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Introduction

1. Scopé of Test Procedures

This recommended practice is intended to provide a framework for performance itesting

systems (FC
described a
with regard {

—Power
—Efficiency
—Transient
—Start and
—Physical [j

—Environméntal Limits

—Operation
—Integration

Since this recommended practice is based on the principal of performance measurement

claim, the tsg
the test resu
3.1.9 allows
of this allow
thermal outp

1.1

The proced
criteria.

—Human F4

Limitgtions of Test Procedures

S’s) designed for automotive applications with direct current (DC) output. The

o the following performance criteria.

Response
Stop Performance
escription

bl Requirements

sting parties should take care to ihclude any qualifying or unique circumstance

for the inclusion of thermal-output benefit. If a test result is reported which take
nce this stipulation should_be noted with the efficiency figure and the useful pu
ut (e.g. cabin heating)should be made clear.

ires described do not provide methods for testing performance related to t

ctors~{Acoustics/Noise, Vibration, Harshness)

of fuel cell
procedures

low for measurement of performance relative to claims by manufacturers of siich systems

relative to a
s leading to

Its reported in order to achievelfull disclosure. For example, efficiency as defingd in section

5 advantage
fpose of the

he following

—Life (Statg

offechnology limits this)

—Reliability
—Safety

—Vehicle Level Performance (efficiency, acceleration, emissions, etc).
—Contamination

—Tilt testing

—Governmental regulations or certification
—Alternating Current (AC) Output
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2. References

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

2.1 Applicable Publications

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

211 SAE PUBLICATIONS

Available from

1. SAE J2!
2. SAE J2f
3. SAE J2¢
an
4. SAE J2¢
for 4

74—SAE Information Report—Fuel Cell Vehicle Terminology

78—Recommended Practice for General Fuel Cell Vehicle Safety
16—Recommended Practice for Testing Performance of the Fuel Processor Subsystem of
utomotive Fuel Cell System
17—Recommended Practice for Testing Performance of PEMcEuel Cell Stack [Sub-System
utomotive Applications (DRAFT)

2.1.2 ASTM PUBLICATIONS

Available frgqm ASTM, 100 Barr harbor Drive, West Conshohockén,"PA 19428-2959.
5. ASTM [} 240—Test Method for Heat of Combustion~of Liquid Hydrocarbon Fuels by Bomb
Calgrimeter
6. ASTM [} 3588-98—Standard Practice for Calculating Heat Value, Compressibility Factor pnd Relative
Density of Gaseous Fuels
7. ASTM [} 4809—Heat of Combustion of Liquid, Hydrocarbon Fuels by Bomb Calorimeter (Jntermediate
Prec¢ision Method)
8. ASTM [} 4809-95—Heat of Combustion-of Liquid Hydrocarbon Fuels by Bomb Calorimetgr (Precision
Method)
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2.1.3 OTHER PUBLICATIONS

9. ASME PTC 19.1—Appendix B, Uncertainty Analysis

10. I&A PTC 19.21—Leakage Measurement

11. 1&A, ASME PTC 19.2—Pressure Measurement

12. ASME PTC 19.3—Temperature Measurement and Calibration

13. ASME PTC 19.5—Fluid Flow Measurement

14. ASME PTC 50—Fuel Cell Power Systems Performance Test Code

15. ASME PTC19.5—Fluid Meters

16. ASME PTC22—Gas Turbine (for LHV’s)

17. ASME PTC6—Test Measurement Uncertainty (from Gas Turbines)

18. NIST Technical Note 1297—Guidelines for Evaluating and Expressing the Uncertainty of NIST
Measurement Results, NIST, 1994 edition

19. NIST Sgecial Publication 811—Guide for the Use of the International System of Unitg| (SI), NIST,
199% edition

20. Fuel Cell Handbook, 4" ed., Parsons Corporation for U. S. Department of Energy-FETC, DOE/FETC-
99/1076

21. API Technical Data Book

22. ASME Boiler and Pressure Vessel Code Section V Article 10, The Américan Society offl Mechanical
Eng|neers. New York, New York, July 1, 2001

23. IEEE Std 120—Master Test Guide for Electrical Measurement in Power Circuits

24. |EEE Std 4—Standard Techniques for High Voltage Testing

25. IEEE Std 1159—Recommended Practice for Monitoring Electric’Power Quality

26. NFPA 50—Standard for Hydrogen Systems at Consumer Sites

27. NFPA 5pA—Standard for Gaseous Hydrogen Systems at*Consumer Sites

28. NFPA 4p7—Recommended Practice for the Classification of Flammable Liquids, Gases$, or Vapors
and jof Hazardous (Classified) Locations for Electrical Installations in Chemical Procegs Areas

29. NEC Arijcle 500—Hazardous (Classified), Class' 1 Locations

30. CGA G-p.4—Standard for Hydrogen Piping Systems at Consumer Locations

3. Definitions

Terminology| used in this document is-eonsistent with SAE J2574 "Fuel Cell Vehicle Termjnology." In

addition to t¢rminology presented inJ2574, the following definitions are provided for clarity.

3.1 Testing Parties

Those entitigs with an_ifterest in the methods applied and results obtained from the performpance testing

of the fuel cgll system..’For example, the testing parties may include the article manufactur
organization| and4 or the system integrator.

3.2 Test Qperator(s) / Personnel

er, a testing

An individual or group responsible for the immediate administration and application of a test procedure to
the test article.
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3.3 Test Facility

A physical area and requisite utilities designated for the purpose of testing the performance of a fuel cell
system. For example, a typical test facility may include ventilation, reactant supply systems, auxiliary
cooling systems, data acquisition systems, load simulation device, and supplemental hazard mitigation
devices.

3.4 Fuel Cell System (FCS)
A combination of subsystems and components designed to provide electrical power as a result of the

implementation of a fuel cell (defined elsewhere). A fuel cell alone is not capable of providing useful
electrical power, and therefore requires other functions in order to be of use. A fuel cell system is

described sghematically in Figure 1, and may include, for example, a fuel processingcsu
thermal mamagement sub-system, an air processing sub-system, a power distribution sub-sy
fuel cell confrol sub-system.

3.5 Fuel $upply System (FSS)

The assembly of components that stores and delivers reactant fuel to thefuel cell system. F

the fuel sugply system may be comprised of an elevated pressure tank,for storage of hy
appropriate [pressure regulating equipment, safety devices, and instrumentation. Another g

b-system, a
stem, and a

For example,
drogen and
xample of a

fuel supply gystem is a tank, pump, and plumbing used for the storage and delivery of a hydrgcarbon fuel.

The fuel sypply system ends at the point where the fuel is_either first (1) reacted, (2
contaminants, or (3) mixed with any other fuel cell system stream.

3.6 Fuel Processing Sub-system (FPS)

The assembly of components that chemically or. physically converts the supplied fuel to a f
for use in the fuel cell stack sub-system. A fuel processing system may, for example, ing
beds, heat pxchangers, and controls used ‘téJreform a hydrocarbon fuel into a hydrogen
known as rgformate gas or simply reformate. In a hydrogen fueled fuel cell system, the fue

sub-system jmay include pressure regulation, humidification, and mixing components. The fug
sub-system jalso may be referred to as'the fuel processor subsystem or simply the fuel proces

3.7 Air Processing Sub-system (APS)

The assembly of components that delivers air (oxygen) for reaction in the fuel cell systs
processing |sub-system/can provide air as required to the fuel processing sub-syst
management sub-system, and the fuel cell stack sub-system. The air processing sub-system

filtration, purificationy compression, and flow control components.

3.8 ThermallManagement Sub-system (TMS)

cleaned of

orm suitable
lude reactor
rich stream
| processing
| processing
LSOr.

m. The air
bm, thermal
may include

The assembly of components that provides both thermal and water management for the fuel cell system.
The thermal management sub-system may include an accumulator, pump, radiator, and/or condenser. It
may also provide water recovery and process humidification functions.
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3.9 Water Treatment Sub-system (WTS)

The assembly of components that provides the treatment necessary for the process water used in the
fuel cell system. For example, the water treatment sub-system may include a demineralizing / deionizing
resin bed and instrumentation and may provide water recovery and process humidification functions.

3.10 Fuel Cell Stack Sub-system (FCSS)

The assembly containing one or more fuel cell stacks that provides for the reaction of fuel and oxidant to
produce electric current by means of an electrochemical reaction. The fuel cell stack sub-system
generally includes connections for conducting fuels, oxidants, and exhausts; electrical connections for the
power delivered by the stack sub-system; and means for monitoring electrical loads, w

hich are for

interface toj}he fuel cell system (FCS). Additionally, the FCSS may incorporate meansfo

additional fl
conditions,
also known

3.11 Powe

The collecti
system and
cables, swit
illustrated in

3.12 Powe

The collectidg
for vehicula
converters (

3.13 Fuel ¢

A system th
power dem
automatic ¢
functions an

3.14 Vehid|

A system th
conditions.

ids (e.g., cooling media, inert gas), means for detecting normal and/or abnorm
bs a fuel cell module, fuel cell power module, or fuel cell stack assembly,.
I Distribution Sub-system (PDS)

bn of components that connects the fuel cell stack sub-system to the power
that converts power for fuel cell system use. The powep distribution sub-system
ches and/or contactors and/or relays, buses, other~connectors, and instrum
Figure 1, the PDS has only DC power as input.

I Conditioning System (PCS)

n of components that converts the power generated by the fuel cell system into
purposes. The power conditioning system may include voltage regulators (DC
DC/AC) that provide the interface between the fuel cell system and the vehicle loz

bell Control Sub-system (FCCS)

ht controls and/or monitors-fuel cell system conditions and automatically respon
hnds while preventingshazardous conditions and damage to the fuel cell s
ontrol system generally includes a microprocessor based device with input
d may provide a diagnostic or troubleshooting function.

e Control.System (VCS)

at regulates the operation of the vehicle in response to driver demand and ve

conducting
al operating

bnclosures or pressure vessels, and ventilation systems. The fuel cell stack syb-system is

conditioning
may include
entation. As

power useful
/DC) and/or
ds.

s to vehicle
ystem. The
and output

hicle system



https://saenorm.com/api/?name=45e274935e8dfae520007777357e7560

SAE J2615 Stabilized OCT2011 Page 8 of 44

3.15 Electrical Load System

A device used to apply electrical load to a fuel cell. A load system is also referred to as a load bank for
historical reasons. A load system generally allows the user to set a load as a current (Amperes) or power
level (kW). A load system may be resistive or inductive. More sophisticated systems allow for the setting
of a voltage (VDC or VAC) and for programming of the set points as a function of time. While in general
performance testing the load system serves as a sink for electrical power, it may also be used to supply

current to the fuel cell for diagnostic and conditioning purposes.

3.16 Reference Conditions

The values of all the external parameters, i.e., parameters outside the test boundary to which the test

results are 1orrected.

respect to t
states, heat
with respect
follows:

Temperaturg:

Pressure:

Air:

The above

FCS’s in vatfious environmental conditions, the following additional reference conditions are

the use of cq

The test prq
provide a m
the testing
practice to g
intended to
should main

In addition, the specified secondary heat inputs and outputs are eal
e reference conditions. Heats of formation of elements and compounds, in.th
of combustion, and latent heats of phase changes and free energy changes are
to reference conditions. For this recommended practice the reference condi

15 °C
(288.15 K, 59 °F)

101325 Pa
(1 atmosphere, 14.696 psia,101.3 kPa)

60% relative humidity (0.006 kg H,OlKg dry air) at 15 °C

onditions are also known as nominal day conditions. To aid in the compariso

nducting tests and reporting results at other than nominal conditions.

Freezing Day Cold Day Hot Day
Temperature :20 °C 5°C 40 °C
Pressure 101.3 kPa 101.3 kPa 90.0 kPa
Air 0% RH at 20 °C 0% RH at5 °C 0% RH @ 40

cedures provided-in section 3.3 can be applied repeatedly at these different ¢
bre complete,summary of FCS performance at various conditions and when repg
parties should use the appropriate day designation and reference to this re
ualify thesreported result. The inclusion of these recommended reference cong
imit_thie range of test conditions supported by this recommended practice. Te
tain \necessary flexibility to test conditions deemed relevant to the specific F

culated with
eir standard
determined
ions are as

h of various
provided for

C

onditions to
rting results
commended
itions is not
5ting parties
CS and test

objectives.

3.17 Reformate or Reformate Gas

The product of a fuel processing sub-system, generally rich in hydrogen. This gaseous fluid results from
the reformation of the fuel within a fuel processing sub-system. The quality and/or composition of this
fluid depends on the location within the FPS; i.e. which reactor is sampled.
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4. Nomenclature, Physical Constants and Units

TABLE 1—NOMENCLATURE

Symbol Description Units

Vid Power W

i Subscript indicating in, inlet, or input -

o Subscript indicating out, outlet, output -

e Subscript indicating electrical or exit -
f Subscript indicating fuel -

h Enthalpy Jig

s Subscript indicating system -

I Current Amps, Amperes
DC, dc Subscript: Direct Current -

t Subscript: Thermal -

\4 Voltage Volts
x Width m

¥ Height m

z Length m
LHY Lower Heating Value J/g

7 Efficiency -

m Mass G

7] Mass flow rate a’s

T Temperature °C

c Specific heat at constant pressure Jg-K
n Subscript indicating Net >

g Subscript indicating Gross -

E Energy, electrical J

Q Energy, thermal J

t Time s

4.1 Pre-tgst Conditions

411 DEF|NITION OF TEST SUBJECT WITH SCHEMATIC
This test will be administered to a fuel cell'system that operates on either hydrogen or a hydrgcarbon fuel.
The system being tested produces €lectrical power as a result of the electrochemicall reaction of
hydrogen aTd oxygen. The oxygenfor this reaction is typically derived from supplied air. The hydrogen

for this reacfion is derived from'the fuel by various methods.

A typical fuel cell system-Contains several subsystems, that are interconnected as shown in Fgure 1.
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Fuet Cell SYStem g,

Flow Key
——» Process

Fuel

Processing ———% Power
Sub-system
(FPS) A~ ~o N | o »  Heat

-~

Air

. Processing
Air
Sub-system Power
(APS) F”Seu'bc_:;'stséﬁnc" Distribution) | ¢~ |[conditioning
Sub-system System
(FCSS) (PDS) (PCS)
Thermal ///// /
Management - Exhaust
Sub-system
(TMS)
Water
Treatment uel Cel
Water |« Subssvstern [ [ ae O\ p|  Heat
ub-system Control
(WTS) Sub-systém
- (FCCS)
Electric -
Input FF————— e S Vehicle
Power Control
System
(VCS)
FIGURE|1—SCHEMATIC ILLUSTRATING'A GENERIC FUEL CELL SYSTEM TO BE USED FOR
PURPOSES OF THIS TEST. THE.LARGE CIRCULAR BOUNDARY INDICATES THE
BOUNDARY WHERE PERFOGRMANCE PARAMETERS ARE TO BE MEASURED.
41.2 TEST BOUNDARY

The test boyndary serves to define the interfaces used for measurement of performance pargmeters. The
test boundary and pertinentimaterial and energy streams that cross it are to be determined by agreement
of the test parties priorte the start of test.

Different systems_will result in different test boundaries based on conceptual design and integration
philosophieq. ~Avgeneric and representative set of interfaces may come from Figure 1. The specifics of

the interface r relative to
the FCS and the vehicle) are left to the testing parties and should be documented in the test report.
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4.2 Speci

421

fications of Test Facility and Equipment

FUEL STORAGE

The test facility should have a fuel storage area designed in accordance with applicable codes and
The region should be adequately ventilated, appropriately distanced from any sources of
ignition, well labeled with “No Smoking or Open Flames” placards, and secured from tampering. All

standards.
electrical eq

422

uipment should be rated in accordance with reference 29.

FACILITY VENTILATION

The test facility should provide adequate ventilation in accordance with applicable codes and standards

such that th
All process
hazard.

423 ALA

The test fac]

e normal leakage or leakage in a failure mode does not endanger personnelo
bxhausts and emissions should be safely vented out of the local test area,to pr

RMS

lity should provide for continuous monitoring of hazardous conditions including

and toxic sybstances, and flame detection. Audible and visible alarms should be provide

accordance

with the design limits recommended in referencer, 2 and should allow

equipment.
pvent further

combustible
H and set in
for prompt

communicatjon of the nature and general location of the hazard. Allsensors and related equjpment must

be rated in g

424 SHU

ccordance with reference 29.

TDOWN PRECAUTIONS

The test stapd should provide for appropriate and timely shutdown in the case of a hazard

through the
gases, suc
provide for &

test operatof.

425 LoA
The testing
cell system
to apply this|
in the test, n
provide for g

426 CoD

use of gas/flame detection system. for*dangerous accumulations of combust

clearly marked manual emergengy shutdown mechanism to be used at the disg

D SYSTEM

described in this recommended practice requires that a variable load be placec
n order to draw current from it. As such, the test facility should provide the mear
variable load:Fhe load range should accommodate the complete power range {
ominally from-idle power to peak power as described in Section 5.1.2. The load
onstant resistance and constant current testing.

ES.AND STANDARDS

bus situation
ble or toxic

h as hydrogen and carbon monoxide.” Additionally, it is recommended that the test facility

retion of the

on the fuel
s with which
o be verified
bank should

The test facility should be constructed and certified in accordance with all applicable codes and
standards. These may include, but are not limited to, the National Fire Protection Association, the
National Electric Code, the American Society of Mechanical Engineers, American National Standards
Institute, Compressed Gas Association, the American Petroleum Institute, and the Society of Automotive
Engineers.
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427

FLUID SPECIFICATIONS

The test stand should provide fluids to the FCS as necessary for the production of power over the range

of operation

and conditions to be tested. These fluids are outlined in the following sections.

428 COOLANT

De-ionized water and/or other cooling and anti-freezing additives such as ethylene glycol, meeting the
manufacturers minimum requirements for resistance.

429 FUEL

The fuel specifications are to be determined and agreed upon by the testing parties. These's
should be dpcumented as part of the test report in the form of a batch and/or composition
The lower heating value (LHV) of the fuel should be determined in accordance with-Section
should be recorded as part of the test report.

Any conditigning of the fuel supply should be indicated in the test report "“Conditioning

filtration, hurpidification, and heating that takes place outside of the test boundary.

4.2.10 AIR/DXIDANT

The process

Any conditig
filtration, hun

Corrections
purposes.

4.2.11 WATER FOR HUMIDIFICATION

Some FCS’s
may requirg
applications

4212 DAaT
Data acquis

preferred, h
Data acquis

oxidant is to be provided from ambient conditions,

ning of the process air should be indicated in_the the test report. Conditioning
hidification, and heating that takes place outside of the test boundary.

may be applied to convert all test results to standard ambient conditions for

may use water for humidification of reactants that is separate from the coolant
conditioning in ordersto maintain dielectric properties specifically required
\ ACQUISITIONSAND TIMING EQUIPMENT

tion and.legging should be provided to record test results. Automatic data 4
pwever a manual log of test activities and key results should be included in the

minimum re

becifications
certification.
5.1.5.2, and

may include

may include

comparison

This water
for fuel cell

cquisition is
test report.
cturer.  This

tion\should provide for resolution sufficient to support any claim by the manufa

herefore the

sampling rate of the data acquisition system may have to be much faster than that required to meet the
minimum log rate.

Timing equipment should be provided for the time stamping of logged data, averaging of test data, and

for assessing transient performance response.

acquisition and logging systems or by manual means.

This timing may be accomplished by automatic data
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4.2.13 TEST INSTRUMENTATION REQUIREMENTS

Test instrumentation should meet the accuracy requirements of reference 14. All test instrumentation
used in the measurement of performance variables should be traceable in accordance with NIST
standards.

4.2.14 TeST EQUIPMENT CALIBRATION

All test equipment and related instrumentation should maintain a high level of calibration to ensure that all
testing is performed accurately. This calibration should be conducted in accordance with reference 14.
Documentation of calibration should be traceable in accordance with NIST standards. The design and
calibration of the te i ontrol of the te in accordance with

Al 1 aAlIOW 9, Palrad
. To ensure adequate accuracy in the instrumentation an uncertainty error analysis should

¢d on critical measurements and their impact on reported performance results

4.2.15 PRH-TEST RECORDS

Pretest recd
the test artid

—General g
—Nominal
—Operating

le.

hysical conditions (e.g. serial number, photos and drawings)
[pre-test) performance data
limitations supplied by the manufacturer

—Temporalily non-functional components or sub-systems,\feason for lack of function, an

(see section

rds should follow reference 14. At a minimum the following should be documented regarding

i anticipated

impact ¢n test results
4.3 Inspection of Test Items and Connectionsto Facilities and Equipment
431 COMPONENT CERTIFICATION
Components, connections, and systems-should be designed, built, and tested to relevant national or
international standards (SAE, ASME, ISO, etc.) and meet applicable local, state, and federal fegulations.
4.3.2 LEAK DETECTION AND GAS)PURGING
All test equjpment and the\FCS should be leak tested prior to test with an inert gas such|as Nitrogen.
This test should follow-the recommended practice of reference 2.

all testing,

nd prior to any maintenance work performed on these lines.

Subsequerqu alldines containing combustible gases are to be purged with an inert gas bef

bre and after

4.3.3 ELECTRICAL CONNECTIONS

Electrical equipment and connections are to be designed in accordance with reference 2.
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434

ELECTRICAL ISOLATION

All test equipment is to be electrically grounded and bonded in accordance with reference 2.

435

FUNCTIONAL CHECK

The complete test system should be determined to be functionally sound prior to test. This determination
requires a test of both system hardware and control functions, data acquisition systems and test safety
equipment. Results of this test should be included in the test report. The responsibility for this testing
should be determined by the testing parties. The test components that comprise the FCS may be
addressed separately by separate parties if documentation of each test component is provided in the test

report.

436 CON
Prior to the

include fluid
supply and |

4.4 Pretréatment Procedures

441 AwmB

NECTIONS BETWEEN TEST FACILITY AND TEST ARTICLE

supply connections, drains, electrical connections, instrumentation.sighal conneg
bad system connections.

IENT TEMPERATURE AND PRESSURE

start of testing, all mechanical connections between the test article andithe test facility should
be verified as leak tight and electrical connections should be verified as sound. The conn

ections may
tions, power

Ambient temperature and pressure should be per reference.14. Test results from tests run &t conditions

other than ti
442 Eau

The FCS s
determined

extreme coldl temperatures.

One except
and system

A second eX

ose indicated as standard shouid be converted to account for this difference.
IPMENT TEMPERATURE

hould be at thermal equilibrium.prior to the start of testing. This equilibriun
hccording with test intent. Exafnples include testing at ambient conditions, and

Hependant.

equilibrium
are not req
functionality

ception regards portions of the FCS which include means for sustained avoidang

.g. keeping/water at elevated temperatures with electric heaters). These portion
ired to reach ambient temperature as long as the supplemental energy for th
is accounted for.

h should be
starting from

on to this requirementiis for tests of hot restart time, when FCS temperatures are transient

e of thermal
5 of the FCS
e additional

Fmance test.
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4.4.3

FCS CONDITIONING

The FCS should be conditioned in accordance with manufacturer requirements. This conditioning should
be described in the test report. Such conditioning may include special treatment of the fuel cell stack sub-

system, or o

4.4.4

f reactors in the fuel processing sub-system.

PRELIMINARY OPERATION AND ADJUSTMENT

The test article delivered to this test is assumed to be configured and tuned for nominal operation. This

may require

Once testing_has commenced, no modifications should be made to the test article.

testing and operation prior to application of this recommended practice.

If modi

ications are

required in

modification$

45 TestH

451 GEN

The development of an overall test plan, including detailed test procedures; is recommendeqg

start of test.

Bas
Dats

oo o

is cq
Locs
prev
f. Datsg

S00

the $upplier's requirements.
Progedures for recording the.test data and observations, including sample frequency.

Typ
Ccong

i. Instument calibration.schedule or procedures.

Des

[—

—x

Nu
repd

Extgnt of the system to be tested, i.e., test boundary

Pergonnel to conduct the test, and the responsibilities of each individual in certifying

characteristics.
Rec’-]:Fisite facilities for maintaining constancy of load during test, if applicable.

order to obtain complete test results, the testing should be restartedic

lan

FRAL

The plan should focus especially on the following issues:

e reference conditions

to be recorded, and method of recording and archiving data
nducted in accordance with the recommended practice.
ailing ambient conditions are acceptable to the parties.

when the test is to be conducted.) For an acceptance test, the test should bej
after the test article is operational, with appropriate time to condition it in accg

, number, and systematic uncertainty of all instruments to be used to es
itions and test results ‘and how they should be installed.

gnation of the\laboratory and any other facilities required for determining p

ber ¢f lidentical tests to be conducted to assure statistically significant ag
atability.

llowing the

prior to the

that the test

tion of test: at the manufacturer's fagcility, the customer site, or other location where the

undertaken
rdance with

tablish test

briinent fuel

curacy and

Durd

tion of each test segment

T o5 3

Acceptance of test when disruptions occur.
Acceptance criteria for test completion.
List of agreements between test parties as identified throughout this recommended practice.
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It is also recommended that the test plan identify the operational conditions and associated state-point
values, the pertinent control-system set points, the minimum test time at a condition, and the significant
data to be taken. Additional test operating conditions, such as part-load, should be defined and identified
along with the expected sequence for testing them. Where appropriate the test plan should reflect any
contract requirements that pertain to the test objectives.

452 SCHEDULE OF TEST ACTIVITIES

A test schedule should be prepared that should include the timing of the test events, notification of
parties, test preparation and conduct, and the preparation of the test report.

4.6 Training of Test Personnel

All test per%snnel should be well trained on the use of the test station, test facility equipmgnt, fuel cell
system operations, the safe handling of hazardous fluids, and all other applicable safety procgdures. The
test personnel should also be trained regarding the test plan and detailed test procedures.

4.7 Agregments
The parties [to the test should agree in writing on the object, scope, and\plan for the test.| The parties

normally indlude the purchaser/customer, the vendor or system supplier, and possibly an jndependent
contractor, fpr example, a testing agency.
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5. Test Description

5.1 Specifications of Test Variables and Measured Performance

TABLE 2—SUMMARY OF PERFORMANCE TEST PARAMETERS FOR A FUEL CELL SYSTEM

Performance Parameters
Measured Parameters
Category Examples
Peak Power DC Voltage
Maximum Continuous Power DC Current
Maximum Design Efficiency Power
Power Output Water Balance Power Level
Idle Power
Turndown
Thermal Output
Open Circuit DC Voltage
Voltage Range
Power Quality Current Range
Instantaneous Voltage Stability
Long Term Voltage Stability
Auxiliary Power DC Current
Input Pover Startup / Shutdown Energy DC Voltage
Thermal Input
Fuel Input
System Efficiency Fuél Flow Into FCS
Efficienpy RugLAv
Power Output
Input Power
Cold Start Elapsed Time
Hot Start Power Deficit/Surplus over cycle
TransiTt Normal Shutdown Voltage Stability on Transient
Responise Emergency Shutdown Energy Input
Step/Ramp Transient
Cycle Transient
Mass Dry Mass
Physichl Volume Operating Mass
Envelope Volume
Temperature Range Min Operating Temperature
Altitude / Pressure Max Operating Temperature
Environmental Humidity Maximum Operating Altitude
Maximum Operating Humidity
Minimum Operating Humidity
Water Sufficiency Water Surplus / Deficit
Operational Auxiliary Power Requirements (Voltage, Current) Purity Measurements
Auxiliary Power Use
Integration Specific Power Voltage, Current
Power Density Mass, Volume
511 DE'I]ERMINATION OF STEADY STATE

The steady state of any given parameter is achieved when the parameter varies no more than twice the
required accuracy of the measurement indicated in reference 14. Some measured parameters may not
reach a steady state based on this requirement. For such parameters an average reading should be
used and the level of stability should be measured and recorded according to section 5.1.3.
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5.1.2 POWEROUTPUT

5.1.2.1  Net Electrical Output Power

Electric power output should be measured at five specific power levels as described below. In each case,
the FCS manufacturer should indicate the power level and the test should verify the performance claim.
All power levels are to be in net terms with kilowatts (kW) as the unit of measure unless otherwise agreed
to by the testing parties. Net power is determined by subtracting parasitic power from the gross output in

each case (See Section 5.1.8 for net power determination).

5.1.2.2 Peak Power

This is the maximum instantaneous net power output of the FCS. The FCS manufacturer sh
the time intgrval over which this power is sustainable. The duration of peak power and,time
which this performance is sustainable should be noted in the test report, along\with

conditions of the test (see section 1.3.16). If any system pre-conditioning period is ‘required
also be noted in the test report.
5.1.2.21 aximum Continuous Power

This is the maximum net power sustainable, limited only by the supply‘ef reactants and cool

The duratio

for this test should be determined by the testing\parties. The duration ¢

buld indicate
nterval over
he ambient
this should

ant makeup.
f maximum

continuous power and time interval over which this performanceiis Sustainable should be notgd in the test

report, along with the ambient conditions of the test (see section 1.3.16). If any system pre

period is red
51222

This is the
calculations
along with t
this should &

51223

This is the
external coo
(see section

this should &

51224

uired, this should also be noted in the test report.
Maximum Design Efficiency Power
net power level at which the FES' is most efficient (see Section 5.1.9 f

ne resulting efficiency at this péwer level. If any system pre-conditioning period
Iso be noted in the test report.

Water Balance Power

net power level at which the FCS is able to maintain water balance. This test
ling capacity o simulate the FCS integration in a vehicle. The ambient conditior
1.3.16) should be noted in the test report. If any system pre-conditioning periog

Iso be noted in the test report.

dle\Power

conditioning

br efficiency

. The ambient conditions of the #ést (see section 1.3.16) should be noted in thg test report,

is required,

may require
s of the test
is required,

This is the gross power level at which the FCS operates when no external load is applied (i.e. zero net
power). This power level is sufficient to supply all parasitic power required by the FCS.
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5.1.2.3 Gross Electrical Output Power Measurement

Gross output power is to be measured at the interface between the fuel cell stack sub-system and the
power distribution system (reference Fig. 1). At this boundary, the power is of the direct current type
(DC). Voltage and current are to be measured in accordance with reference 17. The power is
determined by the product of these two measures according to Equation 1. This is the gross electrical
output power.

(Eq. 1)

5.1.2.4  Turndown (Gross)

Turndown i a measure of the gross power range of the FCS. It is the ratio of the maxXimum gross
continuous gower level to the gross idle power level as indicated in Equation 2.

g.max .cont *

D = (Eq. 2)
P, .
g.idle

5.1.3 ELECTRICAL OUTPUT POWER QUALITY
In addition fo the nominal power output at each power leve) tested, the power quality should be
measured. Power quality is measured in terms of voltage stability'at a constant current.
5.1.3.1  Open Circuit Voltage
This conditign exists when no external or parasiticJoad is applied to the FCS. This is typicglly when no
current is driawn through the fuel cell stack sub-system. This condition results in the highegt generated
interface voltage. This performance parameteriis dependant on temperature, pressure and jcomposition

of the fuel and oxidant and should be measured at the limit of conditions that result in the highest voltage.

For these 1
equilibrate fq

5132 M

This conditig
operational

easons, measurement of this‘parameter may also require that the system be
r a certain period determihed by the testing parties.

aximum Operating Veltage

n exists when‘the minimum net load is applied to the FCS. This is typically wh
current is drawn through the fuel cell stack sub-system. This condition results in

operating interface voltage for the FCS.

5.1.33 O

berating Voltage Range

allowed to

en the least
the highest

The boundaries of the operating voltage range are determined by the minimum operating voltage and the
maximum operating voltage of the FCS. The minimum will typically occur at the peak net power level and
the maximum will typically occur at idle. The determination of operating voltage range should be taken
from the voltage measurements performed at idle and peak power conditions.

It should also be noted that the minimum operating voltage may occur during transient performance when
a higher load is requested. This should be considered when determining minimum operating voltage.


https://saenorm.com/api/?name=45e274935e8dfae520007777357e7560

SAE J2615 Stabilized OCT2011 Page 20 of 44

5.1.3.4  Output Voltage Measurement

Output voltage should be measured as DC voltage at the interface between the power distribution system
(PDS) and the power conditioning system (PCS) (reference Figure 1). This measurement should be
performed in accordance with Ref. 0. The testing parties should consider using a device that limits current
when measuring FCS voltage.

5.1.3.5 Current Range

The range of current draw will depend on the minimum and maximum net power levels or the minimum
and maximum voltage points. The determination of current range should be taken from the current

measureme
FCS design
the peak po

5136 C

Current duri
system (PD
be performe

5.1.3.7 V
Voltage sta
maintaining
accordance

subsystem g

The testing

nts performed at idle and peak net power conditions. If the maximum current in

a particular

does not occur at peak power, then the maximum current must be measured seg
ver test.

rrent Measurement

ng on load operation should be measured at the boundary between the powe
5) and the power conditioning system (PCS) (reference Figure™1)” This measure
H in accordance with reference 17.

bltage Stability

bility is determined by observing and measuring any variation in output v
A constant current load on the fuel cell system."Steady state is described in sec
with Figure 1, the voltage measurement should be taken between the powe

nd the power conditioning system, and isthus the DC voltage output of the fuel ¢

parties should take care to account-for influences on voltage stability resulting

ripple and other phenomena associated with:load bank systems. If there is a known influenc

stability resy

lting from such facility interaction it should be corrected either by addressing the

arately from

distribution
ment should

bltage while
ion5.1.1. In
distribution

ell system.

from current
e on voltage
undamental

cause or by correction of the data basedon the measured influence.

5.1.3.7.1  [lransient Voltage Stability

The Transient voltage stability_is a measure of how consistent the voltage output of the fuel cell system is
relative to ftime scales «on the order of seconds. This performance measure prov|des for an
understanding of how responsive the power conditioning system must be to provide constapt voltage to
the vehicle power train-system.

Transient vd
time period.

tage over a

ltage-stability is to be measured as the standard deviation about the mean vo

terval of 50

milliseconds.

5.1.3.7.2 Long Term Voltage Stability

The long term voltage stability is a measure of how the supply voltage from the fuel cell system varies
over periods of time on the order of an hour. This measurement provides a determination of how the fuel
cell stack subsystem efficiency changes over a longer period of relatively constant power output.
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Long term voltage stability is to be measured as the standard deviation about the mean voltage over a
time period of 15 minutes. The maximum sample interval should be 100 milliseconds.

5.1.4 THERMAL OUTPUT

The thermal output of the fuel cell system may be useful for vehicular purposes (reference “heat” in
Figure 1). The verification of this claim should be tested at the maximum continuous operating power
level. Other power levels may be tested according to the agreement of the testing parties. If credit is
taken for thermal output, when determining FCS efficiency, it should be noted in the test report when
indicating the claimed efficiency.

5.1.4.1 Thermal Qutput Power Measurement

Thermal output may be available from the fuel cell system for a variety of reasons. Thermal qutput power
is accounted for by measuring and summing the output duties as shown in Equation 3; when the FCS is
operated at the required operating temperatures.

0, => 0, (Eq. 3)
k

The duty of the thermal output can be measured on either the hotr cold side of a heat exchanger as
noted in Equation 4.

O, =, - (, —hy ) (Eq. 4)
515 FUEL
5.1.5.1  Fyel Flow
Fuel flow wil|l be measured at the inlet boufdary to the FCS in accordance with reference 14 (also see
Figure 1). T:I:e nominal units of measure.should be kilograms per second (kg/s), but others may be used
by agreement of the testing parties.

5.1.5.2 Fyel Energy Content
The energy ¢ontent of thefuel should be measured in accordance with references 5-8, as delivered to the
FCS interfade by the FSS-per Figure 1. The nominal units of measure should be kiloJoules per kilogram

(kJ/kg), but gthers may_be used by agreement of the testing parties.

5.1.6 INPUT POWER

5.1.6.1  Auxiliary Power

Aucxiliary power is required to sustain operation of the FCS, and may be required to provide for start up
and shutdown as well. Operational power is accounted for as an efficiency debit. Start and stop power is
accounted for as energy inputs, since the fuel cell system power output is zero at the time these inputs
are required.
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5.1.6.1.1  Parasitic Electrical Input Power

During power level performance testing the electrical power inputs to the FCS should be measured in
accordance with reference 23 (reference “electrical input power” in Figure 1).

If multiple power supplies are used with various voltages, several measurements will be required. For
each power supply at each power level tested, the voltage and current should be measured and recorded

for computat

ion of total power input to the FCS according to Equation 5.

B,=2V,
J

(Eq. 5)

51.6.1.2

Thermal inp
reasons. Th
(reference “}

The duty of
as noted in

[hermal Input
it may be required for startup, operation or shutdown of the fuel cell system for

is input is accounted for by measuring and summing the input duties @snoted ir
eat” in Figure 1).

Q‘t,- - zk:Qk,

Equation 7. If the input is by means of electrical heat, it should be incl

measurement described in section 5.1.6.1.1.

Qki =y ’(hki _hko)

5.1.7 STARTUP AND SHUTDOWN ENERGY

a variety of
Equation 6

(Eq. 6)

he thermal input may be measured on either the hotlop cold side of a heat exchanger used

Ided in the

(Eq.7)

5.1.7.1  Electrical Startup Energy
The amount|of electrical energy required for startup of the FCS should be determined by ingtegration of
the auxiliary [power with respect to time over the duration of the start (reference “electrical ingut power” in
Figure 1). This is provided by Equation 8 in two forms. The latter form is provided for direct calculation
from logged|data. The sample rate should be sufficient to minimize error in this calculation, py providing
at least 10 samples over the'characteristic transient period of interest.

Lstart Lt

Eypie= [P, -di =Y P, (1) (1, —1,) (Eq. 8)
0 0

As noted in section 2.4.2, some FCS’s may be designed to prevent certain portions from reaching thermal
equilibrium with the environment. If so, the energy required to prevent such equilibrium should be
accounted for in the startup energy, and the appropriate period of integration is the entire period between
completion of shutdown and completion of startup.
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5.1.7.2 Thermal Startup Energy

The amount of thermal energy input required for startup of the FCS should be determined by integration
of the thermal input power with respect to time over the duration of the start, as shown in Equation 9
(reference “heat” in Figure 1). Similar to Equation 8, this is provided in two forms, the latter for numerical

integration o

Testing of t

f logged data.

start -

Oy = IQti (1)-dt = ZQti (1) (1 —1)

o FCS inatest facilibvymavreauire heatina of a laracer volume of cerdain svystems
Y Y | 5 5 Y Y

(Eq. 9)

for example

a coolant s

between th¢ test configuration and an actual integration.

annotation t
a result of th

5.1.7.3

The amount

cumulative amount of fuel input to the system and multiplying by the average LHV of the
uation 10 in two forms, the latter is intended for numefical integration of logged data similar to

shown in Eq
Equation 8.

Alternatively
considered
acceptable.

using liquid fuels.

5.1.74 E

The amount

Fuel Input Startup Energy

stem. The testing parties should be careful to consider the impact of such
Test result may require. mo
b ensure appropriate interpretation. Also, if the test facility is used to heat certain
is type of difference, this heat must be accounted for in the start up energy test.

of fuel used during the start up mode of the FCS should-be determined by m

t
start [

E,y. =LHV, [m0)-di =~ LHEQ m, 1) (1., ~1,)

start i+

| if a direct cumulative or instantaneous mass or volume measurement can be
more accurate than an integration of an instantaneous measure of flow
An application of this method(is shown in Equation 11. This may be particularly

ectrical Shutdown Energy

of \energy required for shutdown of the FCS should be determined by integ

differences
dification or
systems as

basuring the
fuel. This is

(Eq. 10)

made and is
rate, this is
useful when

(Eq. 11)

ation of the

auxiliary po

ver-with respect to time over the duration of the shutdown (reference “electrical

nput power”

in Figure 1). This is noted in Equation 12 in two forms, the latter is intended for numerical integration of

logged data

similar to Equation 8.

L shuatdown L uitdown

E [P, @-di="YP @) (1, —1)

shutdown , —

(Eq. 12)
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5.1.7.5

Thermal Shutdown Energy

The amount of thermal energy required for shutdown of the FCS should be determined by integration of
the thermal input power with respect to time over the duration of the shutdown (reference “heat” in Figure
1). This is noted in Equation 13 in two forms, the latter is intended for numerical integration of logged
data similar to Equation 8.

5.1.7.6 Fi

L shurdown L uitdown

[0, @-di= >0, ) @, ~1)

Qshu tdown =

el Input Shutdown Energy

(Eq. 13)

The amount
cumulative &
shown in Eq
Equation 8.

Alternatively
considered
acceptable.

using liquid {uels.

518 NET
The net pow
steady state
power from
be measure

of fuel used during the shutdown mode of the FCS should be determined by m
mount of fuel input to the system and multiplying by the average LHV. of the

uation 14 in two forms, the latter is intended for numerical integration ofjlogged d
Lshutdown t chuatdown
Eguionn, = LHV, [ (0)-dt = LHV, > i (1) - (155=0,)
0

0

if a direct cumulative or instantaneous mass or yolume measurement can be
more accurate than an integration of an instantaneous measure of flow
An application of this method is shown in Equation 15. This may be particularly

E

shutdown ;

= LHV i, —m
= LHI?- Am

¢ shutdown )

shutdown f

ELECTRICAL POWER

er output of the FCSis determined by subtracting the parasitic electrical input {
operation from the gross power, as noted in Equation 16. If the FCS receives|
he PDS (i.e..no.additional inputs from the PCS or other supplies, than net pows
| between the-PDS and the PCS for verification (reference Figure 1).

P

e,

n :Peo _Pei

basuring the
uel. This is
ta similar to

(Eq. 14)

made and is
ate, this is
useful when

(Eq. 15)

ower during
all parasitic
r output can

(Eq. 16)
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SAE

5.1.9 EFFICIENCY

5.1.9.1  System Efficiency

The overall FCS efficiency accounts for fuel, electric and thermal inputs and electric and thermal outputs
at steady state. It is the ratio of the useful net power output to the fuel and thermal energy input, as

shown in Equation 17. When the thermal output is used in the vehicle system (J, should be accounted

for, otherwise it provides no benefit and should not be included in this calculation.

+0,
0= = (Eq.17)

s LIV 'I'gti

€o,n

If the test pdrties agree to credit the FCS efficiency for the use of thermal output, it should be|noted in the

test report when indicating FCS efficiency.
5.1.10 DYNAMIC PERFORMANCE
5.1.10.1 Siart-Up Performance

5.1.10.1.1 [old Start

A cold start
the first stari
The specific
designated

specific con
soak is reco
reference cg

51.101.2

A hot start is

s a start of the power plant from any ambient conditions specified. The cold sta

conditions from that this start proceeds shoeuld remain the discretion of the ma
ester and this test procedure should serve to verify the operational claim. H
Hitions should be included in the test report and cited when indicating the start
mmended, and the conditions of the~soak should be noted in the test report. Re
nditions for “cold day” and “freezinig'day” are provided in section 1.3.16.

Hot Start

one that closely follows a shutdown from a power production mode. It is expect

t represents

of the FCS after a period of shutdown long enough to reach a steady non-operItionaI state.

ufacturer or
owever, the
time. A cold
commended

bd that a hot

start will b¢ quicker than a (cold start, particularly for those FCS’s employing fuel pfocessing of

hydrocarbor
5.1.10.2 S

5.1.10.21

fuels.

hutdown Performance

Normal Shutdown

A normal sh

tdewn is one that results from a request on the part of the user for the end of FQ

S operation.

The measures of performance for a shutdown include the duration of the shutdown process, the amount
of energy and power level required to perform the shutdown and any FCS conditioning required in the
process. Completion of shutdown process is defined as the point when the system reaches the state
enabling the next start-up. These conditions may differ for hot and cold start-ups.
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5.1.10.2.2 Emergency Shutdown

An emergency shutdown is one that results from an immediate or urgent need for the end of FCS
operation.

5.1.10.3 Transient Response

A key transient performance parameter is the capability of the FCS to respond to a change in requested
power output within a specified period of time. This test endeavors to provide a standard framework for
quantification and verification of claims relative to FCS response. The transients described in this section
are intended to include both up and down transients. When reporting FCS transient response, the

specifications of the transient (levels. rate) as well as the duration should be included.

5.1.10.31

This form of
magnitude d

units of kW.
milliseconds].

51.10.3.2

The ramped
point to thej

magnitude of the ramp has units of kW.

Step Input
request is a sharp increase or decrease of power with respect to time?)“Fhe stef
efined by the difference between the end point and the start point of the step an
The duration of the step is generally very short and may“be expressed

Ramp Input

request is a linear increase or decrease in powef.of a specified magnitude fr
end point with a specified slope. The slope of\the ramp has units of kW/s

input has a
i reported in
in units of

bm the start
ec, and the

5.1.10.4 Output Performance
The key performance parameter measured during.the response tests is the assessment of wiether or not
the FCS pefformed the transient in the specified period of time. This condition is considgred to have

been satisfiqg

within the claimed period of time.

5.1.10.41

Another per
voltage stab

51.104.2

d if the target power level is achieved and sustained without a failure or shutdow

Voltage Stability

formance parameter that is important in terms of integration of the FCS in th
lity over the transient. Section 5.1.3.7 provides guidelines for determining voltag

Start Point-Voltage Stability

h of the FCS

e vehicle is
p stability.

At the start ¢f the'transient the reactant supply may lag the current draw due to the power request. If this

is the case,

in the PCS will be Ie o power the vehicle thrugh th ransient. |

il oltade alp KE Q Audl [] 1€ DOWE

r electronics
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51.104.3

End Point Voltage Stability

The reactant supplies are most likely controlled using automatic control algorithms. Such algorithms and
other characteristics inherent to the FCS may result in low level instabilities at the end point of the
transient. The purpose of this test is to determine the stability of FCS output voltage following a specified
transient. Section 5.1.3.7 provides guidelines for determining voltage stability.

51.11

Mass

The mass of the FCS should be measured in the as-delivered configuration including all subsystems,
components, plumbing, wiring and insulation that comprises the FCS. Fluid inventories should be filled to

the nominal

level.

51.11.1 D
The dry majg
during the n
time, but th
seals and o

5.1.11.2 O

The operatin

4

bs of the FCS is the mass of all mechanical and electrical structure, void’of fluid
prmal course of operation. This mass does include solid materials/that may det
bt are not to be replaced through routine maintenance (i.e. catalysts, resins,
rings, etc).

berating

g mass is the mass of the FCS as it is prior to a normal start. This mass includ

that are normally consumed during the course of operation, orthrough the normal maintenary

(i.e. coolants
5.1.12 VoL

The volume
components

5.1.12.1 E
The envelog
multiplying t
= height, an
and compon

5.1.122 E

Although fo

5, etc).
UME

of the FCS should be measured in-the as-delivered configuration including all
, plumbing, wiring, and insulation.that comprises the FCS being tested.

nvelope

e volume represents_the three dimensional outline of the FCS assembly. It is d
ne three maximumdimensions in each of the three typical Cartesian coordinates

d z = length). This measure includes void interstices between the assembled
ents.

hvironmental

ir.categories of environmental conditions are provided in section 1.3.16, the

should congidet exploring the actual range of FCS operability beyond those conditions

reference.

5.1.12.3 Temperature Range

s consumed
briorate over
membranes,

bs any fluids
ce schedule

subsystems,

alculated by
(x = width, y
subsystems

test parties
brovided for

The temperature range over which the FCS is capable of delivering acceptable levels of performance,

including fre

ezing conditions.
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5.1.12.4 Temperature Cycling

The capability of the FCS to continue to deliver acceptable performance over a repeated range of
changing temperatures, including freezing.

5.1.12.5 Altitude / Pressure

The altitude above sea level for which the FCS is capable of delivering an acceptable level of

performance

. This is also a measure of the pressure range over which the FCS may operate.

5.1.12.6 Humidity

The range
performanceg

5.2 TestH

Reference 2
systems des
of a fuel cell

The test arti
the presenc
structural int

5.3 TestH

This section
above sectid

53.1 MEA

The ambien
include:

1. Tem
2. Pred

3. Conposition'and level of humidity

Each fon

bf ambient humidity over which the FCS is capable of delivering acceptab
, including water balance.

recautions and Abnormalities
contains recommended practices for mitigation of potential hazards associated

igned for vehicle integration. This reference should be consulted during design
system, and before application of the current recommended‘practice.

SUREMENT OF AMBIENT CONDITIONS

conditions of the test\environment should be measured and recorded. Thes

perature
sure

e levels of

ith fuel cell
and testing

Cle and test stand should be designed to sense, alarmand shutdown if necessary based on

e of a hazard (reference section 2.2). The test<article should be designed [to maintain
bgrity at least over the expected period of test.

rocedures

outlines a suggested test sequencezfor performing the measurements described in the

ns. In order to confirm repeatable results, each test should be conducted mor¢ than once.
The exact nymber of test runs should be per agreement of the test parties.

b conditions

1. Air supplied at the air processing sub-system boundary
2. Fuel supplied at the interface between the fuel supply system and the fuel processing system
3. Coolant supplied at the thermal management sub-system boundary
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53.2 PHY

53.2.1

SICAL PERFORMANCE PARAMETERS

Dry Mass

Prior to filing the FCS with fluids required for operation, the mass should be measured. Since
conditioning of certain systems may require that the system be filled with fluids, all fluids should be
drained, as if for shipping, prior to this measurement.

The FCS should be free standing on the scales used for this measurement, and should be disconnected
from any testing facility. Personnel should not be in contact with the FCS during this test.

All components within the test boundary described in Figure 1, should be included in this measurement

(including the FCCS). If it is unrealistic, or unduly cumbersome to measure the entire~F

subsystems

may be measured individually and the sum may be reported as, the

CS at once,
total mass.

Instrumentagion imposed on the FCS for the purposes of testing should be subtracted\from any measure

of mass. Ing
mass.

The dry mas
5322 E
The FCS di
along each

three dimen

The dimeng

volume sholild be recorded in meters cubed (m°)

5323 O
Following th
The measu
mass. Only
the mass m

53.3 STE

This section
power prody

trumentation that is required for normal operation should be includedcin-the mez

s should be measured and recorded in kilograms (kg).

velope Volume

coordinate. The envelope volume should be cal¢ulated by determining the prog
sions.

ions used for determining envelope volume should be taken in meters (m) a

perating Mass

e measurement of dry mass;.the FCS should be filled with fluids as required for o
ement of FCS mass should be repeated as in Section 5.3.2.1 to determine t
those assemblies orcomponents that have been changed as a result of the fillin
basured a second time.

ADY STATE_.PERFORMANCE

of thé test description provides detail on the tests used to determine paramete
ctioprand efficiency. The section is categorized in a similar fashion as section 5.

surement of

mensions should be taken along three orthogonal{codrdinates as the maximum dimension

uct of these

nd envelope

peration.

ne operating
g must have

rs related to
2.1
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5.3.3.1 Maximum Voltage

Prior to application of internal or external loads, the fuel cell system interface voltage should be measured
and recorded. The purpose of this test is to determine the maximum voltage that is possible at the
interface with the PCS.

Test Procedure:

1. Initiate an normal startup of the FCS

2. Do not apply any external load to the FCS
3. Record output voltage

5.3.3.2 Idle Power

Following a hormal startup to power production mode, and prior to application of external load the fuel cell
system intefface voltage should be measured and recorded manually, in addition™to aufomatic data
acquisition. | If external power is supplied to the fuel cell system in this mode of ©peration, [it should be
measured and recorded as well.

The fuel flgw rate into the FCS should also be measured and recorded-in order to determine fuel
consumption at idle.

Test Prgcedure:

1. Recprd fuel LHV prior to test

2. Allow FCS to reach steady state at idle power, and eperate at this power level for 4 designated
peripd of time

3. Recprd output voltage and current

4. Recprd input power and any other energy supplied

5. Recprd fuel flow rate

ximum Design Efficiency Power

The fuel cell system should have an external load applied that is equivalent to the point it which the
maximum design efficiency of the system is achieved. The determination of this point|is generally
iterative and may be done prior to.this test or as part of it. This decision is left to the test partigs.

Upon reaching steady powerproduction at the desired maximum design efficiency point thel current and
voltage should be measured and recorded manually in addition to automatic data acquisition.

Test Prgcedure;

1. Recprd fuel LHV prior to test

2. Allow FCS to reach steady state at maximum design efficiency power, and operate Tt this power
levelfor a designated period of time

Record output voltage and current

Record input power and any other energy supplied

Record fuel flow rate

Reduce load

ook w
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5.3.34 Water Balance Power

The fuel cell system should have an external load applied that is equivalent to the point
system is in water balance (i.e. neither generating a surplus of water or reducing the accu

at which the
mulate water

resources within the system). The determination of this point is generally iterative and may be done prior

to this test or as part of it. This decision is left to the test parties.

Upon reaching steady power production at the water balance point, the output current and voltage should

be measured and recorded manually in addition to automatic data acquisition.

The system is con3|dered to be in water balance if the level of the free surface in the system water

3. Recprd output voltage and current
4. Recprd input power and any other energy supplied
5. Recprd fuel flow rate

6. Reduce load

aximum Continuous Power

The fuel cell system should have an external load applied that is equivalent to the point
maximum cpntinuous power of the system is achieved. The determination of this point
iterative and

Upon reaching steady power production at'the desired maximum continuous power point the

voltage should be measured and recorded manually in addition to automatic data acquisition.

The system| operation at maximum. continuous power is confirmed if the system continue
without intervention (other than(reactant supply, coolant makeup and auxiliary power supply
agreed upon by the test parties! A minimum of 60 minutes is recommended.

Test Prqcedure:
1. Recprd fuel bHYV prior to test

2. Allow FCS/10 reach steady state at maximum continuous power, and operate at thig

for g designated period of time

may be done prior to this test or as part of it. This decision is left to the test partigs.

ethod is to
composition

r level for a

ht which the
is generally

current and
5 1o operate

for a period

power level

3. Rechrd output \mlmgp and current

4. Record input power and any other energy supplied
5. Record fuel flow rate

6. Reduce load
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5.3.3.6 Peak Power

The fuel cell system should have an external load applied that is equivalent to the point at which the peak
power of the system is achieved. The determination of this point is generally iterative and may be done
prior to this test or as part of it. This decision is left to the test parties.

Upon reaching steady power production at the desired peak power point, the current and voltage should
be measured and recorded manually in addition to automatic data acquisition.

The duration of operation at this point should be measured in order to present along with the peak power
point.

Operation at|peak power may also result in the minimum voltage of the FCS.

Test Procedure:

Record fuel LHV prior to test

Allow FCS to reach steady state at maximum continuous power

Apply a load consistent with peak power, noting time when load is initiallyapplied
Record output voltage and current

Record input power and any other energy supplied

Record fuel flow rate

Redtice load to maximum continuous power

Record time spent at peak power

NSO RO =

5.3.4 TRANSIENT RESPONSE PERFORMANCE

The respons
the setting, 4

This test ma
a driving cy¢
point. Additi
(step) or 5.1

The fuel cel
transient. T
part of it. Thi

Upon reach
should be m

The transie

e of this system to a change in load is determined by reaching a set power poi
nd confirming FCS response within a specified time frame according to Section §

y be performed for an individual ehange in power or a series of changes in powe
le. In either case, the changelin power is defined in terms of a starting point
bnally a time over which to-make the change is defined according to either Sectio
10.3.2 (ramp).

system should have'an external load applied that is equivalent to the start
ne determination\of this point is generally iterative and may be done prior to th
5 decision is left 1o the test parties.

ng steady-power production at the desired starting power point, the current
basured and recorded manually in addition to automatic data acquisition.

nt, changing
.1.10.3.

to simulate

and an end
n5.1.10.3.1

point of the
s test or as

and voltage

is‘pberformed by changing the load on the system as intended by the test defi

ition agreed

to by the test parties. It is assumed that the automatic control system will adjust the fuel cell system
accordingly to respond to the load. A successful transient is achieved when the system performs the
transient without a shutdown or permanent damage to the system within the specified period of time.

At this time, the fuel cell system should have an external load applied that is equivalent to the end point of
the transient (or a ramped setpoint according to 5.1.10.3.2). The determination of this point is generally
iterative and may be done prior to this test or as part of it. This decision is left to the test parties.
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The time for this transient is determined by measuring the elapsed time between the start power just prior
to the transient and the first attainment of the end point (either automatically via data acquisition or
manually by test personnel). The power level at the end point should be held for at least 60 seconds and
the voltage stability is to be measured and recorded according to section 5.1.3.

This transient test may be performed for either an up transient (in which the end point is a higher power
than the start point) or a down transient (in which the end point is lower than the start point).

In the case of an up transient, the FCS may exhibit the minimum output voltage.

Test Procedure:

Allow the ECS to reach prarly state nlnprafinn at the Qfarting Ihninf of the transient
Perform transient noting time of start

Allow the FCS to reach steady state operation at the end point of the transient
Redord time at completion of transient

Redord any energy input required during transient

Redord voltage during the transient and note minimum value

ok wNd =

5.3.5 Colb START PERFORMANCE

Cold start t¢st method is intended to measure the performance of the fuel cell system in terms of starting
from a relatively cold temperature. This test method includes the following steps:

A cold soal temperature should be agreed to by the test parties per section 5.1.10.1.1. [The fuel cell
system sholld be left at the cold soak temperature long enough for the cold, non-operationd| state of the
system to e reached. Non-operational indicates that no external power is supplied to[the fuel cell
system.

The fuel cell system should be started with a single initiating action such as a key or switch. The instant
when this sfate change occurs represents time-zero. This state change should be logged alohg with other
performance parameters as noted in section4.2.12 to allow for determination of start time after the test.

The automgtic control system should be allowed to bring the fuel cell system to power prodliction mode.
The end of the start is the instant.at which the power level agreed to by the test parties is fifst achieved.
This power [level should be held for at least 60 seconds and the stability is to be measured and recorded
according t¢ section

Test Procedure:

1. “Cold soak’ at-a designated temperature

2. Initiate afivhormal startup of the FCS to a designated power level
3. Regord start time
4

5

Redord-energyinput
Ty

Confirm normal operation has been achieved
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5.3.6 HOT START PERFORMANCE

The hot start test method is intended to measure the performance of the fuel cell system in terms of
starting relatively close to the end of a preceding shutdown. This test method includes the following steps:

Following a normal start, the fuel cell system should have an external load applied that is equivalent to
the point at which the maximum continuous power of the system is achieved per Section 5.3.3.5. The fuel
cell system should be operated at this power point long enough for the system performance to stabilize.

The fuel cell system should be commanded to shutdown via normal (i.e. non emergency shutdown)
means. The system should be allowed to reach a non-operation state. Non-operational indicates that no
external power is supplied to the fuel cell system.

The system|should be left in this state for a duration determined among the test parties. The test may be
run with varjous off times to determine the sensitivity of performance to the off time.

The fuel cel] system should be started with a single initiating action such as a/key or switchf The instant
when this stfte change occurs represents time zero. This state change should\be logged alopg with other
performancg parameters as noted in section 4.2.12 to allow for determination-of start time after the test.

The automatic control system should be allowed to bring the fuel cell system to power produiction mode.
The end of the start is the instant at which the power level agreedto by the test parties is fifst achieved.
This power |evel should be held for at least 60 seconds and the.stability is to be measured gnd recorded
according tq section.

Test Prgcedure:
the FCS and allow to reach steady state

rd standby time
rd any energy input required during standby period

rd startup time
rd any energy required, for startup from standby mode
Corffirm normal operation has been achieved

CONOOA~LND
my
)

537 SHUTDOWN PERFGRMANCE
5371 rmal Shtitdown

The main performance parameters associated with the shutdown of the FCS are the dupation of the
shutdown and'the energy required to achieve the shutdown.

This test should start with the FCS running for a period sufficiently long enough to achieve steady state
and to soak at operating temperatures. The fuel cell system should be shutdown with a single initiating
action such as a key or switch. The instant when this state change occurs represents time zero. This
state change should be logged along with other performance parameters as noted in section 4.2.12 to
allow for determination of start time after the test.


https://saenorm.com/api/?name=45e274935e8dfae520007777357e7560

SAE

J2615 Stabilized OCT2011

Page 35 of 44

The FCS shutdown will likely be controlled by the ACS and may require several automated actions to
conclude the shutdown. The shutdown is considered complete with the entire FCS has reached a state
consistent with the manufacturer’s definition of shutdown. This is usually a de-powered state.

Test Pro

ok wNd =

cedure:

Operate the FCS at steady state

Initiate a shutdown

Record the amount of time required to shutdown

Record the amount of energy required to perform the shutdown
Confirm that the FCS has reached a state consistent with the manufacturer's definition of

shutdown.

5372 Ern

The main pe
de-powered,

This test shq
and to soak

allowing the
an emergen
Test Pro
1. Ope
2. Initis
3. Rec
4. Con

shut

The function
transient, st

6. Data

6.1 Data
Reference 1
performancs
to Referencs

6.1.1  STO

hergency Shutdown

safe state in an expedient manner.

uld start with the FCS running for a period sufficiently long enough’to achieve
at operating temperatures. An emergency shutdown should\be initiated by
FCS to shutdown. This activity is normally instantaneous since a typical imple
y shutdown directly removes power from the FCS.

cedure:

rate the FCS at steady state

te an emergency shutdown

brd the amount of time required to shutdown

irm that the FCS has reached a safe state'consistent with the manufacturer's
Hown.

blity of the emergency shutdown . should be confirmed not only at steady state bu
rt-up and shut-down modes.

Ianagement, Analysis and Reporting

anagement
4 prescribes guidelines for the management of data collected before, during
test. An abbreviated discussion of those guidelines are provided here. The use
14 for a more comprehensive discussion of data management issues.

RAGEOF DATA

rformance parameter associated with an emergency shutdown is that the systein reaches a

steady state

:I:e operator

entation of

definition of

also during

and after a
ris referred

Signal inputs from the instruments should be stored to permit post-test data correction for application of
new calibration corrections. The engineering units of each instrument along with the calculated results
should be stored.
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