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Publication numbering
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amendments 1 and 2.

Further information on IEC publications

The technical content of IEC publications is kept under constant review by the IEC,
thus ensuring that the content reflects current technology. Information relating to
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publications (see below) in addition to new editions, amendments and corrigenda.
Information on the subjects under consideration and work in progress undertaken
by the technical committee which has prepared this publication, as well as the list
of publications issued, is also available from the following:

. IEC Web Site (www.iec.ch)

e Catalogue of IEC publications

The on-line catalogue on the IEC web site (www.iec.ch/searchpub) enables you to
search by a variety of criteria including text searches, technical committees
and date of publication. On-line information is also available on recently issued
publications, withdrawn and replaced publications, as well as corrigenda.

e IEC Just Published

This summary of recently issued publications (www.iec.ch/online_news/ justpub)
is also available by email. Please contact the Customer Service Centre (see
below) for further information.

. Customer Service Centre

If you have any questions regarding this publication or need further assistance,
please contact the Customer Service Centre:

Email: custserv@iec.ch
Tel:  +41 22919 02 11

Fax: +4122919 03 00
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

A PAS is a technical specification not fulfilling the requirements for a standard, but made
available to the public.

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
following document: publication by the P-members 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 will
then be adapted to the IEC rules.

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

1.1.1 This consumer safety PAS covers fuel cell power systems, power units and fuel
cartridges that are wearable or easily carried by hand, providing d.c. outputs that do not
exceed 60 V d.c. and power outputs that do not exceed 240 VA. As such, the externally
accessible circuitry is considered as circuits that are “SELV” as defined in IEC 60950-1, and
as limited power circuits if further compliance with IEC 60950-1, 2.5 is demonstrated.
Systems that have internal systems exceeding 60 V d.c. or 240 VA should be appropriately
evaluated in accordance with the separate criteria of IEC 60950-1.

1.1.2 This consumer safety PAS covers all fuel cell power systems, units and cartridges.
This PAS establishes requirements for all fuel cell power systems, units and cartridges to
ensure a reasonable degree of safety for normal use, reasonably foreseeable misuse, and
consumer transportation of such items. The cartridges covered by this PAS are not intended
to be refilled by the consumer. Cartridges refilled by the manufacturer or by trained
technicians should meet all the requirements of this PAS as unused cartridges.

1.1.3 This PAS also covers compatible and separately transported fuel storage fuel
cartridges for supplying fuel to the fuel cell power unit.

1.1.4 Fuel cell power systems that provide output levels that exceed electrical limits
specified in 1.1.1 are covered by IEC 62282-5.

1.1.5 These products are not intended for use in hazardous areas.

1.1.6 Fuels and technologies covered

1.1.6.1 This PAS includes methanol or methanol and water solutions as fuels.

1.1.6.2 This PAS includes equipment designs that include proton exchange membrane
(PEM) fuel cell stacks and direct methanol fuel cell stacks (DMFC).

1.1.6.3 This PAS includes requirements for other fuels and the associated systems in the
annexes, formatted as deviations or additional requirements to the main body of this PAS.

1.1.6.4 It is understood that all fuel cartridges, power units and fuel cell systems should
comply with applicable country and local requirements including transportation, child-
resistance, and storage, where required.
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Figure 1 — Micro fuel cell power system

1.2 Equivalent Level of Safety

The requirements of this PAS are not intended to constrain innovation. The manufacturer
may consider fuels, materials, designs or constructions not specifically dealt with in this PAS.
These alternatives should be evaluated as to their ability to yield levels of safety equivalent to
those prescribed by this PAS.

2 Normative references

The following referenced documents are indispensable for the application of this PAS. For
dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments) applies.

IEC 60079-15:2005, Electrical apparatus for explosive gas atmospheres — Part 15:
Construction, test and marking of type of protection ‘n’ electrical apparatus

IEC 60086-4:2000, Primary batteries — Part 4: Safety of lithium batteries

IEC 60695-2-11, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods —
Glow-wire flammability test method for end-products

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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IEC 61025, Fault tree analysis
IEC 61032, Protection of persons and equipment by enclosures — Probes for verification

IEC 61960, Secondary cells and batteries containing alkaline or other non-acid electrolytes —
Secondary 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
ISO 1817, Rubber, vulcanized — Determination of the effect of liquids

ISO 9772, Cellular plastics — Determination of horizontal burning characteristics of small
specimens subjected to a small flame

ISO 15649, Petroleum and natural gas industries — Piping

ISO 16000-3, Indoor air — Part 3: Determination of formaldehyde and other carbonyl
compounds — Active sampling method

ISO 16000-6, Indoor air — Part 6: Determination of volatile organic compounds in indoor and
test chamber air by active sampling on Tenax Ta sorbent, thermal desorption and gas
chromatography using MS/FID

ISO 16017-1, Indoor, ambient and workplace air — Part 1: Sampling and analysis of volatile

organic compounds by sorbent tube/thermal desorption/capillary gas chromatography — Part 1:

Pumped sampling

ANSI/ASME B.31.3, Process piping

3 Terms and definitions
For the purposes of this PAS, the following terms and definitions apply.

3.1

enclosure

parts of the micro fuel cell intended to be a barrier to protect, shield, and control access to the
internal components or material

3.2

fire enclosure

part of the fuel cell power unit that is intended to minimize the spread of fire or flames from
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

f) 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

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

3.7

attached cartridge

fuel cartridge, which has its own enclosure that connects to the device powered by the fuel
cell power system

3.8

satellite cartridge

fuel cartridge that is intended to be connected to and removed from the fuel cell power unit to
transfer fuel to the internal reservoir inside the micro fuel cell power unit

3.9

fuel cell power unit

fuel cell power unit intended for use in a product in which service and replacement of the fuel
cell power unit will be done only by the user or by a person who has been trained to service
and repair the product

3.10

fuel supply unit, non-pressurized

cartridge in which the normal working pressure does not exceed a gauge pressure of 50 kPa
at 22 °C

3.1
fuel supply unit, pressurized
cartridge in which the normal working pressure exceeds a gauge pressure of 50 kPa at 22 °C

3.12

hazardous liquid 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

material, toxic

any material having a toxic hazard rating of 2, moderate, in Sax’s "Dangerous Properties of
Industrial Materials" or related reference guide

3.17

mechanical enclosure

parts of the micro fuel cell intended to be a barrier to protect, shield, and control access to the
internal components or material

3.18

micro fuel cell

fuel cell power system and fuel cartridge that is wearable or easily carried by hand, providing
a d.c. output that does not exceed 60 V d.c. and power outputs that do not exceed 240 VA

3.19
no accessible liquid
consumer cannot come into physical contact with hazardous liquid fuel

3.20
no-fuel vapour loss
fuel vapour escaping from the cartridge or system of less than 0,33 g/h

3.21
no leakage
no accessible hazardous liquid fuel outside the system or cartridge

3.22

room

constructed closed environment having a 2,1 m to 2,4 m (7 ft to 8 ft) high ceiling and having a
total volume based on the intended portable fuel cell power unit application

3.23

valve, refill

component of the non-user-refillable fuel cartridge that allows refilling the cartridge only 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.

41.2 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).

4.1.3 Flammable, toxic and corrosive fluids shall be kept within a closed containment
system such as within fuel piping, in a reservoir, a cartridge or similar enclosure to avoid
leakage.

4.2 FMEA/hazard analysis

4.2.1 A failure modes and effects analysis (FMEA) or equivalent reliability analysis shall be
conducted by the manufacturer to identify faults which can have safety-related consequences
and the design features that serve to mitigate those faults. The analysis shall include failures
that may result in leakage. Failures related to refilling of non-user-refillable cartridges, if
anticipated by the manufacturer or trained technicians, shall be considered.

4.2.2 Guidance can be found in IEC 61025.

4.3 Fuel Input

4.3.1 The manufacturer of the fuel cell system, power unit and/or fuel cartridges shall
specify the type and characteristics of the fuel and, if applicable, the quality and
characteristics of the fuel and water to be employed with the fuel cell power system. This
information shall be provided as part of the documentation provided with the system.

4.3.2 The fuel cell power units shall specify the fuel cartridge(s) that it is intended for. This
information shall be provided as part of the documentation provided with the fuel cell power
unit or fuel cell power system.

4.4 General materials

The materials and coating shall be resistant to corrosion under the normal transportation and
normal usage conditions over the lifespan of the product.

4.5 Selection of materials

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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e they shall retain their mechanical stability with respect to strength (fatigue properties,
endurance limit, creep strength) under normal usage;

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

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

e 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 arising when
materials are put together (e.g. galvanic corrosion), and the effects of ultraviolet radiation;

e where conditions of erosion, abrasion, corrosion or other chemical attack may arise,
adequate measures shall be taken to

— minimize that effect by appropriate design, e.g. additional thickness, or by appropriate
protection, e.g. use of liners, cladding materials or surface coatings, taking due
account of normal use;

— permit replacement of parts which are most affected;

— and draw attention, in the manual referred to in Clause 6, to type and frequency of
inspection and maintenance measures necessary for continued safe use; where
appropriate, it shall be indicated which parts are subject to wear and the criteria for
replacement.

4.5.4 Elastomeric materials such as gaskets and tubing in contact with fuels shall be
resistant to deterioration when in contact with those fuels and shall be suitable for the
temperatures that they are exposed to during normal use. Compliance shall be determined by
ISO 188 and ISO 1817.

4.5.5 Polymeric materials in contact with fuels shall be resistant to deterioration when in
contact with those fuels and shall be suitable for the temperature they are exposed to during
normal use. Compliance shall be determined by ISO 175.

4.6 Vacant
4.7 General construction

4.7.1 Micro fuel cell power systems shall have a safe construction that is resistant to impact
(drop), vibration, crushing, environmental changes such as temperature, moisture and
atmospheric pressure fluctuations during normal use, reasonably foreseeable misuse, and
consumer transportation of such items.

4.7.2 Connection mechanisms, including the connection between a detachable fuel cartridge
and the fuel cell system, and the electrical connection between the fuel cell module and
device, shall be designed in such a way that they cannot be attached at a wrong location or in
an incomplete state so that leakage occurs.

4.7.3 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
maintenance.
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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
piping, such as low-pressure water hoses, plastic tubing, or other connections to atmospheric
or low-pressure tanks and similar containers, shall be constructed of suitable materials, and
their related joints and fittings shall be designed and constructed with adequate strength and
leakage resistance to prevent unintended releases.

4.9.3 The piping shall comply dimensionally with the technical requirements given above,
and the materials shall be compatible with the intended fluids and process parameters.

4.9.4 Threaded portions shall only be allowed in cases where a leakage does not create a
hazard; e.g. air supply, cooling circuits. All other joints shall be glued, welded, brazed, or
sealed, or at least have fitting connections with a defined sealing area as specified by the
manufacturer.

4.9.5 Unions, when used in fuel gas or oxygen lines, shall be of the ground-joint type or the
flanged-joint type or sealed using an O-ring resistant to the fluid transported or of the
compression-joint type having packing resistant to the action of the fluid transported.

4.9.6 O-Rings shall be compatible with both the fluid transported and the ambient conditions
of use.

4.9.7 The design and construction of both rigid and flexible pipes and fittings shall consider
the following aspects.

4.10 Fuel containing parts and piping systems

4.10.1 Fuel-containing parts and their connections shall have adequate strength to withstand
the pressures to which they are exposed. Compliance is determined by the pressure
differential tests of 7.3.1 and the internal pressure tests of 7.3.11.

4.10.2 Connections within the piping and fuel handling parts of the system and cartridge
shall be sufficiently leaktight to prevent leakage during normal use, reasonably foreseeable
misuse, and consumer transportation. Compliance is determined by type tests 7.3.1 and
7.3.11.

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.

4.11 Materials and construction — System

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.

4.11.1 The maximum quantity of methanol stored in the fuel cell power unit shall not be more
than 200 ml.

4.11.2 The fuel cell power system shall be protected by means (e.g. ventilation, controlled
oxidation, operating temperatures higher than the auto-ignition temperature, etc.) in such a
way that leaking fuel from or inside the fuel cell power system cannot form explosive
concentrations. The design criteria for such means (e.g. required ventilation rate) shall be
provided by the fuel cell power system manufacturer. The means shall be provided either by
the fuel cell power system manufacturer or by the manufacturer of the device powered by the
fuel cell power system.

4.11.3 Components and materials inside the fuel cell power system shall be constructed or
shall make use of such materials that propagation of fire and ignition is mitigated. The
material flammability shall be such that a sustained fire will not be supported after electrical
power and the fuel and oxidant supply have been terminated. This may be demonstrated
through the selection of materials meeting FV O, FV1 or FV2 in accordance with
IEC 60695-1-1.

4.11.4 Exemptions

4.11.4.1 Membranes, or other materials within the fuel cell stack volume which comprise
less than 10 % of the total fuel cell stack mass, are considered to be of limited quantity and
are permissible without flame-spread ratings.

4.11.4.2 If the actual temperature in any location of the fuel cell power system, where a
flammable mixture may occur, is higher than the auto-ignition temperature, leakage of fuel
into the oxidant or vice versa results in immediate oxidation of the flammable fuel. Thus, it is
obvious that no major concentrations of explosive gases can accumulate. Whenever this
temperature of such high-temperature fuel cells is lower than the auto-ignition temperature,
the fuel cell power system shall be transferred into a safe state.

4.12 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;

e 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;

e 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.

4.13.1.2 Components in circuits supplied by limited power sources as specified in 2.5 of IEC
60950-1, but not mounted on material of flammability class V-1.

4.13.1.3 Components within a power supply unit or assembly having a limited power output
as specified in 2.5 of IEC 60950-1, including non-arcing overcurrent protective devices,
limiting impedances, regulating networks and wiring, up to the point where the limited power
source output criteria are met.

4.13.2 Parts not requiring a fire enclosure
The following parts do not require a fire enclosure.

e Motors.
e Electromechanical components complying with 5.3.5 of IEC 60950-1.
e Wiring and cables insulated with PVC, TFE, PTFE, FEP, neoprene or polyamide;

e Components, including connectors, meeting the requirements of 4.7.3.2 of IEC 60950-1,
which fill an opening in a fire enclosure.

e Connectors in circuits supplied by limited power sources complying with 2.5 of IEC
60950-1.

e Other components in circuits supplied by limited power sources complying with 2.5 of IEC
60950-1 and mounted on materials of flammability class V-1.

e Other components complying with Method 2 of 4.7.1 of IEC 60950-1.

e Equipment, or a part of the equipment, having a momentary contact switch which the user
has to activate continuously, and the release of which removes all power from the
equipment or part.

e Compliance with 4.7.2.1 and 4.7.2.2 of IEC 60950-1 is checked by inspection and by
evaluation of the data provided by the manufacturer. In the case where no data is provided,
compliance is determined by tests.

e Fuel cartridges without electrical circuitry that under fault conditions could be sufficient for
ignition do not require a fire enclosure.
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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

Components 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 forming part of an
interconnecting cable

Table 2 — Summary of material flammability requirements

Part

Requirements

Fire enclosure Enclosure

V-1 (IEC 60695-11-10), or
Test A2 of IEC 60950-1, or

Hot wire test of IEC 60695-2-20 (if < 13 mm air from
sources of ignition)

Parts which fill an opening

V-1 (IEC 60695-11-10), or
Test A2 of IEC 60950-1, or

Component standard

Outside the fire
enclosure

Components and parts
including mechanical and
electrical enclosures

HB40 (IEC 60695-11-10) for thickness > 3 mm, or
HB75 (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

Inside the fire
enclosure

Components and parts
including mechanical and
electrical 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 location 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 60950-1 and
for materials in high-voltage components in 4.7.3.6 of IEC 60950-1.

Connectors shall comply with one of the following:

a) be made of material of flammability class V-2; or

b) pass the tests of Clause A.2; or

c) comply with the flammability requirements of the relevant IEC component standard; or

d) be mounted on material of flammability class V-1 and be of a small size.

4.13.3.3 The requirement for materials for components and other parts to be of flammability

class HB40, flammability class HB75, or flammability class HBF, does not apply to any of the
following.

4.13.3.3.1 Electrical components that do not present a fire hazard under abnormal operating
conditions when tested according to 5.3.6 of IEC 60950-1.

4.13.3.3.2 Materials and components within an enclosure of 0,06 m3 or less, consisting
totally of metal and having no ventilation openings, or within a sealed unit containing an inert
gas.

4.13.3.3.3 Components meeting the flammability requirements of a relevant IEC component
standard which includes such requirements.

4.13.3.3.4 Electronic components, such as integrated-circuit packages, opto-coupler
packages, capacitors and other small parts that are mounted on material of flammability
class V-1.

4.13.3.3.5 Wiring, cables and connectors insulated with PVC, TFE, PTFE, FEP, neoprene or
polyamide.

4.13.3.3.6 Individual clamps (not including helical wraps or other continuous forms), lacing
tape, 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 (including
mechanical and electrical enclosures located inside fire enclosures) shall comply with one of
the following:

e be of flammability class V-2, or flammability class HF-2; or
e pass the flammability test described in Clause A.2; or

e 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:

e electrical components which do not present a fire hazard under abnormal operating
conditions when tested according to 5.3.6 of IEC 60950-1;

e materials and components within an enclosure of 0,06 m3 or less, consisting totally of
metal and having no ventilation openings, or within a sealed unit containing an inert gas;

e one or more layers of thin insulating material, such as adhesive tape, used directly on any
surface within a fire enclosure, including the surface of current-carrying parts, provided
that the combination of the thin insulating material and the surface of application complies
with the requirements of flammability class V-2, or flammability class HF-2;

NOTE Where the thin insulating material referred to in the above exclusion is on the inner surface of the fire
enclosure itself, the requirements in 4.6.2 of IEC 60950-1 continue to apply to the fire enclosure.

e celectronic components, such as integrated circuit packages, opto-coupler packages,
capacitors and other small parts that are mounted on material of flammability class V-1;

e wiring, cables and connectors insulated with PVC, TFE, PTFE, FEP, neoprene or
polyamide;

e individual clamps (not including helical wraps or other continuous forms), lacing tape,
twine and cable ties used with wiring harnesses;

e wire which complies with the requirements for VW-1or FT-1or better, and which is so
marked;

e the following parts, provided that they are separated from electrical parts (other than
insulated wires and cables) which under fault conditions are likely to produce a
temperature that could cause ignition, by at least 13 mm of air or by a solid barrier of
material of flammability class V-1;

e gears, cams, belts, bearings and other small parts which would contribute negligible fuel
to a fire, including, labels, mounting feet, key caps, knobs and the like;

e tubing for air or any fluid systems, containers for powders or liquids and foamed plastic
parts, provided that they are of flammability class HB75 if the thinnest significant thickness
of the material is < 3 mm, or flammability class HB40 if the thinnest significant thickness of
the material is > 3 mm, or flammability class HBF.

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

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.

4.14 Protection against fire, explosion, corrosivity and toxicity hazard

4.14.1 Flammable, toxic and corrosive fluids shall be kept within a closed containment
system such as within fuel piping, in a reservoir, a cartridge or similar enclosure. Emissions
testing in accordance with 7.3.14 verifies this requirement.

4.14.2 One of the means of meeting requirements of emission limits is via detection of the
emission and ensuring system shutdown prior to emissions reaching dangerous levels.

4.14.3 Internal wiring and insulation in general shall not be exposed to fuel, oils, grease or
similar substances, unless the insulation has been evaluated for contact with these
substances.

4.15 Protection against electrical hazards
The voltages within the fuel cell power source shall be safety extra low voltage in accordance
with the SELV limits. Determinations shall be made in accordance with IEC 60950-1, 2.1. If

internal voltages exceed 60 V d.c. the micro fuel cell power unit is to be further investigated in
accordance with IEC 60950-1.

4.16 Fuel cell stack

4.16.1 The fuel cell stack shall have a construction sufficient to withstand the stress
generated by the expected levels of vibration and heat, etc.

4.16.2 The fuel cell stack shall not create a hazardous condition when dropped or otherwise
subject to a mechanical shock during its intended use.

4.17 Fuel supply construction
4.17.1 Fuel cartridge construction

Fuel 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
valve must pass all type tests with no leakage.

4.17.1.9 The structure at the connection to the fuel cartridge must not allow fuel to leak.

4.17.1.10 A fuel cartridge, including the fuel cartridge interface to the fuel cell device,
including the valve, shall have a construction sufficient to withstand normal use and
reasonably foreseeable misuse generated by vibration, heat, pressure, being dropped or
otherwise subject to a mechanical shock etc. Compliance is checked by:

e pressure differential tests, 7.3.1;

e vibration test, 7.3.2;

e temperature cycling test, 7.3.3;

e high temperature exposure, 7.3.4;

e drop test, 7.3.5;

e compressive loading test, 7.3.6;

e long-term storage test, 7.3.7;

o fuel cell power unit internal pressure test, 7.3.8;

e connection cycling test, 7.3.9.

4.17.1.11 The fuel cartridge valves shall operate as intended without the use of tools and
without excessive force needed to connect or disconnect.

4.17.1.12 The fuel cartridge design shall reasonably prevent the entry of debris during the
transportation of the fuel cartridge.

4.17.2 Fuel cartridge fill requirement

The fuel cartridge design and fuel fill amount must allow fuel expansion without leakage to a
cartridge 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.

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



PAS 62282-6-1 © IEC:2006(E) -21-

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
temperature of the external enclosure shall not exceed the value shown in Table 3.

4.18.2.2 Handles, knobs, grips and similar parts.
The user is intended to touch handles, knobs, grips and similar parts in order to operate the

unit. The temperature of handles, knobs, grips and similar parts intended to be touched shall
not exceed the values shown in Table 3.

4.18.2.3 Components

4.18.2.3.1 Table 3 shows the maximum normal temperature for various exterior components.
The temperature of such components shall not exceed the values shown in Table 3.

4.18.2.3.2 For components and electrical wiring equipped in the fuel cell system that are not
shown in Table 3, their temperatures shall not exceed those for which the components are
rated.

Table 3 — Temperature limits

Temperature
Part

°C
External enclosure, handles, knobs, grips and the like which, in
normal use, are held:
— metal 50
— porcelain or vitreous material 60
— moulded material, rubber, or wood 70
Parts and materials in direct contact with methanol and methanol *
vapour
Exception — Areas that are separately evaluated for reforming fuel
that utilize a high-temperature process.

* 80 % 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

4.19.1 With the fuel cell power system operating under intended conditions, the temperature
of wiring material including printed wiring on circuit boards shall not increase to the point
where it acts to ignite a flammable release of gas.

4.19.2 In the event of the fuel cell power system operating under the abnormal operating
condition of an electrical overload, printed wiring on ‘open’ circuit boards shall not produce an
arc or thermal effect capable of igniting a flammable release of gas.

4.20 Miscellaneous electrical equipment

Electrical components like fuses, other over-current protection devices, sensors, electric
valves and solenoids when operating under their intended condition shall not produce thermal
effects, arcs or sparks capable of igniting a flammable release of gas.

4.21 Construction of electric device components
4.21.1 Limited power sources
Limited power sources must meet one of the following.

a) The output is inherently limited in compliance with Table 4.

b) An impedance limits the output in compliance with Table 5. If a positive temperature
coefficient device is used, it shall pass the tests specified in IEC 60730-1, Clauses 15, 17,
J.15 and J17.

c) A non-arcing over-current protective device is used and the output is limited in compliance
with Table 5.

d) A regulating network limits the output in compliance with Table 5, both under normal
operating conditions and after any single fault (see IEC 60950-1, 1.4.14) in the regulating
network (open circuit or short circuit).

e) A regulating network limits the output in compliance with Table 5 under normal operating
conditions, and a non-arcing over-current protective device limits the output in compliance
with Table 5 after any single fault (see 1.4.14) in the regulating network (open circuit or
short circuit).

f) Where a non-arcing over-current protective device is used, it shall be a suitable fuse or 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/ Vg, <100

& V4t Output voltage measured with all load circuits disconnected. Voltages are for ripple-free d.c.

I4o: Maximum output current with any non-capacitive load, including short circuit, measured 60 s after the
application of the load.

¢ §(VA): Maximum output VA with any non-capacitive load measured 60 s after the application of the load.

Table 5 — Limits for power sources not inherently limited
(Over-current protection required)

Output voltage 2 Output current ® Apparent power © Current rating of over-current
protection 9
(Voe) (Ige) (8) A
Vd.c. A VA
<20 <50
20 < V. =30 <1000 / V. <250 <100/ Vg,
30 < ¥, < 60 <100/ Vg,

a Voo Output voltage measured with all load circuits disconnected. Voltages are for ripple free d.c.

b Iy Maximum output current with any non-capacitive load, including short circuit, measured 60 s after the
application of the load. Current limiting impedances in the equipment remain in the circuit during measurement, but

overcurrent protection means are bypassed.

¢ § (VA): Maximum output VA with any non-capacitive load measured 60 s after application of load. Current-limiting
impedances in the equipment remain in the circuit during measurement, but overcurrent protection means are
bypassed.

NOTE The reason for making measurements with overcurrent protection means bypassed is to determine the
amount of energy that is available to cause possible overheating during the operating time of the overcurrent
protection means. If the overcurrent protection means is a discrete arcing device, further evaluation with respect to
its isolation from potentially flammable gas vapours is to be made.

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

4.21.2 Devices that use electronic controllers
4.21.2.1 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 fuel
system shall not be heated abnormally, and fuel shall not leak.
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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 fuel cell
system exterior are attached incorrectly, the fuel cell system either will not operate or will
operate without any abnormality.

4.21.3.5 Except in the following cases, exposed lead wires or terminals that connect to the

exterior of the fuel cell system shall be distinguishable by assigned numbers, letters, symbols,

colours, etc.

a) The wires or terminals have different physical shapes to prevent incorrect connection.

b) There are only two lead wires or terminals, and interchanging those wires or terminals has
no effect on fuel cell system operation.

4.21.3.6 Wireways shall be smooth and free from sharp edges.

4.21.3.7 Wires shall be protected so that they do not come into contact with burrs, or be
subjected to pinching during assembly, and the like, which may cause damage to the
insulation of conductors.

4.21.3.8 Holes in metal through which insulated wires pass shall be provided with bushings
or shall have smooth well-rounded edges.

4.21.3.9 Compliance is checked by inspection. A radius of 1,5 mm (0,059 in) is considered
to be well rounded.

4.21.3.10 Internal wiring and electrical connections between different parts of the fuel cell
power unit shall be adequately protected or enclosed.

Compliance is checked by inspection.

4.21.4 Output terminal area

The output terminal area shall be designed to prevent accidental contact with human hands.
This restriction 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 protection in response
to a short-circuited load.

4.22.3 Protection from electrical overloading

Fuel cell power units shall be so designed as to reduce the risk of fire as a result of an
abnormal electrical overloading condition.

5 Abnormal operation requirements and tests

5.1 Abnormal operations and fault conditions
5.1.1 General

5.1.1.1 Equipment shall be designed so that the risk of fire due to mechanical or electrical
overload or failure, or due to abnormal operation or careless use, is limited as far as
practicable.

5.1.1.2 After abnormal operation or a single fault, the equipment shall still be in full working
order.

5.1.1.3 It is permitted to use fusible links, thermal cutouts, overcurrent protection devices
and the like to provide adequate protection if investigated and found not to become an ignition
source.

5.1.1.4 Compliance is checked by inspection and by the tests of 5.1.2.

5.1.2 Compliance testing

5.1.2.1 Before the start of each test, the equipment should be operating normally.

5.1.2.2 If a component or subassembly is so enclosed that short-circuiting or disconnection
is not possible, it is permitted to 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-
incendive circuits shall be in accordance with IEC 60079-15, or shall be isolated from fuel
areas;

c) enclosures shall not deform in such a way as to cause access to hazardous parts;

d) the temperatures of insulating materials other than thermoplastic materials shall not
exceed 150 °C (302 °F) for Class A, 165 °C (329 °F) for Class E, 175 °C (347 °F) for
Class B, 190 °C (374 °F) for Class F and 210 °C (410 °F) for Class H materials;

e) the temperatures and arcing that may occur shall not be a potential ignition source. If such
an occurrence is deemed to become a potential ignition source, other means shall be
provided to prevent the arcing or high temperature from occurring;

f) if the failure of the insulation would not result in hazardous energy levels becoming
accessible, a maximum temperature of 300 °C (572 °F) is permitted. Higher temperatures
are permitted for insulation made of glass or ceramic material.

5.1.4 Simulated faults and abnormal conditions for limited power and SELV
circuits

5.1.4.1 Where it is required to apply simulated faults or abnormal operating conditions, these
shall be applied in turn and one at a time.

5.1.4.2 Faults, which are the direct consequence of a simulated fault or abnormal operating
condition, are considered to be part of that simulated fault or abnormal operating condition.

5.1.4.3 When applying simulated faults or abnormal operating conditions, accessories,
supplies, consumable materials, shall be in place if they are likely to have an effect on the
outcome of the test.

5.1.4.4 When applying simulated faults or abnormal operating conditions, consideration
should be given to the non-arcing overcurrent protection devices provided as part of the
protection for the end-product against overcurrents and short circuits.

5.1.4.5 Consideration shall also be given to arcing parts in the end-product if the application
of the micro fuel cell may emit potentially flammable vapours during normal or abnormal
operation.

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 fully charged rechargeable battery provided with, or recommended by, the manufacturer for
use with the fuel cell power unit shall be used for each of the following tests.

5.1.6.1 For evaluating the overcharging of a rechargeable battery, a battery is charged for a
period of 7 h in accordance with each of the following conditions.

a) With the battery-charging circuit adjusted for its maximum charging rate (if such an
adjustment exists); followed by

b) Any single component failure that is likely to occur in the charging circuit and which would
result in overcharging of the battery.

c) The battery is charged for 7 h with any single component failure that is likely to occur and
which would result in reversed charging of the battery; and

d) The battery is subjected to rapid discharge by open-circuiting or short-circuiting any
current-limiting or voltage-limiting components in the load circuit of the battery under test.

5.1.6.2 These battery abnormal tests shall not result in any of the following.

a) Chemical or fuel leaks of the battery, micro fuel cell, or fuel cartridge caused by cracking,
rupturing or bursting of a jacket.

T

Explosion of the battery or micro fuel cell, if such explosion could result in injury to a user.

o O

)
) Emission of flame or expulsion of molten metal to the outside of the equipment.
) Ignition of the fuel cell power system or cartridge or fuel contained therein.

)

D

After completion of the tests, the equipment is subjected to dielectric testing.
5.1.7 Abnormal operation — Simulation of faults based on hazard analysis

The following faults shall be simulated.

5.1.7.1 Any abnormal conditions deemed necessary, based on Clause 4 to evaluate the
protection parameters provided for the system, e.g. over-temperature protection, short circuit,
stack voltage.

5.1.7.2 Short circuit, disconnection or overloading of all relevant components and parts
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.

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

) KEEP AWAY FROM CHILDREN.
)
)

Q O T O

DO NOT EXPOSE TO HEAT OR FLAME ABOVE 50 °C.
FOLLOW USAGE INSTRUCTIONS.

f) IN THE CASE OF INGESTION OF FUEL OR CONTACT WITH THE EYES, SEEK
MEDICAL ATTENTION.

g) MANUFACTURER NAME, MODEL DESIGNATION AND SERIAL NUMBER.
h) COMPOSITION AND AMOUNT OF FUEL.

i) TEXT OR MARKING THAT INDICATES THAT THE CARTRIDGE COMPLIES WITH IEC
62282-6-1.

D

6.2 Additional information required either on the cartridge or on
accompanying written information or on the system or power unit

Usage instructions to include:

a) safety instructions and warnings;
b) text or markings on the system indicating that the system complies with IEC 62282-6-1;

c) all micro fuel cell power units and micro fuel cell power systems shall identify the fuel
supply cartridge(s) which are acceptable for use with the units and systems;

d) all micro fuel cell power units and systems shall provide manuals providing for the
following:

e) instructional information that educates the end-user in the proper use, function and
disposal of the cartridge, unit and/or system;

f) information that identifies the manufacturer of the unit and/or system, including company
name, address, telephone number, and web site;

g) all 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 enhancing
those 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” (standard temperature

Laboratory temperature condition, 22 °C + 5 °C)

The room atmosphere contains not more than 0,2 % carbon dioxide and not

Room atmosphere more than 0,002 % carbon monoxide.
for fuel cell system only The room atmosphere contains at least 18 % oxygen but not more than 21 %
oxygen.

The fuel cell power unit and cartridge shall be conditioned at a standard laboratory
temperature of 22 °C £ 5 °C for a minimum of 3 h prior to the test being performed.

7.1.2 Warning

These type tests use procedures that may result in harm if adequate precautions are not
taken. Tests should only be performed by qualified and experienced technicians using
adequate protection.

7.2 Leakage measurement of methanol and the measuring procedure

The leakage measurement of methanol shall be executed in principle in accordance with the
procedure shown in Figures 2 through 5 respectively. Exceptions will be noted in the various
subclauses.
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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
methanol within 5 min
of completing type test

Leakage occurred;
type test failed

Is liquid
accessible

Within 10 min of completing the Type test, measure mass M, and time ¢,

Fuel vapour loss
occurred;
type test failed

Wait 2 h £ 10 min at 22 °C+ 5 °C after ¢,
then perform visual inspection for liquid
methanol, measure mass M,
and record time ¢,

Leakage occurred.
Type test failed

Is liquid
accessible

No
Fuel vapour loss

—>| occurred;
type test failed

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

Leakage occurred;
type test failed

Is liquid
accessible

Within 10 min of running type test measure mass M,
mass MT, and time ¢,

l

Calculate normalization factor (for
example for water loss from
cartridge material of construction)
N = (MTy— MT,)

No
Fuel vapour loss

occurred;
type test failed

(Mg — (M4 + N))
— <0,33gh

(ty = 19)

l Yes

Type test passed

Figure 3 — Cartridge leakage and mass-loss test flow chart for temperature cycling type
test and high-temperature exposure test

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
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 generating water
that evaporates. Tests may be run
in a humidity chamber to avoid
mass loss due to water
evaporation.

Leakage occurred;
type test failed

Is liquid
accessible?

Measure mass M, and time ¢,

Fuel vapour loss
occurred;
type test failed

Turn on MFC for 10 min

Yes

Fire or explosion? Type test failed

1 No

Turn off micro fuel cell system and waitfor2h +10 minat22°C +5 °C
to allow water vapour to dissipate before doing mass loss measurement

!

Measure mass M, and time ¢,. Wait 2 h + 10 min
at22°C+5°C

No
Fuel vapour loss

—> occurred;
type test failed

Does system operate?

Il Yes
Perform emission test. Type test passed

Yes

Pass emission test?

lNo

Type test failed

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 waitfor2 h+ 10 minat22°C+5 °C
to allow water vapour to dissipate before doing mass loss measurement

|

Measure mass M, and time ¢,

Wait2h £ 10 minat22°C+£5°C
Measure mass M, and time ¢,

No

(Mo — M) Fuel vapour loss occurred;

S type test failed

<0,33g/h

(14— to)
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Type test passed

It is 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
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 sample
Fuel cartridge
7.3.1 Pressure differential tests*
Micro FC power unit and/or power system
Fuel cartridge
7.3.2 Vibration test*
Micro FC power unit and/or power system
Fuel cartridge
7.3.3 Temperature cycling test*
Micro FC power unit and/or power system
7.3.4 High temperature exposure Fuel cartridge
Fuel cartridge
7.3.5 Drop test
Micro FC power unit and/or power system
Fuel cartridge
7.3.6 Compressive loading test Partially filled cartridge
Micro FC power unit and/or power system
7.3.7 External short-circuit test Micro FC power unit or power system
7.3.8 Surface and exhaust gas Micro FC power unit or power system
temperature test
7.3.9 Long-term storage test Fuel cartridge
7.3.10 ngh-temper?:;l;e connection Fuel cartridge and micro FC power unit
7311 Fuel cell power unit Micro FC power unit with a pressurized empty fuel
Internal pressure test cartridge
7.3.12 Connection cycling test Fuel cartridge and micro FC power unit
7.3.14 Emission 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 internal
pressure that is the greater of a 95 kPa gauge pressure plus normal working pressure
at 22 °C or twice the vapour pressure of the fuel at 55 °C.

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

iii) Passing Criteria: No accessible liquid test medium leakage and no sudden drop of
pressure during the course of the test.

b) Cartridge valve

i) Using a suitable fluid medium such as water, pressurize the closed valve to a pressure
that is the greater of 95 kPa gauge pressure plus normal working pressure at 22 °C or
twice the vapour pressure of the fuel at 55 °C.

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

iii) Passing Criteria: No accessible liquid test medium leakage and no sudden drop of
pressure during the course of the test.

Test B Low external pressure

i) 95 kPa differential applied by external vacuum test where the lower pressure is applied
externally to an unused cartridge. This method is generally not suitable for non-rigid
cartridges because the required pressure differential is not attained. For non-rigid
cartridges precise pressure differential measurement shall be used.

ii) Maintain the vacuum for 30 min.

iii) Passing Criteria: No fire at any time, no explosion at any time, no leakage. See Figure 2.
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 fuelled in accordance with manufacturer's specifications and/or system
with unused fuel cartridge. 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 shall be measured on
the basis of the procedure described in Figure 4.

Test B: Power unit fuelled in accordance with manufacturer's specifications and/or system
with unused fuel cartridge. Test samples in unused condition shall be stored at a low external
pressure of 95 kPa differential pressure. External vacuum shall be applied for 30 min at
ambient temperature (22 °C + 5 °C). Methanol leakage shall be measured on the basis of the
procedure described in Figure 4 with the acceptance criteria changed to “vapour loss less
than 20 g/h” on the basis of not exceeding 25 % of the LFL.

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.

Test procedure

i) Test sample of subject in unused condition firmly secured to the platform of the vibration
machine without distorting the sample in such a manner as to properly transmit the
vibration.
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ii) 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.

iii) 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.

iv) 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.

v) Perform emissions testing in accordance with 7.3.14.

Passing Criteria: No fire at any time, no explosion at any time, no leakage. Methanol leakage
shall be measured on the basis of the procedure described in Figures 2 and 4. Emissions
shall meet the acceptance criteria in 7.3.14. If the unit does not operate but emissions do not
exceed the limits of 7.3.14, the emissions test is acceptable.

7.3.3 Temperature cycling 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 7.3.2.

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

Test procedure (See Figure 6)

i) Place the test sample in a temperature-controlled test chamber and increase the chamber
temperature from room temperature (22 °C £ 5 °C) to 55 °C £ 2 °C within 1 h and keep it
at 55 °C = 2 °C for a minimum of 4 h.

ii) Decrease the chamber temperature to 22 °C + 5 °C within 1 h and keep it at 22 °C £ 5 °C
for 1 h £ 5 min, then decrease the chamber temperature to —40 °C = 5 °C within 2 h and
keep it at =40 £ 5 °C for a minimum of 4 h.

iii) Increase the chamber temperature to 22 °C + 5 °C within 2 h and keep it at 22 °C + 5 °C
for 1 h £ 5 min.

iv) The above process is to be done twice.

v) Perform emissions testing in accordance with 7.3.14.

Passing Criteria: No fire at any time, no explosion at any time, no leakage. After 2 h at
22 °C = 5 °C, leakage shall be measured on the basis of the procedure described in Figure 3.

Emissions shall meet acceptance criteria in 7.3.14. If the unit does not operate but emissions
do not exceed the limits of 7.3.14, the emissions test is acceptable.
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Figure 6 — Temperature cycling

7.3.4 High temperature exposure test

Test 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 in 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. Leakage shall
be measured on the basis of the procedure described in Figure 3.

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.

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

v) For power system or power unit tests, perform emissions testing in accordance with 7.3.14.

Passing Criteria: No fire at any time, no explosion at any time, no leakage. Methanol leakage
shall be measured based upon the procedure described in Figures 2 and 4. 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.

7.3.6 Compressive loading test

Test sample: an unused fuel cartridge, and a half-filled fuel cartridge (45 — 55 % full), 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 the forces reasonably encountered due to being stepped
on, or something heavy being placed on the fuel cartridge, fuel cell power unit, or fuel cell
power system.

Test procedure

Test A: Power unit or system

i) The power unit/system test sample shall 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.

i) 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).

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

iv)  The test shall be carried out in three different orientations as a rule. If the sample does
not stand on its own, it does not need to be tested in that orientation.

V) For power system or power unit tests, perform emissions testing in accordance with
7.3.14 following the crush test.

Test B: Cartridge

vi) The cartridge test sample shall 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.

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 the positive and negative
terminals of the micro fuel cell power unit with wire having a maximum resistance load of
0,1 Q 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 Clause 7.3.14 during and after short circuit
testing.

Passing Criteria: No fire at any time, no explosion at any time, no leakage. The leakage is
measured by the procedure in Figure 5. Exterior surfaces shall not exceed temperatures in
Table 3 during or after short circuit testing. Emissions 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.

NOTE This test can be done sequentially with the surface and exhaust gas temperature test using the same
sample.

7.3.8 Surface and exhaust gas temperature 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 eliminate any risk of burn injury caused by contact with the enclosure of fuel cell
power system or blown exhaust gas from the vent.

Test procedure

i) Temperature of the bare surface of micro fuel cell power units or micro fuel cell power
systems operating at rated output shall be measured.

ii) The temperature of exhaust gas shall be measured at 1 cm of the exhaust vent of micro
fuel cell power units and/or micro fuel cell power systems operating at rated output.

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

Test procedure:

Option 1 (preferred)

vi)

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

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
to control the position of the cartridge, to ensure all the weight is applied to the load cell.

Connect a digital readout to the load cell and collect the data either manually or
automatically. The data 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 sample time of 10 min or less.

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 test sample was in the oven
(28 days x 24 h/day = 672 h). If the average mass loss does not exceed 0,33 g/h, then
the test sample passes the test for fuel vapour loss.

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 must be re-tested with increased monitoring to assure that the criteria of 0,33 g/h
is not exceeded.

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

Option 2A

For a fuel cartridge containing 70 ml of fuel or more.

i)

i)

i)

iv)

v)

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 per week.

The time in which the test samples are removed from the oven for measurement, shall not
be included in the time the test sample is to be tested (28 days). Additional time should
be added to the total test time to allow for re-heating the test sample after each removal
from the oven. The test samples should only be stabilized at room temperature if the
mass loss will be affected.

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 test 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.

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.

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)

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.

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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i)

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

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.

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.

If the cartridge did exceed the 0,33 g/h fuel vapour loss criteria, then the test sample fails
the test.
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Figure 7 — Fuel cartridge leakage and mass-loss flow chart
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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.

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 fire, no explosion.

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 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) Disconnect the fuel cartridge and check for leakage.

vi) Acceptance criteria: No leakage, no fire, and no explosion. If, using normal force, the
cartridge cannot be connected, and no leakage, no fire, and no explosion occurs, this is
acceptable.

vii) Leakage shall be checked visually. Invert the cartridge and the micro fuel cell power unit
or micro fuel cell power unit valve over indicating paper in such a way that the valve points
downward toward the indicating paper and look for signs of leakage; if any accessible
liquid leakage is found, the test fails.

viii)Flame shall be checked using cheesecloth.

ix) Explosion shall be checked visually to verify no disturbance to the system or the test cell.

7.3.11 Fuel cell power unit internal pressure test
Purpose:

a) To test those parts of the fuel cell power system that maintain high fuel pressure during
operation or storage such as the sections between the cartridge and the system including
the regulator valve or fuel pump or whatever is subject to a high pressure.

b) To test that there is no leakage at the cartridge connection.

Approach: Pressurize with a liquid through a test fixture that has a valve to simulate the
cartridge 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.

ii) 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.

iii) Maintain pressure for 30 min.

iv) 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 power unit or micro fuel cell
power unit valve 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.

viii) 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 first cartridge three more times for a total of ten connection
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 cartridge and operate the fuel cell power unit or otherwise simulate fuel flow for
1 min.

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 fire, and no explosion.

xv) Leakage shall be checked visually and if any accessible liquid leakage is found the test
fails.

xvi) The flame shall 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.
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Test procedure

i)
i)
i)

iv)

v)

Xii)

xiii)

Connect the first new fuel cartridge to the micro fuel cell power unit or micro fuel cell
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.

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 seven
connections and disconnections.

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 three more times for a total of 10 connection
and disconnections.

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.

Repeat steps i) through viii) four more times for a total of 50 cycles, waiting 1 h between
each set of 10 cycles.

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

Leakage shall be checked visually and, if any accessible liquid leakage is found, the test
fails.

The flame shall be checked using cheesecloth.

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

7.3.12.2 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 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 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.

Test procedure

Cartridge 1

i)

ii)
iii)
iv)
v)

vi)

vii)

Connect the first unused 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.

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

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 seven
connections and disconnections.
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Xiv)

XV)

XVi)

XVii)

XViii)
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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.
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 leakage is found the test
fails.

The flame shall be checked using cheesecloth.

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

Power unit connection ageing

Using either cartridges or cartridge valves, cycle the micro fuel cell power system connection
for a total of 980 connections and disconnections. Inversion of the system or the cartridges is
not necessary, but, if leakage is found, the test fails. Following this ageing, a final unused
cartridge will be tested.

Final cartridge

i)

i)
iii)
iv)
v)

vi)

Xii)
xiii)
Xiv)

XV)

Connect the final unused 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.

Repeat this twice more for a total of three connections 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 four more times for a total of seven
connections 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 samples: 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: Under storing or operating conditions of micro fuel cell power unit or micro fuel cell
power system, which is fuelled with methanol, emission of CO/CO2 gas and organic
compounds such as methanol, formaldehyde, formic acid and methyl formate shall be
maintained under the specific values.

Exhaust port A

\:ﬂ §8 Air Samplin
= wariahle flow

air pump

Test Volume /Exhaust port B
——)
Fuel Cell circulation ——

fan

X

10101
Hermetic feed through — ‘ @

External control e

(as required)

Power

Figure 8 — Operational emission test apparatus

An example of the operational 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 micro
fuel 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.

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.

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.

Sample the gaseous contents of the test chamber through sampling Port A, while
measuring and recording flow through the system.

Record the concentrations of chemical compounds of interest, see Table 8.

Calculate the emission rate of chemical compounds being emitted by multiplying the
concentration of each constituent by the flow rate of air through the system and compare
the maximum measured emission rate to Table 8.

vii) Acceptance criteria: The maximum emission rate for each of the constituents of interest

shall be less than the emission rate limit value in Table 8. If the fuel cell does not operate,
or shuts down in a safe manner prior to exceeding a limit, the test is acceptable.

Table 8 — Emission limits

Concentration limit Emission rate limit*

Water Unlimited No limit
Methanol 260 mg/m? 2600 mg/h
Formaldehyde 0,1 mg/m?3** 0,6 mg/h

co 29 mg/m3 290 mg/h

coz2 9 g/m3 60 000 mg/h***
Formic acid 9 mg/m? 90 mg/h
Methyl formate 245 mg/m?3 2450 mg/h

*  The emission rate limit was based on 10 m3 - ACH, selected as the product of the
reference volume times the air changes per hour (ACH) volume because it covers the
reasonably foreseeable environments where MFC systems will be used. The interior
space in a small car and the minimum volume per person on commercial aircraft is at
1 m3. The minimum ACH used on passenger aircraft is 10 and the lowest ventilation
setting in cars is 10 ACH. Homes and offices may have ACH levels as low as 0,5, but
the per person volume is over 20 m3, so a product of 10 is conservative.

** WHO guideline 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 to 9 g/m3 so the fuel cell emission rate is limited to
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
main 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 numbers reflect their
counterpart clause in the main body. Any additional clauses have been assigned new
numbers. This Annex A establishes modifications and additions to the main body of the PAS
for application to the fuel and technologies addressed by this annex.

A.1  Scope

A.1.1 System boundary

Except where specifically noted, 1.1 and 1.2 of IEC 62282-6-1 shall apply as written when
used in conjunction with this annex.

A1.11 Fuel and technology covered by this annex

A.1.1.1.1 This annex covers micro fuel cell power units that use less than 85 % formic acid
by weight in water solution as a fuel.

A.1.1.1.2 This annex includes equipment designs that currently include direct formic acid
fuel cell stacks (DFAFC).

Micro fuel cell power system

Thermal » Waste
management heat
Fuel supply Primary
interface Fuel battery
”| management (optional)
1! Internal power needs
Fuel cell v
»  module Power Power interface
-Mechanical 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 - 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

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



- 50 - PAS 62282-6-1 © IEC:2006(E)

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-accessible liquid”
criteria for no leakage (see definitions in Clause 3).

A.1.2.1.3 Both systems have similar emissions (differences highlighted in this annex) thus
have similar criteria for measurement and analysis of the emissions and similar
considerations for the emissions risk levels.

A.1.2.2 Any considerations/requirements contained within the main body of this PAS
specifically pertaining to quantities of methanol or methanol vapour are only applicable to
formic acid if similar quantities are stated for formic acid in this annex.

A.1.2.3 Formaldehyde and methyl formate emissions seen in methanol systems are not
present in formic acid systems. Theoretical reactions with formic acid and hydrogen can
produce methanol, methyl formate and formaldehyde but these reactions have very high
activation energies, which can only be achieved with combinations of high temperatures (e.g.,
> 200 °C), pressures (e.g., >100 atmospheres), and in the presence of typical hydrogenation
catalysts (e.g., transition metal oxides). These conditions are not expected to be seen in the
formic acid fuel cell system; thus these three emission products do not have to be considered
in formic acid fuel cell systems.

A.1.2.4 Hydrogen and carbon dioxide emissions are only possible when formic acid is
exposed to temperatures greater than 150 °C or when it is in contact with decomposition
catalysts with no load. Formic acid fuel cell cartridges and power units are not expected to be
subjected to such high temperatures. Properly functioning non-operating systems have fail-
safe mechanisms to prevent fuel flow to the catalysts. Failure modes and effects analysis and
related testing should ensure protection against such failure modes and ensure existence of
relevant design mitigations.

A.1.2.5 Carbon monoxide and formic acid vapour are the only possible emissions from
formic acid fuel cell cartridges 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 approximately 0,5 % formic by weight
in water)

A.3.14

leakage

accessible hazardous liquid fuel outside the system or cartridge or a positive pH indication of
liquid formic acid (see A.3.12 and A.3.27)

A.3.20
no fuel vapour loss
fuel vapour escaping from the cartridge or system is less than 18 mg/h

A.3.27

positive pH indication of liquid formic acid

positive indication of the presence of acid (pH less than 3,0) on pH paper (acid base indicator
paper) wrapped around the device during the type test. Attention should be paid to not
wrongly interpret the acidic nature of condensate (pH as low as 4,5), as an acid, in the
temperature cycling and low temperature type tests

A.3.28

impermissible hydrogen emissions

release of hydrogen that results in one or a combination of the following situations that are
deemed unsuitable:

a) hydrogen-in-air mixture in excess of 25 % of the lower flammability limit of hydrogen in the
reference volume of 10 m3 ACH (cubic meter air changes per hour) (see Table A.1).
or

b) leakage rate of hydrogen greater than 3 sccm (standard cubic centimeters per minute) from
any single source

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 Instructions and warnings for fuel supply cartridges, micro fuel cell power
units, and micro fuel cell power systems using formic acid as a fuel

Except where specifically noted, Clause 6 shall apply for the purposes of this annex. Where
subclauses corresponding to those in Clause 6 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.6.1  Minimum markings required on the cartridge

A.6.1.1 Contents are corrosive, do not dissassemble

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

Except where specifically noted below, Clause 7 shall apply as written. For most of this clause
(excluding 7.3.14), mention of the terms methanol and methanol limits for liquid leakage (no
accessible liquid) and no fuel vapour loss (0,33 g/h) can be directly replaced with the terms
formic acid and formic acid limits for liquid leak (no accessible liquid) and no fuel vapour loss
(0,18 mg/h) in all type tests. Also, pH paper, wrapped around the device, may be used to aid
in the visual check for liquid formic acid leaks (see A.3.27). For operational tests, reactant air
passages into the system and exhaust ports should not be blocked with pH paper.

A.7.3.9 Long-term storage test

Option 1 and Option 2A are not preferred for formic acid cartridges due to the very low
anticipated vapour loss.

Option 2B (preferred for formic acid cartridges) with the 0,33 g/h value for methanol vapour
loss replaced with 18 mg/h for formic acid vapour loss and the sampling period set to a
minimum of once every four days.

The positive indication of an acid on pH paper wrapped around the cartridge or a continuous
vapour loss of greater than 18 mg/h would indicate a failure.

Due to the similarity in the boiling 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-on
s ia P
limit limit Permissible Permissible
Emissions based on TWA based on STEL values | emissions rate in emissions rate in
values for Device- for Device-Off 1m3. ACH 10 m3 . ACH
On test condition test condition volume® volume P
Water Unlimited Unlimited
CcO 29 mg/m3 232 mg/m3 232 mg/h 290 mg/h
CO» 9 000 mg/m3 54 000 mg/m3 Not applicable (see | g0 000 mg/hd
A.1.2.5)
Formic acid 9 mg/m3 18 mg/m3 18 mg/h 90 mg/h
Hydrogen 800 mg/m3 800 mg/m?3 Not applicable (see | 8 000 mg/h or 4 mg/h
A.1.2.5) (flammable hydrogen)

The concentration limit in this table is the mg/m3 equivalent of the TWA and STEL Exposure Limits,
quoted in ppmyv, in Table A.2.

The Device-On emission rate limit is based on 10 m3 - ACH, selected as the product of the reference
volume times the air changes per hour (ACH) volume because it covers the reasonably foreseeable
environments where micro fuel cell systems will be used. The interior space in a small car and the
minimum volume allocation per person on commercial aircraft is at 1 m3. The minimum ACH used on
passenger aircraft is 10 and the lowest ventilation setting in cars is 10 ACH. Homes and offices may
have ACH levels as low as 0,5, but the per person volume is over 20 m3, so a product of 10 is
conservative.

The Device-Off emission rate is based on 1 m3 - ACH because it covers the reasonably foreseeable
environments where fuel cell systems may be stored. The limits are based on STEL values because it
is reasonable to expect human exposure to such conditions being for short (equivalent to STEL
parameters) durations.

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

limited to the 9 000 mg/m3, so the fuel cell emission rate is limited to 60 000 mg/h.
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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 operation or less than

flammable hydrogen emission rate 3 ml/min flammable hydrogen

at leak point. emission rate at leak point.

Test apparatus

iv) In addition to the equipment described in 7.3.14, a hydrogen detector calibrated for the
zero-to-one- percent (10 000 ppmv) hydrogen can be used to measure the hydrogen
concentration.

Test Procedure (continued)

Upon completion of the emissions measurements described in 7.3.14, if the hydrogen
measurement is below the allowable 10 000 ppmv but exceeds 180 ppmv then proceed with
the following local flammable hydrogen concentration test.

viii) Local flammable hydrogen concentration test

The test for hydrogen emissions is done as part of the emissions test procedure. If the

hydrogen emissions level is higher than 10 000 ppmv (25 % of LFL) then the device has failed.

If the hydrogen emissions level is less than 180 ppmv (corresponding to a 3 ml/min leak) then
the device has passed the emission test and no further checks are needed. If the hydrogen
level is above 180 ppmv but less than 10 000 ppmv (25 % of LFL) then proceed to check the
existence of local flammable concentrations of hydrogen (in the vicinity of the device). This
test is as follows.

a) Using a fast response time hydrogen leak detector with a point source sampler that is
calibrated to detect 25 % of LFL for hydrogen, scan/sweep the device surface, while it is
operating, as close (less than 3 mm normal) to the surface as possible.

b) If 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 greater, a
second test must be conducted to ensure that the emission does not exceed 3 cc/min of
pure hydrogen from any single source.

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.

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



PAS 62282-6-1 © IEC:2006(E) - 55—

Run hydrogen
emissions test

at 10 ACH - m3.

. Yes
Is the concentration

less than 0,018 %
(vol.)?

Type test passed

. Yes
Is the concentration

more than 1 %
(vol.)?

Type test failed

Run hydrogen
leakage test

Is there a leakage Yes
rate of greater than
3 cc/min from any

single source?

Type test failed

Type test passed

NOTE 1 The allowable flammable hydrogen emission level that will not support a standing flame is 3 ml/min
(Codes and Standards Analysis, Swain and Swain, 2001 (USA)). The non-flammable hydrogen emissions limit is
based on the criteria that hydrogen emission does not build up to more than 25 % of LFL in the confined space.

NOTE 2 Hydrogen is defined as a simple asphyxiant but for this risk to exist, oxygen levels have to fall less than
18 % at normal atmospheric pressure. Hydrogen related flammability risk arises at hydrogen-in-air concentrations
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 limit = 5
ppmv). Thus, the formic acid toxicity level is used to set the limits of its emissions.

Figure A.2 — Hydrogen emissions measurement flow chart
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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 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 not specifically discussed in this annex apply to hydrogen fuel cell
systems as written. Modified clause numbers reflect their counterpart clause in the main body.
Any additional clauses have been assigned new numbers. This annex establishes
modifications and additions to the main body of the PAS for application to the fuel and
technologies addressed by this annex.

B.1 Scope

B.1.1 System Boundary

Except where specifically noted, Subclause 1.1 shall apply as written when used in
conjunction with this annex.

B.1.1.6 Fuel and technology covered by this annex

B.1.1.6.1 This annex shall apply fuel cells powered by hydrogen gas stored in a hydrogen
absorbing metal alloy.

B.1.1.6.2 This annex includes equipment designs that include proton exchange membrane
(PEM) fuel cell stacks.

B.1.1.6.3 This subclause applies as written.
B.1.1.6.4 This subclause applies as written.
B.1.2 This subclause applies as written.

B.1.3 Considerations

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 of 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 from
specific sections of this reference, as outlined in this annex. In cases where exemptions have
been outlined, the cartridge shall still be designed to an acceptable level of safety, and shall
successfully pass all other required type tests.

B.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. Terms and definitions not
included in this annex are to apply as defined in Clause 3.

B.3.4
fuel

For this annex, hydrogen gas, stored in a hydrogen-absorbing metal alloy

B.3.13
leakage
not applicable

B.3.18
leakage

hydrogen gas escaping from the cartridge or system that results 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.3.23
no accessible liquid
not applicable

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.
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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.4.1 General

Except where specifically noted, Clause 4 shall apply for purposes of this annex. Where
subclauses corresponding to those in Clause 4 are not included in this annex, it shall be
assumed that said clauses are to apply to this annex as written. Due to the nature of the fuel
considered for this annex, all subclauses of Clause 4 that refer to methanol or considerations
for parts in contact with liquids shall not apply to devices tested under this annex. The

material and construction of fuel cartridges having a volumetric capacity greater 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 written.

B.4.4.2 In addition, fuel cartridges with greater than 120 ml volumetric capacity shall comply
with materials and construction requirements of ISO/TS 16111.

B.4.5 Selection of materials
Subclauses of IEC 62282-6-1 related to the selection of materials based on compatibility with

liquid fuels are not applicable to systems tested under this annex due to the fact that these
systems employ gaseous fuel (hydrogen). All other subclauses shall apply as written.

B.4.5.7 In addition, fuel cartridges with a volumetric capacity of greater than 120 ml shall
comply with the general materials requirements of ISO/TS 16111.

B.4.5.8 Fuel containing parts, such as piping systems, shall employ materials suitable for
exposure to hydrogen, as defined in ISO/TS 16111. In particular, Annex A of ISO/TS 16111
details material compatibility for hydrogen service.

B.4.7 General construction

Subclause 4.7 shall apply as written.
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 16111
details material compatibility for hydrogen service.
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B.4.11 Materials and construction — System

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

B.4.11.1 The maximum quantity of hydrogen stored in the fuel cell power unit shall not be
more than 25 g.

B.4.12 Ignition sources

Subclause 4.12 shall apply as written.

B.4.13 Enclosures and acceptance strategies

Subclause 4.13 shall apply as written.

B.4.14 Protection against fire, explosion, corrosivity, and toxicity hazards

Subclause 4.14 shall apply as written with the following modifications.

B.4.14.1 Flammable fluids, in particular, hydrogen gas, shall be kept within a closed

containment system, such as within fuel piping, in a reservoir, a cartridge, or similar enclosure.

Leak testing in accordance with B.7.2 verifies this requirement.

B.4.15 Protection against electrical hazards

Subclause 4.15 shall apply as written.

B.4.16 Fuel cell stack

Subclause 4.16 shall apply as written.

B.4.17 Fuel supply construction

Except where specifically noted, Subclause 4.17 shall apply as written when used in
conjunction with this annex.

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

B.4.17.1.3 The maximum quantity of hydrogen gas permitted is 100 g.

B.4.17.1.10 This subclause shall apply as written, except where the type tests of 7.3 have
been altered in B.7.3. Where type tests have been modified, the modified version shall be
used to verify compliance with this subclause.

B.4.17.1.13 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 requirements of ISO/TS 16111 with the following exceptions.

B.4.17.1.14.1 Subclause 5.1 of ISO/TS 16111 shall not apply. The shell of the fuel cartridge
must still be designed to comply with all applicable type tests set out in ISO/TS 16111.

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.

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



- 60 - PAS 62282-6-1 © IEC:2006(E)

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 written.

B.4.18.1.1 This subclause shall apply as written, except that compliance with 4.18.1.1 shall
be determined by B.7.3.1 and B.7.3.11, not 7.3.1 and 7.3.10 as stated in the main body of this
PAS.

B.4.18.1.2 This clause shall apply as written, except that compliance with 4.18.1.2 shall be
determined by B.7.3.3 and B.7.3.5 instead of 7.3.3 and 7.3.5, as stated in the main body of
this PAS.

B.5 Abnormal operation requirements and tests

Clause 5 shall apply as written.

B.6 Instructions for fuel cartridge, micro fuel cell power unit, and micro fuel
cell power system

Except where specifically noted below, Clause 6 of IEC 62282-6-1 shall apply as written.

B.6.1 Minimum markings required on the cartridge

All requirements of 6.1 shall apply with the following modification.
a) CONTENTS ARE FLAMMABLE, DO NOT DISASSEMBLE.

B.6.2 Additional information required either on the cartridge or on
accompanying written information or on the system or power unit

Subclause 6.2 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
criteria for the fire test required by 6.1.4 of ISO/TS 16111 shall be modified to allow the use of
a vent feature integral with the shell of the cartridge. It is to be understood that the purpose of
the fire test in this case is not to test the integrity of the cartridge, but to ensure a safe failure
mode when the small cartridge is exposed to a fire for a prolonged period of time.

B.7.1.6 |If there is a pressure regulator between the fuel cell power unit and the internal fuel
reservoir, the reservoir shall meet the acceptance criteria of the type tests set out in
ISO/TS 16111, with the modified acceptance criteria for the fire test as laid out in B.7.1.5.

B.7.2 Leakage measurement of hydrogen

Tests and inspections related to measurement of leakage of methanol or other liquids or
emissions are not applicable to devices tested under the scope of this annex. Compliance
with the ‘no leakage’ requirement for all type tests specified in B.7.3 shall be determined by
the hydrogen leak test of B.7.2.1 as outlined in Figure B.1.

B.7.2.1 Leakage measurement of hydrogen and measuring procedure

For hydrogen fuel cartridges, fuel cell power units, and fuel cell systems, leakage
measurement of hydrogen shall be executed according to the following procedure, also
illustrated in Figure B.1.

B.7.2.1.1 The cartridge shall be charged with hydrogen to its rated charging pressure.

B.7.2.1.2 After executing the type tests in accordance with the test procedure described in
7.3, the micro FC power unit, both with and without the fuel cartridge, shall be monitored for
leakage using the procedure detailed in B.7.2.1.4.

B.7.2.1.3 This procedure shall apply to the examination of hydrogen leakage from the
cartridge, unit and system after all applicable type tests of this PAS.
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0,018 % (vol.)?

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

Is there a leakage Yes
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Type test passed

Type test failed

rate of greater than
3 cc/min from any
single source?

Type test failed

Type test passed.

Figure 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.

Hydrogen concentration is greater than 25 % LFL. Device fails leakage test. No further
testing required.

Hydrogen concentration is greater than 0,0162 mg/h (0,018 % vol.) but less than 25 %
LFL. Proceed to leakage test of B.7.2.2.4.2 to determine that no single source emits pure
hydrogen at greater than 3 cc/min.

B.7.2.1.4.2 Leakage test

The leakage test shall be performed to determine that no single source on the device can
support a flame in all cases where such compliance cannot be definitively determined by the
emission test.

a)

b)

c)

The testing shall be conducted in a space with no substantial air movement. A
measurement of wind speed 10 cm above the device shall not exceed 0,02 m/s.

The surface of the device shall be systematically swept with a point source hydrogen
detector. This hydrogen detector may be either a mass spectrometer, hand-held hydrogen
leak detector, or other device suitable for measuring small quantities of hydrogen leakage
from a point source that is at least as accurate, if not more so, than the afore-mentioned
devices. The hydrogen detector must be tuned to detect a level of hydrogen that is at
25 % of LFL.

The sensor of the hydrogen detector must sweep the device at a distance no more than
3 mm normal to the surface of the device. Consecutive linear sweeps shall not be more
than 8 mm apart along the surface of the device. The entire surface of the device shall be
swept in this manner.

An effective method for completing these sweeps would be to attach a stand off to the
sensor that ensures that a spacing of 3 mm from the device is maintained at all times. A
pen or other marking utensil attached to the stand off could be used to identify swept
areas and ensure that the distance between sweeps does not exceed 8 mm.

The sensor should always face directly downward, and the device should be moved
beneath it in such a way that the surface directly below the sensor is always horizontal.

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.

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.

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.

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.

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 this annex. Instead, cartridges
shall B.7.3.1.1 Test B, below:

Test B Low external pressure
i) This test shall be performed on fuel cartridges certified by this annex.

ii) Subclause 7.3.1.1 Test B shall apply as written with the addition that the external vacuum
shall be applied for a period of 30 min.

iii) Passing criteria: No fire at any time, no explosion at any time, no leakage. See Figure B.1.
B.7.3.1.2 Micro fuel cell power unit or micro fuel cell power system
Both Test A and Test B shall be completed.

Test A: Test A shall be executed as prescribed by 7.3.1.2, with the exception that the leakage
shall be measured using the hydrogen leak test of B.7.2.1.

Test B: Test B shall be executed as prescribed by

7.3.1.2, with the exception that the leakage
shall be measured using the hydrogen leak test of B.7.2.1

1
2.1.
B.7.3.2 Vibration test

This test shall apply as written in 7.3.2, with the following modifications.
v) 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 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
modifications below, must be performed in addition to the drop test of ISO/TS 16111.

B.7.3.5.2 The micro fuel cell power unit drop test of 7.3.5 shall apply as written with the
following modifications.

vi) Perform hydrogen leakage test 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.7.3.6 Compressive loading test

This subclause shall apply as written with the following modifications.

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

Power unit or system:
v) Perform leak test 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. If the unit is not operational, but emissions do not
violate the ‘no leakage’ criteria, the leakage test is acceptable.

B.7.3.7 External short-circuit test

This subclause shall apply as written with the following modifications.

vii) Perform leak test 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. Exterior surfaces shall not exceed temperatures in

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

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
hydrogen.
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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).

iii) The hydrogen concentration in the chamber shall be monitored constantly.
iv) The sample shall remain in the chamber at 50 °C for at least 28 days.

Passing criteria: No fire, no explosion. The hydrogen concentration in chamber shall not
exceed 25 % LFL at any time during the test.

B.7.3.10 High temperature connection test

This test shall apply as written with the following modifications.

vii) Leakage shall be checked using the hydrogen leakage test of B.7.2.1.

B.7.3.11 Fuel cell power unit internal pressure test

This test shall be subject to the following modifications. It is inappropriate to simulate

pressurization of a gas-based fuel cell system using liquid, as such, water is not a suitable
medium.

Pressurize the system with helium through a test fixture that has a valve to simulate the
cartridge connection, or put a connection at the outboard end of a standard cartridge.

Test procedure
ii) Using helium, pressurize the fuel cartridge connection and the downstream system to a

pressure of either 95 kPa plus normal working pressure or two times the normal working
pressure at 55 °C. The pressure rise shall not exceed 60kPa/second.

iv) Acceptance criteria: No helium leakage greater than 3 standard milliliters per minute from
any single source.

B.7.3.12 Connection cycling tests

This test shall apply as written with the following modifications.

B.7.3.12.1.1 xv) Leakage shall be checked using point source hydrogen detector and shall
meet criteria for no leakage as defined in B.3.25.

B.7.3.12.1.2 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.

All items in the main body of this PAS apply to Micro RMFCs. This annex outlines the
additional 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. The
numbering system of this annex corresponds to the numbering of clauses in the main body,
and additional subclauses have been assigned new numbers.

C.1 Scope

Unless otherwise noted, Clause 1 applies as written when used in conjunction with this annex,
with the following additions.

C.1.1 System boundary

C.1.1.7 Figure C.1 replaces Figure 1 in the main body.
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Figure C.1 — General block diagram of a reformed methanol micro fuel cell system

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



PAS 62282-6-1 © IEC:2006(E) - 69 -

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.3 Terms and definitions

Clause 3 applies as written when used in conjunction with this annex, with the following
additions.

C.3.31

methanol fuel reformer (also referred to as “reformer”)

device that converts methanol and water to hydrogen reformate (hydrogen, carbon dioxide,
and other by-products) for applicable systems

C.3.32

catalytic heater

device that oxidizes a fuel (e.g., methanol or hydrogen) and produces heat without flammable
products for applicable systems

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

Clause 4 applies as written when used in conjunction with this annex, with the following
additions.

C.4.5 Selection of materials

C.4.5.7 The reformed methanol micro fuel cell system shall be resistant to corrosion in the
intended usage environment, including exposure to liquid methanol, methanol vapour, water
vapour, and hydrogen at relevant operating temperatures.

C.4.14 Protection against fire and explosion hazards
C.4.14.4 Reformers using catalytic heaters

C.4.14.4.1 Fuel cell power systems shall be designed in such a way that there is no risk of
open flame in catalytic heaters (start, main and auxiliary catalytic heaters of a reformer
section, tail gas catalytic heaters).

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.

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



-70 - PAS 62282-6-1 © IEC:2006(E)

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
quantity of flammable mixture that can safely be contained in the system based on flow rates,
fuel-air mixture flammability, and system dynamics and geometry.

C.4.14.4.8 The manufacturer shall ensure that the maximum quantity of flammable mixture
that could credibly accumulate, if combusted, produces pressures and temperatures that can
be contained within the components exposed to such conditions. All systems shall be an
open design (i.e., gases flow from reformer to stack to catalytic heater to exhaust), and there
may not be the possibility of building up high pressure within the components exposed to
these open conditions.

C.4.18 Protection against mechanical hazards

C.4.18.1 Other tubing lines

C.4.18.1.3 Protection against mechanical hazards

Tubing and other fuel pathways will be designed in such a way that that there is no danger of

leakage of gases from the fuel reformer or catalytic heater under normal use and reasonably
foreseeable abuse generated by vibration, heat, pressure, etc.

C.5 Requirements of fuel cartridge, micro fuel cell power unit, and micro fuel
cell power system

Clause 5 applies as written when used in conjunction with this annex, with the following
additions.

C.6 Instructions for fuel cartridge, micro fuel cell power unit, and micro fuel
cell power system

Clause 6 applies as written when used in conjunction with this annex, with the following
additions.

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.7.3.15.2.3 Hydrogen concentration is greater than 25 % LFL. Device fails leakage test. No
further testing required.

C.7.3.15.2.4 Hydrogen concentration is greater than 0,0162 mg/h (0,018 % vol) but less than
25 % LFL. Proceed to leakage test of C.7.3.15.2 to determine that no single source emits pure
hydrogen at greater than 3 cc/min.

C.7.3.15.3 Leakage test procedure

C.7.3.15.3.1 The leakage test shall be performed to determine that no single source on the
device can support a flame in all cases where such compliance cannot be definitively
determined by the emission test.

C.7.3.15.3.2 The testing shall be conducted in a space with no substantial air movement. A
measurement of wind speed 10 cm above the device shall not exceed 0,02 m/s.

C.7.3.15.3.3 The surface of the device shall be systematically swept with a point source
hydrogen detector. This hydrogen detector may be either a mass spectrometer, hand-held
hydrogen leak detector, or other device suitable for measuring small quantities of hydrogen
leakage from a point source that is at least as accurate, if not more so, than the afore-
mentioned devices. The hydrogen detector must be tuned to detect a level of hydrogen that is
at 25 % of LFL.

C.7.3.15.3.4 The sensor of the hydrogen detector shall sweep the device at a distance no
more than 3 mm normal to the surface of the device. Consecutive linear sweeps shall not be
more than 8 mm apart along the surface of the device. The entire surface of the device shall
be swept in this manner.

i) An effective method for completing these sweeps would be to attach a stand-off to the
sensor that ensures that a spacing of 3 mm from the device is maintained at all times. A
pen or other marking utensil attached to the stand-off could be used to identify swept
areas and ensure that the distance between sweeps does not exceed 8 mm.

ii) The sensor should always face directly downward, and the device should be moved
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
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 %
(vol.)?

Type test passed

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

Type test failed

Run hydrogen
leakage test

Yes

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

Type test failed

No

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.7.3.17.1 This test requires that the system operate safely, even if the reformer is at a
temperature of 30 °C above the maximum operating temperature.

C.7.3.17.2 To run the test, disable the automatic system suspension mechanism described
in C.7.3.1. Set the reformer temperature at 30 °C above the maximum operating temperature.
Run the system at full load as specified by the manufacturer for 1 h at this elevated
temperature. There shall be no emission of flame, and the system shall be in compliance with
the emission requirements in Table 8 and C.7.3.15.2.
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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
not specifically discussed in this annex apply to direct methanol fuel cell systems powered by
methanol clathrate compound as written. Modified clause numbers reflect their counterpart
clause in the main body. Any additional clauses have been assigned new numbers. This
annex establishes modifications and additions to the main body of the PAS for application to
the fuel and technologies addressed by this annex.

D.1 Scope

D.1.1 System boundary

Except where specifically noted, 1.1 shall apply as written when used in conjunction with this
annex.

D.1.1.6 Fuel and technologies covered by this annex

D.1.1.6.1 This annex shall apply to micro fuel cells, which are direct methanol fuel cells
(DMFC) powered by methanol clathrate compound (MCC).

D.1.1.6.2 This annex includes equipment designs that include direct methanol fuel cell
(DMFC) module stacks.
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—p Mass flow e — — a1 System boundary
=P Electrical flow =~ seereeseenan Optional part
= Thermal flow
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| i cartridge Micro fuel cell power unit permsrereasananaae |
: (optional) = Primary : |
I ................ battery : I
..................
| Thermal Internal | I
I— _——— management power Needs |
| Fuel (optional) |
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_________________ (optional)
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Micro fuel cell power system Waste products and

unused fuel

Figure D.1 — General block diagram of direct methanol fuel cells
powered by methanol clathrate compound

D.1.3 Considerations

Methanol clathrate compound (MCC)1) is a solid?2) that includes methanol. Since the fuel
cartridge containing the MCC does not contain liquid prior to use, liquid leakage does not
occur (Figure D.1) and MCC does not come under the United Nations classification
recommendation on transport of dangerous goods.

Methanol 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

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

D.3 Terms and definitions

Clause 3 shall apply as written except where specifically modified below. Subclauses which
have not been altered are not referenced below.

D.3.4

fuel

methanol clathrate compound (MCC), which consists of gamma-cyclodextrin and methanol.
Methanol solution, which is formed by the contact of MCC and water, is used to produce
electricity in a fuel cell unit

D.3.31
no MCC powder leakage
no accessible MCC powder outside the system or cartridge

D.3.32
no accessible MCC powder
consumer cannot come into physical contact with MCC powder

D.4 Materials and construction of fuel cartridge, micro fuel cell power unit,
and micro fuel cell power system for portable devices

Clause 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
leakage shall be executed in type tests. The leakage measurement of MCC powder and
methanol shall be executed in principle in accordance with the procedure shown in Figures
D.4 through D.7 respectively. Exceptions will be noted in the various subclauses.
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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 methanol
and/or MCC powder within
5 min of completing type test

Is liquid and/or MCC
powder accessible?

Leakage occurred;
type test failed

Within 10 min of completing the type test, measure mass M, and time ¢,

No

(Mo — M)

<0,33gh

(t1 = 1)

Fuel vapour loss
occurred;
type test failed

Wait 2 h £ 10 min at 22 °C + 5 °C after ¢,

then perform visual inspection for liquid
methanol, measure mass M,

and record time ¢,

Is liquid and/or MCC
powder accessible?

Leakage occurred;
type test failed

No

Fuel vapou loss
occurred;
type test failed

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)

Record initial mass M, and MT; and time ¢

and empty (MT) cartridge samples for use in the fuel cell system.

|

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

l

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

Is liquid and/or MCC
powder accessible?

Leakage occurred;

type test failed

Within 10 min of running type test measure mass M,,
mass MT, and time ¢,

!

Calculate normalization factor
(e.g. for water loss from cartridge
material of construction)

N = (MTy— MT,)

F

uel vapour loss
occurred;

type test failed

Type test passed

Figure D.5 — Cartridge leakage and mass loss test flow chart for temperature cycling

type test and high temperature exposure

The maximum time interval ¢4 — ¢, shall be set that so that no more than half of the fuel would

test

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

'

within 5 min of completing type test

Visual inspection for liquid methanol and/or MCC powder

It is 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
generating water that evaporates.
Tests may be run in a humidity
chamber to avoid mass loss due
to water evaporation.

Is liquid and/or MCC
powder accessible?

Measure mass M, and time t,

Turn on MFC for 10 min

No

- . Yes
Fire or explosion?

Yes | | eakage occurred;

type test failed

Fuel vapour loss
occurred;
type test failed

Type test failed

before doing mass loss measurement

Turn off wait for a 2 h time delay + 10 min at 22 °C £ 5 °C to allow water vapour to dissipate

!

Measure mass M, and time ¢,. Wait 2 h £ 10 min

at22°C+5°C

Does system operate?

|  Yes
| Perform emission test. |

Pass emission test?

} No

Type test failed

No

Yes

Fuel vapour loss
occurred;
type test failed

Type test passed
A

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
type test

{

Is liquid and/or MCC
powder accessible?

Leakage occurred;
type test failed

Turn off micro fuel cell system and wait for a 2 h + 10 min time delay at 22 °C £+ 5 °C
to allow water vapour to dissipate before doing mass loss measurement 2 h time
delay to allow water vapor to dissipate before doing mass loss measurement

!

Measure mass My and time ¢,

Wait2h+10minat22°C+5°C
Measure mass M, and time ¢,

No

(Mo~ My)

<0,33 g/

(t1 — 1)

Fuel vapour loss occurred;
type test failed

Type test passed

It is 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 generating water that evaporates.
Tests may be run in a humidity chamber to
avoid mass loss due to water evaporation

Figure D.7 — Micro fuel cell system/unit leakage and mass-loss flow chart

for short-circuit type test
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7.3 Type test

Type test items shall be as shown in Table D.1:

Table D.1 — Type tests

Test item Test sample
MCC fuel cartridge
D.7.3.1 Pressure differential test®
Micro FC power unit and/or power system
MCC fuel cartridge
D.7.3.2 Vibration test*
Micro FC power unit and/or power system
MCC fuel cartridge
D.7.3.3 Temperature cycling test*
Micro FC power unit and/or power system
D.7.3.4 High-temperature exposure test MCC fuel cartridge
MCC fuel cartridge
D.7.3.5 Drop test
Micro FC power unit and/or power system
MCC fuel cartridge
D.7.3.6 Compressive loading test Partially filled MCC fuel cartridge
Micro FC power unit and/or power system
D.7.3.7 External short-circuit test Micro FC power unit or power system

Surface and exhaust gas

D.7.3.8 temperature test Micro FC power unit or power system
D.7.3.9 Long-term storage test MCC fuel cartridge
D.7.3.10 High-temperature connection test Fuel cartridge and micro FC power unit
7.3.11 Fuel cell power unit internal Micro FC power unit with a pressurized empty fuel
pressure test cartridge
D.7.3.12 Connection cycling test MCC fuel cartridge and micro FC power unit
D.7.3.14 Emission test Micro FC power unit or power system

*

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

Pressure differential test > Vibration test > Temperature cycling test

D.

7.3.1 Pressure differential tests

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

D.

7.3.1.1 Cartridge

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

D.7.3.1.1 Low external pressure
Test B
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. For non-rigid
cartridges precise pressure differential measurement shall be used.

Passing criteria: No fire at any time, no explosion at any time, no leakage, and no MCC
powder leakage. See Figure D.4.
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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 differential pressure. External vacuum shall be applied for 30 min
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 with the acceptance criteria
changed to “vapour loss less than 20 g/h” based on not exceeding 25 % of the LFL.

D.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 D.7.3.1.

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

Test procedure:

i) Test sample of subject in unused condition firmly secured to the platform of the vibration
machine without distorting the sample in such a manner as to properly transmit the
vibration.

ii) 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.

iii) 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.

iv) 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.

v) Perform emissions testing in accordance with 7.3.14.
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

Figures D.4 and D.6. Emissions shall meet the acceptance criteria in 7.3.14. If the unit does
not operate but emissions do not exceed the limits of 7.3.14, the emissions test is acceptable.

D.7.3.3 Temperature cycling 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 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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Figure D.8 — Temperature cycling

i) Place the test sample in a temperature controlled test chamber and increase the chamber
temperature from room temperature (22 °C £ 5 °C) to 55 °C £+ 2 °C within 1 h and keep it
at 55 °C = 2 °C for a minimum of 4 h.

ii) Decrease the chamber temperature to 22 °C £+ 5 °C within 1 h and keep it at 22 °C+ 5 °C
for 1 h £ 5 min, then decrease the chamber temperature to —40 °C £ 5 °C within 2 h and
keep it at —40 °C £ 5 °C for a minimum of 4 h.

iii) Increase the chamber temperature to 22 °C = 5 °C within 2 h and keep it at 22 °C £ 5 °C
for 1 h £ 5 min.

iv) The above process is repeated twice.

v) Perform emissions testing in accordance with 7.3.14.

Passing Criteria: No fire at any time, no explosion at any time, no leakage, and no MCC
powder leakage. After 2 h at 22 °C 15 °C, leakage shall be measured based upon the
procedure described in Figure D.5. Emissions shall meet the acceptance criteria in 7.3.14. If

the unit does not operate but emissions do not exceed the limits of 7.3.14, the emissions test
is acceptable.

D.7.3.4 High-temperature exposure test

Test 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.

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;

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

b) 1500 mm = 10 mm: in the case of a fuel cartridge more than 200 ml;
c) 1800 mm £ 10 mm: in the case of a fuel cartridge up to 200 ml.

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

e Valve up
e Valve down
e Two other mutually perpendicular directions

v) For power system or power unit tests, perform emissions testing in accordance with 7.3.14.

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
Figures D.4 and D.6. 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.

D.7.3.6 Compressive loading test

Test sample: an unused fuel cartridge, and a water filled MCC fuel cartridge which contains
MCC and water (MCC : water = 1 : 1 by weight), 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 the forces reasonably encountered due to being stepped
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
stand on its own, it does not need to be tested in that orientation.

v) For power system or power unit tests, perform emissions testing in accordance with 7.3.14
following the crush test.

Cartridge

i) The cartridge 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 100 kg + 1 kg on the sample for 5 s.

iv) Cartridge orientations are to be selected based on likely stable resting positions when
accidentally dropped (e.g., those orientations having the lowest centers 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.

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
Figures 2 and 4 respectively. Emissions from power units or power systems 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.

D.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 the positive and negative
terminals of the micro fuel cell power unit with wire having a maximum resistance load of
0,1 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 no
leakage.

Test procedure:

Option 1 (Preferred)

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

ii) Place load cell in a temperature chamber at 50 °C. Place the fuel cartridge, on top of the
load cell in such a way that all the weight is applied to the load cell. A fixture may be used
to 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 either manually or
automatically. The data 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 sample time of 10 min or less.

iv) Calculate the fuel vapour loss by the number of hours that the test sample was in the oven
(28 days x 24 h/day = 672 h). If the average mass loss does not exceed 0,33 g/h, then
the test sample pass the test for fuel vapour loss.

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

Option 2A

For fuel cartridge containing equal to or greater 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 per week.

ii) The time in which the test samples are removed from the oven for measurement, shall not
be included in the time the test sample is to be tested (28 days). Additional time should
be added to the total test time to allow for re-heating the test sample after each removal
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 test 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 exceeds the 0,33 g/h fuel vapour loss criteria, then the test sample fails the
test.

Option 2B

For 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
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 g/h
then the test sample passes the test for fuel vapour loss.
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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 ¢,

l

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

l

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

Leakage occurred;

Is liquid and/or MCC type test failed

powder accessible?

. Re-test with
Is cartridge empty and could Yes increased
vapour loss have exceeded > monitoring

limits, within 0,33 g7?

l No
No
Minitial = Miinal Fuel vapour loss
<0,33g/h — occurred;
At type test failed

Yes

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) Disconnect the fuel cartridge and check for leakage.

vi) Acceptance criteria: No leakage, no MCC powder leakage, no fire, and no explosion. If,
using normal force, the cartridge cannot be connected, and no leakage, no fire, and no
explosion occurs, this is acceptable.

vii) Leakage shall be checked visually. Invert the cartridge and the micro fuel cell power unit
or micro fuel cell power unit valve over indicating paper such that the valve is pointing
downward toward the indicating paper and look for signs of leakage if any accessible
leakage is found, the test fails.

iv) Flame shall be checked using cheesecloth.

v) Explosion shall be checked visually to verify no disturbance to the system or the test cell.
D.7.3.12 Connection cycling test

D.7.3.12.1 Cartridge

D.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 manufacturer's instruction.

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 power unit or micro fuel cell
power unit valve 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.

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.
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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

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 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 power unit or micro fuel cell
power unit valve and check for leakage upon connection.

i) Disconnect the fuel cartridge and check for leakage.

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

iv) 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.

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

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) Repeat steps a) through h) four more times for a total of 50 cycles, waiting 1 h between
each set of ten cycles.

x)  Acceptance criteria: No leakage, no MCC powder leakage, no fire, and no explosion.
xi)  Leakage shall be checked visually and if any accessible leakage is found the test fails.
xii) Flame shall be checked using cheesecloth.

xiii) Explosion shall be checked visually to verify no disturbance to the system or the test cell.

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

Xi)

Xii)
xiii)
Xiv)
XV)

XVi)

Connect the first unused 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.

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

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 seven
connections and disconnections.

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 three more times for a total of 10 connection
and disconnections.

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 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 MCC leakage, no fire, and no explosion.

Leakage shall be checked visually and, if any accessible leakage is found, the test fails.

xvii) Flame shall be checked using cheesecloth.

xviii) Explosion shall be checked visually to verify no disturbance to the system or the test cell.

Power unit connection ageing

Using either cartridges or cartridge valves, cycle the micro fuel cell power system connection
for a total of 980 connections and disconnections. Inversion of the system or the cartridges is
not necessary, but if leakage is found the test fails. Following this ageing, a final unused
cartridge will be tested.

Final cartridge

vii)

Connect the final unused 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.

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

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 final cartridge four more times for a total of seven
connections and disconnections.
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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 final cartridge three more times for a total of 10 connections
and disconnections.

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.

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 MCC leakage, no fire, and no explosion.

Leakage shall be checked visually and if any accessible leakage is found the test fails.

xvii) Flame shall be checked using cheesecloth.

xviii) Explosion shall be checked visually to verify no disturbance to the system or the test cell.

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



PAS 62282-6-1 © IEC:2006(E) - 93 -

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
this annex apply to borohydride compound fuel cell systems as written. Modified clause
numbers reflect their counterpart section in the main body. Any additional clauses have been
assigned new numbers.

E.1 Scope

Except where specifically noted, Clause 1 shall apply as written when used in conjunction with
this annex.

E.1.1 System Boundary

Except where specifically noted, Subclause 1.1 shall apply as written when used in
conjunction with this annex.

E.1.1.6 Fuel and technology covered by this annex

E.1.1.6.1 This annex shall apply to micro fuel cells which are powered by borohydride
compound fuel.

E.1.1.6.2 This PAS encompasses equipment designs that include proton exchange
membrane (PEM) fuel cell stacks using hydrogen from sodium and/or potassium borohydride
fuel (indirect borohydride fuel cell power systems), and direct borohydride alkaline fuel cells
using sodium or potassium borohydride compound fuel (direct borohydride fuel cell power
systems). The designs may or may not include fuel processing subsystems to derive
hydrogen gas from the fuel of choice.
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Figure E.1 — Direct borohydride fuel cell power unit

I I
[
I cartridge [C—————— === === - —— I
(optional) ! I
| | (opronal) I
I Thermal I | Waste
[ l\/llechls:\.mtcarlfmterface Management Internal i | > eat
[ signal interface l| power I
1 Fuel cartridge I Fuel supply > e t I ne-_eds | . .
liquid mixture I managemen (optional) Power interface |
I . or Fuel cell Power | : >
[ | / _ module stack conditioning | >
| I Internal (including electrolyte) | >
I |I reservoir A /V A A | Mechanical I p\:ggztceis
i echanica
|I processing v Rech \ 4 o | interface | andunuse
1 Wast et 11 'y Water and/or byproduct etfat?é?egr e | signal interface I fuel
| aste produc | management Y I
| unit capacitor |
| 1 (optional) |
- ! I I
I . I
I Fuel cartridge | Total control I
I|_ —_— e |I system Waste
Micro fuel cell power unit [ | | cartridge
| e e e e e e e e e m = = = = = =1 | (optional
I

ATNO NOILVOOTSIHL 1V 3SN TVYNHILNI H0d &

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT

‘Nv3A4Ng A1ddNS X009 A9 a3lTddns



PAS 62282-6-1 © IEC:2006(E) - 95—

Micro Fuel Cell Power System
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Figure E.2 — Indirect borohydride fuel cell power unit

E.1.3 Considerations

E.1.3.3 Hydrogen formed by borohydride fuel is not toxic; therefore, sentences concerning
the toxicity of emissions in the main body of the PAS shall not apply in this annex.

E.1.3.3 Any descriptions contained within the main body of the PAS specifically pertaining to
methanol are not applicable.

E.2 Normative references

Clause 2 applies as written when used in conjunction with this annex, with the following
addition. The following reference is indispensable for the application of this annex.

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

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 % borohydride
compound and less than 30 % activator which is comprised of a Group VIII transition metal
salt

E.3.3.3
liquid fuel, corrosive
liquid formulation of borohydride compounds and one or more alkali metal hydroxides

E.3.5.1

direct borohydride fuel cell power system

fuel cell system in which a liquid formulation of borohydride compounds chemically reacts
directly on the anode of the fuel cell to produce electricity in a fuel cell unit

E.3.5.2

indirect borohydride fuel cell power system

fuel cell system in which a solid or liquid formulation of borohydride compounds, is processed
to produce hydrogen which reacts on a proton exchange membrane (PEM) to produce
electricity in a fuel cell unit

E.3.21

leakage

accessible fuel, fuel by-products, electrolyte or liquid fuel components outside the system or
cartridge

E.3.27
borohydride compounds
sodium or potassium borohydride, or a mixture thereof

E.3.28
liquid fuel component
water solutions used to produce hydrogen within the fuel processing subsystem

E.3.29

electrolye

corrosive (alkaline) compound solution or acidic ion conducting membrane used to complete
an electric circuit within a fuel cell

E.3.30
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 that
are deemed unsuitable:

a) hydrogen 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
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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

materials which are likely to cause a dangerous evolution of heat, or flammable or poisonous
gas or vapours if allowed to mix in ways other than those specifically provided for by the
system design

E.3.35

uncontrolled mixing

mixing of incompatible materials that occurs in ways not specifically provided for by the
system design

E.4 Materials and construction of fuel cartridge, micro fuel cell power unit,
and micro fuel cell power system for portable devices

E.4.1 General

Except where specifically noted, Clause 4 shall apply for the purposes of this annex. Where
subclauses corresponding to those in Clause 4 are not included in this annex, it shall be
assumed that said subclauses are to apply to this annex as written. Due to the nature of the
fuel considered for this annex, all subclauses of Clause 4 that refer to exclusively methanol or
considerations for parts in contact with methanol shall not apply to devices tested under this
annex.

E.4.7 General construction

Except where specifically noted, subclause 4.7 shall apply as written when used in
conjunction with this annex.

E.4.7.4 The connection between the fuel cartridge and the fuel cell power unit, when
engaged so as to allow transfer of fuel from the cartridge to the power unit, must not allow the
fuel to leak, as 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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E.4.10.1 Liquid, solid or hydrogen containing parts and their connections shall have
adequate strength to withstand the pressures tow which they are exposed. Compliance is
determined by the pressure differential tests of 7.3.1 and the internal pressure tests of 7.3.11

E.4.10.2 Connections within the piping and liquid, solid or hydrogen handling parts of the
system and cartridge shall be sufficiently leaktight to prevent leakage during normal use,
reasonably foreseeable misuse, and consumer transportation. Compliance is determined by
type tests 7.3.1 and 7.3.11.

E.4.10.3 Fuel valves

For all shut-off valves, filling valves, relief valves, commercial refilling valves including all
cartridge types.

E.4.10.3.1 Operating and pressure-containing parts of the shutoff valve and relief valve
assemblies shall last the life of the cartridge under normal conditions.

E.4.10.3.2 Liquid, solid and hydrogen cartridge shall be packaged to prevent the valve from
being damaged during shipping.

E.4.10.3.3 The valves shall have a means to prevent leakage through normal use and
storage of the cartridge.

E.4.10.3.4 The valves shall not be susceptible to unintended actuation, or manual actuation
by a user not using tools, that results in leakage. Compliance shall be checked using test
probe 11 of IEC 61032.

E.4.10.3.5 There shall be no leakage of liquid during storage, connection, disconnection or
transferring of liquid from the cartridge to the power unit.

E.4.11.1 The maximum quantity of fuel stored in the fuel cell power unit shall not be more
than 1 | for either liquid type fuel or liquid fuel components, and 200 g for solid type fuel.

E.4.17 Fuel supply construction
E.4.17.1 Fuel cartridge construction

Except where specifically noted, subclause 4.17.1 shall apply as written when used in
conjunction with this annex.

E.4.17.1.3 The maximum fuel volume is limited to 1 liter for either liquid type fuel or liquid
fuel components, and 200 g for solid type fuel.

E.4.17.1.13 In cases where two different corrosive or non-corrosive solids and/or liquids are
present and they are incompatible materials, the design of the fuel cartridge and fuel cell
system shall provide a means for preventing inadvertent or uncontrolled mixing of these
materials.

E.4.17.1.13.1 Two independent means for preventing inadvertent or uncontrolled mixing of
these materials shall be provided during transportation and storage prior to use. lllustrative
examples of these means include but are not limited to: positive activation by the control
system; physical removal of an impermeable barrier preventing contact; opening of a normally
closed manually controlled valve preventing contact. For at least one of these means for
preventing uncontrolled mixing, it shall be necessary for the user to take positive action to
remove or deactivate it prior to use.
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E.4.17.13.2 At least one means for preventing uncontrolled mixing of these materials shall
be provided during use. This means may include active control by system electronics, subject
to the FMEA analysis of 4.2.

E.4.17.2 Fuel cartridge fill requirement
Liquid reservoirs within fuel cartridges shall not be filled beyond 90 % at 15 °C; and the fuel-

fill amount must allow fuel expansion to 70 °C with both the cartridge alone or constrained
without leakage.

E.5 Abnormal operation requirements and tests

Clause 5 shall apply as written.

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

Cause 6 shall apply as written except where specifically modified below. Subclauses which
have not been altered are not referenced below.

E.6.1 Minimum markings required on the cartridge
As a minimum, the following shall be marked on the fuel cartridge:

Contents are corrosive and toxic, do not disassemble.

T o

Avoid contact with contents.

o O

Do not expose to heat or flame above 50 °C.

D

)
)
) Keep away from children.
)
)

Do not expose cartridge to acids, oxidizers, alcohol or household cleaning products. Do
not immerse in water or other liquids.

f) Follow usage instructions.

g) In the case of contact with contents, seek medical attention.

h) Manufacturer name, model designation and serial number.

i) Composition and amount of fuel.

j) Text or marking that indicates that the cartridge complies with IEC 62282-6-1.

E.6.2 In the case where the contents of the cartridge are flammable, the following shall be
marked on the fuel cartridge:

k) CONTAINS FLAMMABLE MATERIALS. DO NOT DISASSEMBLE.

E.6.3 Except where specifically noted below, 6.2 of the main body of the PAS shall apply as
written.

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

E.7.1 General

Except where specifically noted, the type tests described in Clause 7 are to be performed on
the fuel cell power unit with or without the fuel cell cartridge as directed. For all tests, the
acceptance criteria of no leakage must be tested according to the leakage measurement
procedure as stated in E.7.2.2. All tests follow the flow chart of Figure E.3.
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Figure E.3 — Flowchart for leakage measurement and testing procedure
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E.7.2 Leakage measurement and measuring procedure

E.7.2.1 Subclause 7.2.1 shall apply as written.

For all tests stated in Clause 7, the procedure for detection of leakage shall be executed in
principle in accordance to the following procedure.

The following is the procedure for the measurement of leakage from cartridge and/or micro
fuel cell power system.

E.7.2.2.1 Prior to commencing test, visually inspect fuel cartridge and/or micro FC power
unit and/or power system for signs of external dirt and/or moisture on device. Any drops of
liquid and/or dirt on the exterior of the device are to be cleaned in order to assist with visual
inspection.

E.7.2.2.2 Perform type test as prescribed.

E.7.2.2.3 Perform visual inspection of device tested in order to trace any signs of leakage.
Any drops of fuel and/or white crystals on the exterior of the device are indications of leakage.
A pH indicator may be used to assist leakage test. Any existence of a substance with a pH
lower than 3,5 or greater than 10,5 is a indication of leakage. Type test failed due to leakage.
No further testing required

E.7.2.2.4 Perform emission test as described in 7.3.14. One of three results of the emission
test is possible, as follows:

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 emissions test; no further
emission testing is required. Proceed to 7.2.2.5.

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

c) Hydrogen concentration is greater than 0,0162 mg/h (0,018 % vol) but less than 25 % LFL.
Proceed to leakage test of E.7.2.2.4.1 to determine that no single source emits pure
hydrogen at greater than 3 cc/min.

E.7.2.2.4.1 Hydrogen leakage test

The leakage test shall be performed to determine that no single source on the device can
support a flame in all cases where such compliance cannot be definitively determined by the
emission test.

The testing must be conducted in a space with no substantial air movement. A measurement
of wind speed 10 cm above the device shall not exceed 0,02 m/s.

The surface of the device must be systematically swept with a point source hydrogen detector.
This hydrogen detector may be either a mass spectrometer, hand-held hydrogen leak detector,
or other device suitable for measuring small quantities of hydrogen emission from a point
source that is at least as accurate, if not more so, than the afore-mentioned devices. The
hydrogen detector must be tuned to detect a level of hydrogen that is at 25 % of LFL.

The sensor of the hydrogen detector must sweep the device at a distance no more than 3 mm
normal to the surface of the device. Consecutive linear sweeps must not be more than 8 mm
apart along the surface of the device. The entire surface of the device must be swept in this
manner.

i) An effective method for completing these sweeps would be to attach a stand off to the
sensor that ensures that a spacing of 3 mm from the device is maintained at all times. A
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pen or other marking utensil attached to the stand off could be used to identify swept
areas and ensure that the distance between sweeps does not exceed 8 mm.

ii. The sensor should always face directly downward, and the device should be moved
beneath it in such a way that the surface directly below the sensor is always horizontal.

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 the hydrogen emission test.
Proceed to 7.2.2.5.

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

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.

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.

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 the leakage test. If the spiral sweep does not detect
any hydrogen concentrations of 25 % LFL or greater, the device passes hydrogen emission
test. Proceed to 7.2.2.5.

E.7.2.2.5 Wait 2 h with the fuel cell in the same orientation as it was during type test and
perform the visual test once again as prescribed in 7.2.2.3. Any visual detection of leakage on
the exterior of the device shall be regarded as failure of leakage test.

E.7.2.2.6 Passing criteria: No leakage and/or no impermissible emissions.

E.7.3 Type tests

All type tests within 7.3, except where specifically noted below, shall be performed in
accordance with the requirements of the main body of the PAS. For all type tests performed,
the device must meet the requirements of E.7.2.2 and Figure E.3 for no leakage.

E.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 no
leakage.

Test procedure: Fuel cartridges in unused condition shall be stored during 28 days in an air
circulation type room in which the temperature is kept at 50 °C £ 2 °C and at less than 60 %
RH. The interval of leakage measurement, At in hours should be equivalent to four days (96 h)
for a total of 28 days. Figure E.4 presents the leakage measurement schedule for the duration
of the test.

Acceptance criteria: No leakage, no fire, and no explosion.
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Sample temperature 28 days
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Figure E.4 — Leakage measurement schedule

The interval of leakage measurement, Az in hours, should be equivalent to four days (96 h) for
a total of 28 days.

E.7.3.14 Emissions test

Under operating conditions, a borohydride powered micro fuel cell system may have
emissions. The emissions may comprise of water or hydrogen, both of which are known not to
be toxic

Fuel cells emit water vapour and under certain conditions this water vapour can condense.
This condensation is not considered an emission or a leak if the pH of the condensate is
between 3,5 and 10,5 pH.

Table E.1 — Operating emissions limits

Emission rate limit

Concentration limit

Volume and air
exchange rate

(10 m3 and 1 ACH)?

Water

Unlimited

Hydrogen

1 % (25 % LFL)

10 m® @ 1 ACH?

3 standard cc/min

The emission rate limit was based on a total ambient airflow past the system of 10 m® per hour. This is the net

airflow expected through the reference volume (1 m3) times the air changes (10) per hour (ACH) volume
assumed. This covers the reasonably foreseeable environments where MFC systems will be used. The interior
space in a small car and the minimum volume per person on commercial aircraft is 1 m3. The minimum ACH
used on passenger aircraft is 10 and the lowest ventilation setting in cars is 10 ACH. Homes and offices may
have ACH levels as low as 0,5, but the per person volume is over 20 m3, so a product of 10 m?3 per hour is

conservative.

E.7.3.14.1 Emissions test procedure

For test samples and test procedure, see the main body of this PAS.
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Figure E.5 — Operational emission test apparatus

E.7.3.14.2 Acceptance criteria
The micro fuel cell including cartridge and micro FC power unit is considered to have passed

the emissions test if the emission rates measured by the test procedure in 7.3.14 are below
the limits shown in Table E.1 for hydrogen.

E.7.3.15 Water immersion test

Conditional test for fuel cartridge from indirect borohydride fuel cell power system, E.3.4.2,
solid fuel, water reactive fuel only.

Test sample: Fuel cartridge

Purpose: To simulate the effects of accidental water immersion and determine resulting
safety of fuel cartridge. There must be no fuel leakage or impermissible emissions.

Test procedure: Immerse fuel cartridge in at least 1 m of room temperature water (22,5 °C)
for 30 min. Entire cartridge should be below 1 meter of water.

Acceptance criteria: No leakage, no fire, no explosion, and no impermissible emissions.
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Annex F
(Normative)

Butane supplement

This normative annex establishes modifications and additions to the main body of the PAS for
application to the fuel and technologies addressed by this annex, which are butane powered
solid oxide fuel cell systems and their respective fuel cartridges. 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 this annex apply to butane fuel cell
systems as written. Modified clauses are numbered to reflect their counterpart clause in the
main body. Any additional clauses that do not have a counterpart in the main body have been
assigned new numbers.

F.1 Scope

F.1.1  System boundary
Subclauses 1.1.1 through 1.1.5 apply as written when used in conjunction with this annex.

Subclause 1.1.6 is substituted with the corresponding subclauses given below when applied
in conjunction with this annex. Figure 1 is replaced with Figure F.1.

F.1.1.6 Fuel and technology covered by this annex

F.1.1.6.1 The fuels covered by this annex are butane and butane/propane mixtures
consisting of at least 75 % butane.

F.1.1.6.2 The technology covered by this annex is solid oxide fuel cells (SOFC).
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Figure F.1 — Butane powered SOFC block diagram

F.2 Normative references

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

F.3 Definitions

v

Power
output

Clause 3 applies as written when used in conjunction with this annex with the exception of 3.4,
3.18, 3.24, 3.25 which are replaced by the associated sections below, 3.13, which is deleted,

and the addition of F.3.31 and F.3.32.

F.3.4
fuel

When this PAS is used in conjunction with this annex, fuel shall mean butane and

butane/propane mixtures comprising at least 75 % butane

F.3.18
leakage
impermissible leakage as defined in F.3.31

F.3.24
no fuel mass loss
no impermissible leakage as defined in F.3.31
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F.3.25
no leakage
no impermissible leakage as defined in F.3.31.

No bubbles during the water bath test. No leakage is alloed.

F.3.31

impermissible leakage

When this PAS is used in conjunction with this annex, release of fuel that results in one or a
combination of the following situations that are deemed unsuitable:

a) fuel vapour in air mixture in excess of 25 % of the lower flammability limit (LFL) beyond a
10 cm distance from the micro fuel cell;

b) fuel vapour in air concentration in excess of the lower of the TLV or MAK occupational
exposure limits as indicated on the International Chemical Safety Card (ICSC);

c) fuel vapour leakage in excess of 0,9 g/h.

NOTE This equates to the highest leak rate that will not support a flame and is less than the 1,9 g/h leak rate
necessary to achieve the TLV limit of 800 ppm in a 1 cubic meter chamber with 1 air change per hour.

d) any bubbles at all during the water bath test. No leakage is allowed.

F.3.32

no mass loss

Change in mass of less than 0,9 g/h, but not to include fuel consumed while operating the fuel
cell system

F.4 Materials and construction of fuel cartridge, micro fuel cell power unit and
micro fuel cell power system for portable devices

Clause 4 shall apply as written when used in conjunction with this annex, except that the term
“methanol” is replaced with “liquefied gas”.

F.5 Requirements of fuel cartridge, micro fuel cell power unit, and micro fuel
cell power system

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

F.6 Instructions for fuel cartridge, micro fuel cell power unit, and micro fuel
cell power system

Clause 6 shall apply as written when used in conjunction with this annex with the exception of
6.1, which is replaced with F.6.1.

F.6.1 Minimal markings required on the cartridge

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

) CONTENTS ARE FLAMMABLE, DO NOT DISASSEMBLE.
) KEEP AWAY FROM CHILDREN.

) DO NOT EXPOSE TO HEAT OR FLAME ABOVE 50 °C.

)

)

Q O T Q

FOLLOW USAGE INSTRUCTIONS.
MANUFACTURER NAME, MODEL DESIGNATION AND SERIAL NUMBER.
) COMPOSITION AND AMOUNT OF FUEL.

) TEXT OR MARKING THAT INDICATES THAT THE CARTRIDGE COMPLIES WITH IEC
62282-6-1.

- O

«Q
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F.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 when this PAS is applied in conjunction with this annex, with
the following exceptions:

7.2 shall be replaced with F.7.2.
7.3 shall apply as modified by F.7.3.
Table 8 shall be replaced with Table F.1.

Following each type test for the butane fuel cartridge(s), the cartridge(s) shall be subjected to
a water bath test. The temperature of the water bath and the duration of the test shall be such
that the internal pressure in the cartridge reaches that which would be reached at 55 °C. No
leakage or permanent deformation may occur, except that a plastic cartridge may be
deformed through softening provided that it does not leak.

F.7.2 Fuel leakage measurement the measuring procedure

The fuel leakage measurement shall be executed in principle in accordance with the
procedure shown in Figures F.2 through F.5 respectively. Any exceptions will be noted in the
various subclauses.

F.7.3 Type test

Subclause 7.3 shall apply as written when used in conjunction with this annex with the
modifications noted in F.7.3 and its subclauses.

F.7.3.1 Differential pressure test

When this PAS is applied in conjunction with this annex, 7.3.1 shall be replaced with F.7.3.1.

F.7.3.1.1.A Internal Pressurization — cartridge and valve shall be tested separately. Both
test A and Test B below are required.

Test A — Cartridge body only

i) Using a suitable fluid medium such as butane, air, nitrogen, or similar gas, pressurize
the sample to an internal pressure that is the greater of 95 kPa gauge pressure plus
normal working pressure at 22 °C internal gauge pressure or 2 times the vapour
pressure of the fuel at 55 °C. A mass flow sensor suitable for measuring the
impermissible leakage rate must be placed in line with the pressurizing medium.

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

Passing criteria: No impermissible leakage as indicated by the mass flow sensor.

NOTE If the pressurizing medium is a gas other than butane, an appropriate scale conversion must be
made to determine the equivalent volume leakage rate of butane.

Test B — Cartridge valve:

i) Using a suitable fluid medium such as butane, air, nitrogen, or similar gas, pressurize
the closed valve to a pressure that is the greater of 95 kPa gauge pressure plus
normal working pressure at 22 °C or 2 times the vapour pressure of the fuel at 55 °C.
A mass flow sensor suitable for measuring the impermissible leakage rate must be
placed in line with the pressurizing medium.

ii) The pressure rise shall not exceed a rate of 60 kPa/s. Maintain the maximum pressure
for 30 min at room temperature.
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iii) Passing criteria: No impermissible leakage as indicated by the mass flow sensor.

NOTE If the pressurizing medium is a gas other than butane, an appropriate scale conversion must be
made to determine the equivalent volume leakage rate of butane.

F.7.3.1.1.B Low external pressure
i) Determine the mass of the cartridge by weighing and record along with measurement time.

ii) Apply a differential pressure of 95 kPa by external vacuum, where the lower pressure is
applied externally to an unused cartridge.

NOTE This method is generally not suitable for non-rigid cartridges because the required pressure
differential is not attained. For non-rigid cartridges precise pressure differential measurement must be
used.

Maintain this vacuum for 30 min. Measure the weight of the cartridge at the completion of
the test.

iii) Passing criteria: No fire at any time, no explosion at any time, no leakage. Leakage shall
be determined by the mass loss divided by the time between the pre-test and post-test
measurements.

F.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 fuelled in accordance with manufacturer's specifications and/or system
with unused fuel cartridge: Weigh the samples and record mass and time of measurement.
Store samples in unused condition at a pressure of 68 kPa for 6 h at ambient temperature
(22 °C £ 5 °C). Weigh samples at the completion of the test and determine leakage based on
the change in mass divided by the time between measurements. Passing criteria is no
impermissible leakage.

Test B: Power unit fuelled in accordance with manufacturer's specifications and/or system
with unused fuel cartridge: Weigh the samples and record mass and time of measurement.
Test samples in unused condition shall be stored at a low external pressure of 95 kPa
differential pressure. External vacuum shall be applied for 30 min at ambient temperature
(22 °C £ 5 °C). Weigh samples at the completion of the test and determine leakage based on
the change in mass divided by the time between measurements. Passing criteria is no
impermissible leakage.
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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

|

Measure mass M,
and time ¢,

No

(My — M) Mass loss occurred;

<0,9¢gh —> type test failed

(4 —1g)

Wait2hat22°C+5°C
Measure mass M, and time ¢,

Mass loss occurred;
type test failed

Type test passed

Figure F.2 — Cartridge leakage and mass loss test flow chart for low external pressure,
vibration, drop, compressive loading, and internal pressure tests
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Prepare both a filled (1) and empty
(MT) fuel cartridge.
Remove packaging and follow
instructions to prepare cartridges for
use in the fuel cell system. Record
initial masses M, MT,and time ¢,

]

Run type test on both filled
and empty cartridges.

!

Stabilized at 22 °C £ 5 °C
and measure mass M1,
mass MT4 and time #

|

Calculate normalization factor
(e.g. for water loss from cartridge
material of construction)

N = (MTy— MT,)

Type test passed

Figure F.3 — Cartridge leakage and mass loss test flow chart for temperature cycling

Mass loss occurred;
type test failed

type test and high temperature exposure test
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!
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l Yes
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for 10 min

V
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!
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Figure F.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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Remove packaging and follow
instructions to prepare cartridge for
use in the fuel cell system

!

Run short circuit test

Fire or explosion?

Type test failed
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!

Measure mass M, and time ¢,

Wait2hat22°C+5°C
Measure mass M, and time ¢,
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Figure F.5 — Micro fuel cell system/unit leakage and mass loss flow chart

Mass loss occurred;
type test failed

for short-circuit test

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d



- 114 - PAS 62282-6-1 © IEC:2006(E)

F.7.3.2 Vibration test
When this PAS is applied in conjunction with this annex, 7.3.2 shall be used as written except

with the term “methanol leakage” replaced with “impermissible leakage” and Figures 2 and 4
replaced with figures F.2 and F.4.

F.7.3.3 Temperature cycling test

When this PAS is applied in conjunction with this annex, 7.3.3 shall be used as written except
with Figure 3 replaced with Figure F.3.

F.7.3.4 High temperature exposure test

When this PAS is applied in conjunction with this annex, 7.3.4 shall be used as written except
with Figure 3 replaced with Figure F.3.

F.7.3.5 Drop test
When this PAS is applied in conjunction with this annex, 7.3.5 shall be used as written except

with the term “methanol leakage” replaced with “impermissible leakage” and Figures 2 and 4
replaced with Figures F.2 and F.4.

F.7.3.6 Compressive loading test
When this PAS is applied in conjunction with this annex, 7.3.6 shall be used as written except

with the term “methanol leakage” replaced with “impermissible leakage” and Figures 2 and 4
replaced with Figures F.2 and F.4.

F.7.3.7 External short-circuit test

When this PAS is applied in conjunction with this annex, 7.3.7 shall be used as written except
Figure 5 is replaced with Figure F.5.

F.7.3.8 Surface and exhaust gas temperature test

When this PAS is applied in conjunction with this annex, 7.3.8 shall apply as written.

F.7.3.9 Long-term storage test

When this PAS is applied in conjunction with this annex, 7.3.9 shall apply as written, except
the acceptable mass loss rate of 0,33 g/h shall be replaced with 0,9 g/h and Figure 7 shall be
replaced with Figure F.6.
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Remove packaging and follow instructions to prepare
cartridge for use in the fuel cell system. Record initial
mass M5 and time ¢,

l

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

]

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

!

. Re-test with
Is cartridge empty and could Yes increased
vapour loss have exceeded > monitoring

limits, within 0,9 g?

l No
No
Fuel vapour loss
Minitial = Mfinal — occurred;
<0,9g/h type test failed
At

Yes

v

Type test passed

Figure F.6 — Fuel cartridge leakage and mass loss flow chart
for long-term storage
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F.7.3.10 High-temperature connection test

When this PAS is applied in conjunction with this annex, 7.3.10 shall be replaced with
F.7.3.10.

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 fire, no explosion.

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, immediately weigh test sample 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) Disconnect the fuel cartridge and weigh.

v) Acceptance criteria: No leakage, no fire, and no explosion. If, using normal force, the
cartridge cannot be connected, and no leakage, no fire, and no explosion occurs, this is
acceptable.

vi) The leakage shall determined by the difference in mass before and after the connection
cycle. The maximum acceptable mass loss is 0,9 g.

iv) The flame shall be checked using cheesecloth.

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

F.7.3.11 Fuel cell power unit internal pressure test

When this PAS is applied in conjunction with this annex, 7.3.11 shall apply as written except
with the test media being a suitable gas, such as air or nitrogen, and the acceptance criteria
is no leakage in excess of the impermissible leakage limit. This will be measured through the
use of a mass flow sensor in line with the pressurizing gas. (If a pressurizing gas other than
butane is used, the mass flow sensor reading will need to be calibrated to reflect the
appropriate equivalent butane leakage rate.)

F.7.3.12 Connection cycling test

When this PAS is applied in conjunction with this annex, 7.3.12 shall be replaced with the
following.

F.7.3.12.1 Cartridge

F.7.3.12.1.1 Insert/exterior/or attached cartridge systems

a) Test sample: an unused fuel cartridge fuelled in accordance with manufacturer’s
specifications and a micro fuel cell power unit or micro fuel cell power unit valve.

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

i) Connect the first new fuel cartridge to the micro fuel cell power unit or micro fuel cell.
ii) Disconnect the fuel cartridge and measure the mass of the cartridge.
iii) Connect and disconnect the cartridge three times and measure the mass of the cartridge.

iv) Calculate the mass loss during the three connect-disconnect cycles. If the mass loss is
greater than 0,9 g, the cartridge fails the type test.

v) Connect and disconnect the first cartridge three more times for a total of seven
connections and disconnections.

vi) Measure the mass of the cartridge.

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

viii)Measure the mass of the cartridge and calculate the mass loss during the last three
connect-disconnect cycles. If the mass loss is greater than 0,9 g, the cartridge fails the
type test.

ix) Additional acceptance criteria: No fire, and no explosion. The flame shall be checked
using cheesecloth and explosion shall be checked visually to verify that there is no
disturbance to the system or the test cell.

F.7.3.12.1.2 Satellite cartridge

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

b) 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 power unit or micro fuel cell
power unit valve.

ii) Disconnect the fuel cartridge and measure the mass of the cartridge.

iii) Connect and disconnect the cartridge three times and measure the mass of the cartridge.

iv) Calculate the mass loss during the three connect-disconnect cycles. If the mass loss is
greater than 0,9 g, the cartridge fails the type test.

v) Connect and disconnect the first cartridge three more times for a total of seven
connections and disconnections.

vi) Measure the mass of the cartridge.

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

viii)Measure the mass of the cartridge and calculate the mass loss during the last three
connect-disconnect cycles. If the mass loss is greater than 0,9 g, the cartridge fails the
type test.

ix) Repeat steps a) through h) four more times for a total of 50 cycles.

x) Additional acceptance criteria: No fire, and no explosion. The flame shall be checked
using cheesecloth and the explosion shall be checked visually to verify that there is no
disturbance to the system or the test cell.

7.3.12.3 Micro fuel cell power unit

a) Test sample: a minimum of two unused cartridges fuelled in accordance with
manufacturer's specifications and an additional 98 cartridges or cartridge valves and a
micro fuel cell power unit.
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b) 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.

NOTE Cartridge 1 and cartridge 100 are inspected, the other 980 cycles are only to age the system.

Cartridge 1

i)
i)
i)

iv)

vi)

vii)

viii)

ix)

Connect the first new fuel cartridge to the micro fuel cell power unit.
Disconnect the fuel cartridge and measure cartridge mass.
Connect and disconnect the cartridge three times and then measure the cartridge mass.

Calculate the mass loss during the three connect-disconnect cycles. If the mass loss is
greater than 0,9 g, the micro fuel cell fails the type test.

Connect and disconnect the first cartridge three more times for a total of 7 connections
and disconnections.

Measure the mass of the cartridge.

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

Measure the mass of the cartridge and calculate the mass loss during the last three
connect-disconnect cycles. If the mass loss is greater than 0,9 g, the micro fuel cell
fails the type test.

Additional acceptance criteria: No fire, and no explosion. The flame shall be checked
using cheesecloth and the explosion shall be checked visually to verify that there is no
disturbance to the system or the test cell.

Power unit connection ageing

Using either cartridges or cartridge valves, cycle the micro fuel cell power system connection
for a total of 980 connections and disconnections. Following this ageing, a final new cartridge
will be tested.

Final cartridge

vi)

vii)

viii)

ix)

Connect the final new fuel cartridge to the micro fuel cell power unit.
Disconnect the fuel cartridge and measure cartridge mass.
Connect and disconnect the cartridge three times and then measure the cartridge mass.

Calculate the mass loss during the three connect-disconnect cycles. If the mass loss is
greater than 0,9 g, the micro fuel cell fails the type test.

Connect and disconnect the first cartridge three more times for a total of 7 connections
and disconnections.

Measure the mass of the cartridge.

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

Measure the mass of the cartridge and calculate the mass loss during the last three
connect-disconnect cycles. If the mass loss is greater than 0,9 g, the micro fuel cell
fails the type test.

Additional acceptance criteria: No fire, and no explosion. The flame shall be checked
using cheesecloth and the explosion shall be checked visually to verify that there is no
disturbance to the system or the test cell.

F.7.3.14 Emissions test

When this PAS is applied in conjunction with this annex, 7.3.14 shall apply as written, except
with Table 8 replaced with Table F.1.
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Table F.1 — Emission limits

Emission rate limit

Materials Limit Remarks
(1,0 m® and 10 ACH)?
Methanol 200 ppm TLV: ACGIH 1999 2600 mg/h
(260 mg/m?3) Ref.: ICSC: 0057 Apr. 2000
Formaldehyde 0,03 ppm® TLV: 0,3 ppm ACGIH 2004 0,3 mg/h
(0,037 mg/m3) MAK: 0,3 ppm DFG 2004
Ref.: ICSC: 0275 Oct. 2004
co 25 ppm TLV: ACGIH 1994-1995 290 mg/h
(29 mg/m3) MAK: 30 ppm 1993
Ref.: ICSC:0023 Oct. 1994
Cco2 3333 ppm TLV: 5000ppm ACGIH 1994-1995 60 000 mg/hP

(6000 mg/m?3)

MAK: 5000 ppm 1993
Ref.: ICSC: 0021 Oct. 1994

Formic acid 5 ppm TLV: ACGIH 1996 94 mg/h
(9,4 mg/m?) MAK: 1995
Ref.: ICSC: 0485 Apr. 1997
Methyl formate 50 ppm MAK: DFG 2004 1200 mg/h
(120 mg/m3) TLV: 100 ppm ACGIH 2004
Ref.: ICSC: 0664 Apr. 1997, updated Oct.
2004
NO 25 ppm TLV: ACGIH 1995-1996 310 mg/h
(31 mg/m3) Ref.: ICSC: 1311 Nov. 1998
NO2 3 ppm TLV: ACGIH 2003 57 mg/h
(5,7 mg/m3) MAK: 5 ppm DFG 2002
Ref. ICSC: 0930 May 2003
Butane 800 ppm TLV: ACGIH 2003 19 000 mg/h

(1900 mg/m?3)

MAK: 1000 ppm DFG 2003
Ref.: ICSC: 0232 Nov. 2003

1 m3 was selected as the volume because it represents the space in a small car and the minimum volume
per person on commercial aircraft. 10 ACH was selected because it is the minimum rate used on passenger
aircraft in order to provide a minimum comfort level for the passengers. It is also a lower air change rate
used in automobile ventilation.

The room or space volume in cubic meters multiplied by the air changes per hour are expected to yield a
minimum product of 10 cubic meters of air change per hour.

A seated adult has a CO, emission rate of 30000 mg/h. The fuel cell plus human emission rates are limited

to the 9 g/m3, so the fuel cell emission rate is limited to 60000 mg/h for the given 1,0 m3 personal space

and 10 ACH.

Formaldehyde emission limit is set at 1/10 of the current TLV due to recently released information
regarding increased risk of formaldehyde exposure and in anticipation of tighter standards being adopted

by industry.
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