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Vehicles manufactured with

FOREWORD

liquid hydrocarbon as fuels have a long history of creating

appropriate safety

countermeasures. With the onset of new hydrogen fuel cell systems, new mechanical and electrical system safety design
parameters will need to be provided to vehicle developers. This SAE report establishes safety criteria and methodologies
for fuel cell vehicle and subsystem developers.

The purpose of this document is to identify the unique requirements and criteria for the integration of hydrogen fuel
systems (as defined in SAE J2579) and fuel cell systems into vehicles.
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1. SCOPE

This SAE Recomme
of fuel cell system, {
systems into the ov
maintenance of fuel
1.1 Purpose

The purpose of thi
methodologies that 4

nded Practice identifies and defines the preferred technical guidelines relating tg
he hydrogen fuel storage and handling systems as defined and specified in SAE
erall Fuel Cell Vehicle. This document relates to the overall design, constru
cell vehicles.

5 documient is to provide mechanical and electrical system safety guidelines
heuld"be considered when designing fuel cell vehicles for use on public roads.

the safe integration
J2579, and electrical
ction, operation and

safety criteria and

1.2  Field of Application

This document covers fuel cell vehicles designed for use on public roads.

2. REFERENCES

21

Applicable Publications

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the

latest issue of these

documents shall apply.
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SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

Applicable FMVSS standards and regulations should supersede any SAE recommended practices as described in this

Fuel Systems and Components—Electrostatic Charge Mitigation

Towability Design Criteria and Equipment Use—Passenger Cars, Vans, and Light-Duty Trucks

document.

SAE J1142

SAE J1645

SAE J1718 Mesg
Batt

SAE J1739 Potd
Effe
Mao

SAE J1742 Con
Gen

SAE J1766 Rec]

SAE J1772 SAE

SAE J1773 SAH

SAE J2344 Guig

SAE J2574 Fue

SAE J2579 Tec

2.1.2 ANSI Public

The following publi
Available from ANSI
ANSI 25354  Prog

2.1.3  Motor Vehic

surement of Hydrogen Gas Emission from Battery-Powered Passenger Cars and
ery Charging

ntial Failure Mode and Effects Analysis in Design (Design FMEA) and-Potenti
cts Analysis in Manufacturing and Assembly Processes (Process,FMEA) and
hinery (Machinery FMEA)

hections for High Voltage On-Board Road Vehicle Electrical \Wiring Harnesses:
eral Performance Requirements

bmmended Practice for Electric and Hybrid Electric ehicle Battery Systems Cras
Electric Vehicle Conductive Charge Coupler

Electric Vehicle Inductively Coupling Charging

elines for Electric Vehicle Safety

Cell Vehicle Terminology
nnical Information Report forRuel Systems in Fuel Cell and Other Hydrogen Vehi
htion

ation is provided for information purposes only and is not directly applicabl
25 West 43rd_Street, New York, NY 10036-8002, Tel: 212-642-4900, www.ansi.

uct Safety Sign and Label

e Safety Standards

Light Trucks During

bl Failure Mode and
Effects Analysis for

—Test Methods and

h Integrity Testing

Cles

e to this document.
Drg.

Motor vehicle standards for the U.S. and Canada are listed below. In other countries, other regulations may apply.

2.1.3.1 Federal M

otor Vehicle Safety Standards (FMVSS)

Available from the Document Automation and Production Service (DAPS), Building 4/D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quicksearch/.

The following Federal Motor Vehicle Safety Standards are specifically applicable to this document for use in the U.S. See

the Code of Federal

FMVSS 301

FMVSS 303

FMVSS 305

Regulations (49 CFR 571) for other applicable FMVSS.

Fuel System Integrity
Fuel System Integrity of Compressed Natural Gas Vehicles

Electric Powered Vehicles: Electrolyte Spillage and Electrical Shock Protection
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2.1.3.2 Canadian Motor Vehicle Safety Standards (CMVSS)

Available from Transport Canada, Road Safety and Motor Vehicle Regulation Directorate, P.O. Box 8880, Ottawa Post
Terminal, Ottawa, Ontario, K1G.3J2, www.tc.gc.ca.

The following Canadian Motor Vehicle Safety Standards are specifically applicable to this document for use in Canada.
See the Canada Motor Vehicle Act for other applicable CMVSS.

CMVSS 301.2 Fuel System Integrity

CMVSS 305  Electric Powered Vehicles: Electrolyte Spillage and Electrical Shock Protection

214 |EC Publications

The following publications are provided for guidance. Available from International Electrotechhnical Cdmmission, 3, rue de
Verambe, P.O. Box (131, 1211 Geneva 20, Switzerland, Tel: +41-22-919-02-11, www.iec.ch.

IEC 60079 (Parts 0 fhrough 20) Electrical Apparatus for Explosive Gas Atmospheres
IEC 60417 (Parts 1 @and 2) Graphical Symbols for Use on Equipment

IEC 61508-1, 1998 & Corrigendum: 05-1999  Functional Safety of &Electrical/Electronic/Programmable Electronic
Safety-Related Systems~~Part 1: General Requiremets

IEC 61508-3, 1998 & Corrigendum: 04-1999  Functional Safety “~of Electrical/Electronic/Programmable Electronic
Safety-Related Systems—Part 3: Software Requireménts

2.1.5 ISO Publication
Available from ANSIf 25 West 43rd Street, New York,NY 10036-8002, Tel: 212-642-4900, www.ansi.prg.

ISO 6469-2 Eleqtric road vehicles—Safety.specifications—Part 2: Functional safety means and protection against
failures

2.1.6 UL Publicatipns

The following publicgitions are pravided for guidance. Available from Underwriters Laboratories, Inc., B33 Pfingsten Road,
Northbrook, IL 60062-2096, Tel(847-272-8800, www.ul.com.

UL 991 Standard for Tests for Safety-Related Controls Employing Solid-State Devices
UL 1998 Standard for Safety-Related Software

UL 2202 Standard for Electric Vehicle (EV) Charging System Equipment

UL 2231 Personnel Protection Systems for Electric Vehicle (EV) Supply Circuits

UL 2251 Plugs, Receptacles, and Couplers for Electric Vehicles

UL 2279 Standard for Electrical Equipment for Use in Class |, Zone 0, 1, and 2 Hazardous (Classified) Locations
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Other Publications

The following documents should be consulted for additional information regarding Fuel Cell Vehicle safety control

systems.

DGMK Research Report 508, 1996 Avoiding the Ignition of Otto-type Fuel/Air Mixtures when Refueling Automobiles at

EPRI TR-105939

Gas Stations

Final Report Prepared Underwriters Laboratories, December 1995, “Personnel

Protection Systems for Electric Vehicle Charging Circuits”

NFPA 496

2.2 Related Publid

The following publications are provided for information purposes only and are not a required part of th

2.2.1 SAE Publics

Available from SAE
USA and Canada) o

Brogdband and Narrowband, 150 kHz to 1000 MHz

Edition

ations

tions

International, 400 Commonwealth Drive, Warrendale,/PA”15096-0001, Tel: 8
[ 724-776-4970 (outside USA), www.sae.org.

prmance Levels and Methods of Measurement of.Electromagnetic Compatibilit
0 15 m), and Machines (16.6 Hz to 18 GHz)

Limits and Methods of Measurement of Radio Disturbance Characteristics of
Spark-Ignited Engine-Driven Devices

Limits and Methods of Measuremeént of Radio Disturbance Characteristics of V
prmance Levels and Methads of Measurement of Magnetic and Electric Field S
cles, Broadband, 9 kHz to 30 MHz
cle Electromagnetic-tmmunity—Off-Vehicle Source
cle Electromagnetic Immunity—On-Board Transmitter Simulation
cle Eleetromagnetic Immunity—Bulk Current Injection

tromagnetic Compatibility Measurement Procedures and Limits for Vehicle Q

Standard faor Dnrgnrl and—Pressurized—Enclosures—for-Electrical Equipment 1998

s document.

77-606-7323 (inside

y of Vehicles, Boats

ehicles, Motorboats,

bhicles and Devices,

frength from Electric

omponents (Except

SAE J551-1 Perf
(up
SAE J551-2 Tes
and
SAE J551-4 Tes
SAE J551-5 Perf
Veh
SAE J551-11  Veh
SAE J551-12 Veh
SAE J551-13 Veh
SAE J1113-2 Eled
Airc
SAE J1113-3
SAE J1113-4

SAE J1113-11

SAE J1113-12

dlit)—Londucted Immunity, To AZ 10 ZoU KHZ—AIlI Leads

Immunity to Radiated Electromagnetic Fields—Bulk Current Injection (BCl) Method

Immunity to Conducted Transients on Power Leads

than Supply Lines

SAE J1113-13

Electrostatic Discharge

Conducted Immunity, 250 kHz to 400 MHz, Direct Injection of Radio Frequency (RF) Power

Electrical Interference by Conduction and Coupling—Capacitive and Inductive Coupling via Lines Other

Electromagnetic Compatibility Measurement Procedure for Vehicle Components—Part 13: Immunity to
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SAE J1113-21

SAE J1113-24

SAE J1113-25

SAE J1113-26

SAE J1113-41

SAE J1113-42

SAE J1115

SAE J1654

SAE J1673

SAE J1715

SAE J1752-1

SAE J1752-2

SAE J1812

SAE J2464

SAE J2799

SAE Paper 2007-01

SAE Paper 2007-01

Electromagnetic Compatibility Measurement Procedure for Vehicle Components—Part 21: Immunity to
Electromagnetic Fields, 30 MHz to 18 GHz, Absorber-Lined Chamber

Immunity to Radiated Electromagnetic Fields; 10 kHz to 200 MHz—Crawford TEM Cell and 10 kHz to
5 GHz—Wideband TEM Cell

Electromagnetic Compatibility Measurement Procedure for Vehicle Components—Immunity to Radiated
Electromagnetic Fields, 10 kHz to 1000 MHz—Tri-Plate Line Method

Electromagnetic Compatibility Measurement Procedure for Vehicle Components—Immunity to AC Power
Line Electric Fields

Limi
for t

Eleq
Guig
High
High
Hyb)

Eled
Mes

Mes
Met

Fun

Eled

70 NIPa Compressed Flydrogen Surface Vehicle Fuelling Connection Device and

Stat

Hyd

ts and Methods of Measurement of Radio Disturbance Characteristics of Comp
ne Protection of Receivers Used on Board Vehicles

tromagnetic Compatibility—Component Test Procedure—Part 42—Conducted Ti
elines for Developing and Revision SAE Nomenclature and Definitions
Voltage Primary Cable
Voltage Automotive Wiring Assembly Design
rid Electric Vehicle (HEV) and Electric Vehicle (EV).Terminology

tromagnetic Compatibility Measurement Procedures for Integrated Circuits—Int
surement Procedures—General and Definitions

surement of Radiated Emissions from Integrated Circuits—Surface Scan M
nod) 10 MHz to 3 GHz

Ction Performance Status Classification for EMC Immunity Testing

tric Vehicle Battery Abuse Testing

on Communications

0428 Diffusion and Ignition Behavior on the Assumption of Hydroger
fogen-Fueled Vehicle, presented at 2007 SAE World Congress

0437 Development of Safety Criteria for Potentially Flammable Discharges

bnents and Modules

ansient Emissions

bgrated Circuit EMC

ethod (Loop Probe

Optional Vehicle to

Leakage from a

rom Hydrogen Fuel

Cell

venicles, presented at ZUU/ SAE Vvorld Longress

2.2.2 ANSI Publications

The following publications are provided for information purposes only and are not directly applicable to this document.
Available from ANSI, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-4900, www.ansi.org.

ANSI/IEEE C62.41

Surge Voltages in Low-Voltage AC Power Circuits

ANSI/IEEE C62.45 Equipment Connected to Low-Voltage AC Power Circuits, Guide on Surge Testing for

ANSI FC1

Standard for Stationary Fuel Cell Power Plants
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223

CISPR Publications

The following publications are provided for information purposes only and are not directly applicable to this document.
Available from International Electrotechnical Commission, 3, rue de Verambe, P.O. Box 131, 1211 Geneva 20,
Switzerland, Tel: +41-22-919-02-11, www.iec.ch.

Vehicles, Motorboats and Spark-Ignited Engine-Driven Devices—Radio Disturbance Characteristics—

Information Technology Equipment—Radio Disturbance Characteristics—Limits and Methods of

CISPR 12

Limits and Methods of Measurement
CISPR 22

Measurement
CISPR 25 Limi

Use
2.2.4 EU Directivd

The following Dire
lex/en/index.html.

Commission Directiy
2.2.5 |EC Publicat

The following public
Verambe, P.O. Box

IEC 61508-2, 2000

IEC 61508-4, 1998 §

IEC 61508-5, 1998 ¢§

IEC 61508-6, 2000

H on Board Vehicles

S

ctive

ions

L Corrigendum: 04-1999

L Corrigendum: 04-1999

ts and Methods of Measurement of Radio Disturbance Characteristics for the Prd

is available for download from the European Union\ at http://ww

ptection of Receivers

w.europa.eu.int/eur-

e 95/54/EC  Automotive Directive (amends 72/245/EEC)

htions are provided for guidance. Available frominternational Electrotechnical Cq
131, 1211 Geneva 20 Switzerland.

Functional, ~Safety of Electrical/Electronic/Progra
Safety-Related Systems—Part 2: Requirements for
Programimable Electronic Safety-Related Systems

Funetional

Safety of Electrical/Electronic/Progra

mmission, 3, rue de

mmable  Electronic
Electrical/Electronic/

Safety-Related Systems—Part 4: Definitions and Abbrgviations

Functional Safety of Electrical/Electronic/Progra
Safety-Related Systems—Part 5: Examples of
Determination of Safety Integrity Levels

Functional Safety of Electrical/Electronic/Progra
Safety-Related Systems—Part 6: Guidelines on the
61508-2 and IEC 61508-3

mmable Electronic
mmable Electronic

Methods for the
mmable  Electronic

Application of IEC

IEC 61508-7, 2000

mmable  Electronic

Safety-Related Systems—Part 7: Overview of Techniques and Measures
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ISO Publications

Available from ANSI, 25 West 43rd Street, New York, NY 10036-8002, Tel: 212-642-4900, www.ansi.org.

ISO 6469-1

ISO 6469-2

ISO 6469-3

ISO 11451-1, 2001

ISO 11451-2, 2001

ISO 11451-3, 1994

ISO 11451-4, 1995

ISO 11452-1, 2001

ISO 11452-2, 1995

ISO 11452-3, 2001

ISO 11452-4, 2001

ISO 11452-5, 1995

ISO 11452-6, 1997 ¢

Electric road vehicles—Safety specifications—Part 1: On-board rechargea
system RESS

ble energy storage

Electric road vehicles—Safety specifications—Part 2: Vehicle operation safety means and protection

against failures

Electric road vehicles—Safety specifications—Part 3: Protection of persons agai

nst electric shock

Road vehicles—Vehicle test methods for electrical disturbances from ™n
electromagnetic energy—~Part 1: General and definitions

Road vehicles—Vehicle test methods for electrical disturbances) from n
electromagnetic energy—Part 2: Off-Vehicle radiation sources

Road vehicles—Electrical disturbances by narrowband radiated electromagng
test methods—Part 3: On-Board transmitter simulation

Road vehicles—Electrical disturbances by narrowband radiated electromagng
test methods—Part 4: Bulk current injection (BCI)

Road vehicles—Component test methods for.electrical disturbances from r
electromagnetic energy—~Part 1: General and-definitions
Road vehicles—Electrical disturbances by narrowband radiated electro
Component test methods—~Part 2: Absorber-lined chamber

Road vehicles—Component \test methods for electrical disturbances from n
electromagnetic energy—Part’3: Transverse electromagnetic (TEM) cell

Road vehicles—Component test methods for electrical disturbances from n
electromagnetic epergy—Part 4: Bulk current injection (BCI)
Road vehicles—Electrical disturbances by narrowband radiated electro
Componentitest methods—Part 5: Stripline

k. Technical Corrigendum 1: 02-01-1999 Road vehicles—Electrical disturbang
radiated electromagnetic energy—Component test methods—~Part 6: Parallel pl3

ISO 11452-7, 1995

ISO 23273-1

ISO 23273-2

ISO 23273-3

Component test methods—Part 7: Direct radio frequency (RF) power injection

Fuel cell road vehicles—Safety specifications—Part 1: Vehicle functional safety

arrowband radiated

arrowband radiated

tic energy—Vehicle

tic energy—Vehicle

arrowband radiated

magnetic energy—

arrowband radiated

arrowband radiated

magnetic energy—

es by narrowband
te antenna

magnetic energy—

Fuel cell road vehicles—Safety specifications—Part 2: Protection against hydrogen hazards for

vehicles fuelled with compressed hydrogen

Fuel cell road vehicles—Safety specifications—Part 3: Protection of persons against electric shock
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2.2.7 Other Publications

The following documents should be consulted for additional information regarding Fuel Cell Vehicle safety control
systems.

FCC Rules and Regulations Parts 15 and 18
CAN/CSA-C108.4M-1992 Limits and Methods of Measurement of Radio Interference

Characteristics of Vehicles, Motor Boats, and Spark-Ignited
Engine-Driven Devices

CSA Component Acgeptance Service No_33

ICES-002 Spark Ignition Systems of Vehicles and Other.Dejvices Equipped with
Internal Combustion Engines

MIL-SPEC-1472 B for Thermal Hazards
Available from the the Document Automation and Production Service (DAPS),, Building 4/D, 700 Robbins Avenue,
Philadelphia, PA 19111-5094, Tel: 215-697-6257, http://assist.daps.dla.mil/quickSearch/

NFPA 52 Vehicular Fuel Systems Codg) 2006 edition

“Vehicle Hydrogen Btorage Using Lightweight Tanks”, Lawrence Livermore Nat. Laboratory, Proc¢edings of the 2000
DOE Hydrogen Program Review

NFPA 497 Recommended-Practice for the Classification of |Flammable Liquids,
Gases, or «Wapors and of Hazardous (Classified) Locations for
Electrical lastallations in Chemical Process Areas, |2004 Edition

ASTM E 681-04 Standard Test Method for Concentration Limits| of Flammability of
Chemicals (Vapors and Gases)

Ballard Power Systems Report RPT5104988H2 " ~Accumulation in Closed Structure Hazard: Validatipn of Models and Air
Exchange Rate Measurement Technique, 2005 Sgptember

US Department of Interior, Bureau of Mifes Report 503, Limits of Flammability of Gases and Vapors, [1952
3. DEFINITIONS

Standard Fuel Cell|Vehicle.(ECV) terminology is provided in SAE J2574. Terminology specific fo this document is
contained in this segtion.

3.1 Auxiliary Circyit

Electrical circuit supplying low voltage vehicle functions other than for propulsion, such as lamps, windscreen (windshield)
wiper motors, and radios.

3.2 Barrier
A device or panel that prevents the passage of a person (or part of a person) or material from one side to another.
NOTE: In the context of this document, barriers are discussed in two areas:

a. A flow barrier provides passive or active means for controlling flow of potentially hazardous fluids from one space in
the vehicle to another.

b. An electrical barrier is a physical device or panel that prevents people from touching high voltage electrical parts.
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3.3 Basic Insulation
The electrical insulation required for protection against electrical shock hazard under fault-free conditions.
3.4 Class | System

An electrical system having basic insulation throughout, whose conductive accessible parts are connected to the
protective earthing conductor and provided with an earthing terminal or connection to the vehicle.

3.5 Class Il System

An electrical system having-deuble-insulation-andiorreinforced-insulationthroughout:

3.6 Compartment
A space that is enclgsed (by barriers) except for openings necessary for interconnection, control, and|ventilation.
3.7 Discharges
Fluids leaving a system.
3.8 Double Insulafion
A system of two indlependent insulations, each of which is capable of acting as the sole insulatign between live and
accessible parts in the event of failure of the other insulation. The insulation system resulting from a fombination of basic
and supplementary insulation.

3.9 Encapsulation

The process of applying a thermoplastic or thermosetting protective or insulating coating to enclose an article by suitable
means, such as brughing, dipping, spraying, thermoforming, or molding.

3.10 Exhaust
Discharges of spent|or processed fluids:
3.11 Flammability Limits

The limits of sufficient concentrations of fuel and oxidant to propagate combustion from an ignition sodirce.

NOTES:

a. Gas mixtures involving hydrogen and oxygen require 4% hydrogen and 5% oxygen to be flammable at room
temperature when no other reactants are present.

b. Propagation includes unsustained events such as flashes moving away from the ignition source as well as sustained
flames.

3.11.1 Upper Flammability Limit (UFL)
Highest concentration of fuel at which there is sufficient oxidant in the gas mixture for the mixture to be flammable.

NOTE: The UFL of hydrogen is 74% in air and 95% in pure oxygen as in each case 5% oxygen is required in the mixture.
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3.11.2 Lower Flammability Limit (LFL)

Lowest concentration of fuel in which a gas mixture is flammable.

NOTES:

a.

Flammabil

National and international standard bodies (such as NFPA and IEC) recognize 4% hydrogen in air as the LFL. See
the US Department of Interior, Bureau of Mines Report 503 for further information.

ity limits (LFL, UFL)

depend on mixture temperature, pressure and the presence of dilution gases, and are assessed using specific test
methods (e.g., ASTM E 681-04).

While the LFL v,
passenger comy
than 4% hydrog
depends on the
combustion can
combustion can
regardless of lod

Given the poten
to levels establig

3.11.3 Non-flamma

A non-flammable dis
the surrounding atm

NOTES: Figure 1 illy
potential flg
concentrati
passes thr
respectivel

The “non-flamm
both) based on
point of dischard

a.

The “potentially
described in 3.
occurring in air
approximately §
approximately 8

e-in-Note or-o ng nabilitvin-gene ounding

artments, this criteria may be overly restrictive for flowing gas situations where

flow conditions and the type of ignition. At 4% hydrogen in a stagnant,\room f
only propagate in the upward direction. At approximately 8 to 10% hydro
also be propagated in the downward and horizontal directions andcthe mixture is
ation of ignition source.

ial confusion that often exists between notes a and b abovej this report only use
hed in note a.

ble

charge is one that cannot propagate or sustain‘combustion at its point of releass
bsphere (or fluid).

strates the flammability of gas mixtures eontaining hydrogen, oxygen, and nitrog
mmability of a discharge can determined by plotting the initial composition of t
bn trajectory as it disperses into the surrounding air and then seeing which rg
pugh. See notes a and b for descriptions of “non-flammable” and “potentially ig
, and note c for examples.

bble” region is definedyby-mixtures that are either below 4% hydrogen (LFL) or b
e through dispersalin the surrounding atmosphere, the discharge is non-flamma
ignitable” region represents where the concentration exceeds 4% hydrogen

1. The region is triangular (rather than rectangular) as the nitrogen (and o
“clip” the top of the “potentially ignitable” region. As discussed in 3.11.2,

en in many cases. Whether an ignition source at a given location can ignite-the

of vehicles or inside
nition requires more
leaking gas plume
emperature mixture,
gen in the mixture,

readily combustible

5 LFL when referring

or as it disperses in

en (as an inert). The
ne discharge and its
gions the discharge
nitable” discharges,

elow 5% oxygen (or

B.11 and 3.11.2. If thezeoncentration of the discharge remains in the “non-flammable” region from the

le.

and 5% oxygen as
ther inerts normally
here ignition below

% hydrogen is only possible in relatively quiescent conditions whereas cq

ncentrations above

te-10% hydrogen can support ignition in flowing conditions (such as discharges frlom vehicles).

If the concentration of the discharge passes through the “potentially ignitable” region at any point, the discharge

should be considered ignitable unless verified to be non-ignitable per 4.2.4.1 and Appendix D, for example. The
following discharges are discussed to illustrate the evaluation of “potential ignitability” and are shown as dotted lines
(and identified by number) on Figure 1:

1) A release of 100% hydrogen is not locally flammable at its point of release due to insufficient oxygen, but, as the
release disperses in air, the resultant mixture becomes potentially ignitable in some regions before fully
dispersing into the surrounding atmosphere.

2) A mixture of hydrogen and nitrogen gas with less than 5% hydrogen is non-flammable because, when mixed with
air, the hydrogen falls below the LFL (of 4% hydrogen) before there is sufficient oxygen (5%) in the mixture to

support com

bustion.
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3) A typical discharge from a fuel cell vehicle shows that there can be both hydrogen and oxygen at the point of

discharge from the vehicle, but that the discharge is usually non-flammable by virtue of using cathode and
ventilation air to dilute the hydrogen content of the anode exhaust.

25%

20%

tion

15%

h 10% —
h

Qxvaen Con

5% —

w @—

0%

——F_ oo

9----""""

N

Inerts in Air Limit
Concentration of Reactants

POTENTIALLY
IGNITABLE

Quiescent or Flowing

NON-FLAMMABLE

3.12 Fuel Cell Modp

e

Fuel cell modules are comprised of one or more fuel cell stacks; connections for conducting fuels, oxi

s for the power delivered by dhe stacks; and means for monitoring and/or cont
corporate means for conddcting additional fluids (e.g., cooling media, inert gas),
normal and/or abnommal operating conditions; enclosures or pressure vessels, and ventilation system$

electrical connectior]
cell modules may in

3.13 Hazardous Arg¢a

An area or space i

3.14 Hazardous Cdndition

A condition that is

0%

I | I I I | I | I I I
20% 30% 40% 50% 60% 70%
Hydrogen Concentration

10% 80%

FIGURE 1 - POTENTIAL FLAMMABILITY @F HYDROGEN DISCHARGES IN AlR

n which an explosive gas atmosphere or other hazardous condition is or may
present in such quantities as te-reéquire special precautions for the construction, installation and use a

mfpnfinlly dnngpmue Amnng these are hazardous fluids (’% 1‘%) and hazardol

jants, and exhausts;
rol. Additionally, fuel
means for detecting

D

be expected to be
bparatus.

(3.16).

3.15 Hazardous Fluids

s electrical voltages

Gases or liquids that pose potential dangers. Hazards present with fluids in fuel systems are as follows:

a.

dangerous. See 3.11, including 3.11.1 through 3.11.3, for further information.

Flammability—Sufficient quantities of fuel/air mixtures at or above the lower flammability limit (LFL) are by definition

Toxicity—Point sources greater than the IDLH (Immediately Dangerous to Life and Health) and occupiable areas

greater than OSHA TWA (Time Weighted Average) or other equivalent standard should be considered hazardous.

management subsystems that can transfer kinetic energy causing personal injury.

High Pressure—High-pressure fluids in fuel supply subsystems, fuel processors, fuel cells, and/or thermal


https://saenorm.com/api/?name=510cd4a769b45aebec2b9f58ac534066

SAE

J2578 Revised JAN2009

Page 16 of 63

such as burns or frostbite.

humans. Fluids

3.16 Hazardous Vo

with extreme pH are examples.

Itage

Extreme Temperature—Very high or low temperature fluids or materials that are capable of causing personal injury

Reactive—Materials that can react with other common materials and can directly or indirectly pose hazards to

High voltage which can cause current through a human body. Hazardous voltage levels are defined in the Outline of
Investigation for Personnel Protection Systems for Electric Vehicle (EV) Supply Circuits; General Requirements, UL

2231-1 July 1996 an

d in UL 2202.

3.17 Hazardous Vo
The HVIL is a syste
typically detects unw
normally-closed con

3.18 High Voltage

Itage Interlock Loop (HVIL)

m intended to protect people from exposure to hazardous voltage or other haz
anted access or faults by passing a small (non-hazardous) signal threugh a looj
juctors, connectors, sensors, and switches to check for electrical continuity.

Voltage levels greater than 30 VAC or 60 VDC can harm humans through electric shock.

3.19 Ignition Sourc

Thermal or electric
thermal, electrical, a

3.20 Immediately D

An IDLH exposure
exposure is likely to
an environment.

3.21 Internal Trans
Leakage of fluids &
containing multiple

non-operating press
air-to-fuel, fuel-to-co

S

energy sources capable of igniting flammable ‘gas mixtures. See 4.2.3.3 for di
hd static discharges, respectively.

angerous to Life or Health (IDLH)

cause death or immediate or delayed permanent adverse health effects or preve

er (or Cross Leakage)

hd/or gases through” seams, joints, cracks, holes, or defects between circuits
fluids (or gases) such as heat exchangers or the fuel cell stack, driven
ure differences and/or concentration gradients. Possible internal transfer types
blant, coolant-to-fuel, air-to-coolant, and coolant-to-air.

3.22 Normal Discharges

ardous conditions. It
connecting a set of

scussion of avoiding

condition is defined as one that(poses a threat of exposure to airborne contaminants when that

nt escape from such

within components
Dy operating and/or
include, fuel-to-air,

Discharges expecte

auring norimal operation anda not assoclaled exCiusively WILN 1allures.

3.23 Normal Operation

All transient and steady state operating conditions of the vehicle occurring during start, intended operation and shut down

which do not involve

a component or system failure.

3.24 Point of Release

Interface where ventilation exhaust or other discharge potentially containing hazardous fluids leaves the vehicle and is
expelled to the surroundings, the passenger compartment, or other area that is assumed to be non-hazardous.

3.25 Purges

Discharges associated with the removal of fluids or types of fluids from systems.
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3.26 Reinforced Insulation

A single insulation system with such mechanical and electrical qualities that it, in itself, provides the same degree of
protection against the risk of electric shock as does double insulation. The term “single insulation system” does not
necessitate that the insulation must be in one homogeneous piece. The insulation system may comprise two or more
layers that cannot be tested as supplementary or basic insulation.

3.27 Releases

Discharges, which in the context of this report, are undesired or unwanted.

n

3.28 Safety System

A system that monitgrs for potentially hazardous conditions and can initiate actions to mitigate the sityation.
3.29 Supplementary Insulation

An independent insylation provided in addition to the basic insulation to protect against electric shock hazard in the event
that the basic insulafion fails.

3.30 Tubing
A metallic or non-mgtallic enclosed conduit for transferring gaseous or ligdid fluids.
3.31 Vehicle Electrical Connector

A portable receptacle that by insertion into a vehicle inlet, establishes an electrical connection to the electric vehicle for
the purpose of proyiding power and information exchange,*with means for attachment of flexible|cord or cable. This
device is a part of the coupler.

3.32 Vehicle Electrical Coupler

A means of enabling the connection, at will, of.a flexible supply cord to the equipment. It consists gf a connector and a
vehicle inlet.

3.33 Vents
Discharges of unspgnt, unprocessed, or partially processed gases or liquids.

4. TECHNICAL SY[STEMSSAFETY GUIDELINES

4.1 General Vehide-Safety

It is important to protect persons from hazardous conditions, where the fundamental hierarchy of vehicle system safety
design is:

a. To protect vehicle occupants and the public from injuries that could result from the failures of components within the
vehicle systems that support operation and/or as a result of damage caused by external events (e.g., collisions).

b. To protect vehicle occupants, general public, and service personnel from hazards associated with operation or
servicing of the fuel cell vehicle (e.g., hazardous voltage, extreme temperatures, high pressure, and flammable or
toxic fluids).

c. To minimize vehicle system damage caused by subsystem or component failures.
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4.1.1 Design for Safety

The vehicle and associated subsystems should be designed with the objective that a single-point hardware or software
failure should not result in an unreasonable safety risk to any person or uncontrolled vehicle behavior.
4.1.1.1 Risk Assessment

Risk assessments such as Failure Modes and Effects Analysis (FMEA) are necessary to identify potential faults and

define appropriate countermeasures. See SAE J1739 Reference Manual for guidance.

41.1.2

Isolation and Separation of Hazards

Isolation and separzlation of hazards are approaches used to prevent cascading of failures and pr

unexpected interacti

4.1.1.3 Critical Cg
Safety-critical contrg
hazardous condition
hardware design ca
and UL 1998.
41.1.4 Fail-Safe
The vehicle design s
disconnects should
signal will cause isol

Vehicle operational

bns. Ignition sources should be isolated from hazardous fluid systems.

ntrol Function

| systems should be designed such that a single hardware or software failure wi
This may include isolation, separation, redundancy, supervision, and/or other r

n be found in IEC 61508-1 and UL 991. Guidance for software design can be fq

Design

hould consider fail-safe design of electrical and-hazardous fluid system controls

ppen and fuel shutoffs should close when.deactivated. By so doing, any interr

ation of electrical or fuel sources.

bafety should consider loss of vehicle\power due to an automatic shutdown that n

hazardous operating condition. A staged warning and)shutdown process or some other alternativ

provided to mitigate
detected, specific ac

Guidance can be fg
and protection again
4.1.2 Electromagr
All electrical assemk
electromagnetic eny

which may occur du
normal operation of

the posed hazard, particularly,(if the vehicle is moving. When faults that pose ¢
tions to be taken are defined:in’4.6.

und in ISO 6469-2—Electric road vehicles—Safety specifications. Part 2: Fung
st failures.

etic Compatibility. (EMC) and Electrical Transients

lies on an ECV, which could affect safe operation of the vehicle, should be functi
ronment-to which the vehicle will be exposed. This includes fluctuating voltage
ing:normal operation of the vehicle during driving and fueling. Also, electrical trar
he-yvehicle should not cause false shutdowns of the vehicle.

eclude unwanted or

| not cascade into a
neans. Guidance for
und in IEC 61508-3

Automatic electrical
Iption of this control

hay in itself lead to a
e means should be
otential hazards are

tional safety means

onally tolerant of the

and load conditions,
sients resulting from

The vehicle should meet the applicable government regulatory requirements for EMC. See industry standards and
guidelines in 2.2.1,2.2.3,2.2.5,2.2.6, and 2.2.7.

4.1.3 Fuel Cell Vehicle Crashworthiness

Crashworthiness guidelines for FCVs should meet applicable government regulatory requirements. In the U.S., use the
applicable FMVSS (see 2.1.3). See 4.6.2 for crash response. Fuel system and electrical integrity may be tested

simultaneously or separately. If performed separately, electrical integrity testing can be performed with a partial or no fuel
inventory.
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4.1.3.1  Fuel System Integrity

In the U.S., FMVSS 301 and FMVSS 303 provide fuel system integrity requirements of motor vehicles using liquid fuels
with boiling points above 0 °C (32 °F) and compressed natural gas, respectively. In the absence of such regulations, the
following criteria are proposed for post-crash fuel releases from Fuel Cell Vehicles (FCVs), as well as other hydrogen

vehicles, likely subje

a.

ct to such regulation in the future:

hydrogen systems.

The same equivalent energy of fuel as currently in FMVSS 301. See Appendix A for specific guidance for compressed

b. No expulsion of other hazardous fluids from the fuel system (such as hydrogen as a liquid, metal hydride or chemical

hydride material

4.1.3.2 Electrical

Post-crash electrical
4.1.4 Vehicle Imm

Immersion of a FCV
gas or liquid emissio
4.1.5 Towability D
Specific procedures

included in the own
recommended attac

4.2 Fuel System S

Fuel systems that ¢
systems into the veh
4.2.1 Installation
All components and

damage and preven
should be considere

5)
ntegrity
requirements for fuel cell vehicles are addressed in SAE J1766. See alsp'4.6.2.

ersion

ns, flame or explosion that is hazardous to any person inside or outside the vehig
esign Criteria

for sling, wheel-lift, or car-carrier towing should be considered normal sery
er's manual/guide. Included in the procedures should be photographs or line
ment points. For further information on towing, refer to SAE J1142.

afety

tore, contain, process, and/or(deliver fuel should be designed to SAE J2579
icle should address the following items.

t leakage and/or .malfunction. Protection from gravel and road debris as well as
d. Thermallyzactivated PRDs should be located in the same area or compartmen

or systems that are being protected. See SAE J2579 for guidance.

4.2.2 Fail-Safe Sh

utoff.

in water as specified by the vehicle manufacturer should notiresult in electric potgntial or current flow,

e.

ice information and
drawings describing

Integration of fuel

interconnecting piping and wiring should be securely mounted or supported in thg¢ vehicle to minimize

chafing or damage
t as the components

A means should be

proviaed 10 prevert the unwarnted discriarge Or tuel arising 1rom: singie-point 1

function. The HVIL could also possibly be used to isolate the fuel supply. See 4.1.1.

423

Management of Potentially Hazardous Conditions Within Vehicle Compartments

ilures to the shutoff

All components containing or generating hazardous fluids as defined in 3.15 should be located in spaces or
compartments of the vehicle where potentially hazardous conditions can be managed. When appropriate, the spaces or
compartments may be formed using barriers as defined in 4.2.3.1. Equipment installed within these spaces or
compartments should be suitable for their environments based on control of the potentially flammable atmosphere per
4.2.3.2 and/or elimination of ignition sources per 4.2.3.3.


https://saenorm.com/api/?name=510cd4a769b45aebec2b9f58ac534066

SAE

J2578 Revised JAN2009

Page 20 of 63

Discharges of hazardous fluids from these spaces or compartments should address the following:

External release

The entry of haz

per 4.2.4.3.

of hazardous fluids from the vehicle per 4.2.4.1.

ardous fluids into the passenger compartment per 4.2.4.2.

The passage of flammable fluids into compartments or spaces containing equipment not suitable for hazardous areas

Credible failures of equipment and systems in 4.2.3.1 through 4.2.3.3 should be considered and, if warranted, addressed

in4.2.8.

4.2.31

Flow Barriers

Flow barriers may |be used to form spaces or compartments with hazardous materials..and s

non-hazardous area

inside or surrounding the vehicle. Flow barriers should control the passage of

either passive or adgtive means. All seams, gaps, and penetrations of passive barriers.should be

meet 4.2.3. Active b

Flow barriers for ¢
constructed of mets
discharges. The pot
be addressed. See
functionality is not ¢
conjunction with PR
4.2.3.2 Potentially

The following appro
bearing equipment:

rriers should meet the criteria for pressurization in 4.2.3.2(c).

bntaining fuel-bearing equipment as well as ventilation éxhaust ducts and
lic or other materials that will not propagate flame and-be designed to pre
bntial for transient flame transmission between compartments, pressure rise and
1.2.4.1 and the evaluations in Appendix D. Inlets ahd exhaust outlets should be
pmpromised due to flow restrictions. See Appendix E for additional guidance in
Ds and other shields for hydrogen systems.

Flammable Atmospheres

eparate them from
hazardous fluids by
bealed sufficiently to

channels should be
bent static electrical
other effects should
protected such that
(designing barriers in

Hches may be used to manage potentially flammable atmospheres in compartnents containing fuel

a.
Ventilation equig
hydrogen syste
barriers.

b.
equipment. See

C.

d.

e.

Ventilation—Natural or forced ventilation is-an effective method for reducing the potential for the existence of a
flammable gas rixture by diluting the flammable gas to a level below its lower flammability limit. WWhen establishing a
ventilation inlet Ipcation and flow requirement, possible contamination of the diluent air stream should be considered.
ment and sensors within ducts and channels carrying potentially flammable fluigs should be suitable
for their applicafjon per 4.2.3.3. The-size and location of other shields (if any) that thermally or ghysically protect the
shall be such. that they do not interfere with the functionality of the ventilatiop system or the flow
If the pentilation flowis incapable of diluting all releases (including abnormal releaseg) of flammable gas
mixtures or if logs of ventjlation flow causes a potential hazard, then countermeasures should be provided per 4.2.8.
See IEC 60079-/10 for guidance.

Encapsulation—Enecapsulation may be used to isolate flammable atmospheres from potential ighition sources within

I 007049 £ 1l
T UUUTI7TU TUT yuiuarive.

Pressurization—Pressurization is a type of protection of electrical apparatus in which safety is achieved by means of
a protective gas maintained at a pressure above an adjoining space containing potentially flammable gas. An
opposing pressure differential or velocity may be used to prevent the leakage of hazardous fluids through openings in
a compartment (or space) to other compartments (or spaces) in the vehicle. If loss of pressure or velocity causes a
potential hazard, then countermeasures should be provided per 4.2.8. See NFPA 496 for guidance.

Consumption—Catalytic reactors or other means to reduce flammable gas concentration may be used to reduce
combustible mixtures. A means of unacceptable flame suppression should be provided if catalytic reactors or other
potential ignition sources are used.

Suppressants—Inert gases or other materials may be used to reduce the effective flammability of an atmosphere or
prevent combustion. The asphyxiation risk or toxicity associated with suppressants should be considered.
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4.2.3.3 Potential Ignition Sources

If a local area contains flammables on a frequent or continuous basis, then equipment installed in this area should not be
an ignition source during either normal operation or a single failure of said equipment. If the discharge is flammable only
on an abnormal or infrequent basis, then equipment should not be an ignition source during normal operation. The

following ignition sources should be treated as follows:

External Surfaces—During normal operation, external surface temperatures of components within the spaces or

compartments containing fuel-bearing equipment should be less than the autoignition temperature of the flammable
fluid. See IEC 60079-20 for guidance regarding auto ignition temperatures of flammable fluids.

a.
b. Electrical Equig
equipment shou
found in IEC 60(
c. Static Dischargsg
should be elimi
fuel-bearing co
d.

with air should
atmosphere.

—The potential for static discharge in spaces or compartments containing fug
ated by proper bonding and grounding. See 4.4.8 for installation of equipment wi
ponents.

Catalytic Materidls—Equipment containing materials that are capable of catalyzing the reaction

suppress the propagation of the reaction from the  equipment to the sur|

If the ignition sourcg¢s cannot be adequately suppressed or if there is\a potential for auto-ignition,

and/or 4.2.8.
4.2.4 Normal Disg

The vehicle design f
functional requireme
part of fault monitori

4.2.41

Fuel constituents in
condition. The hazs
discharge disperses
flammable or toxic I

Discharges may be
catalytic reactors (re

harge Systems

pr all fuel system exhausts, purges, vents, and other normal discharges should m
nts set forth in 4.2.4.1 through 4.24.4. Credible failure of discharge systems sho|
g in 4.2.8.

Normal Gaseous Discharges Outside the Vehicle

purges, vents, and.exhausts, which occur during normal operation shall not
rds posed includethe possibility of local flammability or toxicity at point of

vel when the)vehicle is operated or parked in enclosed environments.

managed through a combination of process and component design, natural g
combiners) or other means. See 4.2.3 for guidance.

taining fuel-bearing
n techniques can be

I-bearing equipment
hin areas containing

of flammable fluids
rounding flammable

see 4.2.3.1, 4.2.3.2,

eet the physical and
uld be addressed as

cause a hazardous
ischarge or as the

into the surrounding atmosphere, and the subsequent possibility of build-up of emissions to a

r forced convection,

Local regions at pd

HS £ ol 1 4) H 1o H HY o H 4
e Ur uiotlidiyc Ul dos 1T UlollNalyT UIopTIoTo TTMU UIT SUTTUUTIUTTY  dallTivopy

following criteria throughout normal operation including start-up and shutdown:

a. Below the IDLH

of constituent compounds.

'ere shall meet the

b. Non-flammable per notes in 3.11.3 or, if potentially flammable at point of discharge or as the discharge disperses into
the surrounding atmosphere, limited in both volume and concentration of hydrogen and verified to meet Appendix D,
specifically Appendices D.1 and D.3, for guidance.

If degradations or faults as discussed in 4.1.1 could result in the above criteria being exceeded, then these items should
be addressed per 4.2.8 or verified to not pose a hazard using Appendix D (including Appendices D.1, D.2, and D.3 as
appropriate) for guidance.
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See also 5.2 and Appendix C for specific criteria and evaluations for ensuring that the general atmosphere surrounding
the vehicle remains non-hazardous during normal operation.

4.2.4.2 Normal Gaseous Discharges to the Passenger Compartment

Discharges of hazardous gases to the passenger compartment shall be prevented. This can be accomplished using

barriers, natural or forced convection, catalytic reactors (recombiners) or other means as defined in 4.2.3. Flammable gas
and toxic gas levels inside the passenger compartment should be less than 25% LFL (based on Note a in 3.11.2) and

OSHA TWA (Time Weighted Average) or other equivalent method as evaluated using 4.1.1.

4243

Normal Gaseous Discharges to Other Compartments

Flammable fluids sH
suitable for flammab
(recombiners) or oth
4244 Potential |
The vehicle design

and follow safety me
4.2.5 Discharges
Fuel systems may n
often not practical

pressure relief devic

minimize exposure
surroundings.

Discharge systems ¢
should be designed

Interconnecting tub
maintaining system
failure or degradatio

See Appendix E for|
J2579 for specific gu

426 Fueling

all not be discharged into compartments or spaces within the vehicle that o
le locations. This can be accomplished using barriers, natural or forced convecti
er means as defined in 4.2.3.

lydrogen Evolution from Traction Batteries

Ehould preclude the release of hazardous gases beyond the.limits defined in 4.2
asures defined in 4.2.3.

rom Pressure Relief Devices

eed to vent fuel if fire from an external or internal source following an accident
o dilute these discharges to non-hazardous levels as done with normal disg
es (PRDs) should be vented to the outside.of'the vehicle. The placement and dir|
o humans (both inside and outside the vehicle) or the progression of hazards

hould be protected such that functionality is not compromised due to flow restric
o prevent the ingress of foreignimaterials or accumulation of moisture in the vent

ng, ducting, channels, and outlets from PRDs should be constructed of
integrity during venting. The system should be designed to protect against m
.

general guidance with regard to packaging PRDs with hydrogen systems and
idance relative'to compressed hydrogen storage systems.

The fueling location

b the vehicle should be designed to prevent the accumulation of flammable gass

htain equipment not
bn, catalytic reactors

4.1 through 4.2.4.3

or fault occurs. It is
harges in 5.2.1. All
ection of flow should
within the vehicle or

ions. The PRD lines
lines.

aterials capable of
chanical or thermal

Appendix G in SAE

bs and the ingress of

: : e ozt - R P QAR oo
foreign material. See-SAE 32579 forguidanceimthedesigmof fuetmgsystermsand-SAE32666—=and

and receptacle requi

rements for compressed hydrogen.

AE J2799 for nozzle

If appropriate, the vehicle system should contain automatic systems to ensure that the vehicle traction system is
de-energized and the vehicle is ready for fueling.

4.2.7 Defueling

A means for removing fuel from the FCV for maintenance or other special purposes such as post-crash and post-fire

should be provided.

See 7.2.

4.2.8 Fuel System Monitoring

Potential faults such as the items listed below should be evaluated per 4.1.1. Faults leading to potential hazards should
be addressed using 4.1.1.4 for guidance and 4.6 for appropriate actions.
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a. Fuel Discharge Fault—A fuel discharge fault is a discharge of fuel that results in potentially flammable atmospheres in
excess of the limits specified in 4.2.3. Fault detection methods may include odorants, direct measurements such as
hydrogen concentration or combustibility, or indirect measurements such as flow or pressure measurements within
the system.

b. Fuel Shutoff Fault—Detection of a fault in the fuel shutoff function as defined in 4.2.2.

c. Process Fault—A process fault is a pressure, temperature, or other process parameter exceeding its normal
operating condition of the component or system.

d. Ventilation Fault—A ventilation fault is a loss or reduction of airflow intended to manage a potentially hazardous
environment per4.2.3.2

4.3  Fuel Cell System Safety

Fuel cell systems ty
which if not monito
hazards (e.g., electr
4.3.1 Fuel Cell Sy

SAE J2579 should

bically contain a gaseous-fueled electrochemical reactor (the fuel cell stack) and
fed and controlled appropriately, can expose the vehicle occupants, and/or th
cal shock, fuel leak).

stem Design

pe used for the design of subsystems containing hydrogen or other fuels and h

support subsystems,
e public to specific

azardous fluids until

relevant SAE docuients are available, and 4.2 should be used foriintegrating these subsystems into the vehicle.

Correspondingly, su

43.2

psystems using electrical components should be designed to 4.4 and comply with

Fuel Cell Stack Design

Fuel cell stacks sholild be designed to prevent hazardous faults including hazardous fluid leakage, oV

electric shock hazar

If hazardous fluid le
these external leakd

is.

bkage can develop over time due to stack or other component faults or wear, th
ges or internal transfers should be assessed and addressed as per 4.1.1, 4.2

Examples include f
from) the cooling sy
operation. (See 4.2.
4.3.3 High Voltag
The fuel cell system
4.3.4 High Voltag

For design verificati

A

[«

el-to-coolant transfer, which may result in the presence of hydrogen within (
tem, and fuel-to-air transfer, which may result in potentially flammable mixtures
.1 for methods for assessing normal gaseous discharges outside the vehicle.)
Electric Shock.Protection

should méet electrical requirements defined in 4.4.3.

Withstand Capability

SAE J2344.

erpressure, fire, and

b potential effects of
8, 4.6, 5.1 and 5.2.
nd possibly emitted
being emitted during

such that there is no

indication of a dielectric breakdown or flashover after the application of a voltage per 4.4.4. The fuel cell stack(s) and
other equipment/circuits that could be damaged by this test may be disconnected.

4.3.5

Fuel Cell System and Stack Monitoring

Potential faults such as the items listed below should be evaluated per 4.1.1. ltems exceeding limits for safe operation

should be addressed using 4.1.1.4 for guidance and 4.6 for appropriate actions.

a.

Cell Stack or Process Fault—Out-of-limit thermal, pressure, flow, or composition conditions within cell stacks or other
reactors in the fuel cell system could lead to internal or external component failures and subsequently expose
personnel to hazards.

Isolation Fault—See 4.4.9a.
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external component failures and subsequently expose personnel to hazards.

subsequently ex

pose personnel to hazards.

4.4  Electrical System Safety

Low Voltage Fault—The fuel cell stack or individual cells may experience low voltage that could lead to internal or

Overcurrent Fault—Currents greater than the rated values could lead to internal or external component failures and

FCVs typically contain potentially hazardous levels of electrical voltage or current. The intent of electrical design and
monitoring actions are to prevent personal injury and the development of unintended circuits that could generate an
ignition source or cause damage. Refer to SAE J2344 for guidance.

4.4.1

It is recommended
material per SAE J1

442

Connectors for high
requirements establi

443

The high voltage ele
body of an individug
harm. See Appendi

Basic protection agd
and enclosures that
IPXXB, IPXXC, or IR
robustness and durd

Section 4.4.3.1 shol
addition to 4.4.3.1, t
for credible fault co
parked, or connecte

See SAE J1766 for guidance.

The same or differe
various situations to

High Voltage Wire

High Voltage¢ Connectors

High Voltage Electric Shock Protection

573.

voltage components for FCVs should comply with the test methods and ¢
shed in SAE J1742.

ctrical system in the completed vehicle should be-protected such that the current
| who accidentally or inadvertently touches-hé high voltage electrical system is
B1 for additional information.

inst electric shock should be provided by the use of one or a combination of basi
prevent electrically-conductive parts from being touched under fault-free conditio
XXD protections defined in ISQ.20653. The basic protection should also have s
bility for the vehicle service life-

Id also be met during normal operation to provide electric shock protection if a si
he measures definediin 4.4.3.2 and/or 4.4.3.3 may also be used to provide eleg
nditions over thesforeseeable service life of the vehicle including when the veh
1 to the electrical-grid or following applicable vehicle crash tests as specified in

nt measures (or combinations thereof) may be employed in different portions of
comply with the above.

that harnesses containing high voltage be visually identified with a-permangnt orange covering

eneral performance

passing through the
b limited to minimize

C insulation, barriers,
s per the applicable
ufficient mechanical

ngle fault occurs. In
tric shock protection
icle is being driven,
national regulations.

the system or under

4431 High Volta

ge tsotation

The isolation resistance when measured from any DC bus to the electrically-conductive chassis should be at least
100 ohms per volt (by itself) and when measured from any AC bus to the electrically-conductive chassis should be at
least 500 ohms per volt (by itself). If, as illustrated in Figure 2, the DC and AC are conductively connected in one circuit,
there are two options:

1) Meet at least 500 ohms per volt for the combined circuit

or
2. Meet at least 100 ohms per volt for the combined circuit and use the measures defined in 4.4.3.2 for AC circuits.
NOTE: When AC and DC circuits are conductively connected, the more stringent isolation requirement of at least

500 ohms per volt should be met for the combined circuit unless direct contact with the AC circuits is prevented
by additional measures in 4.4.3.2 such that isolation to at least 100 ohms per volt is acceptable.
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<Option 1> <Option2> .
Fuel cell :
Rk Bl e em I 2=k
Traction | Traction | o | ProtectionforAC
battery battery
>5000/V >100Q/V

Vehicle Chassis

Vehicle Chassis

FIGURE 2 - HIGH VOLTAGE ISOLATION RESISTANCE REQUIREMENTS
FOR SYSTEMS WITH AC AND DC CIRCUITS

For design qualifichtion, the isolation resistance for these circuits should be measured at the. tes

Appendix B.1 for t
Appendix B.1 for gui

The DC and AC bu
isolation option is in
appropriate, implem
4432 Additional

One or a combinati
applied to provide pr

ne power system throughout a range of environmental conditions, including
dance in conducting this measurement.

ses should meet the isolation requirements as defined above for“modes or
ended to provide protection. The need for isolation monitoring,should be asses
ented.

Functionality for Insulation, Barriers, and/or Enclosures

bn of additional or supplementary measures for<basic insulation, barriers, and
otection against first faults. Examples of these protective measures are as follow

or more layers of insulation, barriers, and/or enclosures with sufficient mechar
ress the fault (for which it is intended) ever the vehicle service life. Barriers/en
vith live parts per the applicable IPXXB/IPXXC, or IPXXD protections defined in

ed) over the vehicle service life,
id barriers/enclosures, providing applicable IPXXB, IPXXC, or IPXXD protect

t contact with live parts® The barriers/enclosures should also have sufficient mq
address the fault {for’which it is intended) over the vehicle service life.

m a is<{o.not necessarily require double or reinforced insulation but rather allg
for both basic and additional protection if the basic insulation has the ne

durability (as prescribed in item a) to address the potential fault. Specific e

approaches for achieving the required protection are the use of (i) two or more layers of solid insl

power control enclosures, motor housings, connector casings and housings, etc.

t voltage defined in
condensation. See

ituations where this
sed per 4.4.9 and, if

enclosures may be
S:

ical robustness and
Closures should also
SO 20653.

h or reinforced insulation with sufficient mechanical robustness and durability to address the fault (for

ons defined in 1ISO
chanical robustness

w multiple layers of
cessary mechanical
xamples of possible
Llators or (ii) conduit

The barriers/enclosures discussed in item c include (but are not limited to) battery pack and fuel cell enclosures,

The intent of item c is to not necessarily require a second barrier/enclosure but rather to allow a single enclosure for

both basic and additional protection if the barrier/enclosure has the necessary functionality (as prescribed in item c) to

a. Addition of one
durability to add
prevent contact
b. Double insulatio
which it is intend
c. Finger-proof, rig
20653 to preven
and durability to
NOTES:
1) The intent of ite
basic insulation
robustness and
to protect the basic insulation.
2)
3)
address the potential fault.
4433

De-energization of High Voltage Circuits

Events (such as vehicle “key off’ or crash) or faults detected as part of 4.4.9 may be used to de-energize high voltage

circuits (or portions t

hereof).
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De-energization down to one of the following criteria should be performed for the electrical circuit to be considered
non-hazardous:

a. Voltage on all AC buses is less than 30 VAC and voltage on all DC buses is less than 60 VDC.
b. Total energy on all high-voltage buses is less than 0.2 Joules.
If an isolating device (e.g. electrical contactor) is used to isolate high voltage within a finger-proof, rigid barrier/enclosure

(e.g., battery pack, fuel cell stack, motor housing) and the isolation device is located within the barrier, the voltage or
energy measurements are performed downstream of the isolating device. Alternatively, if the isolating device is located

external to the barrier, voltage or energy measurements are performed on both sides of the isolating device.

444 High Voltagé Withstand Capability

For design verificati
indication of a dieled
the harnesses, bus
guidance in establis
assemblies. The fu
may be disconnecte

445 Access to Li
An interlock, special
parts with hazardoug
of this HVIL. Refer t¢
446 Labeling

Hazardous voltage
high voltage symbol

bn, each high voltage system should demonstrate adequate dielectric strength s
tric breakdown or flashover after the application of a voltage. The focus-of the t
bars, and connectors have adequate margin for operating at high voltage.

hing test voltages and conducting the test. Tests may be conducted indivi
| cell system (per 4.3.4) and other equipment/circuits that cotld-be damaged d
.

ve Parts
fasteners, or other means should be provided on.covers that are intended to p

voltage. If a Hazardous Voltage Interlock Loop‘(HVIL) is used for safety, such in
4.2.2 and SAE J2344 for additional information on the HVIL.

pquipment or compartments containing hazardous voltage equipment should bg
from IEC 60417 as shown in Figure 3 using black on a yellow background.

uch that there is no
est is to confirm that
See Appendix B for
Hually or as part of
iring assembly tests

event access to live
terlocks may be part

identified using the

447

Refer to SAE J2344

FIGURE 3 - HAZARDOUS VOLTAGE SYMBOL

Fusing/Overcurrent Protection

for guidance on fusing.

448 Bonding and Grounding

If hazardous voltages are contained within a conductive exterior case or enclosure that may be exposed to human contact
as installed in the vehicle, this case should be provided with a conductive connection to the vehicle chassis.


https://saenorm.com/api/?name=510cd4a769b45aebec2b9f58ac534066

SAE

J2578 Revised JAN2009

Page 27 of 63

4.4.81

Vehicle Bonding

Conductive components that are a part of the fill process (e.g., receptacle for nozzle, fill door) should have an electrical

connection to the ve

4.4.8.2

hicle conductive structure.

Vehicle Interior Bonding

Interior component materials should be selected that do not promote static discharges.

44.8.3

Energy storage co

Electrical Components Bonding

onente (such ac ctack madula hattariase  canacitors —ate )l and-maiorpower-ale
OREHSSHEaSSta6i—HOGtHeBatteHeS—6apa6hors—eteahRaajor—Ppo

should have their ex
strap, wire, welded
from other compone

Other components,
conductive enclosur|
the wiring harness,

a wiring harness use
4484 Grounding
A means needs to |
nozzle connection.

exceeding 125 meg
practices for minimiz

v or—ore

hts (as noted as follows) should be connected to this grounding means.

which are located in hazardous areas or receive hazardous voltages from s
bs, should have conductive cases grounded either directly as previously stated
vhich carries the voltage(s) from the external source. The intent of this guideline
d to provide indirect case grounding should also disconnect‘the source of hazard

to Fill Station During Refueling
A conductive path should exist from the vehicle chassis to ground with the

bhms. The fuel receptacle should be bonded to the chassis. See SAE J164
ing electrostatic charges and their effects, Special interdependencies with the fill

ternal conductive cases connected directly to the vehicle conductive structure™(q
tonnection or other suitable low-resistance mechanical connections. Case@toun

ctronics components
hassis) by a ground
d connectors routed

purces outside their
or indirectly through
s that disconnecting
pus voltages.

e provided to have the vehicle ground plane at the same potential as the fuelipg station prior to fill

total resistance not
b for recommended
ng station should be

identified and addres$sed in 5.1.

449 Electrical System Fault Monitoring

Potential faults such
should be addresseq

as the items listed below_shiould be evaluated per 4.1.1. Items exceeding limi
using 4.1.1.4,4.4.3.3, and 4.6.

s for safe operation

a. Isolation Fault— Electrical isolation below the levels in 4.4.3.1 may represent a hazard to service personnel.

b. Overcurrent—Cuirrents greater than equipment ratings could lead to component damage.
4.4.10 Hybrid Fuel Cell Vehicles

Vehicles with fuel cells and.batteries and/or capacitors should meet the following requirements.

4.4.10.1 Use of Ele

Ciric Supply Equipment for Charging @ Plog-im Systeomm
For vehicles that can be externally charged by the user from the grid using either on-board or off-board chargers,
connections between premise wiring and the FCV should conform to SAE J1772 for conductive couplings or SAE J1773
for inductive couplings. The Fuel Cell System defined in 4.3 may be disconnected from the circuit being charged when
meeting these requirements and 4.4.10.2.

For service charging, a conductive connector mounted on the vehicle (inlet connector) should have safety features to
prevent inadvertent contact with hazardous voltages such as recessed contacts or integration with the HVIL. See SAE
J2344 for guidance. If the HVIL is used, the inlet should include a mating connector “cap” that completes the HVIL circuit
and remains on the vehicle when the portable charger is not connected to the vehicle. This HVIL may also be included in
the portable charger connector to complete the path while the charger is connected. This inlet cap may also include
drive-away protection such that the vehicle cannot be driven away with the portable charger attached to the vehicle.
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4.4.10.2 Back-Feed to Fuel Cell

If necessary, the fuel cell stack module should be protected from unintended back-feed of power from energy sources
such as the traction battery pack and/or the regenerative braking system.

4.4.10.3 Traction B

attery Pack and High Voltage Sources

If the vehicle is equipped with a traction battery pack or other high voltage sources, the isolation of the source from the
vehicle conductive structure should comply with SAE J1766, Appendix A.

NOTE: Additional information on battery abuse testing may be obtained from other sources including SAE J2464.

4.4.11 Automatic D

An automatic deacti
power sources such
would be activated 4
SAE J2344 for addit

NOTE: This deactiv
as IGBTs), g

4.4.12 Manual Disd

A means should be
high voltage sourcq

assembly, service, and maintenance operations. Refer to SAE J2344 for additional information on ma

4.4.13 High Voltag¢ Bus Discharge

Refer to SAE J2344
4.5
Mechanical safety fu
451 Main Switch

A single main switch

shutdown the fuel ce¢ll systém; and shutoff the fuel supply. The main switch should be activated by 4

operator, such as a

Mechanical Safety

eactivation

ation function, should provide a means of disabling both positive and negative ¢
as fuel cell systems, traction battery, and other high voltage sources-(if equi

y either the main switch or as an automatic triggering protection pen4.1.1.4 or 4.

onal information on automatic disconnects.

ation function can be accomplished by mechanical breakers<oricontactors, solid
r by other means that opens the circuit.

onnects

provided to disconnect both poles or de-energize the fuel cell module, a tractig
s (if equipped) from external circuitry or co6mponents. This function would

for guidance on high voltage bus discharge.

nctionality should be-provided but need not be implemented mechanically.

function(should be provided so that the operator can disconnect traction power

conventional ignition switch.

pnductors of traction
pped). This function
5. Refer to 4.4.3 and

state switches (such

n battery, and other

be used for vehicle
hual disconnects.

sources per 4.4.11,
nd accessible to the

4.5.2 Shift Mecha

1ISMs

Refer to SAE J2344 for guidance on preventing unintended motion of electric vehicles when they are parked. This
guidance is also relevant to fuel cell vehicles.

4.6 Fail-Safe Procedures

The FCV should include the ability to perform staged warnings and/or safety shutdowns when faults that could lead to
hazardous conditions are detected. As discussed in 4.1.1.4, the sequence of actions depends on the operating state of
the vehicle. The vehicle control system should be capable of isolating the fuel and electrical energy supplies whether the
operator has deactivated the vehicle systems or not. Required provisions for automatic fuel shutoff are defined in SAE
J2579 and automatic electrical disconnect are defined in 4.4.11.
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A number of alternative means may be used to achieve a staged response to faults. For example, a limited operating
strategy such as actively reducing power output and/or running on battery power to mitigate the hazard posed by the
failure or other manufacturer-specific means for recovering and/or preserving power output after failure of a component or

subsystem may be employed.

Specific actions are defined in 4.6.1 through 4.6.5 for when hazardous faults are detected.

4.6.1 Main Switch

Deactivated

Deactivation of the main switch function as defined in 4.5 should shutoff the fuel and disconnect the fuel cell Stack
Module, Traction Battery, or other high voltage electrical power sources.

4.6.2 Response tq
If detected by crash
The electrical discor]
after a crash. The fu

4.6.3 Vehicle Star

If the vehicle is in
immediately shutdoy

4.6.4 Vehicle Not

If the vehicle has g
provided to the oper
automatic shutdown
4.6.5 Vehicle MoV
If the vehicle is moVv
operator. The fail-sé

strategy in response
fuel.

If the fuel cell is the
the main switch is dg
4.7 Safety Labelin

Safety labels, marki

Crash

sensors, the automatic fuel shutoff(s) and electrical disconnect(s) should\be act
nect may also be used for assuring that the electrical isolation requiréd by SAE
bl shutoff and electrical disconnect functions may be manually restaorable.

-Up

the process of start up when a potentially hazardous- fault is detected, it mg
n and isolate the electrical and fuel sources.

Moving
tarted up but is not moving when a potentially hazardous fault is detected, 4

ptor. If the vehicle has not moved after a predetermined time then it may be apprd
even if the main switch is not deactivated (per 4.5.1).

ng
ing when a potentially hazardeus fault is detected, a warning should be immedi

fe design (per 4.1.1.4) may delay the shut down cycle, limit power, or follow
to this fault. Certain faults may require immediate removal of high voltage or t

sole source oftpower, a shutdown should be executed after the vehicle comes
activated (per4.5.1).

g

Ng;-or other means of identification should be emponed to warn of potential haz

Lated, if appropriate.
J1766 is maintained

y be appropriate to

warning should be
priate to execute an

btely provided to the
another appropriate
action power and/or

fo rest (per 4.6.4) or

Ards associated with

the operation and s ctrical equipment or
compartments containing hazardous voltage should be labeled per 4.4.6. If there are any hazards identified with fuel
bearing components or temperature extremes, guidance for labeling can be found in ANSI Z535.4.

Fuel cell vehicles should be identifiable by emergency responders so that they are aware of the unique fuel storage
associated with the vehicle. For example, following NFPA 52 for “CNG”, a blue diamond may be applied with white
lettering to indicate the type of fuel stored. See Figure 4. “CHG” should be used to indicate sources of compressed
hydrogen gas storage, and “LH2” should indicate liquefied hydrogen storage systems. Other examples could be
specialized badging or other unique features on the vehicle.
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FIGURE 4 - EX
5. OPERATION
5.1
Due to large degree

Guide or Manual
recommended that t

a. Procedures for s

b.

c. Possible safety
restrictions or b
structures, and 3

d. Fueling procedu

e.

f.  Information for r

g. Operator service

Owner’s Guidé¢ or Manual

Precautions relaed to the fluids and materials stored,:used, or processed in the vehicle.

Precautions related to operator replacement of parts or fluids.

TERIOR FUEL LABELS FOR COMPRESSED HYDROGEN GAS AND I4QUEFIR

of variation possible in fuel cell vehicle systems, thevehicle manufacturer should
hat addresses the unique operating, fueling, .and safety characteristics 0
ne following items be addressed.

afe vehicle operation, including operating environments.

hazards posed by vehicle or system operation and appropriate action(s) if a prob
uilding requirements related totoperation, parking or storage in residential gan
ny special requirements for'sealed shipping should be noted.

res and safety precautions.

badside emefgencies.

procédures, checks, and maintenance schedules.

D HYDROGEN

provide an Owner’s
f the vehicle. It is

em is detected. Any
ages or commercial

5.2 Normal Vehicl

e Discharges

All gaseous discharges from the vehicle shall be non-hazardous during normal operation (including startup and
shutdown). Potential hazards posed by the possibility of local flammability or toxicity at point of discharge or as the
discharge disperses into the surrounding atmosphere are addressed in 4.2.4.1. Various situations effecting the general
space surrounding the vehicle are addressed herein. In order to gain acceptance by Authorities Having Jurisdiction
(AHJs) for use within buildings and structures, the space surrounding vehicles needs to be “unclassified” based on not
exceeding 25% LFL (following guidance in Note a of 3.11.2) or the OSHA TWA (Time Weighted Average) or other

equivalent method.

The requirements defined 5.2.1 and 5.2.2 are based on information in Appendix C and its associated subsections. A
hypothetical minimal space surrounding the vehicle is defined in Appendix C such that allowable hydrogen discharges
from the vehicle can be defined based on the ventilation through the hypothetical space. The objective of this approach

being to ensure that

the space surrounding the vehicle remains “unclassified”.


https://saenorm.com/api/?name=510cd4a769b45aebec2b9f58ac534066

SAE J2578 Revised JAN2009 Page 31 of 63

The hypothetical space for standard passenger vehicles is 4.5m X 2.6 m X 2.6 m. It has been selected to be smaller
than a typical North American garage to provide design guidance that is consistent with global requirements. The volume
of this space is 30.4 m®. For larger vehicles, the volume and floor area may be increased by the following factors:

R = (Vuwian+1) * (Vheightt0.5) * (Viengin+1) / 30.4
FR = (Vuwigint1) * (Viengnt1) / 11.7 (Eq. 1)

where Vyigih, Vheight, @nd Viengin = vehicle width (m), height (m), and length (m) of the vehicle with the minimum values being
2.6, 2.6, and 4.5, respectively.

The vehicle may be verified to meet 5.1 and 5.2 through test, analysis, or a combination thereof based on sound
engineering judgment: i i fficati i riations, component
wear, and aging effe¢cts on discharges. If any fault cannot be fully managed per 4.2.8, the design of the components or
systems subject to[this failure mode should be suitably improved to minimize the probability’ of any such failures.
Additionally, precaufjons should be addressed in 5.1.

5.2.1 Vehicle Disgharges Within Non-Mechanically Ventilated Structures

Vehicles should be gapable of parking in “tight” non-mechanically ventilated structures (such as resid¢ntial garages) down
to 0.03 air exchanggs per hour. The Space surrounding the vehicle should remain “unclassified” |when the vehicle is
parked in the closqd structure. The vehicle may be verified to meet this requirement through [test, analysis, or a
combination thereof] For example, per Appendix C.1, compliance can bé demonstrated by utilizing|a hydrogen storage
system that has begn qualified to have a total hydrogen discharge due 10 leakage, permeation, and|venting (if any) less
than 150 Ncc/min for standard passenger vehicles or R * 150 Ncc/min for larger vehicles where |R is defined in 5.2.
Methodologies for qiialifying hydrogen storage systems are provided'in SAE J2579.

NOTES:

1) The 0.03 ACH gir exchange rate was derived from the'study in “Vehicle Hydrogen Storage Using Lightweight Tanks”
and represents In extremely “tight” wood frame structures (with plastic vapor barriers, weather-stfipping on the doors,
and no vents) that are sheltered from wind and-undergo no significant daily temperature swings to cause density-

driven infiltration|.

2) When the vehicle is shut off, the supply shutoff valve is closed, and the total discharge from the hydrogen storage
system due to Idakage, permeationsand venting (if any) becomes the dominant source for hydrogen introduced to the
enclosure. Thus$ using the hydragen discharge from a qualified hydrogen storage system is acgeptable to meet this
requirement.

5.2.2 Vehicle Disgharges Within Ventilated Structures

Vehicles should be fapable of operating in ventilated structures (such as parking garages and other buildings) that are
mechanically or naturally ventilated to 0.30 m? per minute per square meter (1.0 ft® per minute p¢r square foot). The
space surrounding the vehicle should remain "unclassified” when the vehicle siarts, runs (idles), and shutdowns as
defined in Appendix C.2.

Per the guidance in Appendix C.2, vehicles with discharges that locally exceed the Lower Flammability Limit (LFL) in
4.2.4.1 should be verified to meet this requirement through test, analysis, or a combination thereof. For example,
verification can be performed by one of the following:

a. confirming that the average hydrogen discharge flow based on measuring the concentration of hydrogen in the
exhaust and the exhaust flow rate (or process condition indicative of exhaust flow) is less than 35.6 slpm over a
10 minute period including startup, idle, and shutdown for a standard passenger vehicle or FR*35.6 slpm for larger
vehicles where FR is defined in 5.2, and, if the shutdown procedure extends beyond the 10 minute period, confirming
that the average does not exceed 35.6 slpm (or FR*35.6 slpm for larger vehicles) over subsequent 1 minute periods
until the procedure ceases

or


https://saenorm.com/api/?name=510cd4a769b45aebec2b9f58ac534066

SAE J2578 Revised JAN2009 Page 32 of 63

b. performing analyses based on measured or defined operating conditions that show the hydrogen discharges are
sufficiently diluted by the ventilation flow within the space.

NOTE: The 1.0 scfm/ft? flow rate is based on the lowest ventilation flow requirement in the International Mechanical Code
(IMC).

5.3 Inadvertent or Inappropriate Operation of the Vehicle

The vehicle manufacturer should consider potential extreme usage of the fuel cell vehicles (FCVs), and, when deemed

necessary, provide mitigations such that the operation of these vehicles is no more hazardous than conventional vehicles
with internal combustion engines. For example, FCVs (like all vehicles with “air-breathing” engines) are not intended for

operation in spaces

that do not have ndnqnnfn fresh air cnpply (nc oxygen dnplnfinn and pneeihln nophyxiation are ||ke|y

to occur), but, when
surrounding the ve

such inappropriate operation occurs, the FCV may pose an additional hazard\b
nicle to become flammable. Given that potential flammability is a new~and

manufacturer shouldl address such possibility and ensure that inherent operating limitatiohs) of th

mitigations cease of
analysis, or a combi

5.4 Byproducts

Discharges of produ
condition nor affect

6. EMERGENCY R

The manufacturer o
regard to dealing wit

The following inform

eration of the vehicle in such circumstances. The vehicle may be verified to m
nation thereof based on sound engineering judgment. See Appendix C.3 for guid

ct water or other substances should be non-toxic and limited such that they do n
ehicle traction.

ESPONSE

the FCV should have available information-for safety personnel and/or emerge
h accidents involving a FCV.

btion may be requested:

azards associated with the fluids,” hazardous voltage systems, and any materig
bm or vehicle in general.

ehicle by safety labels.(based on 4.7).
rifying that automatie fuel shut-off and electrical disconnection functions have ocq
cedures formanual shut-off of fuels and disconnection of electrical bus, if applic3

uld be<provided that situations may occur where some tanks have vented

y causing the space
unique hazard, the
e vehicles or other
pet 5.3 through test,
Ance.

bt pose a hazardous

ncy responders with

Is or components in

urred.
ble.

and others are still

a. Explanation of h
the fuel cell syst
b. Identification of
c. Procedure for vg
d. Location and prg
e. Information sho
pressurized.
7. MAINTENANC
7.1 Service Manual

Due to large degree of variation possible in fuel cell vehicle systems, the vehicle manufacturer should be responsible for
the compilation of information related to vehicle service and maintenance. It is recommended that the following items be

addressed:
a.
b.

detected.
C.

Chemical and physical properties of hazardous materials stored or processed in the vehicle.

First aid procedures specific to the unique hazards of the vehicle.

Possible safety hazards posed by the vehicle or its systems during maintenance and appropriate action(s) if a fault is
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d. Maintenance tools, equipment, and personal protective equipment (PPE).

e.

f.

Methods and procedures for specific operations (such as defueling).

Suggested and required maintenance items and their schedules.

7.2 Defueling Procedures

Specific procedures for fuel removal should be considered normal service information and included in the vehicle
manufacturers service procedure manual. Considerations should be made for possibly damaged vehicles in addition to
standard service situations including fault conditions.

For compressed g4
depressurized to a
non-hazardous level
7.3 Facility Safety
Vehicle repairs shou

local and state buil
available for building

8. NOTES

8.1 Marginal Indic
A change bar (I) loc
not editorial change
title indicates a com
original publications

s fuel systems, defueling normally requires the on-board fuel storage and/o
recommended level followed by a purge with an inert gas, which reduceg
Removed fuel should be transferred to either an approved closed system.or ven

Id be conducted in a garage facility equipped with adequate safety measures an
ling codes. Additionally, the manufacturer of the FCV should have informatig
code committees or local authorities and businesses attheir request.

a

bted in the left margin is for the convenience of the user in locating areas wherg
5, have been made to the previous issu¢-of this document. An (R) symbol to the
plete revision of the document, including technical revisions. Change bars and
nor in documents that contain editorial changes only.
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APPENDIX A - POST-CRASH CRITERIA FOR COMPRESSED HYDROGEN SYSTEMS

The purpose of this appendix is to develop a basis for post-crash requirements of compressed hydrogen containment
systems based on FMVSS 301 and 303. FMVSS 303 (per section S.3) applies to passenger cars, multipurpose
passenger vehicles, trucks and buses that have a gross vehicle weight rating (GVWR) of 10 000 pounds or less and use
CNG as a motor fuel. This standard also applies to school buses regardless of weight that use CNG as a motor fuel.

This appendix provides alternative methods for demonstrating post-crash compressed hydrogen storage system integrity.

The alternatives are intended to provide equivalent results and confirmation to any one of the methods is acceptable.

A1

DESCRIPTION OF THE BASIC APPROACH FOR MEASURING HYDROGEN LEAKAGE

A1A1 Requirem
FMVSS 303 require
errors associated w
25 MPa (3000 to 36
Service Pressures)

ent of Hydrogen Loss

ments are based upon the physical properties of CNG (and nitrogen as atest ga
th Nominal Working Pressures (or Service Pressures) of CNG storage system;
DO psig). These values have to be adjusted (as described in this appendix) for W|
bf compressed hydrogen containment systems ranging from 25 1670 MPa (3600

hydrogen or helium as a test gas.

According to S5.2 in
in any fixed or movir
not exceed:

1. 1062 kPa (154 {

2. 895 (T/VES); wh
where T is the aver,

where average tem
every 15 minutes un

FMVSS 303, the pressure drop (expressed in kPa) of 20 or-25 MPa (3000 or 36(
g barrier crash from vehicle impact through the 60 minute period following cessa
si) or

ichever is higher

hge temperature of the test gas in dégrees Kelvin, stabilized to ambient temper
perature (T) is calculated by meaSuring ambient temperature at the start of the

five to yield the avefage temperature (T); and whére VFS is the internal volume in liters of the fuel ¢

lines up to the first fi

The second criterion

el shutoff.

stated in FMVSS 303:55.2 (item 2 above) is based on the amount of CNG leakd

in combustion ener
1.7 kg of liquid fuel

y content to the~total amount of gasoline leakage permitted by FMVSS 301.
om impact threugh the 60 minute interval after motion has ceased. Using 42.7 |

lower heating value| for liquid fuel{gasoline and diesel)', an allowable energy loss of 72 590 kJ i
60 minute interval after motiomhas ceased. Pro-rating this total amount of combustion energy releas
permitted for CNG, the hydregen fuel leakage in any fixed or moving barrier crash test should not exc

a.

1190 kilojoules (kd)(1127.87 Btu), in energy content from impact until motion of the vehicle has ¢

5) and measurement

ranging from 20 to
prking Pressures (or
to 10 000 psig) with

0 psi) CNG systems
jon of motion should

ature before testing,
b test time and then

til the test time of 60 minutes«is_completed; the sum of the ambient temperatures is then divided by

bntainer and the fuel

ge that is equivalent
FMVSS 301 allows
NJ/kg as an average

permitted over the
bd relative to what is
bed:

pased;

b.

previously.

5950 kJ (5639.36 Btu) during the five-minute period following cessation of motion; and

! From US DOE Transportation Energy Data Book: Liquid Fuels

LHV (MJ/kg)
Conventional gasoline 43.438
Reformulated or low-sulfur gasoline  42.348
CA reformulated gasoline 42.490
U.S. conventional diesel 42.781
Low-sulfur diesel 42.602

1190 kd (1127.87 Btu) in any one-minute interval during the 55 minutes following the five-minute period specified
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This totals to 72 590 kJ of combustion energy, where the allowable loss of mass for the 60 minute period can be

calculated using the

lower heating value of hydrogen (119 863 kd/kg or 51 532 Btu/lb) as follows.

72590kl

m, =————— =0.606kg
119863 kl/kg

(Eq. A1)

Converting this mass of hydrogen to an expanded volume at standard temperature at 15 °C and pressure yields

or an average permi
loss of fuel represen

NOTES:
a. The loss of 118

IC-engine vehicl
the ability of the

b. The loss of 0.6
isolated from ea
in this appendix

c. Recent ignition

under a vehicle
saturated condit

even a 1000 NL

hood, or injure g

Figure A1 shows tH
hydrogen leakage m

606 g

x22.41 L/molxﬁz 7107 L
273

(Eq. A2)

2 (1.00794) g/mol

tted leak rate of approximately 118 slpm over the one hour period following cess
ts the allowable for the entire compressed hydrogen storage system on the_vehic

es. This small inventory of low pressure hydrogen is neglected as the key to this
compressed hydrogen storage system to continue to isolate and contain hydroge

D6 kg is total allowable from the vehicle. In thec¢ase of multiple hydrogen stg
ch other after crash, it may be necessary to measure hydrogen loss individually
and then sum this to determine the total loss.6f compressed hydrogen from the

testing2 of hydrogen leaks ranging from 131 NL/min (11.8 g/min) up to 1000
and inside the engine compartment-showed that, while a loud noise can be exp
on (e.g., 118.5 dB at 1 m for a 200°NL/min leak), the sound pressure level and h
/min leak rate were not enough to damage the underfloor area of the vehicle,
person standing 1 m from thewehicle.

L between the time of impact and motion ceased in FMVSS.3801 typically repres
from the downsfream fuel supply system, similar to the loss of fuel contained in the fuel injector

htion of motion. The
e.

ents the loss of fuel
rails or carburetor of
testing is evaluating
h after crash.

rage tanks that are
(using the approach
ehicle.

NL/min (89.9 g/min)
bcted from igniting a
eat flux from igniting
release the vehicle

e pressure loss for various tank sizes and initial pressures that can be calcdlated based on the

ass of 606 g.
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FIGURE A1 - PRESSURE LOSS WITH 606 g HYDROGEN LEAKAGE

2 SAE Paper 2007-01-0428-Diffusion and Ignition Behavior on the Assumption of Hydrogen Leakage from a Hydrogen-Fueled Vehicle, presented at
2007 SAE World Congress.
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According to the concept of first criteria in FMVSS 303 S5.2 (item 1 in A.1.1 above), the total measurement error should
not exceed 10% of the value being measured. Since the measurement error is considered about 0.5% of pressure sensor
range for state-of-the-art systems, the pressure loss should be more than about 5% of the pressure sensor range for
accurate measurement.

Measurement error factors of a 0 to 68 950 kPa (0 to 10 000 psi) state-of-the-art pressure sensor are assumed as follows;

a. Pressure transducer error (0.11%) = +75.8 kPa (£11 psi)
b. Thermal zero shift error (0.2%) = £137.9 kPa (20 psi)

c. Thermal coefficient sensitivity error (0.15%) = +103.4 kPa (£15 psi)

d. Analog to digital[conversion error (0.056%) = +38.6 kPa (+5.6 psi)

Therefore, total megsurement error equals +355.7 kPa (+51.6 psi), and ends up about 0.5% of 68950 kPa. This error
ratio of 0.5% is consjdered to be uniform to any pressure sensor range.

As illustrated in Figyre A2, 5% pressure loss can not be accomplished for tanks larger than about #00 liter when 606 g
hydrogen is released.

In order to adhere td the 5% accuracy requirement, the extension of time petiods is applied so that the fuel leakage in the
first 60 minutes can pe accurately determined. Figure A3 shows the simulation results of the required|test time periods. In
Figure A2 and Figur¢ A3, pressure sensor range is 1.3 times of each service (or nominal working) pressure.

16000 e 100L
> B 200L
% 12000 A 400L
2 ® 1000L
< —_—
& 8000 o
%
§ 5% of pressure
o 4000 sensor range
0

20 30 40 50 60 70
Service presure {{Pa)

FIGURE A2 - PRESSURE LOSS WITH 606 g HYDROGEN LEAKAGE
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FIGURE A3 - TIME PERIODS FOR 5% PRESSURE LOSS
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According to the simulation results, required test time (time period to obtain 5% pressure loss of pressure sensor range)
can be provided in the approximation equation below.

Time 5% = %x((-0.0MXSP+4)><Rt-0.21)-1.7><Rt , Rt= Zi; (Eq. A3)

Time_5%: time period for pressure loss of 5% (min), Vol: tank volume (L), SP: service pressure (or Nominal Working
Pressure) of the system (MPa), SR: pressure sensor range (MPa), Rt: pressure sensor range ratio

A1.2 Test Procedure for Hydrogen Test Gas at Service (or Nominal Working) Pressure

Figure A4 shows thgtestprocedure with Nydrogen test gas at Service (or nominal Working) pressure.

| Calculation of Test Time (Time_5%) l
I
I Filling to Target Test Pressure l

Measurement of
Temperature and Pressure

Crash Test

Time_5% > 60 minutes

Yes

| Test Time = Time~5%

| Test Time = 60 minutes
|

Measurement’/of
Temperaturé and Pressure

|
| Calculation of Test Gas Leakage: ML ‘

Calculation of Allowable
Test Gas Leakage: AML

<

Yes|

i Pass i i Fail i

FIGURE A4 - TEST PROCEDURE
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1) Calculation of Test Time for 5% pressure loss of pressure sensor range (Time_5%)
Use Eq. A3. If the calculated Test Time is less than 60 minutes, the Test Time should be 60 minutes (as a minimum).
2) Filling to Target Test Pressure (Pt)

The test is to be conducted with a “full” hydrogen container. The settled pressure of the container varies as a function
of gas temperature, Eq. A4 should be used to calculate the target test pressure.

Due to the influence of gas density variation, the leakage mass from a same area orifice varies according to gas
temperature as shown in Figure A5. As illustrated in Figure A6, adjustment of gas pressure as defined by Eq. A4
results in the same leakage of 606 g aver a range of gas temperature

640 80
. =
3 620 . 75 o
* 606g at 15°C =
9}
< 600 70 %
o]
® 580 | 65.8
s D
5560 | 60 2

=

540 55

0 10 20 30 40
Gas temp (C)

FIGURE A5 - LEAKAGE MASS AT CONSTANT TEST PRESSURE

640 ‘ 80
|
|
B 620 A==T752
2 < .= =
8600 [T O Lo 70 2
o - TOMPa at 15°C 2
S 580 | 65 &
560 f------—mmmmmm - SRR 60 &
|
|
540 : 55
0 10 20 30 40
Gas temp (C)
Ts
Pt=SPx— (Eq. A4)
288

Pt: target test pressure (MPa), SP: service pressure (or Nominal Working Pressure) of the system (MPa), Ts: gas
temperature (K)

Actually, since it is difficult to accurately adjust the test pressure to the target test pressure calculated with Eq. A4, a
compensation means is prepared in Eq. A8.
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3) Calculation of Test Gas Leakage (ML)

The mass of test gas leakage can be calculated based on measured values of gas temperature and pressure before

and after crash.

3-1) Pressure Value Conversion to 288 K

<Before crash>

Ps 15:Psx& , Pe 15:Pex§
- Ts - Te

Ps_15: converted pressure at 288 K (MPa)

Ps: measured pfessure (MPa)
Ts: gas temperafure (K)
<After test time

Pe_15: converted pressure at 288 K (MPa)

Pe: measured pressure (MPa)
Te: gas tempergture (K)

3-2) Gas Density Calculation

Eq. A6 is approximation equation derived from pressure-density correlation of hydrogen desc

Ds: gas denkity before crash (kg/ms), De: gas density after Test Time (kg/m3)

Ds =-0.0027x (Ps_15)* +0.75XPs" 15+1.07
De =-0.0027x (Pe_15)* + 075% Pe_15+1.07

[\ w > o1
(e <9 () ()
T 7 T

Gas dénsity kg/m3)
=

o

0 20 40 60 80
Pressure (1Pa)

FIGURE A7 - HYDROGEN PRESSURE

3-3) Mass of Test Gas Leakage

DENSITY CORRELATION

ML = (Ds - De) x Vol

ML: mass of test gas leakage (g), Vol: tank volume (L)

(Eq. A5)

ibed in Figure A7.

(Eq. AB)

(Eq. A7)
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4) Calculation of Allowable Test Gas Leakage (AML)

The leakage mass from a same area orifice has a proportional relation with test time and initial test pressure.
Figure A8 shows the correlation between initial test pressure and leakage mass. Therefore, the deviation of the
allowable mass of test gas leakage (AML) can be compensated with Eq. A8.

AML = 606x 23 x 2L
Pt 60

(Eq. A8)

AML: allowable mass of test gas leakage (g), Ps: initial test pressure (MPa), Pt: target test pressure (MPa), LT: Test

Time (Time_5%

or 60 minutes, whichever is longer)
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FIGURE A9 - HELIUM LEAKAGE OVER 60 MINUTES

DN OF THE BASIC APPROACH FOR'TESTS PERFORMED WITH HELIUM AT FULL SERVICE

b simulation results ofithe allowable helium leakage mass over 60 minutes through the orifices that
rogen. An approximation formula of Eq. A9 can be derived from the simulation rgsults at 70 MPa and

(Eq. A9)
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Figure A10 shows the pressure loss for various tank sizes and initial pressures that can be calculated based on the
helium leakage mass described in Figure A9.

As illustrated in figure A11, 5% pressure loss of pressure sensor range can not be accomplished within 60 minutes for
tanks larger than about 200 liters. Figure A12 shows the simulation results of the required test time periods for pressure
loss of 5%. In Figure A11 and A12, pressure sensor range is 1.3 times of each service (or nominal working) pressure.

10000 —§— ; ‘
= o | e25MPa
Z 8000 i Vol ~| m35MPa [
é I\ ' | A50MPa
o oU00 A | ® (OMPa
= \. \*\ | T
1%} \. | |
2 4000 '\ ; ;
= | |
| |
= 2000 | L |
jo
| |
O | |

0 200 400 600 800 1000
Tank volme ()

FIGURE A10 - HELIUM PRESSURE LOSS OVER 60 MINUTES

10000 —
© ——
—-l-— 200L
2;7 S000-f —A—I 400L
0
3 ---@---1000L
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::: . ......... . ............. ... e
0 !
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FIGURE A11 - HELIUM PRESSURE LOSS OVER 60 MINUTES
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0 200 400 600 800 1000
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FIGURE A12 - TIME PERIODS FOR 5% PRESSURE LOSS


https://saenorm.com/api/?name=510cd4a769b45aebec2b9f58ac534066

SAE J2578 Revised JAN2009 Page 42 of 63

According to the simulation results, required test time (time period to obtain 5% pressure loss of pressure sensor range)
can be provided in the approximation equation below.

Vol xSP SR

Time 5% = x((-0.028 XSP +5.5) xRt -0.3) - 2.6 xRt » Rt = o (Eq. A10)

Time_5%: time period for pressure loss of 5% (min), Vol: tank volume (L), SP: service pressure (or Nominal Working
Pressure) of the system (MPa), SR: pressure sensor range (MPa), Rt: pressure sensor range ratio

A2.2 Test Procedure for Helium Test Gas

Basically, same tes{procedure described in A T.2 (Figure A4) IS appiied. Calcutations In 1) Calcylation of Test Time
for 5% pressure logs of pressure sensor range (Time_5%)”, “3-2) Gas Density Calculation of*and “4) Calculation of
Allowable Test Gas|Leakage (AML)” are different from the test with hydrogen at service (or-iomingl working) pressure
and should be changed to below ones.

1) Calculation of Tést Time for 5% pressure loss of pressure sensor range (Time_5%)

Use Eq. A10. [If the calculated Test Time is less than 60 minutes, the Test Time should ke 60 minutes (as a
minimum).

3-2) Gas Density Calculation

Eq. A6 is change¢d to Eq. A11.

Ds =-0.0043x (Ps_15)* +1.53xPs_15+1.49

(Eq. A11)
De =-0.0043x (Pe_15)* +1.53xPe 15+1.49
Ds: gas density| before crash (kg/m®), De: gas density after Test Time (kg/m®)
4) Calculation of Ajowable Test Gas Leakage (AML)
Eq. A8 is changed to Eq. A12 according to the helium leakage characteristics of Eq. A9.
AML =[ 2279 904 |5 PS5, BT (Eq. A12)
Vol Pt 60

AML: allowable mass of testigas leakage (g), Ps: initial test pressure (MPa), Pt: target test pressufe (MPa), LT: Test
Time (Time_5% pr 60 minutes, whichever is longer)

A3 DESCRIPTIDN-OF THE BASIC APPROACH FOR TESTS PERFORMED WITH HYDROGEN AT REDUCED
PRESSUR

A.3.1 Basic Consideration

This approach is to perform a crash test with hydrogen, but using less than a full service (or nominal working) pressure for
test safety. In order to achieve this benefit, an initial pressure test range between 2 and 8 MPa was selected.

Figure A13 shows the simulation results of pressure characteristics and time periods for 5% pressure loss of the pressure
sensor range (4.55 MPa) starting with various initial test pressures through a same size orifice. This orifice can release
606 g hydrogen over 60 minutes when the tank is filled up to 70 MPa service (or nominal working) pressure. It indicates
that longer time periods are required to obtain pressure loss of 5% when starting at lower initial test pressures.
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FIGURE A13 - PRESSURE CHARACTERISTICS AND TIME
PERIODS FOR 5% PRESSURE LOSS

.5 times the initial test pressure.

a pressure sensor range of 5 MPa is used, the ifitial pressure may range from
shows the simulation result of time period fof pressure loss of 5% (Time_5%
Pa and the initial test pressure is 4 MPa.
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Tank volme ()
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FIGURE A14 - TIME PERIODS FOR 5% PRESSURE LOSS

pect, an additional low-range pressure sensor should be installed in the vepicle system before
t. The range of the additional pressure sensor should be selected\té/meet the fo

lowing criteria:

2 MPa to less than
when the pressure

——25\Pa ; l
-~ W --35MPa : -
—A— 50MPa-~~ - L\ 2=
~ @ - T0MPa | ’// 4
| Nz //
| LAY e
; oLt N Tine peribd (i)
: : 25MPa | 35MPa | 560MPa | 70MPa
I 77 100L 10 15 22 32
200L 23 33 48 68
400L 49 69 99 140
1000L 126 177 253 355

As illustrated in Figure A15, even if the initial test pressure varies, Time_5% ends up almost equivalent value when
pressure sensor range ratio (Rt = Sensor range / Initial test pressure) is identical. It implies that Time_5% can be
calculated as a function of pressure sensor range ratio, instead of pressure sensor range and initial test pressure.
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A.3.2 Test Proc
Basically, same test
5% pressure loss ¢
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(or nominal working
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Use Eq. A13.
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FIGURE A15 - TIME PERIODS FOR 5% PRESSURE LOSS WITH
A SAME PRESSURE SENSOR RANGE RATIO

mulation results described in Figure A14 and Figure A15,,Time_5% can

VOIXSP 4 6xRt-0.57)-2.9%&¢ » Rt = SI—E

Time 5% =
- 1000

bd for pressure loss of 5% (min), Vol: tank volume (L), SP: service pressure
tem (MPa), SR: pressure sensor range (MPa),"IP: initial test pressure (MPa),
bdure for Hydrogen at Reduced Pressure

procedure described in A.1.2 (Figure A4) is applied. Calculations in “1) Calcula
f pressure sensor range (Time-5%), ”2) Filling to Target Test Pressure (Pt)
Calculation of Allowable Test:.Gas Leakage (AML)” are different from the test with
pressure and should be.changed to below ones.

st Time for Pressureytoss of 5% (Time_5%)

If the calculated: Test Time is less than 60 minutes, the Test Time should H

be provided in the

(Eq. A13)

por Nominal Working
Rt: pressure sensor

fion of Test Time for
“3-2) Gas Density
hydrogen at service

e 60 minutes (as a

3-2) Gas Density Ca

Test Pressure
Ts
PT=1PX—— (Eq. A14)
288
Pt: target test pressure (MPa), IP: initial test pressure (MPa), Ts: gas temperature (K)
Iculation
Ds =-0.0048x (Ps_15)> +0.84xPs 15
- - (Eq. A15)

De =-0.0048% (Pe_15)* +0.84x Pe_15

Ds: gas density before crash (kg/m°), De: gas density after Test Time (kg/m®)
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4) Calculation of Allowable Test Gas Leakage

IP Ps LT
AML = 606 X — X — x —— (Eq. A16)
SP Pt 60
AML: allowable mass of test gas leakage (g), Ps: initial test pressure (MPa), Pt: target test pressure (MPa), LT: Test
Time (Time_5% or 60 minutes, whichever is longer), SP: service pressure (or Nominal Working Pressure) of the
system (MPa), IP: initial test pressure (MPa)
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APPENDIX B - GUIDANCE FOR CONDUCTING HIGH VOLTAGE TESTS
B.1 HIGH VOLTAGE ISOLATION TEST
The high voltage isolation test should be conducted on high voltage systems to ensure that, if there is inadvertent contact

with a single high voltage rail and the vehicle chassis, a person is not exposed to harmful electric shock due to a circuit
created by low electrical isolation resistance to the vehicle chassis as shown in Figure B1.

= 20 xoltage Inverter
300V 600V
e Hvon)

Isolation resistance
ohms

Yehicle Chassis

ohms/voltage — > Body current
(hody resistance .0 ohm)

HIGURE B1 - ILLUSTRATION OF ELECTRIC SHOCKDUWE TO CONTACT WITH A
HIGH VOLTAGE SYSTEM HAVING A LOW ISOLATION RESISTANCE

The objective of the[ 500 ohms per volt and 100 ohm per volt requirements is to ensure that the curfent passing through
the body of a person (accidentally or inadvertently) touching a single electrical bus does not exceed 2 ma AC and 10 ma
total DC, respectivelly, due to a single failure.

The purpose of the {esting is to ensure that the isolation-of DC and AC circuits meet the requiremenfs defined in 4.4.3.1.
Standard engineering practice of electrical circuits should be used to combine the isolation resistancgs of circuits that are
conductively connegted. See Figure B2 for an example of the calculation for the situation wherg two DC buses are
conductively connected to an AC circuit througha-non-isolating inverter.

.- - ——— -

R, - Friercen i:,g@_' Y
f\mgygtern Inverter MOT :

- -

-— e ———
—_——-—-— ] e

——— - -

R total: Combinedresistance(R1.R2.R3}
1 1 1 1

R total R1 R2 R3

FIGURE B2 - TYPICAL APPROACH FOR CONDUCTING THE HIGH VOLTAGE
ISOLATION TEST FOR THE VEHICLE IN NORMAL OPERATION

The test may be performed on the entire system at one time, or on individual assemblies with appropriate analytical
adjustments to determine the isolation resistance (to current flow through the body if a person touches any point of the
high voltage system). If the portion of the system that is being tested includes both DC and AC circuits, then the that
portion of the system should be assumed to be AC (as the requirements are more stringent for AC systems) unless, as
discussed in 4.4.3.1, direct contact with the AC is prevented by measures in 4.4.3.2.
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The general approach is to measure the isolation resistance (ohms) between the various sections of the high voltage bus
and the conductive chassis (ground) under a condensing condition, and then calculate the isolation (ohms per volt) at the
maximum working voltage(s) of the system. The test generally follows the following procedure for the purpose of design
verification:

a.

Any on-board energy storage device (e.g., traction battery, auxiliary battery) complying with 4.4.10.1, 4.4.10.2, and
4.4.10.4 can be disconnected for this test.

Prior to conducting the test, the fuel cell system or other equipment may be preconditioned such that normal
operating conditions are established. The fuel cell system may be shut down for testing.

Both sides of e

ectrical circuits not under test (such as low voltage circuits) should be conn
\ J 7

acted to the vehicle

conductive strug
conductive strug
electrical circuit
application of th
rendered inoper;
the test is made

At the discretior]
determining the

For the purpos€
8 hours at 5 °C
90 +10/ -5% a
provided transiti

If a high voltag
atmospheres in

The test voltag
externally-applie

e For fuel cell

e For electricg
based on on

1)

manual

2) At95%

At the maximum &tate of charge as recommended by the vehicle manufacturer and sta

ture (chassis) at a common point. If some electronic components connected
ture and the live part cannot withstand the test voltage, they should be discon

b test potential or that short-circuit the test potential should be removed;’discon
btive before the tests are made. Semiconductor devices in the unit gan be individ
to avoid destroying them in the case of a malfunction elsewhere in\the circuits.

of the manufacturer, the poles of various sections may be connected togethd
bverall resistance to ground or left disconnected and tested-separately.

of design verification, the equipment should be subjected to a preconditionir]
- 2 °C, followed by a conditioning period of 8 hours:at a temperature of 23 °C £ 5
atmospheric pressure. Alternative preconditioning and conditioning paramete
bn across the dew point occurs shortly after, the’beginning of the conditioning peri

b isolation test is used as part of production testing, the use of preconditioni
tem b and e may be deleted (or modified) and the test time may be shortened.

b for isolation resistance measurements may be the voltage source that is i
d DC voltage. The test voltagesshould be selected to be at least the following:

systems, the maximum open circuit voltage of the fuel cell stack.

| systems (other than the fuel cell systems) with batteries (or other high voltage §
e of the followihg.Conditions, as appropriate:

br labelthat is permanently affixed to the vehicle,

between the vehicle
hected from the test

Printed-wiring assemblies and other electronic-circuit components-that may be damaged by

hected, or otherwise
ually shunted before

r for the purpose of

g period of at least
’C with a humidity of
rs may be selected
hd.

hg and conditioning

n the system or an

ources), the voltage

ted in the operating

nufacturer makes no

bfithe maximum capacity of the batteries (or other high voltage sources) if the ma

recomm
or

3)

TTaation;

other high voltage sources) that are chargeable only by an energy source on the vehicle.

Within the normal operating range as specified by the manufacturer for any state of charge of batteries (or

e For electrical systems (other than the fuel cell systems) without batteries (or other high voltage sources), the
maximum working voltage of the circuit.

The test voltage

should be applied for a time long enough to obtain a stable reading.

The isolation resistance should be measured at the beginning of and during the conditioning period at a rate that
allows the minimum value to be measured. The measurements should be performed using suitable instruments (e.g.
MQ meter) between the live parts of each power system and the vehicle conductive structure.
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Isolation for each assembly or system (ohms per volt) is calculated by dividing the isolation resistance of the

assembly by the maximum working voltage. The total isolation of the interconnected system is determined based on
the isolation for each assembly or system within the circuit that can cause current to flow through the body of a

person touching

B.2

an electrical bus within the system.

HIGH VOLTAGE WITHSTAND TEST

The high voltage withstand test should be conducted on high voltage systems to verify connectors, harnesses, and bus
bars. The test may be performed on the entire system at one time or on individual assemblies. The test generally follows
the following procedure for the purpose of design validation:

a. Any on-board en

erav-storaae device (e.a traction battervy._auxiliary batten). can be disconnected
JJ ~J \ g7 77 J 77

for this test.

b. Prior to conduct
voltage) may bsg
such that normg

voltage poles sh

Both sides of €
conductive strug
conductive strug
electrical circuit
application of th
rendered inoper;
the test is made

The test should
60 Hz) for one

potential is use
voltage specifieq

The dielectric wi
2 U + 1000 VAQ
all high voltage
independent cirg
If a high voltage with
NOTES:

1)

The above test

ng the test, the fuel cell module or other loads in the fuel cell systems (thatmay
disconnected. If not disconnected, components within the fuel cell system mg

puld be electrically connected for this test.

ectrical circuits not under test (such as low voltage circuits)) should be conn
ture (chassis) at a common point. If some electronic components connected
ture and the live part cannot withstand the test voltage, they should be discon

b test potential or that short-circuit the test potential should be removed, discon
btive before the tests are made. Semiconductor devices in the unit can be individ
to avoid destroying them in the case of a malfunction elsewhere in the circuits.

be performed by applying a DC voltage'er an AC voltage (with a frequency
Mminute between the electrical circuits.and the vehicle conductive structure. W
i for an AC circuit, a test potential '©0f"1.414 times the applicable rms value g
is to be applied.

thstand voltage should be applied as follows:
where U is the maximum working voltage of the equipment, but not less than 1
circuits and exposed:-conductive parts or chassis (common mode) and betwg

uit and all other exposed conductive parts (differential mode).

stand test is-used as part of production testing, the test time may be shortened.

be damaged by high
y be preconditioned

| operating conditions are established. The fuel cell system should then’ be shlit down and its high

bcted to the vehicle
between the vehicle
hected from the test

Printed-wiring assemblies and other electronic-circuit components that may be damaged by

hected, or otherwise
ually shunted before

between 50 Hz and
hen a direct-current
f alternating-current

500 V rms, between
en each electrically

5 defined in 4.4.3.1.

reguirement is for high voltage AC or DC circuits that are normally isolated a

aalatedlebacaia

Higher test volta

2)

A-mav-ba-rac-iirad-far-noitet band avyatanma
coSThay oCTCqUTCUTOT O 1ISUTAtC U (CITaSSTSToUTTa T U Sy STCTITST

The above test applies to Class Il circuits (with supplementary protection such as double insulation or reinforced

insulation) as well as Class | circuits (with basic insulation) as the supplementary insulation in this document is used
only as a fault protection measure on systems that are normally isolated.
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APPENDIX C - GUIDANCE FOR CONDUCTING DISCHARGE EVALUATIONS
INTO SPACES SURROUNDING VEHICLES

The following tests and/or analyses are based on SAE J1718 and are envisioned for meeting 5.2. The purpose of these
requirements is to evaluate the vehicle’s discharges when parked, stored or operating inside structures to ensure that the
vehicle surroundings can remain “unclassified” and will not be subject to H2 build-up to unacceptable levels.

Section 4.2.4 and Appendix D ensure that any discharge from the vehicle is non-flammable or un-ignitable at the point of
discharge or as the discharge diffuses into the surrounding air. See the discussion in 3.11.1. In order to meet this
requirement, the vehicle discharge must typically contain less than a 4-7% hydrogen concentration at the point of
discharge. While this requwement results |n the dlscharge bemg locally non- hazardous it is not sufficient, by itself, to

ensure that the spage
Authorities Having Jurisdiction (AHJs), the space surroundlng the vehicle should remain less_thga
hydrogen) as the discharge continues.

NOTE: The 25% LFL requirement is based on IEC60079 and the International MechanicalCode (IM(

The concentration of hydrogen in the space over time is a function of the exhaust hydrogen flow rat¢

relative to the ventilgtion flow through the space. For this reason, the two evaluations in Appendic
developed to ensurg that the space surrounding the vehicle remains “unclassified® (based on being
during parking. The| intent is to perform the evaluation under the most severe conditions within t
envelope of the vehicle including, for example, filling the compressed hydrogen storage system
capacity, considering the expected temperature range to which the vehicle will be exposed and eV
challenging conditiops(s), or evaluating a liquid hydrogen storage system when hydrogen venting (
description of each gvaluations is as follows:

The C.1 test is iptended to examine the impact of fuel leakage and permeation from the hydroge
the vehicle when the vehicle is parked (and not operated) in an extremely “tight” (minimally venti
a residential garpge.

C.2 is applicablq if the vehicle is expected to beloperated during parking in structures such as par

Additionally, C.3 wgs developed to evaluate\the accidental or inadvertent operation of the vehi
emissions from an operating vehicle could fesult in a hazardous condition when only minimal air exch

vehicle structure.

refore acceptable to
n 25% LFL (or 1%

).
(not concentration)
es C1 and C2 were
less than 25% LFL)
ne normal operating
fo maximum design
aluating at the most
f any) is required. A

h storage system on
ated) space such as

king garages.

cle where hydrogen
ange is available. In

idl protective features

ed in a hypothetical
icle is larger than a
should not be more
highest point on the

The evaluations described herein may be met by performing tests, analyses, or a combination of both.

While it is possible to perform tests in an enclosure to verify the acceptability of discharges, such testing is unnecessarily
time-consuming and complicated as a repetitive task. For this reason, the approaches developed in Appendices C.1 and
C.2 rely on more readily-obtained measurements of discharges from the vehicle. Guidance with regard to performing
measurements of discharges and defining the criteria for acceptance are provided in C.1 and C.2.

Cautionary Notes:
1. Caution should be exercised when performing the following evaluations as these tests involve handling flammable
gases and possibly igniting flammable mixtures. Loud noises, fire/explosion, asphyxiation, and/or the production of

toxic materials (e.qg., smoke) are possible outcomes and suitable personnel isolation and personal protective
equipment (PPE) should be used.
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Test facilities and operations should comply with local, state, and federal codes and regulations.

ventilation may be required to maintain acceptable conditions.

4.

CA1

PARKING IN NON-MECHANICALLY VENTILATED ENCLOSURES

All test equipment and sensors should be suitable for the test environment. Flammability monitoring and increased

The materials used to construct the facility should not intfroduce an ignition hazard from static electricity.

In order to evaluate the most severe condition, parking in an extremely “tight” enclosure with an air exchange rate of 0.03
air changes per hour (ACH) should be addressed. This 0.03 ACH air exchange rate was derived from the study in

“Vehicle Hydrogen ofnrago l Icing | ighf\unighf Tanks” and rnprncnnfe ovfrnmnly “fighf" wood - frame st

ructures (with plastic

vapor barriers, weat
temperature swings

As noted in 5.2 and
combination thereof|
hydrogen with the s

where:

Chao(t) is the time
H is the total H2
Aroom is the air fl
ACH is the air e
VRoom IS the volu

In the case of a parked vehicle, the/hydrogen shut-off valve is closed and the hydrogen disch

essentially equal to
(given that hydroger
The hydrogen conce

ner-stripping on the doors, and no vents) that are sheltered from wind and underg
fo cause density-driven infiltration.

Appendix C, the ability to meet the scenario defined above can be verified by
For small discharge rates that mix uniformly3 within the surrounding space,
ace can be represented by the following equations:

H H _[ H;Akoom ]-t
Cipp ()= - e &
H + ARoom H + ARoom
ACH* Vo
ARoom = TR

dependent H2 concentration in the"enclosure [1.0 = 100% H]
discharge rate from the vehicle,{L/min]

pw in/out of the enclosure(L/min]

change rate [Air Changes per Hour] of the enclosure

me of the enclosure minus the material volume of the vehicle [L]

the hydrogef:discharge (total leakage, permeation, and vent) from the hydro
left in the-fael system down-stream of the shutoff is very small compared to thg
ntration defined by Equation C1 approaches the following steady-state value:

0 no significant daily

b test, analysis, or a
the concentration of

(Eq. C1)

(Eq. C2)

brge to the room is
gen storage system
enclosure volume).

or

= 00
(H + ARoom) (Eq C3)
Cop= H 100
(H+ACH - V,__/60) (Ea. o)

where Cy; is the steady-state H2 concentration in the enclosure (%) and the remainder of the terms are as defined above.

3 Small discharges of hydrogen will tend to mix to a uniform concentration in the enclosure because the diffusivity of hydrogen is high relative to the
small air exchange rate. Stratification of hydrogen is not observed for small H2 release rates, because stratification is driven by buoyancy, and mixing

to a low (non-buoyant)

concentration occurs before the small amount of released hydrogen can rise to the ceiling.
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