tq
fuel flow and volum¢ throughout the full range of vehicle test conditions. It is required thatithe value
instrument are tempgrature compensated per the fuel temperature at the inlet to the flow'meter.

accurately measure
s obtained from this

All flow meter systen
flow rates.

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

If using a graduate
Depending on the fl
(15.6 °C). For instan
container may be re
thermal expansion o
as the meter system

If using a gravimetri
avoid errors when
documented.

CAUTION: Be awa
accurac
flow ratsg
the test

s shall be calibrated and accurate within £0.25% of the reading throughout the m

gross error did not occur with the installation of the flow.meter and data acquisition
J be performed. This can be accomplished by compating 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.

d container, record the dispensed volume™ of fuel and its temperature for co
ow meter system, the dispensed volume may be corrected to the industry sta

ported by the flow meter as less:than 1 gallon. The formula used to determine 4
a liquid will affect the comparisoen. If possible, it is best to use the same formula an

C tank to perform the_“as installed” validation check, the density of the fuel samp
converting volume(tomass. The accuracy of the fuel mass and density mead

e that flow(meters are typically calibrated at steady state conditions and typi

at different flow rates. Ensure that the flow meter calibration is performed over
s. Additionally, because actual fuel consumed by the engine will include many t
range-the calibration shall include such transients. Because of these inherent p

accurac

basurement range of

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

mparison purposes.
hdard value of 60°F

ce, if the fuel in the container is at 80 °F (27.7 °C), a 1 gallon change as indicated by the graduated

correction factor for
J calculation process

le shall be known to
surements shall be

cally have a varying
the range of the test
ransients throughout
ptential errors in the

ofia flow meter, the most accurate comparisons can thus be achieved under steg

dy state conditions..

5.2 Weather

The test procedure requires that wind speed, wind direction, air temperature, humidity, and barometric pressure be
measured throughout the test. A number of commercially available instrumentation systems are available for measuring the
weather parameters listed above. The wind measurement device must have a wind speed accuracy of £1.5 mph (2.41 km/h)
and a wind direction accuracy of +5 degrees. The other weather condition measurement sensors or instruments must have
a resolution value less than 0.5% of the maximum value measured during the test.

CAUTION: The wind limits defined in Table 2 and instrumentation accuracy stipulated in this document have been defined
considering vehicle speeds of 50 mph (80 km/h) or greater. It must be recognized that for testing at lower vehicle
speed and higher wind speed large variations in yaw angle are expected that will lead to greater run-to-run
variability in fuel consumption and result in larger confidence intervals for the fuel savings measurements.


https://saenorm.com/api/?name=050d1b4fe5fdb6fc5c2a7836ea865736

SAE INTERNATIONAL J1321™ OCT2020 Page 15 of 48

5.3 GPS Vehicle Operation

To ensure acceptable data quality, the test procedure require each run be executed in a repeatable manner. This can only
be accomplished by a close monitoring of vehicle speed throughout the run. It is recommended that a GPS unit (or devices
and systems of equal accuracy and precision) capable of measuring and logging road speed within 0.1 mph be used. To
further improve data quality, the trip average feature of the GPS system may also be used as an indicator for acceleration

rate repeatability from run to run as well as an indicator for final cruise speed between the control and test vehicles.

6. TEST PROCEDURE

Results obtained from a test that does not rigorously follow these procedures shall not be represented as an
SAE J1321-Type Il test result.

It is recommended

The on-track test pr:

at this procedure be performed on a test frack to ensure greater conirol over {he test environment
resulting in improved data quality. The on-track test procedure is described in 6.1 and 6.2.

edure has been structured to provide high quality test data. The procedufe)is deta

test preparation (6.1), test process (6.2), and data analysis and reporting (6.3). Supporting informatior

preceding Sections

To reduce cost and

procedure are allow
by enclosed [bracke
6.1 Test Preparati

This section contain
and personnel for a

To assist the user, 4
supplied forms but i
The user shall use tl
6.1.1 Test Track

The test track shoul
safe operation of all

drive cycle. The trag
grade <3.5%.

[On-Road Testing O
the safe operation o

, 3,4, and 5 and in Appendices A, C, and D.

led in three sections:
can be found in the

support the needs of all sectors of the truck and bus community several modifications to the on-track

d for on-road testing. These modifications are defined and-embedded within 6.1
s].

on

5 all necessary information and instructions tos>prepare the test facility, test vehid
successful test.

number of forms are provided in Appendix D. The user of this procedure is no
b required to document the specific information and collect the data described in
e data analysis procedure described in this document and the supplied data anal

1 and 6.2 and noted

les, instrumentation,

required to use the
the forms provided.
ysis software.

I be inspected prior to testing. The test track should be a continuous closed circyit that allows for the

est vehicles at the selected test speed over the complete track circuit without inte
k road surface should be similar to that found on a U.S. highway. The test trac

NLY: The'on-road test route should be inspected prior to testing. The test route ci
f all test.vehicles at the selected test speed(s) over the circuit without interruptid

rruption to the target
circuit shall have a

rcuit should allow for
n to the target drive
grade <5%.]

cycle. The road surche should be similar to that found on a U.S. highway. The test circuit shall have g

6.1.2 Vehicle and

Equipment

All test vehicles and equipment shall be documented. A description of the documentation requirements and the information
and data collection requirements are contained on Form D1 (see Appendix D).

In general, all test vehicles shall:

a.

on the vehicle and tire wear. See 4.2.2 for detailed description.

Be identical (preferably of the same make, model, and year) and of the same condition with equivalent number of miles

b. Be the same weight and have the same weight distribution within 0.5% or <500 pounds (226.8 kg) over each axle.
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c. Be in proper operating condition.

d. Have fully functional engine and after-treatment systems without diagnostic trouble codes or other engine/emission
service indicators illuminated (malfunction indicator lamp (MIL), diesel exhaust fluid (DEF)).

Specifically, all test vehicles shall be in identical mechanical conditions, be representative of the operator’s vehicle(s)
involved in the test, and (except in the case where the vehicle feature is the item being evaluated) have the following as

noted below and listed on Form D4 (see Appendix D).

a. Each engine speed control set to manufacturer's recommendation or the operator’s standard.

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

c. Each vehicle shall be clean and free of damage or missing body parts.

d. |Itis preferred that cab windows for all vehicles are closed. If windows are open the openings'shall|be the same in each
vehicle for the entire test. For transit buses, all windows should stay the same (open or closéd) for entire test.

e. Accessory load for each vehicle as consistent as possible (for example, by turning ‘air’condition|ng off, defroster off,
blower speed at|the same setting, and lights on).

f. Trailer free of dgmage to exterior surfaces.

g. Truck/tractor alignment checked and proper. Trailer axle alignment checked and proper.

h. Each vehicle prqperly lubricated prior to test. All fluid levels should)be checked and be at prescribed levels.

i. Temperature coptrolled fan drives shall be set to the same @péerating mode throughout the test.

j-  Cold tire pressures measured and inflated to vehicle or.tire manufacturer standard within a tolerancg of +1 psi (6895 Pa).
Tire pressures need to be set at the beginning of the“day following overnight cold soaks. Ensurg solar loading on all
tires is consistent prior to adjusting pressures.

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

I.  Exhaust system|free of mechanical and eperational defects.

m. Proper brake ad|ustment.

n. All emission afte[-treatment.components must be in proper working condition. Vehicles that rely on p reductant chemical
to control criterigd pollutants-must have sufficient volume on board to complete all testing.

Prior to the initial run all vehicles must be checked for mechanical malfunction that would affect test regults. Typical checks

would include:

a. Oil pressure and leaks.

b. Brake air system leaks.

c. Coolant temperature and leaks.
d. Exhaust gas temperature.

e. Engine air filter restriction.

f. Electrical load.

g. Tire pressures.
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Brake dragging (i.e., temperature).

to maintain selected test speed.

differential leaks.

[.  Intake manifold pressure (turbocharger boost) and other intake system losses.

eneration state or a DPF illuminated before keying off after the warm-up.

After-treatment condition, state of DPF loading and regeneration state. Drivers should note dash displays that indicate

h.
i. Exhaust smoke.
j- Observed ability
k. Transmission or
m.

or broadcast reg
n.

prior to proceedi
It is recommended t

6.1.3 Instrumenta
All instrumentation
requirements and th
Sections 4 and 5 for

All required instrum
procedure shall be ¢
calibrated. Specific
operations are noted
6.1.3.1 Fuel Con
All fuel consumptio

documentation requ
Appendix D).

This test procedure
meter can satisfy
instrumentation and
6.1.3.2 Weather

All weather instrumg
requirements and th

Check/investigafe all vehicle diagnostic caution and warning signals/alarms and resolve all vehicle

I

hg with the test.
at the above list of checks should be executed between runs.
on

type, specification, and placement shall be documented.\ A description of
e information and data collection requirements are contained on Form D2 (se
additional information.

entation to obtain weather, fuel consumption, and"vehicle operating conditio
valuated for proper operating performance priorto ‘start of the test, and instrume]
nstrumentation requirements to measure fuel,consumption, monitor weather, ar
below. The data shall be used to determine\acceptance of test results.

sumption
n instrumentation type, specification and placement shall be documented. 4

irements and the informationjand data collection requirements are containeq

fecommends a gravimetric measurement of the fuel consumed. A flow meter ma
the accuracy requirements described in 5.1.2 and Section 6. Gravimetric
equipment are deséribed in 5.1.1.

bperational concerns

the documentation
e Appendix D). See

ns for the preferred
hts shall be properly
d determine vehicle

description of the
on Form D2 (see
y be used if the flow

fuel measurement

f the documentation

ntatign type, specification and placement shall be documented. A description g
b information and data collection requirements are contained on Form D2 (see A

collection sampling g

pendix D). The data

riteria is presented in 6.1.3.2.2. All weather data for the test shall be obtained for fhe day and time that

the test was conducted. All weather data must be corrected to a common height above the test start point (see 6.1.3.2.3).
Weather data shall be reviewed following each test run to ensure weather test constraints were not violated.

6.1.3.2.1

On-Track Test Weather Data Collection

It is recommended that weather measurements for an on-track test be obtained at multiple locations along the test track. At
a minimum, on-track weather data shall be obtained at one location along the test track. The data sampling for all
environmental conditions shall be continuous during a test run and shall not be less than 1 sample/60 seconds for on-track

testing.
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6.1.3.2.2 On-Road Test Weather Data Collection

On-road test shall collect weather data from one of the following two sources. The first data source option is to obtain data
from multiple temporary weather collection systems positioned along the on-road test route by the test staffing. The second
option is to obtain data from multiple permanent weather observation stations located in proximity to the test route, such as
those located at airport.

Temporary weather collection systems must be positioned at the beginning, mid-point and ending location of the test route.
It is recommended that temporary weather data collection system use the 1 sample/60 seconds data sampling rate and
duration as described in 6.1.3.2.1 for on-track testing. At a minimum the temporary weather data collection system must
obtain.

a. 5 minutes of weather data at the start location, prior to the start of a test run.

b. 1 minute of wealher data at the mid-point location at the mid-point of a test run.
c. 5 minutes of weather data at the end location, immediately at the end of a test run.

The sampling criteri
observation station ¢

A described for temporary weather data collection system is not ‘applicable to|permanent weather
ata. If permanent weather observation stations are used the critéria’listed below must be satisfied.

a. A minimum of tWo weather observation stations must be used. A listing of U.Sy'permanent weather|observation stations
may be found at|https://www.ncdc.noaa.gov/cdo-web/datatools/findstatioh:.

b. All permanent weather observation stations must be located within, 30 miles (48.3 km) from a point along the on-road
test route.

c. The permanent weather observation stations used for the\test must be separated from each other by a minimum of
50 miles (80.5 km).

d. If the distances from the test route to each permanentweather observation station differ by less than 20% then the test

weather data is
the weather obs
of the data from

If the distances from
values from the wea
weighted averaged
weighted averaging

1. Calculate the su

Example for two

calculated by a simple average of.the data from all stations. If the weather data
ervation stations differ by lessthan 20% then the test weather data is calculated
all stations.

the test site to each weather observation station differ by greater than 20% and th
ther observation stations differ by more than 20%, then the test weather data is ¢
process that is based upon the distance of a weather observation station from
s performed by:

M of the-distances from the test route to each weather station.

stations:

alues obtained from
by a simple average

b weather parameter
alculated by using a
the test route. The

Sum of Distances = (Distance Station 1) + (Distance Station 2)

2. Calculate the weighting scale factor for each weather station by dividing the sum of the distances from step 1 by the
distance from the test route to each weather station.

Example for stat

ion 1:

Scale Factor Station 1 = (Sum of Distances)/(Distance Station 1)

by the station weighting scale factor from step 2.

Scaled Value = (Scale Factor Station 1) x (Weather Value Station 1)

Calculate the scaled weather parameter value for a weather station by multiplying the weather station parameter value


https://www.ncdc.noaa.gov/cdo-web/datatools/findstation
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4. Calculate the weighted average weather parameter for the test by dividing the sum of the scaled weather station values
from step 3 by the sum of the weighting scale factors from step 2.

Weighted Average Weather Parameter = (Sum Scaled Values)/(Sum Scale Factors)
6.1.3.2.3 Weather Data Elevation Correction
The weather measurement stations must be located at an elevation distance above the road surface that is greater than
4 feet (1.22 m) and not more than 30 feet (9.14 m). The measurement sensors must be located in an open area and shall
not be shielded from above or from the wind in all azimuth angles. The weather measurement device shall be located

>100 feet from the test route or any moving vehicles.

To ensure consistency in the application of the wind speed test criteria all wind speed measurements shall be corrected to
an elevation of 10 fet (3.05 m) using the 1/7th power law relationship, shown in Equation T.

Vw,10 = Vm (10/Hm)1/7 (Eq. 1)
where:
Vw,10 = test reference wind speed at 10 feet above the road surface
Vm = measured wind speed
Hwm = elevation height for the wind measurement

Scaling factors derived from Equation 1 are listed in Table 5. The user may use the below scaling factors to correct wind
speed measurementis obtained at a height other than 10 feet to a test reference wind speed at 10 feetlabove ground level.

Table 5 - Scaling factors

Hw (feet) Scale Factor, Hw (feet) Scale Factor
4(1.22m) 1.140 14 (4.27 m) 0.953
5(1.52 m) 1,104 15 (4.57 m) 0.944
6 (1.83 m) 1,076 16 (4.88 m) 0.935
7(2.13m) 1.052 18 (5.49 m) 0.927
8 (2.44 m) 1.032 20 (6.10 m) 0.919
9(2.74m) 1.015 22 (6.71m) 0.906
10 (3.05ym) 1.000 24 (7.32m) 0.893
11 (3(35'm) 0.986 26 (7.92 m) 0.882
12(3:66 m) 0.974 28 (8.53 m) 0.872
1+3(3.96 m) 0.963 30 (9.14 m) 0.863

An example calculation using the scaling factor is shown below.

Example: A wind speed (Vwu) of 10.50 mph (16.9 km/h) is obtained at a measurement height (Hw) of 5 feet (1.52 m) above
ground level. The corrected wind speed at 10 feet (3.05 m) above ground level is Vw,10 = Vm X Hu=10.5x 1.104 = 11.59 mph
(18.7 km/h).

6.1.3.3  Vehicle Operation
All vehicle operation instrumentation type, specification and placement shall be documented. A description of the

documentation requirements and the information and data collection requirements are contained on Form D2 (see
Appendix D).
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The data quality demanded by the test procedure requires each run be executed in a repeatable manner. This can only be
accomplished by a close monitoring of vehicle speed throughout the run. The test procedure requires the use of a
high-resolution GPS unit (or device with similar accuracy) capable of measuring road speed within 0.1 mph (0.161 km/h).
Additionally, the trip average feature of the GPS system can also be used on a test track as an indicator for acceleration
rate repeatability from run to run, as well as an indicator for final cruise speed between the control and test vehicles.

6.1.4  Driver

All drivers shall be interviewed after each run and their comments noted. A description of the documentation requirements
and the information and data collection requirements are contained on Form D3 (see Appendix D).

Drivers selected should be sufficiently skilled so that test results are not affected by the driver's technique improvement
during the test period. Drivers should also have a strong motivation for unbiased results and excellence of test procedure
conduct. Drivers shgllremain with their venicles Tor the complete test.

6.1.5 Observer

All observers (if use
requirements and th

Observers may be a
run. These calculatid
measured miles (km

for the complete tesf

6.1.6 Data Record
All data shall be re
requirements are co
in Appendix D. Thes
6.1.7 Vehicle War

All warm-up observg
data collection requi

All vehicles should 4
shall be run to ensu
warm-up is the varig
each run.

For vehicles equipps

) shall be interviewed after each run and their comments noted. A description d
b information and data collection requirements are contained on Ferm D3 (see Ap

ns are made using stopwatches and mile (km) posts. If mile,(km) posts do not e
or landmarks must be identified prior to conducting the test. Observers shall remg

ing Process

corded. A description of the documentation“requirements and the information
htained on data sheets contained in Appendix D. The user is not required to use
e forms are provided for convenience only.

m-up

tions shall be documented- A description of the documentation requirements and
ements are contained on Form D4 (see Appendix D).

e operated at test §peeds for not less than 1 hour prior to the start of a test. Wa
Fe that the vehicles approach temperature stabilization in all components. If fuel
ble being measured, all vehicles should not be operated for a minimum of 12 h

require periodic reg

neration, the test operator must ensure the system is at normal operating temg

f the documentation
pendix D).

5signed to each vehicle. Observers, if used, should make andrecord elapsed tim¢ recordings on each

ist on the test route,
in with their vehicles

and data collection
the forms contained

the information and

'm-up test segments
consumption during
purs prior to starting

d with selective catalytic reduction, particulate filters or other advanced after-treajment systems which

eratures and a filter

loading is sufficient tp"avoid regeneration during a run. If a vehicle undergoes an after-treatment reger

eration event during

the warm-up event the test operators have two options. Option 1 is to restart the warm-up process for all vehicles after the
regeneration event has been completed and option 2 is to continue with the warm-up until the regeneration process is
completed.

To minimize run variability, it is recommended that during the warm-up process each driver and observer should note the
precise location where brakes are used, where shifting of gears occurs, and areas of acceleration and deceleration. These
actions will result in greater consistency for each run during the test process.

6.2 Test Process

This test procedure consists of a baseline segment and a test segment. A baseline segment is comprised of a minimum of

three runs with the control vehicle and the unmodified test vehicle(s). A test segment is comprised of a minimum of three
runs with the control vehicle and the modified test vehicle(s). The length of each run shall be 250 miles (80.5 km).
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A run requires a complete and simultaneous circuit of a specified test route by the control vehicle and the test vehicle(s). All
vehicles must be operated during a run with sufficient spacing to minimize aerodynamic vehicle-to-vehicle interference while
minimizing differences in ambient environmental conditions experienced by the test and control vehicles. The minimum
recommended spacing between vehicles is 1500 feet (457.2 m). Each run must be completed without the occurrence of
equipment malfunction, driver malfunction, or a failure to obtain all required weather and operational data. A run always
starts and ends at the same location. Each run generates one data point for the test vehicle and one data point for the
control vehicle.

[On-Road Testing ONLY: The length of each run shall be 2100 miles (161 km). A run is a complete and simultaneous circuit
of a specified test route by the control vehicle and the test vehicle(s) operated with sufficient spacing to minimize
aerodynamic interference between the vehicles while minimizing differences in ambient environmental conditions
experienced by the test and control vehicles shall separate the control vehicle and test vehicle. The minimum recommended
spacing between vehicles is 1500 feet (457.2 m). A closer spacing of not less than 800 feet (243.8 m) may be used for

on-road testing to numimizetrafficnterference. Note, a closer spacing witncrease the potentiat

interference effects ¢

6.2.1 Baseline S¢
All data from a basel
and data collection r

A minimum of three
must be executed W
separation to minim
and in accordance W

The run time for ead
time at which the va
the fuel source from
purged of air prior to
source switching.

The difference in tim
0.5% of the longest
the test vehicle(s) re
18 seconds of the cd

Time for each vehicl
specific vehicle to cq
in 1 hour, each subs
initial run time. Fuel
described above.

ontaminating the test data.]
gment

ne segment run shall be recorded. A description of the documentatjonwrequirement
bquirements are contained on Form D5 (see Appendix D).

runs of both the control vehicle and test vehicle(s) are required for the baseling
ith the test and control vehicles operating simultaneously on the test track wit
ze aerodynamic interference between the lead and féllowing vehicle(s) over the
ith the criteria defined within this procedure.

or vehicle-to-vehicle

5 and the information

segment. Each run
n sufficient clean air
prescribed distance

h vehicle is the time from engine start to engine'stop or in the case of fuel switching valves, from the

ve is switched to allow fuel flow and to stop fuel flow. Fuel switching valves are
the OEM fuel tank to the test fuel tank. This method may be used provided the
testing. If switching valves are used, the,fun elapsed start and stop time coincides

e for the control and test vehicles to complete the first run in the baseline segmg
run time for the vehicles. Eoriexample, if the control vehicle takes 1 hour to comg
quire less time to complete-their first run the test vehicle(s) must have completeq
ntrol vehicle run time.

e to complete all(subsequent runs in the baseline segment must be within £0.25f
mplete its first tun in the baseline segment. For example, if the control vehicle cg
equent run by-the control vehicle in the baseline segment must be completed with
consumption data shall not be used from a run that failed to satisfy the run time

The following sectio

6.2.1.1

s-describe the preferred approach to the testing process. It is recognized that us
]EIT dradjusted d that satisty the intent of the method and d T sacrific

test process with modified/adjusted procedures that safis

a method to change
fuel lines have been
with the time of fuel

nt shall be less than
lete the first run and
their first run within

o of the time for that
mpletes the first run
in £9 seconds of the
repeatability criteria

Run Preparation

The control and all test vehicles are moved to the starting point and parked with engines stopped.

Odometers for the control and test vehicles are read and recorded to 0.1 miles (0.161 km).

The collection of weather conditions is initiated in accordance to the requirements described in 5.2.

ers may execute the

0 not sacrifice data quality.

The control and test vehicles must be fueled from the same dispenser (fuel source) during the entire test to ensure consistent
fuel grade and quality.
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Portable fuel tanks a

re topped off, weighed, and the weight recorded as described below.

itioned on a level surface and shielded from the wind.

The zero of the scale is verified.

| tanks are topped off but allowing volume for thermal expansion.

The weight of the fuel and tank for each vehicle test tank is determined and recorded.

A calibration mass of similar weight to a filled portable fuel tank at the start of a run is used to verify the scale accuracy.

The outside surface of the portable tanks is wiped clean of dirt and any fuel residue before they are weighed.

a. The scale is pos
b.
c.
d. The portable fue
e.
f.
g. Thetanks arein
6.2.1.2 Run Start

The control and test
is used to ensure: (1
tank changes betwe
NOTE: Runtime is
The driver of the tes

Test vehicle engine

After 1 minute (a pre

starts the engine andg begins driving the test route.

Control vehicle engine start time is recorded.

If a pre-determined ¢

operated as describgd in the pre-determined driving cycle.

6.2.1.3 Run End

NOTE: If a regener
repeated. W|
thermal stab

NOTE: Care shallb

stalled on their respective vehicles.

vehicles must be operated simultaneously on the test track. An interval spacing K
that one vehicle will not impose an artificial performance limit on-the following ve

bn runs without disproportionate cooling.

he total elapsed time from engine start to engine stop.
vehicle starts the engine and begins driving the test.

start time is recorded.

determined time to allow sufficient vehicle'spacing as described in 6.2) the driver

riving cycle is specified forthe test, the observer must coach the driver making su

btion event oGeurs on either the control or test vehicle during a run, the run sh
hen the regenération event is complete, the vehicle warm-up procedure should bg
ilization before the next test run.

b faken to ensure that the cool-down periods are similar for all vehicles between al

etween the vehicles

hicle, and (2) allows

Df the control vehicle

re that the vehicle is

bll be cancelled and
repeated to achieve

runs. The maximum

allowed coo

Ldown period should be the lesser of 45 minutes or a time period equal to 30% of

the time to complete

arun. Table

6 can be used as a quick reference guide.

Table 6 - Maximum allowed cool-down time

Run Time 30% of Run Time
(minutes) (up to max of 45 minutes)
45 14
60 18
90 27
120 36
150 45
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If the start of a subsequent run within the allowed time is not possible, additional warm-up time should be conducted

per Equation

2.

Additional warm-up time = Actual cool-down time - Allowed cool-down time

(Eq. 2)

EXAMPLE: If the run time is equal to 60 minutes, the maximum allowed cool-down time is 18 minutes. If the actual
cool-down time is 35 minutes, then the additional warm-up (driving) time required shall be no less than 35 - 18 =

17 minutes.

Suggestions to minimize the cool-down period: (1) The tank weigh and refill process can be shortened by having a
second set of marked fuel tanks so that the cool-down period is kept to a minimum by simply swapping the empty
fuel tanks with full tanks. (2) The run time difference calculation can be performed after the vehicles have begun
the subsequent run. (3) The vehicle check can be performed simultaneously with the driver/observer questioning

provided sufficient personnel are available such that key vehicle checks are not inadvertently

After completing a t¢st run, the test vehicle must stop at the start point. Immediately after full;stop of]
actly 1 minute then shut down.

engine is idled for ex
Test vehicle stop tim
Test vehicle engine

Test vehicle odomet

After completing the
vehicle the engine is

Control vehicle stop

Control vehicle engine stop time is recorded.

Control vehicle odometer is read and recorded.

Control and test veh

e is recorded.
5top time is recorded.

br is read and recorded.

time is recorded.

cle(s) fuel is measured and recorded as described below.

tioned on a level surface-and shielded from the wind and has not been moved from
of the test.

test cycle, the control vehicle must stop at the start point. Immediately after fu
idled for exactly 1 minute then shut down.

cale is verified:
tanks are-removed from each vehicle without spillage of fuel from either the supp

e-partable tanks is wiped clean of dirt and any fuel residue before they are weigh

bverlooked.

the test vehicle, the

| stop of the control

the initial placement

y or return fuel lines.

ed.

a. Thescaleis pos
prior to the start

b. The zero of the s

c. The portable fug

d. The outside of t

e.

f.

The tank and remaining fuel is weighed and recorded.

the weight of the fuel consumed per vehicle.

The weight of the tank and fuel is subtracted from the weight of the tank and fuel at the start of the run the difference is

All test data is valid unless invalidated by a documented equipment failure or malfunction or driver error. The reason for

invalid data must be

recorded and documented on Form D7.

Drivers of all vehicles should be interviewed between runs to ascertain any differences in the apparent handling, power,
and braking characteristics of their respective vehicles and this information shall be recorded. A description of the
documentation requirements and the information and data collection requirements are contained on Form D3. If damage or
an event occurred to the vehicle during or between runs of either the baseline segment or the test segment, the data should
be discarded and documented. A description of the documentation requirements and the information and data collection
requirements are contained on Form D7. The test should be repeated after correcting the problem.
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At the end of each run, it is recommended that all vehicles be checked for mechanical changes that would affect test results
(see items “a@” through “m” below). At the end of the test day, all vehicles must be checked for mechanical changes that
would affect test results (see items “a@” through “m” below). All checks that are completed shall be recorded. A description
of the documentation requirements and the information and data collection requirements are contained on Form D4 (see
Appendix D).

a. Oil pressure and leaks.

b. Air system leaks.

c. Coolant temperature and leaks.

d. Exhaust gas temperature.

e. Engine air filter restriction.
f.  Electrical load.
g. Tire pressures.
h. Brake dragging (i.e., temperature).
i. Exhaust smoke.
j- Observed abilitylto maintain selected test speed.
k. Transmission or|differential leaks.

I.  Intake manifold pressure (turbocharger boost).

m. Number and durgtion of PDF regeneration events.
n. Exhaust system|and after-treatment leaks.

At the conclusion of each run, all data shall be recorded. A description of the documentation rdquirements and the
information and data collection requirements are contained on Form D5. The next run is executed py repeating 6.2.1.1

through 6.2.1.3.

6.2.2 Test Segmept

All test segment test|data described on Form D5 and summarized on Form D7 is recorded (see Appendix D).

The test segment is
The test segment d
6.2.1.,6.2.1.1,6.2.1.2, and 6.2.1.3.

exeeuted by first modifying the test vehicle with the device, system or equipment being investigated.
i ' i ' ' i i gment described in

The test segment may be performed prior to the baseline segment for purposes of test efficiency.
6.3 Test Data Processing

All test data shall be documented/recorded. A description of the documentation requirements and the information and data
collection requirements are contained on Forms D1, D2, D3, D4, D5, D6, and D7 (see Appendix D).

All weather data shall be recorded. A description of the documentation requirements and the information and data collection
requirements are contained on Form D6.
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6.3.1  Test Fuel Consumption Data Recording

All fuel consumption data shall be recorded. A description of the documentation requirements and the information and data
collection requirements are contained on Forms D5 and D7 (see Appendix D).

6.3.2 Test Fuel Consumption Data Analysis
Fuel consumption data shall be recorded. A description of the documentation requirements and the information and data
collection requirements are contained on Forms D5 and D7 is analyzed using the supplied software. The supplied data

analysis method is described in Appendix B and a representative analysis is presented in Appendix C.

After baseline segment data has been obtained for a minimum of three runs the baseline segment test data is input into the
baseline segment table (Table 7) displayed below and analyzed using the supplied software.

Table 7 - Baseline segment table

Baseline Segment |Date: |
Consumed fuel (kg or Ib. or gal.)
Run Test vehicle Control vehicle T/C

1 58.63 59.89 0,9790
2 54.78 55.52 0.9867
3 58.38 59.26 0.9852
4

5

6

7

8

9

10

11

12

After test segment data has been obtained\for a minimum of three runs the test segment test data [is input into the test
segment table (Tabl¢ 8) displayed below and analyzed using the supplied software.
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The test results are
means, provided as

The nominal value s

Table 8 - Test segment table

Test Segment |Date: |
Consumed fuel (kg or Ib. or gal.)
Run Test Control T/C

1 55.75 60.71 0.9182
2 54.59 58.85 0.9276
3 57.00 62.06 0.9185
4

5

6

7

8

9

10

11

12

Table 9 - Test results table

Hisplayed in Table 9. The information in Table 9 shows a 95% confidence interva
percent improvement and percent fuel saved.

Test Result > -

Nominal " |  Confidence Interval
Fuel Savings 6.3% * 1.1%
Fuel Improvement 6.7% * 1.2%

own in Table 9 is determined froman analysis of the measured fuel consumption ¢

the measured change in fuel consumed resulting from the modification to the test vehicle.

The confidence interval value in Table 9 is«determined from the variation (scatter) in the measured fu
relative to the nomingl value, and the number of data values obtained. The confidence interval is show
confidence interyal-is a range around the nominal value that conveys how preci

the nominal value.

is and indicates the feliability of thetaominal value.

If the confidence hplf-interval~yalue is equal to or greater than the nominal value, there is no

improvement.

A desirable result is fo’have a confidence half-interval value (column entry) that is significantly less tha

on the difference in

ata only and reflects

| consumption data,
n as a * value about
e the nominal value

statistically justified

n the nominal value.

6.3.3 Reporting of Test Results

Only calculated values from the supplied software may be used in the reporting of test results. Test results from the test
procedure shall be reported according to the following format and shall contain all information noted below. The required
reporting precision is one decimal place.

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

@ Mean vehicle speed, vehicle weight, gap, aerodynamic gap

@ Mean air temperature + change to min and max values

@ Mean wind speed + change to min and max values
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EXAMPLE: 6.3% £ 1.1%

@ 65 mph (104.4 km/h), 65000 pounds (29484 kg), 36 inches (91.44 cm), 36 inches (91.44 cm)

@ Temp =70 °F (21.1 °C) = 10 °F (5.6 °C)

@ Wind = 3 mph (4.83 km/h) £ 2 mph (3.22 km/h)
Reporting of the test results must include sufficient test documentation that defines the test site, measurement equipment,
all vehicles, and all devices, systems, and equipment being studied. Calibration records for all measurement equipment

should be current and maintained with the test report. The information collected should include photographic, sketches,
drawings, measurements, and descriptive text. The following minimum data are required:

a. Test facility namf and Tocation and test date and time.

b. Test track drawihg and dimensions.

c. Test track weather data collection sites location and dimensions.

d. Vehicle (truck and trailer) manufacturer, model, and year.

e. Vehicle (truck and trailer) dimensions (length, width, height).

f.  Engine manufacturer, model, and EPA level.

g. Photographs of ¢ach vehicle (truck and trailer) configurations.

h. Photographs of gach vehicle at test site.

i. Description and gdimensions of vehicle modifications under investigation.
j- Photographs of yehicle modifications under investigation.

k. Time history plo{ of all weather conditions during test.

I.  Test duty cycle description.

7. NOTES
7.1 Revision Indicptor
A change bar (I) locdted inthe left margin is for the convenience of the user in locating areas where teghnical revisions, not
editorial changes, have t_)gen made to the previ_ous is_sue of thi_s documgnt. An (R) symbol to the left pf the document title

indicates a completd revision of the document _including technical revisions Change bars and (R) aré not used in original
publications, nor in documents that contain editorial changes only.

PREPARED BY THE SAE TRUCK AND BUS AERODYNAMICS AND FUEL ECONOMY COMMITTEE OF
THE TRUCK AND BUS COUNCIL
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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 (V1) 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 () as depicted in Figure A1.

fe——— 4%

Figure A1 - Vehicle wind velocity and yaw diagram

Vehicles operating i} the continental United States may routinely experienée wind speed values in exdess of 12 mph (refer
to the 2009 Department of Energy (DOE) wind energy data, Wind Energy Resource Atlas of America, DOE/CH 10093-4,
Oct. 1986, DE86004442). An analysis of more than 30 years of historical data compiled by the Nptional Oceanic and
Atmospheric Administration (NOAA) results in a historical mean-wind speed of 7.5 mph (12.1 kn}h) at a mid-vehicle
elevation distance of 10 feet (3.05 m). The information is based-\onh data available up to 2009. Regjonal and local wind
averages may vary gignificantly from national averages.

As noted above, th¢ fuel consumption of medium and-heéavy trucks and buses is highly influenced by environmental
conditions and espegially by wind speed and direction.Trucks 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 arodynamic treatments. For-example, it is possible that an aerodynamic device mgy reduce drag at low
yaw angles and incr@ase 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
affects between veh
test data error such

if the test vehicles a
quality and limit the
when evaluating dev

Adequate assessmeg
determination of fuel
of traffic and roadsid
desirable to obtain 4
consumption test prq

An approach to impr
trend data with the S
from this procedure

hature of wind with small changes in time and location results in significant differe

ces in wind-induced

cles on either a test track or public roads. Weathen conditions are known to be a primary contributor to
hat wind velocity is the leading source of dataceontamination for the class of truck$ and buses covered
under this test procedure. Wind will impact the effective speed @ef.the vehicles as well as the yaw angle. These effects can
alter the measured fliel consumption values by more than 6%:xThe error in the measured fuel consumption may be greater

not identical. Testing in conditions withUsignificant variations in wind speed will n
bility to assess the effect of vehicle modifications from environmental aerodynam
ices with sensitivity to high yaw angle changes.

nt of the impact of aerodynamic resistance on fuel consumption for in-service co
consumption over the full range of wind speeds and directions experienced by the
e structure interferenceadds complexity to the wind effect and may increase the \

cedure due to the limited test mileage and the lack of control over environmental
bve the understanding of the effect of yaw angle on vehicle performance is to obt

AE J1252wind tunnel test procedure and to combine these results with fuel consu
or wind'velocities less than 5 mph.

gatively impact data
ic effects particularly

hditions requires the
vehicle. The addition
aw angle. While it is

wind averaged fuel consumption value, it is not possible with this procedure or gny other current fuel

factors.

aerodynamic yaw

in
I1ption data obtained



https://saenorm.com/api/?name=050d1b4fe5fdb6fc5c2a7836ea865736

SAE INTERNATI

ONAL J1321™ OCT2020

Page 30 of 48

APPENDIX B - DATA QUALITY - STATISTICAL ANALYSIS APPROACH

o) confidence level.
ch segment is three.
ehicle. The two fuel
el consumption ratio
letter B refer to the

I SEGMENT FUEL

B.1 NOMENCLATURE

a level of significance

c population standard deviation

v degrees of freedom

S sample standard deviation

Sp pooled standard deviation

F F reference ptatistic

Fo test statistic

n number of ryns

Ho null hypothegis

Hi alternate hypothesis

t t reference dtatistic

to t test statisti¢

T test vehicle

Cc control vehigle

T/IC fuel consumption ratio

This section outlineg the statistical tests performed on the SAE J1321 test data at the 95% (o= 5

Multiple runs for both the baseline and test:segment are required. The minimum number of runs for eg

Each run of a segmgnt produces a fuel\eonsumption value for both the control vehicle and the test

consumption values|obtained fromach run are used to generate a test vehicle to control vehicle fu

(T/C ratio) that comprise the samples for the statistical analysis described below. Subscripts with thg

baseline segment; tHose with the\etter T refer to the test segment.

B.2 PROCEDURE FOR COMPARATIVE STATISTICAL TESTING OF BASELINE AND TES
CONSUMPTION

B.2.1 The Statistical Test for Equality of Variance

In order to specify the correct statistical test for the equality of means, it is first necessary to test for equality of variance in
the baseline segment T/C ratio samples and test segment T/C ratio samples. These baseline and test segment samples
are assumed random observations from normal populations where the hypothesis statement is summarized below
(Equations B1 and B2). The null hypothesis states that variance in fuel consumption T/C ratio of the test segment (c72) and
baseline segment (o8?) is equal. The alternative hypothesis states the converse; variances are not equal.

Ho: 612 = og?

H1: o12 # oB?

(Eq. B1)

(Eq. B2)
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Population variances of the T/C ratio for the test segment (c12) and baseline segment (c82) are estimated by sample
variances. Sample variances (S2) for each of the segments are first calculated. The ratio of the sample variances forms the
F test statistic, Fo (Equation B3). To prove that the variances are equal, Fo must fall between the limits defined by the
confidence level (1-a) and the number of samples in the test segment (nt) and baseline segment (ns) (Equation B4). If Fo
is not within the interval, the variances are not equal.

Test statistic:

St
Fo =% (Eq. B3)
B
For equal variances:
Foromp—1ng-1 < Fo < Fi_a/2mp-1ng-1 (Eq. B4)

B.2.2 The Statistical Test for Equality of Means if Variances are Equal

ment for this statistical test is summarized below (Equations B5 ‘and B6). The npll hypothesis states
mption T/C ratio of the test segment (ur) population is equal te_ the mean fuel consumption T/C ratio
ent (us). The alternative hypothesis states the converse; thé<means are not equal.

The hypothesis stat
that mean fuel cons
of the baseline segn

Ho: ur= ps (Eq. B5)

Hi: pr# us (Eq. B6)

After the SAE J1321
The numerator is th
contains a pooled eg
segment.

The pooled estimate
their degrees of free
degrees of freedom

test segment and baseline segment have béen completed, compute the test stati
e difference in T/C ratio sample means between the baseline and test segmen
timate of the T/C ratio sample standard’deviation (Sp) and the number of sample

Yb—YT
1 1
Sp ’@4‘;
of the variance is found by weighting the individual variances for the baseline a

lom which is the humber of samples less one for the estimation of the mean (Equa
or the SAE J1321 testare v=ng + nt - 2.

to =

_ (np-1)SE+(nr—1)S§ _

(nB—l)S§+(nT—1)S72~
v

Sp =

npt+nr—2

stic to (Equation B7).
ts. The denominator
5 (ns and nT) in each

(Eq. B7)

hd test segments by
tion B8). The overall

(Eq. B8)

For the equal variances two-tailed test with level of significance o = 0.05, the difference in means will be significant if to > to2,v
or to < -tu2v, and we will reject Ho and decide the fuel consumption T/C ratio between the test and baseline segments is
different. Otherwise, we fail to reject the null hypothesis and conclude that the average fuel consumption T/C ratio of the
vehicles as measured with this SAE J1321 test is equal.

A 95% confidence interval (o = 0.05) on the difference in means is calculated using Equation B9:

1
nr

— — 1
(yB - yT) + (ta/z,v)Sp E + (Eq. B9)
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B.2.3

The Statistical Test for Equality of Means if Variances are Not Equal

The hypothesis statement for this test is summarized by Equations B10 and B11). The null hypothesis states that mean fuel
consumption T/C ratio of the test segment (ur) population is equal to the mean fuel consumption T/C ratio of the baseline
segment (us) population. The alternative hypothesis states the converse; the means are not equal.

Ho: ut= ps

Hi: pur# us

(Eq. B10)

(Eq. B11)

After the SAE J1321 test and baseline segment data have been completed, compute the test statistic to (Equation B12).
The numerator is the difference in T/C ratio sample means between the baseline and test segments. The denominator

contains estimates

f the standard deviation of the haseline segment (Sg) and the test segment (St

) and the number of

samples (ns and nr)

The approximate ov¢

For the unequal var
to > ta2,v Or to < -tos2,v,
segments is differen

of the vehicles as me¢asured with this test is equal.

A 95% confidence in

in each segment.
Yb—JT

s% s2
SB 5T
ng nr

brall degrees of freedom for the SAE J1321 test are v, given-by Equation B13:

2
2 2
S S
<_B+_T>
np nr

- 2

2
2 2
SB T
np T
—+—

np—~4 nr-1

t, =

ances two-tailed test with level of significance o = 0.05, the difference in means
and we will reject Hoand decide the’average fuel consumption T/C ratio between
. Otherwise, we fail to reject the null hypothesis and decide that the average fuel ¢

terval (oo = 0.05) on the difference in means is calculated using Equation B14:

2
5T
nr

. S2
s —¥r) & (ta/z,v) i +

(Eq. B12)

(Eq. B13)

will be significant if
he test and baseline
bnsumption T/C ratio

(Eq. B14)
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APPENDIX C - SAMPLE DATA ANALYSIS

CA1 USING THE INTERACTIVE SPREADSHEET

A spreadsheet is available to guide the test engineer through the process of conducting a statistical test that meets the
criteria described. A description of the steps follows.

1. Conduct a minimum of three baseline segment (BS) runs using the test and control vehicle and enter the gravimetric
measurements for fuel consumption in the table marked baseline (see Table C1). The third column is the calculated
T/C ratio using the first two columns and will be computed automatically to serve as the baseline data set for the
statistical test (shown below).

Table C1 - Baseline segment table

Baseline Segment |Date: |
Consumed fuel (kg or Ib. or gal.)
Run Test vehicle Control vehicle T/C

1 58.63 59.89 0.9790
2 54.78 55.52 0.9867
3 58.38 59.26 0,9852
4

5

6

7

8

9

10

11

12

2. After completion| of the baseline segment (BS) runs, the test segment (TS) runs may be conductg¢d. Note that at least
three TS runs are required. TS fuel consumption measurements results for the control (unaltered] vehicle and the test
vehicle (now modified with the test camponent) are entered in the first two columns of the Table €2. The third column
is a ratio of the fifst two columns and will be computed automatically to serve as the TS data set. Anfexample is provided
below.

Table C2 - Test segment table

Test Segment |Date: |
Consumed fuel (kg or Ib. or gal.)
Run Test Control T/C

1 55.75 60.71 0.9182
2 54.59 58.85 0.9276
3 57.00 62.06 0.9185
4

5

6

7

8

9

10

11

12
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3. The user may now check the test results in Table C3 to view a 95% confidence interval on the difference in means
provided as percent improvement and percent fuel saved.

The percent “% fuel saved” is defined by Equation C1:

% Fuel Saved = (Avg Baseline T/C - Avg Test T/C) + Avg Baseline T/C

The percent “% improvement” is defined by Equation C2:

% Improvement = (Avg Baseline T/C - Avg Test T/C) + Avg Test T/C

(Eq. C1)

(Eq. C2)

An example using the sample data entered in steps 1 and 2 above is given in Table C3.

Table C3 - Test results table

Test Result ,.
Nominal Confidence Interval (]
Fuel Savings 6.3% + 1.1%
Fuel Improvement 6.7% * 1.2%

The nominal val

The confidence
data, relative to
value about the

If the confidence
justified improvement.

le shown in Table C3 is determined from an analysis of the measured fuel consumption data only and
reflects the meagured change in fuel consumed resulting from the modification to the test vehicle.

nterval value in Table C3 is determined from the variation (scatter) in the measufed fuel consumption
the nominal value, and the number of data values obtained. The confidence interval is shown as a +
nominal value. A confidence interval is a range.around the nominal value that conpeys the precision of
the nominal value and indicates the reliability of the nominahvalue.

half-interval value (column entry) is equal to or greater than the nominal value, there is no statistically

A desirable resylt is to have a confidence halfzihterval value (column entry) that is significantly Ig¢ss than the nominal

value.

4. For details on the statistical testing, thetinformed user may review Appendix B and Table C4.

Table C4 - Statistical testing

Summ@-&;ts F-Test for Equal Variances

Baseline Test Baseline T/C Variance 0.00002
Mean T/C 0.9836 0.9214 Test T/C Variance 0.00003
Number of Dafa Points 3 3 F test stat (test/baseline) 1.69682
Standard Devigtions 0.0041 0.0053 Flow 0.02564
Variances 0.000017 0.0000Z28 Fhigh 39.00000
Difference in Means 0.0622 Are Variances Equal? YES

T-Test with Equal Variances (2-tailed) T-Test with Unequal Variances (2-tailed)

Pooled St dev 0.00474 df (nu) 3.750
t-crit 2.776 t-crit 2.851
t-stat 16.058 t-stat 16.058
Is Fuel Economy Improved? YES Is Fuel Economy Improved? YES
P-value 0.0000830 P-value 0.0001
lower Cl bound 0.05142 lower Cl bound 0.05113
upper Cl bound 0.07292 upper Cl bound 0.07321
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rm D1:
rt 1:

Testing Organization:

Test Date(s):

VeH
Vel

Yedr

Nur
Nur
End
Eng

APPENDIX D - FORMS

Vehicle and Equipment Description
Power Units

Test Number:

Control Vehicle

Test Vehicle

[Icle Unit Number
icle Make/Model

hber of Axles

hber of Drive Axles
ine Make/Model
ine Build Year

Emission Label Info

Go
@ 1
Ra
Ra
Pe
Pes3
Tra
Ged

Diff|
Diff|
Ste
Ste
Driy
Driy

5|h
fulg
bog

erned Speed
o load (high idle)

d Power, (bhp)
d Speed
k Torque
k Torque Speed
hsmission Make/Model
red for
at
at
erential Make/Model
erential Ratio
ber Tire Type/Make/Model
br Tire Pressure (cold)
e Tire Type/Make/Medel
e Tire Pressure (cold)

[Vheel Setting\(distance
fum is ahead-or behind
e centerline)

NO

RPM

hp (kw)
RPM
Ib-ft
RPM

mph (km/h)

RPM at
RPM at

/ /

RPM

hp (kw)
RPM
Ib-ft
RPM

mph (km/h)

RPM
RPM

/ /

psi (kPa)
/ /

psi (kPa)
/ /

in (mm)

in (mm)

TE7 1. In areas where English and metric units are shown circle the unit used.

—_ 2. T more than one test venicle 15 Used repeat ts Torm Tor the adanonal iest venices.
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Form D1: Vehicle and Equipment Description
Part 2: Trailer/Body

Testing Organization:

Test Date(s): Test Number:

Control Vehicle Test Vehicle

Vehicle Unit Number

Vehicle Make/Model / /

Year

Type (Van, Flatbed, etc...)

Type of Side

Type of Corner/Radius / in (mm) / in (mm)
Helight in (mm) in (mm)
Lepgth in (mm) in (mm)
Width in (mm) in (mm)
Type Door

Number of Trailer Axles/Type / !

Tryick Trailer Gap in (mm) in (mm)
Aeyodynamic Gap in (mm) in (mm)

Grpss Vehicle Weight Ibs lbs

erential Ratio

Tire Type/Make/Model / / / /
Tire Pressure (cold) psi (kPa) psi (kPa)
King Pin Setting in (mm) in (mm)

NQTE: 1. In areas where English and metric units are shown circle the unit used.
2, if-more than one test vehicle is used repeat this form for the additional test vehicles.
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Form D1: Vehicle and Equipment Description
Part 3: Devices, Components or Systems that are Incorporated
into Control and Test Vehicle Specification

Testing Organization:
Test Date(s):
Test Number:

Control Vehicle Test Vehicle
No Yes Type No Yes Type

Radiator Shutters (on-ff or modulating)
Engine Cooling Fan Sys (describe below - A)
Aerodynamic Device (describe below - B)
Engine Oil

Transmission Lube

Differential Lube

Fuel Heater

Qil Cooler

Tag Axle

Air Lift Axle

Low Back Pressure Exhaust System
Other.

NOTE:
If more than one test vehicle is used repeat this form for the additional test vehicles
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Form D1: Vehicle and Equipment Description
Part 4: Detailed Description Vehicle Component or System
Mcadifications Being Tested

Testing Organization:
Test Date(s):
Test Number:

Description/Manufacturer/Part Number/Year:

Dimensions:

Installation Location and Attachment:

MaterialA¥eight/Power Requirements:
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