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1. SCOPE

This Society of Automotive Engineers (SAE) Recommended Practice establishes uniform chassis dynamometer test
procedures for hybrid-electric vehicles (HEVs) that are designed to be driven on public roads. The procedure provides
instructions for measuring and calculating the exhaust emissions and fuel economy of HEVs driven on the Urban
Dynamometer Driving Schedule (UDDS) and the Highway Fuel Economy Driving Schedule (HFEDS), as well as the
exhaust emissions of HEVs driven on the US06 Driving Schedule (US06) and the SCO03 Driving Schedule (SC03).
However, the procedures are structured so that other driving schedules may be substituted, provided that the
corresponding preparatory procedures, test lengths, and weighting factors are modified accordingly.

Furthermore, this document does not speC|fy which emissions constltuents to measure (e.g., HC, CO, NO,, COy); instead,
that decision will dep in _hybrid- electrlc vehicle
(PHEV) operation 3

consumption. Decisipns for on-board versus off-board em|SS|ons relative benefits of emissions-free
to weight a “cold-start” cycle in charge-depleting (CD) mode must first be made before a certification
determined. Thus, cplculations or test methodology intended to certify a PHEV for complianee of e
beyond the scope of|this document.

For purposes of this|test procedure, an HEV is defined as a road vehicle that can draw propulsion en
following sources of|stored energy: (1) a consumable fuel and (2) a rechargeable“energy storage sy
recharged by the on-board hybrid propulsion system, an external electric energy source, or both. Cq
are covered by this [document are limited to petroleum-based liquid fuels(€tg., gasoline and Diesel

riving, and how best
ethodology can be
issions standards is

prgy from both of the
stem (RESS) that is
nsumable fuels that
fuel), alcohol-based

liquid fuels (e.g., methanol and ethanol), and hydrocarbon-based gas€ous fuels (e.g., compresse
RESSs that are covgred by this document include batteries, capacitors;.and electromechanical flywhg
included to test CD pperating modes of HEVs designed to be routinely charged off-board, and calct
that combine the CO and charge-sustaining (CS) behavior accordifg to in-use driving statistics.

d natural gas). The
pels. Procedures are
lations are provided

The HEVs shall have an RESS with a nominal energy >2%%of the fuel consumption energy of a p3
qualify to be tested With the procedures contained in this decument.

rticular test cycle to

ns inherent in track
ments.

Single-roll, electric dynamometer test procedures. are’ specified to minimize the test-to-test variatig
testing and to confom to standard industry practice for exhaust emissions and fuel economy measure

This document does
the definition).

not include test procedures for recharge-dependent (RD) operating modes or vehicles (see 3.1.2 for

L

D

U.S. Environmental
bNS).

This document doe
Protection Agency (k

not address the“methods or equations necessary to calculate the adjusted
PA) label miles per gallon (MPG) (sometimes referred to “EPA 5-Cycle” calculati
1.1 Requirements|Used to-Develop the Recommended Practice
The overall goal in
conventional vehicle
requirements:

jevelopmg this document was to allow the testing of any HEV on a falr and comparable basis with
=¥ G = : g6 g isfying the following

a. This document shall provide a recommended practice to measure the exhaust emissions and fuel economy of any
type of HEV design or control strategy, as defined in Section 1.

b. Determination of representative exhaust emissions and fuel economy shall account for the driver's usage of external
charging and estimations of driving distance between charging and the usage of driver-selected operating modes, if
applicable.

c. The EVs and conventional vehicles tested according to this document shall yield the same results as if tested on the
test procedures currently established for such vehicles.

d. Measurement methods and driving schedules shall be consistent with those used in existing test procedures for EVs

and conventional vehicles.
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would perform in the driver's hands.

and fuel economy certification and compliance tests for HEVs.

g.

1.2 Overview of th

This document shall be as short and simple as possible.

e Recommended Practice

Testing should not require defeating or otherwise forcing a vehicle’s control system to perform differently from how it

This document shall provide a technical foundation to assist government regulatory agencies in developing emissions

This document consists of three basic steps: (1) classifying the HEV, (2) testing the vehicle for each test cycle, and

(3) weighting the res
1.2.1  Classifying t
Classify the vehicle
a. RESS—Identify

b. External Charge

electric energy S

(PHEVSs) requirg charge-depleting tests. If the HEV does have external“eharging capability,

intended solely 1
classified as a P

1.2.2 Testingto E

Five separate procg
sustaining mode tes

1.2.3  Weighting th

For PHEVs, the cha
distance between ch

2. REFERENCES
2.1 Applicable Pu

The following public
latest issues of the S

211  SAE Publicg

ults.

he HEV
by obtaining the following information from the manufacturer:
the RESS (i.e., battery, capacitor, or electromechanical flywheel).

Capability—Determine whether the RESS is designed to be recharged from ar
ource. All HEVs are tested according to the charge-sustaining tests, only exte

or infrequent RESS conditioning and is not recommended for routine use, then
HEV.

ach Cycle Procedure

dures are provided in this document (Section 4). PHEVs require both deplet
s. Charge-sustaining HEVs only require ¢harge-sustaining tests.

e Results

ge-depleting results can bexmerged with the charge-sustaining results according
arge and daily driving distances (see Section 6).

plications

ations forma part of this specification to the extent specified herein. Unless oth
AE and:the Code of Federal Regulations (CFR) publications shall apply.

tions

external (off-board)
ally charged HEVs

n
]>ut this capability is

he HEV shall not be

ng mode tests and

to the estimations of

brwise indicated, the

The SAE publications are available from SAE, 400 Commonwealth Drive, Warrendale, PA, 15096-0001; Tel: 877-606-
7323 (inside the USA and Canada) or 724-776-4970 (outside the USA), www.sae.org.

SAE J1634

SAE J1715

SAE J2263

SAE J2264

Electric Vehicle Energy Consumption and Range Test Procedure

Hybrid Electric Vehicle (HEV) & Electric Vehicle (EV) Terminology

Road Load Measurement Using Onboard Anemometry and Coastdown Techniques

Chassis Dynamometer Simulation of Road Load Using Coastdown Techniques
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SAE J2841

Household Travel Survey Data, March 2009.

Utility Factor Definitions for Plug-In Hybrid Electric Vehicles Using 2001 U.S. DOT National

SAE 2005-01-0685 Duoba, M., et al., “Investigating Possible Fuel Economy Bias Due to Regenerative Braking in Testing
HEVs on 2wd and 4wd Chassis Dynamometers,” April, 2005.

2.1.2 CFR Publications

The CFR is available from the Superintendent of Documents, U.S. Government Printing Office, Mail Stop: SSOP,
Washington, DC, 20402-9320, http://www.access.gpo.gov/nara/index.html.

10 CFR Part 474

40 CFR Part 86

40 CFR Part 600
3. DEFINITIONS

3.1  General

3.1.1

Defined as a road
consumable fuel an
source, or both.
3.1.2 Recharge-D
A classification desg
following conditions
RESS is never rec
continually replenish
operating mode bec
engagement of the
possible for one HE
The scope of this do

3.1.3 Recharge-In

Hybrid-Elecfric Vehicle (HEV)

onstration

Control of Air Pollution from New and In-Use Motor Vehicles and New ‘and Ir
Fngines; Certification and Test Procedure

Fuel Economy of Motor Vehicles

ehicle that can draw propulsion energy from“both of the following sources of
] (2) an RESS that is recharged by an eleetric motor-generator system, an ext

ependent (RD)

ribing a particular vehicle or.driver-selected operating mode in a PHEV in which
occur while no other mode is selected: (1) vehicle propulsion is eventually no |
harged from an external- electric energy source, even though the supply of
ed, and (2) the driveris eventually warned or instructed by the vehicle to disco
buse the RESS contains too low of a supply of energy. The EV operating mode
engine or hybrid.power unit) in PHEVs are always considered to be RD. On
operating.mode to be classified as RD and another HEV operating mode not to
cument does not cover RD PHEVs or operating modes.

dependent (RI)

Program;

-Use Motor Vehicle

stored energy: (1) a
brnal electric energy

either or both of the
bnger possible if the
consumable fuel is
htinue driving in this
5 (with no automatic
he same HEV, it is
be classified as RD.

A classification deSui'uiug aparticutar-vehicteordriver-setected-operatingmode-imwhichboth ofth

following conditions

occur while no other mode is selected: (1) vehicle propulsion is continually possible with the supply of consumable fuel
continually replenished, even though the RESS is never recharged from an external electric energy source, and (2) the
driver is never warned or instructed to discontinue driving in this operating mode because the RESS contains too low of a
supply of energy. One example of an Rl operating mode is one for which vehicle propulsion is still possible, even though
the RESS is completely depleted of all useful energy. Also, in a CS HEV that is not externally chargeable, all operating
modes are considered to be RI, regardless of whether vehicle propulsion is or is not possible or whether the driver is ever
warned to discontinue driving, as described in the definition of recharge-dependent.
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3.1.4 Charge-Sustaining Hybrid-Electric Vehicle (CS HEV)

A vehicle classification describing an HEV either with an RESS that cannot be recharged from an external electric energy
source, or for which external charging is intended solely for infrequent conditioning of the RESS or other purposes
unrelated to vehicle propulsion. The CS HEV derives its net energy from on-board fuel under normal usage.
Instantaneously or over a short period of time, CS HEVs may be either charge depleting or charge increasing. The
definition means that, in the long term (many hours of driving), the RESS maintains or sustains its charge level.

3.1.5 Plug-In Hybrid-Electric Vehicle (PHEV)

A classification describing an HEV with an RESS that is designed to be recharged from an external (off-vehicle) electric

energy source, typic
NOTE: Equivalent t
3.1.6 Charge-Sus
An operating mode v
3.1.7 Charge-Dep

An operating mode
an external power sd

3.1.8 All-Electric R

ally an alternating current (AC) electrical power supply system

b an “off-vehicle charge-capable HEV,” a “grid-connected HEV,” and an “externall
aining (CS) Mode

Vhere the HEV runs by consuming the fuel energy while sustaining'the electric en
eting (CD) Mode

bf an HEV in which the vehicle runs by consuming only\electric energy from the
urce or along with the fuel energy, simultaneously ot/s€quentially, until the CS-m

ange (AER)

For a PHEYV, the total continuous miles driven for a given full-charge test (FCT, see 4.3) prior to the fi

the vehicle is in all-¢g|
3.1.9 Charge-Balg

A drive cycle during
maintained within a

3.1.10 Transition C
For a PHEV, in the H

CS mode. The trans
This definition is illug

lectric mode (i.e., the mode when the vghicle's combustion engine is not operatin
nced Cycle

which the change (from béginning to end) in the state of charge (SOC) of th
specified tolerance.

ycle

ition cycle will'end in CS mode but will be net depleting, and the following cycle
trated in Figure 1.

chargeable HEV.”

ergy of the RESS.

RESS charged from
bde state.

st engine start while

).

e vehicle's RESS is

CT, the test cycle where energy monitored from the RESS indicates a transition from a CD mode to a

pr cycles will be CS.

b4
It /
Py N end
7 tion /" \
Depleting Transition Charge-balanced
cycle cycle

FIGURE 1 - TRANSITION CYCLE DEFINITION
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3.1.11 Transition Range

For a PHEV, in the FCT, if the cycle or cycles prior to the first CS cycle(s) are anything but CD, then there will be a
distance traveled between CD and CS operational modes. This portion of the FCT is defined as the transition range, see

Figure 2.

Rede

L 4

Y

Transition
- Range
Ll

Reda

)
-

Y

3.1.12 Cycle Distan

The distance travele
any given test sched

3.1.13 Charge-Dep

For a given FCT, t
sustaining cycles ac
cycle, where the veh
range, then the Rcd

3.1.14 Actual Char
An estimated distan
from the start of th
proportional to the ¢
less than or equal to|

3.1.15 Start of Test

The point during the

sor

Tt

FIGURE 2 - RCDA, RCDC, AND TRANSITIONAL RANGE

ce

d in a test cycle if the vehicle perfectly followed the préscribed drive schedule.
ule.

eting Cycle Range (Rcdc)

ne total number of cycles driven at least<partially in CD mode times the cycl
cording to the End of Test Criterion are not included in the Rcdc. The Redc incl
icle may have operated in both depleting and sustaining modes. If the FCT pos
includes those transitional cycles oreycles.

je-Depleting Range (Rcda)
ce at which the RESS has exhausted the off-board charged energy. It is the total
e FCT, through any.subsequent CD test cycles, and ending at a point in t

hange in SOC of the)transitional cycle compared with the cycle previous. The R
the Redc.

test sequence when the vehicle key switch (or equivalent) is first placed in the "o

t is a fixed value for

e distance. Charge-
udes the transitional
sesses a transitional

distance, measured
e transitional cycle
cda shall always be

" position.

3.1.16 End of Test

The point (in time and distance) when the vehicle has been decelerated to a rest (zero velocity) condition after the
appropriate test termination criteria have been met, the key switch (or equivalent) is placed in the “off” position.
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3.2 Vehicle
3.2.1 Curb Weight

The total weight of the vehicle with all standard equipment, including batteries/capacitors, lubricants at nominal capacity,
and the weight of optional equipment that is expected to be installed on more than 33% of the vehicle line; however,
excluding the driver, passengers, and other payloads. Incomplete light-duty trucks shall have the curb weight specified by

the manufacturer.

3.2.2 Nominal Fuel Tank Capacity

The volume of the ft

] fnnk(c)7 cpnnifind h‘,’ the manufacturer to the nearest tenth of 2 11 S gnllnn, tha

may be filled with

fuel from the fuel tan

3.2.3 Consumablq

Any solid, liquid, or
Consumable fuels ¢
alcohol-based liquid

gas).
3.2.4 Rechargeab

A component or sy
electric motor-gener
batteries, capacitors

3.2.5 Engine

A device that conve
engine and a compr:

NOTE: Although a f
mechanical

3.2.6 Electric Mot

k filler inlet.

Fuel

gaseous material that releases energy and whose mass is depleted as a result
bvered by this document are limited to petroleum-based liquid fuels (e.g., gasol
fuels (e.g., methanol and ethanol), and hydrocarbon-based gaseous fuels (e.g.,
e Energy Storage System (RESS)

stem of components that stores energy and foriwhich its supply of energy is

ator system, an external electric energy souree, or both. Examples of RESS
and electromechanical flywheels.

ts the energy stored in a consumable fuel into mechanical energy. Examples ing
Ession-ignition engine.

uel cell uses a consumable fuel, it is not considered an engine by itself becausg
Energy.

br-Generator System

A device permanen
to recharge the RE
3.2.7 External Ele

A source of electric

y located amthe vehicle with the capability to convert mechanical energy into el
), electrical*energy into mechanical energy (e.g., to propel the vehicle), or both.

tric.Ebergy Source

of the test process.
ne and Diesel fuel),
compressed natural

rechargeable by an
s for HEVs include

lude a spark-ignition

it does not produce

pctrical energy (e.g.,

e is being driven. An

example of an external electric energy source is an electric outlet to which the vehicle can be connected for battery
charging. In contrast, an inductive charger built into the roadway would not fit this definition.

3.2.8 AC Recharg

e Energy

The electrical energy taken from a wall outlet that powers the charger to recharge the RESS, measured in real AC Watt-

hours.
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3.2.9 Electrical Energy Consumption (EC)

The amount of electrical energy used by a vehicle during one or all CD cycles in the FCT. Expressed either as a total
amount in Watt-hours (W+h) or a rate per unit distance, as in Watt-hours/mile (W<h/mi).

NOTE:

This can be attributed to the direct current (DC) W+<h measured at the RESS terminals on-board or the AC W+h

measured during charging and associated to consumption during driving. Thus, electrical energy consumption
must always be expressed in “DC Weh/mi” or “AC W<h/mi.”

3.2.10
The amount of fuel
a given cycle in u
100 kilometers (L/10
3.2.11 Regenerativ|

Deceleration of the
RESS.

3.2.12 Charger

The component tha
power to DC electric|

NOTE: For the pur
charger). TH
performance

3.2.13 Charge-Sus

A feature designed

Fuel Consumption (FC)

0 km).
e Braking

ehicle caused by operating an electric motor-generator systemy thereby providi

recharges the RESS by connecting to the electric’ grid (“wall plug”) and con
al power at the appropriate voltage and current levels to charge the RESS.

e electrical energy consumption measurements produced from this procedure
(charger efficiency).

aining (CS) Switch

controls included in the vehicle or by attaching'an external computer device.

NOTE: Thisis nota
3.2.14 Charge-Sus

An indicator designe

requirement for testing:

aining (CS) Indicator

its of mass of volume or as a rate per unit distance, as in gallons/milé~(

poses of this procedure, the charger is considered part of the vehicle syste

by the manufacturer for the wehicle tester to manually invoke the CS mode, eit

d by the manufacturer to enable the vehicle tester to determine if the vehicle is ir

as a total amount for
jal/mi) or liters per

ng the charge to the

erting AC electrical

m (on- or off-board
will include charger

her by using setting

its CS mode, either

by using indicators ipcludedsinrthe vehicle’s instrument cluster or by monitoring an external computer device display.

NOTE: This is not

b (requirement for testing. A vehicle indicating CS mode may not reliably preg

ict charge-balanced

operation du

3.2.15 Full Charge

Ty a standardtycte:

The RESS state associated with maximum off-board stored energy capacity established by using the manufacturer's
recommended charging procedure and appropriate equipment. The charger should indicate full charge by an easily read
indicator somewhere in or on the vehicle and/or charger connections. The state must be indicated to the vehicle tester
and also be achieved repeatably from test to test for accurate and reliable calculations of AC kW+h energy consumption.

3.2.16 AC Charge Energy (AC W¢h)

The total AC energy required to recharge the RESS back to the state at which a test started.
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3.2.17 DC Energy Consumption

The total net DC energy that was measured leaving the RESS during the entire FCT, expressed as a total (DC W+h) or
per unit distance (DC We<h/mi).

3.3 Battery
A device that stores
3.3.1

The manufacturer-rg

chemical energy and releases electrical energy.

Rated Ampere-Hour (A<h) Capacity

tad canacibvrof 2 hattarns in Amnara-hatire ahtainad fram o hattans diccharaad 4
t8a—Capacity—o—d—Patte R — /P ee-Hours—opvtaiiea—HoH—apvatteSy—aiseralrgea

t the manufacturer's

recommended disch
3.3.2 Battery Stats

The remaining caps
battery's maximum-n

NOTE: To quantify
expressed b
vehicle.

3.3.3 System Volt

The nominal propuls
manufacturer.

3.4 Capacitor
A device that stores
3.4.1 Capacitor St

The remaining capad

capacitor's maximuny-rated V2.

3.4.2 Capacitor U

The upper voltage limit at which capacitor damage could occur, as determined by the manufacturer.

arge rate, such that a specified minimum cut-off terminal voltage is reached.
e of Charge (SOC)

city of a battery expressed in Ampere-hours (A<h). It may also be expressed
pted Ash capacity.

B change in battery SOC does not require information for battery total capacity.
y AA<h. The SOC value used in this definition is not to/be ‘confused with the SO

399 (Vsystem)

energy electrostatically and releases electrical energy.
ate of Charge (SOC)

city of a capacitorexpressed in volts squared (V2). It may also be expressed

bper Voltage imit

3.4.3 Capacitor C

as a percent of the

Thus, ASOC can be
C reported from the

ion battery voltage associated with the SOC:in CS operation. This value should be supplied by the

as a percent of the

bpacitance

Capacitance (C) is known to be the ratio of Charge (Q) and Voltage (V) in the formula: C = Q/V (in Farads).

3.5 Electromechanical Flywheel

A device that stores rotational kinetic energy and that can release that kinetic energy to an electric motor-generator
system, thereby producing electrical energy.

3.5.1

Electromechanical Flywheel State of Charge (SOC)

The remaining capacity of an electromechanical flywheel expressed in revolutions per minute, squared (rpmz). It may also
be expressed as a percent of the flywheel's maximum-rated rpmz.
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3.5.2

Maximum Rated Rotational Speed

The fully charged electromechanical flywheel speed, as defined by the manufacturer.

3.6  Driving Schedules

There are five driving schedules referenced in this document, which are required by the the EPA and the California Air
Resources Board during emissions and fuel economy certification. They are the Urban Dynamometer Driving Schedule
(UDDS), the "Cold" UDDS, the Highway Fuel Economy Driving Schedule (HFEDS), the US06 Driving Schedule (US06),
and the SCO3 Driving Schedule (SC03):

UDDS—The Urban
52 s. It is used
versions of the

'N\Imamnmnfnr nri\/ing Schedule is defined in 40 CER Part RR, Appnnr’liy 1_lt has

o represent vehicle city driving. Two speed-versus-time errors may have beén
CFR (at driving schedule times equaling 961 s and 1345 s). A version of-the U

9 duration of 22 min,
published in various
DDS without speed

errors appears if SAE J1634.

HFEDS—The Highway Fuel Economy Driving Schedule is defined in 40 CFR Part 600, Appendix 1
12 min, 45 s. It i$ used to represent vehicle highway driving.

US06—The US06 Oriving Schedule is defined in 40 CFR Part 86, Appendix 1. It has\a duration of
represent vehicles driving at heavy speeds and accelerations.

SC03—The SCO03 Oriving Schedule is defined in 40 CFR Part 86, Appendix 1.4lt*has a duration of
represent vehiclg operation with air conditioning.

“Cold” UDDS—Samg as UDDS schedule, the test is performed in cold ambient conditions as defined in 40 CFR Part 86,
Subpart C

It has a duration of
10 min. It is used to

10 min. It is used to

3.6.1  Speed Tolerance

The speed tolerance mits, as described in

40 CFR (Part 86.114

at any given time on these driving schedules is defined by the upper and lower i
-78 and Appendix 1).

NOTE: Driving "styl
the EPA ha
pedal move
Both smooth

can also have a significant effectyon emissions and/or fuel economy results. T address this factor,
provided guidance per § 86.128-00 (d): The vehicle shall be driven with appropriate accelerator
ment necessary to achieve the'speed versus time relationship prescribed by the driving schedule.
ing of speed variations and excessive accelerator pedal perturbations are to be gvoided.

"
-
5

The diagrams Figure 3 show the EPA _range of acceptable speed tolerances for typical points, pgr § 86.115-78: EPA
Urban Dynamometel Driving Schedules..The curve on the left is typical of portions of the speed curvg that are increasing
or decreasing throughout the 2-s time-interval. The curve on the right is typical of portions of the spe¢d curve that include

a maximum or minimpum value.

v '
sz'PH p -~ * 2 MPH
——— ALLOWABLE
Y ALLOWABLE
{ s P + L1 RANGE
al 2MPH —+ al 2MPH i N\
it ot N\t
o o
& < 1 SEC. [ ¢} 1 SEC.
—»| |e1sEC —»| |e—1sEC.
t t
TIME TIME

FIGURE 3 - SPEED TOLERANCE DEFINITIONS
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3.6.2 Speed Tolerance Violations

Speeds that violate the speed tolerance constitute an invalid test. However, for the entire FCT procedure with many
cycles required, the criteria for a valid FCT should be less than one violation per two test cycles (rounds to less than 0.5).
All speed violations shall be noted.

Infrequent speed excursions that exceed the speed tolerance described in 3.6.1 are acceptable for FCT procedures
where many cycles are required, if due to driver variability. The criteria for a valid FCT is: less than one 2 s period with an
expanded tolerance of < + 4 mph, per test cycle. In this case, a "test cycle" is a UDDS, US06, HWY, or SC03 cycle.
Allowances for tire slippage shall be considered according to § 86.115-78. Good engineering judgment should be used in
applying this speed tolerance allowance given the additional requirements on personnel for testing PHEVs.

NOTE: Regarding t||1e allowable number of violations, for example, in an FCT with three cycles, a si||1gle violation will not
invalidate thg entire FCT, but two violations would. Likewise, 2/5, 3/7, etc., are acceptable:

3.7 State-of-Charge (SOC) Terminology
The SOC of a battgry, capacitor, and electromechanical flywheel was defined in 3!2.3, 3.3.2, and 3.4.2, respectively.

There are several tdrms used to distinguish the different values of the SOC in this\test procedure. Hach term refers to a
specific driving schefule:

SOCu Identifies an SOC value during the UDDS

SOCh Identifies an SOC value during the HFEDS

SOC6 Identifies an SOC value during the US06 driving schedule
SOC3 Iderftifies an SOC value during the SCO03 driving schedule
SOCcu Identifies an SOC value during the Cold UDDS

For each of these drjving schedules, there are additional SO€:terms:

SOCUjpitial Idertifies the SOC at the beginning ofthe first UDDS in a charge-sustaining test (C3T); see 4.3 for more
detdils on the CST.

SOCUsinal Identifies the SOC at the end of the;second UDDS in a CST.

SOChipitial Iderftifies the SOC at the begirnning of the first HFEDS in a CST.

SOChpayse Identifies the SOC at the beginning of the second HFEDS in a CST. The term “paugde” refers to the 15-s
pause between the first and'second HFEDSs.

SOChynal Idertifies the SOC at the_end of the second HFEDS in a CST.

SOCBiital Identifies the SOC at'the beginning of the first US06 in a CST.

SOC6pause Identifies the SOC:at the beginning of the second US06 in a CST. The term “pausg¢” refers to the 1- to
2-min pause between the first and second US06s.

SOC6inal Identifies thexSOC at the end of the second US06 in a CST.

SOC3intial Iderftifiesthe SOC at the beginning of the first SC03 in a CST.

SOC3pause Iderftifies'the SOC at the beginning of the second SC03 in a CST. The term “pause”|refers to the 10-min
soak between the first and second SCQ3s

SOC3snal Identifies the SOC at the end of the second SC03 in a CST.

SOCcuUinitial Identifies the SOC at the beginning of the Cold Federal Test Procedure (FTP) in a CST.

SOCcuUsinal Identifies the SOC at the end of the third phase (the “505”) in a CST.
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3.8 Net Energy Change (NEC) Tolerances

For CS tests, one of the test validation criteria is that the RESS shall not have an NEC over the test cycle greater than a
defined tolerance. The tolerance must be kept small enough to ensure that the vehicle is operated over the test cycle as
nearly as possible to CS operation to achieve repeatable test results. However, current RESS and measurement
technologies are limited in their abilities to produce repeatable test results. Therefore, some tolerance must be allowed in
initial versus final net energy levels to avoid a high rate of invalid tests.

For purposes of the document, an objective has been set to be able to measure a value for fuel consumption that is within
1+3% of the vehicle's true, representative fuel consumption, on any given CST. Analysis and test experience suggests that
this goal can be met by limiting the change in RESS stored electrical energy over the test cycle to +1% of the total fuel
energy consumed overthe same r‘yr‘lp Equation 1 shows the NEC tolerance:

|NetEnergyChange|

NEC Tolerance: | <1%

(Eq. 1)
TotalFuelEnergy |

During the FCT, th¢
tolerance immediatg

e EOT Criterion (3.9) uses the NEC tolerance in determining/CS operation. (
ly at the end of each cycle in the FCT based upon the fuel just consumed ma

some test facilities, pecause bag sampling and calculations may not be completed before the next tes

such a delay is prob
test cycles to remeg
using the fuel consy
have only one test c

Because different R

ematic, the NEC tolerance can also be defined with the fuel-energy obtained in th
y the situation. For the UDDS and Cold UDDS (-7 %C)‘FCT tests, the NEC tol
med in both UDDS CST test cycles and dividing by two. All other CSTs outlin
cle where fuel consumption is measured.

Dalculating the NEC
y be challenging for
t cycle must begin. If
e corresponding CS
erance is calculated
ed in this document

fefine the NEC limit.

ESSs store energy differently, each type of RESS will use different equations to
for batteries, capacitors, and electromechanical flywheels and their supporting equations are detailed
B.

The NEC tolerances
in 3.8.1 through 3.8.
3.8.1 Batteries

For batteries, Equatipns 2 and 3 are used for electrical and fuel energy, respectively:

Net Energy Change = ((A b h)ﬁnal - (A s h)initial )* V;ystem (Eq 2)
Total Fuel Energy = NHV ;,,, *m ,, (Eq. 3)
Solving for the maximum and.minimum allowed final battery NEC gives (see Equations 4 and 5):
NH Vfuel *m fuel
(dohy ) =(deh, . )+ — *0.01 (Eq. 4)
I/System 1
Aok ) =(doh )= gt ™Mty (Eq. 5)
b inal Jmin = b initial )~ . qg.
et . Vsystem *K 1
Therefore, the NEC tolerance for batteries is (see Equation 6):
NH V/uez *m fuel NH V/uez *m fuel
- *0.01< NECL————*0.01 (Eq. 6)
V. *K, V *K,

system system
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where:

NEC = Net change in battery energy over the test, in units of Watt-hours

(A*hfina)max = Maximum allowed stored battery Ampere-hours at the end of the test phase

(A*hfina)min - = Minimum allowed stored battery Ampere-hours at the end of the test phase

(A*hinitia) = Battery Ampere-hours stored at the beginning of the test phase

NHViye = Net heating value (per consumable fuel analysis), in Joules per kilogram

Migel = Total mass of fuel consumed over the test phase, in kilograms

Vystem = Battery’s DC nominal system voltage at the CS SOC level

K4 = Conversion factor = 3600 s/h

3.8.2 Capacitors

For capacitors, Equgtions 7 and 8 are used for electrical and fuel energy:

Solving for the maximum and minimum allowed final capacitor SOC gives-(see Equations 9 and 10):

C
Net Energy Change = E * (V/?nal - V;jmaz)

Total Fuel Energy = NHV ;,,, *m

2 2 NHV ¢y Fm
(Vfinal)max = Vinitial +% *0.01

(VfinaDmin = Vinitial‘% #0.01

Therefore, the SOC Net Change Tolerance for capacitors is (see Equation 11):

where:

NEC
(szinal)max
(\é final)min
Viinitial
NHViyel
Miyel

NH Vfuel N orw NH Vfuel * M el
—_—= T *() 01 NECL—E T %001
2 C/2

Ndt change:in capacitor SOV over the test phase, in (V?)

The square of the maximum allowed stored capacitor voltage at the end of the test |
The¢square of the minimum allowed stored capacitor voltage at the end of the test p

Sanara-of-thae-ecanaciaorvaltaae—ctarad-at thao bhoaainnina-oftoct nhaca

hase
hase

THe-sGuare-of-the-capasitor-voltage-stored-atthe-beginning-of-test-phase

Net heating value (per consumable fuel analysis), in Joules per kilogram
Total mass of fuel consumed over the test phase, in kilograms
Rated capacitance of the capacitor, in Farads

(Eq.7)

(Eq. 8)

(Eq. 9)

(Eq. 10)

(Eq. 11)
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3.8.3 Electromechanical Flywheels

For electromechanical flywheels, Equations 12 and 13 are used for the electrical and fuel energy, respectively:

1
NEC = 5*1 * (me;nal - rpm;itial) (Eq 12)
Total Fuel Energy = NHV ,, *m ,,,, (Eq. 13)
Solving for the maximum and minimum allowed final flywheel NEC gives (see Equations 14 and 15):
2 2 NHV *m
(rpmfinal)max = PMinitial + W *#0.01
3 (Eq. 14)
2 NHV: ./ *m ,
(rpmfinal)min =rpm |n|t|a| W *0.01
3 (Eq. 15)
Therefore, the SOC Net Change Tolerance for electromechanical flywheels.is{(see Equation 16):
NHV *m fuel NH. Vfuel *m fuel
————*0.01< NEC L &=>—"——%*0.01 (Eqg. 16)
1/2*1*K, 1/2*1*K,
where:
NEC = Net change in flywheel energy over the test phase, in units of (rpm2)
(rpmzﬁna,)maX = The square of the maximum flywheel rotational speed allowed at the end of the test|phase, in (rpm )
(rpmzﬁna,)min = The square of the minimum flywheel rotational speed allowed at the end of the test phase, in (rpm )
rpmzinma. = The squared flywheel rotational'speed at the beginning of the test phase
NHViye = Ne¢t heating value (per fuel'analysis), in Joules per kilogram
Miyel = Total mass of fuel consumed over the test phase, in kilograms

bnsumed during CD
>taining mode (if the
vehlcle significantly Eha | test end point shall
represent an SOC level that corresponds to energy consumed only in the depletlng cycles of the FCT Thus, the end point
SOC should be close to the SOC corresponding to the Redc in order to achieve the correct recharge energy for the FCT.

The EOT Criterion is met when the first window of one or more cycles satisfies the NEC tolerance. Following CD
operation, CS operation may not always satisfy the NEC tolerance within one cycle. However, the FCT may be terminated
if the cumulative NEC over two or more cycles is less than 1% of the fuel consumed (or as described in 3.8, the NEC can
be calculated using fuel consumption results from the CST).

The test facility should have an indicating system in place to alert the driver and other testing staff that the FCT ending
criterion is achieved during the intra-test pauses.


https://saenorm.com/api/?name=79438820bf93a3d14544b5b1e68201c1

SAE

J1711 Revised JUN2010

Page 16 of 63

Several examples are illustrated in Figure 4 to show how the EOT Ciriterion is applied. Figure 4A shows the NEC
tolerance satisfied for the last cycle, where the NEC is less than 1% of the fuel energy. Figure 4B and Figure 4C show
more possible scenarios, where windows of multiple cycles satisfy the EOT Criterion.

e INEC| < 1% Fuel Consumed

D O |

| I | stop |

e |

!
1

X |

<« INEC|<1% Fuel Consumzd

Ay 8
Iy b
_ (&)
i o

L (2]
o

dq) 3

3.9.1 Alternative R

Achieving the NEC
was developed that

the ASOC of the las
whichever is larger.

Several examples tg
for the last cycle, w

CT End-of-Test (EOT) Criterion

olerance repeatably may be challenging.for some vehicles. Therefore, an alter
may be useful for some vehicle designs."The method is the same, but the tolg
capacity as the criterion when considering test termination."The alternative EOT Criterion finds CS ¢
t cycle or last series of cycles is dess than 2% of the total depleted capacity or

illustrate this alternative criterion are shown in Figure 5. Figure 5A shows the E(
nere the absolute valug of SOC, minus SOC; is less than 2% of SOC; minus S
Figure 5C show morg possible scenarios,.where windows of multiple cycles satisfy the alternative EO

‘ W\,J Rt Sensemy
| st

g g

+
[}
R+

FIGURE 4 - SEVERAL SCENARIOS OF<EOT CRITERION

1 |

«” |AS0C|<2% Total Depleted

3| stop |

A) §
B) 8
c) 3

*—H

<« |1AS0C|<2% Total Depleted

stop

« > X
X

stop

FIGURE 5 - ALTERNATIVE EOT CRITERION

hative EOT Criterion
rance uses the total

peration validated if
the NEC tolerance,

DT Criterion satisfied
OC;. Figure 5B and
I Criterion.

1/ |ASOC] <2% Total Depleted
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4. TEST PROCEDURES

4.1 Test Conditions

Adequate test site capabilities for safe venting and cooling of batteries, containment of flywheels, protection from
exposure to high voltage, or any other necessary safety precaution shall be provided during testing and external charging.
The conditions in 4.1.1, 4.1.2, and 4.1.3 shall also apply to all tests defined in this document. For other test conditions not

specifically addressed in this document, the test conditions specified in 40 CFR Part 86 shall apply, where appropriate.

411

41.11

Condition of Vehicle

bilization

Prior to testing, the {

accumulation either

Durability Driving §

recommended shall
However, charging fi

41.1.2

Vehicles shall be te

Vehicle St

Vehicle Ay

to a manufacturer-determined distance or to 2000 mi (per 40 CFR-Part 86

have their RESS recharged to full charge at least once between each refilling
equency for the RESS shall not be greater than is anticipated during normal vehi

pendages

sted with normal appendages (e.g., mirrors, bumpers;~etc.). Certain items (e.g

removed where necgssary for safety on the dynamometer.

4113

The vehicle shall be
(curb weight plus 13

4114 Tires

Vehicle Td

st Weight

tested at the weight specified in 40 CFR Part 86, which includes definitions for Iq
5.1 kg [300 Ib]) and adjusted loaded vehicle weight (curb weight plus one-half veh

Manufacturer's recommended tires shall be used:

41.1.4.1 Tire Pre

For dynamometer t
recommended valug
coefficients (see 4.1
4.1.1.4.2 Tire Cor

Tires shall be condi

ssure

esting, tire pressures should be set at the beginning of the test according
s. These same.tire pressures values should also be used to establish the dyn
3.7) and shall'not exceed levels necessary for safe operation.

ditioning

tiohed as recommended by the vehicle manufacturer. They shall have accumy

OO,

est vehicle shall be stabilized as specified in 40 CFR Part 86.098-26, which~incld

des vehicle mileage
1831-01c) over the

chedule (defined in Appendix IV of Part 86). Vehicles for whichCregular, ¢xternal charging is

of consumable fuel.
Cle use.

, hub caps) may be

aded vehicle weight
icle payload).

o the manufacturer
amometer road-load

lated a minimum of

100 km (62 mi) and

4115

Lubricants

The vehicle lubricants normally specified by the manufacturer shall be used.

41.1.6 Gear Shift

ing

During testing, the vehicle's transmission shall be operated as specified in 40 CFR Part 86.128, which includes the
requirement to follow in-use shifting patterns for manual-transmission vehicles.
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4.1.1.7 Regenerative Braking

If the vehicle has regenerative braking, the regenerative braking system shall be enabled for all dynamometer testing (with
the exception of preparatory testing such as Dynamometer Load Coefficient Determination as described in 4.1.3.6).
Depending upon how the regenerative braking is blended with the foundation (friction) braking system, the most accurate
way to account for the effect of regenerative braking is to test the vehicle on a four-wheel drive electric dynamometer.
However, it has been shown (Duoba 2005; refer to 2.1.1 of this document) that the contribution of regenerative braking in
many modern hybrid vehicle designs results in nearly the exact outcome on either a two-wheel drive dynamometer or
four-wheel drive dynamometer. Manufacturers must declare if testing the vehicle on a two-wheel drive dynamometer may
significantly change the contributions of regenerative braking on the final results.

4.1.1.8 Traction Gantral

) and is tested on a

If the vehicle is eq*ped with an Antilock Braking System (ABS) or a Traction Control System~(T.CS

two-wheel dynamo

that are off the dynz
achieve normal ope
regenerative braking
4.1.1.9 Vehicle Pr
The vehicle shall b

installation of fittings
adjustments when a

4.1.2 Condition of|

4121 RESS Sta
The RESS shall hav,
a stabilization cycle
establish that the cy
41.2.2 External G
If the vehicle is equi
RESS shall be char
levels are acceptab
example, if the veh
recharging. The cha

from the off-vehicle ¢lectrie’energy supply.

eter, the vehicle's ABS or TCS may inadvertently interpret the non-moyement
mometer as a malfunctioning system. If so, then modifications to thecABS or T
ration of the remaining vehicle systems, including the electric motor assist, er
system.

eparation

b prepared for testing as specified in 40 CFR Part~86-131-00, which include
for draining fuel and a throttle position sensing signal t6 control dynamometer dy
bplicable.

Rechargeable Energy Storage System (RESS)

bilization

e been stabilized with the vehicle, as defined in 4.1.1.1 or by equivalent condition
tle used is equivalent in its ability to stabilize the RESS.

harging

bped with a charger;-that charger shall be used for all external charging of the R
ped with the external charger recommended by the vehicle manufacturer. If mul
e, the RESS, shall be recharged with the highest power level that it is capable

cle can connect to either 110V/15A or 220V/30A service, the 220V/30A servi
Fge period includes the time from when the vehicle is first connected to when it is

of the set of wheels
CS shall be made to
gine start-stop, and

S provisions for the
namic inertia weight

ng. In the event that

different from the one specified in 4.1.1.1 is used, it is the vehicle manufacturer's responsibility to

FSS. Otherwise, the
tiple charging power
of accepting. As an
e shall be used for
finally disconnected

41.2.3

RESS Faile

ra

ore

In the event that the RESS is damaged or has an energy storage capability below the manufacturer's specified rating, the
RESS shall be repaired or replaced, stabilized in accordance with 4.1.2.1, and the test procedure repeated. Data from
tests with a faulty RESS shall be considered invalid.

4.1.3 Condition of

4.1.3.1  Dynamom

Dynamometer

eter Capabilities

Dynamometers used in testing HEVs shall have the capabilities specified in 40 CFR Part 86.108-00, which include the
capability of dynamically controlling inertia load during the US06 Test Procedure.
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4.1.3.2 Dynamometer Configurations

Dynamometers used in testing HEVs shall be configured as specified in 40 CFR Part 86-108-00 (b)(2), which is a 48-inch,
single-roll, electric, chassis dynamometer. If the HEV has a four-wheel drive design, it shall be tested on a four-wheel-
drive dynamometer. Otherwise, four-wheel-drive vehicles may be tested in a two-wheel-drive mode of operation, per 40
CFR Part 86.135-90(i).

4.1.3.3 Dynamometer Calibration

The dynamometer shall be calibrated as specified in 40 CFR Part 86-118-00.

4134 Dynamomnfor AL |gmnnfar'l hr::lzing

The augmented braking feature on the dynamometer (if any) should be turned off while performing’ HEV or PHEV testing,
because it interfereq with the proper functioning of the regenerative braking on such vehicles and nfay adversely impact
the benefit of regendrative braking in hybrid testing.

4.1.3.5 Dynamometer Warm-up

If the dynamometer|has not been operated during the 2-h period immediately‘preceding usage, it [shall be warmed up
using a non-test veljicle, as recommended by the dynamometer manufacturer‘er as specified in 40 CFR Part 86-135-00

(f).
4.1.3.6 Dynamomieter Load Coefficient Determination

The dynamometer doefficients that simulate road-load forces shall be determined as specified in SAE J2263 and SAE
J2264, with the folloying provisions:

a. Vehicles equipped with regenerative braking systems that are actuated only by the brake pedal shall require no
special actions fpr coastdown testing on both the test track and dynamometer.

b. Vehicles equipppd with regenerative braking.systems that are activated at least in part when the brake pedal is not
testing on both the
nerative braking or

4.1.3.7 Dynamometer Settings
The dynamometer's power absorption and inertia simulation shall be set as specified in 40 CFR Part 86-129-00.
4.1.3.8 Practice Runs

Practice runs over the prescribed driving schedules are encouraged to allow time for the test driver to practice following
the driving schedules and to feel comfortable with the vehicle's operation.
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4.2 Test Instrumentation

Equipment referenced in 40 CFR Part 86.106 (including exhaust emissions sampling and analytical systems) is required
for emissions measurements, where appropriate. All measurements shall be NIST-traceable (National Institute of
Standards and Technology). The following instruments are either additionally required or recommended for as-needed

usage.

a.

A DC wideband voltage, Ampere, and Watt-hour meter (power analyzer): Voltage and current of the RESS are

measured directly with this meter. It shall be installed in such a way as to measure all current leaving and entering the
RESS (no other connections upstream of the measurement point). Ampere-hour meters using an integration
technique shall have an integration period of less than 0.05s, so that abrupt changes of current can be

accommodated

without infmdnr‘ing Qignifir‘ant intpgmﬁnn errors Total accuracy of current measurements shall be

1% of reading.
offsets can be in

hours without difectly sensing voltage. In this case, the voltage shall be monitored (logged) from v

b. A DC wideband
c. Aninstrument tg
d. Aninstrument to
e. An AC Watt-ho
measure all AC
better.
f. A means to ver
before initial eng
g. A voltmeter and
h. An instrument tg

for US06 dynam

The accuracy of ea
accuracy for coastdd

4.3 Exhaust Emis
There are two bas

operation assumed
begins with a fully ¢

Instruments shall not be susceptible to offset errors measuring current, becdusg
tegrated throughout the cycle and provide erroneous NEC results.

Ampere-hour meter: If voltage sensing is not available, then one should-optiona

measure a capacitor's voltage (if applicable).
measure an electromechanical flywheel's rotational speed (if applicable).

ir meter to measure AC recharge energy (if applicable): It shall be installed i

fy and record engine operation for the purpose of determining the dynamomet
ine startup.

ammeter for as-needed usage (recommended).

measure the throttle pedal.position (or an equivalent indicator of the driver's ac
pmeter load adjustments (when applicable).

ch instrument shall-be*as specified in 40 CFR Part 86 and SAE J1634, as aj
wn measurements shall be as specified in SAE J2263 and SAE J2264, as applic

5ions and FuelN\Economy Tests
c exhaust emissions and fuel economy tests described in this document. O

to heCS for HEV operating modes, it is called the Charge-Sustaining Test ((
warged RESS for capturlng CD operating modes for PHEVSs, it is called the Full

e very small current

ly measure ampere-
ehicle network data.

n such a way as to

electrical energy entering the charger. The AC Watt-hour meter shall have a total accuracy of 1% or

er distance traveled

celeration demands)

plicable. Instrument
hble.

ne test begins with
ST). The other test
Charge Test (FCT).

d.4.2 9.

The tests are describe¢

a.

% datail 4.2
T groatcTattan T —T.J7 | (1R L I PV by ey

CST for HEV Operating Modes: The CST is administered to all HEVs, including PHEVs.

b. FCT for CD (PHEV) Operating Modes: The FCT is administered to only PHEVs.
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4.3.1 CSTs for CS Operating Modes

The CST is to be conducted over particular driving schedules. Test conditions are provided as follows for conducting this
test with the UDDS (see 4.3.1.4), the HFEDS (see 4.3.1.5), the US06 driving schedule (see 4.3.1.6), the SCO3 driving
schedule (see 4.3.1.7) and the Cold UDDS (-7 °C) driving schedule (see 4.3.1.8).

4.3.1.1  Purpose of Test

The purpose of the CST for HEV modes is to measure the exhaust emissions and fuel economy of an HEV over one or a
series of driving schedules in an HEV operating mode, while representing operation of an CS HEV, or a PHEV that has

traveled beyond its CD range (without charging) and is operating in CS mode.

4312 Applicabil

The CST applies to
can be repeated for
then good engineeri

4.3.1.3 TestProd

The following inform

a.
during each test
b. Actual Distance
each test phase
c. SOC—The SOQ
of each test cyc|
test phase (to dg
4.3.1.4 UDDS Ch

This test is to be co
and the requiremen
requirements not sp

Exhaust Emissions and Fuel Economy—The exhaust emissions ahd fuel economy of the HE\

by

HEVs in CS operating modes. If there are separate driver-selectable operating md
those modes and the results attributed to that particular operating made-’ If setti
ng judgment should be used to determine the particular settings testing.

ict

htion will be the product of this testing:

phase in which such measurements are required.

Traveled—The actual distance that the dynamometer roll surface traveled shall
in which such measurements are required.

level of the RESS shall be recorded.using the instrumentation described in 4.2 a
e phase (each portion of test where a single bag is sampled) in order to calcul
termine NEC tolerance criteria)t

brge-Sustaining Test (CST)_Procedure

hducted subject to thetest conditions described in 4.1, the test instrumentation
s listed as follows.-However, 40 CFR Part 86, Subpart B, shall be referencec
bcifically detailed in this document, where appropriate.

itioning—The vehicle shall be preconditioned in the driver-selected operating mo
conditiening is subject to the requirements of 40 CFR Part 86.132, which
aporative canister purge and load, driving over the UDDS, and a 12- to 36-h
ning cycles may have to be run in the same manner as the UDDS tests in orde

des, the procedures
ngs are not discrete,

shall be measured

be measured during

every start and end
te the NEC of each

requirements of 4.2,
for any procedural

de in which it will be

includes fuel tank
ehicle soak. One or
r to provide the best

4l NI ol

PO
UIC INLLU UICTAdrive UIciid.

Initial SOC—After vehicle preconditioning and before the vehicle is left to soak, the SOC of the RESS shall be

adjusted to SOCuinitial (subject to the charging requirements of 4.1.2.2), attempting to achieve SOCufinal equal to
SOCauinitial (refer to 3.7 for SOC terminology). However, if the only way to adjust the SOC is by operating the vehicle
and the desired SOCuinitial is not achieved at the end of preconditioning, then any further SOC adjustments shall be
made after vehicle preconditioning, and the soak period shall begin immediately after the adjustments are made.

a. Vehicle Precond
tested. The prg
drain-and-fill, ev
more preconditig
chance to satisfy

b.

C.

Moving the Vehicle into Position—After the 12- to 36-h soak and with the RESS at the appropriate SOC (i.e., at

SOCauinitial), the vehicle shall be moved (pushed or towed — not driven) into position on the dynamometer and
restrained. The vehicle drivetrain shall be in a “cold” condition at the start of this test; therefore, the vehicle shall not
be rolled more than 1.6 km (1 mi) between the end of the soak period and the start of this test.
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Test Site Conditions—The ambient temperature levels encountered by the test vehicle shall be no less than 20 °C

(68 °F) and no more than 30 °C (86 °F). During dynamometer driving, all vehicle accessories shall be turned off, and
a fixed-speed-cooling fan shall direct cooling air to the vehicle, as specified in 40 CFR Part 86.135-94.

recommended starting procedures in the owner's manual.

Propulsion System Starting and Restarting—The vehicle's propulsion system shall be started according to the
The requirements of 40 CFR Part

86.136-90(c-e) shall apply for starting and restarting, but with the words “propulsion system” generically substituted for

Dynamometer Driving Procedure—As soon as the vehicle propulsion system has started, the vehicle shall be driven

over two UDDSs with a 10-min £ 1-min key-off soak period in between the two UDDSs. Tailpipe emissions on each of

he collected

—Between the two UDDSs, the vehicle shall soak for 10 min £ 1 min with-the k

position, the ho¢d closed, test cell fan(s) off, the brake pedal not depressed, and the RESS ng

Measurements @and Emissions Sampling—Exhaust emissions and the actual distance traveled

energy source. The SOC instrumentation should not be turned off or reset'to zerg
se of Ampere-hour meter measurement, the integration should remain active t
is concluded.

be measured during both of the two UDDSs. Although, two’sample constant v
uter (BMD) bag sets are used consecutively during ‘the UDDS for conven
br the CST-HEV to use only one sample bag set during each UDDS and, therg

CST-HEV in a test site designed for that capability. Using two sample bag sets during each UD

bT—-HEV; however, the time to analyze and purge-sample bag emissions shall nof
requirement.

Test Termination—This test shall terminate at the completion of both UDDSs.

-This test is considered invalid if the difference between SOCufinal and SOCuini

NEC tolerance (refer to Equations 6, 11, and. 16 for the tolerances for batteries, capacitors, an

Ctively).

rging—No post-test recharging is required for this test.

d.
e.
manufacturer's
the word “engine.”
f.
the UDDSs shal
g. Intra-Test Pause
external electric
pause. In the ca
test until the test
h.
roll surface shal
or Bag Mini Di
recommended f
option for the CS
intra-test pause
i.
j-  Test Validation—
flywheels, respe
k. Post-Test Rechs
4315 HFEDSC

This test is to be co
and the requiremen
requirement that is n

a. Vehicle Precond

narge-Sustaining Fest (CST) Procedure
hducted subject to the test conditions described in 4.1, the test instrumentation

ot spegifically detailed in this document.

|t|on|ng—The vehlcle shaII be precondltloned in the driver-selected operating mg

tested. The prede

oTume sampler (CVS)

ey switch in the “off”
t recharged from an
during the intra-test
nroughout the entire

y the dynamometer
ional vehicles, it is
fore, to conduct the

DS is an acceptable
require violating the

ial violates the SOC
d electromechanical

requirements of 4.2,

s listed as\follows. However, 40 CFR Part 600, Subpart B shall be referenced for any procedural

de in which it will be

#hich includes driving

over one UDDS and a0- to 3-h soak. One or more precond|t|on|ng cycles may have to be run in order to provide the
best chance to achieve the NEC tolerance in the measured test.

Initial SOC—After vehicle preconditioning (if any), the SOC of the RESS may be adjusted to SOChinitial (subject to

the charging requirements of 4.1.2.2), attempting to achieve SOChfinal equal to SOChpause (refer to 3.7 for SOC
terminology). Adjusting the SOC by operating the vehicle before the test begins is acceptable. The challenge in
meeting the previous requirement (that is, to attempt to maintain a level SOC over the second HFEDS) is to choose
the right value for SOChinitial. However, in addition to this challenge, it is also the intent of this test that the vehicle be
adequately preconditioned through engine operation before the second HFEDS begins. Therefore, in choosing the
initial SOC, it is recommended (but not required) that SOChinitial be equal to or less than SOChpause to ensure that
the contribution of the RESS toward vehicle propulsion during the first HFEDS is minimized.
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Moving the Vehicle into Position—The drive wheels of the vehicle shall be placed on the dynamometer, and the
vehicle shall be restrained.

Test Site Conditions—The ambient temperature levels encountered by the test vehicle shall be no less than 20 °C
(68 °F) and no more than 30 °C (86 °F). During dynamometer driving, all vehicle accessories shall be turned off, and
a fixed-speed-cooling fan shall direct cooling air to the vehicle, as specified in 40 CFR Part 86.135-94.

Propulsion System Starting and Restarting—The vehicle's propulsion system shall be started according to the
manufacturer's recommended starting procedures in the owner's manual. The requirements of 40 CFR Part
600.111-93(g) shall apply for starting and restarting, but with the words “propulsion system” generically substituted for

Dynamometer DOriving Procedure—As soon as the vehicle propulsion system has started, the(vghicle shall be driven

d.
e.

the word “engine.”
f.

over two HFEDSs.
g.

Intra-Test Pausg—Between the two HFEDSS, there is to be a 15-s pause, which is torbe“at zerd speed, with the key
switch in the “on)” position, the brake pedal depressed, and the RESS not recharged from an external electric energy

source. The SO
Ampere-hour m
concluded.

C instrumentation should not be turned off or reset to zero during'the intra-test ¢
bter measurement, the integration should remain active throughout the entire

ause. In the case of
test until the test is

h. Measurements and Emissions Sampling—Exhaust emissions and the-getual distance traveled by the dynamometer

roll surface shd
preconditioning,

i. Test Terminatiop—This test shall terminate at the completion.@f’both HFEDSs.

j-  Test Validation—

NEC tolerance (refer to Equations 6, 11, and 16 for\the tolerances for batteries, capacitors, an

flywheels, respe
k. Post-Test Rechd
4.3.1.6 US06 Chg
This test is to be co
and the requirement
that is not specificall

a. Vehicle Precond
acycleinCSm

I be measured only during the second HFEDS.{The first HFEDS serves 3
during which such measurements are not required.

-This test is considered invalid if the difference between SOChfinal and SOChpal
ctively).

rging—No post-test rechargirigis required for this test.

rge-Sustaining Test (CST) Procedure

hducted subject to the test conditions described in 4.1, the test instrumentation
5 listed as follows:"However, 40 CFR Part 86-159 shall be referenced for any prg

y detailed in-this document, where appropriate.

itioning—The consumable fuel shall be drained and the tank refilled unless (1) th
bde (over any driving schedule) within the last 72 h in the same driver-selected g

s additional vehicle

se violates the SOC
d electromechanical

requirements of 4.2,
cedural requirement

e vehicle underwent
perating mode as to

be tested in the|US06 Test Procedure, and (2) the vehicle has since remained under ambient laboratory conditions.
No other vehicle-pfeeeﬁééemﬁg%neeeseaﬁdeﬁme-u%ﬂesM

Initial SOC—After vehicle preconditioning (if any), the SOC of the RESS shall be adjusted to SOCGinitial (subject to
the charging requirements of 4.1.2.2), attempting to achieve SOC6final equal to SOC6pause (refer to 3.7 for SOC
terminology). Adjusting the SOC by operating the vehicle before the test begins is acceptable. The challenge in
meeting the previous requirement (that is, to attempt to maintain a level SOC over the second US06) is to choose the
right value for SOCSGinitial. However, in addition to this challenge, it is also the intent of this test that the vehicle be
adequately preconditioned through engine operation before the second US06 begins. Therefore, in choosing the initial
SOC, it is recommended (but not required) that SOCGinitial be equal to or less than SOC6pause to ensure that the
contribution of the RESS toward vehicle propulsion during the first US06 is minimized.
However, if the only way to achieve SOC6final equal to SOC6pause is by setting the SOCGinitial to a level that is not
expected to occur under normal operating conditions with no external charging (e.g., 0% SOC or 100% SOC), then
SOCGinitial shall be set to a level that is equal to or less than the level of SOCuinitial from the UDDS Test Procedure
of the PCT-HEV with the same HEV operating mode. In this case, the SOC NEC tolerances (as described in
paragraph j) shall not apply.
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k.

4.3.1.7 SCO03Ch

Moving the Vehicle into Position—The drive wheels of the vehicle shall be placed on the dynamometer, and the
vehicle shall be restrained.

Test Site Conditions—The ambient temperature levels encountered by the test vehicle shall be no less than 20 °C
(68 °F) and no more than 30 °C (86 °F). During dynamometer driving, all vehicle accessories shall be turned off, and
a fixed-speed-cooling fan shall direct cooling air to the vehicle, as specified in 40 CFR Part 86.159-00 (b)(9).
Dynamometer load reduction for low-powered vehicles may be used in accordance with 40 CFR Part
86.108-00(b)(2)(ii).

Propulsion System Starting and Restarting—The vehicle's propulsion system shall be started according to the
manufacturer's recommended starting procedures in the owner's manual. The requirements of 40 CFR Part
86_136-90(c-e) shall npply for Qtar’ring and rpc‘mrﬁng but with the words “Inmpnle.inn ch’rpm” gene ically substituted for

the word “enging.”

Dynamometer DOriving Procedure—As soon as the vehicle propulsion system has started; the vghicle shall be driven
over two US06s

Intra-Test Pausg—Between the two USO06s, there is to be an idle for 90 s + 30 s, which is to be at|zero speed, with the
key switch in the “on” position, the brake pedal depressed, and the RESS net recharged from| an external electric
energy source. The SOC instrumentation should not be turned off or reset to zero during the inffa-test pause. In the
case of Ampereijhour meter measurement, the integration should remain,active throughout the entire test until the test
is concluded.

Measurements @and Emissions Sampling—Exhaust emissions and:the actual distance traveled by the dynamometer
roll surface shall be measured only during the second US06. The first USO6 serves a$ additional vehicle
preconditioning furing, which such measurements are not required.

Test Termination—This test shall terminate at the completion of both US06s.

Test Validation—This test is considered invalid if the, difference between.SOC6final and SOC6palse violates the SOC
NEC tolerance (refer to Equations 6, 11, and. 16 for the tolerances for batteries, capacitors, and electromechanical
flywheels, respeftively).

Post-Test Rechgrging—No post-test recharging is required for this test.

rge-Sustaining Test(CST) Procedure

This test is to be copducted subjeet to the test conditions described in 4.1, the test instrumentation requirements of 4.2,

and the requirements
that is not specifically detajledsin this document, where appropriate.

a.

listed asfollows. However, 40 CFR Part 86.160 shall be referenced for any prdqcedural requirement

Vehicle Preconrtronrng—The consumable fuel shall be drarned and the tank refrIIed unless (1) tHe vehicle underwent
a cycle in CS mé : perating mode as to
be tested in the SCO03 Test Procedure and (2) the vehicle has since remalned under amblent laboratory conditions.
No other vehicle preconditioning is necessary for the SC03 Test Procedure.
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Initial SOC—After vehicle preconditioning (if any), the SOC of the RESS shall be adjusted to SOC3initial (subject to
the charging requirements of 4.1.2.2), attempting to achieve SOC3final equal to SOC3pause (refer to 3.7 for SOC
terminology). Adjusting the SOC by operating the vehicle before the test begins is acceptable. The challenge in
meeting the previous requirement (that is, to attempt to maintain a level SOC over the second SC03) is to choose the
right value for SOC3initial. However, in addition to this challenge, it is also the intent of this test that the vehicle be
adequately preconditioned through engine operation before the second SC03 begins. Therefore, in choosing the initial
SOC, it is recommended (but not required) that SOC3initial be equal to or less than SOC3pause to ensure that the
contribution of the RESS toward vehicle propulsion during the first SC03 is minimized. However, if the only way to
achieve SOC3final equal to SOC3pause is by setting the SOC3initial to a level that is not expected to occur under
normal operating conditions with no external charging (e.g., 0% SOC or 100% SOC), then SOC3initial shall be set to
a level that is equal to or less than the level of SOCuinitial from the UDDS Test Procedure of the PCT-HEV with the

same HEV oper

vehicle shall be

under test condi

following ambient test conditions shall be provided: 35 °C (95 °F) air temperature, 100 grains o

air, a solar heat
for FEC testing,
in 40 CFR Part

specified in 40

86.136-90(c-e)

for the word "engjine."

over two SC03s

external electric

pause. In the cd
test until the test

Measurements
roll surface sh
preconditioning,

Moving the Veh

Test Site Condifions—The entire test is either to be conducted in an FEC (as specified in 40

Dynamometer O

Intra-Test Pausd
position, the hog

Test Termination==This test shall terminate at the completion ofboth SC03s |

Test Validation—This test is considered invalid if the difference between SOC3final and SOC3pause violates the SOC

icle into Position—The drive wheels of the vehicle shall be placed on the.dy
[estrained.

ions that simulate testing in an FEC (as specified in 40 CFR Part"86.162). For tg

load intensity of 850 W/m?, and a vehicle cooling air flow propertional to vehicle
all vehicle windows shall be closed, and the vehicle air-conditioning system shall
86.160-00 (c)(6). For testing under conditions that simulate testing in an FE
FR Part 86.162-00 shall apply.

hall apply for starting and restarting, but with the words "propulsion system" gg

riving Procedure—As soon as the-vehicle propulsion system has started, the vd

—Between the two SCO03s,the vehicle shall soak for 10 min £ 1 min with the ki

energy source. The SOC instrumentation should not be turned off or reset to zerg
se of Ampere-hour_meter measurement, the integration should remain active t
is concluded.

all not apply.

amometer, and the

CFR Part 86.161) or
sting in an FEC, the
f water/pound of dry
speed. Furthermore,
operate as specified
C, the conditions as

Propulsion Sysfem Starting and Restarting—The vehicle's propulsion system shall be start¢d according to the
manufacturer's fecommended starting procedures in the_oOwner's manual. The requiremen

s of 40 CFR Part
nerically substituted

hicle shall be driven

by switch in the “off”

d closed, the test cell fan(s) off, the brake pedal not depressed, and the RESS n¢t recharged from an

during the intra-test
hroughout the entire

nd Emissiens Sampling—Exhaust emissions and the actual distance traveled by the dynamometer

Il be méasured only during the second SCO03. The first SC03 serves a
during’which such measurements are not required.

5 additional vehicle

NEC tolerance (refer to Equations 6, 11, and 16 for the tolerances for batteries, capacitors, and electromechanical

flywheels, respe

ctively).

Post-Test Recharging—No post-test recharging is required for this test.
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43.1.8

Cold UDDS Charge-Sustaining Test (CST) Procedure

This test is to be conducted subject to the test conditions described in 4.1, the test instrumentation requirements of 4.2,
and the requirements listed as follows. However, 40 CFR Part 86, Subpart C, shall be referenced for any procedural
requirements not specifically detailed in this document, where appropriate.

a.

Vehicle Preconditioning—The vehicle shall be preconditioned in the operating mode in which it wi
specifications are subject to the requirements of 40 CFR Part 86.213, with an RVP of 11.5 + 0.3.
is subject to the requirements of 40 CFR Part 86.232, which includes fuel tank drain-and-fill a

Il be tested. The fuel
The preconditioning
nd driving over the

UDDS, starting at a temperature of - 7 °C £ 1.7 °C (20 °F + 3 °F). The ambient temperature shall average -7 °C +

2.8°C (20 °F = 5 °F) and shall not be less than -14 °C (10 °F), nor more than -1 °C
precond|t|on|ng Humidi

the vehicle and the desired SOCcuinitial is not achieved at the{end of preconditioning, the
adjustments shall be made after vehicle preconditioning, and the ‘soak period shall begin in
adjustments are|made.

(30 °F), during the
r rolls. A 12- to 36-h
pve. One or more
Vide the best chance

bf the RESS shall be
SOCecufinal equal to

ied by initially setting

than zero over the
onditioning, then the
SOC is by operating
n any further SOC
mediately after the

Moving the Vehicle into Position—After the 12- to 36-h soak and with the RESS at the appropriate SOC (i.e., at

SOCauinitial), the
restrained. The

Test Site Condi
(20 °F = 3 °F).
excursions must
to 3 min must
fixed-speed-coo

Heater/Defrostel
to the windshiel
“off” or low," and

vehicle shall be moved (pushed or tewed — not driven) into position on th¢

Vehicle drivetrain shall be in a “cold” condition at the start of this test; therefore,

be rolled more tIan 1.6 km (1 mi) between the end-ef the soak period and the start of this test.

ons—The ambient temperature levels encountered at the start of the test shall
The average temperaturé during the test must be -7 °C £+ 2.8 °C (20 °F + §
be between -12.2 °C (10 °F) minimum and -1.1 °C (30 °F) maximum. Maximum
ot exceed -9.4 °C (46\°F) minimum and -3.9 °C (25 °F) maximum. During dy
ing fan shall direct ‘cooling air to the vehicle, as specified in 40 CFR Part 86.135-¢

—At the starf'of the test, manually controlled climate control systems should hav
 for optimal.defrosting, the airflow source set to outside air (not recirculation),

the air.temperature set to the hottest setting. At the second idle of the test (app

the test, allowing the @€ngine to accumulate some heat), the fan speed should be set to maximun
the test, at apprpximately 505 s into the test (corresponds with the end of Bag 1 and the start

FTP), the fan swmmmmmmm_uw
setting will remain at the hottest setting. These settings should be held for the remainder of the test, including the two
bags following the 10-min soak period. For automatic climate control systems, the manufacturer can manually
override the system and use the provisions specified for manual systems, or the system selector should be set to
heater or defroster mode and the temperature should be set to 72 °F for the duration of the test. For vehicles with
multiple zone climate control systems (e.g., front and rear temperature/fan controls and/or separate driver/passenger
temperature/fan controls), the same fan and temperature settings should be set and maintained for all the zones for
both manual and automatic interior climate control systems. For any further information on this topic, please refer to
“Fuel Economy Labeling of Motor Vehicles: Revisions to Improve Calculation of Fuel Economy Estimates” in CFR
Parts 86 and 600, volume 71 number 248.

dynamometer and
the vehicle shall not

be at -7 °C £ 1.7 °C
°F). The maximum

Ixcursions lasting up

amometer driving a
4.

b the airflow directed
he fan speed set to
oximately 2 min into
n. At the sixth idle of
pf Bag 2 of the Cold

and the temperature

f.  Propulsion system Starting and Restarting—The vehicle's propulsion system shall be started according to the

manufacturer's

recommended starting procedures in the owner's manual.

86.136-90(c-e) shall apply for starting and restarting.

The requirements of 40 CFR Part
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Dynamometer Driving Procedure—As soon as the vehicle propulsion system has started, the vehicle shall be driven

over a three-phase FTP test, this consists of a cold UDDS (phase 1 and phase 2), engine shutdown for a 10-min soak
and then propulsion system startup and operation over 505 s (hot start or phase 3).

Intra-Test Pause—Between the two UDDSs, the vehicle shall soak for 10 min £ 1 min with the key switch in the “off”

position, the hood closed, test cell fan(s) off, the brake pedal not depressed, and the RESS not recharged from an
external electric energy source. The SOC instrumentation should not be turned off or reset to zero during the intra-test
pause. In the case of Ampere-hour meter measurement, the integration should remain active throughout the entire
test until the test is concluded.

i. Measurements and Emissions Sampling—Exhaust emissions and the actual distance traveled by the dynamometer

bhe measured dnring all three phchc of the test Three Qnmlnlp CV/S or BMD hac

s are used to collect

g.

h.
roll surface shal
the exhaust emi

j-

k. Test Validation—
NEC tolerance i
tolerance.

I. Post-Test Recha

4.3.2 Full-Charge

The FCT for PHEV
conducting this test
4.3.2.7), and the col
applied with any driv
4.3.21 Purpose 0

The purpose of the
driving schedules in

4.3.2.2 Applicabili
The FCT only applie
43.2.3 TestProd

The following inform

5sions from the test.

Test Terminatiop—This test shall terminate at the completion of the three (or four) phase test.

-This test is considered invalid if the difference between SOCcufinal and SOQ
h discharge. The test can be considered valid if the NEC reflects.RESS charg
rging—No post-test recharging is required for this test.

Test (FCT) for CD Operating Modes

S is to be conducted using a particular driving~schedule. Test conditions are
with the UDDS (see 4.3.2.4), the HFEDS-(see 4.3.2.5), the US06 (see 4.3.
d UDDS (-7 °C) cycles (see 4.3.2.8). However, with the appropriate test conditig
ng schedule.

f Test

FCT is to measure the exhaust emissions, fuel economy, and energy consump,
ICD mode after the vehicle RESS has been charged to full charge.

Ly
5 to PHEVs in anypossible CD operating modes.
ict

ation Will be the product of the FCT:

cuinitial violates the
ng beyond the NEC

provided below for
.6), the SCO03 (see
ns, this test may be

fion over a series of

H H T = = ] 1 : : (4 1 il Ll
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cycle (or phase where appropriate) in which such measurements are required.

or phase where appropriate) in which such measurements are required.

shall be measured

Actual Distance Traveled—The actual distance that the dynamometer roll surface traveled shall be measured during

AC Recharge Energy—After dynamometer testing is completed, the AC recharge energy shall be measured while the

RESS is being recharged. All AC W+h energy is recorded while the charger is plugged into the grid.

a.
during each test
b.
each test cycle (
C.
d.

electrochemical

batteries, AA*h readings).

SOCi and SOCf—Initial and final SOC of the RESS for each cycle in the FCT shall be recorded (e.g., for
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measured directly, then the appropriate calculation method is used.

DC Electric Energy Consumption—The net DC W+h shall be measured during each test cycle. If voltage is not

Vi and Vf—Initial and final voltage measurement of RESS (electrochemical batteries only) in each test cycle of the

FCT. If voltage is not measured directly, then this information comes from the vehicle communication network.

4.3.24 UDDS Ful

[-Charge Test (FCT) Procedure

This test is to be conducted subject to the test conditions described in 4.1, the test instrumentation requirements of 4.2,
and the requirements listed as follows. However, 40 CFR Part 86, Subpart B, shall be referenced for any procedural
requirements not specifically detailed in this document, where appropriate. This procedure can also be conducted at

ambient temperatures. of 10 °C (Rﬂ °|:)7 as described in the State of California Air Resources Boar

Exhaust Emission

Standards Test Prodg

Vehicle Precond
tested and at a
includes fuel tan

a.

RESS Charging
Full Charge, su
which the charg
the AC cord at
complete (see F
“Full Charge” (n
complete. If inst
(or portion therg
accounted as e

edures.

itioning—The vehicle shall be preconditioned in the driver-selected operating mo
CS SOC level. The preconditioning is subject to the requirements 6f 40 CFR
k drain-and-fill, driving over the UDDS, and a 12- to 36-h vehicle soak.

[VVehicle Soak—After preconditioning and while the vehicle is soaking, the RESS
bject to the charging requirements of 4.1.2.2. It shall remdin ‘on charge for min
br is electrically disconnected from the grid by means of an’automatic timer or 4
the appropriate time. However, if after 12 h the charger indicates that the c
ull Charge, 3.2.15), then the charger shall be left to ¢harge the vehicle until after {
b DC current going into battery). The total AC Weh.shall be recorded after the ¢
ructions from the manufacturer recommend leaving the charger on throughout th
of), then the charger should remain connected to the grid accordingly. All AC

hergy consumed. It is discouraged, but allewable, to have interruptions during

charge period djie to uncontrolled circumstances. The total time on charge shall be at least 12 h,

of the soak perid

Moving the Veh
moved (pushed
be in a “cold” ¢
between the eng

(68 °F) and no
a fixed-speed-cq

d are not compromised.

cle into Position—After the 12+ t0- 36-h soak and with the RESS fully charged,
or towed — not driven) intopasition on the dynamometer and restrained. The vg

of the soak period and the start of this test.

Test Site Condifions—The ambient.temperature levels encountered by the test vehicle shall bq
nore than 30 °C_(86 °F). During dynamometer driving, all vehicle accessories shall be turned off, and

oling fan shalkdirect cooling air to the vehicle, as specified in 40 CFR Part 86.134

Propulsion Sys

de in which it will be
Part 86.132, which

shall be brought to
imum of 12 h, after
y simply unplugging
narging cycle is not
he charger indicates
harging sequence is
e entire soak period
V+h energy shall be
the first 12 h of the
and other conditions

the vehicle shall be
hicle drivetrain shall

pndition at the start of this jtest; therefore, the vehicle shall not be rolled mor¢ than 1.6 km (1 mi)

no less than 20 °C

-94.

m Starting and Restarting—The vehicle's propulsion system shall be start¢d according to the

manufacturer's fecommended starting procedures in the owner's manual. The requiremen
86.136-90(c-e) ghall‘apply for starting and restarting, but with the words “propulsion system” gene

s of 40 CFR Part
rically substituted for

the word “enging.>

Dynamometer Driving Procedure—As soon as the vehicle propulsion system has started, the vehicle shall be driven

over multiple continuous CD UDDS cycles, followed by one or more CS UDDS cycles until the EOT Criterion is met
(see 3.9). The tailpipe emissions for each UDDS cycle shall be filled in one CVS or BMD emission sample bag. Initial
and final SOC readings and DC W-+h for each cycle shall be recorded. Figure 6 shows an example UDDS FCT.
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g.

= = = = = = =

Charge
sustaining

SOC

uDDS | UDDS | UDDS

FIGURE 6 - RECOMMENDED UDDS TEST LAYOUT FOR CHARGE-DEPLETING FCT

Intra-Test Paus ; f = f he key switch in the
“off” position, the hood closed, test cell fan(s) off, the brake pedal not depressed, and the RESY not recharged from
an external elecjric energy source. The SOC instrumentation should not be turned off or resetto zero during the intra-
test pauses. In fhe case of Ampere-hour meter measurement, the integration should remain active throughout the
entire FCT until {t is concluded.

It is preferred that the pauses be consistently 10 min £ 1 min. However, it is acknowledged that many test facilities do
not have the software and or hardware to do so without longer pauses at some.time after two tq four cycles for data
collection or tesf|setup. In this case, a duration window of 10 to 30 min shall be allowed during intfa-test pauses. Good
engineering judgment should be applied in arranging these test pauses; thus causing the least fisruption in the test
procedure. It is $trongly preferred that the majority of soak periods remain as close to the 10-min|recommendation as
possible. During| all soak periods, the key switch must be in the “off’position, the hood must be] closed, the test cell
fan(s) must be off, the brake pedal not depressed, and the RESS not recharged from an external ¢nergy source.

NOTE: Any nunpber of multiple UDDS cycles can be run in~one test setup with the purpose of [deviating as little as
possible from thge 10-min soak recommendation. This may require rewriting of software, and possibly reconfiguring of
hardware, to acgommodate running UDDS cycles contintously until the EOT Criterion (3.9) is mgt. Several examples
illustrating apprgaches meeting the requirements are.shown in Figure 7.
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FIGURE 7 - EXAMPLES OF BACKUP TEST OPTIONS USING LONGER SOAK
PERIODS DURING SOME INTRA-TEST PAUSES
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Measurements and Emissions Sampling—Exhaust emissions and the actual distance traveled by the dynamometer

roll surface shall be measured during each of the UDDS cycles. Although two sample bag sets are used consecutively
during a UDDS for conventional vehicles (Bag 1 and Bag 2), it is necessary in the FCT to use only one sample bag
set during each UDDS and, therefore, to conduct the FCT in a test site designed for that capability.

definitions in End of Test (EOT) Criterion (3.9).

Test Termination—This test shall terminate when the vehicle reaches CS operation achieved according to the

Test Validation—If at any point during the test, vehicle propulsion is not possible or the driver is warned by the vehicle

to discontinue driving because the RESS contains too low of a supply of energy, the test is considered invalid.

Post-Test Rech
the charging re
electrically discd
appropriate time
3.2.15), then the
then electrically
complete. If inst
(or portion there
be accounted a

uirements of 4.1.2.2. It shall remain on charge for at least 12 h, after which
nnected from the grid by means of an automatic timer or by simply unplugging

charger shall be left to charge the vehicle until after the charger indicates’Full CH
ructions from the manufacturer recommend leaving the charger,oh. throughout th

bf), then the charger should remain connected to the grid accordingly. Again, all
5 energy consumed. It is discouraged, but allowable to have, interruptions durn

charge period diie to uncontrolled circumstances. The total time on charge ‘shall be at least 12 h,

of the soak perig

NOTE: The CS
charging event f

4325

This test is to be co
and the requiremen
requirement that is n

Vehicle Precond
fuel shall be dra
within the last 7}
preconditioning
36 h before the

a.

RESS Charging
CFR Part 86.13!
remain on charg
automatic timer

d are not compromised.

operation and charging event after this FCT can.serve as the required vehicle
br another FCT (with the exception of tests requiting soak conditions at other than

HFEDS Full-Charge Test (FCT) Procedure

hducted subject to the test conditions described in 4.1, the test instrumentation
s listed as follows. However, 40 6FR Part 600, Subpart B, shall be reference
ot specifically detailed in this document, where appropriate.

itioning—The preconditioning is subject to the requirements of 40 CFR Part 86.1
ned and the tank refilled .unless (1) the vehicle underwent a previous CST (in &
2 h in CS mode, and:(2) the vehicle has since remained under ambient labg
Cycle(s) consisting-ef.one or more UDDS, HFEDS, or US06 cycles run in CS mod
FCT. The vehicle 'shall be at a CS SOC level before charging.

Vehicle Sogk—After preconditioning and while the vehicle is soaking (20 to 30 °
), the RESS shall be brought to Full Charge, subject to the charging requiremer
e ford2 h, after which the charger shall be electrically disconnected from the

Il Charge, subject to
he charger shall be
the AC cord at the

However, if after 12 h the charger indicates that the charging cycle is not'eomplete (see Full Charge,

arge. The charger is

disconnected from the grid. The total AC W+h shall be recorded affer the charging sequence is

e entire soak period
AC W+h energy must
ng the first 12 h of
and other conditions

preconditioning and
20 to 30 °C).

requirements of 4.2,
| for any procedural

32. The consumable
ny driving schedule)
ratory conditions. A
e shall be run within

C, as specified in 40
ts of 4.1.2.2. It shall
grid by means of an
er 12 h the charger

indicates that th

or by simply unplugging the AC cord at the appropriate time. However, if aft

be left to charge the

vehicle until the charger indicates “Full Charge.” The total AC W-+h shall be recorded after the charging sequence is
complete. If instructions from the manufacturer recommend leaving the charger on throughout the entire soak period
(or portion thereof), then the charger should remain connected to the grid accordingly. Again, all AC W+h energy must
be accounted as energy consumed. It is discouraged, but allowable, to have interruptions during the first 12 h of the
charge period due to uncontrolled circumstances. The total time on charge shall be at least 12 h, and other conditions
of the soak period not compromised.

Moving the Vehicle into Position—After the 12- to 36-h soak and with the RESS at Full Charge, the vehicle shall be

moved (pushed or towed — not driven) into position on the dynamometer and restrained. The vehicle drivetrain shall
be in a “cold” condition at the start of this test; therefore, the vehicle shall not be rolled more than 1.6 km (1 mi)
between the end of the soak period and the start of this test.


https://saenorm.com/api/?name=79438820bf93a3d14544b5b1e68201c1

SAE J1711 Revised JUN2010 Page 31 of 63

Test Site Conditions—The ambient temperature levels encountered by the test vehicle shall be no less than 20 °C
(68 °F) and no more than 30 °C (86 °F). During dynamometer driving, all vehicle accessories shall be turned off, and
a fixed-speed-cooling fan shall direct cooling air to the vehicle, as specified in 40 CFR Part 86.135-94.

Propulsion System Starting and Restarting—The vehicle's propulsion system shall be started according to the
manufacturer's recommended starting procedures in the owner's manual. The requirements of 40 CFR Part
600.111-93(g) shall apply for starting and restarting, but with the words “propulsion system” generically substituted for
the word “engine.”

Dynamometer Driving Procedure—Unlike HFEDS testing for conventional or CS HEVs, this test is a cold-start
beginning with a fully charged RESS. As soon as the vehicle propulsion system has started, the vehicle shall be
driven over multjple D HEED D til the EOT Criterion
(3.9) is met. The tailpipe emissions for each HFEDS cycle shall be filled in one CVS or BMD_emission sample bag.
Initial and final JOC readings and DC W-«h for each cycle shall be recorded.

alalilallle] - QlLIOWed D Qne or more - -

Dynamometer Oriving Procedure with a CS Switch Option—Conventional HFEDS tests-are typi
two HFEDSSs, with the first HFEDS acting as a preconditioning for the second cycle. If the vehicle

cally run as a set of
has a CS switch and

the test objectives are to avoid cold-start conditions in the HFEDS FCT, a procedure option ex
mode during thg first highway cycle to maintain a fully charged RESS duringswarm-up (prep c\
serves as precopditioning to warm up the vehicle, as is done with HFEDS cycles with conventio
conventional velicles, the preconditioning cycle is not included in the results calculations. In ord
the RESS stays|fully charged, the NEC Tolerance (3.8) must be satisfied during the first highwd
CS switch activgted. As soon as the first highway cycle drive trace i completed and the vehicle
second highway|cycle drive trace starts, the CS mode is deactivated to initiate CD operation. The
pauses are the sgame when using the switch. The vehicle shall be.driven over multiple continuous
followed by a niimber of CS HFEDS cycles until the End of (Test Criterion (3.9) are met. The t
each HFEDS cycle shall be filled in one CVS or BMD emission sample bag. The SOC initial a
each cycle shall be recorded. This optional method canbe used regardless of the type of PH
capable or engine/battery blended depleting operation)“nitial and final SOC readings and the D(
shall be recordefl.

Intra-Test Pausgs—The vehicle should be driven over as many HFEDS cycles in CD mode, sep3

sts to use the a CS
cle). This first cycle
nal vehicles. As with
er to make sure that
y cycle run with the
is at idle, before the
options for intra-test
5 CD HFEDS cycles,
hilpipe emissions for
hd final readings for
EV (i.e., full electric
L Weh for each cycle

rated by a 15-s key-

on idle rest (without pauses), as the facility capabilities allow. If test pauses are required to stop t¢sting and reinitialize
the test system, then these pauses shall be less than 30 min in length. It is strongly preferred that|the majority of intra-
test pauses be key-on 15-s idle periods: If possible, four (4) HFEDSs should be run in a row, sgparated by 0- to 30-
min key-off soak periods. Many (but) not all) emissions labs can run four cycles on either CV|S or BMD sampling
systems. The 0-/to 30-min range‘for the soak period is chosen based on the capability of the lals to read, evacuate,
and purge the fdur bags and.teinitialize a new test. Good engineering judgment will be applied infarranging these test
pauses, thus cajusing the deast disruption in the test procedure. During all test pauses, the vehicle shall be at zero
speed, the key gwitch mustbe in the “off” position, the hood must be closed, the test cell fan(s) must be off, the brake
pedal not depressed{.and the RESS not recharged from an external energy source. Several gxamples illustrating
approaches meeting/the requirements are shown in Figure 8. The SOC instrumentation should|not be turned off or
reset to zero duting/the intra-test pau n the e of the Ampere-hour meter measurement, the integration should
remain active throughout the entire FCT until it is concluded.

Measurements and Emissions Sampling—Exhaust emissions and the actual distance traveled by the dynamometer
roll surface shall be measured during each of the HFEDSs.

Test Termination—This test shall terminate when the vehicle reaches CS operation achieved according to the
definitions in End of Test (EOT) Criterion (3.9).

Test Validation—If at any point during the test, vehicle propulsion is not possible or the driver is warned by the vehicle
to discontinue driving because the RESS contains too low of a supply of energy, the test is considered invalid.


https://saenorm.com/api/?name=79438820bf93a3d14544b5b1e68201c1

SAE J1711 Revised JUN2010 Page 32 of 63

I.  Post-Test Recharging—Starting within 3 h of the end of the test, the RESS shall be brought to Full Charge, subject to
the charging requirements of 4.1.2.2. It shall remain on charge for at least 12 h, after which the charger shall be
electrically disconnected from the grid by means of an automatic timer or by simply unplugging the AC cord at the
appropriate time. However, if after 12 h the charger indicates that the charging cycle is not complete (see Full Charge,
3.2.15), then the charger shall be left to charge the vehicle until after the charger indicates Full Charge. The charger is
then electrically disconnected from the grid. The total AC Weh shall be recorded after the charging sequence is
complete. If instructions from the manufacturer recommend leaving the charger on throughout the entire soak period
(or portion thereof), then the charger should remain connected to the grid accordingly. Again, all AC We¢h energy must
be accounted as energy consumed. It is discouraged, but allowable, to have interruptions during the first 12 h of the
charge period due to uncontrolled circumstances. The total time on charge shall be at least 12 h, and other conditions
of the soak period are not compromised.

NOTE: The CS |operation and charging event after this FCT can serve as the required vehicle|preconditioning and
charging event fpr another FCT (with the exception of tests requiring soak conditions at otherthar] 20 to 30 °C).
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FIGURE 8 - EXAMPLES OF HFEDS TEST OPTIONS USING VARIATIONS OF INTRA-TEST PAUSES
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4.3.2.6 US06 FCT Procedure

This test is to be conducted subject to the test conditions described in 4.1, the test instrumentation requirements of 4.2,
and the requirements listed as follows. However, 40 CFR Part 86.159-00 shall be referenced for any procedural
requirement that is not specifically detailed in this document, where appropriate.

a. Vehicle Preconditioning—The preconditioning is subject to the requirements of 40 CFR Part 86.159-00. The
consumable fuel shall be drained and the tank refilled unless (1) the vehicle underwent a previous CST (in any driving
schedule) within the last 72 h in CS mode, and (2) the vehicle has since remained under ambient laboratory
conditions. A preconditioning cycle(s) consisting of one or more UDDS, HFEDS, or US06 cycles run in CS mode shall
be run within 36 h before the FCT. The vehicle shall be at a CS SOC level before charging.

RESS Charging{Vehicle Soak—After preconditioning and while the vehicle is soaking (20 to 30%[C, as specified in 40
CFR Part 86.15p-00), the RESS shall be brought to Full Charge subject to the charging requirements of 4.1.2.2. It
shall remain on charge for 12 h, after which the charger shall be electrically disconnected\from the grid by means of
an automatic timer or by simply unplugging the AC cord at the appropriate time. However, if after 12 h the charger

indicates that th
vehicle until the
complete. If inst
(or portion there
be accounted as

b charging cycle is not complete (see Full Charge, 3.2.15), then the,charger shall
charger indicates “Full Charge.” The total AC Weh shall be recorded after the ¢
fuctions from the manufacturer recommend leaving the charger on throughout th
bf), then the charger should remain connected to the grid aceordingly. Again, all

energy consumed. It is discouraged, but allowable, to have interruptions during

charge period dijie to uncontrolled circumstances. The total time on charge shall be at least 12 h

of the soak perig

Moving the Veh
shall be moved

d not compromised.

cle into Position—After the 12- to 36-h soak and'with the RESS appropriately
(pushed or towed — not driven) into position on the dynamometer and res

drivetrain shall pe in a “cold” condition at the start of this‘test; therefore, the vehicle shall not

1.6 km (1 mi) be
placed on the dy

(68 °F) and no n
a fixed-speed-c

tween the end of the soak period and the start of this test. The drive wheels of
namometer, and the vehicle shall be restrained.

Test Site Condifions—The ambient temperature levels encountered by the test vehicle shall be
hore than 30 °C (86 °F). During dynamometer driving, all vehicle accessories shall be turned off, and

pboling fan shall direct cdoling air to the vehicle, as specified in 40 CFR P3

Dynamometer
86.108-00(b)(2)

Engine Starting
recommended 9
apply for starting

Dynamometer D
a fully charged F
continuous CD |

oad reduction for low-powered vehicles may be used in accordance

i).

and Restarting—Fhe vehicle's propulsion system shall be started according tg
tarting procedures in the owner's manual. The requirements of 40 CFR Part
and restarting.

riving.Procedure—Unlike US06 tests with conventional vehicles, this test is a cold
RESS."As soon as the vehicle propulsion system has started, the vehicle shall be

be left to charge the
harging sequence is
e entire soak period
AC W+h energy must
the first 12 h of the
and other conditions

charged, the vehicle
rained. The vehicle
be rolled more than
the vehicle shall be

no less than 20 °C
rt 86.159-00 (b)(9).
vith 40 CFR Part

the manufacturer's
86.136-90(c-e) shall

start beginning with
driven over multiple

terion (3.9) are met.

The tailpipe emissions for each US06 cycle shall be filled in one CVS or BMD emission sample bag. Initial and final
SOC readings and DC W¢h for each cycle shall be recorded.
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g. Dynamometer Driving Procedure with a CS Switch Option—Conventional US06 tests are typically run as a set of two,
with the first US06 acting as a preconditioning for the second cycle. If the vehicle has a CS switch and the test
objectives are to avoid cold-start conditions in the US06 FCT, a procedure option exists to activate the CS mode
during the first US06 cycle to maintain a fully charged RESS during warm-up. This first cycle serves as
preconditioning to warm up the vehicle, as is done with US06 cycles with conventional vehicles. As with conventional
vehicles, the preconditioning cycle is not included in the results calculations. In order to make sure that the RESS
stays fully charged, the NEC tolerance (3.8) must be satisfied during the first highway cycle run with the CS switch
activated. As soon as the first US06 cycle drive trace is completed and the vehicle is at idle, before the second US06
cycle drive trace starts, the CS switch is disabled to initiate CD operation. The options for intra-test pauses are the
same when using the switch. The vehicle shall be driven over multiple continuous CD US06 cycles, followed by one or
more CS US06 cycles untll the EOT Criterion (3 9)is met The ta|Ip|pe em|33|ons for each HFEDS cycle shall be filled
in one CVS or BM hall be recorded. This
option can be u ration).

h. Intra-Test Pausgs—The vehicle should be driven over as many US06 cycles in CD mode/'separated by a 1- to 2-min
(90 s) key-on idlg rest (without pauses), as the facility capabilities allow. If test pauses are-required to stop testing and
reinitialize the tgst system, then these pauses shall be less than 30 min in length. It’is strongly preferred that the
majority of intra-test pauses be key-on 90-s idle periods. If possible, four US06 cycles shodld be run in a row,
separated by 0-80 min key-off soak periods. Many (but not all) emissions labs. can run four cycles on either CVS or
BMD sampling gystems. The 0- to 30-min range for the soak period is chosen.based on the capability of the labs to
read, evacuate, |and purge the four bags and to initialize a new test. Good engineering judgmgnt will be applied in
arranging these fest pauses, thus causing the least disruption in the test.procedure. During all tes} pauses, the vehicle
shall be at zero gpeed, the key switch must be in the “off” position, theshood must be closed, the|test cell fan(s) must
be off, the brake pedal not depressed, and the RESS not recharged from an external enefgy source. Several
examples illustrating approaches that meet the requirements aré:shown in Figure 9.
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FIGURE 9 - EXAMPLES OF US06 TEST OPTIONS USING VARIATIONS OF INTRA-TEST PAUSES
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roll surface shall

be measured during each of the US06 cycles.

definitions in End of Test Criterion (3.9).

Measurements and Emissions Sampling—Exhaust emissions and the actual distance traveled by the dynamometer

Test Termination—This test shall terminate when the vehicle reaches CS operation achieved according to the

Test Validation—If at any point during the test, vehicle propulsion is not possible or the driver is warned by the vehicle

to discontinue driving because the RESS contains too low of a supply of energy, the test is considered invalid.

Post-Test Recharging—Starting within 3 h of the end of the test, the RESS shall be brought to full charge, subject to

the charging requirements of 4.1.2. 2 It shall remain on charge for at least 12 h, after which the charger shall be

electrically discgnne

appropriate tim
3.2.15), then th
is then electrica
complete. If inst
(or portion there
be accounted a
charge period d
of the soak perig

NOTE: The CS
charging event f
4.3.2.7 SCO03 Full
This test is to be co
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that is not specificall
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previous CST (i

a.

charger shall be left to charge the vehicle until after the charger indicates “Rull ¢
ly disconnected from the grid. The total AC Weh shall be recorded afterithe c
uctions from the manufacturer recommend leaving the charger on throughout th
bf), then the charger should remain connected to the grid accordingly. Again, all 4
energy consumed. It is discouraged, but allowable to have jinterruptions dur
e to uncontrolled circumstances. The total time on charge shall be at least 12 h
d not compromised.

operation and charging event after this FCT can serve‘as the required vehicle
br another FCT (with the exception of tests requiringSoak conditions at other than

Charge Test (FCT) Procedure

hducted subject to the test conditions described in 4.1, the test instrumentation
5 listed as follows. However, 40 CFR Part'86.160 shall be referenced for any prd
y detailed in this document, where appropriate.

itioning—The preconditioning is subject to the requirements of 40 CFR Part 86.1
ined, the tank refilled, and.alpreconditioning cycle shall be run unless (1) the
any driving schedule) within*the last 72 h in CS mode, and (2) the vehicle has s

ambient laboratgry conditions. A precanditioning cycle(s) consisting of one or more UDDS, HFH

run in CS mode
be ata CS SOC

RESS Charging
CFR Part 86.13
remain on charg
automatic timer
indicates that th

at normal ambient cénditions (20 to 30 °C) shall be run within 36 h before the F(
level before charging.

Vehicle Soak==After preconditioning and while the vehicle is soaking (20 to 30 °
), the RESS shall be brought to Full Charge, subject to the charging requireme
e for 12207 after which the charger shall be electrically disconnected from the

or by/simply unplugging the AC cord at the appropriate time. However, if aft
b charging cycle is not complete (see Full Charge, 3.2.15), then the charger shall

vehicle until the

gging the AC cord at the
However, if after 12 h the charger indicates that the charging cycle is not complg

te (see Full Charge,
harge.” The charger
harging sequence is
e entire soak period
AC Weh energy must
ng the first 12 h of
and other conditions

preconditioning and
20 to 30 °C).

requirements of 4.2,
cedural requirement

32. The consumable
vehicle underwent a
nce remained under
DS, or US06 cycles
CT. The vehicle shall

C, as specified in 40
nts of 4.1.2.2 It shall
grid by means of an
er 12 h the charger
be left to charge the

nhnrgnr indicates Full (‘hnrgn The total AC \\eh shall be recorded after the ¢

harging sequence is

complete. If instructions from the manufacturer recommend leaving the charger on throughout the entire soak period,
then the charger should remain connected to the grid accordingly. Again, all AC W+h energy must be accounted as
energy consumed. It is discouraged, but allowable, to have interruptions during the first 12 h of the charge period due
to uncontrolled circumstances. The total time on charge shall be at least 12 h, and other conditions of the soak period
not compromised.

Moving the Vehicle into Position—After the 12- to 36-h soak, and with the RESS appropriately charged, the vehicle

shall be moved (pushed or towed — not driven) into position on the dynamometer and restrained. The vehicle
drivetrain shall be in a “cold” condition at the start of this test; therefore, the vehicle shall not be rolled more than
1.6 km (1 mi) between the end of the soak period and the start of this test. The drive wheels of the vehicle shall be
placed on the dynamometer, and the vehicle shall be restrained. The vehicle shall remain on the dynamometer at the
Test Site Condition for at least 30 min prior to the start of the FCT.
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Test Site Conditions—The entire test is to be conducted either in an full environmental chamber (FEC) (as specified in
40 CFR Part 86.161) or under test conditions that simulate testing in an FEC (as specified in 40 CFR Part 86.162).
For testing in an FEC, the following ambient test conditions shall be provided: 35 °C (95 °F) air temperature, 100
grains of water/pound of dry air, a solar heat load intensity of 850 W/m?, and vehicle cooling air flow proportional to
vehicle speed.

A/C Operation—For FEC testing, all vehicle windows shall be closed, and the vehicle air-conditioning system shall
operate as specified in 40 CFR Part 86.160-00 (c)(6). For testing under conditions that simulate testing in an FEC, the
conditions as specified in 40 CFR Part 86.162-00 shall apply. For vehicles with manual climate control settings, after
the second SCO3 cycle is completed, the fan speed can be set to minimum in order to avoid cooling the cabin beyond

normal driver co

mfort levels.

Engine Starting
recommended 3
apply for starting
Dynamometer [
charged RESS.
continuous CD §
tailpipe emissior
readings for ea
separated by 10
min key-off soa
maintain a fully
driven over addi
Weh for each cy

Dynamometer D
SCO03s, with the
the vehicle has
first SC0O3 cycle
vehicle, as is do
preconditioning
charged, the 1%
first SCO3 cycle
starts, the CS sV
cycles until the
recorded.

Intra-Test Pausq
“off” position, th
from an external

and Restarting—The vehicle's propulsion system shall be started accordingAg
tarting procedures in the owner's manual. The requirements of 40 CFRRart
and restarting.

riving Procedure—Unlike the SC03 CST test, this test has no prep cycle an
As soon as the vehicle propulsion system has started, the vehicle shall be
bCO3 cycles, followed by one or more CS SCO03 cycles until the\End of Test Crite
s for each SCO03 cycle shall be filled in one CVS or BMD emission sample bag.
th cycle shall be recorded. The vehicle shall be driven over multiple continuo

K until charge-sustaining operation is achieved (Figure 10). Unless the PHEV
Charged RESS, the cold start on the first SC03 cannot be avoided. The vehicle
lional SCO3 cycles until the vehicle satisfies the<EOT Criterion. Initial and final S
tle shall be recorded.

riving Procedure with a CS Switch Optieh=—Conventional SCO03 tests are typicall
b CS switch, as soon the vehicle propulsion system is started the CS switch is @

to maintain a fully charged RESS. This first SC03 cycle serves as preconditio
ne with conventional SC03 tests with conventional vehicles. As with conventiong

the manufacturer's
86.136-90(c-e) shall

d starts with a fully
driven over multiple
ion (3.9) is met. The
Initial and final SOC
us CD SCO03 cycles

-min £ 1-min key-off soak periods, followed by a number.of CS SCO03 cycles als¢ separated by a 10-

has a CS switch to
shall continue to be
DC readings and DC

y run as a set of two

first SC03 acting as a preconditioning-for the second cycle with a 10- min key-offf soak in between. If

epressed during the
ning to warm up the
| vehicle testing, the

cycle is not included in the‘results calculations. In order to make sure that t

electric energy source.

e RESS stays fully

NEC must be satisfied during the first SC03 cycle run with the CS switch depregsed. As soon as the
drive trace is completed and the vehicle is at idle and before the second SC03 cycle drive trace
vitch is disabled to ‘initiate CD operation. The vehicle shall continue to be driven ¢ver additional SC03
ehicle satisfies the’EOT Criterion. Initial and final SOC readings and DC W¢h fof each cycle shall be

s—Between the SCO3 cycles, the vehicle should soak for 10 min = 1 min with {he key switch in the
e hood closed, the test cell fan(s) off, the brake pedal not depressed, and the RESS not recharged

It is preferred that the pauses be consistently 10 min + 1 min. However, it is acknowledged that many test facilities do
not have the software and or hardware to do so without longer pauses at some time after two to four cycles for data
collection or test setup. In this case, a duration window of 10- to -30 min shall be allowed during intra-test pauses.
Good engineering judgment will be applied in arranging these test pauses, thus causing the least disruption in the test
procedure. It is strongly preferred that the majority of soak periods remain as close to the 10-min recommendation as
possible. During all soak periods, the key switch must be in the “off’ position, the hood must be closed, the test cell
fan(s) must be off, the brake pedal not depressed, and the RESS not recharged from an external energy source.

NOTE: Any number of multiple SC03 cycles can be run in one test setup, as long as the Intra-Test Pause
specifications are being met. This may require significant rewriting of software, and possibly reconfiguring of
hardware, to accommodate all the requirements of running the UDDS cycle continuously with 10-min £ 1-min soak
periods. Several examples illustrating approaches that meet the requirements are shown in

Figure 10.
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FIGURE 19 - EXAMPLES OF SC03 TEST OPTIONS USING VARIATIONS OF INTRA-TEST PAUSES

j. Measurements and Emissions Sampling—Exhaust emissions and the actual distance traveled lpy the dynamometer
roll surface shalllbe measured during all SC03 cyeles.

k. Test Termination—This test shall terminatexwhen the vehicle reaches CS operation achiev¢d according to the
definitions in Engl of Test Criterion (3.9).

I.  Test Validation—If at any point during,the test, vehicle propulsion is not possible or the driver is warned by the vehicle
to discontinue diiving because thé RESS contains too low of a supply of energy, the test is considered invalid.

m. Post-Test Recharging—Stafting within 3 h of the end of the test, the RESS shall be taken to ap ambient soak area
(20 to 30 °C, as|specified.in' 40 CFR 86.130-96), and brought to Full Charge subject to the charging requirements of
4.1.2.2. It shall remaim on charge for at least 12 h, after which the charger shall be electrically disconnected from the
grid by means qf ansaudtomatic timer or by simply unplugging the AC cord at the appropriate time. However, if after
12 h the chargef indicates that the charging cycle is not complete (see Full Charge, 3.2.15), then|the charger shall be
left to charge the vehicle until after the charger indicates Full Charge. The charger is then electrically disconnected
from the grid. The total AC W+h shall be recorded after the charging sequence is complete. If instructions from the
manufacturer recommend leaving the charger on throughout the entire soak period (or portion thereof), then the
charger should remain connected to the grid accordingly. Again, all AC W+h energy must be accounted as energy
consumed. It is discouraged, but allowable, to have interruptions during the first 12 h of the charge period due to
uncontrolled circumstances. The total time on charge shall be at least 12 h, and other conditions of the soak period
are not compromised.
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43.2.8

Cold UDDS (-7 °C) Full-Charge Test (FCT) Procedure

This test is to be conducted subject to the test conditions described in 4.1, the test instrumentation requirements of 4.2,
and the requirements listed as follows. However, 40 CFR Part 86, Subpart C, shall be referenced for any procedural
requirements not specifically detailed in this document, where appropriate.

a.

Vehicle Preconditioning—The vehicle shall be preconditioned in the driver-selected operating mode in which it will be

tested. The fuel specifications are subject to the requirements of 40 CFR Part 86.213, with an RVP of 11.5 + 0,3. The
preconditioning is subject to the requirements of 40 CFR Part 86.232, which includes fuel tank drain-and-fill and

driving over the

UDDS, starting at a temperature of -7 °C +

1.7 °C (20 °F = 3 °F). The ambient temperature shall

average -7 °C £ 2.8 °C (20 °F £ 5 °F), and it shaII not be Iess than -14 °C (10 °F) nor more than -1 °C (30 °F) during

the preconditionj

36-h vehicle so

RESS Charging
the RESS shall
12 h, after whic
simply unpluggi
cycle is not co
indicates Full C
from the manufg

remain connectg

discouraged, b
circumstances.
compromised.

Moving the Veh

k follows the precondmonmg at the same amb|ent condltlons mentioned above

ehicle Soak—After preconditioning and while the vehicle is soaking at -7*C % 1.

be brought to Full Charge subject to the charging requirements of 4.1.2:2:-t shall
the charger shall be electrically disconnected from the grid by means of an a
g the AC cord at the appropriate time. However, if after 12 h the'charger indica
plete (see Full Charge, 3.2.15), then the charger shall be leftjto‘\charge the veh
arge. The total AC W+h shall be recorded after the charging,sequence is con
cturer recommend leaving the charger on throughout the eéntire soak period, the
d to the grid accordingly. Again, all AC We<h energy_ must be accounted as eng
t allowable, to have interruptions during the firsb 42 h of charge period
The total time on charge shall be at least 12 hyxand other conditions of the

cle into Position—After the 12- to 36-h soak and with the RESS appropriately

shall be moved
drivetrain shall

1.6 km (1 mi) befween the end of the soak period and the start of this test.

Test Site Condi
(20 °F = 3 °F).
excursions must
to 3 min must
fixed-speed-coo

(pushed or towed — not driven) into-position on the dynamometer and res
e in a “cold” condition at the start of\this test; therefore, the vehicle shall not

ons—The ambient temperature levels encountered at the start of the test shall
The average temperaturé during the test must be -7 °C £+ 2.8 °C (20 °F + §
be between -12.2 °C (10 °F) minimum and -1.1 °C (30 °F) maximum. Maximum
ot exceed -9.4 °C (46\°F) minimum and -3.9 °C (25 °F) maximum. During dy
ing fan shall direct ‘cooling air to the vehicle, as specified in 40 CFR Part 86.135-¢

Heater/Defrostel
the windshield fq

pr optimal.défrosting, the airflow source set to outside air (not recirculation), the

!

meter rolls. A 12- to

7°C (20 °F £ 3 °F),
emain on charge for
utomatic timer or by
es that the charging
cle until the charger
plete. If instructions
n the charger should
brgy consumed. It is
jue to uncontrolled
50ak period are not

charged, the vehicle
rained. The vehicle
be rolled more than

be at -7 °C £ 1.7 °C
°F). The maximum
xcursions lasting up
amometer driving a
4.

n speed set to “off”
ately 2 min into the
sixth idle of the test,
f the Cold FTP), the

—At the starfiof the test, manually controlled climate control systems will have t%e airflow directed to

perature setting will

remain at the hottest settmg. These settlngs will be heId for the remainder of the test, |nclud|ng the two bags following
the 10-min soak period. For automatic climate control systems, the manufacturer can manually override the system
and use the provisions specified for manual systems, or the system selector will be set to heater or defroster mode
and the temperature will be set to 22.2 °C (72 °F) for the duration of the test. For vehicles with multiple zone climate
control systems (e.g., front and rear temperature/fan controls and/or separate driver/passenger temperature/fan
controls), the same fan and temperature settings should be set and maintained for all the zones for both manual and
automatic interior climate control systems.

manufacturer's

recommended starting procedures in the owner's manual.

86.136-90(c-e) shall apply for starting and restarting,

Propulsion system Starting and Restarting—The vehicle's propulsion system shall be started according to the
The requirements of 40 CFR Part
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Dynamometer Driving Procedure—As soon as the vehicle propulsion system has started, the vehicle shall be driven
over multiple continuous CD UDDS cycles until the EOT Criterion is met (see 3.9). The tailpipe emissions for each
UDDS cycle shall be filled in one CVS or BMD emission sample bag. Initial and final SOC readings and the DC W¢h
for each cycle shall be recorded. Figure 11 shows an example of Cold (-7 °C) UDDS FCT.
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|
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all soak periods, the key switch must be in~the “off” position, the hood must be
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b 10-min soak recommendation. JJthis may require rewriting of software, and pos
commodate running UDDS cycles continuously until the End of Test Criterion
ting approaches that meet the-fequirements are shown in Figure 12.
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ng intra-test pauses.
disruption in the test
recommendation as
closed, the test cell
bnergy source.

deviating as little as
5ibly reconfiguring of
3.9) is met. Several



https://saenorm.com/api/?name=79438820bf93a3d14544b5b1e68201c1

SAE J1711 Revised JUN2010 Page 40 of 63

10-30 min
10 miin
10-30 min
10 miin
10-30 min
10 miin

10 miin

Charge
sustaining
o
v uDDS | UDDS
— — — 3 — — .—|Chargle
sustaihing
(-_) "
@]
wn uDDS [ NDBS | UDDS
. . . I . Charge
sustaihing
@]
S .
W uDDS | UDDS | UDDS
FIGURE 12 - EXAMPLES OF BAEKUP TEST OPTIONS USING LONGER SOAK
PERIODS DURING SOME INTRA-TEST PAUSES

i. Measurements and Emissions Sampling—Exhaust emissions and the actual distance traveled by the dynamometer
roll surface shalllbe measured during.each of the UDDS cycles. Although two sample bag sets ar¢ used consecutively
during a UDDS for conventional vehicles (Bag 1 and Bag 2), it is necessary in the FCT to use gnly one sample bag
set during each |UDDS and, therefore, to conduct the FCT in a test site designed for that capabilify. Using two sample
bag sets during pach UDDS is.an"acceptable option for the Cold UDDS FCT; however, the time tp analyze and purge
sample bag emigsions shall‘not require violating the intra-test pause requirement of 10 min + 1 mip.

j. Test Termination—This\test shall terminate when the vehicle reaches CS operation achiev¢d according to the
definitions in Engl of Fest (EOT) Criterion (3.9).

k. Test Validation—If at any point during the test, vehicle propulsion is not possible or the driver is warned by the vehicle
to discontinue driving because the RESS contains too low of a supply of energy, the test is considered invalid.
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Post-Test Recharging—Starting within 3 h of the end of the test, the RESS shall be taken back to the cold soak area
(20 °F £ 3 °F [-7 °C % 1.7 °C]) and brought to Full Charge, subject to the charging requirements of 4.1.2.2. It shall
remain on charge for at least 12 h, after which the charger shall be electrically disconnected from the grid by means of
an automatic timer or by simply unplugging the AC cord at the appropriate time. However, if after 12 h the charger
indicates that the charging cycle is not complete (see Full Charge, 3.2.15), then the charger shall be left to charge the
vehicle until after the charger indicates Full Charge. The charger is then electrically disconnected from the grid. The
total AC We<h shall be recorded after the charging sequence is complete. If instructions from the manufacturer
recommend leaving the charger on throughout the entire soak period (or portion thereof), then the charger should
remain connected to the grid accordingly. Again, all AC We<h energy must be accounted as energy consumed. It is
discouraged, but allowable, to have interruptions during the first 12 h of charge period due to uncontrolled
circumstances. The total time on charge shall be at least 12 h, and other conditions of the soak period are not
compromised.

It shall remain on charge for at least 12 h, after which the charger shall be electrically discennegted from the grid by

means of an au
charger indicate|
charge the vehig
grid. The total
manufacturer re
charger should
consumed.
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AC We-h shall be recorded after the charging sequence is, complete. If in
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LATIONS

pns are necessary to find the emissions and fuel economy from CS HEVs fro
cument. Exhaust emissions and fuel economy calculations are prescribed for
b -7°C FTP test.

st Emissions
st Emissions of CS HEVs

the CST is conducted. The' CST exhaust emissions data from the first UDD
psults from the second UDDS (see CFR 86.144-94), as described in Equation 23:

YUDDS(l) YUDDS(Z)

Yes = 0.43 +0.57

UDDS(1) UDDS(2)

ver, if after 12 h the
arger shall be left to
sconnected from the
structions from the
n thereof), then the
ccounted as energy

m the tests given in
the UDDS, HFEDS,

~

5 shall be weighted

(Eq. 17)

Fams per mile

hted'mass emissions of a particular measured gas (e.g., HC, CO, NO,, CO,), ing

where
Yest, = Weig
Yupps¢1) = Mass
DUDDS(1) =
YUDDS(Z) = Mass
DUDDS(Z) =

emssions measured during thefirst UbB S, imgrams

Measured driving distance during the first UDDS, in miles

emissions measured during the second UDDS, in grams

Measured driving distance during the second UDDS, in miles

The calculations specified in 40 CFR Part 86.144-94(b)-(e) shall be used in conjunction with Equation 23 in measuring

each individual gas,

where appropriate.


https://saenorm.com/api/?name=79438820bf93a3d14544b5b1e68201c1

SAE

J1711 Revised JUN2010

Paqge 42 of 63

5.1.2

HFEDS Exhaust Emissions of CS HEVs

Only the CST is conducted to test CS HEVs. The exhaust emissions data shall be calculated using data from the second
HFEDS and not from the first HFEDS, as described in Equation 29:

(1
Drreps(t
YrFeps2

Dureps2

)
)
)
)=Me

The calculations sp
each individual gas,
5.1.3 USO06 Exhad

Only the CST is con
US06 and not from t

where:
Yesr, = Weig
Yusos(1y = Unm
Dusos(ty = Unm
Yusoez)) = Mass
Dusosz)) = Mea

0.0 YHFEDS(I) 410 YHFEDS(Z)
D D

YCST

HFEDS(1) HFEDS(2)

sured driving distance during the second HFEDS, in miles

cified in 40 CFR Part 86.144-94(b)-(e) shall be used in conjunction with Equat
where appropriate.

st Emissions of CS HEVs

ducted to test CS HEVs. The exhaust emissions data shall be calculated using @
ne first US06, as described in Equation 36:

Y, Y,
Y., =0.0 US06(1) +1.0 US06(2)

US06(1) US06(2)

hted mass emissions of a particular measured gas (e.g., HC, CO, NO,, COy), in d
pasured mass emissions during the first US06, in grams
pasured driving distance during the first US06, in miles
emissions as measured during the second US06, in grams
sured driving distance during the second US06, in miles

The calculations spécified inn40 CFR Part 86.144-94(b)-(e) shall be used in conjunction with Equat

each individual gas,

where appropriate.

5.1.4 SCO03 Exhal

st.Emissions of CS HEVs

(Eq. 18)

jn grams per mile in

ion 29 in measuring

ata from the second

(Eq. 19)

rams per mile

jon 36 in measuring

Only the CST is required to test CS HEVs. The exhaust emissions data shall be calculated using data from the second
SCO03 and not from the first SC03, as described in Equation 44:

Y, Y
SC03(1 SC03(2

Yogp = 0.0 —20 47,022
DSCO3(1) DSCOS(Z)

(Eq. 20)
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where:

Yest

Y scos()
Dscoso1)
Yscos)
Dscos(2)

Weighted mass emissions of a particular measured (e.g., HC, CO, NO,, CO,), in grams per miles
Unmeasured mass emissions during the first SC03, in grams
Unmeasured driving distance during the first SC03, in miles
Mass emissions as measured during the second SCO03, in grams
Unmeasured driving distance during the second SC03, in grams

The calculations specified in 40 CFR Part 86.144-94(b)-(e) shall be used in conjunction with Equation 44 in measuring

each individual gas,

515 Cold (-7 °C)

where appropriate.

UDDS Exhaust Emissions of CS HEV/s

Only the CST is required to test CS HEVs. The exhaust emissions data shall be weighted usingthe calculations described

in Equation 44:

where:
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DUDDS(phase1)

YUDDS(phaseZ)

DUDDS(phaseZ)

Y ubDS(phase3)
(

Dubpsiphase3)

The calculations speécified in 40 CFR Part 86.144-94(b)-(e) shall be used in conjunction with Equat

each individual gas,

5.2 CSHEV Fuel
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Economy

Economy of CS HEVS

uired to test)CS HEVs. For the CST, it is assumed that the ultimate source of a
fuel. Calculate the fuel economy of the CST by using the weighted mass en;

calculations specified in 40 CFR Part 600.113. Then, calculate the fuel consunm
cipracal of the fuel economy just calculated:
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(Eq. 21)
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DDS, in grams
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ion 44 in measuring

| energy the vehicle
issions results from
ption (in gallons per

YUDDS(I) YUDDS(Z)

Yo =043 +0.57

UDDS (1) UDDS(2)

Fuel consumed per mile in the CS test

Fuel as measured during the first UDDS, in gallons
Measured driving distance during the first UDDS, in miles
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Measured driving distance during the second UDDS, in miles

(Eq. 22)
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The fuel consumption value just calculated is an acceptable result, even though there may have been a non-zero NEC
over the test phase within the tolerance specified in 3.8. However, the fuel consumption may be corrected to a zero-
change in SOC by using a methodology defined in Appendix C.

5.2.2 HFEDS Fuel Economy of CS HEVs

Only the CST is required to test CS HEVs. For the CST, it is assumed that the ultimate source of all energy the vehicle
uses is consumable fuel. Calculate the fuel economy of the CST using the weighted mass emissions results from
Equation 23 and the calculations specified in 40 CFR Part 600.113. Then, calculate the fuel consumption (in gallons per
mile) by taking the reciprocal of the fuel economy just calculated:

Y. =00 }HFEDS(I) 1.0 YHFEDS(z) (Eq. 23)
st — Y- . :
DHFEDS(I) DHFEDS(Z)
where
YesT, = Fue| consumed per mile in the CS test
Yureos(y = Fue| as measured during the first HFEDS, in gallons
Dureps(y = Megsured driving distance during the first HFEDS, in miles
Yureosie) = Fue| as measured during the first HFEDS, in gallons
Durepsizy = Megsured driving distance during the second HFEDS, in miles

The fuel consumptign value just calculated is an acceptable result, even though there may have bgen a non-zero NEC
over the test phase|within the tolerance specified in 3.8. However, the fuel consumption may be forrected to a zero-
change in state-of-chharge, using a methodology defined in Appendix C.

5.2.3 USO06 Fuel Bconomy of CS HEVs

Only the CST is required to test CS HEVs. For the GST, it is assumed that the ultimate source of ajl energy the vehicle
uses is the consumpble fuel. Calculate the fuel eeenomy of the CST using the weighted mass enjissions results from
Equation 23 and thq calculations specified in 40.€FR Part 600.113. Then, calculate the fuel consumption (in gallons per
mile) by taking the rgciprocal of the fuel economy just calculated:

Y Y
Yo =0.0—200 41 0222 (Eq. 24)
US06(1) DUS06(2)
where:

Ycst, = Fuel ponsumed per mile in the CS test
Yusoe() = Fuel BS-measured during the first US06. in gallons
Dusos(1) = Measured driving distance during the first US06, in miles
Yusosz) = Fuel as measured during the first US06, in gallons
Dusosz) = Measured driving distance during the second US06, in miles

The fuel consumption value just calculated is an acceptable result, even though there may have been a non-zero NEC
over the test phase within the tolerance specified in 3.8. However, the fuel consumption may be corrected to a zero-
change in SOC by using a methodology defined in Appendix C.
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5.2.4 SCO03 Fuel Economy of CS HEVs

Only the CST is required to test CS HEVs. For the CST, it is assumed that the ultimate source of all energy the vehicle
uses is consumable fuel. Calculate the fuel economy of the CST using the weighted mass emissions results from
Equation 23 and the calculations specified in 40 CFR Part 600.113. Then, calculate the fuel consumption (in gallons per
mile) by taking the reciprocal of the fuel economy just calculated:

Y Y
YCST — 00 SC03(1) +10 SC03(2) (Eq 25)
5C03(1) Dscoa(z)
where:

Ycst, = Fuel ponsumed per mile in the CS test.
Yscos)y = Fuel ps measured during the first SC03, in gallons
Dscos(1y = Meagured driving distance during the first SC03, in miles
Yscose) = Fuel ps measured during the first SCO3, in gallons
Dscoszy = Meagured driving distance during the second SCO03, in miles

At this point, the fugl consumption value just calculated is an acceptable result, even though ther
non-zero net changg in SOC over the test within the tolerance specified in 3.7 \However, the fuel ¢
corrected to a zero-¢ghange in SOC by using a methodology furnished by thé mianufacturer, provideq
correct was made bgfore the test began.

e may have been a
onsumption may be
that the decision to

5.2.5 Cold (-7° C)|UDDS Fuel Economy of CS HEVs

Only the CST is req
uses is consumablg
Equation 23 and thg

uired to test CD HEVs. For the CST, it is assumed that the ultimate source of a
fuel. Calculate the fuel economy of the “CST using the weighted mass em
calculations specified in 40 CFR Part(600.113. Then, calculate the fuel consuni

| energy the vehicle
issions results from
ption (in gallons per

mile) by taking the rgciprocal of the fuel economy just caleulated:

+d;

UDDS ( phase2)

Y,

Y UDDS ( phase3) + UDDS ( phase2)

Y
_ UDDS ( phasel)
Y =0.43
UDDS ( phasel) + UDDS ( phase2)

+0.57 (Eq. 26)

UDDS ( phase3) + DUDDS(phaseZ)
where:

uel consumed-per mile in the CS test
uel as measured during the first phase (505 s) of the UDDS cycle, in gallons

Yesr,
YUDDS phase1)

F
F
_I
F

Dubbs(phase1) he measured driving distance during the first phase (505 s) of the UDDS cycle, ir] miles
Yuops uel ag.measured during the second phase (after 505 s) of the UDDS, in gallons
Dubbs(phase2) iles

qfleasured driving distance during the second phase (after 505 s) of the UDDS, in
uelas measured during the first phase (505 s) of the second UDDS cycle, in gallpns
Measured driving distance during the first phase (505 s) of the second UDDS cycle, in miles

Y ubDS(phase3)
DUDDS phase3)

(
(
(phase2)
(
(
(

At this point, the fuel consumption value just calculated is an acceptable result, even though there may have been a
non-zero net change in SOC over the test within the NEC tolerance specified in 3.8. However, the fuel consumption may
be corrected to a zero-change in SOC by using a methodology furnished by the manufacturer, provided that the decision
to correct was made before the test began.
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6. PHEV CALCULATIONS

When vehicle propulsion is no longer possible in a CD operating mode, it is assumed that the vehicle will operate in a CS
manner, until the next time the RESS can be recharged. The limited utility of the CD operating mode is based upon the
distance driven between charge events as determined by an individual’s driving and charging habits.

In this document, the weighting placed on FCT data will equal the probability that a vehicle (based on national, in-use
driving statistics) will be driven that distance segment in a single day. This probability is called the Utility Factor because it
indicates the limited utility of a particular operating mode. An operating mode with a very long range, for example, will
have a very high utility and, thus, a Utility Factor that approaches 1.0. The Utility Factor data required to calculate the
results are given in SAE J2841. The preferred method of applying the Utility Factor is by using cycle length segments of

the Utility Factor an
remainder of the CS

NOTE: The FCT is
emissions r
engineering
certification.

6.1 Range Calcula

The parameters in this section relate to specific range (distance) metrics that\provide information for

other calculations in
Cold UDDS).

6.1.1 All-Electric H

The AER is the tota
test when the engin
engine process) tha
testing.

6.1.2 Charge-Dep

The Charge-Depleting Cycle Range is théisum of the cycle distances from the beginning of the FCT

cycle prior to the cy
includes the transitid

possesses a transitipnal range, then*the Rcdc includes those transitional cycles or cycles.

NOTE: This distanc
on the dyna
actual drivin

utility. More information on the Utility Factor is given in Appendix A.

hot weighted for cold/hot start, as is done for some cycles according to 40°CFR
bsults are calculated the same way as fuel economy and representian “inv
judgment by regulating bodies should be used to quantify the metrics for

tions
this section. They are applicable to any cycle FCI) ¢conducted (UDDS, HFED{
ange (AER)

distance from the beginning of the FCT-{o the distance traveled at the exact po

e turns on. Accurate determination_may require a computer to monitor the eng
indicated the engine start and to ccouple this information to the recording of dist

eting Cycle Range (Rcdc)

Cle or cycles satisfying EOT Criterion. Thus, it is n cycles multiplied by the cycle
nal cycle, where the vehicle may have operated in both depleting and sustainin

e is foupd. by summing the particular schedule distances, not the actual measure
mometer. If during a particular cycle, the vehicle was in violation of 3.6.1 Speed
h distances should be used instead of the cycle schedule distances in the calcula

is according to the

art 86. As such, the
ntory” result. Good
passing emissions

PHEVs and facilitate
5, US06, SCO03, and

nt in time during the
ine speed (or other
Ance traveled during

o the end of the last
distance. The Rcdc
g modes. If the FCT

d distances traveled
Tolerance, then the
ions for Redc.

6.1.3

Actual Charge-Depleting Range (Rcda)

The Actual Charge-Depleting Range may not be an easily identifiable point in the FCT because the exact transition point
may not be a well defined point during the Transition Cycle or at the start of the Transitional Range. An analytical method
is recommended that estimates the location of a transition point by using the trends of neighboring cycles. It is also used
in Appendix B: Alternative Results Calculations where PHEV results are presented in depleting mode with an associated
range (Rcda). Depending upon the type of operation, two sets of equations are used to calculate Rcda.
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6.1.3.1  Rcda Calculation, Case 1 (Transition Cycle)

If an FCT has a single Transition Cycle, then the Rcda occurs at some point during this cycle. The Rcda can be calculated
by first finding the value for Z, from the equation below, multiplying it by the distance traveled in the transition cycle “n,”
and adding this to the cycle distance for the cycle before the Transition Cycle to find the value for Rcda (see Figure 13).
Rcda is calculated using Equations 27 and 28.

Rede
Recda
O
A) Q \J/ Pass EOT Criterion
o stop
n-1 n
Rede
o \L Pass EOT Criterign
v
n-1 n
FIGURE 13 - CALCULATING RCDA, CASE 1
ASOC,
T Fa- 20
n=t
Rcda < Rn—l + (Zn XDn) (Eq 28)
where:
Z, = Depleting fraction.of\Fransition Cycle (cycle n)
n = Trarnsition Cycléq(cycle ending at Rcdc)
D, = The|measured Cycle distance of cycle n
R, = The[measured distance from the start of the FCT to the end of cycle n-1

ASOCn = Cha g€ H-SOC-fot uyulc 11

6.1.3.2 Rcda Calculation, Case 2 (Transition Range exists)

If during a particular FCT there is not a single Transition Cycle, but there is a Transitional Range, then a different set of
equations shall be used to calculate the Rcda. The end of depleting cycle “n” is found by finding the first cycle in the FCT
that depletes the RESS SOC beyond the level found at the beginning of the CS cycle(s) at the end of the FCT. Figure 14

illustrates the second case for Rcda calculations. Rcda for Case 2 is calculated using Equations 29 and 30.
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Transition
P Rcda P Range .
o Pass EQT Criterian
Q
v
stop
FIGURE 14 - CALCULATING RCDA, CASE 2
_soc,, —SocCi,
ASOC, (Eq. 29)
Rcda = Rn—l + (Zn XDn) (Eq 30)
where:
n = Firs{ cycle in FCT where SOC,. lies between SOCi, apnd\SOCY,
Z, = Depleting fraction of cycle n (as defined above)
D, = The|measured cycle distance of cycle n
R = The|measured distance from the start of the FCT to the end of cycle n-1

ASOC = Chaphge in RESS SOC of cycle n

SOCi, = Initigl RESS SOC of cycle n

SOCf = Fingdl RESS SOC of cycle n

SOC,,. = RE$S SOC at Rede (the ending’ SOC of the last depleting cycle)

6.2 PHEV Exhaust Emissions

The exhaust emissipns over the"JDDS of a PHEV shall be calculated by proceeding through th¢ calculations in the
sections under 6.2.1

6.2.1 UDDS Exhaust Emissions of PHEVs

6.2.1.1 Exhaust Eimissions Calculations for the IUDDS Test Procedure of the CST

The exhaust emissions data from the first UDDS shall be weighted differently than the results from the second UDDS to
account for “cold-start/hot-start” weighting, as described in Equation 31:

YUDDS(Z)

Y,
Yoo = 0432204 0.57

UDDS(1) UDDS(2)

(Eq. 31)
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where

Yest = Weighted mass emissions of a particular measured gas (e.g., HC, CO, NO,, CO,), in grams per mile in

the CS mode

Yuops¢y = Mass emissions as measured during the first UDDS, in grams

Dupps¢y = Measured driving distance during the first UDDS, in miles

Yuopsey = Mass emissions as measured during the second UDDS, in grams

Dubpsey = Measured driving distance during the second UDDS, in miles

The calculations specified in 40 CFR Part 86.144-94(b)-(e) shall be used in conjunction with Equation 31 in measuring
each individual gas, where appropriate.

6.2.1.2 Exhaust B
There is no “cold-std
6.2.1.3  Weighting

Calculate the CD uti

where:
YUFW = Utili
UF(x) = App
YCDi = Mas
YCST = Wei
Equ
Deyse = Dist
6.2.1.4  Final Weig

The baseline assum
charging” events nu
the future however,
for charge-frequency

6.2.2 HFEDS Exh

missions Calculations for the UDDS Test Procedure of the FCT
rt/hot-start” weighting of the different phases of the FCT in the manner thatis'req
Results for the Charge-Depleting (CD) Utility

ity emissions from the FCT and CST results using Equation 32:

Y,

lastCDcy[le
UFW =

UF(Z * Dcyc/e) - UF((Z - 1) * Dcyc/e ))* YCDI ]+ [1 - UF(RCDC )] * YCST

p

i=1

y Factor weighted exhaust emissions of a_particular measured gas, in grams/mile
Fopriate Utility Factor fraction at a given distance “x” (see Appendix A)
s emissions for the “I"th test in the FCT of a particular measured gas, in grams/m

ption 31
ance in miles of a single drive §chedule (NOTE: not actual driven distance)

hting for the Driver's‘€harging Habits
ption for correcting’ results for charging habits is that the effect of “opportunity ch
| any need far.eorrections. Thus, no weighting with respect to charge frequency
b charging-frequency factor may be defined that may provide more accurate fina

behavior.

austEmissions of PHEVs

lired in the CST.

(Eq. 32)

le

phted mass emissions for the CST of a particular measured gas, in grams/npile as calculated in

arging” and “missed
is recommended. In
results that account

6.2.2.1 Exhaust E

missions Calculations for the HFEDS Test Procedure of the CST

The exhaust emissions data shall be calculated using data from the second HFEDS and not from the first HFEDS, as

described in Equatio

n 26:
Y Y,
HFEDS(1 HFEDS (2
Y. =0.0 Q4110 @
HFEDS(1) D HFEDS(2)

(Eq. 33)
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where:

Yest = Weighted mass emissions of a particular measured gas (e.g., HC, CO, NO,, CO,), in grams per mile in

the CS mode

Yureos¢y = Unmeasured mass emissions during the first HFEDS, in grams

Dureps¢y = Unmeasured driving distance during the first HFEDS, in miles

Yhreosie) = Mass emissions as measured during the second HFEDS, in grams

Durepsizy = Measured driving distance during the second HFEDS, in miles

The calculations specified in 40 CFR Part 86.144-94(b)-(e) shall be used in conjunction with Equation 33 in measuring
each individual gas, where appropriate.

6.2.2.2 Exhaust

No additional weig
the forced CS mod
calculations. In this ¢
6.2.2.3 Weighting
Calculate the CD uti
6.2.2.4 F inal Weigh

No weighting with rg
be defined that may

6.2.3 USO06 Exhal
6.2.3.1 Exhaust B

The exhaust emissi
described in Equatio

where:

= Wei
the

YCST

:ri:g is recommended for the individual cycles of the HFEDS FCT. If howeVer, the

issions Calculations for the HFEDS Test Procedure of the FCT
e for the first HFEDS cycle, then the emissions from this cycle are not use
ase, the first cycle is the first CD cycle in the FCT.
Results for the Charge-Depleting (CD) Utility
ity emissions from the FCT and CST results using Equation-32 from 6.2.1.3.
ting for the Driver's Charging Habits

spect to charge frequency is recommended. In“the future, however, a charging fi
provide more accurate final results that account for charge-frequency behavior.

st Emissions of PHEVs

missions Calculations for the USQ6 Test Procedure of the CST

n 34:

—0.0 YUSO6(1) +1.0 YUSOG(Z)
. 975

YCST

US06(1) US06(2)

jhted-mass emissions of a particular measured gas (e.g., HC, CO, NO,, CO,),
CS mode

test method utilizes
d in the rest of the

requency factor may

ons data shall be calculated-using data from the second US06 and not from the first US06, as

(Eq. 34)

n grams per mile in

Yusos(1
Dusos(1
Y usos(2

)
)
)
Dusos(2)

= Unmeasured mass emissions during the first US06, in grams

= Unmeasured driving distance during the first US06, in miles

= Mass emissions as measured during the second USO06, in grams
= Measured driving distance during the second US06, in miles

The calculations specified in 40 CFR Part 86.144-94(b)-(e) shall be used in conjunction with Equation 34 in measuring

each individual gas,

6.2.3.2 ExhaustE

where appropriate.

missions Calculations for the US06 Test Procedure of the FCT

There is no weighting of the different phases in the FCT in the same manner as the CS test.
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