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Drive Quality Evaluation for Chassis Dynamometer Testing

RATIONALE

To provide standardized metrics for evaluafing drive quality on emissions and fuel economy tesis.] This document has
been revised to inclyde a new drive rating metric and typical driver capability ranges.

FOREWORD

It is generally recoghized that the manner in which a vehicle is driven during a chassis dynamomgter test can impact
emissions and fuel gconomy results. The speed vs. time tolerances used to validatera‘test do limit this impact, but even
within these constrdints drive-related effects can be significant contributors to. test variability. This| document provides
drive quality metrics|intended to enable improved monitoring and characterization of driver-related varjability.
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1. SCOPE

This SAE Recommehded Practice-establishes uniform procedures for evaluating conformity between the actual and target
drive speeds for chaksis dynamometer testing utilizing standard fuel economy and emissions drive schedules.

2. REFERENCES

2.1

Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issues of the SAE and the Code of Federal Regulations (CFR) publications shall apply.

United States Environmental Protection Agency, Specifications for Electric Chassis Dynamometers, Attachment A, RFP

C100081T1, 1991.
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211

SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA

and Canada) or 724-

SAE J2263

SAE J2264

SAE J1711

776-4970 (outside USA), www.sae.org.

Road Load Measurement Using Onboard Anemometry and Coastdown Techniques

Chassis Dynamometer Simulation of Road Load Using Coastdown Techniques

Vehicles, Including Plug-in Hybrid Vehicles

2.2

CFR Publications

Recommended Practice for Measuring the Exhaust Emissions and Fuel Economy of Hybrid-Electric

The CFR is availall;le from the Superintendent of Documents, U.S. Government Printing Office

Washington, DC, 20

40 CFR Part 86

40 CFR Part 600
3. DEFINITIONS
3.1

Test mass dictated
§ 86.129-80). ETW i
3.2 DYNAMOMET

The setting that spe
testing using 2WD ¢

3.3 EFFECTIVE T

Effective Test Masg
components (e.g. w

For light-duty vehiclg
ETW. However veh
estimation or deternm|
the defintion of Mg

ETW CLASS (EQUIVALENT TEST WEIGHT)

102-9320, http://www.gpoaccess.gov/cfr/index.html.

Engines; Certification and Test Procedure

Fuel Economy of Motor Vehicles

by U.S. Code of Federal Regulations that is assigned to represent a class of te
5 a weight class, and is not necessarily equalto the as-tested weight of a vehicle.

ER SET INERTIA (Msgr)

cifies the inertia that is to be simulated by the dynamometer. The Mger equals
nassis dynamometers. For testing on a 4WD chassis dynamometer, Msegr equals

EST MASS (Mg)

(Mg) is the sum of<1) the dyno-simulated inertia (Msgr) and 2) the effective i

s the efféctive inertia of the rotating components, per axle, may be estimated b
cles with~other than single, normal-sized wheels, such as dual-wheel trucks,
ination,of the effective mass of the rotating drivetrain components. Using 1.5% d
above, gives the following equation for determining the effective test mass for

Mail Stop: SSOP,

Control of Air Pollution from New and In-Use Motor Vehicles and New and In-Use Motor Vehicle

st vehicles (40 CFR

ETW for regulatory
D8.5% of ETW.

hertia of the vehicle

heels, axles) thatrare’rotated on the dynamometer. This value describes the total inertial load acting
on the vehicle systein, and is required.to calculate the inertial component of cycle energy.

y taking 1.5% of the
may require specific
f ETW per axle, and
both 2WD and 4WD

dynamometer testing:

Mg =1.015-ETW

3.4 Dyno Target Coefficients: F, (Fo, F1 and Fy)

(Ea. 1)

Target coefficients describe the total force (tire, drivetrain and aerodynamic drag) acting on a vehicle during an on-road
coastdown. These coefficients are developed from track data (and/or equivalent analytical methodology), corrected to
standard conditions, and possibly adjusted to account for differences between vehicle weight as tested on the track and
weight represented by an ETW class assigned for dynamometer testing.
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3.5 SIMULATION MODE

The operating mode where the dynamometer simulates the vehicle inertia and road load commanded by the
dynamometer set inertia (Msgr) and Dyno Set coefficients (Dy), respectively, so that a vehicle driven on the dynamometer
operates as it would on the road.

3.6 VEHICLE SPEED (V)

3.6.1 Roll Speed (VROLL)

The inferred vehicle speed as measured by the dynamometer. Roll encoder speed sampled at 10Hz shall be used as the
roll speed, and shall be the same or equivalent speed signal that is used to determine conformance with the speed vs.

time tolerance in 40 CFR Part 86.115-78 Appendix 1.

3.6.2 Scheduled S

The target vehicle s
defined by a smoot
interpolation betwee

(VSCHED)-
3.6.3 Vehicle Spe

The vehicle speed d

peed (Vscrep)

peed as specified by the speed vs. time requirements for a drive schedule.
h trace drawn through the specified speed versus time relationship (40CFR 6
h the 1Hz speed points given in the CFR shall be used to produce.the’10Hz sc
bd — Driven (Vp)

erived from the roll speed data (Vror) for the purposestof calculating the drive

this document. The driven vehicle speed is used for the calculation of driven‘cycle energy and is calcu

s, double moving av,
or equal to 0.03 m/s
moving average wag
and preserving the r

The subscript "D" wi
3.6.4 Vehicle Spe

The target vehicle s
Speed (VROLL)- The t

The subscript "T" wil
3.7 SAMPLING P
The time between

frequency of 10 Hz,
is not possible, how

brage of the 10Hz roll speed signal. After performing the double moving average
are set to zero. This is done to reduce the impact of noise in the roll speed sig
chosen over other filter types as it provides,the best compromise between smoog
bsponse time of the signal.

| be used to refer to quantities calculated from the driven vehicle speed.

bd — Target (V1)

eed, calculated in the same manner as Vp but using the scheduled speed (Vsch
rget vehicle speed is used for the calculation of target cycle energy.

be used to referto-quantities calculated from the target vehicle speed.
ERIOD (At)

successive samples of Vgo and Vscuep. The calculations in this document

Scheduled speed is
D0.109—78). A linear
neduled speed trace

metrics described in
lated by taking a 0.5

all values less than
hal on the results. A
thing the time series

L) instead of the roll

require a sampling

which{corresponds to a sampling period of 0.1 s. Higher sampling frequencies npay be used if 10 Hz

evel the data must first be downsampled to 10 Hz, using good engineering j

iIdgement to ensure

Section 5.1.

1 H i &l + Hata faloi it skl o E et PNH S 1 [P cafi P~
representatlve resuILQ, mruUrutch iU mmanimant CUTTTAauumty vitlT tic T runitTTio T ualivurdativiioc Uuthmmeut

3.8 VEHICLE ACCELERATION (a)

The acceleration of the vehicle calculated as the time-rate-of-change of the vehicle speed (V). The specifics of this
calculation are detailed in Section 5.1.2.


https://saenorm.com/api/?name=4b240fc9211e6acdfdb96efd8b4cc8c5

SAE INTERNATIONAL J2951 Revised JAN2014 Page 5 of 27

3.9 ROAD LOAD FORCE (Fg)

The combination of intrinsic and dyno-simulated forces opposing the vehicle's motion on the dynamometer that are
intended to duplicate the internal and external vehicle parasitic forces the engine must work against while driving on the
road. These forces are primarily comprised of aerodynamic drag, driveline parasitic losses and tire rolling resistance. The

road load force is ca

Iculated using vehicle speed (V) and the Dyno Target Coefficients.

FrL = Fg +Fp-V+Fy V2

(Eq. 2)

For testing performed at 20 °F (-7 °C), the road load force should be approximated as 1.10 x Fg_ unless road load
coefficients derived at 20F are used.

3.10 INERTIAL FO

RCE (E,)

The combination of i
the effect of its ma
calculated using the

Substituting Eq. 1 (S

3.11 ENGINE FOR

The sum of the inertjal force (F,) and the road load force (Fg.).“The engine force represents the sum

oppose the vehicle's
this sum is positive,
considered "engine"

The term "engine" is
systems that use an
or in whole, work thg

3.12 DISTANCE IN

The incremental dist
(V) and the sampling

htrinsic and dyno-simulated forces opposing the vehicle's motion on the dynamon
5s and the rotational inertia of its driveline components while driving onsthe r
effective test mass (Mg) and vehicle acceleration (a).

R=Mg-a
ee Section 3.3) for Mg gives
R=1.015-ETW-a

CE (Feng)

motion while driving on the dyno. It is equal to the sum of the road load force an|
and zero when this sum is negative. (A“negative sum of Fr_and F, is interpreted
force.)

Feng =[Fre +R ]
a general reference.to. the power-generating system of the vehicle, and its us
internal combustion engine. In hybrid electric or battery-electric vehicles Fgnyg m
t is done by an eledtric motor.

CREMENT(d)

pncedraveled by the vehicle during each sampled data point, calculated from the
period (At).

neter that represents
pad. Inertial force is

(Eq. 3)

(Ea. 4)

of all the forces that
d inertial force when
as braking, and not

(Ea. 5)

P is not restricted to
ay represent, in part

10 Hz vehicle speed

3.13 ACCUMULAT

ED DISTANCE (D)

The total distance traveled by the vehicle, calculated by summing the distance increments (d) over the test cycle.

3.14 ENGINE WORK INCREMENT (w)

The incremental work done by the vehicle during each sampled data point, calculated by multiplying the engine force
(Fenc) by the distance increment (d) for each 10 Hz sampled data point.
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3.15 CYCLE ENERGY (CE)

The net energy a vehicle must provide in order to drive a test cycle on a chassis dynamometer. Cycle energy is calculated
by summing the engine work increments (w) over the test cycle. By definition, the engine work increments are always
positive (since Fgng 2 0), so negative work is excluded from the cycle energy summation. The exclusion of negative work
is appropriate since it is associated primarily with braking events and represents energy that is not recovered unless the
vehicle is equipped with a regenerative braking system (alternative equations for the summation of work for vehicles
equipped with regenerative braking may be considered in future revisions of this document).

Note that the engine work increment (w) may still be positive even during decelerations. This is because even though the
inertial force is negative during decelerations, engine force (Fegng) Will still be positive if the magnitude of the road load
force is greater than the magnitude of the inertial force. In this case the engine is still doing work, but the output from the
engine is insufficient to maintain the vehicle's speed.

4. DRIVING SCHEPULES

There are five drivi
Resources Board du

ng schedules referenced in this document which are required by the EPA ar
ring emissions and fuel economy certification of vehicles with internalrcembustig

d the California Air
n engines. They are

the Urban Dynamomneter Driving Schedule (UDDS), the "Cold" UDDS, the Highway ,Fuel Econonpy Driving Schedule

(HFEDS), the US06

4.1 UDDS

Driving Schedule (US06), and the SC03 Driving Schedule (SC03)

The Urban Dynamoineter Driving Schedule is defined in 40 CFR Part 86, Appendix 1. It has a duratipn of 22 min, 52 s. It

is used to represent

4.2 HFEDS

The Highway Fuel B
s. Itis used to repres

4.3 USO06

The US06 Driving S
vehicles driving at h
may be used in accq
and 495-600 s) and
08 Exhaust emissior

NOTE: If dynamom
Recommend

4.4 SCO03

vehicle city driving.

ent vehicle highway driving. The Highway*Fuel Economy Test (HFET) consists o

Chedule is defined in 40 CFR Part 86, Appendix 1. It has a duration of 10 min. It
gh speeds and with aggressive accelerations. Dynamometer load reduction for I
rdance with 40 CFR Rart.86.108 00(b)(2)(ii). The US06 cycle is subdivided into

a "Highway" test (130:495 s) for the purposes of 5-cycle fuel economy labeling
test procedures for.JS06 emissions].

pter load reduction for low-powered vehicles is utilized, the energy-related evalug
ed Practice ‘are not valid.

conomy Driving Schedule is defined in 40°€FR Part 600, Appendix 1. It has a diiration of 12 min, 45

two HFEDS cycles.

is used to represent
w-powered vehicles
h "City" test (0-130 s
[40 CFR § 86.159-

tions outlined in this

The SCO03 Driving S

vehicle operation with ai

45 “Cold” UDDS

is used to represent

Same as UDDS schedule. The test is performed in cold ambient conditions as defined in 40 CFR Part 86, Subpart C.

4.6 Speed Tolerance

The speed tolerance at any given time on these driving schedules is defined by the upper and lower limits, as described in
40 CFR (Part 86.115-78 and Appendix 1).

The diagrams in Figure 1 show the EPA range of acceptable speed tolerances for typical points, per § 86.115-78: EPA
Urban Dynamometer Driving Schedules. The curve on the left is typical of portions of the speed curve that are increasing
or decreasing throughout the 2-s time interval. The curve on the right is typical of portions of the speed curve that include
a maximum or minimum value.
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SPEED

2 MtH N — 2ueH
ALLOWABLE
V] e AN
) MTPH —+ a 2 I';PH /1 \ ?
w
/ < 1 SEC. @ /J 1 SEC.
—»| |e—1sEC. —> 1SEC.
t t
TIME TIME

EPA provides additi
movement necessar
speed variations ang

5. ENERGY-BASE|

5.1 Finite Differen

Throughout this section, quantities that represent 10 Hz data (time serieS data) are subscripted with

index may assume g
on. Summations ove

5.1.1 Drivenand 1

The driven and target vehicle speeds are calculated by taking a 0.5 s, double moving average of the

scheduled speed sig

Step 1: Takea 0.5s

VroLL_ave_1i IS Set to

Step 2: Take a 0.5
quantity, VroLi_ave_1

FIGURE 1 - SPEED TOLERANCE DEFINITIONS

pnal guidance per § 86.128-00 (d): The vehicle shall be driven with_approprial
y to achieve the speed versus time relationship prescribed by the driving’schedul
excessive accelerator pedal perturbations are to be avoided.

D DRIVE METRIC (EBDM)

Ce Calculations

value from 1 to N, where 1 represents the first.data point in the series, 2 represq

r the range from 1 to N represent summation over the entire test cycle.

[arget Speeds (Vp, V1)

nals, respectively. The 0.5 s double moving average of the roll speed is calculatg

moving average of the 10Hzroll speed (VrorL).

1 j=i+2
VROLL AVG 1 = 5 > VroLL i
=2

D if i<3 or,=N-2, in order to avoid a condition where j< 1 orj > N.

is-net used for any further calculations.

fe accelerator pedal
b, Both smoothing of

an index, i or j. This
nts the next, and so

10Hz roll speed and
d as follows:

(Eg. 6)

s moving average of Vrou ave 1. The result is the driven vehicle speed (Vp), and the intermediate

Again, Vp;is setto 0

1 j=i+2
VDi = VROLL_AVG_2 D= g ZVROLL_AVG_l i
iS2

if i<3 or i>N-2.

(Eq. 7)

Step 3: After performing the double moving average, all values for Vp;less than or equal to 0.03 m/s are set to zero. This
is done to reduce the impact of noise in the roll speed signal on the results
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The target vehicle speed (V) is calculated in the same manner, using the 10 Hz scheduled speed (Vschep) instead of the

roll speed (VroLL)-

1 j=i+2
VscHED AVG_ 1 = 5 > VscHep i
' j=i-2
j=i+2
VT, = VscHep Ave_2, = ¢ > VSCHED_AVG_1
j=i-2

Both Vp and Vt have units of m/s.

(Eg. 8)

(Eq.9)

5.1.2 Driven and
The driven and targ
central-difference af
units of m per s per

5.1.3 Drivenand 1

The driven and targe
sampling period. Thg

5.1.4 Drivenand 1

arget Vehitie ACCeleration (ap, a7)

proximation. The sampling period, At, should be expressed in s so that the a
3 (m/sz). ap; and ajare setto O ifi=1 or N.

_ Vbisa—Voia _ Vbi — Voig
tiva —ticg 2At

apj

VT~ VT _ V1 Y1

a+ =
T -t 2At

2At =0.2 seconds @10Hz
[arget Distance Increment (dp, dy)

bt distance increments are calculated by multiplying the 10Hz driven and target v
e distance increment will have tnits of m.

At=0.1 seconds @10Hz

[arget Accumulated Distance (Dp, D)

pt acceleration of the vehicle are calculated from the 10Hz driven and target velicle speeds using a

cceleration will have

(Eq. 10)

(Eq. 11)

bhicle speeds by the

(Eq. 12)

(Eq. 13)

The driven and targef accumulaied distances are calculated by summing the distance incrementis over the test cycle. The
accumulated distance will have units of m.

N

Dp = > dpj
i-1
N

Dy = D dy
i-1

(Eq. 14)

(Eq. 15)
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5.1.5 Driven and Target Road Load Forces (Fg.p, FrL-T)

The driven and target road load forces are calculated by using the 10 Hz driven and target vehicle speeds and Dyno
Target coefficients as shown below. The Dyno Target coefficients should be expressed in units of N, m and s so that the
road load force will have units of N.

2
Fripj = Fg +Fp - Voi +F - Vpi (Eq. 16)

2
FRL-Ti = FO + Fl . VTi +F2 . VTi (Eq 17)

NOTE: Dyno Target coefficients are typically reported in units of Ibf, Ibf/(mi/h), and Ibf/(mi/h)®. In this case, multiplying Fo,
F, and F, by 22487979504 amnd—22-25839; Tespectivety, witt convert these terms to the—appyopriate units for the
calculations [specified in this document (N, N/(m/s), and N/(m/s)?).

5.1.6  Driven and Target Inertial Forces (Fp, Fi.7)

The driven and target inertial forces are calculated by multiplying the driven and target’vehicle accelerations by the
effective test mass. The effective test mass should be expressed in kg so that the inertial force will haye units of N.

F.oi =Mg -ap; =1.015-ETW- ap, (Eq. 18)
F|—Ti = ME . aTi =1.015-ETW., a-n (Eq 19)

NOTE: ETW is typigally reported in units of lbm. In this case, multiplying ETW by 0.4536 will conyert this value to the
appropriate pnits for the calculations specified in this document (kg).

5.1.7 Driven and Target Engine Force (Fenc-p, Fene.T)

The driven and target engine forces are calculated by. sSumming the driven and target road load and ipertial forces. Where
this sum is negative|the driven and target engine forces are set to zero. The engine force will have unjts of N.

Fenon: = {FRL-Di +F.pj forFrLpi +F.pi >0

0 forFripi +Fpi <0 (Eq. 20)
Fenar = {FRL-Ti +F.gi forFr1i +FR.1i >0

0 forFrL.7i +R.7i <0 (Eq. 21)

5.1.8 Driven and Tardget-Road Load Work Increment (Wg.7)

The target incremental work that must be done by the vehicle at each sampled data point due to the road load force (Fg,-
7). The road load work increment has units of joules.

WRL-pi = FrL-Di - dDi (Eq. 22)

WRL-Ti = FRL-Ti - dTi (Eq. 23)
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5.1.9 Driven and Target Inertial Work Increment (w,.1)

The target incremental work that must be done by the vehicle at each sampled data point due to the inertial force (F,.1).
The inertial work increment has units of joules.

Wi.pi =R.pi - dp; (Eq. 24)

Wi =Rt - d (Eq. 25)
5.1.10 Driven and Target Engine Work Increment (wp, W)
The driven and target work increments are calculated by multiplying the driven and target engine forces by the driven and

target distance increments, respectively. The work increment will have units of joules (J). Note that incremental engine
work is always positive (or zero) since it is calculated using Fgng.

Wpj = Feng-pi - dpi (Eq. 26)

Wi =Feng-Ti - di (Eq. 27)

5.1.11 Driven and Target Cycle Energy (CEp, CEy)

The driven and target cycle energy are calculated by summing the driven and.target engine work increments over the test
cycle. The cycle energy will have units of joules.

N
CEp = ). W
i=1 (Eq. 28)
N
CET = ZWTi
i=1 (Eq. 29)

Alternatively, the eduations for cycle energy ntay be equivalently represented using the sum of ifjertia and road load
forces. Substituting ¢quations from Sections'5.1.7, 5.1.8, 5.1.9, gives

N
CED IZ[(1015ETW3D| +FO +F1VDi +F2VDi2)'dDi]+
i=1 (Eq. 30)

N
CEr = Z[(1.015- ETW-ar, +Fo +FVr; + szTiz)- dTi]+

(Eq. 31)

NOTE: Only positive values of the force-distance products in Equation 28and Equation 29 are included in the summation.
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5.1.12 Driven and Target Absolute Speed Change Summation (ASCp, ASCy)

The ASC is the discrete approximation for the integral of the absolute magnitude of acceleration. It indicates the extent of
velocity variation that is exhibited over the driven and scheduled cycles. Multiplication by the sampling period, At, provides
the correct "weight" for each data point in the approximation of the integral. ASC has units of m per s (m/s), although it

should not be interpr

eted as a velocity.

N
ASCp = At [ap;|
i=1

N
ASCr =AY |ag|

(Eq. 32)

(Eq. 33)

5.1.13 Driven and 7

The total work dong
considered since ne
regenerative braking
thus not recovered b
braking deceleration

5.2 Energy Rating

The Energy Rating
defined in Section 5,

5.3 Distance Ratir]

At=0.1 seconds @10Hz
[arget Inertial Work (IWp, IWy)

by the engine against inertial loading. Only positive values oftthe inertial work
gative inertial work is not recovered by the engine (this assumption is not vg
systems). Negative inertial work is taken to represent either: 1) energy dissip
y the vehicle or 2) energy that serves to reduce the roaddoad work required of th
5.

N

IWp =g;[w|-oi]+

W5, = %[Wm I

(ER)

for a test is defined <as“the percent difference between the total driven and tar
1.11.

_CEp - CEr .40
CEq

ER

9.(BR)

increment (w,.1) are
lid for vehicles with
hted by braking and
b engine during non-

(Eq. 34)

(Eq. 35)

get cycle energy as

(Eq. 36)

The Distance Rating for a test is defined as the percent difference between the total driven and sc

defined in Section 5.

1.4.

Dn —-D
DR =-P_~T 100
Dr

heduled distance as

(Eq. 37)
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5.4 Energy Economy Rating (EER)

The EER is defined as the percentage difference between the distance per unit cycle energy for the driven and target
traces. Since fuel economy is a measure of the distance traveled per unit of fuel consumed, the effect of distance driven

must also be considered in an assessment of a drive quality that is intended to correlate with fuel economy.

b
CE

D

NE
e

e, {ce)

EER = T .100

(Eq. 38)

The negative sign in front of the right-hand-side of Equation 36 associates lower values of fuel economy with higher

values of EER, simil
Energy Rating (ER)

5.5 Absolute Spes
The ASCR is defing

indicator of the "smo
a lower ASC than th

The ASCR is particu

and Distance Rating (DR) as follows:

DR/100+1

EER =|1-———"=
[ ER/100+1

]100

d as the percentage difference between the ASC forthe-driven and target tr
othness" of the driven trace relative to the scheduled trace. A driven trace that is
b scheduled trace and so will result in a negative ASCR.

d Change Rating (ASCR)

ASCp ~ASCr |
ASCS

ASCR =

arly well-suited to quantifying small spéed changes that might come about from t

It should be noted that these perturbations ONLY affect the ASC when they are sufficient to chan

vehicle. It is possibl
dynamometer roll sg
movements can be
toward making a veh
5.6 Inertial Work H
The IWR is defined

when the drive stylg
cycle energy might n

b for a driver to intentionally produce small, high-frequency throttle movements
eed changes. Such movements would not be captured by a speed-based metrig
ntentionally produced, they are considered unlikely to occur in practice since th
icle follow a target trace.

ating (IWR)
hs the percentage difference between the inertial work for the driven and target t

might substantially impact the overall efficiency of the engine, such that a me
ot fully.characterize observed deviations from expected emission rates.

n combination of the

(Eq. 39)

hces. It provides an
‘'smoother” will have

(Eq. 40)

nrottle perturbations.
ge the speed of the
that do not result in
. While such throttle
ey do not contribute

aces. It can indicate
ric based strictly on

(Eq. 41)



https://saenorm.com/api/?name=4b240fc9211e6acdfdb96efd8b4cc8c5

SAE INTERNATIONAL J2951 Revised JAN2014 Page 13 of 27

5.7 Recommended EBDM Phase Ratings for US Test Cycles
5.7.1 City (FTP and FTP4)

The drive ratings specified in Section 5.1-5.4 must be calculated individually for each phase of the FTP ("3-bag") and
FTP4 ("4-bag") tests. Additionally, weighted city ratings should be calculated by using the weighted values of the relevant
guantities: The weighted distance-per-cycle-energy values are used to calculate the weighted EER, the weighted ASC
values are used to calculate the weighted ASCR, and the weighted positive inertial work values are used to calculate the
weighted IWR, as defined by Equations 40-51 in this section:

FTP-Weighted EER

(o] !

LCE J . B 0.4 C:Ephasel JrCEphasez +0.5 CEphasez +C:Ephases (Eq 42)
WelghtEd FTP ’ Dphasel JrDphaseZ ' Dphasez +Dphase3
(D/ICE)weighted FTP_D — (D/CE)weighted FTP T
EERWeighted FTP =~ = - = <~ 100 (Eq. 43)
(D/CE)weighted FTP_T
FTP4-Weighted EER
D X
{CE } - CE +CE CE +CE (Eq. 44)
. 0.4 phasel phase2 ¥ 0.5 phase3 phase4
Welghted FTP4 { Dphasel +Dphase2 Dphasea +Dphase4
(D/CE)weighted-&TP4 D — (D/CE)weighted FTP4 T
EERWeighted FTP4 =~ s = =9 —.100 (Eq. 45)
(D/CE)weighted FTP4_T
FTP-Weighted ASCR
A\SCueighted FTP = 0-43ASChhaser + ASCprasez ) +0.571ASCpnasez + ASCphases (Eq. 46)
ASCei —ASCyei
ASCRWeighted S Weighted FTP_D Weighted FTP_T 100 (Eq. 47)
ASCeighted FTP_T
ETP4-Weighted ASCR
ASCweighted FTP4 = O-4iASCDhasel + ASCphase? )+ 0'57(ASCphase3 + ASChhases (Eq. 48)
ASCyei — ASCyyei
ASCRueghed F1pa = Weighted FTP4_D Weighted FTP4T 1 0+ (Eq. 49)
ASCeighted FTP4 T
FTP-Weighted IWR
IWeighted FTP = 0-43(Ithase1 + Wphase2 ) + 0-57(|thase2 + Wphase3 ) (Eg. 50)
Wi — Wi
IWRWeighted —— Weighted FTP_D Weighted FTP_T 100 (Eq. 51)

IWweighted FTP_T


https://saenorm.com/api/?name=4b240fc9211e6acdfdb96efd8b4cc8c5

SAE INTERNATIONAL J2951 Revised JAN2014 Page 14 of 27

FTP4-Weighted IWR

IWeighted FTP4 = 0-430thasel + Wphase2 )+ 0-57(|thase3 + Wphase4 ) (Eq. 52)

IWweighted FTP4 D —Wweighted FTP4 T

IWR weighted FTP4 = -100 (Eq. 53)

IWweighted FTP4. T

These weighted calculations produce a drive rating that reflects the weighted fuel economy result reported for the City
test. The weighted equations in this section also apply to the Cold FTP.

5.7.2 Highway (HFET) and SC03 Reporting

Highway and SC03
drive rating.

ses do not require a

5.7.3 USO06 Repoiting

Drive ratings for the [US06 test are calculated for the sampled phase of the US06. Warm=up“phases do not require a drive
rating. The rating must be calculated separately for the "City" and “Highway" portions (See Sectioh 4.3) in addition to
calculating an overall test cycle result. Data from the two regions of the test that.make up the "City'| portion of the cycle
are treated as a single phase for the drive rating calculations.

6. SUPPLEMENTAL DRIVE RATING METRICS

For a well-trained diiver, it is expected that an energy-based metric.will capture the majority of the fuel economy impact
that is attributable t¢ drive quality. However, energy alone cannot,always fully characterize a drive.[This is because the
drive energy approach quantifies only the net energy demanded by a drive, and not a drive's impact|on engine efficiency
(i.e., fundamentally dlifferent drive styles can produce the same nhet demanded energy). For example| small, rapid throttle
movements may nof significantly impact net energy, but can;reduce fuel economy. The supplemental metrics provided in
this section are intghded to complement the energy-based drive metrics given in Section 5 by capturing certain drive
characteristics that gre not always reflected in an energy analysis.

6.1 Root Mean Squared Speed Error (RMSSE)
The RMSSE metric [provides the driver's_performance in meeting the schedule speed trace throughout the test cycle in

terms of the Root Mpan Squared (RMS) Speed Error. The value is always a positive number with loyer values (closer to
zero) indicating bettgr performance. RMS Speed Error has units of miles per hour (mi/h).

RMSSE= 2.237-

(Eq. 54)

The multiplier (2.237) is included in Equation 52 to convert the output to mi/h, assuming that VD and VT are in units of m/s
as specified in 5.1.1.

7. DRIVE SCHEDULE INTENSITY METRICS

The intent of this section is to introduce several quantities that may be used in the future to quantify the "intensity" of a
particular drive schedule. As new schedules are developed, it is expected that one or more of these intensity metrics may
provide an indication of the expected fuel economy that would be exhibited by a vehicle driving the schedule, relative to its
fuel economy when driving other schedules.
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7.1 Cycle Energy

Intensity (CEpsT)

Cycle energy intensity is the energy that is required to drive the cycle (CE+), normalized by the total distance of the cycle
(D7). CEpst has units of joules per meter.

7.2 Road Load an
7.21

The fraction of the
unitless quantity.

7.2.2 Road Load

load work and the i
defined in terms of t

The fraction of the t’I

7.3 ASC per Time

This is the absolute
has units of m-per-s

7.4 Variation in Rq

It is important to qua
demands that will bg
efficiency, which will

7.4.1 Power (P)

CE+

CEpist = D
T

d Inertial Work Contributions

Inertial Work Fraction (IWF)

(Eq. 55)

otal target cycle energy that the engine must provide that is due to inertial loading. The IWF is a

IWy

T

IWF =

(Vork Fraction (RLWF)

tal target cycle energy that the engine must provide that is~due to road load wor
ertial work together represent all of the work done by the engine, the road load
e IWF. The RLWF is a unitless quantity.

RLWF =1-IWE
(ASCrime)

Epeed change (ASCy), normalized by the total time of the test cycle (as defined in
per-s (m/s?).

ASC

ASCri o = T
Time = Yotaltime

quired Vehicle Power
ntify not only the fotal energy that is required to drive a test cycle, but also the v

b made on the propulsion system. Large variations in the required power will aff
impact fuel)economy.

(Eq. 56)

k. Because the road
work fraction can be

(Eqg. 57)

Section 4). ASCrime

(Eq. 58)

priation in the power
bct overall operating

The instantaneous poOWer required 10 drive the test Cycle, calculated by multiplying the engine 1orce (Fenc.1) by the velocity
(V7). Note that this is identical to dividing the engine work increment (w+) by the sampling period (At). The power will have

units of watts (W).

Wi

P =F 1 Vo= —+
1 ENG-Ti Ti At

(Eq. 59)
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7.4.2 Absolute Power Change (APC)

The calculation of the absolute power change is analogous to the calculation of the absolute speed change (ASC), using
the time-derivative of the power in place of acceleration (a). The time-derivative of power is calculated from the power
using a central-difference approximation in the same manner that the acceleration is calculated from the velocity. The

APC will have units of W.

7.4.3

This is the absolute

N

APC = Atz dp
i=1

ti

Absolute Power Change per Time (APCrine)

(Eq. 60)

NoWer. Ph:\ngn (AD(‘), normalized h\JI the total time of the toest r\\J/r‘In' ins (ac defined in Section 4) The

APCrime Will have un

7.5 Cycle Compar

Table 1 provides a
from the drive sched
ASC per time (and
metrics that are taby

For a particular com
the calculations usin
EPA Test Car datab
from the population.

For metrics that are
applying phase weig
the cycle energy we
bag total, the weight|
3 is the same, and th

ts of W per s (W/s).

APC

APC_ = ——
totaltime

Time

ison Table

comparison of intensity metrics for various cycles. Note that since ASC per tim
ule, it does not depend on vehicle-specific data (e.g., ETW, Dyno Target coefficig
ASC) may be regarded as fixed properties of a given_test cycle. This is not trd
lated in Table 1, hence the inclusion of a mean and standard deviation.

bination of metric and drive schedule, the mean ‘and standard deviation were ob
g the ETW and Dyno Target coefficients for(the 1226 unique vehicle configuratio
hse. Entries for which the reported Dyno.Set and Dyno Target coefficients were

represented per unit time or distance (CE, ASC, APC), the weighted FTP value
htings separately to the numerator and denominator. For IWR, the summed posi
e weighted separately andthen divided as shown in Equation 54. Note that tar
bd 3-bag test and the weighted 4-bag test are the same, since the scheduled spe
e scheduled speed foryphases 2 and 4 is the same.

(Eq. 61)

P is obtained strictly
nts). For this reason
e for other intensity

ained by performing
ns listed in the 2011
bqual were excluded

5 were calculated by
ive inertial work and
pet values for the 4-
ed for phases 1 and
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TABLE 1 - CYCLE INTENSITY METRICS FOR VEHICLES IN 2011 EPA TEST CAR DATABASE

CEpist IWF APCrive ASCrve
Test Cycle/Metric (3/m) (%) (W/s) (m/s%)
Mean Std Dev Mean Std Dev Mean Std Dev -

FTP Phase 1, 3 611 131 55% 3% 2470 511 0.41
FTP Phase 2 517 107 67% 3% 1508 311 0.39
FTP (3-Bag) 578 122 59% 3% 2026 419 0.40
FTP4 (4-Bag) 563 118 61% 3% 1863 385 0.40
FTP & FTP4 Weighted 563 118 61% 3% 1863 385 0.40
Highway (HFEDS) 552 128 25% 3% 2008 417 0.17
USO06 City 1167 243 79% 2% 5695 1179 1.04
US06 Highway 793 186 32% 3% 12360 2569 0.31
USO06 Total 875 106 46% 4% Q738 022 0.60
SC03 615 129 65% 3% 2450 507 0.42
LA92* 729 155 60% 3% 3839 795 0.51

"The LA92 cycle, alsd
a widely-known cycle
more aggressive urbg

known as the "Unified Cycle," is not currently used for any regulatory testing butis‘include
that may be used for regulatory testing in the future. The LA92 was developedhy-CARB i
n driving style than the UDDS.

d here because it is
1992 to represent a

8. LOCAL METRIQ

It is possible for th
excursions from thg
reflected in drive me|
The development o
addressed in a futurg

9. NOTES

9.1 Marginal Indic
A change bar (l) loc
not editorial change;
title indicates a com
original publications,

a)

measured fuel economy and/or emissions to be significantly affected by sg
scheduled drive trace. Due to their short duration, the impact of these excu
frics that are summed or averaged over the entire cycleysuch as those described
f suitable "local" metrics that are capable of identifying significant, discrete
b revision of the document.

a

bted in the left margin is for the convenience of the user in locating areas where
, have been made to the previous issue of this document. An (R) symbol to the
plete revision of the document, including technical revisions. Change bars and
nor in documents that,contain editorial changes only.

vere, short-duration
rsions might not be
in Sections 5 and 6.
drive events will be

technical revisions,
left of the document
(R) are not used in

PREPARED BY THE LIGHT DUTY VEHICLE PERFORMANCE AND ECONOMY MEASURE COMMITTEE
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APPENDIX A - COEFFICIENT RESOLUTION AND TARGET REFERENCE VALUES
Al COEFFICIENT AND METRIC RESOLUTION
Number of decimal digits.

Fo xxx.xx Ibf

Fi xxxxx Ibf/(mi/h)
F, 0.xxxxx Ibf/(mi/h)?
ETW, Mz 11b
ER xx.xx %
DR xxxx %
EER xx.xx %

ASCR xx.xx %

A.2 TARGET CYCLE REFERENCE VALUES

Table A.1 shows thel cycle energy reference values for each phase.

TABLE A.1 - EXAMPLE TARGET CYCLE ENERGY REFERENCE VALUES
Te\s/ZIJaersgjet Cycle CE*(MJ)
FTP UDDS Phase 1 3.434
FTP UDDS Phase 2 3.132
FTP UDDS Phase 3 3.434
FTP 3-Bag FTP 10.000
FTP 4-Bag FTP 13.132
FTp ?\;V'z"i"gh't:;;’ 6.566
ETP L(l\;vBe?ghtFer[; 6.566
Highway | Highway (HFEDS) 8.947

SC03 SC03 3.455
USo6 USO06 Total 10.829
USo06 USo06 City 3.163
Uso06 US06 Highway 7.666

CE+ determined using the following reference values: ETW = 4000lbs FO =40 F1=0.4 F2=0.02

10Hz target drive traces are available at http://www.epa.gov/nvfel/testing/dynamometer.htm


http://www.epa.gov/nvfel/testing/dynamometer.htm
https://saenorm.com/api/?name=4b240fc9211e6acdfdb96efd8b4cc8c5

SAE INTERNATIONAL J2951 Revised JAN2014 Page 19 of 27

APPENDIX B - EXCEL-BASED CALCULATOR FOR EBDM DATA

An Excel-based calculator is available to perform the EBDM calculations on one or more tests at a time. The calculator
operates on input files that contain the data required for the calculations, and produces an output report sheet that can be
saved as a separate worksheet. Both the calculator file by contacting William Ott (Ott.William@epamail.epa.gov) at the
US Environmental Protection Agency in Ann Arbor, Michigan.

A template for the input files can also be obtained along with the calculator. Otherwise, input files should meet the
following criteria:

e Files should be comma separated value (.csv), or Microsoft Excel (.xIs, .xIsx, .xlsm) type.

e There should bemeembetdded ;IIIQUCD or-other-data-inthe-fite:
¢ Field locations and formatting for the input parameters and 10Hz drive trace data are shown|jn Figure B1.
e Cycle ID numbefs are defined in Table B1.

o Field locations for the test/vehicle parameters and calculated EBDM drive ratings-are shown in Figure B2.

o B [ D E F G H
1 TestHacility [rest faciling Time Cycle ID Yeow i Wochen i
2 |Manufacturer [rrarufacturer] 10Hz Data—= {{] [avcle i0] Moo o] Wseren 1l
3 |Modg [vehicle model] a3 [avele (0] Moo 2 Vseren 2l
4 |wehide ID [vehicle 10 .2 [avcle (0] Moo 2 [Vserep sl
5 Weh Configuratian Twek corfiguration]
6 TestQate [test date]
T TestType [FTP, Highway, etc]
8 TestIp [Testin]
3 ETWw (|bs) Poocod
10 |Fo {16k Proocioq
11 F1 (Ibk/mph) 2000
12 |F2 {Ibk/mph’) {00000
13 |Speed Units Ltk or kphl
14 Regen braking [¥ or i)
15 | {ror cdtd £7P, £0,F 1,52 ore mut tipiied Gy 1. 1)
16
17
12
19 Sampled Phase’Definitions
20 Test Type Test Phase Cycle ID
21 | FTF/FTP4 Phase 1 1
22 FTR/FTP FTF/FTP4 Phase 2 2
23 FTF/FTP4 Phase 3 3
24 FTP4 Phase 4 4
25 Hi ghrwean® Highway (HFEDS) 5
26 OO 003 3
27 Full Cyecle 7
28 06+ USO8 City E:
29 U306 Highway a
30 Cold FTP Phase 1 10
31 Cold FTP Cold FTP Phase 2 11
32 Cold FTP Phase 3 12
33 for all tests* Unsampled Phases i}

34 *Report sarmpled phases only, Unsavmpled phases showld be reveoved or identified b Quole 1D = 0

FIGURE B1 - FILE FORMAT FOR DRIVE TRACE DATA
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NOTE: Un-sampled

TABLE B1 - CYCLE ID DEFINITIONS FOR SAMPLED PHASES

Test Type Test Phase Cycle ID
FTP/FTP4 FTP/FTP4 Phase 1 1
FTP/FTP4 Phase 2 2
FTP/FTP4 Phase 3 3
FTP4 Phase 4 4
Highway Highway (HFEDS) 5
SC03 SC03 6
Uso6 Full Cycle 7
USO06 City 8
US06 Highway 9
Cold FTP Cold FTP Phase 1 10
Cold FTP Phase 2 11
Cold FTP Phase 3 12
for all tests* Unsampled Phases 0

phases are removed from the 10Hz test data or identified by Cycle-ID = 0.
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FIGURE B2 - FIELD LOCATIONS FOR EBDM DRIVE RATINGS
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