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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FUEL CELL TECHNOLOGIES -

Part 6-1: Micro fuel cell power systems — Safety

FOREWORD

1) The Tnternational Electrotechnical Commission (TEC) is a worldwide organization for standardization compr]sing
gll national electrotechnical committees (IEC National Committees). The object of IEC is topromote
international co-operation on all questions concerning standardization in the electrical and electronic field$. To
this end and in addition to other activities, IEC publishes International Standards Specificat|ons,
Technical Reports, Publicly Available Specifications (PAS) and Guides (heraf > to as [IEC
Rublication(s)”). Their preparation is entrusted to technical committees; any IE intergsted
in the subject dealt with may participate in this preparatory work. Interngti gnd jnon-
dovernmental organizations liaising with the IEC also participate in this p sely

ith the International Organization for Standardization (ISO) in accord i by
gdgreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express)\as e onal
donsensus of opinion on the relevant subjects since each technica h all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for inferna onal
Committees in that sense. While all reasonable efforts are\made fo ensuxe tha IEC
Rublications is accurate any
misinterpretation by any end user.

4) Ip order to promote international uniformi ions
tfansparently to the maximum extent possible |n h ence
Hetween any IEC Publication and the correspo bd in
the latter.

5) IEC provides no marking prcedure to indicate any
dquipment declared to be i

6) All users should ensure that

7) No liability shall attach foNEC o and
members of its technical co ge or
dther damage o and
gxpenses arising IEC
Rublications.

8) Attention is drawn s is
indispensable forhe o

9) Attention is dra ject of
datent right

A HAS fade

avajlable to

IEC-PAS 62282-6-1 /has been processed by IEC technical committee 105: Fuel |cell

technologies.

The text of this PAS is based on the This PAS was approved for
Fnlln\uing document: pllhlir‘afinn by the P.memhers of the

committee concerned as indicated in
the following document

Draft PAS Report on voting
105/96/PAS 105/104/RVD

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned will transform it into an International Standard. Its structure
then be adapted to the IEC rules.

will

This PAS shall remain valid for an initial maximum period of three years starting from
2006-02. The validity may be extended for a single three-year period, following which it shall
be revised to become another type of normative document or shall be withdrawn.

The contents of the corrigendum of April 2007 have been included in this copy.
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FUEL CELL TECHNOLOGIES -

Part 6-1: Micro fuel cell power systems — Safety

1 Scope

1.1 System boundary

06(E)

1.1]1 This consumer safety PAS covers fuel cell power systems, power units and-. fuel

carfridges that are wearable or easily carried by hand, providing d.c. o ts that\d
exceed 60 V d.c. and power outputs that do not exceed 240 VA. Asg (such,
accpssible circuitry is considered as circuits that are “SELV” as defingd 1

as [limited power circuits if further compliance with IEC 609501
Sysrems that have internal systems exceeding 60 V d.c. or 240

eva

1.1)2 This consumer safety PAS covers all fuel cell power syt its and cartri
Thig PAS establishes requirements for all fuel cell power sy \ nitsand cartridg
ensure a reasonable degree of safety for normal aseeable misuse
consumer transportation of such items. The cartridg
to be refilled by the consumer. Cartridges i
technicians should meet all the requirgm

1.1)3 This PAS also covers compatib arately transported fuel storage
1.144 Fuel cell power
spegified in 1.1.1 are cpver

1.1,

1.116.3 This)PAS

ludes requirements for other fuels and the associated systems i

annexes,sformatted as deviations or additional requirements to the main body of this PAS.
1.1@)uld

comply with applicable country and local requirements including transportation,
resistance, and storage, where required.

O not
ally
and
ted.
igtely

dges.
e to
, land

PAS are not intenfded

ained

fuel

limits

ane

n|the

child-
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| Water |- — e mm s = === I
|| Cartridge Mechanical Primary I
Optional 1 Interface Thermal I
| (Oe ) W ° Management battery [ : V\|/_|ast<ta
3 > ea
||. = == == = =} FyelSupply —» Fuel Internal Hower Needs |
II | Interface . Management ™2 o) © ytional) : |nF::rvm‘v:<:re [
I| o \ll Or i Module Power I 1 >
T oel T o~
Il Cartridge Internal // Stack Conditioning 4 | >
|I Reservoir Air
| I (Optional) Management | |
|I Fuel Cartridgel Water and/or Reé:htz:rgeab I |
T === Byproduct Ca erYt |
: TOtSal (t;ontro| Management apiaor: 0; : | Waste
ystem @Ste Products and
| \ »| artridge unused fuel
: |_Micro Fuel Cell Power Unit _ _ \_\D ovtenel
N o N |
| po
1.2| Equivalent Level©
The requirements of thi . 0 constrain innovation. The manufacturer
may consider fuelg, ma r constructions not specifically dealt with in this PAS.
These alternativ%? as\totheir ability to yield levels of safety equivalent to
thoge prescribed i
2 |Normative
The follow ents are indispensable for the application of this PAS. |For
dated referens the\edition cited applies. For undated references, the latest editioh of
the reference ncluding any amendments) applies
IEC| 60079-45:2005¢ Electrical apparatus for explosive gas atmospheres — Part [15:
Construction, test and marking of type of protection ‘n’ electrical apparatus

IEC

RnﬂRR-A-?ﬂﬂﬂ_ Prim:)ry batteries — Part 4: annfy of lithium batteries

IEC

60695-2-11,

Glow-wire flammability test method for end-products

Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods —

IEC 60695-2-20, Fire hazard testing — Part 2-20: Glowing/hot-wire based test methods — Hot-
wire coil ignitability — Apparatus, test method and guidance

IEC 60695-11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical
flame test methods

IEC 60730-1, Automatic electrical controls for household and similar use — Part 1. General
requirements

IEC 60950-1, Information technology equipment — Safety — Part 1: General requirements
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61025, Fault tree analysis
61032, Protection of persons and equipment by enclosures — Probes for verification

61960, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
ondary lithium cells and batteries for portable applications

ISO 175, Plastics — Methods of test for determination of the effects of immersion in liquid

chemicals

ISO 188, Rubber, vulcanized or thermoplastic — Accelerated ageing and heat resistance tests

ISQO 1817, Rubber, vulcanized — Determination of the effect of liquids

ISQ 9772, Cellular plastics — Determination of horizontal burning cha sticS) jof small

spegimens subjected to a small flame

ISO1 15649, Petroleum and natural gas industries — Piping

ISQ 16000-3, Indoor air — Part 3: Determination of for , ; er carbpnyl

compounds — Active sampling method

ISQI 16000-6, Indoor air — Part 6: Determination of vefatile~Nqrganic: compoynds in indoor land

testt chamber air by active sampling on Tenax 1] ermaly desorption and |gas

chromatography using MS/FID

ISQ| 16017-1, Indoor, ambient and wi ing and analysis of volatile

organic compounds by sorbent tube/the gas chromatography — Part 1:

Pumped sampling

AN$I/ASME B.31.3, Process piping

3 |Terms and defi

For|the purposei grms and definitions apply.

3.1

endlosure

paris of the ry sell ded to be a barrier to protect, shield, and control access to[the

internal compQ AWmate

3.2

fireenclosure

par{ of the fuel celkpOwer unit that is intended to minimize the spread of fire or flames ffom

witHin

3.3

fuel

one of the following substances:

a) Methanol or methanol/water solution regardless of the concentration that is used to
produce electricity in the fuel cell unit

b) Formic acid

c) Hydrogen

d) Methanol clathrate compound

e) Borohydride compounds

Butane
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NOTE The methanol or methanol/water solution, is covered by the main body of the PAS. Annexes A through F

cover the other fuels.

34
fuel cartridge

removable article that contains and supplies fuel to the fuel cell power unit or internal

reservoir, not to be refilled by the user

3.5
insert cartridge

fuel cartridge, which has its own enclosure and is installed within the enclosure of the device

powered by the fuel cell power system

3.6
exterior cartridge

fuell cartridge, which has its own enclosure that forms a portion of vice
powered by the fuel cell power system

3.7

attgched cartridge

fuell cartridge, which has its own enclosure that conpé R ce pgwered by the ffuel
celllpower system

3.8

satellite cartridge

fuel y rom the fuel cell power unjt to
tran el cell power unit

3.9

fue| cell power unit

fuell cell power unit inte € i which service and replacement of the ffuel
celllpower unit wilk be ‘ enysenor by a person who has been trained to seryice
and| repair the pt

3.1D

fuel supply unit, :

carfridge in orking pressure does not exceed a gauge pressure of 50 kPa
at 22 °C

3.1

fue

carfridge in(which the‘/hormal working pressure exceeds a gauge pressure of 50 kPa at 22 C
3.1

haz fuel

any liquid fuel amount over 5 ml or a concentration of methanol greater than, or equal to, 4 %

by weight in water. Other hazardous fuel definitions are given in Annexes A through F

3.13
internal reservoir
structure in a fuel cell power unit that stores fuel and cannot be removed

3.14
leakage
accessible hazardous liquid fuel outside the system or cartridge
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3.15

limited power sources

circuits supplied by a limited power source are not considered to be a potential fire hazard
due to the limits on available power to the circuits. A limited power source is either inherently
or non-inherently limited

NOTE An inherently limited power source does not rely on a current-limiting device to meet limited power
requirements although it may rely on an impedance to limit its output. However, a non-inherently limited power
source relies upon a current-limiting device such as a fuse, etc. to meet limited power requirements.

3.16

maferial, toxic
any| material having a toxic hazard rating of 2, moderate, in Sax’s "Dang
Inddistrial Materials" or related reference guide

ous Propertiep of

3.1
mechanical enclosure

the

3.1

conpumer cannot come into physical co

3.2D
no-fuel vapour loss

fuell vapour escapifg
3.21

ing a

by

trained technicians

3.24
valve, shut-off
component of a fuel cartridge that controls the release of fuel

3.25
waste cartridge
cartridge that stores waste and by-products from the power unit

3.26
water cartridge
cartridge that is filled with water (no additives) to adjust fuel concentration
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4 Materials and construction of fuel cartridge, micro fuel cell power unit
and micro fuel cell power system for portable devices

4.1 General

4.1.1 The fuel cell power unit when coupled to the fuel cartridge shall be designed and
constructed to avoid any credible risk of fire or explosion posed by the fuel cell power system
itself or gases, vapours, liquids or other substances produced or used by the fuel cell power
system.

4.1 0 prevent a Tfire or explosion hazard within the fuel cell power system, |the
manufacturer shall eliminate potential ignition source(s) within areas where fuel is present
can|be potentially released).

4.1)3 Flammable, toxic and corrosive fluids shall be kept withi
system such as within fuel piping, in a reservoir, a cartridge or &
leakage.

4.2 FMEA/hazard analysis

4.21 A failure modes and effects analysis (FMEA)/or equivaler ili i | be
confducted by the manufacturer to identify faults which ¢an havs ces
and| the design features that serve to mjtigate thpse s

thaf may result in leakage. i ¥ 1B illi -refi i 5, if

anticipated by the manufacturer or tral e
4.2J2 Guidance can be found in IEC

4.3| Fuel Input

4.311 The manufactyre y e, power unit and/or fuel cartridges ghall
sperify the typ n e fuel and, if applicable, the quality Jand
chafacteristics o@ eémployed with the fuel cell power system. This
information shall bé g e documentation provided with the system.

4.32 The fuel c¥ \ il specify the fuel cartridge(s) that it is intended for. This
information QVi s part of the documentation provided with the fuel cell pgwer
uniff or fuel_cell poweRgystem

4.4 Gene

Thg materials) and sodting shall be resistant to corrosion under the normal transportation fand
normal usage conditions over the lifespan of the product.

4.5'—Selectionofmaterials

4.5.1 Non-metallic materials such as rubber and plastics shall be selected so as to be
resistant to deterioration under their normal usage conditions over the lifespan of the product.

4.5.2 Materials employed in the fuel cell system and cartridge shall be resistant to the
affects of temperature and exposure to fuels and the effects of weather as outlined in 4.7.

4.5.3 Metallic and non-metallic materials used to construct internal or external parts of the
fuel cell power system, in particular those exposed directly or indirectly to moisture, fuel
and/or by-products in either a gas or liquid form as well as all parts and materials used to seal
or interconnect the same, e.g. welding consumables, shall be suitable for all physical,
chemical and thermal conditions which are reasonably foreseeable within the scheduled
lifetime of the equipment and for all test conditions; in particular,
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they shall retain their mechanical stability with respect to strength (fatigue properties,
endurance limit, creep strength) under normal usage;

they shall be sufficiently resistant to the chemical and physical action of the fluids that
they contain and to environmental degradation;

the chemical and physical properties necessary for operational safety shall not be
significantly affected within the expected lifetime of the equipment;

specifically, when selecting materials and manufacturing methods, due account shall be

taken of the material’s corrosion and wear resistance, electrical conductivity, impact
strength, ageing resistance, the effects of temperature variations, the effects arisingywhen
materials are put together (e.g. galvanic corrosion), and the effects g oletradiation;

- minimize that effect by appropriate design, e.g. additiona thlck by approprjate
protection, e.g. use of liners, cladding material i , taking [due
account of normal use;

- and draw attention,
inspection and maintenance

y of
ere

appropriate, it shall be indicate for
replacement.
4.5/4 Elastomeric materials such a$ ggSke 3 i i i be
resistant to deterioration Avhen j i the
temjperatures that they are g i se. Compliance shall be determined by
ISOL 188 and ISO 1817
4.5)5 Polymeriifg h in
con’Lact with thos . ring
normal use. CompJi&a
4.6/ Vaca
4.7) Ge
4.71 Micro wer systems shall have a safe construction that is resistant to impact
(drgp), vibratio shing, environmental changes such as temperature, moisture jand
atmlospheric_pressuré fluctuations during normal use, reasonably foreseeable misuse, jand
consumer fransportation of such items.
4.7 2—Conmectiommechanisis,mctudingthe conmectiom betweema detachabte fuetcartridge
and the fuel cell system, and the electrical connection between the fuel cell module and

dev
an i

4.7

ice, shall be designed in such a way that they cannot be attached at a wrong location or in
ncomplete state so that leakage occurs.

.3 An edge projection or corner of a fuel cell power system and a fuel cartridge shall not

be sufficiently sharp to result in a risk of injury to persons during the intended use or user

mai

ntenance.
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4.8 Vacant
4.9 Piping and fittings

4.9.1 Where piping systems are designed for internal pressures over 50 kPa they shall be
designed, constructed, and tested in accordance with ISO 15649 and ANSI/ASME B31.3.

4.9.2 Piping designed for operation below 50 kPa or, in accordance with the applicable
regional or national pressure equipment codes and standards not qualifying as pressure

4.913 The piping shall comply dimensionally with the technical requirements gi bve,

4.9 e a
hazprd; e.g. air supply, cooling circuits. All other joints s be g , or
sealed, or at least have fitting connections with a defined Qg the

the

4.9J5 Unions, when used in fuel gas or oxyge
i the

flanged-joint type or sealed using an “Q-ring

4.9)6 O-Rings shall be compatible with both the ons
of .

4.9]7 The design and S i Qth der

iy connections shall have adequate strength to withstfand
exposed. Compliance is determined by the pressure

diff¢rential tee .3) e internal pressure tests of 7.3.11.
4.10.2 ioR i the piping and fuel handling parts of the system and cartridge
shall be sufficiently\eaktight to prevent leakage during normal use, reasonably foreseeable

mispse, and
7.3/11.

Compliance is determined by type tests 7.3.1 jand

4.10.3” “Fuel valves

4.10.3.1 Applies to all shut-off valves, filling valves, relief valves, commercial refilling valves,
including all cartridge types.

4.10.3.2 Operating and pressure-containing parts of the shutoff valve and relief valve
assemblies shall last the life of the cartridge under normal conditions.

4.10.3.3 The fuel cartridge shall be packaged to prevent the valve from being damaged
during shipping.

4.10.3.4 The valves must have a means to prevent leakage of fuel through normal use and
storage of the cartridge.
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4.10.3.5 The valves shall not be susceptible to unintended actuation, or manual actuation by
a user not using tools, that results in fuel leakage. Compliance shall be checked using test
probe 11 of IEC 61032 and a force of 9,8 N.

4.10.3.6 There shall be no leakage of fuel during storage, connection, disconnection or
transferring of fuel from the cartridge to the power unit.

4.1

1 Materials and construction — System

The fueI ceII power un|t when coupled to the fueI cartrldge shaII be desrgned and constructed

v y elf or
Es, vapours, liquids or other substances produced or used by the fuel ceII power systerw.

gas

4.11.1 The maximum quantity of methanol stored in the fuel cell powe it s ore
thamp 200 ml

4.11.2 The fuel cell power system shall be protected by meg lled

oxidation, operating temperatures higher than the auto-ignjtio
way| that leaking fuel from or inside the fuel cell power s

h a
Sive

congentrations. The design criteria for such means QUi j be
proyided by the fuel cell power system manufacturey. The S r by
the [fuel cell power system manufacturer or by the manuy R the
fuell cell power system

4.11.3 Components and materials insi d or
shall make use of such materials tha . [The
ma & ical
power and the fuel and oxidant supp erminated. This may be demonstrated
thrqugh the selection or FV 2 in accordance with
IEC| 60695-1-1.

4.11.4 Exemptions

4.11.4. rise
lesq and
are

4.11.4. e a
flammab fuel
into it is
obv q this
temperature~of stich frigh-temperature fuel cells is lower than the auto-ignition temperatpre,

the

4.1

fuel cellkpower system shall be transferred into a safe state.

P \Ignition sources

To prevent a fire or explosion hazard within the fuel cell power system, the manufacturer shall
eliminate potential ignition source(s) within areas where fuel is present (or can be potentially
released) by ensuring that

o

the surface temperatures shall not exceed 80 % of the auto-ignition temperature,
expressed in °C, of the flammable gas or vapour;

equipment containing materials capable of catalysing the reaction of flammable fluids with
air shall be capable of suppressing the propagation of the reaction from the equipment to
the surrounding flammable atmosphere;

electrical equipment, if subject to contact with fuel, is suitable for the area in which it is
installed.
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4.13 Enclosures and acceptance strategies

A fire enclosure is required when temperatures of parts under fault conditions could be
sufficient for ignition.

4.13.1 Parts requiring a fire enclosure

Except where Method 2 of 4.7.1 of IEC 60950-1 is used exclusively, or as permitted in 4.7.2.2
of IEC 60950-1, the following are considered to have a risk of ignition and, therefore, require
a fire enclosure.

4.1]
609

4.1]
as

limi
sou

4.1

The

3.1.3 Components within a power supply unit or assembly havin

3.1.2 Components in circuits supplied by limited power sources as specified in 2.5.0f

50-1, but not mounted on material of flammability class V-1.

specified in 2.5 of IEC 60950-1, including non-arcing overc
ing impedances, regulating networks and wiring, up to the fuoi
Fce output criteria are met.

B.2 Parts not requiring a fire enclosure

following parts do not require a fire enclosure.

gnitien do not require a fire enclosure.

IEC

fput

ices,

wer

Motors.

F-lectromechanical components co ing 50 60950-1.

Wiring and cables insulated with P ~EP, neoprene or polyamide;
Components, including onnectors m gdirements of 4.7.3.2 of IEC 60950-1,
which fill an opening in

Connectors in cirguits ed power sources complying with 2.5 of |[EC
50950-1.

Other comp i ied Yy limited power sources complying with 2.5 of [EC
50950-1 and moelp ateri lammability class V-1.

[Dther compone Method 2 of 4.7.1 of IEC 60950-1.

Fquipment or g 8 equipment, having a momentary contact switch which the (ser
has to activa , and the release of which removes all power from |the
equipment\or par

Compliance 7.221 and 4.7.2.2 of IEC 60950-1 is checked by inspection and by
evaluatio ata’provided by the manufacturer. In the case where no data is provided,
compliapceé. issdetermined by tests.

Fuel-cartridges without electrical circuitry that under fault conditions could be sufficient for
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Table 1 — Summary of material flammability requirements

Parts requiring a fire enclosure

Parts not requiring a fire enclosure

Components in limited power circuits not mounted on
Class V-1 minimum rated materials

Motors (complying with 7.2 of IEC 60950-1) and other
electromechanical components (complying with 7.3 of
IEC 60950-1)

Non-limited power circuits

Wires, cables insulated with PVC, TFE, PTFE, FEP,
neoprene or polyamide

Areas that contain or process a flammable fluid

Components in limited power circuits mounted on
Class V-1 minimum materials

omponents with un-enclosed arcing parts such as
relay contacts, commutators and open switches

Connectors in limited power circuits

Insulated wiring (not employing PVC or other
insulation)

Plugs and connectors rmlng paxt of lan

interconnegtin c?'bka\

Table 2 — Summary of material flamma@\\

N

men

Part

qmre ents

Fire lenclosure Enclosure

Parts which fill an opgéning

V- 60695-11-10), or
( EstA 0 60950-1, or

nent standard

Outdide the fire
enclpsure

J

\HBA—O/(IEC 60695-11-10) for thickness > 3 mm, or
>-IB75 (IEC 60965-11-10) for thickness < 3mm, or

HBF (foamed) (ISO 9772), or
550 °C Glow wire test of IEC 60695-2-11, or
See 4.7.3.3 of IEC 60950-1 for exceptions

e the fire
bsure

Insig
encl

kho po}agt(s%nd parts
cluding mechanical and

lectrigal enclosures

>

V-2, or

HF-2 (foamed)(ISO 9772), or
Test A.2 of IEC 60950-1, or
Components standard, or

See 4.7.3.4 of IEC 60950-1 for exceptions

Any Jocation Air filter assemblies

V-2 (IEC 60695-11-10), or

HF-2 (foamed) (ISO 9772), or
Test A2 of IEC 60950-1, or
See 4.7.3.4 of IEC 60950-1 for exceptions
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4.13.3 Materials for components and other parts outside fire enclosures

4.13.3.1 Except as otherwise noted below, materials for components and other parts
(including mechanical enclosures, electrical enclosures and decorative parts), located outside
fire enclosures, shall be of flammability class HB75 if the thinnest significant thickness of this
material is <3 mm, or F flammability class HB40 if the thinnest significant thickness of this
material is > 3 mm, or Flammability

NOTE Where a mechanical or an electrical enclosure also serves as a fire enclosure, the requirements for fire
enclosures apply.

4.13.3.2 Requirements for materials in air filter assemblies are in 4.7.3.5 of IEC 60950¢/, jand
for materials in high-voltage components in 4.7.3.6 of IEC 60950-1.

Cornectors shall comply with one of the following:

e made of material of flammability class V-2; or
ass the tests of Clause A.2; or

4.1 ility
clags HB40, flammability class HB75, ¢ fIamm the
follgwing.

4.13.3.3.1 Electrical components that do*not pre: g _fire hazard under abnormal operating

hert

onents, such as integrated-circuit packages, opto-coupler
small parts that are mounted on material of flammalility

ables and connectors insulated with PVC, TFE, PTFE, FEP, neopreng or

4.13.3.3:6 Individual clamps (not including helical wraps or other continuous forms), laging
, tWine and cable ties used with wiring harnesses.

4.13.3.3.7 Gears, cams, belts, bearings and other small parts which would contribute
negligible fuel to a fire, including decorative parts, labels, mounting feet, key caps, knobs and
the like.

4.13.3.3.8 Compliance is checked by inspection of the equipment and material data sheets
and, if necessary, by the appropriate test or tests in Annex A of IEC 60950-1.

4.13.4 Materials for components and other parts inside fire enclosures

4.13.4.1 Requirements for materials in air filter assemblies are in 4.7.3.5 of IEC 60950-1 and
requirements for materials in high-voltage components in 4.7.3.6 of IEC 60950-1.
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4.13.4.2 Inside fire enclosures, materials for components and other parts (includ
mechanical and electrical enclosures located inside fire enclosures) shall comply with one of
the following:

be of flammability class V-2, or flammability class HF-2; or

pass the flammability test described in Clause A.2; or

(E)

ing

meet the flammability requirements of a relevant IEC component standard that includes

such requirements.

4.13.4.3 The above requirement does not apply to any of the following:

encl

4.1

electrical components which do not present a fire hazard under abnormal operalting
conditions when tested according to 5.3.6 of IEC 60950-1;
materials and components within an enclosure of 0,06 m3 or leg qK g totally of
metal and having no ventilation openings, or within a sealed unifco ext gasg;
bne or more layers of thin insulating material, such as adhegiv on [any
surface within a fire enclosure, including the surface of cay i , provided
fhat the combination of the thin insulating material and e G ication comglies
with the requirements of flammability class V-2, or flam i S ;

NOTE Where the thin insulating material referred to in the apove jon g inner surface of thg fire
bsure itself, the requirements in 4.6.2 of IEC 60950-1 continue td 3
electronic components, such as opto-coupler packages,
capacitors and other small parts tKat are iakgf flammability class V-1
wiring, cables and connectors insulated F, PTFE, FEP, neopreng or
polyamide;
ndividual clamps (not ji er continuous forms), lacing tape,
fwine and cable ties u
wire which complie i equi ents fgr VW-1or FT-1or better, and which i so
marked;
the foIIowins, id are separated from electrical parts (other than
nsulated wires” a hich> under fault conditions are likely to produce a
femperature tha d ca ignjtigh, by at least 13 mm of air or by a solid barriefr of
material of fl S
jears 5 and other small parts which would contribute negligible ffuel
fo a firg, includi npounting feet, key caps, knobs and the like;
fubing. for e y flyid systems, containers for powders or liquids and foamed pldstic
parts, provided that they are of flammability class HB75 if the thinnest significant thickness
bf the material is <\3 mm, or flammability class HB40 if the thinnest significant thicknesjs of
the material is >3"mm, or flammability class HBF.
3.4.4-"Compliance is checked by inspection of the equipment and material data shTets

and

4.13.5 Mechanical enclosures

4.13.5.1

A mechanical enclosure shall be sufficiently complete to contain or deflect parts

which, because of failure or for other reasons, might become loose, separated or thrown from
a moving part.

4.13.5.2 Compliance is checked by inspection of the construction and available data and,
where necessary, by the relevant tests of 4.2.2, 4.2.3, 4.2.4, and 4.2.7 of IEC 60950-1, as
applicable.
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4.13.5.3 After the tests of 4.2.2 to 4.2.7 of IEC 60950-1, the sample shall continue to comply
with the requirements of 2.1.1, 2.6.1, 2.10, 3.2.6 and 4.4.1 of IEC 60950-1. It shall show no
signs of interference with the operation of safety features such as thermal cut-outs,
overcurrent protection devices or interlocks.

4.13.5.4 Damage to finish, cracks, dents and chips are disregarded if they do not adversely
affect safety.

NOTE If a separate enclosure or part of an enclosure is used for a test, it may be necessary to reassemble such
parts on the equipment in order to check compliance.

sysfem such as within fuel piping, in a reservoir, a cartridge or simila . issjons

4.14.2 One of the means of meeting requirements of emissiopn limi ias i the

4.14.3 Internal wiring and insulation in general sha B or
sim|lar substances, unless the insulation has contact with these
subptances.

415 Protection against electricakha

Theg voltages within the fuel cell power/source sha afety extra low voltage in accordance
with the SELV limits. hall bs, ma 2 1. If
internal voltages exceed 60 W d. icro cell’gower unit is to be further investigated in
accprdance with IEC 609

4.16 Fuel cell itac

4.16.1 The fuel\¢¢g Ag 3 \ a construction sufficient to withstand the stfess
generated by the expe wpration and heat, etc.

4.16.2 The k not create a hazardous condition when dropped or otherwise

subject to a 9 S gudring its intended use.

417 Fue
4.17.1 Fuel cartridge construction

Fudl cartridges must conform to the following.

4.17.1.1 There shall be no leakage from the cartridge in the temperature range of —40 °C to
+70 °C. See 7.3.3 and 7.3.4.

4.17.1.2 There shall be no leakage from the cartridge at an internal pressure of 95 kPa
internal gage pressure plus normal working pressure at 22 °C or two times the pressure of the
cartridge at 55 °C, whichever is greater.

4.17.1.3 Maximum methanol fuel volume shall not exceed 1 litre.

4.17.1.4 For normal use, reasonably foreseeable misuse, and consumer transportation of a
fuel cartridge with a fuel cell by a consumer, means to prevent fuel leakage prior to, during,
and after connection or transfer of fuel to the fuel cell shall be provided. Compliance is
checked by 7.3.12.
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4.17.1.5 A fuel cartridge shall be resistant to corrosion in its usage environment.

4.17.1.6 For the installation of a fuel cartridge on the fuel cell, means to prevent the mis-
connection shall be provided so as not to cause leakage.

4.17.1.7 Fuel supply connectors provided on the fuel cartridge shall have a construction that
prevents the leakage of fuel when not attached to a fuel cell during normal usage, reasonably
foreseeable misuse, and consumer transportation.

4.17.1.8 In the case where a pressure release valve or similar means is provided, such
pressure release valve shall satisfy the performance requirement for each type test. This
valye must pass all type tests with no leakage.

4.17.1.9 The structure at the connection to the fuel cartridge must no!

4.17.1.10 A fuel cartridge, including the fuel cartridge interfa
including the valve, shall have a construction sufficient
reasonably foreseeable misuse generated by vibration, he
othg¢rwise subject to a mechanical shock etc. Compliance<

ice,
and
or

e pressure differential tests, 7.3.1;
e \Vibration test, 7.3.2;

e [emperature cycling test, 7.3.3;

e high temperature exposure, 7.3.4;
e (drop test, 7.3.5;

e fompressive loading tes

ong-term storage test,

4.17
with

and

4.17.1.
tran

the

4.1

The fuel cartridge d&sign and fuel fill amount must allow fuel expansion without leakage fo a
carfridgé temperature of 70 °C with either the cartridge alone or constrained by the system|.

4.18 Protection against mechanical hazards
4.18.1 Tubing other than fuel tubing lines

Requirements are listed below for the construction of tubing lines other than fuel tubing lines
inside the fuel cell system.

4.18.1.1 The line construction will be provided with sufficient capability to resist pressure
and other load weight, and there will be no danger of contamination or leakage of the line
contents. Compliance is determined by 7.3.1 and 7.3.10.

4.18.1.2 The construction shall have been provided with suitable measures to prevent
freezing, breakage, corrosion, etc. Compliance for freezing is determined by 7.3.3.
Compliance for breakage is shown in 7.3.5.
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4.18.2 Exterior surface and component temperature limits

Fuel cell power units shall not attain excessive temperatures during normal operation.
Compliance shall be checked by determining the temperature of the various parts under the
following conditions. The fuel cell power unit is operated at full load until thermal equilibrium
is reached or fuel supply is totally exhausted. During the test, thermal cutouts and overload
devices shall not operate. The temperature shall not exceed the values shown in Table 3.

4.18.2.1 Exterior surfaces

To eliminate any risk of burn injury caused by contact with the fuel cell power system, the
temjperature of the external enclosure shall not exceed the value shown in Table 3.

4.18.2.2 Handles, knobs, grips and similar parts.

Theg user is intended to touch handles, knobs, grips and similar pa
unifl. The temperature of handles, knobs, grips and similar parts~i
not [exceed the values shown in Table 3.

4.18.2.3 Components

shown in Table 3, their temperatures shall

ratgd.
N ) \/ Temperature
x <

External enclosure,w obs, gxips @nd theNlike“which, in

nornjal use, are held:

— npetal 50
— pprcelain or vitreous materi 60
— nmoulded material, r er,0r woqd 70

iect contact with methanol and methanol

Excgption — Areastthat are\separately evaluated for reforming fuel
that utilize a high-temperadre process.

* g0 % of the auto-ignition temperature of the potential flammable vapour.

4.18.3 Motors

4.18.3.1 Whether operating under intended conditions or during an abnormal condition like
running overload or locked rotor, the temperature of the motor shall not increase to the point
where it acts to ignite a flammable release of gas.

4.18.3.2 Motor parts such as the motor brush, thermal overload device or other make/break
component(s), which act to interrupt a circuit even if the interruption is transient in nature,
shall not cause a hazard by producing an arc or thermal effect capable of igniting a flammable
release of gas.

4.18.3.3 If a connector is used in the circuitry, it shall be considered normally non-arcing if
disconnection is not required during operational maintenance and if it is mechanically
prevented from separating or secured so that a separating force of at least 15 N (3,4 pounds-
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force) is required for loosening. If accessible during operational maintenance, the connector
shall be marked in accordance with the following: “Warning — Do not disconnect while circuit
is alive unless area is known to be non-hazardous.” This warning shall be on or adjacent to
the connector.

4.18.3.4 Impedance protected motors and motors equipped with thermal cut-offs are
methods in which protection against over-temperature can be achieved.

4.19 Wiring material, including printed wiring

confdition of an electrical overload, printed wiring on ‘open’ circuit b an
arc lor thermal effect capable of igniting a flammable release of

4.2Dp Miscellaneous electrical equipment

Eleg¢trical components like fuses, other over-current prote t| , , ctric
valyes and solenoids when operatmg under their int i S not produce thenqmal
effe

4.2 Construction of electric devi

b) An impedancerlimits the™outputii . If a positive temperajure
coefficient d' , A |17,
.15 and J17.

c)

d) mal

ing

e) ating

'Jnce

with Table 5 after any single fault (see 1.4.14) in the regulating network (open circuit or
shorit circuit).

f) Mhere a non-arcing over-current protective device is used, it shall be a suitable fuse pr a
non-adjustable, non-auto-reset, electromechanical device.

Compliance is checked by inspection and measurement and, where appropriate, by
examination of the manufacturer’s data for batteries. Batteries shall be fully charged when
conducting the measurements for V', and /¢, according to Tables 4 and 5.
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Table 4 — Limits for inherently limited power sources

Output voltage-d.c. 2 Output current ® Apparent power €
(Voe) (Ige) (8)
Vd.c. A VA
<20 <8,0 S5x 7V,
20 < V,, =30 <8,0 <100
30 < V,.=< 60 <150/ V,. <100

Voc: Output voltage measured with all load circuits disconnected. Voltages are for ripple-free d.c.

application of the load.

S (VA): Maximum output VA with any non-capacitive load measured 60 s af

Iyc: Maximum output current with any non-capacitive load, including short circuit 0 s after the

jon f the>loaq.

Table 5 — Limits for power sources not
(Over-current protectlo

\uwe{lt rating of over-current

Olutput voltage 2 Output current ® Apparent W
protection 9
(Voc) (Use) < (S >
A
Vd.c. A v

<20 AN <50

IA

100 / ¥,

20 < V,,<30 <1000 / Vy, <5

30 <V, < 60 <\(\ Q <100/ 7,
oc: Output voltage mea ith al i i

L. Maximum odtpyt pacitive load, including short circuit, measured 60 s

pplication of theNoad. imiting % ncés in the equipment remain in the circuit during measure
vercurrent protectiop S

(VA): Maximu with.aqy non; apacitive load measured 60 s after application of load. Curre
mpedances in the i R’ the circuit during measurement, but overcurrent protection m
ypassed

NOTE easurements with overcurrent protection means bypassed is to dete
amouqt o Qat is available to cause possible overheating during the operating time of the o

S current protection means is a discrete arcing device, further evaluation with 1
its isolation“fromipoteqtially flammable gas vapours is to be made.

he current ratings~af’the overcurrent protection means are based on fuses and circuit breakers that
ircuit within 120 s with a current equal to 210 % of the current rating specified in table 5.

after the
ment, but

t-limiting
eans are

mine the
ercurrent
espect to

break the

4.2
4.2

1.2.1 Control systems

System software and electronic circuitry relied upon as the primary safety means as determined
from the analysis according to clause 4.2 in accordance with Annex H of IEC 60730-1.

Fuel cell system using electronic controllers shall conform to the following.

a) During the course of normal usage, in case of controller malfunction, safety shall not be

compromised, namely the fuel system shall not be heated abnormally, and fuel shall not

leak.

b) During the course of normal usage, safety shall not be compromised in cases where a

portion of the control circuit becomes short-circuited or disconnected, namely the
system shall not be heated abnormally, and fuel shall not leak.

fuel
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4.21.3 Electrical conductors/wiring

4.21.3.1 Electric components and wiring shall be laid out so as to minimize thermal effects.

4.21.3.2 The covering of the wires shall not become damaged during normal carrying, usage,
or during periods of non-operation.

4.21.3.3 The conductor used in the wiring shall be as short as possible, and if necessary,
locations shall be provided with insulation, protected from heat, immobilized, or provided with
other treatment.

4.21.3.4 In the case where exposed lead wires or terminals that connect to the fueb|cell
sysfem exterior are attached incorrectly, the fuel cell system either wil[ not operate or|will
operate without any abnormality.

4.21.3.5 Except in the following cases, exposed lead wires or termina , the
exterior of the fuel cell system shall be distinguishable by assighed ols,
colqurs, etc.

b) [There are only two lead wires or terminals, and i has

no effect on fuel cell system operation.

4.21.3.6 Wireways shall be smooth andree

4.21.3.7 Wires shall be protected so tha be
subjected to pinching during assembly, { the
insylation of conductors.

4.21.3.8 Holes in mets
or shall have smooth

4.21.3.9 Comp@e'

to ble well rounded.

ngs

red

4.21.3.10 rical connections between different parts of the fuel [cell
power unit s S i rotected or enclosed.

Complianseg is

4.21.4 Output ¥inal area

The output terminal area shall be designed to prevent accidental contact with human hands.
Thig réstriction does not apply to the following types of output terminal areas.

a) An output terminal area for which, when in its attached state, there is no risk of accidental
human contact.

b) An output terminal area for which the output voltage is below a specific voltage is
inherently limited in compliance with Table 4; or an impedance limits the output in
compliance with Table 5.

4.21.5 Electric components and attachments

4.21.5.1 Electric components and attachments shall have sufficient electrical ratings for use
within the fuel cell power system.

4.21.5.2 Lithium-ion batteries used in the fuel cell power system shall comply with IEC
60086-4 and IEC 61960.
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4.22 Protection
4.22.1 Objective of protection devices

A fuel cell module or system must automatically and safely suspend operation of the fuel cell
module or system when a situation arises which interferes with continued operation and a
protection function shall be provided with the system when necessary. Moreover, this
protection function must be able to operate during both start-up and shutdown of the fuel cell
module or system.

4.22.2 Protection from short-circuit accidents

A function shall be provided to safely suspend operation or to provide protec
to g short-circuited load.

jon in respgnse

4.2P.3 Protection from electrical overloading

Fuel cell power units shall be so designed as to reduce the > esult of an
abnprmal electrical overloading condition.

5 |Abnormal operation requirements and tes

5.1 Abnormal operations and fault congd

5.111 General

5.111.1 Equipment shall be designed(so that the
overload or failure, or dug to abnormal aratio

pragticable.

fire due to mechanical or electtical
careless use, is limited as farn as

5.111.2 After abnormal © ) autt, the equipment shall still be in full working
order.

5101.3 It is permi Y ces
and| the like to pro tion if investigated and found not to become an ignition

soufce.
5.1/1.4

5.1|12

5.1]2.1 Before the start of each test, the equipment should be operating normally.

5.1J2.2/ If a component or subassembly is so enclosed that short-circuiting or disconnection
is not possibie, 1T 1S permitted t0 make the tests on sample parts provided with special
connecting leads. If this is not possible or not practical, the component or subassembly as a
whole shall pass the tests.

5.1.2.3 Equipment is tested by applying abnormal and fault conditions that may occur in
normal use and foreseeable misuse. Hazard analysis (clause 4.2) shall be used for guidance
in identifying key faults to test. In addition, equipment that is provided with a protective
covering is tested with the covering in place under normal idling conditions until steady
conditions are established.

5.1.2.4 The -equipment, circuit diagrams, FMEA, hazard analysis, and component
specifications are to be examined to determine those fault conditions that might occur.
Examples include
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a) short circuits and open circuits of semiconductor devices and capacitors;
b) faults causing continuous dissipation in resistors designed for intermittent dissipation;

c) internal faults in integrated circuits causing excessive dissipation.
5.1.3 Acceptance criteria
During the tests of simulation of abnormal operating and fault conditions:

a) the equipment shall not emit molten metal.

b) circuit traces that are designed to intentionally open in a repeatable manner in non-
ncendive circuits shall be in accordance with IEC 60079-15, or shall be isolated from ffuel
areas;

5.114 Simulated faults and abno
circuits

5.114.1
shall be applied in turn a d ohe

5.1]4.2 Faults, which|are

confdition, are co@

5.1/4.3 When appl§

supplies, consu the
out¢ome of th

514.4 tion
should be_giveR to)d the

profection fortheYend-p

Q

duct against overcurrents and short circuits.

5.1/4.5 Consideration shall also be given to arcing parts in the end-product if the applicaltion
of tFe micro fuel cell may emit potentially flammable vapours during normal or abnormal

opefration.

5.1.4.6 Where there is a specific reference to a single fault, the single fault consists of a
single failure of any insulation or a single failure of any component.

5.1.5 Abnormal operation — Electromechanical components

5.1.56.1 Where a hazard is likely to occur, electromechanical components other than motors
are checked for compliance by the following fault tests.

a) Mechanical movement shall be locked in the most disadvantageous position while the
component is energized normally.

b) In the case of a component, which is normally energized intermittently, a fault shall be
simulated in the drive circuit to cause continuous energizing of the component.
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5.1.5.2 The duration of each test shall be in accordance with the following.

a) For equipment or components whose failure to operate is not apparent to the user, the test
duration shall be as long as necessary to establish steady conditions or up to the
interruption of the circuit due to other consequences of the simulated fault condition,
whichever is shorter.

b) For other equipment and components, the test duration shall be 5 min or up to the
interruption of the circuit due to a failure of the component (for example, burnout).

5.1.6 Abnormal operation — Batteries

A fylly charged rechargeable battery provided with, or recommended by, the manufacturef for
use|with the fuel cell power unit shall be used for each of the following tesjs:

5.1]6.1 For evaluating the overcharging of a rechargeable battery, IS arged fpr a
period of 7 h in accordance with each of the following conditions.

a) With the battery-charging circuit adjusted for its maximq an

hdjustment exists); followed by

b) KAny single component failure that is likely to occur in tF buld

result in overcharging of the battery.
c) [The battery is charged for 7 h with any single cdgmpgng i , and
d) [The battery is subjected to rapid dis it any

current-limiting or voltage-limiting co Y ) st.

a) [Chemical or fuel leaks/of\the b3 ing,

)
c) Emission of f%?
d) |gnition of the Tue
)

er.

the
provided for the system, e.g. over-temperature protection, short cirguit,

5171
profection paramete
stagk voltage.

5.117.2" Short circuit, disconnection or overloading of all relevant components and phrts
unless they comply with 4.2.6, 4.4.6, 4.7.2.1, and 4.7.3.4.

NOTE An overload condition is any condition between normal load and the maximum current condition up to short
circuit.

5.1.7.3 Temperatures in excess of the over-temperature protection circuitry to ensure the
safety of the system.
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6 Instructions and warnings for fuel supply cartridges, micro fuel cell power
units, and micro fuel cell power systems

All fuel supply cartridges, units and systems shall be accompanied by appropriate safety
information (instructions, warnings, or both) communicating the intended safe transportation,
use, storage, maintenance and disposal of the product.

6.1 Minimum markings required on the cartridge

As a minimum, the following shall be marked on the fuel cartridge.

a) [CONTENTS ARE FLAMMABLE AND TOXIC, DO NOT DISASSEMBLE.
b) AVOID CONTACT WITH CONTENTS.

c) KEEP AWAY FROM CHILDREN.

d) PO NOT EXPOSE TO HEAT OR FLAME ABOVE 50 °C.
e) FOLLOW USAGE INSTRUCTIONS.

f) IN THE CASE OF INGESTION OF FUEL OR COM1
MEDICAL ATTENTION.

E EYES, SEEK

i) [TEXT OR MARKING THAT INDI
52282-6-1.

accompanying written infor at@r Qn
Usdge instructions to include:

b) fext or marki indik that the system complies with IEC 62282-6-1

c) pll micro fuel ce vicro fuel cell power systems shall identify the [fuel

IEC

supply cartridg eptable for use with the units and systems;
d) pll micro fuel\cel f and systems shall provide manuals providing for |the
following

at educates the end-user in the proper use, function fand
disposal o idgg, unit and/or system;

f) |nformatiomihat identifies the manufacturer of the unit and/or system, including company
hame, addressy telephone number, and web site;

g) pll warnings and instructions affixed to the unit and/or device and to the fuel cartridge
shall~be set forth in the manual. Additional information further explaining or enhanc¢ing
hose warnings and instructions may be provided in the manual;

h) instructions that the system shall be used in a well-ventilated area.

Local laws may apply to these requirements. Consult individual country authorities for details.

7 Type tests for a fuel cartridge, a micro fuel cell power unit, and a micro fuel
cell power system

The type tests for micro fuel cell systems, fuel cell power units and fuel cartridges provide that
these systems are safe for normal use.
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7.1 Test conditions
7.1.1 Laboratory conditions

Unless otherwise explicitly prescribed in this chapter, laboratory conditions are specified by
Table 6.

Table 6 — Laboratory standard conditions

Item Condition

Laboratory temperature is “room temperature” (standa perature
Labpratory temperature condition, 22 °C + 5 °C)

The room atmosphere contains not more than

Rodm atmosphere more than 0,002 % carbon monoxide.
for {uel cell system only The room atmosphere contains at least {8 %
oxygen.

Theg fuel cell power unit and cartridge shall be
temjperature of 22 °C £ 5 °C for a minimum of 3 h prig

7.112 Warning

not
5ing

These type tests use procedures tha
taken. Tests should only be perform
adejquate protection.

7.2 Leakage measure

be—€éxecuted in principle in accordance with|the
ctively. Exceptions will be noted in the varjous

The leakage measure

pro¢edure shown An Fig
subglauses.
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Remove packaging and follow
instructions to prepare cartridge for
use in the fuel cell system. Record

initial mass M, and time ¢.

!

Run type test

!

Visual inspection for liquid

dla Il T H
TICSuUIarmionr witrmirm O TThrT

of completing type test

Is liquid
accessible

R
N

No
Within 10 min of completing the Type test, mea

e
N

0 Fuel vapour loss

—_— occurred;
type test failed

Leakage occurred.
Type test failed

Is liquid
accessible

No
(M, — M) Fuel vapour loss
<0,33g/h — occurred;
(ty—1tq) type test failed
Yes

Type test passed

Figure 2 — Cartridge leakage and mass loss test flow chart for low external pressure,

vibration, drop, and compressive loading tests
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Remove packaging and follow instructions to prepare filled (M) and
empty (MT) cartridge samples for use in the fuel cell system. Record
initial mass M, and MT, and time ¢;.

}

Run type test on filled (M)
and empty cartridge (MT)

|

Visual inspection for liquid methanol
within 5 min

Is liquid
accessible

Leakage occufr }\
type test failed

R
Within 10 min of running type test measure m 3 \
mass MT, and time ¢, /55\

Fuel vapour loss
occurred;
type test failed

Mest passed
%

age and mass-loss test flow chart for temperature cycling type
est and high-temperature exposure test

Figure

The maximum time interval ¢, — 1o must be set that so that no more than half the fuel would be
lost if it were escaping at the maximum allowable mass-loss rate.
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Record initial mass M and time ¢,

!

Run type test

!

Visual inspection for liquid methanol
within 5 min of completing type test

It is possible for a power system
at does not have a fuel shut-off
o have a higher mass loss than
33 g/h, without the fuel escaping
fo the environment. This occurs
Lie to crossover generating water
r?t evapo_ra_tes. Tests may be fun Measure mass M, and time ¢
in a humidity chamber to avoid 1 1
mass loss due to water
evaporation.

Yes

tsiquid
accessible?

1 1 o
Cearageoccurtea,;

type test failed

o

o

—

uel vapour loss
occurred;
ype test failed

Type test failed

Turn ff mi f el ce em and wait for2 h 10 minat22°C +5 °C
ater \kato iss efore doing mass loss measurement

as em standtlmet2 Wait 2 h £ 10 min

% at22°C+5°C
Fuel vapour loss
occurred;
type test failed

Perform emission test.

Ye
Pass emission test?

l No
Type test failed

Type test passed

Figure 4 — Micro fuel cell system/unit leakage and mass-loss flow chart
for vibration, drop, pressure differential and compressive loading tests
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Run short-circuit type test

{

Yes

Fire or explosion? Type test failed

1 No

Visual inspection for
liquid methanol
within 5 min
of completing type test

!

Is liquid
accessible?

Leakage occurred;
type test failed

[
Turn off micro fuel cell system and wait for 2 h £ 10 min at 22 5
to allow water vapour to dissipate before doing mayas.\ sursipe

AVATRN )

Measure mass M, and fim V
Wait 2 h £ 1@'minat 22 ° °C
Measure mass Miand ti

Fuel vapour loss occurred;
type test failed

shut-off to have a higher mass loss

33 g/h, without the fuel escaping to the

fronment. This occurs due to crossover

generating water that evaporates. Tests may

be run in a humidity chamber to avoid mass
loss due to water evaporation.

Figure 5 — Micro fuel cell system/unit leakage and mass-loss flow chart
for short-circuit type test
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7.2.1 Test sample quantity
The quantity of the samples shall be five cartridges and/or two power units/systems for all
type tests. Tests 7.3.2 and 7.3.3 shall be carried out sequentially for testing of the cartridge.

Tests 7.3.1, 7.3.2, and 7.3.3 shall be carried out sequentially for testing of the fuel cell power
unit and/or power system.

7.3 Type tests

Type test items shall be as follows:

Table 7 — Type tests /\

Test item Test samp
Fuel cartfid
7.3.1 Pressure differential tests*
Micro FC power lm sys m
Fue cartrl
7.3.2 Vibration test*
Micro FC ptwer Onjt Mcwe system
caﬁ?idg
7.3.3 Temperature cycling test*

Mic o F((\}uwer it and/or power system

7.3.4 High temperature exposure eI c rldge

\FJeI rtridge
7.3.5 Drop test
FC it and/or power system
v Fuel cartridge
7.3.6 Compressi(@ng test Q artially filled cartridge

icrg’ FC power unit and/or power system
7.3.7 Extern hort- |rcmt es \/Micro FC power unit or power system
7.3.8 fac%and e?\\v Micro FC power unit or power system
eraturé tes

7.3.9 Lc{(Wrag test Fuel cartridge

7.3.10 é WW Fuel cartridge and micro FC power unit
nit

Micro FC power unit with a pressurized empty fuel

ell
7.3.1 W’ w trid
Internal\pressure test cartridage
7.3.1\2\ CXQW cycling test Fuel cartridge and micro FC power unit

7.3.14 \}mission test Micro FC power unit or power system

©  The,following tests must be done in sequence, using the same system hardware:

Pressure differential test > Vibration test > Temperature cycling test

7.3.1 Pressure Differential Tests

Purpose: To simulate the effects of high internal pressure or low external pressure and ensure
no leakage.

7.3.1.1  Cartridge

Test procedure: Use 7.3.1.1, test A or test B.

Test A: For the internal pressurization test, the cartridge and the valve shall be tested
separately.
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Both test a) and test b) are required.

a) Cartridge body only:

i) Using a suitable fluid medium such as water, pressurize the sample to an inte
pressure that is the greater of a 95 kPa gauge pressure plus normal working pressure

i)

at 22 °C or twice the vapour pressure of the fuel at 55 °C.

for 30 min at room temperature.

rnal

The pressure rise not to exceed a rate of 60 kPa/s. Maintain the maximum pressure

iii) Passing Criteria: No accessible liquid test medium leakage and no sudden drop of

pressure during the course of the test.

i)

Cartridge valve

) Using a suitable fluid medium such as water, pressurize the closed e\lo @ press

ure

that is the greater of 95 kPa gauge pressure plus normal workiy at’' 22 °C or
twice the vapour pressure of the fuel at 55 °C.

i) The pressure rise not to exceed a rate of 60 kPa/s. Maintain for
30 min at room temperature.

ii) Passing Criteria: No accessible liquid test mediup b of
pressure during the course of the test.

Tegt B Low external pressure
05 kPa differential applied by external vacu S lied
externally to an unused cartridgg” This i not suitable for non-figid

i)
if)
7.3

Bot

with
68 |
the

Test B:

with
pre

ambient temperature

pro

cartridges because the required
cartridges precise pressure differenti

Pa for 6 h

22 °C = 5 °C). Methanol leakage shall be measured on the basis of
cedurendescribed in Figure 4 with the acceptance criteria changed to “vapour loss

thalr 20 g/h” on the basis of not exceeding 25 % of the LFL.

For non-figid

o

tem
e of
on

tem
rnal
n at
the
ess

7.3.2 Vibration test

Test sample: an unused fuel cartridge, a micro fuel cell power unit fuelled in accordance with
manufacturer's specifications or a micro fuel cell power system used in 7.3.1.

Purpose: To simulate the effects of normal transportation vibration and ensure no leakage.

Tes

i)

t procedure

machine without distorting the sample in such a manner as to properly transmit

vibration.

Test sample of subject in unused condition firmly secured to the platform of the vibration

the
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Pagsing Criteria: No fire at any time, no explosion at any time, no leakage
shall be measured on the basis of the procedure described in Figures, P
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The vibration shall be a sinusoidal waveform with a logarithmic sweep between 7 Hz and
200 Hz and back to 7 Hz traversed in 15 min.

This cycle shall be repeated 12 times for a total of 3 h for each of three mutually
perpendicular mounting positions of the test samples.

The logarithmic frequency sweep is as follows: from 7 Hz a peak acceleration of 1 g, is
maintained until 18 Hz is reached. The amplitude is then maintained at 0,8 mm (1,6 mm
total excursion) and the frequency increased until a peak acceleration of 8 g, occurs
(approximately 50 Hz). A peak acceleration of 8 g, is then maintained until the frequency
is increased to 200 Hz.

Perform emissions ’rquing in accardance with 7 3 14

Methanolleakiage
4. (Emissions

sha]l meet the acceptance criteria in 7.3.14. If the unit does not operafe I ions do|not

exc

7.3

ma

Pur

effdcts of extreme temperature change

Teslt procedure (See Figure 6)

i)

Tes’E sample: an unused fuel cartridge, a micro fuel cell pé i inyaccordance ith

bed the limits of 7.3.14, the emissions test is acceptable.

3 Temperature cycling test

ufacturer's specifications or a micro fuel cell powe

bose: To simulate the effects of low-temperature i S gture exposure and|the

chamber and increase the chamber
6 55 °C + 2 °C within 1 h and keegp it

Place the test sample in a temper
femperature from roo
at 55 °C + 2 °C for a Mjni

Decrease the cha

tureo ed

X2C £/5 °C within 1 h and keep itat22°C + % °C

for 1 h £ 5 min, the ; 5 her temperature to —40 °C £ 5 °C within 2 h jand
keep it at —4%° hini 4 by
ncrease the chamberis e to)22 °C + 5 °C within 2 h and keep itat 22 °C + § °C

iv) [The above

v) Perform

Pagsing : After 2 h at
221C+5° ‘ be measured on the basis of the procedure described in Figurg 3.
Emissions sha gcceptance criteria in 7.3.14. If the unit does not operate but emissjons
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Temperature
4h
A 1 1
1 1 1 1
° ! ! ! !
55°C — —
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
1 1 1 1 1
RT L+ 1 ! -
o N
1 1 1 1 1
1 1 1 1 1
1h 1 1 1 1 1
1 1 1 1 1
1 1 1 1 1 4h
o LA
1 1 1 [] 1
1 1 1 1
140 °C L L L L
7.314

Purpose: To simulate the €
Test procedure<>
i) Place the test

i)

iii) ir iteria: (N any time, no explosion at any time, no leakage. Leakage shall

e of
that

7.3

manufacturer's specifications or a micro fuel cell power system with unused fuel cartridge.

Tesrf sample: an unused fuel cartridge, a micro fuel cell power unit fuelled in accordance with

Purpose: To simulate the effects of an inadvertent drop and ensure no leakage.

Test procedure

i) The test sample shall be dropped on a horizontal surface that consists of hardwood at
least 13 mm thick, mounted on two layers of plywood each 18 mm to 20 mm thick, all
supported on a concrete or equivalent non-resilient floor from a predetermined height.

ii) The height of the drop shall be:

1) 1200 mm £ 10 mm: in the case of a micro fuel cell power unit and/or a micro fuel cell
power system.

2) 1500 mm £ 10 mm: in the case of a fuel cartridge of more than 200 ml.

3) 1800 mm £ 10 mm: in the case of a fuel cartridge of up to 200 ml.
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iii) For the cartridge tests, the drop test shall be carried out in four drop directions with the
same sample. For the power unit or the power system, one device may be used for all
four drop directions, or more than one device may be used in subsequent drops, at the
discretion of the manufacturer.

iv) Drop directions
— Valve up
— Valve down

— Two other mutually perpendicular directions

age

do

7.3]16 Compressive loading test

icro
fuel

Testt sample: an unused fuel cartridge, and a half-filled fue
fuell cell power unit fuelled in accordance with manufac
celllpower system with unused fuel cartridge.

ped
cell

Purpose: To simulate the effects of th
on, |or something heavy being placed
power system.

Test procedure

Test A: Power unit or sys

12
[e]
=

i) The power unit/

approxima
(1/2 inch) t 4

mm

oes

m>or power unit tests, perform emissions testing in accordance with

7.3.14folldowing the crush test.

Test B:Cartridge

vi) LThe cartridge test sample shall be placed between two flat wooden blockd of
approximately 254 mm (10 inches) long, 101,6 mm (4 inches) wide and 12,7 mm
(1/2 inch) thick.

vii) A crushing force shall be applied to the exposed surfaces of the enclosure gradually at a
rate of 12,7 mm/min (1/2 inch/min).

viii) Each force applicator shall exert 100 kg £ 1 kg on the sample for 5 s.

ix) Cartridge orientations shall be selected on the basis of likely stable resting positions
when accidentally dropped (e.g. those orientations having the lowest centres of gravity
with respect to the resting surface). It is acceptable to test only one surface of a
prismatic cartridge that is sufficiently cubic and the curved surface of a cylindrical
cartridge with a longitudinal axis length longer than twice the diameter.
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Passing criteria: No fire at any time, no explosion at any time, no leakage. Leakage shall be
measured on the basis of the procedure described in Figures 2 and 4, respectively.
Emissions from power units or power systems shall meet the acceptance criteria in 7.3.14. |If
the unit or system does not operate but emissions do not exceed the limits of 7.3.14, the
emissions test is acceptable.

7.3.7 External short-circuit test

Test sample: a micro fuel cell power unit fuelled in accordance with manufacturer's
specifications or a micro fuel cell power system with unused fuel cartridge

Purpose: To simulate the effects of an external short circuit.

Test procedure

i) Each test sample shall be short-circuited by connecting
ferminals of the micro fuel cell power unit with wire having
D,1 Q for at least 5 min.

ii) [Tests shall be executed in operation and non-operation~af fue

iii) Perform emissions testing in accordance with Clatse 7.3,145during\and

festing.
Pagsing Criteria: No fire at any time, oS, E is
measured by the procedure in Figurexs. < 5 S in
Table 3 during or after short circuit testing. e B in
7.3]14. If the unit or system does not operate byt € S 3.14,

the lemissions test is acceptable.

NOTE This test can be done“sequeqtially witk ame
sample.

7.3|8 Surfac$
Test sample: a TMig

spegifications or an

unit fuelled in accordance with manufacturer's

Purpose: To gliminate ‘g of burn injury caused by contact with the enclosure of fuel|cell
power syste

i) [Temperature of the€ bare surface of micro fuel cell power units or micro fuel cell pgwer
systemssoperating at rated output shall be measured.

ii) |The temperature of exhaust gas shall be measured at 1 cm of the exhaust vent of mjicro

iii) Requirements: The micro fuel cell power unit or micro fuel cell power system shall comply
with the criteria unless the surface temperature of parts and the temperature of exhaust
gas, where persons can touch easily, exceeds the specific value. The maximum
temperature at the casing surface shall not exceed the value shown in Table 3 depending
upon the material. The temperature at 1 cm of the exhaust vent of the operating micro fuel
cell shall be less than 70 °C.

NOTE This test can be done sequentially with the external short-circuit test using the same sample.
7.3.9 Long-term storage test

Test sample: an unused fuel cartridge.


https://iecnorm.com/api/?name=b192e6b28b80ef3e895c1ddaf0803007

-40 - PAS 62282-6-1 © IEC:2006(E)

Purpose: To simulate the effects of long-term storage at elevated temperature and ensure no
leakage.

Test procedure:

Option 1 (preferred)

i) Use a load cell designed and calibrated for use at 50 °C.

ii) Place the load cell in a temperature chamber at 50 °C. Place the fuel cartridge, on top of
the load cell so that all the weight is being applied to the load cell. A fixture may be used
fo control the position of the cartridge, to ensure all the weight is applied to the load cell.

iii) Connect a digital readout to the load cell and collect the data : or
butomatically. The data should be collected with a high degree o i ure
fhat the fuel vapour loss does not exceed 0,33 g/h with a sample tj Nyl

iv) |f the fuel cartridge still has liquid fuel in the test sample af the and~d{ -tk st then
calculate the fuel vapour loss by the number of hours that thé\test sa i ven

28 days x 24 h/day = 672 h). If the average mass loss does net - hen
fhe test sample passes the test for fuel vapour loss.

v) |f the cartridge is empty prior to the end of the tes g ave
cxceeded the 0,33 g/h fuel vapour criteria withip S test
sample must be re-tested with increased monitoring( tg at t iteri g/h
s not exceeded.

vi) |f the cartridge did exceed the 0, ails

the test.

Option 2A

i) MWeight measurement G with a high degree of confidence to assure that
the fuel vap ‘ g/h with a minimum of once per week.

ii) [The time in S s are removed from the oven for measurement, shall|not
be included in thg time e is to be tested (28 days). Additional time should

be added to ashi allow for re-heating the test sample after each removal

from the ove aples should only be stabilized at room temperature if|the
mass los i
iii) If thef idg ill vas liquid fuel in the test sample at the end of the test then

Calciia eihapour loss by the number of hours that the test sample was in the gven
2 £ 672 h) and as long as the average mass loss does not exceed
ast sample passes the test for fuel vapour loss.

iv) If the<eartridge is empty prior to the end of the test and the weight change could have
exceeded the 0,33 g/h fuel vapour criteria within a mass loss of 0,33 g then a new [test
sample shall be re-tested with increased monitoring to assure that the criteria of 0,33|g/h
was not exceeded.

v) If the cartridge did exceed the 0,33 g/h fuel vapour loss criteria, then the test sample fails
the test.

Option 2B

For a fuel cartridge containing less than 70 ml of fuel (option 1 is preferred for test samples
containing less than 70 ml of fuel).

i) Weight measurements should be collected with a high degree of confidence to assure that
the fuel vapour loss does not exceed 0,33 g/h with a minimum of once every three days.

ii) The time the test samples are removed from the oven shall not be included in the time the
test sample is to be tested (28 days). Additional time should be added to get the test
sample to the test temperature (50 °C) each time the test sample is removed from the
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oven. The test samples should only be stabilized at room temperature if the mass loss will
be affected.

iii) If the fuel cartridge still has liquid fuel in the test sample at the end of the test, then
calculate the fuel vapour loss by the number of hours that the sample was in the oven
(28 days x 24 h/day = 672 h) and, as long as the average mass loss does not exceed 0,33
g/h, then the test sample passes the test for fuel vapour loss.

iv) If the cartridge is empty prior to the end of the test and the weight change could have
exceeded the 0,33 g/h fuel vapour criteria within a mass loss of 0,33 g then a new test
sample shall be re-tested with increased monitoring to assure that the criteria of 0,33 g/h
was not exceeded.

v) |f the cartridge did exceed the 0,33 g/h fuel vapour loss criteria, then the test samplefails
the test.

@%
&
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Remove packaging and follow instructions
to prepare cartridge for use in the fuel cell system.
Record initial mass M,;;, and time .

]

Store the fuel filled cartridge
in the oven at 50 °C

l

Monitor cartridge weight
using a precision load cell
or periodic measurements.

Leakage occuked;
type t@hﬂe\ N

AN

Re esM

Is liquid
accessible

Is cartridge empty and could \

vapour loss have exceeded ¥ O incrg Sed
limits, within 0,33 g~ K

Fuel vapour loss
occurred;
type test failed

v

Type test passed

Figure 7 — Fuel cartridge leakage and mass-loss flow chart
for long-term storage
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7.3.10 High-temperature connection test

Test sample: an unused fuel cartridge and a micro fuel cell power unit or micro fuel cell
power unit valve.

Pu

rpose: To simulate the effects of mating and un-mating of the fuel cartridge to the fuel cell

power unit or micro fuel cell power unit valve with the fuel cartridge at an elevated
temperature and ensure no leakage, no fire, no explosion.

Test procedure:

i) Place the fuel cartridge test sample into a temperature-controlled test chamber that is’pt a
femperature of 50 °C + 2 °C for at least 4 h.

ii) [The micro fuel cell power unit or micro fuel cell power unit valve bom
femperature, 22 °C = 5 °C.

iii) Remove the test sample from the chamber and connect the fuel fuel
cell power unit or micro fuel cell power unit valve with n the
chamber.

iv) Check for leakage upon connection.

v) Pisconnect the fuel cartridge and check for leakage.

vi) Acceptance criteria: No leakage, no fire, and\nQ explasion.\_If, using normal force,|the
cartridge cannot be connected, and™wo leg i e@ 0 explosion occurs, this is
acceptable.

vii) Leakage shall be checked visually. In cartcidge ard the micro fuel cell power junit
br micro fuel cell power unit valve ; rin such a way that the valve pgints
Hownward toward the indicating pa 3k Yorsigns of leakage; if any accesgible
iquid leakage is found/ the_tegt fails.

viii)

ix) Il.

7.3

Pun

a) ring
bperationox sterage such as the sections between the cartridge and the system including

b)

Approach:*Pressurize with a liquid through a test fixture that has a valve to simulate|the

carqridge connection; or put a connection at the outboard end of a standard cartridge.

Test procedure

i)

Connect a cartridge valve with a cartridge connection and having a special pressurizing
fitting to a fuel cell power unit.

Using a suitable liquid pressurizing medium such as water, pressurize the fuel cartridge
connection and the downstream system to a pressure which is greater than 95 kPa plus
normal working pressure or two times the fuel vapour pressure at 55 °C. The pressure
rise shall not exceed 60 kPa per second.

Maintain pressure for 30 min.

Acceptance criteria: No accessible liquid test medium leakage. No sudden drop in
pressure.
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7.3.12 Connection cycling tests
7.3.12.1 Cartridge
7.3.12.1.1 Insert/exterior/or attached cartridge systems

Test sample: an unused fuel cartridge and a micro fuel cell power unit or micro fuel cell
power unit valve fuelled in accordance with the manufacturer's instructions.

Purpose: To simulate the effects of mating and un-mating of the fuel cartridge to the fuel cell
power unit and ensure no leakage

Test procedure

i) Connect the first new fuel cartridge to the micro fuel cell powg cell
power unit valve and check for leakage upon connection.

i) Operate the fuel cell power unit or otherwise simulate fuel

iii) | Turn off the unit or stop simulated fuel flow.

iv) | Disconnect the fuel cartridge and check for leakage.

V) Repeat this twice more for a total of three conn

vi) | Invert the cartridge and the system over indicating /p i a way that the valve
points downward toward the indicati ) i of leakage.

vii)| Connect and disconnect the i s i mes for a total of seven

connections and disconnections.
viii)] The cartridge and the system ov, ints

ix) | Connect and disco tion

and disconnections.

X) Invert the cartridge Nanx s ints
downward i S

xi) | Connect car for
xii) ed fuel flow

xiii) ge and check for leakage.

Xiv) cepts ‘ ia:\No leakage, no fire, and no explosion.

XV) cked visually and if any accessible liquid leakage is found the ftest
xvi)| The_flame shalt’'be checked using cheesecloth.

xvii) Explosion shall be checked visually to verify that there is no disturbance to the system
or'the test cell.

7.3.12.1.2 Satellite cartridge

Test sample: an unused satellite fuel cartridge and a micro fuel cell power unit or micro fuel
cell power unit valve fuelled in accordance with the manufacturer's instructions.

Purpose: To simulate the effects of mating and un-mating of the fuel cartridge to the fuel cell
power unit and ensure no leakage.


https://iecnorm.com/api/?name=b192e6b28b80ef3e895c1ddaf0803007

PAS 62282-6-1 © IEC:2006(E) - 45—

Tes
i)

i)
iii)
iv)

v)

t procedure
Connect the first new fuel cartridge to the micro fuel cell power unit or micro fuel
power unit valve and check for leakage upon connection.
Disconnect the fuel cartridge and check for leakage.
Repeat this twice more for a total of three connections and disconnections.

cell

Invert the cartridge and the system over indicating paper in such a way that the valve

points downward toward the indicating paper and look for signs of leakage.
Connect and disconnect the first cartridge four more times for a total of se

ven

Xii)

xiii)

7.3

valy
inst

Pur
pow
cell

Cartri

Test procedure

Test sample: a
es and a migpo

connections and disconnections.

Invert the cartridge and the system over indicating paper in such
points downward toward the indicating paper and look for signs of te

and disconnections.

Invert the cartridge and the system over indicating papef i
points downward toward the indicating paper and look i

fails.

ructions.

hlve

tion

hlve

een

test

the

dge

er's

cell
fuel

m.

Carkridge 1

i) Connect the first unused fuel cartridge to the micro fuel cell power unit and check for
leakage upon connection.

i) Operate the fuel cell power unit or otherwise simulate fuel flow for 1 min.

iii)  Turn off the unit or stop simulated fuel flow.

iv)  Disconnect the fuel cartridge and check for leakage.

V) Repeat this twice more for a total of three connections and disconnections.

vi) Invert the cartridge and the system over indicating paper in such a way that the valve
points downward toward the indicating paper and look for signs of leakage.

vii)  Connect and disconnect the first cartridge four more times for a total of seven

connections and disconnections.
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ix)

xi)

Xii)

- 46 - PAS 62282-6-1 © IEC:2006(E)

Invert the cartridge and the system over indicating paper in such a way the the valve
points downward toward the indicating paper and look for signs of leakage.

Connect and disconnect the first cartridge three more times for a total of 10 connection
and disconnections.

Invert the cartridge and the system over indicating paper in such a way the the valve
points downward toward the indicating paper and look for signs of leakage.

Connect the fuel cartridge to the micro fuel cell power unit and check for leakage upon
connection.

Operate the fuel cell power unit or otherwise simulate fuel flow for 1 min.

xiii)
Xiv)
XV)

XVi)

XVii

XVii

Power unit connection ageing

Usi
for
not

Final cartridge

i)

i)
iii)
iv)
v)

vi)

)

g either cartridges or cartridge v
b total of 980 connections and disco
necessary, but, if leakage is found
carfridge will be tested.

Xii)
xiii)
Xiv)

XV)

Turn off the unit or stop simulated fuel flow.
Disconnect the fuel cartridge and check for leakage.

Acceptance criteria: No leakage, no fire, and no explosion.

Leakage shall be checked visually and if any accessible liquid test

fails.
The flame shall be checked using cheesecloth.

The explosion shall be checked visually to verify isturbance to|the

system or the test cell.

tion
s is
sed

Connect the final u for

Connect{and disconnect the final cartridge four more times for a total of sgven
conneetions and disconnections.

Invert the cartridge and the system over indicating paper in such a way the the valve
points downward toward the indicating paper and look for signs of leakage.

Connect and disconnect the final cartridge three more times for a total of 10 connection
and disconnections.

Invert the cartridge and the system over indicating paper in such a way the the valve
points downward toward the indicating paper and look for signs of leakage.

Connect the fuel cartridge to the micro fuel cell power unit and check for leakage upon
connection.

Operate the fuel cell power unit or otherwise simulate fuel flow for 1 min.
Turn off the unit or stop simulated fuel flow.

Disconnect the fuel cartridge and check for leakage.

Acceptance criteria: No leakage, no fire, and no explosion.
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xvi) Leakage shall be checked visually and, if any accessible liquid leakage is found, the test
fails.

xvii) The flame shall be checked using cheesecloth.

xviii) The explosion shall be checked visually to verify that there is no disturbance to the
system or the test cell.

7.3.13 Vacant
7.3.14 Emission test

Test—samptes—a mmicrofuet—cett—power umnit—fuetted—im—accordance —with—Tmanufactumer's
spegifications or a micro fuel cell power system with unused fuel cartridge

Pu : i i iti i i icro’fuel gell

wariahle flow
air pump

)]

%1

Hermetic feed through
Extemal \>

|g re 8 Operational emission test apparatus

An exampl€g of the rational emission test apparatus is shown in Figure 8.

i) Emission gas might be composed of toxic organic materials such as methanol,
formaldehyde, formic acid and methyl formate which are potentially exhausted from mljicro
uel cell power unit or micro fuel cell power system.

ii) To analyse these organic materials, a gas chromatograph with a flame ionization detector
(GC/FID) or with a mass spectrometer (GC/MS) and a high-performance liquid
chromatography (HPLC) shall be used by absorbing emission gas to the sorbent tube fixed
to exhaust port A of the test chamber or directly to an analyzer through exhaust port A in
Figure 8.

iii) The concentration of CO and CO2 gas can be measured by non-disperse infrared
absorption analyzer. These analytical instruments shall comply with ISO 16000-3, ISO
16000-6 and ISO 16017-1. However, the use of other instruments is allowed, provided that
the performance is equivalent to, or better than, that of the above-mentioned standards.
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Test procedure

i) Operate the micro fuel cell power unit or micro fuel cell power system at rated power
inside the small test chamber shown in Figure 8. The small test chamber shall be supplied
with clean air.

ii) Exhaust gas from micro fuel cell power unit or micro fuel cell power system shall be
sampled at the outlet of the small test chamber.

iii) The supply of air into the test volume should be from a known purity source. If bottled air
is not used, the use of blanks to determine background concentration levels should be
considered to avoid false non-compliant results.

iv) Bample the gaseous contents of the test chamber through sampling Port A;\While
measuring and recording flow through the system.

vi) Calculate the emission rate of chemical compounds being
concentration of each constituent by the flow rate of air throx

the
are

vii) Acceptance criteria: The maximum emission rate for gach rest

Shall be less than the emission rate limit value in Table € » ate,

Tab|<e’*8\—E i§si

Conc}r\traN\@it \gv(ission rate limit*

Water /tjnlimited No limit

Methanol ﬁ@o niq/m 2600 mg/h

& ( N\r\g/r%\‘“**) V 0,6 mg/h
co [\ ) (\zg\mgw 290 mg/h
coz N\ \ B\l’mé 60 000 mg/h***
Formic a\cig/ \/\ g\yg/m3 90 mg/h

Methyl foymire\ V\/}{5 mg/m? 2450 mg/h

* itMased on 10 m3 - ACH, selected as the product of the

Formaldehyde

ACH used on passenger aircraft is 10 and the lowest ventilation
10 ACH. Homes and offices may have ACH levels as low as 0,5, but

n volume is over 20 m3, so a product of 10 is conservative.

**M\WHO guidéline limit is 0,1 mg/m3. Background levels are 0,03 mg/m®. The emission limit
cannot push the background level above the guideline limit.

*** A seated adult has a CO, emission rate of 30 000 mg/h. The fuel cell plus human

emission rates are limited fo 9 g/m”, so the fuel cell emission rate is limited o
60 000 mg/h.
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Annex A
(Normative)

formic acid fuel cell systems

This annex for formic acid fuel cell (FAFC) systems outlines the additional or modified
requirements with respect to the requirements contained in the main body of this PAS, for
certification of such fuel cell power systems and their respective fuel cartridges. Where
possible, the numbering system of this annex corresponds to the numbering of clauses in the
maip body. Requirements from the main body of this PAS not specifically discussed in |this
annex apply to formic acid fuel cell systems as written. Modified clause mhers reflect their
coupterpart clause in the main body. Any additional clauses have assighed pew
nunmbers. This Annex A establishes modifications and additions to the of the PAS
for application to the fuel and technologies addressed by this anne

ms

A.1 Scope

A.11 System boundary

Except where specifically noted, 1.1 and 1.2 of IEC 6 pply as written when
usefd in conjunction with this annex.

A11.1 Fuel and technology covered b

A.1]11.1.1 This annex covers micro fuel cell powe that use less than 85 % formic acid

by weight in water solution as a fuel.

A.1{1.1.2 This annexpincludesNequipm
fuell cell stacks (DFAFC).

<

that currently include direct formic acid

Micro fuel cell power system

>
Thermal > Waste
/\ management heat
el stpply Primary
interface Fu battery
< m;ag:rkqt (optional)
N 1! Internal power needs
\Y Fuel cell v
N »  module Power Power interface
\\\>Aechanical Interface stack conditioning i ¢
Fuel £Signal Interface j‘ A "t - Mechanical interface
cartridge 4 v - Signal interface
Water and/or Rechargeable
by-product battery or
management capacitor
Air R Air / (optional)
| management Total control | Waste « Waste
system cartridge " products
(Micro fuel cell power unit) (optional)

Figure A.1 — Formic acid fuel cell system diagram
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A.1.2 Considerations

In addition to the “equivalent level of safety” statement in 1.2 of the main body of this PAS,
the following considerations also apply to FAFC systems.

A.1.2.1 The following similarities, A.1.2.1.1 to A.1.2.1.3, between methanol and formic acid
fuel cell systems is being mentioned to provide better understanding of why the formic acid
requirements mimic methanol requirements with minimal changes.

A.1.2.1.1 The similarity in fuel cell system components (see figure 1 and figure A.1).

A.1[2.1.2 Both systems use liquid fuels and both systems have the “no-ascessible.Jiquid”
criteria for no leakage (see definitions in Clause 3).

A.1]12.1.3 Both systems have similar emissions (differences high |ghe i e )rlhus
have similar criteria for measurement and analysis of sinmilar
congiderations for the emissions risk levels.

A.1]2.2 Any considerations/requirements contained withi Fre is PAS
spegifically pertaining to quantities of methanol or methanol b to
formic acid if similar quantities are stated for formic &

A.112.3 Formaldehyde and methyl NiSSi & i not
present in formic acid systems. Thewgretical i i i i can
profuce methanol, \ald 3 se reactions have very high
actiyation energies, which can only be [ inati [ 9.,
> 200 °C), pressures (e.g., >100 atmo 1d W the presence of typical hydrogenaltion
catalysts (e.g., transition pie ¢ ) ' the
forr}m acid fuel cell systeixn iS¥ red
in formic acid fuel cell

A1|2.4 Hydrog@'\
exppsed to temp d

catalysts with no lodc
subjected to sucli hi fail-
saf¢ mechanisrs t0 preve to the catalysts. Failure modes and effects analysis jand
related testig s otection against such failure modes and ensure existencg of
relgvant desig ' i

1{ is
ition

be

A.1]2.5 Carbgnimonoxide and formic acid vapour are the only possible emissions ffom
formic acid fugl tridges or from non-operational (device-off) fuel cell systems.

A.1]2.6\_Carbon dioxide, carbon monoxide, formic acid vapour, hydrogen and water vapour
are |all‘possible emissions from an operational (device-on) fuel cell system.

A.1.2.7 Formic acid fuel below 85 % concentration by weight is non-flammable; thus warning
statements for the product related to fuel flammability do not apply to formic acid fuel cell
system products.

A.2 Normative references

Clause 2 applies as written when used in conjunction with this annex.
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A.3 Terms and definitions

Except as noted below the terms and definitions of Clause 3 shall apply when used in
conjunction with this annex. The numeric index of the term and definitions below correspond
to the term in Clause 3 with an alternative meaning when considering a device for testing
under this annex.

A.3.3
fuel

formic acid fuel is formic acid / water solution less than 85 percent concentration by weight
that is used to produce electricity in a fuel cell unit

A.3{12

hazardous (corrosive) liquid fuel
formic acid fuel that has a pH less than 2,5 (pH of 2,5 is approximatel
in water)

ight

A.3{14

leakage
accpssible hazardous liquid fuel outside the system or ca
liqujd formic acid (see A.3.12 and A.3.27)

n of

A.3]20
no fuel vapour loss
fuell vapour escaping from the cartridg

A.3{27

positive pH indication of liquid formic-aci

posjtive indication of the presence of t ator
paper) wrapped around the device dyrin 9 not
wropgly interpret the acidic wa in|the

tempperature cycling and lo

A.3]|28
impermissible o
reldase of hydrogen that

a are
dej’ned unsuitables

a) Hydrogen-ip<air\mi e of 25 % of the lower flammability limit of hydrogen in[the
referenc ] 3 H (cubic meter air changes per hour) (see Table A.1).

b) Ieakage ratetof*hydrogén greater than 3 sccm (standard cubic centimeters per minute) from

A.4| Materials and construction of fuel cartridge, micro fuel cell power unit,
and micro fuel cell power system for portable device

A.4.1.1 General

Except where specifically noted, Clause 4 shall apply for the purposes of this annex. Where
subclauses corresponding to those in Clause 4 of IEC 62282-6-1 are not included in this
annex and do not contain specific mention of methanol, it shall be assumed that said clauses
are to apply to this annex as written.

A.4.17.1.3 Maximum formic acid fuel volume shall not exceed 200 ml for products intended
for carry-on and use in passenger aircraft. One litre is the limit for other applications.
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A.5 Requirements of fuel cartridge, micro fuel cell power unit, and micro fuel
cell power system

Except where specifically noted, Clause 5 of IEC 62282-6-1 shall apply for the purposes of
this annex. Where subclauses corresponding to those in Clause 5 are not included in this
annex and do not contain specific mention of methanol, it shall be assumed that said clauses
are to apply to this annex as written.

A.6 Instructlons and warnings for fuel supply cartrldges mlcro fuel cell power

Excle ifi , ere
subplauses corresponding to those in Clause 6 are not included in #is not
confain specific mention of methanol, it shall be assumed that said cla 1 this
annex as written.

A.6.1  Minimum markings required on the cartridg

A.6.1.1 Contents are corrosive, do not dissas

A.7

Exc ifi , c written. For most of this clquse
(ex (no
accp rms
formi 0ss
(0,1 \ ‘ aid
in the visual check for Nguid |l i K .3.27). i , L air
pasp

A.7.3.

Opt low

antii

Opt acid cartridges) with the 0,33 g/h value for methanol vapgour
losq h for formic acid vapour loss and the sampling period set fo a
minjmum ofanceeveryfadr days.

Theg positive-indication of an acid on pH paper wrapped around the cartridge or a continuous
vappur [oss of greater than 18 mg/h would indicate a failure.

Due o the similarity In the bolling points of formic acid and water, the amount (percentage) of
water vapour present in the total vapour lost from the cartridge, will be approximately the
same percentage of water in the formic acid fuel (15 % for the 85 % formic acid fuel). Thus if
the total vapour loss rate is greater than 18 mg/h, then consideration can be given to
subtracting out the water content in the vapour according to its percentage in the fuel. Due to
the extremely low formic acid to carbon monoxide decomposition rate at 50 °C and the human
exposure limit to carbon monoxide (TWA = 25 ppmv and STEL = 200 ppmyv) being higher than
formic acid (TWA =5 ppmv and STEL = 10 ppmv), the assumption that all mass loss in this
test is formic acid makes this evaluation more conservative. If after subtracting the water
content from the total vapour loss, it does not pass the 18 mg/h limit, then a full emission test
(7.3.14) can be performed for the device-off (or cartridge only) situation at 50 °C in the

1 m3 . ACH volume and all emission components measured.
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A.7.3.14 Emission test

Purpose: Under storing (considered device-off or cartridge only situations) or operating
conditions (considered device-on and producing power situations), formic acid fuel cell system
emissions of formic acid vapours, carbon-dioxide, carbon-monoxide, hydrogen, and water

— 53 —

vapours shall be maintained at less than the specific values as stated in Table A.1.

Table A.1 — Allowable emissions limits and rates

Concentration Concentration Device-off Device-aon
. .a . .a
limit limit Permissible Permissible
Fmissions based on TWA based on STEL values | emissions rate in ions rate’in
values for Device- for Device-Off 1m3. ACH 3 fACH
On test condition test condition volume® A b
Water Unlimited Unlimited < S
qo 29 mg/m3 232 mg/m3 232 mg/h(\ 90 Q/N
Q0. 9 000 mg/m3 54 000 mg/m3 20: o 'ca\ﬂi(%‘ eo\o\oo}@hd
Fprmic acid | 9 mg/m?3 18 mg/m? 8 m N\ 9ovng/h
Hydrogen 800 mg/m3 800 mg/m?3 ot applic Ie@eq/ 8 000 mg/h or 4 mg/H
r\ Y28 (flammable hydrogen)

quoted in pp

have ACH |

€| The Device-
environment
is reasonab
parameters)

d] A seated

conservative.

limited to\the 9 m

a8l The concentration limit in this table is<the

mv, in Table A.2.

evels as

le to
dyrabio

It has

eéui alent ftM

interior space in

- ACH because it covers the reasonably foreseeable
he stored. The limits are based on STEL values because it

and STEL Exposure Limits,

it covers the reasonably foreseeable

a small car and the

R
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Table A.2 — Safe human exposure limits to fafc emission products

TWA exposure limit STEL value
Exhaust component (TWA — time weighted average (15 min exposures to a maximum
over 8 h of operation) of 4 times a day)
Carbon-dioxide <5000 ppmv <30 000 ppmv
Formic acid vapours (toxicity) <5 ppmv <10 ppmv
Carbon-monoxide < 25 ppmv <200 ppmv
Hydrogen < (25 % of LFL) =1 % < (25 % of LFL) =1 %

(10 000 ppmv) in sample collected (10 000 ppmv) in sample
from reference volume at stable collected from reference volume
operation or less than 3 ml/min at stable operafion o less than

flammable hydrogen emission rate 3 ml/min flammable hydrogen

at leak point. emissiog’ra aWk pajnt.

Test apparatus

WV

iv) In addition to the equipment described in 7.3.14, a h eteston calibrated for|the
rero-to-one- percent (10 000 ppmv) hydrogen can gen
Concentration.

Test Procedure (continued)

Updn completion of the emissions <\measure i gen

measurement is below the allowable 1 ' ith

the ffollowing local flammable hydrogen eoncentration-tes

viii)|Local flammable hydrog

Theg test for hydroge the

hydrogen emissions leyel ig't iled

If the hydrogen @ 80 ppmv (corresponding to a 3 ml/min leak) then

the |device has p =Y issioh gen

levgl is above 180 pp the
exigtence of locat flam ' [his
test|is as follows

a) Using a fa se timg tis
cali it is
bperating, a

b) |f not more~than 25 % of LFL is not detected, then the device passes the test and no
further«investigation is needed. If it does not pass the test, then proceed to c).

c) [If any points are detected to have a hydrogen concentration of 25 % LFL or greatefr, a
second test must be conducted to ensure that the emission does not exceed 3 cc/mip of
pure hydrogen from any sIiNngle SOUrcCe.

1) The second test shall be performed using the following procedure: the sensor height
shall be adjusted from 3 mm above the device to 6,5 mm above the device.

2) A spiral sweep shall then be made, originating from the point where the detection of
25 % LFL or greater of hydrogen occurred during the initial linear sweep. The spiral
sweep must have a spacing of 1 mm or less between sweeps and must spiral out to a
radial distance of at least 4 mm.

3) If the spiral sweep at 6,5 mm above the device detects a concentration of hydrogen

that is 25 % of LFL or greater, then the device fails. If the spiral sweep detects
hydrogen concentrations of not more than 25 % LFL, then the device passes.
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Run hydrogen
emissions test
at 10 ACH - m3.

Yes

Is the concentration
less than 0,018 %
(\/nl_)?

Type test passed

Is the concentration
more than 1 %
(vol.)?

Run hydrogen

Ie{m\ge\tes

Type test failed

Mtest passed

NOTE 1 Therallowab ammable hydrogen emission level that will not support a standing flame is 3 m
(Codes and_Standards Ahalysis, Swain and Swain, 2001 (USA)). The non-flammable hydrogen emissions lin
basqd onthe.criteria that hydrogen emission does not build up to more than 25 % of LFL in the confined space

NOTEE 2V Hydrogen is defined as a simple asphyxiant but for this risk to exist, oxygen levels have to fall less

/min
hit is

than

18 % at normal atmospheric pressure. Hydrogen related flammability risk arises at hydrogen-in-air concentra

ions

greater than 4 %, while the asphyxiant risk arises at hydrogen-in-air concentrations greater than 12 %. Therefore,

the flammability limits are used in defining the limits for hydrogen emissions.

NOTE 3 Carbon-dioxide, carbon-monoxide and formic acid vapour emission level limits are based on toxicity and
corrosivity (formic acid only) effects on humans while the hydrogen emissions level limit is based on the risk of

creating a flammable atmosphere in confined spaces and the risk of a potential standing hydrogen flame.

NOTE 4 The formic acid flammability risk, based on the criteria of maintaining the concentration-in-air below 25 %

of LFL, is for orders of magnitude lower than the toxicity risk (flammability limit = 42 500 ppmv to toxicity limi
ppmv). Thus, the formic acid toxicity level is used to set the limits of its emissions.

Figure A.2 — Hydrogen emissions measurement flow chart

t=5
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Annex B
(normative)

Hydrogen stored in hydrogen absorbing metal alloy

This annex, for proton exchange membrane fuel cells powered by hydrogen gas stored in an
hydrogen absorbing metal alloy, outline the additional or modified requirements with respect
to therequirements—contained-inthe-main-body of this PAS for certificationof such-fuel cell
power systems and their respective fuel cartridges. Where possible, the numbering system of
this|annex corresponds to the numbering of clauses in the main body. Requirements-from|the
maih body of this PAS not specifically discussed in this annex apply~o hydrogen fuel |cell

sysiems as written. Modified clause numbers reflect their counterpart glaus bdy.
Any| additional clauses have been assigned new numbers. | blighes
modlifications and additions to the main body of the PAS for. apyp el jand

technologies addressed by this annex.

B.1| Scope

B.1.1 System Boundary

Except where specifically noted,
conjunction with this annex.

B.1.1.6 Fuel and technolog

ered js annex
B.1}1.6.1 This annex sh@ clgsve e by hydrogen gas stored in a hydrogen

absprbing metal alloy.

B.1}]1.6.2 This @x esigns that include proton exchange membrane
(PEM) fuel cell s

B.1]1.6.3 This

B.1}1.6.4 2s as written

B.112 Thi

B.1.3 Considerati

B.1}3.1\_Hydrogen is not toxic; therefore, sentences concerning toxicity of fuel in the main
body“of IEC 62282-6-1 shall not apply in this annex. In addition, the by-products ¢f a
hydrogen powered PEM fuel cell (heat and water) are not toxic; therefore, clauses and
subclauses concerning toxicity of emissions in the main body of this PAS shall not apply in
this annex.

B.1.3.2 Any descriptions contained within the main body specifically pertaining to methanol
are also not applicable.

B.1.3.3 The fuels covered by this annex are flammable. The requirements and tests
specified by this annex are designed to mitigate this risk and ensure a reasonable degree of
safety for normal use, reasonably foreseeable misuse, and consumer transportation.
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B.2 Normative references

In addition to the normative references specified in Clause 2, the following normative
document contains provisions that, through reference in this text, constitute provisions of this
annex, as applicable.

ISO 16111, Transportable gas storage devices — hydrogen absorbed in reversible metal
hydride 1)

This_reference shall apply in principle to the fuel cartridge of all devices tested under this
annex. Devices with a fuel cartridge water capacity of less than 120 ml shall be exempt gom

spegific sections of this reference, as outlined in this annex. In cases where~exemptiohs have
beehn outlined, the cartridge shall still be designed to an acceptable leve ety;)and ghall
sucfEessfully pass all other required type tests.

Terms and definitions

Q this annex. [The
h an alterndtive
s and definitions|not

pt as noted below, the terms and definitions of Claug

Qrbing metal alloy

pidge or system that results in one or a combinatiop of

no accessible liquid
not japplicable

B.3.24

no fuel vapour loss

hydrogen gas escaping from the cartridge or system does not result in one or a combination
of the following situations:

a) fuel vapour in air mixture in excess of 25 % of the lower flammability limit of hydrogen in
the control volume;

b) leakage rate of hydrogen greater than 3 standard cc/min from any single source

1) To be published.


https://iecnorm.com/api/?name=b192e6b28b80ef3e895c1ddaf0803007

- 58 - PAS 62282-6-1 © IEC:2006(E)

B.3.25

no leakage

hydrogen gas escaping from the cartridge or system does not result in one or a combination

of the following situations:

a) fuel vapour in air mixture in excess of 25 % of the lower flammability limit of hydrogen in
the control volume;

b) leakage rate of hydrogen greater than 3 standard cc/min from any single source

B.4 Materials and construction of fuel cartridge, micro fuel cell power unit,

and micro fuel cell power system for portable devices

B.41 General

Except where specifically noted, Clause 4 shall apply for purpo ere

subplauses corresponding to those in Clause 4 are not included \in be

asspmed that said clauses are to apply to this annex as writte fuel

conpidered for this annex, all subclauses of Clause 4 thatr ons

for |parts in contact with liquids shall not apply to devi€es™este this annex. [The

material and construction of fuel cartridges having a volumettc ca gater than 120 ml

shall also comply with ISO/TS 16111.

B.4.4 General materials

B.4{4.1 Subclause 4.4 shall apply as writt

B.4|{4.2 In addition, fuel cartridges with greater ml volumetric capacity shall comply

with materials and constructi enS 6111

B.4.5 Selection of | i

Sufclauses of | 2 8 O the selection of materials based on compatibility with

liqujd fuels are fi ; s tested under this annex due to the fact that thlese

sysiems employ gasgo e agen)/All other subclauses shall apply as written.

B.415.7 with a volumetric capacity of greater than 120 ml ghall

conjply with ¢t c ials requirements of ISO/TS 16111.

B.4}5.8 ontaining parts, such as piping systems, shall employ materials suitablel for

exppsure toNydrege s defined in ISO/TS 16111. In particular, Annex A of ISO/TS 16[111

details materiaPsqompatibility for hydrogen service.

B.j.? General construction

Subctause4-—7staht appiy aswritten:
B.4.9 Piping and fittings
Subclause 4.9 shall apply as written when used in conjunction with this annex.

B.4.10 Fuel containing parts and piping system

Subclause 4.10 shall apply as written with the following additions.

B.4.10.4 Fuel-containing parts, such as piping systems, shall employ materials suitable for

exposure to hydrogen, as defined in ISO 16111. In particular, Annex A of ISO/TS 16
details material compatibility for hydrogen service.

111
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B.4.11 Materials and construction — System

Exc

B.4

ept as specifically noted below, Subclause 4.11 shall apply as written.

111

more than 25 g.

B.4.12 Ignition sources

Subclause 4.12 shall apply as written.

B.4
Sub

Sub

B.4
con
Lea

B.4.15 Protection against elect

Sufclause 4.15 shall apply as written.

B.4.16 Fuel cell stac

Subclause 4.16 shall apply &

B.

Ex
con

B.4
inte

pres

B.4

B.4
bee
use

B.4

The maximum quantity of hydrogen stored in the fuel cell power unit shall not be

.13 Enclosures and acceptance strategies

clause 4.13 shall apply as written.

14.1 Flammable fluids, in particular, hydroge

testing in accordance with B.7.2 verifies this requifement.

.17 Fuel

pt where specg

cakage from the cartridge at an internal pressure of 95
ormal working pressure at 22 °C or two times the wor

17.1.10 This subclause shall apply as written, except where the type tests of 7.3 h

sed
ure.

kPa
ing

ave

n\altered in B.7.3. Where type tests have been modified, the modified version shal

be

d to verity compliance with this subclause.

.17.1.13 In addition to the above requirements, fuel cartridges with a volumetric capacity
greater than 120 ml shall comply with ISO/TS 16111.

B.4.17.1.14 Fuel cartridges having a water capacity of less than 120 ml shall be subject to

the

B.4

requirements of ISO/TS 16111 with the following exceptions.

.17.1.14.1 Subclause 5.1 of ISO/TS 16111 shall not apply. The shell of the fuel cartri

must still be designed to comply with all applicable type tests set out in ISO/TS 16111.

dge

B.4.17.1.14.2 Section 5.4 of ISO/TS 16111 shall permit the use of vent features that are
properly designed as an integral feature of the shell of the tank.
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B.4.17.1.14.3 Section 6.1 of ISO/TS 16111 shall apply with modified acceptance criteria to
accommodate shells with integral vent features.

B.4.17.1.15 The maximum volumetric capacity of the fuel cartridge shall not exceed 1 litre.

B.4.17.2 Fuel cartridge fill requirement

B.4.17.2.1 The fuel cartridge shall not be filled beyond its design capacity, as defined in
ISO/TS 16111.

B.4[17.2.2 The maximum pressure of the fuel cartridge shall not exceed 5 MPa at 55 °C.

B.4.18 Protection against mechanical hazards

Except where specifically noted, subclause 4.18 shall apply as writteh.

B.4{18.1.1 This subclause shall apply as written, except that{(com

PAS.

B.4]18.1.2 This clause shall apply as written, exce
det¢rmined by B.7.3.3 and B.7.3.5 instead of 7.
this|PAS.

B.5

Cla

B.6

Exc

B.6.
All

B.6.2 -Additional information required either on the cartridge or on

accompanying written information or on the system or power unit

Subcrlause 6.Z shall apply as written.

B.7 Type tests for a fuel cartridge, a micro fuel cell power unit, and a micro
fuel cell power system

Except where specifically noted, the type tests described in Clause 7 shall be performed on
the fuel cell power unit with and without the fuel cell cartridge as directed.

B.7.1 Test conditions and requirements

This subclause shall apply as written with the following additions.
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B.7.1.3 In addition to the tests prescribed by Clause 7, if the volumetric capacity of the fuel
cartridge is greater than 120 ml, the cartridge shall meet the acceptance criteria of the type
tests set out in ISO/TS 16111.

B.7.1.4 In addition to the tests prescribed by Clause 7, if the volumetric capacity of the fuel
cartridge is less than 120 ml, the cartridge shall meet the acceptance criteria of the type tests
set out in ISO/TS 16111, with the exception of the fire test required by 6.1.4 of ISO/TS 16111,
which shall be altered as set out in B.7.1.5 of this annex.

B.7.1.5 If the volumetric capacity of the fuel cartridge is less than 120 ml, the acceptance
critert f f - ifi e of
a vent feature integral with the shell of the cartridge. It is to be understood that the purposg of
the [fire test in this case is not to test the integrity of the cartridge, but to gnsure_a sdfe-faijure
modle when the small cartridge is exposed to a fire for a prolonged periothof time.

B.7|1.6 If there is a pressure regulator between the fuel cell powe fuel
reservoir, the reservoir shall meet the acceptance criteria of [ in
ISO
B.7.
Tests and inspections related to measurement of (leakage, 6fymetk 5 or
emi of this annex. Compliance
with ? by
the

B.7.2.1 measuring procedure

For S ue power its, and fuel cell systems, leaklage
measurement of hydrogen all be exekuted adedrding to the following procedure, also
illugtrated in Figure B.

B.7[2.1.1 The @n 2

B.7
7.3,
leald

d in
for

the
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Run hydrogen
emissions test

at 10 ACH - m3

Is the concentration

less than Type test passed
0,018 % (vol.)?
Is the concentration A

more than
1 % (vol.)?

Run
hydrogen leakage test

Is there a leakage

Type test failed

o

igiwe B.1 — Hydrogen leak test procedure
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B.7.2.1.4 Measurement procedure
B.7.2.1.4.1 Emission test

The emission test according to B.7.3.14, set up to detect hydrogen, shall be performed
following each type test. Following this emission test, one of three results is possible:

a) Hydrogen concentration is less than 0,0162 mg/h (0,018 % vol.). This level would result

from one single source venting pure hydrogen at 3 cc/min. If hydrogen concentration is
less than 0,0162 mg/h (0,018% vol.), the device passes the leakage test; no further
testing required

b) Hydrogen concentration is greater than 25 % LFL. Device fails leakage test. No~farfher
testing required.

5 %
its pure

¢) [Hydrogen concentration is greater than 0,0162 mg/h (0,018 % vgl.
LFL. Proceed to leakage test of B.7.2.2.4.2 to determine that no’sj
hydrogen at greater than 3 cc/min.

B.7.2.1.4.2 Leakage test
The leakage test shall be performed to determine t i ice |can

support a flame in all cases where such compliancg ' S : i the
emigssion test.

a) [The testing shall be conducted A
measurement of wind speed 10 cm
b) |The surface of the device shall gen

spectrometer, hand-held hydrojgen
small quantities of hydrogen leakiage
from a point source tha 8, if not more so, than the afore-mentioned

detector. This hydrogen detector

b5 % of LFL.

c) [The sensor J
3 mm normal e Sy of“the device. Consecutive linear sweeps shall not be more

than 8 mm aparialony the ; the device. The entire surface of the device shal|l be
swept in this fpa

d) |An effective upleting these sweeps would be to attach a stand off to|the
sensor_that ensuresthat\a gpacing of 3 mm from the device is maintained at all timeg. A
pen ©r other marking\utensil attached to the stand off could be used to identify swept
areas and ergure e distance between sweeps does not exceed 8 mm.

e) [The sensofshould always face directly downward, and the device should be magved
beneath.it’ in suchra way that the surface directly below the sensor is always horizontal

f) [If n@_points are found where the hydrogen concentration is greater than 25 % LFL, the test
is.complete and the device shall be considered to have passed.

g) If any points are detected to have a hydrogen concentration of 25 % LFL or greater, a
second test shall be conducted to ensure that the emission does not exceed 3 cc/min of
pure hydrogen from any single source.

h) The second test shall be performed using the following procedure: the sensor height shall
be adjusted from 3 mm above the device to 6,5 mm above the device.

i) A spiral sweep shall then be made, originating from the point where the detection of 25 %
LFL or greater of hydrogen occurred during the initial linear sweep. The spiral sweep must
have a spacing of 1 mm or less between sweeps, and must spiral out to a radial distance
of at least 4 mm.

i) If the spiral sweep at 6,5 mm above the device detects a concentration of hydrogen that is
25 % of LFL or greater, the device fails. If the spiral sweep does not detect any hydrogen
concentrations of 25 % LFL or greater, the device passes.
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B.7.2.1.5 Passing criteria: no leakage of hydrogen as defined in B.3.25.

B.7.2.5 Test sample quantity

This subclause shall apply as written.

B.7.3 Type tests

For all type tests performed, the device must meet the requirements of B.7.2.1 for no leakage
of hydrogen. Except as specifically noted below, all type tests shall apply as written.

B.7.3.1 Pressure differential tests

B.7.3.1.1 Cartridge
Test A Internal pressurization

Test A of 7.3.1.1 is not applicable to cartridges tested under p, cartridges

shall B.7.3.1.1 Test B, below:

Test B Low external pressure

Both Test A and Test B sRall be ¢omple

Test A: Test A shall be| exe
shall be measur%>'
Test B: Test B shall b

shall be measuredn

age

B.7.3.2 Vibration test
Thig test’sha

v) Perform

Pagsing criteria: ifre at any time, no explosion at any time, no leakage. Leakage shal| be
measured\Using the procedure in B.7.2.1 as specified by v). If the unit is not operational,|but
emissions do not violate the ‘no leakage’ criteria, the leakage test is acceptable.

B.7.3.3 Temperature cycling test

This test shall apply as written in 7.3.3, with the following modifications.
vi) Perform leakage testing in accordance with B.7.2.1.
Passing criteria: No fire at any time, no explosion at any time, no leakage. Leakage shall be

measured using the procedure in B.7.2.1 as specified by vi). If the unit is not operational, but
emissions do not violate the ‘no leakage’ criteria, the leakage test is acceptable.

B.7.3.4 High-temperature exposure test

This test shall apply as written in 7.3.2, with the following modifications.
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Passing criteria: No fire at any time, no explosion at any time, no leakage. Leakage shall be
measured using the procedure in B.7.2.1.

B.7

3.5 Drop test

B.7.3.5.1 If the drop test of 6.3 of ISO/TS 16111 is performed using the same cartridge for
all four drop orientations, the cartridge drop test of 7.3.5 (2 or 3) is not required. The drop test
of ISO/TS 16111 is seen to be more rigorous, and therefore more than sufficient to ensure
adequate safety of the cartridge. If the drop test of ISO/TS 16111 is performed using a
different cartridge for each drop orientation, the cartridge drop test of 7.3.5, with the

mo

ifications below must be performed in addition to the drop test of ISO/TS 16111

B.7
follg

vi)
Pas

emi

B.7

This

Test sample: an unused fuel cartridge, a

the

Pov
v)

Pa
me
viol

B.7.3.

Thig
vii)

Pas

measured.using the procedure in B.7.2.1. Exterior surfaces shall not exceed temperature

Tab
viol

writtenCwith

3.5.2 The micro fuel cell power unit drop test of 7.3.5 shall apply
wing modifications.

Perform hydrogen leakage test in accordance with B.7.2.1.

.3.6 Compressive loading test

subclause shall apply as written wit

manufacturer’s specifications or a mi

er unit or system:

Perform leak test i

sing criteria;/No fi Dy i
sured using précedure in

hte the ‘no leaKage eritéxia, th

xplosion at any time, no leakage. Leakage shal
B.7.2\]. ¥'the unit is not operational, but emissions do
e |eakage test is acceptable.

le 3(during or after short-circuit testing. If the unit is not operational, but emissions do
htedthe ‘no leakage’ criteria, the leakage test is acceptable.

the

be
but

with
ge.

| be
not

be
S in
not

B.7

.3.8 Surface and exhaust gas temperature test

This test shall apply as written.

B.7

.3.9 Long-term storage test

This test shall be modified to use the test procedure prescribed below. The test procedures
prescribed in 7.3.9 are not applicable, as they are not feasible for cartridges containing

hyd

rogen.
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Test procedure:

Place sample in temperature chamber at 50 °C.

i) The temperature chamber shall be equipped with a ventilation system and a means of

monitoring hydrogen concentration.

ii) The temperature chamber ventilation system shall be configured in such a way that the
internal volume multiplied by the number of air changes per hour equals 10 (i.e. 1 m3

chamber with 10 ACH).

Tl sl ry i + 4l o o ball lo ++ <l + e
T TS ITYyUTUygTTT LUTTUTTTIN atroTT T ureuiTtalmuTT SiTalim U TTITuTTuT cu- L utTtoialitry.

v) The sample shall remain in the chamber at 50 °C for at least 28 days

Pagsing criteria: No fire, no explosion. The hydrogen concentratio
exceed 25 % LFL at any time during the test.

B.7.3.10 High temperature connection test
Thig test shall apply as written with the following modificati¢

vii) |Leakage shall be checked using the hydrogen leakage fest™®

~

B.7.3.11 Fuel cell power unit internal press

Thig test shall be subject to the f
pressurization of a gas-based fuel cell™s
medium.

Prepsurize the system wj

Test procedure

ii) Using helium,<;>e

pressure of eithé

B.7.3.12

Thig test shallapply as written with the following modifications.

B.713.12.11 xv) Leakage shall be checked using point source hydrogen detector and s

mee]at cfiteria for no leakage as defined in B.3.25.

not

late
ble

the

o a
ng

rom

hall

B.7.3.12.1.2 x) Leakage shall be checked using point source hydrogen detector and shall

meet criteria for no leakage as defined in B.3.25.

B.7.3.12.1.3 Cartridge 1 xv) Leakage shall be checked using point source hydrogen

detector and shall meet criteria for no leakage as defined in B.3.25.

B.7.3.12.1.3 Final cartridge xv) Leakage shall be checked using point source hydrogen

detector and shall meet criteria for no leakage as defined in B.3.25.

B.7.3.14 Emission test

The emission test of 7.3.14 shall be performed using a modified set-up, wherein a mass
spectrometer, gas chromatograph, or other suitable calibrated instrument is used to monitor
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concentration of hydrogen within the control volume. No other emissions need to be
monitored, as hydrogen is the only possible hazardous emission from these systems.

B.7.3.14.1 The concentration of hydrogen in the control volume shall not exceed 25 % LFL
at any time during the test.

B.7.3.14.2 The emission test may also be used to ensure that the hydrogen leakage from
fuel cartridge is below acceptable limits.

@%
&
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Annex C
(Normative)

Micro reformed methanol fuel cells

This annex shall apply to Micro Reformed Methanol Fuel Cells (RMFCs) that convert methanol
and water through a reformer into hydrogen reformate, which is then immediately fed to the
fuel cell stack.

the
this
The
pdy,

additional subclauses have been assigned new numbers.

C.1 Scope

Unlgss otherwise noted, Clause 1 applies as written when N with this anfex,

with the following additions.

C.1.1 System boundary

C.1{1.7 Figure C.1 replaces Figure

I I
| : Thermal r—=— Coofing Air
T Maragernent 11
3 > Wagte Heat
T 11» Internal Power Meeds 11
11| Fuel y | ! : Potfuer
11| Cartridge Fuel Fuel Cell azal Output
L Reformer Module [0 Cmfﬂmgging T 1 : R
i —_ Stak 3 ‘.: ;  Powear Signal
11 T 4 From ! Interfane
1] From /o Cothode 4 M ik | :
11 S ; Rechargeable | Primary i1
1] Catalytic SRR i WS;E:Dadnud!tDr ! Battery or Eiattery | 1
1 Heater ! Management Capacitor LI
I o cathode | UM P!
1 2 . PR et e e e 11
: R
: I ....................................................... Z JI I. : Waste
: I : = ; T Cartiidge [
\ 1 B L e I e AL AT Ajr Total Cartrol I I Filter
Alr | = 1 Prooessing System A s
; I e e R e e e L s = ]
Legend = === Systermn boundary bass flow — Heat flow
------------------ Optional part — == Electrical flaw

Figure C.1 — General block diagram of a reformed methanol micro fuel cell system
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C.1.2 Considerations

Materials, construction, requirements and type tests shall be suitable for use with liquid
methanol, as outlined in the main body of this PAS, as well as methanol vapour, water vapour
and hydrogen.

C.2 Normative references

Clause 2 applies as written when used in conjunction with this annex.

C. Terms and definitions

Clayse 3 applies as written when used in conjunction with this arx W e following
addjtions.

C.3.31
methanol fuel reformer (also referred to as “reformer”)

devjce that converts methanol and water to hydrogen re
and| other by-products) for applicable systems

carbon dioxiide,

C.3.32

catalytic heater
devjce that oxidizes a fuel (e.g., meth 3 dices heat without flammable
prodlucts for applicable systems

C.4 Materials and cons nd

micro fuel cell po

Clause 4 applies as ving

addjtions.

micro fuel cell system shall be resistant to corrosion infthe
sluding exposure to liquid methanol, methanol vapour, water

C.4{1441
oper—Ffame ;
section, tail gas catalytic heaters).

Fuel cell power systems shall be designed in such a way that there is no ris

C.4.14.4.2 |If air for catalytic heating is mixed with fuel gas, an effective means shall be
provided to prevent the air from returning to the fuel gas line and to prevent the fuel gas from
flowing into the air supply unit.

C.4.14.4.3 Controls for fuel and air feeds shall be designed to reliably maintain the design
fuel to air ratio.

C.4.14.4.4 Upon shutdown, hazardous gases in the process system shall be safely
contained, oxidized, or disposed.
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C.4.14.4.5 For air-rich systems: The fuel and air supply shall be suitably controlled to
provide air prior to reaction initiation and to prevent fuel from entering the reactor until the air
supply is available.

C.4.14.4.6 For fuel-rich systems: The fuel and air supply shall be suitably controlled to
provide fuel prior to reaction initiation and to prevent air from entering the reactor until the fuel
is available.

C.4.14.4.7 The reaction initiation time shall be determined by considering the response time
of the system control devices and the time required to build up the maximum allowable
quayntt i i i es,
fuellair mixture flammability, and system dynamics and geometry.

C.4|14.4.8 The manufacturer shall ensure that the maximum quanti ure
thaf could credibly accumulate, if combusted, produces pressures 2 can
be fontained within the components exposed to such conditions. : an
opeln design (i.e., gases flow from reformer to stack to catalytic’F » ere
may not be the possibility of building up high pressure within ) i to
these open conditions.

C.4.18 Protection against mechanical hazard

C.418.1 Other tubing lines

C.4.18.1.3 Protection against me

Tubling and other fuel pathways will be/designeu.i R_a way that that there is no danggr of

leakage of gases from the fuel reform er o catalytic heater under normal use and reasonably
forgseeable abuse generatéd i e sure, etc.

C.5 Requirements

cell pow@ :

Clapse 5 applies a i in conjunction with this annex, with the following
addjitions.

C.6 i artridge, micro fuel cell power unit, and micro fue

Clayse 6 applies ritten when used in conjunction with this annex, with the following
addjtions.

C.7 \Type tests

Clause 7 applies as written when used in conjunction with this annex, with the following
additions.

C.7.3 Type test procedures

C.7.3.15 Hydrogen emissions and leakage test

C.7.3.15.1 After executing the type tests in accordance with the test procedure described in
7.3, the micro fuel cell power unit shall be monitored for emissions and leakage using the
procedure detailed below.
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C.7.3.15.2 Emission test procedure

C.7.3.15.2.1 The emission test in 7.3.14 shall be performed using a modified set-up, wherein
a mass spectrometer, gas chromatograph, or other suitable calibrated instrument is used to
monitor concentration of hydrogen within the control volume. Following this emission test,
one of three results is possible.

C.7.3.15.2.2 Hydrogen concentration is less than 0,0162 mg/h (0,018 % vol). This level
would result from one single source venting pure hydrogen at 3 cc/min. If hydrogen
concentration is less than 0,0162 mg/h (0,018 % vol), device passes leakage test; no further
testing required

C.713.15.2.3 Hydrogen concentration is greater than 25 % LFL. Device fz# No

further testing required.

C.73.15.2.4 Hydrogen concentration is greater than 0,0162 mg/h (0,0 oval) but less than
25 % LFL. Proceed to leakage test of C.7.3.15.2 to determine tha S
hydrogen at greater than 3 cc/min.

C.7.3.15.3 Leakage test procedure

C.713.15.3.1 The leakage test shall be performed {o d ermi tL.no’single source on|the
devjce can support a flame in all cases wheg S G ance cannot be definitiyely
detérmined by the emission test.

C.7}3.15.3.2 The testing shall be cond i Mo substantial air movement. A

C.7|3.15.3.3 The surfacé€ of\th ice )stematically swept with a point source
hydrogen detector. Thj
hydrogen leak detecto

leakage from a int
mentioned devic@
at 25 % of LFL.

or measuring small quantities of hydrogen
as accurate, if not more so, than the afpre-
tis

C.7 no
mo:l be
mo surface of the device. The entire surface of the device ghall
be {

the

\ A
pen or>other marfking utensil attached to the stand-off could be used to identify swept
breds and ensure that the distance between sweeps does not exceed 8 mm.

i)

o

ii) The” sensor _should always face directly downward, and the device should be mgved
beneath it such that the surface directly below the sensor is always horizontal.

C.7.3.15.3.5 If no points are found where the hydrogen concentration is greater than 25 %
LFL, the test is complete and the device shall be considered to have passed.

C.7.3.15.3.6 If any points are detected to have a hydrogen concentration of 25 % LFL or
greater, a second test shall be conducted to ensure that the emission does not exceed
3 cc/min of pure hydrogen from any single source.

C.7.3.15.3.7 The second test shall be performed using the following procedure: the sensor
height shall be adjusted from 3 mm above the device to 6,5 mm above the device.
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C.7.3.15.3.8 A spiral sweep shall then be made, originating from the point where the
detection of 25 % LFL or greater of hydrogen occurred during the initial linear sweep. The
spiral sweep shall have a spacing of 1 mm or less between sweeps, and shall spiral out to a

radial distance of at least 4 mm.

C.7.3.15.3.9 If the spiral sweep at 6,5 mm above the device detects a concentration of
hydrogen that is 25 % of LFL or greater, the device fails. If the spiral sweep does not detect

PAS 62282-6-1 © IEC:2006(E)

any hydrogen concentrations of 25 % LFL or greater, the device passes.

Run hydrogen emissions
test

at 10 ACH-m3

Is the concentration
less than 0,018 %

s\the concentra

Qre 9

Is there a leakage
rate of greater than
3 cc/min from any
single source?

Yes

) fek
O

Type test failed

Type test failed

e

Type test passed

Figure C.7.1 — Flow chart for hydrogen tests
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C.7.3.16 Automatic system shutdown due to abnormally high temperature

C.7.

3.16.1 While the micro fuel cell power unit is operating at rated output, use the
manufacturer‘s specified method for setting temperature to set a temperature 10 °C above the
maximum operating temperature inside the reformer.

C.7.3.16.2 Verify that the system shutdown sequence is initiated within 5 s of the reformer
reaching the temperature set point.

C.7.3.17 Safe operation under high reformer temperature

C.7
tem

C.7
in g
Run
tem
the

3.17.1 This test requires that the system operate safely, even if
perature of 30 °C above the maximum operating temperature.

3.17.2 To run the test, disable the automatic system suspensio
.7.3.1. Set the reformer temperature at 30 °C above the maximur

emission requirements in Table 8 and C.7.3.15.2.

&

eformeriis

ibed

ure.
nted
with
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Annex D
(Normative)

Methanol clathrate compound

This annex, for direct methanol fuel cell systems powered by methanol clathrate compound,
outline the additional or modified requirements with respect to the requirements contained in
the main body of this PAS, for certification of such fuel cell power systems and their
respective fuel cartridges. Where possible, the numbering system of this annex corresponds
to the numbering of clauses in the main body. Requirements from the main body of this PAS

me
clad

annex establishes modifications and additions to the main body of the

the

D.1

D.1

Exc

anngex.

D.1

D.1
(DM

nothpecificaIIy discussed in this annex apply to direct methanol fuel cell systems powered

hanol clathrate compound as written. Modified clause numbers reflee eir counter

se in the main body. Any additional clauses have been assigned

mbers.
pplicatio
fuel and technologies addressed by this annex.

Scope

.1 System boundary

ept where specifically noted, 1.1 shall apply as conjunction with

hich are direct methanol fuel @

1.6.1 This annex shall apply to (micr
FC) powered by methanol clathrat co@

FC) module stack

9,

by
part

This

n to

this

ells

cell
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——p Mass flow """ System boundary
=P Electrical flow =~ seereeseenan Optional part
= Thermal flow
............... . 1 waste
i Water e S S — |'heat
I i catridge % IT ™ Micro fuel cell power unit P s 2l
I : (optional) = Primary : |
................ 1 battery H |
SEEEEEEEEEEEEEEEEn L]
1 1 Thermal Internal 1 |
I— _——— management power Needs |
1 i! Fuel (optional) |
=| MGG , Management]N\_ 4 " Power 1
I fuel 1T Fuel supply N . interface
I cartridge 1]. ..................................... module Stack ] Power 1
II I F(uelt'remlr)n conditioning l Mechansal 1
| optional - I X
Air I interface
II || management T I (T T A
I‘- ——— i Waterand/or :: ‘
Fuel cartridge I byproduct
) 1 1 : management
Air : unit
I | Total control
| | system ridge” |1
optional)
e e e e e e e e - - = ==

ste products and

unused fuel
Figure D.1 — General blc
D.1.3 Considerations
Methanol clathrate compou i id*) that includes methanol. Since the [fuel
carfridge containing the 5 ain_Hquid prior to use, liquid leakage does|not

occpr (Figure some under the United Nations classification

recommendatio > gbods.
MOI clathrate compound
(solid)

MCC fuel cartridge

Figure D.2 — Fuel cartridge of methanol clathrate compound

When the fuel cartridge filled with the MCC is installed in the fuel cell power unit, water is
injected into the cartridge. Methanol solution is formed by the emission of methanol from the
MCC into the injected water. The methanol solution is then used as fuel (Figure D.3).

) An organic addition compound that has an internal space that is completely enclosed. It is formed by the
inclusion of molecules in cavities formed by crystal lattices or present in large molecules
(http://efunda.intota.com/multisearch.asp?mode=&strSearchType=all&strQuery= clathrate%20compound).

2) Examined by ASTM D 4359-90: Standard test method for determining whether a material is a liquid or a solid.
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Fuel cell power unit

Methanol is emitted from T
Water — methanol clathrate compound » Methanol solution
to water.

MCC fuel cartridge

Figure D.3 — Usage of methanol clathrate compound with fuel cell power unit.

D.2 Normative references

Clapse 2 applies as written when used in conjunction with this aprex

D.3 Terms and definitions

Clapse 3 shall apply as written except where specj . Subclauses which

have not been altered are not referenced below.

D.3.4

fue

methanol clathrate compound (MCC), of gamma-cyclodextrin and methanol.
Methanol solution, which is formed by th of MCC and water, is used to produce

D.3.31

no MCC powder leakag
no accessible M

congumer ca ical contact with MCC powder

or cartridge

D.4 Material onstruction of fuel cartridge, micro fuel cell power unit,
and micro_fuel cell power system for portable devices

Clapse 4 applies as written when used in conjunction with this annex.

D.5 Abnormal operation requirements and tests

Clause 5 applies as written when used in conjunction with this annex.

D.6 Instructions and warnings for fuel supply cartridges, micro fuel cell power
units, and micro fuel cell power systems

Clause 6 applies as written when used in conjunction with this annex.
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D.7 Type tests for a fuel cartridge, a micro fuel cell power unit, and a micro
fuel cell power system

Clause 7 shall apply as written except where specifically modified below. Subclauses which
have not been altered are not referenced below.

D.7.2 Leakage measurement of MCC and methanol, and the measuring
procedure

Because MCC powder is packed in an unused MCC fuel cartridge, inspection of MCC powder
IealJage shall be executed In type tests. Ilhe leakage measurement of MCC powderiand
methanol shall be executed in principle in accordance with the procedure_shown in Figlres
D.4|through D.7 respectively. Exceptions will be noted in the various subgq >

3
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Remove packaging and follow
instructions to prepare cartridge
for use in the fuel cell system.
Record initial mass M,

and time ¢,

|

Run type test

|

Visuatimspectionfortiquic-methanot
and/or MCC powder within
5 min of completing type test

Is liquid and/or MCC
powder accessible?

\

Fuel vapour loss
occurred;
type test failed

22 °C £ 5 °C after ¢,

inspection for liquid
measure mass M,

Leakage occurred;

Is liquid and/or M
s liquid and/or MCC type test failed

powder accessible?

No
Fuel vapou loss
—| occurred;
(ty—ty) type test failed
Yes
Type test passed

Figure D.4 — Cartridge leakage and mass-loss test flow chart for low external pressure,
vibration, drop, and compressive loading tests
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Remove packaging and follow instructions to prepare filled (M)
and empty (MT) cartridge samples for use in the fuel cell system.
Record initial mass M, and MT; and time ¢

|

Run type test on filled (M) and
empty cartridge (MT)

!

Visual inspection for liquid methanol
and/or MCC powder
within 5 min

Is liquid and/or MCC Leakade otcurred,
powder accessible? /\ type.test fajled

()
Within 10 min of runni st mea M ss@,
mass ime ¢,

No
ngtype te
T, and t
v

Fuel vapour loss
occurred;
type test failed

Type test passed

-

igure D.5 — Cartridge leakage and mass loss test flow chart for temperature cycling
type test and high temperature exposure test

The maximum time interval ¢4 — ¢, shall be set that so that no more than half of the fuel would
be lost if it were escaping at the maximum allowable mass loss rate.
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Record initial mass M and time A,

!

Run type test

'

Visual inspection for liquid methanol and/or MCC powder

within 5 min of completing type test

Is liquid and/or MCC Yes

PAS 62282-6-1 © IEC:2006(E)

Leakage o

ccurred;

type-tgst failed

Ifis possible for a power system
tHat does not have a fuel shut-off
to have a higher mass loss
than 0,33 g/h, without the fuel
escaping to the environment.
This occurs due to crossover

gé¢nerating water that evaporates.

[ests may be run in a humidity
hamber to avoid mass loss due
to water evaporation.

(@)

powder accessible?

Measure mass M, and time t,

N

anpour Igss

occurred
type test failg

Turn on)AE&&for 1(/)7m'm

Yes

Type

ire or explesion?

test failed

+ 5 °C to allow water vapour to dissipat

Turn off wait for a 2 h time Ia |n
A re dping)mass Yoss measurement

D

Measursgma tlme t,. Wait 2 h £ 10 min
t 22°C+5°C

| Perform emission test. | Type test pagsed

occurred

Fuel vapour lops

type test failed

Yes

1

Yes

 §

W
lNo

Type test failed

Figure D.6 — Micro fuel cell system/unit leakage and mass-loss flow chart
for vibration, drop, pressure differential and compressive loading tests
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Run short circuit type test

{

Yes
Fire or explosion?

Type test failed

1 No

Visual inspection for liquid
methanol and/or MCC powder
within 5 min of completing

fype test

{

Is liquid and/or MCC
powder accessible?

Leakage gccuirr

type<té§ alle

Turn off micro fuel cell system and wait for a 2 h £ 10 min time

delay to allow water vapor to dissipate before domg m

to allow water vapour to dissipate before doing mass loss measure

a22

Measure ma sMo and tim fo

Fuel vapour loss occurred;
type test failed

0id mass loss due to water evaporation

for short-circuit type test
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D.7.3 Type test
Type test items shall be as shown in Table D.1:

Table D.1 — Type tests

PAS 62282-6-1 © IEC:2006(E)

Test item Test sample
MCC fuel cartridge
D.7.3.1 Pressure differential test*
Micro FC power unit and/or power system
. i I‘V‘ICC I‘UU: \;Gltlldsc
0.7.3.2 Vibration test*
Micro FC power unit and/or powwtem
MCC fuel cartridg
0D.7.3.3 Temperature cycling test*
Micro FC power unit and/})& ower system
D.7.3.4 High-temperature exposure test MCC fuel cai&ridbe >
MCC fyel cartridge
D.7.3.5 Drop test
Micro FC poWi nd@r powensyst
M \\)
0.7.3.6 Compressive loading test i i rtridge
l\M’ FC po eruni ower system
D.7.3.7 External short-circuit test A Migro F((poéve\) uryt} power system
0.7.3.8 Surface and exhaust gas Micrg EC power unhit or power system
temperature test N
0D.7.3.9 Long-term storage test ( — \MCC fuel cartridge
D.7.3.10 High-temperaturysgnnecti n teé& \ \ Fuéw}m‘l/dge and micro FC power unit
r 3 11 Fuel cell power unitNrternal I\M ower unit with a pressurized empty fuel
e prPs\sure est ~~ cartridge
D.7.3.12 C}aneﬁion\fyﬁw tes\ MCC fuel cartridge and micro FC power unit
D|7.3.14 QE %n\tg\ Micro FC power unit or power system
| AN NS |
* |The following tes Il be ow e, using the same system hardware:
Pressure differentjal test 2 \ibratio - Temperature cycling test
D.7.3.1 ure differential tests
Purpose: To the effects of a high internal pressure or a low external pressure
enspre no Ieakag
D.7.3.1:1 Cartridge

and

Use 7.3.1.1, Test Aor D.7.3.1.1, Test B.

D.7.3.1.1
Test B

Low external pressure

i) 95 kPa differential applied by external vacuum test where the lower pressure is applied
externally to an unused MCC fuel cartridge. This method is generally not suitable for non-

rigid cartridges because the required pressure differential is not attained.

cartridges precise pressure differenti

powder leakage. See Figure D.4.

al measurement shall be used.

For non-rigid

Passing criteria: No fire at any time, no explosion at any time, no leakage, and no MCC
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D.7.3.1.2 Micro fuel cell power unit or micro fuel cell power system

Both pressure differential Test A and Test B shall be carried out.

Test A: Power unit and/or system: Test samples in unused condition shall be stored at a
pressure of 68 kPa for 6 h at ambient temperature (22 °C + 5 °C). Methanol leakage and MCC
powder leakage shall be measured on the basis of the procedure described in Figure D.6.

Test B: Power unit and/or system: Test samples in unused condition shall be stored at a low
external pressure of 95 kPa dlfferentlal pressure External vacuum shaII be apphed for 30 min

i)

D.7|

The logarithmje freg
maintained @ -
fotal excursio afie

operate bt emissjpns do not exceed the limits of 7.3.14, the emissions test is accepta

33 Temperature cycling test

iteria

ith

the
and

ally

gn is

mm
burs
ncy

CcC

oes
Dle.

Test sample: an unused fuel cartridge, a micro fuel cell power unit fuelled in accordance with
manufacturer's specifications or a micro fuel cell power system used in D.7.3.2.

Purpose: To simulate the effects of low-temperature and high-temperature exposure and the
effects of extreme temperature change.

Test procedure (see Figure D.8):
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Temperature
4 h
1 A
1 1
55 °C '
1 1
1 1
1 1
1 1
1 1
RT L
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
—4p °C L L

ii) Pecrease the chamber temperature +%°C

for 1 h + 5 min, then d and
keep it at —40 °C £ 5 <
iii) Increase the cham °C
for 1 h + 5 min.
iv) [The above p
Perform emissit
CcC
the
If
test

TeT sample: an unused fuel cartridge

Purpose: To simulate the effects of a fuel cartridge left in high-temperature environments

Test procedure:

i) Place the test sample into a temperature-controlled test chamber that is at a temperature
of 70 °C £ 2 °C and allow chamber temperature to recover to 70 °C £ 2 °C and maintain
that temperature for at least 4 h with the sample in the chamber.

ii) Remove the test sample to a room temperature of 22 °C + 5 °C.

iii) Passing Criteria: No fire at any time, no explosion at any time, no leakage, and no MCC
powder leakage. Leakage shall be measured based upon the procedure described in
Figure D.5.
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D.7

.3.5 Drop test

Test sample: an unused fuel cartridge, a micro fuel cell power unit fuelled in accordance with
manufacturer's specifications or a micro fuel cell power system with unused fuel cartridge.

Pur

Tes

pose: To simulate the effects of an inadvertent drop and ensure no leakage.

t procedure:

i) The test sample shall be dropped on a horizontal surface that consists of hardwood at

aact 12 mm thinle mantad An twn lavare Af nivivwoand aacrh 19 mm ta 20 mm thick
St oG RoH Rt e a—OoRH—Wo—ay e 5o H—PpPryWwo o a—Eeaon—o—+ 0o H—HGK

all

i)

iv) I

v) F

Pagsing criteria;~No i
powder leakag _

Figyires D.4 and

supported on a concrete or equivalent non-resilient floor from a predetermined heighfc
The height of the drop shall be;

B) 1200 mm = 10 mm: in the case of a micro fuel cell power uni
power system;

same sample. For the power unit or the power
four drop directions, or more than one device
discretion of the manufacturer.
Drop directions

Valve up

VValve down

red based upon the procedure describeg

doels not operate Ru t exceed the limits of 7.3.14, the emissions tes
acceptable.

D.7.3.6 Compre

Test sa el cartridge, and a water filled MCC fuel cartridge which cont
MCL and water 1 by weight), a micro fuel cell power unit fuelle
accprdance with man acturers specifications or a micro fuel cell power system with unu
fuel| cartridge’

Purposeé: To simulate the effects of the forces reasonably encountered due to being step|

et acceptance criteria in 7.3.14. If the unit or sysftem

cell

the
F all
the

.14,

CcC
in

tis

HiNS
d in
sed

ped

on or something heavy being placed on the fuel cartridge, fuel cell power unit, or fuel cell
power system.

Test procedure:
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Power unit or system

i) The power unit/system test sample is to be placed between two flat wooden blocks of
approximately 254 mm (10 inches) long, 101,6 mm (4 inches) wide and 12,7 mm (1/2 inch)
thick.

ii) A crushing force is to be applied to the exposed surfaces of the enclosure gradually at a
rate of 12,7 mm/min (1/2 inch/min).

iii) Each force applicator is to exert 25 kg £ 1 kg on the sample for 5 s.

iv) The test shall be done in three different orientations as a rule. If the sample does not
tdlld Ul Itb UWIT, It dUUb IIUt IICUd tU bU tcatcd ;II thdt UI;UIItat;UII.

v) For power system or power unit tests, perform emissions testing in accerdance with 7-3.14

following the crush test.

S

Carntridge

ii) A crushing force is to be applied to the exposed surf
rate of 12,7 mm/min (1/2 inch/min).

iv) [Cartridge orientations are to be selected base A Aike i iti hen
accidentally dropped (e.g., i ¢ ity with
respect to the resting surface). \ one surface of a prismatic
,artrldge that |s sufficiently CUbIC and th s a cylindrical cartridge with a

Pagsing criteria: No fire i [ "any time, no leakage, and no MCC
poq‘der leakage. Leakage ¢ baged upon the procedure described in
Figlires 2 and 4 respecti . issi rom power units or power systems shall meet
acceptance criteria in . it o em does not operate but emissions do|not

exceed the Iimitm@.

D.7.3.7 Externa

Tegt sample: a\m power unit fuelled in accordance with manufactuner's

Test procedufe:

i) ach™ test sample shall be short-circuited by connecting the positive and negdtive

efminals of the micro fuel cell power unit with wire having a maximum resistance loaf of
[ ’1 W for at least 5 min-

ii) Tests shall be executed in operation and non-operation of fuel cells respectively.

iii) Perform emissions testing in accordance with 7.3.14 during and after short-circuit testing.

Passing criteria: No fire at any time, no explosion at any time, no leakage, and no MCC
powder leakage. The leakage is measured by the procedure in Figure D.7. Exterior surfaces
shall not exceed temperatures in Table 3 during or after short circuit testing. Emissions shall
meet acceptance criteria in 7.3.14. If the unit or system does not operate but emissions do
not exceed the limits of 7.3.14, the emissions test is acceptable.

NOTE This test can be done sequentially with the surface and exhaust gas temperature test, using the same
sample.
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D.7.3.9 Long-term storage test

Test sample: an unused fuel cartridge.

Purpose: To simulate the effects of long term storage at elevated temperature and ensure
leakage.

Test procedure:

Option 1 (Preferred)

no

i) Mse aload cell designed and calibrated for use at 50 °C.
ii) Place load cell in a temperature chamber at 50 °C. Place the fuel ca trldge ontop of{the
oad cell in such a way that all the weight is applied to the load cel ay be Used
fo control the position of the cartridge, to ensure all the weight i i ) I
iii) Connect a digital readout to the load cell and collect data_ei pually or
automatically. The data should be collected with a high d 2.0 gure
that the fuel vapour loss does not exceed 0,33 g/h with z
iv) Calculate the fuel vapour loss by the number of hou ven
28 days x 24 h/day = 672 h) : xceed 0,33 g/h, then
V) the
fest.
Opftion 2A
For|
i) Weight measuremepts 3 ith) & hi i that
fhe fuel vapour loss ini
ii) [The time in w not
be included | buld
bval
the
iii) ven
eed
iv) If the cartridge ‘exseeds the 0,33 g/h fuel vapour loss criteria, then the test sample fails|the
fest.
Option 2B

For Tuel cartridge containing less than 70 ml of tuel (Option 1 Is preferred for test samples

containing less than 70 ml of fuel)

i) Weight measurements should be collected with a high degree of confidence to assure t

hat

the fuel vapour loss does not exceed 0,33 g/h with a minimum of once every three days.

ii) The time the test samples are removed from the oven shall not be included in the time

the

test sample is to be tested (28 days). Additional time should be added to get the test

sample to the test temperature (50 °C) each time the test sample is removed from

the

oven. The test samples should only be stabilised at room temperature if the mass loss will

be affected.

iii) Calculate the fuel vapour loss by the number of hours that the sample was in the oven (28

days x 24 h/day = 672 h) and as long as the average mass loss does not exceed 0,33
then the test sample passes the test for fuel vapour loss.

g/h
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iv) If the cartridge exceeds the 0,33 g/h fuel vapour loss criteria, then test sample fails the
test.

Remove packaging and follow instructions to prepare
cartridge for use in the fuel cell system. Record initial

mass M5 and time ¢,

v

Store the fuel-filled cartridge
in the oven at 50 °C

l

Monitor cartridge weight using a precision load
cell or periodic measurements.

Yés .
Is liquid and/or MCC Le aMrred,
(\typ test failed
N

powder accessible?

No

. Re-test with
Is cartridge empty and ¢ increased

ourd
vapour loss have exceede ¥ ot
W monitoring
N ~
l No

Fuel vapour loss
— occurred;
type test failed

N

v

Type test passed

Figure D.9 — Fuel cartridge leakage and mass-loss flow chart for long-term storage

D.7.3.10 High-temperature connection test

Test sample: an unused fuel cartridge and a micro fuel cell power unit or micro fuel cell
power unit valve.

Purpose: To simulate the effects of mating and un-mating of the fuel cartridge to the fuel cell
power unit or micro fuel cell power unit valve with the fuel cartridge at an elevated
temperature and ensure no leakage, no MCC powder leakage, no fire, no explosion.
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Test procedure:

i)

Place the fuel cartridge test sample into a temperature-controlled test chamber that is at a

temperature of 50 °C £ 2 °C for at least 4 h.

ii) The micro fuel cell power unit or micro fuel cell power unit valve is kept nearby at normal

room temperature, 22 °C £ 5 °C.

iii) Remove the test sample from the chamber and connect the fuel cartridge to the micro fuel
cell power unit or micro fuel cell power unit valve within 5 min of removal from the

chamber.

iv) Check for leakage upon connection.

v) Pisconnect the fuel cartridge and check for leakage.

vi) JAcceptance criteria: No leakage, no MCC powder leakage, no fire, and no prOS|on If,
Lsing normal force, the cartridge cannot be connected, and no lg no
explosion occurs, this is acceptable.

vii) Leakage shall be checked visually. Invert the cartridge and er unit
br micro fuel cell power unit valve over indicating paper § : ‘ inting
Hownward toward the indicating paper and look for sjgus\o Ka i ible
eakage is found, the test fails.

iv) Flame shall be checked using cheesecloth.

v) Explosion shall be checked visually to verify no d Il.

D.7.3.12 Connection cycling te

D.7.3.12.1 Cartridge

D.7.3.12.11

Test sample: an unused i a’ my i i cell

power unit valve fuelle\in a \ i

Purpose: To sir@e cell

power unit and e re

Test procedure:

i) Conneét thex i [ [ i cell

po '

i) Operate

iii) | Turn off

iv) | Disconnect the“fuel cartridge and check for leakage.

V) Repeat this twice more for a total of three connections and disconnections.

vi) Ltavertthe—eartridge—and-the—systemeverindicatingpaperirsuch—a—way-that-the—valve

points downward toward the indicating paper and look for signs of leakage.

vii) Connect and disconnect the first cartridge four more times for a total of seven

connections and disconnections.

viii) Invert the cartridge and the system over indicating paper such that the valve points

downward toward the indicating paper and look for signs of leakage.

ix) Connect and disconnect the first cartridge three more times for a total of 10 connection

and disconnections.

X) Invert the cartridge and the system over indicating paper in such a way that the valve

points downward toward the indicating paper and look for signs of leakage.

xi)  Connect cartridge and operate the fuel cell power unit or otherwise simulate fuel flow for

1 min.


https://iecnorm.com/api/?name=b192e6b28b80ef3e895c1ddaf0803007

-90 - PAS 62282-6-1 © IEC:2006(E)

xii)  Turn off the unit or stop simulated fuel flow.

xiii) Disconnect the fuel cartridge and check for leakage.

xiv) Acceptance criteria: No leakage, no MCC powder leakage, no fire, and no explosion.
xv) Leakage shall be checked visually and if any accessible leakage is found the test fails.
xvi) Flame shall be checked using cheesecloth.

xvii) Explosion shall be checked visually to verify no disturbance to the system or the test cell.

D.7.3.12.1.2 Satellite cartridge

Teslt sample: an unused satellite fuel cartridge and a micro fuel cell powerunit or micro’[fuel
celllpower unit valve fuelled in accordance with manufacturer's instructions

Purpose: To simulate the effects of mating and un-mating of the fuél ‘ cell
power unit and ensure no leakage.

Test procedure:

i) Connect the first new fuel cartridge to the micro cell

i) Disconnect the fuel cartridge and check for te
iii) | Repeat this twice more for a tota

iv) | Invert the cartridge and the syste ints

downward toward the indicating pape

V) ven
vi) hlve
vii) tion
viii) hlve
ix) een
X) eriterias No leakage, no MCC powder leakage, no fire, and no explosion

xi) 5.

xii)| Flamg shall be_checked using cheesecloth.
xiii)] Explosion shall be checked visually to verify no disturbance to the system or the test ¢ell.

D.7.3:12.3 Micro fuel cell power unit

Test sample: a minimum of two unused cartridges and an additional 98 cartridges or
cartridge valves and a micro fuel cell power unit fuelled in accordance with manufacturer's
instructions

Purpose: to simulate the effects of mating and un-mating of the fuel cartridge to the fuel cell
power unit and ensure no leakage both at initial use and after suitable ageing of the micro fuel
cell power unit connection.

Cartridge 1 and cartridge 100 are inspected; the other 980 cycles are only to age the system.
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Test procedure

Cartridge 1

i) Connect the first unused fuel cartridge to the micro fuel cell power unit and check for

leakage upon connection.
i) Operate the fuel cell power unit or otherwise simulate fuel flow for 1 min.
iii)  Turn off the unit or stop simulated fuel flow.
iv)  Disconnect the fuel cartridge and check for leakage.

V) Repeat this twice more for a total of three connections and disconnections.

vi) | Invert the cartridge and the system over indicating paper in such 4 hat-the v
points downward toward the indicating paper and look for signs o

vii)[ Connect and disconnect the first cartridge four more timé Se
connections and disconnections.

viii)| Invert the cartridge and the system over indicating papé at the v
points downward toward the indicating paper and loo

ix) | Connect and disconnect the first cartridge three more™t atalof 10 conned
and disconnections.

X) Invert the cartridge and the system over indicating jpapef cH a way that the v
points downward toward the indic of leakage.

xi) | Connect the fuel cartridge to the * if~and check for leakage u
connection.

xii)| Operate the fuel cell power unit of otherwise ate fuel flow for 1 min.
xiii)] Turn off the unit or stop simul fue.
xiv)[ Disconnect the fuel heck-o

xvi)| Leakage s@
xvii) Flame shall f

xvii{) Explosion sha

Using e artridge valves, cycle the micro fuel cell power system connec
for & total tiohs and disconnections. Inversion of the system or the cartridgs
not|necessar, Following this ageing, a final unu

Finrl cartridge

hlve

ven

hlve

tion

hlve

pon

any accessible leakage is found, the test fdils.

cell.

tion
s is
sed

i) Connect the final unused fuel cartridge to the micro fuel cell power unit and check for

leakage upon connection.
i) Operate the fuel cell power unit or otherwise simulate fuel flow for 1 min.
iii)  Turn off the unit or stop simulated fuel flow.
iv)  Disconnect the fuel cartridge and check for leakage.
V) Repeat this twice more for a total of three connections and disconnections.

vi) Invert the cartridge and the system over indicating paper in such a way that the valve

points downward toward the indicating paper and look for signs of leakage.

vii) Connect and disconnect the final cartridge four more times for a total of seven

connections and disconnections.
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viii) Invert the cartridge and the system over indicating paper in such a way that the valve
points downward toward the indicating paper and look for signs of leakage.

ix) Connect and disconnect the final cartridge three more times for a total of 10 connections
and disconnections.

X) Invert the cartridge and the system over indicating paper such that the valve points
downward toward the indicating paper and look for signs of leakage.

xi)  Connect the fuel cartridge to the micro fuel cell power unit and check for leakage upon
connection.

xii) Operate the fuel cell power unit or otherwise simulate fuel flow for 1 min.

xiii)] Turn off the unit or stop simulated fuel flow.

xiv)] Disconnect the fuel cartridge and check for leakage.

xv)| Acceptance criteria: No leakage, no MCC leakage, no fire, and ng

xvi)| Leakage shall be checked visually and if any accessible leakag the test failg

xvii) Flame shall be checked using cheesecloth.

xvii{) Explosion shall be checked visually to verify no disturba S the test cell.

3
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Annex E
(normative)

Borohydride compounds

This annex establishes modifications and additions to the main body of the PAS for
application to the fuel and technologies addressed by this annex. These are fuel cells
powered by borohydride compound fuels and fuel cartridges for use with these fuel cells.
Where possible, the numbering system of this annex corresponds to the numbering of clauses
in the main body. Requirements from the main body of this PAS not specifically discussed in
thif’l annex apply to borohydride compound fuel cell systems as written. Modified elguse
numbers reflect their counterpart section in the main body. Any additiona ses have been
ass|gned new numbers.

E.1| Scope

Except where specifically noted, Clause 1 shall apply as wriften sed\i ion with
thisjannex.

E.1l1 System Boundary

Except where specifically noted, Su in
conjunction with this annex.

E.141.6 Fuel and technology covere

E.1{1.6.1 This annex sha ride
compound fuel.

E.1|1.6.2 This PAS | enge nt designs that include proton excharge
membrane (PE S ¥g hydrogen from sodium and/or potassium borohydfide
fuell (indirect bo systems), and direct borohydride alkaline fuel gells
using sodium or po i ) ide“compound fuel (direct borohydride fuel cell pgwer
sysiems). The 8 3y not include fuel processing subsystems to derive

hydrogen gas fro



https://iecnorm.com/api/?name=b192e6b28b80ef3e895c1ddaf0803007

Air

Liquid mixture

—94 —

PAS 62282-6-1 © IEC:2006(E)

Micro fuel cell power system

Figure E.1 — Direct be
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solution] | formul- | | module stack conditioning ! 1 "
| ation) |1 Internal Waste
I I| reservoir A / I products
I I| processing | andunused
fuel
I| \ Water and/or |
1 Waste byproduct
| product |I management |
| unit |
I |
1
I [I Total contri
I
1
I
|

E.1]

E.1
the

E.1

E.2

Cla

addjition. Theo

Qwingyreference is indispensable for the application of this annex.

g to

ving

ISQ 1641,1, Transportable gas storage devices — hydrogen absorbed in reversible mfetal
hydfride
E.3 Terms and definitions

Except as noted below, the terms and definitions of Clause 3 shall apply to this annex. The
numeric index of definitions below correspond to the term in Clause 3 with an alternative

meaning when considering a device for testing under this annex.

E.3.3
fuel

corrosive and/or water reactive formulation of borohydride compounds used to produce
electricity directly or indirectly in a fuel cell power system

1) To be published.
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E.3.3.1
solid fuel, corrosive
solid formulation of borohydride compounds and one or more alkali metal hydroxides

E.3.3.2

solid fuel, water reactive

solid formulation of borohydride compounds containing greater than 70 % borohyd
compound and less than 30 % activator which is comprised of a Group VIII transition m
salt

ride
etal

E.3[3.3
liqyid fuel, corrosive
liqujd formulation of borohydride compounds and one or more alkali metal

E.3{5.1
dirgct borohydride fuel cell power system
fuell cell system in which a liquid formulation of borohydride ‘ y ically re

dirgctly on the anode of the fuel cell to produce electricity in a fue

E.3/5.2
ind{rect borohydride fuel cell power system

fuell cell system in which a solid or liquid formul
to produce hydrogen which reacts on
elegtricity in a fuel cell unit

pounds, is proceg

E.3{ 21

leakage
accpssible fuel, fuel by-pr
carfridge

E.3.27
borphydride c
sodjum or potassiur

E.3.28
ligyid fuel co
watper solution

E.3.29
ele¢trolye
corfosive (alkalinel\gcgmpound solution or acidic ion conducting membrane used to comp

hcts

sed

gbrane (PEM) to produce

n or

lete

an Tlectric ¢ircuit within a fuel cell

E.3l30

fuel by-products
compounds produced after hydrogen and/or electricity is produced from fuel

E.3.31

permissible emissions

release of hydrogen or fuel that results in one or a combination of the following situations
are deemed unsuitable:

a) hydrogen in air mixture in excess of 25 % of the lower flammability limit of hydrogen in
control volume,

b) leakage rate of hydrogen greater than 3 standard cc/min from any single source

that

the
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E.3.32

accessible fuel, fuel by-products, electrolyte or liquid fuel components

components that the consumer may come into physical contact with during normal use,
reasonably foreseeable misuse, and consumer transportation; or water reactive components
within the cartridge capable of releasing hydrogen if the cartridge is immersed

E.3.33

fuel processing subsystem

subsystem within the micro fuel cell power system used to produce hydrogen from solid
and/or liquid formulations of borohydride compounds

E.3/.34

incompatible materials
maferials which are likely to cause a dangerous evolution of heat, or
gas| or vapours if allowed to mix in ways other than those specifica
sysfem design

ous
the

E.3|35

undontrolled mixing
mix|ng of incompatible materials that occurs in ways
sysfem design

the

E.4 Materials and constructio
and micro fuel cell power

E.41 General

Except where specifically’no Y i . ere
subclauses corresponding\o tse in "GR8 3 i i i i be
asspmed that said sub wthi the

fuell considered fox this | or
conpiderations frt this
annex.

E.47 General\cons

Except wheke in
conjunctjo

E.4|7.4 The i i it, when
englaged soas toa the

fuell to leakyas defined in this annex.

E.4.9."Piping and fittings

Except where specifically noted, subclause 4.9 shall apply as written when used in
conjunction with this annex.

E.4.9.8 Piping systems exposed to hydrogen shall employ materials suitable for exposure to
hydrogen, as defined in ISO/TS 16111, Annex A.

E.4.10 Fuel containing parts and piping system

Except where specifically noted, subclause 4.10 shall apply as written when used in
conjunction with this annex.
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