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SCOPE

This SAE Recommended Practice establishes uniform procedures for testing fuel cell and hybrid fuel
excluding low speed vehicles, designed primarily for operation on the public streets, roads and highw
addresses those vehicles under test using compressed hydrogen gas supplied by an off-board s
supplied as a comprgssed gas onboard.

Cell electric vehicles,
ays. The procedure
purce or stored and

This practice provides standard tests that will allow for determination of fuel consumption and range based on the US

Federal Emission Test Procedures, using, the Urban Dynamometer Driving Schedule (UDDS) an
Economy Driving Schedule (HFEDS).

Chassis dynamomefer test procedures are specified in this document to eliminate the test-to-test va
track testing, and to pdhere to standard industry practice for fuel consumption and range testing.

Communication between vehicle manufacturer and the governing authority is essential when starting
in-house and official|goveroment confirmatory testing that incorporates this practice.

d the Highway Fuel

iations inherent with

official manufacturer
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2. REFERENCES

21

Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise specified, the
latest issue of SAE publications shall apply.

211

SAE Publications

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

Canada) or 724-776

SAE J2263 Ro4
SAE J2264 Chal
SAE J2574 Fue

2.1.2 CFR Publica

Available from the §
20402-9320.

40 CFR Part 86

40 CFR Part 600
2.1.3 United Stats

Available from NI
http://physics.nist.qo

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

d Load Measurement Using Onboard Anemometry and Coastdown Techniques
ssis Dynamometer Simulation of Road Load Using Coastdown Techniques

Cell Vehicle Terminology

tions

buperintendent of Documents, U.S. Government Printing Office, Mail Stop: SS(
FPA; Control of Air Pollution from New and In-Use\Motor Vehicles and New and |
Fngines; Certification and Test Procedures

FPA; Fuel Economy of Motor Vehicles

s Department of Commerce, National\Institute of Standards and Technology Pub

ST, 100 Bureau Drive, Stop
v/cuu/Uncertainty/bibliography-html.

1070, Gaithersburg, MD 20899-1070,

NIST Technical N

Meg
3. DEFINITIONS
3.1 Curb Weight

The total weight of

te 1297, 1994 Edition,” “Guidelines for Evaluating and Expressing the U
surement Results”

thervehicle with all standard equipment and including batteries/capacitors, I

capacity, and the w

etight of optional equipment that is expected to be installed on more than 33% of
excluding the driver, passengers, and other payloads. Incomplete light-duty frucks shall have the cur

the manufacturer.

3.2 Battery

P, Washington, DC

h-Use Motor Vehicle

ication

Tel: 301-975-6478,

ncertainty of NIST

bricants at nominal
the vehicle line, but

weight specified by

A device that stores electrical energy (only chemical batteries are considered in the recommended practice).

3.3

Propulsion Battery

A device that provides electrical power that is used to propel the vehicle.

3.4  Auxiliary Batte

ry

A battery provided separately from the primary energy source for operating an instrument such as a vehicle control device

(peripheral devices).
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3.5

Rated Ampere-Hour Capacity

The manufacturer-rated capacity of a battery in ampere-hours, obtained from a battery discharged at the manufacturer's

recommended disch

3.6 Capacitor

arge rate such that a specified minimum cut-off terminal voltage is reached.

A device that stores energy electrostatically and releases electrical energy. High power capacitors used in hybrid

vehicles are frequen

3.7

tly called “ultracapacitors.”

Capacitor Rated Capacity

The measured capa
3.8 Fuel Cell

An electrochemical
consumption, physig

3.9 Fuel Cell Vehi
A vehicle that receiv|

3.10 Hybrid Fuel C

A vehicle that receiv
batteries and capaci

3.11 Rechargeable

A component or sys

City of a capacitor, expressed in farads (F).

energy conversion device in which fuel and an oxidant react to)generate el
ally or chemically, of its electrodes or electrolyte.

Cle (FCV)
Es propulsion energy from an onboard fuel cell power System.
Il Vehicle (HFCV)

es propulsion energy from both an onboard-ftiel cell power system and another
ors are covered in the recommended practice).

Energy Storage System (RESS)

tem of components that stores-energy, for the purpose of propelling the vehig

supply of energy is fechargeable by an on-vehicle-electric motor-generator system, an off-vehicle elg

or both. Examples @
3.12 Regenerative

Deceleration of the
battery or capacitor.

3.13 Start-of-Test

The point during a te

f RESS's for HEV's include_batteries, capacitors, and electro-mechanical flywhee
Braking

vehicle causgd\by operating an electric motor-generator system, thereby pro

st-at which the vehicle key switch is first placed in the “on” position.

ectricity without any

energy source (only

e, and for which its
ctric energy source,
S.

iding charge to the

3.14 End-of-Test

The point (in time and distance) at which the vehicle has been decelerated to a rest (zero velocity) condition after the
appropriate test termination criteria have been met, the key switch is placed in the “off’ position, and the fuel cell and
propulsion battery or capacitor (if equipped) are stabilized (manufacturer automatic shutdown procedure: Hydrogen fuel
flow stops and the electrical energy storage device reaches a stable condition).

3.15 Total Fuel Capacity (kg)

The total mass of gaseous hydrogen contained in the fuel tank when it is filled to its maximum rated pressure at a
stabilized temperature of 15 °C.
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3.16 Unusable Fuel Amount (kg)

The total mass of gaseous hydrogen remaining in the fuel tank at the point of Run-Out, where the pressure in the tank no

longer supports stab

3.17 Usable Fuel A

le Fuel Cell System function.

mount (kg)

The difference in mass between the Total Fuel Capacity and the Unusable Fuel Amount.

3.18 Total Tank Volume (Liters)

The total water volym

pstream of any isolation valve or pressure regulator.

jen u
ONS AND INSTRUMENTATION

tions shall apply to all tests defined in this document unless (otherwise sté

ehicle

bll be stabilized as determined by the manufacturef“and shall have accumu
00 miles), but no more than 9978 km (6200 miles) on"the Durability Driving Sc
} 86, Appendix IV, Section (a) or an equivalent driving schedule. Fuel conform
P shall be used for mileage accumulation.

Vehicles shall be tested with normal appendages (mitrors, bumpers, hub caps, etc.) for all 4

-board fuel source is used for the test the vehicle under test may include a con
t off-board source, as mutually agreed to with the testing agency. Certain items
where necessary for safety on théchassis dynamometer. If any appendages 4
d.

es shall be turned off.
shall be tested at loaded vehicle weight [curb weight plus 136 kg (300 Ib)].

r's recommended tires shall be used. Tires shall be conditioned as recomme
r and shallhave accumulated a minimum of 100 km (62 miles) and have at leas
depth remaining. For chassis dynamometer testing, tire pressures shall be set
bd pressure used to establish the Dynamometer Road Target Coefficients (see S
pvels hecessary for safe operation.

em that can contain

ted in specific test

ated a minimum of
hedule as defined in
ing to specifications

psting. For the case
hector to receive the
e.g., hub caps) may
re removed, the fact

nded by the vehicle
t 50% of the original
to the manufacturer
AE J2263) and shall

tsTormatty specified by the mamnufacturer stattbeused:

If the vehicle has regenerative braking, the regenerative braking system shall be enabled for all chassis

dynamometer testing, with the exception of track coastdown testing. For dynamometer testing, if the regenerative
braking level is adjustable, it shall be set according to the manufacturer's specification prior to the
commencement of the test. The driving schedule speed and time tolerances specified in this procedure shall not
be exceeded due to the operation of the regenerative braking system.

regenerative braking mode on a two-wheel-drive chassis dynamometer.

high-pressure hydro
4. TEST CONDIT
The following cond
procedures.
4.1 Condition of V|
4.1.1 Vehicles sh
1600 km (1(
40 CFR Par
givenin 4.7.
412
where an off
fuel from ths
be removed
shall be notg
4.1.3 All accessor
41.4 The vehicle
4.1.5 Manufacturg
manufacturg
usable tread
recommend
not exceed |
4.1.6 The lubricar
417
NOTE:
418

and distance tolerances).

Adjustment of the regenerative braking system may be necessary to represent the net effect of four-wheel-drive

The FCV or HFCV has to be able to drive the UDDS and HFEDS cycles (within the required drive schedule speed
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4.2 Condition of Fuel Cell Stack

4.21 The fuel cell stack shall have been aged with the vehicle as defined in 4.1.1, or equivalent conditioning.

4.3 Condition of Propulsion Battery/Capacitor

4.3.1  The propulsion battery or capacitor shall have been aged with the vehicle as defined in 4.1.1, or equivalent
conditioning.

4.3.2 The vehicle shall provide a point of access such that a measurement of current readings into and out of the
energy storage device (e.g., battery, capacitor) is available. This point of access must be compatible with the DC
Wideband mpnro Haour Meoter epnr\ifinr'l in_thig prnf\ar{nrn_ Dnar'lingc from 2 vahic e Onboard current
measuremeft system can be used provided that £+1% NIST traceability can be demonstratéd,

4.4 Environmenta| Conditions

4.4.1 Ambient temperature during the entire test sequence shall be within the range 0f}20,°C to 30 [C (68 °F to 86 °F).

4.5 Dynamometer

451 Use of an eJectric single roll chassis dynamometer, 1.2192 m (48 jn.)"in diameter, or equivplent, is required for
FCV and HHCV testing. Electric dynamometers shall have the capability of road load simulatjon at an appropriate
vehicle test weight and with vehicle speeds ranging from 113 to 46 km/h (70 to 10 miles per hpur).

4,52 The dynamgmeter Dynoge coefficients shall be determined using test procedure SAE J2264.

4.5.3 Four-wheel drive or all-wheel drive vehicles, when using two independent power sources, ghall be tested on a
four-wheel-drive 48-inch roll chassis dynamometergifboth sets of wheels are powered. Othgrwise, four-wheel or
all-wheel driye vehicles may be tested in a two-wheel-drive mode of operation per 40 CFR 86{135-90 (i).

454 For a two-wheel-drive chassis dynamometer, inertia weight shall be set to 1.015 times the lopded vehicle weight.
The addition] of the 1.5% is to account for rotating inertia not accounted for under static conditions. The value of
1.015 may not be suitable for all vehicles. If an actual or estimated value for rotating ineftia is known for the
particular vehicle being tested, thesmore accurate value should be documented and used.

455 For four-wheel or all-wheel drive’ vehicles tested on a four-wheel drive dynamometer, the gynamometer inertia
weight shallbe set to loaded vehicle weight [curb weight plus136 kg (300 Ib)].

4.5.6 During chaspis dynamometer operation, a fixed speed or proportional speed cooling fan shal| be positioned so as
to direct copling air-to the vehicle in a manner consistent with the accepted practices|for simulating road
conditions. [The fixed speed fan capacity in general shall not exceed 2.5 m%s (5300 ft/min). The type of fan
used must bemeted.

4.5.7 If the chassis dynamometer has not been operated for a period of 2 hours immediately preceding the test, it shall

be warmed up as recommended by the dynamometer manufacturer.

4.6 Test Instrumentation

This section provides a list of instruments, which are required to perform the tests specified in this Recommended
Practice.

4.6.1

The overall accuracy goal of measuring the mass of hydrogen fuel consumed during a test cycle shall be +1.0%
of reading. See reference NIST Technical Note 1297 for “Guidelines for Evaluating and Expressing the
Uncertainty of NIST Measurement Results”. Three methods for the measurement of hydrogen consumption have
been reviewed and found to be acceptable (see 7.2): (1) net mass change, based on a fuel cylinder's pressure,
volume, and temperature; (2) net mass change, based on a weigh scale method; and (3) cumulative integrated
mass, based on a Mass Flow Meter.
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4.6.2 The chassis dynamometer shall measure vehicle speed to within 0.5% of maximum vehicle speed and integrate
distance traveled within 0.5% of actual distance. The coastdown measurement instrument accuracy and process,
for determining Dynog coefficients, is described in SAE J2263/SAE 2264, and can be used as applicable.

4.7

General Instrumentation

All instrumentation calibration must be National Institute of Standards and Technology (NIST) traceable to within £1.0% of
full scale of the appropriate range. The following classes of instruments are typical of those required for the tests outlined
in this procedure. Instruments used shall meet the minimum or equivalent requirements provided in this Section.

4.7.1

4.7.2

4.7.3

4.7.4

4.7.5

4.7.6

4.7.7

4.8

4.8.1

48.2

4.8.3

5. REQUIRED DA]

5.1

5.1.1

5.1.2

5.1.3

514

Test Vehicle H

General

Gaseous hydrogen fuel consumption mass measurement.

Vehicle speJ&d versus time recorder.

Distance ve
Ambient ten

DC Wideba
0.05 second
errors. Sigr
and the requ

A voltmeter

Wideband in
where pulse

Vehicles m4
method of a

Hydrogen ¢
used for all
fuel quality g

For the cas
consider the

sus time recorder.

perature versus time recorder.

nd Ampere-Hour Meter using an integration technique shall .have an integratior
so that abrupt changes of current can be accommodated ‘without introducing §
Convention: "+" = Discharge, "-" = Charge. The ammeter shall be capable of
ired current resolution shall be +1% of the expected tetalized value.

and ammeter for as-needed usage (recommended);

d power electronics are implemented.
uel Source

y be tested using the fuel in-the vehicle fuel tank(s) or a separate fuel sourc

festing. To minimize performance degradation of the fuel cell stack, this fuel sh
uidance specified within SAE J2719.

e where a separate off-board fuel source is used, good engineering judgment
maximum delivery pressure.

[A

ccurately measuring the fuekused in each of the city and highway tests is required.

period of less than
ignificant integration
totaling the current,

struments (bandwidth of at least 10 times that’of the maximum fundamental frequency) are required

B, In either case, a

bmplying with the appropriate SAE or appropriate U.S.A. government agency-specified fuel shall be

all also comply with

shall be applied to

Vehicle identification (manufacturer, model, year, etc.) and configuration (description of any nonstandard vehicle
features; e.g., sunroof and oversize exterior mirrors).

Vehicle accumulated mileage at the start and end of each portion of the test sequence.

Curb weight

and test weight.

Vehicle History

Previous history of the fuel cell, including chronological age, and a brief description of known adverse usage conditions.


https://saenorm.com/api/?name=8281cbff9d9a506d38a48084eda2e48d

SAE

J2572 Issued AUG2006

5.1.5 Fuel Tank:

Manufacturer
Type

Usable Fuel Amount (kg).

Total Tank Volume (

Liters)

Mass Rated Pressure (Bars/PSIA)

5.1.6 Fuel Cell:
Manufacturer
Type

Power rating (kW)
5.1.7 Propulsion B
Manufacturer

Type

Maximum Rated Am

5.1.8 Electric Proy

Type
Peak Power Rating

5.1.9 Overall drivg
5.1.10 Tire manufa
5.1.11 Therange a
5.1.12 Soak duratig
5.1.13 Date, startin

5.1.14 The type of
battery/cap3

5.1.15 Mass of hy
instrumentat

5.1.16 Any deviatio

attery or Capacitor:

pere-Hour Capacity

ulsion Motor:

kW)

train ratio(s) used during test and vehicle spéed shift points for manual transmis

cturer, design, size, and pressures at start of test.
hd average temperature of the ambient during test.
n and range of temperatures.during soak.

g and ending times of test.

nstrumentation and-methodology used to measure the energy/power flow to ang

citor.

drogen fuel consumed during the test, the measurement method, and a

ion used-to make the measurement, including its accuracy.

ndrom this test procedure and the reason for deviation.

5ion vehicles.

from the propulsion

description of the

5.2 Dynamometer Data

5.2.1 Description of dynamometer used (including roll diameter, number of rolls, distance between roll axes, if
applicable) and method of vehicle restraint.

5.2.2 Dynamometer Dynoset and Dynotarget coefficients.

5.2.3 Dynamometer inertia weight setting.

5.2.4 Actual distance driven (roll revolutions) for each test cycle, shall be reported to 3 decimal places. For example

the 1372 second UDDS drive cycle is theoretically 6.278 kilometers (3.902 miles)

5.2.5 Time versus

speed trace.
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6. DRIVING SCHEDULES

The driving schedules provided are the United States Environmental Protection Agency (EPA) Urban Dynamometer
Driving Schedule and the Highway Fuel Economy Driving Schedule.

6.1 City Fuel Economy Test

The driving cycle to be utilized for the city fuel economy test represents US city driving and consists of a series of
non-repetitive idle, acceleration, cruise, and deceleration modes of various time sequences throughout an interval of

1372 seconds, as detailed in the EPA Urban Dynamometer Driving Schedule (UDDS). The Test is conducted by following
the UDDS driving cycle (1372 seconds) then |mmed|ately initiating a 600 second soak perlod W|th the vehicle shut-off,

followed by a repeat-o , 2 , ,
average speed of 31.5 km/h (19.6 mph) W|th a maximum speed of 91 2 km/h (56.7 mph) The dnvm
by the UDDS is in Appendix | of 40 CFR Part 86.

6.2 Highway Fuel |Economy Test

The driving cycle to pe utilized for the highway fuel economy test represents US highway driving and
of non-repetitive ag
765 seconds, as detailed in the EPA Highway Fuel Economy Driving Schedile (HFEDS). The t
performing a warm4up drive using the HFEDS driving cycle (765 seconds), ‘followed immediately
HFEDS driving cycle during which fuel consumption is measured and~fecorded.
765-second drive i 16.4 km (10.2 miles). The average speed is 77.8 Km/h (48.3 mph) with a
96.4 km/h (59.9 mpH). The driving cycle as described by the HFEDS isiin 40 CFR, Section 600.109(b

6.3 Speed Tolerance

The speed tolerancg at any given time on the UDDS and -HFEDS driving schedules is defined by
limits as described if 40 CFR part 86.115-78 and Appendix 1. The upper limit is 3.2 km/h (2 mi/h) hig

point on the trace within 1 second of the given time. The lower limit is 3.2 km/h (2 mi/h) lower than the

trace within 1 second of the given time. Speed wariations greater than the tolerances (which ma

The distance

m, (7.45 miles) with an
j cycle as described

consists of a series

eleration, cruise and deceleration modes of various time(sequences throughout an interval of

st is conducted by
by a repeat of the
traveled for each
maximum speed of

).

he upper and lower
her than the highest
lowest point on the
y occur during gear

changes) are accepf
6.4 Fuel Consumy

If either the UDDS o

able provided they occur for:léss than 2 seconds on any occasion.
tion Tests

r HFEDS driving schedules can not be completed within the tolerances of 6.3, the point(s) in question

for the driving schedule shall be noted-and the test continued with the vehicle operating under "best effort" conditions.

7. VEHICLE FUEL|CONSUMPTION DETERMINATION

7.1 Purpose of Tept

The purpose of thistesttsto—determine—the—fuerconsumed by atest-vehicte—when upclatcd on dynamometer over
prescribed driving cycles. It is the intent of this section to provide standard procedures for testing FCVs and HFCVs so
that the performance can be compared when operated over fixed driving patterns. Two test types can be performed: a
“city” fuel consumption measurement using the UDDS drive cycle, and a “highway” fuel consumption measurement using
the HFEDS driving cycle. Both test types can be performed in a sequence, with the city test followed by the highway test,
or as an option, each test type can be run separately.

7.2 Methods of Fuel Consumption Determination
Fuel consumption is reported as the mass quantity of hydrogen consumed per distance traveled, kilograms/kilometer

(kg/km). The following methods have been investigated and found to be acceptable for determining the net change in
mass of hydrogen during testing:
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7.2.1  Stabilized Pressure and Temperature for a Fixed Volume Pressure Vessel

Determine the hydrogen mass in the fuel tank, using stabilized pressure and temperature measurements for any
hydrogen storage vessel for which the actual water volume of the vessel is known. The instrumentation used for
temperature and pressure measurement must meet the accuracy requirements of 4.6.1.

Hydrogen consumption is measured by comparing the difference in tank fuel temperature and pressure before and after
each test. The initial measurements and the after test measurements of temperature and pressure must be made after
the vehicle, including fuel tank, reach stabilization at standard soak conditions. The functional relationship and equation to

measure hydrogen consumption is:

F(T D \/\—n LT P \/\—
TUTLTT YT

n

(Ea. 1)

where:

P = Pressure (p{

LR AL A Tz

ig), of the gas in vehicle fuel tank

T = Temperaturg (°F), of the gas in vehicle fuel tank

V= Total tank v
n = Moles of hyd
ni - N, = Moles d

Non-measured valu
website below:

http://webbook.nist.d

blume
rogen
f hydrogen consumed over a test cycle

s can be obtained from the specific pressure and t€Emperature data from the

ov/chemistry/fluid/

7.2.2 Gravimetric

The quantity of hydr
(used only for emisg
accuracy of the scg
requirements listed i
7.2.3 Fuel Flow M
A mass flow meter n
accuracy of the floy
4.6.1.

7.3 Calculation an

The fuel consumptio

Method for Weighing Auxiliary Fuel Tank(s)

bgen consumed during a test may also be determined by weighing the auxiliary h
le used for weighing the auxiliary fuel tanks must provide the overall fuel me
N 4.6.1.

eter

meter measurements must provide the overall fuel measurement accuracy re

d Reparting of Vehicle Fuel Consumption

ions and fuel consumption testing) at the start and at the end of each test cycle.

hay also be used(to determine the quantity of hydrogen used during the test cycle.

US NIST using the

ydrogen fuel tank(s)
The precision and
Bsurement accuracy

The precision and
quirements listed in

n(for a given test type is expressed in kg/km and is determined from the mass of

hydrogen measured

in grams, divided by

e measured driving distance or the test In Kllometers. Tne equations below

calculations for City and Highway Fuel Consumption.

where:
Mupbs(1) = Hydro
Mupps(2) = Hydro

DUDDS 1) = =The m
DUDDS 2) = =The m

C|ty Fuel ConSUmptlon =043~ {MUDDS / DUDDS 1)}+ 0.57 * {MUDDS

!/ Dupps()}

gen mass consumed during the first UDDS, in g

gen mass consumed during the second UDDS, in g
easured driving distance during the first UDDS, km
easured driving distance during the second UDDS, km

provide the general

(Eq. 2)
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Highway Fuel Consumption = 0.0 * {Myreps(1) / Drreps1)} + 1.0 * {Mureps(2) / Drreps)} (Eg. 3)
where:
Mureps() = Hydrogen mass consumed during the first HFEDS, in g
Mureps) = Hydrogen mass consumed during the second HFEDS, in g
Dureps(ty = The measured driving distance during the first HFEDS, km
Durepsz) = The measured driving distance during the second HFEDS, km

All mass values are reported to the nearest 0.1 gram.

All distance values a
All fuel consumption

re reported to the 3" decimal place, 0.001 km

values are rnpnrforl tothe nearest 0.0001 I(g/l(m

NOTE: 1kg H2 = 42
Group Inc.

7.4 Track Determi

SAE J2263 shall be

NOTE: The SAE piocedure J2263 assumes a "true neutral" gear is available:

vehicle doeg
7.5 Dynamometen
7.5.1 Initial State

Prior to testing, the

engineering judgmemnt and appropriate preconditioning procedures.

7.5.2 Fueling

Either the vehicle's

stabilized at laboratgry ambient temperatures; soak the vehicle for 6 to 36 hours. Omit this step if
maintained at laboratery ambient temperatures. Auxiliary fuel tank(s) shall be stabilized at laboratory

and the vehicle was
ambient temperature

7.5.3 Vehicle Set-

Set drive wheel tire
auxiliary cooling fan

3.3 SCF H2 gas. This conversion is listed in the BOC Industrial Gases Data:Boqd

hation of Dynamometer Target Coefficients
used to determine the Dynamometer Target Coefficients.

If the powertrain

vehicle may be brought to nominal opgrating condition (including RESS state-of

on-board fuel tank, or an_auxiliary fuel tank, may be used.

s.
Up

pressure; properly secure the vehicle on the dynamometer, raise the vehicle
n frontof the vehicle.

k © 1994, The BOC

Hesign of a fuel cell

not employ such a "true neutral", unique coast down /methods may need to be de¢veloped.
Test Procedure for City Fuel Consumption Measurement
bf the Vehicle

-charge) using good

If the vehicle apnd tank fuel are not

huxiliary fuel is used

nood, and place the

7.5.4 Preconditio

Conduct one UDDS

ng

prep cycle (additional as needed) to condition the vehicle.

7.5.5 Vehicle Soak

The vehicle shall be

756

7.5.7

soaked at laboratory ambient temperature between 12 and 36 hours.

The vehicle shall be moved (pushed or towed — not driven) into position on the dynamometer.

ambient temperature must be maintained at all times.

758

be followed by vehicles in use.

If the dynamometer has not been used within two hours of testing, warm up the dynamometer per 4.5.7.

Laboratory

If the vehicle has a manual transmission, gears shall be shifted at predefined shift points reasonably expected to
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7.5.9 Regenerative Braking

If the vehicle has regenerative braking, the regenerative braking system shall be enabled for all dynamometer testing. An
accurate way to account for the effect of regenerative braking is to test the vehicle on a four-wheel drive electric
dynamometer. Operating a hybrid vehicle with regenerative braking on a two-wheel drive dynamometer could overstate
the effect of regenerative braking by artificially forcing all braking to occur on the driven axle.

If a vehicle is equipped with an Antilock Braking System (ABS) or a Traction Control System (TCS) and is tested on a two-
wheel dynamometer, the vehicle’s ABS or TCS may inadvertently interpret the non-movement of the set of wheels that
are off the dynamometer as a malfunctioning system. If so, then modifications to the ABS or TCS shall be made to
achieve normal operation of the remaining vehicle systems, including the regenerative braking system.

7.5.10 Connect the auxiliary fuel line to the vehicle if required. Ensure fuel-metering device (presshire and temperature
to determing fuel consumed during test) is properly and safely set up.

7.5.11 For HFCVs

Prior to turning vehigle key to “on” position, initialize auxiliary instrumentation (Wideband Ampere-hqur Meter) and begin
the process of meaguring and recording the net change in the rechargeable energy storage system|(RESS). Begin fuel
measurement, turn |vehicle key to the "on" position and start auxiliary cooling“fan (36-hour soak time shall not be
exceeded).

7.5.12 Conduct twg UDDS drive cycles (ref Step 6.1), with a 10 min €/1¥min vehicle soak betwegn them. During the
soak period |the following conditions shall exist: the ignition Key switch in the “off’ position, the hood closed, test
cell fan(s) off, and the brake pedal not depressed. Turn vehiele key to “off” position and turr] off auxiliary cooling
fan upon completion of test.

7.5.13 For HFCVs

End fuel measurement, terminate the auxiliary test instrumentation (Wideband Ampere-Hour Meter) measurement, and

save the appropriat¢ Ampere-hour readings from the rechargeable energy storage system, and the jhydrogen fuel meter

(if applicable).

7.6 Dynamometer Test Procedure for Highway Fuel Economy Measurement

7.6.1 If the highway test follows ithe“city test within the 3 hours, steps 7.5.1 through 7.5.8 [may be omitted as
appropriate.

7.6.2 Fueling

Either the vehicle's qn-boaftd fuel tank or an auxiliary fuel tank may be used.

7.6.3 If the vehicle—anmd—tarmk—fuetare not—stabitized—attaboratory ambirenttemperatures;—soak—the vehicle for 6 to
36 hours. Omit this step if auxiliary fuel is used and the vehicle was maintained at laboratory ambient
temperatures. Auxiliary fuel tank(s) shall be stabilized at laboratory ambient temperatures.

7.6.4 If the dynamometer has not been used within two hours of testing, warm up the dynamometer per 4.5.7.

7.6.5 The vehicle shall be moved into position on the dynamometer. Laboratory ambient temperatures must be
maintained at all times.

7.6.6 If the vehicle has a manual transmission, gears shall be shifted at predetermined shift points reasonably expected
to be followed by vehicles in use.
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7.6.7

Vehicle Set-Up

Set drive wheel tire pressure, properly secure the vehicle on the dynamometer, raise the vehicle hood, and place the

auxiliary cooling fan

in front of the vehicle.

7.6.8 Connect the auxiliary fuel line to the vehicle if required. Ensure fuel metering device (to measure fuel consumed

during test) i
7.6.9 Turn vehicle

7.6.10 Vehicle War

s properly set up.
ignition key to the "on" position and start auxiliary cooling system.

m-up

Drive the vehicle ovelr one HFEDS driving cycle.

7.6.11 For HFCVs
7.6.12 Conduct the

7.6.13 For HFCVs
the appropri
meter (if ap
Power/Ener

7.7 Fuel Consumy

Currently, many HR

(battery or capacito

design makes the aq

in the electrical ene

RESS could have 1

supplement the pov

indication of greate

opportunity for the e

To more accurately
power control strate
standardized manne
the energy storage
addresses the meth
method.

7.7.1  Criterion for

highway test (ref 6.2) with 10 seconds between the HFEDS drivingrgycles.

terminate the auxiliary test instrumentation (Wideband Ampere-Hour Meter) me
ate Ampere-hour readings from the cell, the electrical energy storage device, a
plicable). Terminate the auxiliary test instrumentation (Power Meter) measure
jy reading.

tion Corrections to Account for Battery/Capacitor Effect

CVs are designed in a hybrid electric vehicle configuration, one with an ene
) supplementing the fuel cell stack energy-during various modes of operation.
curate measurement of hydrogen consgimption of the vehicle difficult, because o
gy storage system can have on hydrogen consumption over a given drive cycl
et depletion during the course of)a test as the energy management system
er of the vehicle, thereby reducing the hydrogen consumed by the vehicle.
fuel economy than would-actually be the case, because the test cycle did
nergy management system_to recharge the RESS.

report hydrogen fuel consumption during a test and provide flexibility to the de
gy, one would like to’have a test method that provides an unbiased fuel consun
r. This method.would correct for the battery/capacitor influence on vehicle fuel

system state-of-charge significantly change during the course of a test. The
odology for determining such an unbiased result and the criterion for applying

begin auxiliary instrumentation measurement at time 0 of 2" HFEDS drivifig cyclq.

hsurement and save
d the hydrogen fuel
ent and record net

rgy storage system
This type of hybrid
f the effect a change
For example, the
uses this energy to
This would give an
not provide the full

D
C.

sign of the vehicle's
ption test result in a
consumption, should
following procedure
or not applying the

application of Correction Method

7.7.2

7.7.3

In theory, one could apply a correction to every test case, however measurement of a battery or capacitor energy
storage system has inherent variability associated with it, and one should make correction only if the change in
RESS is significant. Further, only for the case where there is an increase in battery/capacitor energy, the vehicle
manufacturer has the option to not apply the correction described below. With this in mind, the following
tolerance for application of a fuel consumption correction factor was determined.

If the net energy change of the battery/capacitor system increases or decreases by less than or equal to 1.0 % of
the total hydrogen energy consumed by the vehicle during the course of a test cycle, the application of a
correction equation is not necessary. Report the hydrogen consumed to a minimum of 1 decimal point (e.g. 0.1g)
of a gram for each individual result. This is to be used subsequently in fuel consumption calculations. This
tolerance was determined based on current variability with manufacturer design specifications, measurement
equipment uncertainties, and measurement performance requirements within industry and government agencies.
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