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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

non-govern
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rights. ISO
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CEN/TC 16
Technical (
between IS
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Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:
Part 7:

Part 8:

mental, in_fiaison with 150, also take part in the work. 1SO collaborates closely with
| Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

| Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part2.
hsk of technical committees is to prepare International Standards. Draft Interiational Stand
the technical committees are circulated to the member bodies for voting: “Publication as

| Standard requires approval by at least 75 % of the member bodies casting'a.vote.

drawn to the possibility that some of the elements of this document miay be the subject of p3
shall not be held responsible for identifying any or all such patent rights.

7 was prepared by the European Committee for Standardization (CEN) Technical Comm
P, Protective clothing including hand and arm protection “and lifejackets, in collaboration
ommittee ISO/TC 188, Small craft, in accordance with.the Agreement on technical coopers
D and CEN (Vienna Agreement).

consists of the following parts, under the general title' Personal flotation devices:
Lifejackets for seagoing ships — Safety requirements

Lifejackets, performance level 275 — Safety requirements

Lifejackets, performance level 1560 — Safety requirements

Lifejackets, performance level 100 — Safety requirements

Buoyancy aids (level-50) — Safety requirements

Special purposeiifejackets and buoyancy aids — Safety requirements and additional test meth

Materials-and components — Safety requirements and test methods

Accessories — Safety requirements and test methods
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Part 10: Selection and application of personal flotation devices and other relevant devices
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Introduction

ISO 12402 has been prepared to give guidance on the design and application of personal flotation devices
(hereafter referred to as PFDs) for persons engaged in activities, whether in relation to their work or their
leisure, in or near water. PFDs manufactured, selected, and maintained to this standard should give a

reasonable assurance of safety from drowning to a person who is immersed in water.
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thin these main two classes there are a number of levels of support, types of buoyancy, activati

uirements for lifejackets on large, commercial seagoing ships are regulated by the Internatiot
anization (IMO) under the International Convention for the Safety of Life at Sea (SOLAS). |
fesses lifejackets for seagoing ships.

12402 allows for the buoyancy of a PFD to be provided by a wide variety of matetjals or desig
h may require preparation before entering the water (e.g. inflation of chambers by gas from 3
n in orally). However, PFDs can be divided into the following two main classes:

those which provide face up in-water support to the user regardless.of physical conditions
and

those which require the user to make swimming and other postural movements to position tk
the face out of the water (buoyancy aids).

hflatable devices, and auxiliary items (such as locatién aids), all of which will affect the user’s p
ival. Within the different types of buoyancy allowed, inflatable PFDs either provide full buoya
user intervention other than arming (i.e. PFDs(inflated by a fully automatic method) or require

al Maritime
50 12402-1

ns, some of
cylinder or

lifejackets),

e user with

bn methods
robability of
ncy without
the user to

initiate the inflation. Hybrid PFDs always providé~“some buoyancy but rely on the same methods as inflatable

PFIQ
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s to achieve full buoyancy. With inherently buoyant PFDs, the user only needs to put the
eve the performance of its class.

s that do not require intervention“(automatically operating PFDs) are suited to activities whg
likely to enter the water unexpectedly; whereas PFDs requiring intervention (e.g. manually inf
only suitable for use if the(user believes there will be sufficient time to produce full buoyanc
e at hand. In every circumstance, the user should ensure that the operation of the PFD is s
Cific application. The conformity of a PFD to this part of ISO 12402 does not imply that it is su
imstances. The relative amount of required inspection and maintenance is another factor of
brtance in the choice and application of specific PFDs.

12402 is intehded to serve as a guide to manufacturers, purchasers, and users of such safety
hsuring that the equipment provides an effective standard of performance in use. Equally ess
i for the-designer to encourage the wearing of the equipment by making it comfortable and 3
inuéus wear on or near water, rather than for it to be stored in a locker for emergency use
ces)and flotation cushions are not covered by this part of ISO 12402. The primary function of

PFD on to

bre persons
ated PFDs)
, or help is
uited to the
table for all
paramount

equipment
ential is the
ttractive for
Throwable
aPFD s to

sup

port the user In reasonable satety In the water. Within the two classes, alternative atirioutes

make some

PFDs better suited to some circumstances than others or make them easier to use and care for than others.
Important alternatives allowed by ISO 12402 are the following:

to provide higher levels of support (levels 100, 150, or 275) that generally float the user with greater water
clearance, enabling the user’s efforts to be expended in recovery rather than avoiding waves; or to

provide lighter or less bulky PFDs (levels 50 to 100);

to provide the kinds of flotation (inherently buoyant foam, hybrid, and inflatable) that will ac

commodate

the sometimes conflicting needs of reliability and durability, in-water performance, and continuous wear;
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to provide automatically operating (inherently buoyant or automatically inflated) PFDs that float users
without any intervention on their part, except in initially donning the PFD (and regular inspection and
rearming of inflatable types), or to provide user control of the inflatable PFD’s buoyancy by manual and

oral operation; and

to assist in detection (location aids) and recovery of the user.

PFDs provide various degrees of buoyancy in garments that are light in weight and only as bulky and
restrictive as needed for their intended use. They will need to be secure when worn, in order to provide
positive support in the water and to allow the user to swim or actively assist herself/himself or others. The PFD
selected shall _ensure that the user is supported with the mouth and nose clear of the water under the

expected cq

Under certd
provide (int
as tool belt
this is take

temperaturg, although fully approved under this part of ISO 12402. PFDs may also, be affected by 9

conditions g
specific req
that the PF
a safety ha
example to
required to

In compilin
service tha

nditions of use and the user’s ability to assist.

in conditions (such as rough water and waves), the use of watertight and multilayer clothing, w
entionally or otherwise) additional buoyancy, or the use of equipment with additional'weight (s
5) will likely alter the performance of the PFD. Users, owners and employers ne€d to ensure
n into account when selecting a PFD. Similarly, PFDs may not perform as well in extreme

f use, such as chemical exposure and welding, and may require additiopal protection to meet
Lirements of use. If the user intends taking a PFD into such conditions; she/he has to be ass
D will not be adversely affected. This part of ISO 12402 also allows a RFD to be an integral pa
rness designed to conform to ISO 12401, or an integral part of aygarment with other uses
provide thermal protection during immersion, in which case the complete assembly as us€g
conform to this part of ISO 12402.

) the attributes required of a PFD, consideration has also been given to the potential lengt
the user might expect. Whilst a PFD needs to be ©f substantial construction and materia

potential le
the owner,

gth of service often depends on the conditions of use and storage, which are the responsibili
ser and/or employer. Furthermore, whilst the performance tests included are believed to asg

relevant aspects of performance in real-life use, they donot accurately simulate all conditions of this.
example, the fact that a device passes the self-righting.fests in swimming attire, as described herein, does
guarantee that it will self-right an unconscious user wearing waterproof clothing; neither can it be expectg
completely protect the airway of an unconscious person in rough water. Waterproof clothing can trap air
further impgde the self-righting action of a lifejacket.

It is essential that owners, users and employers choose those PFDs that meet the correct standards for
circumstanges in which they will be_(Used. Manufacturers and those selling PFDs have to make cles
prospective| purchasers the product properties, alternative choices and the limitations to normal use, prig
the purchage.

Similarly, tHose framing legislation regarding the use of these garments should consider carefully which G
and performance levels arevmost appropriate for the foreseeable conditions of use, allowing for the higher
circumstanges. These higher risk circumstances should account for the highest probabilities of occurreng
accidental jmmersioh )and the expected consequences in such emergencies. More information on
selection and application is given in ISO 12402-10.
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Personal flotation devices —

Part 7:

Materials and components — Safety requirements and test
methods

1 |Scope

Thig part of ISO 12402 specifies the minimum requirements for construction and performance of naterials and
conponents of personal flotation devices as well as relevant test methods.

2 [Normative references

The| following referenced documents are indispensable for the“vapplication of this document{ For dated
references, only the edition cited applies. For undated references, the latest edition of the|referenced
docpment (including any amendments) applies.

ISO[31 (all parts), Quantities and units

ISO[105-A02, Textiles — Tests for colour fastness~- Part A02: Grey scale for assessing change iy colour
ISO[105-B02:1994, Textiles — Tests for colour fastness — Part BO2: Colour fastness to artificial light: Xenon
arc fading lamp test

ISO[105-E02, Textiles — Tests for,colour fastness — Part E02: Colour fastness to sea water

ISO[105-X12, Textiles — Tests\for colour fastness — Part X12: Colour fastness to rubbing

ISO[139, Textiles — Standard atmospheres for conditioning and testing

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

ISO[ 1302, Geemétrical Product Specifications (GPS) — Indication of surface texture in technical product
documentatien

ISO[1421:1998, Rubber- or plastics-coated fabrics — Determination of tensile strength and elpngation at
break

ISO 1926, Rigid cellular plastics — Determination of tensile properties

ISO 2062, Textiles — Yarns from packages — Determination or single-end breaking force and elongation at
break

ISO 2411:2000, Rubber- or plastics-coated fabrics — Determination of coating adhesion

ISO

3696:1987, Water for analytical laboratory use — Specification and test methods

ISO 4674-1:2003, Rubber- or plastics-coated fabrics — Determination of tear resistance — Part 1: Constant

rate

of tear methods

© I1SO 2006 — All rights reserved
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ISO 4892-1

ISO 4892-2

ISO 5470-2

, Plastics — Methods of exposure to laboratory light sources — Part 1: General guidance
, Plastics — Methods of exposure to laboratory light sources — Part 2: Xenon-arc lamps

:2003, Rubber- or plastics-coated fabrics — Determination of abrasion

Part 2: Martindale abrader

ISO 6330, Textiles — Domestic washing and drying procedures for textile testing

ISO 7229, Rubber- or plastics-coated fabrics — Measurement of gas permeability

resistance —

ISO 7854:1
ISO 9073-4
ISO 9227, ¢
ISO 12402
ISO 12402
ISO 12402
ISO 12402
ISO 12402

ISO 12402
requiremen

1ISO 12947-
Part 2: Detd

ISO 13934
elongation

ISO 13934
grab metho

ISO 13937
test specim

ISO 13938
bursting stri

ISO 13938

D95, Rubber- or plastics-coated fabrics — Determination of resistance to damage by flexing
Textiles — Test methods for nonwovens — Part 4: Determination of tear resistance

Corrosion tests in artificial atmospheres — Salt spray tests

1, Personal flotation devices — Part 1: Lifejackets for seagoing ships — Safety requirements
P, Personal flotation devices — Part 2: Lifejackets, performance level 275 Safety requireme
3, Personal flotation devices — Part 3: Lifejackets, performance level 150 — Safety requireme
A, Personal flotation devices — Part 4: Lifejackets, performance/level 100 — Safety requireme
5, Personal flotation devices — Part 5: Buoyancy aids (level 50) — Safety requirements

B, Personal flotation devices — Part 6: Special purpose lifejackets and buoyancy aids — S§
fs and additional test methods

P, Textiles — Determination of the abrasion resistance of fabrics by the Martindale metho
rmination of specimen breakdown

1, Textiles — Tensile properties (of* fabrics — Part 1: Determination of maximum force
bt maximum force using the strip method

P, Textiles — Tensile properties of fabrics — Part 2: Determination of maximum force using
o

D, Textiles — Tear properties of fabrics — Part 2: Determination of tear force of trouser-sha
ens (Single tearmethod)

1, Textiles<<~Bursting properties of fabrics — Part 1: Hydraulic method for determinatio
bngth andbursting distension

P ~Iextiles — Bursting properties of fabrics — Part 2: Pneumatic method for determinatio

nts
nts

nts

fety

and

the

ped

h of

n of

bursting str

EN 590, Au

bnath and bursting distension
7 7

tomotive fuels — Diesel — Requirements and test methods

EN 10088-1, Stainless steels — Part 1: List of stainless steels

CIE publication No. 15.2, Colorimetry

ASTM D 41

2-98, Standard Test Methods for Vulcanized Rubber and Thermoplastic Elastomers —Tension

ASTM D 471-98, Standard Test Method for Rubber Property-Effect of Liquids

ASTM D 882-02, Standard Test Method for Tensile Properties of Thin Plastic Sheeting
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ASTM D 1683, Standard Test Method for Failure in Sewn Seams of Woven Apparel Fabrics

ASTM D 2061, Standard Test Methods for Strength Tests for Zippers

ASTM D 2062, Standard Test Methods for Operability of Zippers

ASTM D 5034-95, Standard Test Method for Breaking Strength and Elongation of Textile Fabrics (Grab Test)

FTMS 191A, Federal Test Method Standard

3 |Terms and definitions

For|the purposes of this document, the terms and definitions given in 1ISO 12402-1 to |ISO1240R-5 and the
follgwing apply.

31
coated fabric
flexiple material composed of a textile fabric and an adherent polymeric matefial

3.2
course
series of successive loops lying crosswise in knitted fabrics, thathis, lying at right angles to a ljne passing
through the open throat to the closed end of the loops

3.3
cylir{'lder seal indicator

visual display on an inflation system which provides information regarding the status of the seal onfan installed
cylimder

3.4
desjgn inflation range
range of buoyancy and pressure, as spegified by the manufacturer, to which a chamber is capable of being
inflgted to provide the intended in-water performance

3.5
weft
yarn running from selvageto selvage at right angles to the warp in woven fabrics

NOTE For knitted fabric, see 3.21.

3.6
filling density
mags of the*gas charge for gas-filled cylinders or other inflation-medium containers, in kilograms| divided by
the polumie-of the inflation-medium container, in litres

3.7
foam flotation material
closed-cell (cells not interconnecting) foamed polymeric material

3.8
full inflation
chamber or chambers inflated to any value within the design inflation range

3.9

inflation system

means of inflating one or more chambers to make the PFD buoyant or more buoyant on demand, either
actively or passively with respect to the user’s action

© I1SO 2006 — All rights reserved 3
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initial jaw separation
distance between the bottom of the top clamp and the top of the bottom clamp of a tensile test machine prior

to testing

3.11

laminated fabric
layered fabric structure wherein a fabric is combined with a continuous sheet material, either by heat or by an
adhesive, in such a way that the identity of the continuous sheet material is retained

3.12

lot number|
marking as
identifying

identifying {

3.13
multi-eyelg
polymeric p
the fit of a R

3.14
multi-point
status indic
readiness

3.15
polymeric
coating app

3.16
selvage
uncut edge

3.17
serviceabil
ease with W

3.18

serviceabl¢

capable of
functional in

3.19
single-poir
status indic

system reaglin€ss

signed to each group of materials or component produced which incorporates a mean
he year and quarter of manufacture (unless provided elsewhere), and provides a ymean
he production of a particular factory when a manufacturer produces at more than one“factory

t guide
art designed to be sewn into a PFD and having a series of holes to insert. lacing for adjustme
FD

status indicator
htor which utilizes two or more independent visual display peints to communicate inflation syg

foam coating
lied to flotation foam in place of a fabric covering o protect and strengthen the finished PFD

portion of a fabric

ity
hich the inflation system méchanism is properly rearmed

continued use, i.e:7exhibits no signs of functional deterioration, broken or deformed hardware,
dicators, blocked'or detached oral inflation tube, or detached manual inflator trigger

t status indicator
ator‘which combines all system checks into a single visual display point to communicate inflg

nt of

tem

non-

tion

3.20

status indicator
part or parts of an inflation system which provide user feedback to assist in keeping an inflatable PFD in an
armed and ready condition

3.21
wale

column of loops in successive courses in knitted fabrics, which is parallel to the loop axes
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3.22

war

p

yarn running lengthwise, parallel to the selvage, in a woven fabric

NOTE For knitted fabrics, see 3.2.

3.23
warp test

test

NOTE

which consists of breaking or tearing the warp yarns or course loops

-7:2006(E)

In the breaking load and seam slippage tests, warp is the long dimension of the sample; in the tearing strength

test,

4.1

41.

All
this

Itis

4.1.

Twd
may

4.1.

warp Is the short dimension of the sample.

Materials and components
General

1 Principles

structural materials and components of personal flotation devices shall meet the requirements

part of ISO 12402.

recommended that

with the requirements of ISO/IEC 17025;
the tests will be performed by experienced test’houses familiar with the products specified by

where assessment is subjective. Those tests involving human test subjects shall be witnesss
panel of at least three experts familiar with-testing and the products specified in ISO 12402.

g Sampling

samples (one from each end-of the range) of materials and components common to a range
be presented and the results'used to cover the full range of products.

B Pass or fail criteria

All fequired samplées)shall pass all objective tests for the component or material to meet the requ
part of ISO_12402. For any test identified as subjective or which uses human test subjects, beq
variability~between subjects and the difficulty in assessing some subjective measures, a com

this

accepted oh the basis of the following additional testing. If a component does not complete

specified in

all test procedures described hereafter will be performed only by third-party test houses which comply

ISO 12402
bd by a test

of products

irements of
ause of the
ponent may
y meet the
, another two
P same test

at least two

experts famlllar W|th testlng the products speC|f|ed in the series of ISO 12402 and repeated W|th three experts
if there is any question about the performance observed. If this additional test is still not clearly passed in
accordance with this part of ISO 12402, then the component or material shall be deemed to have failed. The
test panel should deem that the component or material has passed the test only if it has now fulfilled the test
requirements completely.

4.1.4 Units of measurement

Units of measurement shall be in accordance with ISO 31.

© I1SO 2006 — All rights reserved
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4.1.5 Material

41.51

Non-metallic components and fabrics

Non-metallic components and fabrics shall not be damaged by storage at temperatures of —-30 °C to +65 °C.

41.5.2

Corrosion of metal components

When tested in accordance with 1SO 9227 for a period of 160 h, metal components shall not be significantly

affected by

corrosion. This shall be tested according to the relevant clauses of this part of ISO 12402.

41.5.3 Illagnetic properties

No metallic
1° when plg
4154 |

The foam fl

4.1.6 Sanpple conditioning

4161 (

component shall affect a magnetic compass of a type commonly used in small boats’by.more
ced 500 mm from the compass.

inocuousness

ptation material shall not contain CFC or HCFC.

seneral

Materials aI

Prior to tes

g

\.

41.6.2

a) Except

specifigd in each section shall be conditioned at (23 + 2) °C and (50 + 5) % relative humidity for not

than 24
b) For tex
If it is
6 + (()),2

4163 1

d components common to a range of products may be, presented as one sample of each item.

ng, materials and components shall be conditioned.

tandard conditioning

for textile products (i.e., fabric, wehbing, thread, tie tape), the applicable number of sam
h prior to the tests.
tile products, the samples-shall be conditioned according to ISO 139 for not less than 24 h.
pelled out that the sample is to be tested under “wet conditions”, the sample shall be soakeq

h in fresh water, or-as specified by the test procedure itself.

emperature cycling

Where req
storage sta

(24,0 + 0,5)2

ired by-the test method, the component or sample of fabric shall be conditioned, in its no

han

ples
less

| for

mal
for

e,-and then |mmed|ately exposed for (24 0+0 5) h at a temperature of (- 30+2) °C then

reported. The component or sample shall undergo ten cycles

41.6.4

Accelerated weathering

be

Laboratory exposure of components and fabrics for PFDs to conditions representative of elements found in a
severe outdoor environment including light and water shall be conducted by exposing samples in a xenon
weathering machine in accordance with 1SO 4892-1 and ISO 4892-2 as further defined by the following
specifications.

— Exposure: 500 kJ/(m2 x nm) at 340 nm of UV radiation.
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4.2

4.2.

Sew

4.2.

Sew

4.2,

For

ISO 12402

-7:2006(E)

Sample mounting: mount samples with the face side (the side normally exposed to sunlight in service)
toward the light so that the centre of each sample is in the same plane as the perpendicular to the

centreline of the light source.
Irradiance: 0,55 W/m?2 at 340 nm.
Filters: daylight filters.

Black panel temperature: (63 + 2) °C.

-Dry-bulb-temperature—{42-+2)-C
; £2)°C-

Relative humidity: 50 % (during light-only cycle).

Water temperature: (20 = 5) °C.

Test cycles: 102 min of light/18 min of light and continuous water spray/24 min 'dark and water|
Sewing thread

1 Construction

ing thread shall not contain natural fibres or be monofilament.

R Performance

ing thread shall comply with the requirements specified in Table 1.

3B Loop breaking strength

the loop breaking strength test, the testtmachine described in ISO 2062 shall be used. Secur

spray.

e both ends

of gne piece in one clamp of the testing*machine so that the length of the loop equals half the [total length
between the jaws. Pass one end of.the second piece through the loop formed by the first, and secure both
ends of the second piece in.the other clamp of the machine. Separate the clamps at| a rate of
(300 = 10) mm/min.
Table 1 — Sewing thread
Sample
Test Number of U a : .
Property Exposure method samples size Compliance criteria
mm
Single 1 Standard ISO 2062 |5 for each 1000+10 |Forexposure 1, the average bfeaking
strgnd conditioning colour for strength of five samples shall he at least
bregking 2 Accelerated each exposure 25N.
weathering For exposure 2, the average breaking
according to strength of five samples shall retain at
4164 least 60 % of the strength determined
following standard conditioning. In
addition, the average breaking strength of
five samples shall be at least 23 N.
Loop Standard See 4.2.3 |5 (each 500 min. Average breaking strength of five samples
breaking conditioning @ consisting of shall be at least 44 N.
strength two pieces)
@  Applies to each colour.
© I1SO 2006 — All rights reserved 7
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4.3 Fabric

4.3.1 General

Only fabrics which are structural to maintain the performance of the product under test shall be tested.
Decorative and other fabrics shall not be tested.

4.3.2 Performance

4.3.21

Fabric used as drainage material shall comply with all of the applicable fabric requirements.

Following w
in ISO 1393

4.3.2.2
the grab mgq

4.3.2.3
the grab mgq

43.2.4
any other ¢
shall compl

a) Tensile
followir

b) Tear
(100 £
200 g/n

43.2.5

eatheringaccordingto 416, thetensitestrengthshattbemeasured usingthe grabmethod g

4-2.

Textile woven fabrics shall have an as received tensile strength of at least 400 N, mgasured u
thod given in ISO 13934-2.

Textile knitted fabrics shall have an as received tensile strength of at least 400 N, measured u
thod given in ISO 13934-2.

Fabrics used in the construction of covers of buoyant compartments;_the retention system,
pmponent the failure of which would render the PFD non-conformait with this part of ISO 12
y with the following requirements.

strength for woven fabrics shall be tested according to 1SO 13934-2 using the grab met
g conditioning according to 4.1.6, and shall have the strength given in Table 2,

esistance of woven fabrics shall be tested according to 1SO 13937-2, [tensile sp
10) mm/min, with a pretension of 2 N for materials of up to 200 g/m2, 5N for materials of
n2 and up to 500 g/m2, and 10 N for materials. of over 500 g/m2], and shall be not less than 35

Fabric shall comply with the acceptance: criteria specified in Table 2 when subjected to the t

therein. Separate samples shall be used for each different conditioning exposure.

ven

5ing

sing

and
102,

hod,

eed
bver
N.

ests
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Table 2 — Fabric
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2 Accelerated
weathering
according t0 4.1.6.4

3 70h
immersion_in:

3.¢fuel B
according to ASTM
D 471-98 or diesel
fuel according to
EN 590

Number of Sample
Property Exposure Test method size @ Compliance criteria
samples
(mm)

Tensile 1 Standard ISO 13934-2 5 warp and | As specified |Following each separate exposure in 1
strength conditioning 5 weft for by test and 2, the average of five samples
(woven each method shall be at least 400 N for each
fabrics only) > Accel separate direction.

Wea;:ﬁ:r%rgted exposure Following exposures 2 and 3, the

mrenrdina ta A 1 & A average of five samples shall retain at

¥ least 60 % of the strength dletermined
following standard conditiohing.

_3 70h o Following exposuré)2;the average of

Immersion in: five samples shall bé at legst 290 N.

3.1 fuel B

according to ASTM

D 471-98 or diesel

fuel according to

EN 590

3.2 IRM 902 oil

according to ASTM

D 471-98

3.3 05%

detergent

according to

1ISO 6330
Burpt 1 Standard ISO 13938-1 er.{ 10 for each |130 x 130 Following each separate exposure in 1
(knitted conditioning ISO 139382 separate and 2, the average of 10 samples shall
fabtics only) exposure be at least 800 kPa.

Following exposure 3, the average of
10 samples shall retain at least 60 %
of the strength determined [following

standard conditioning.

3.2 IRM 902 oil
according to ASTM
D 471-98

33 05%
detergent
according to
1ISO 6330
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Table 2 (continued)

applicable str
¢ Applies

Number of Sample
Property Exposure Test method size @ Compliance criteria
samples
(mm)

Elongation |Standard 1ISO 13934-1 5warpand |As Following standard conditioning, the
at break conditioning 5 weft for specified by |average of five samples shall not
(woven each test method |exceed 60 % increase of elongation at
fabrics only) separate break.

exposure
Tearing Standard 1ISO 13937-2 5 warp 50 x 200 The average of five samples shall be
strength conditioning 5 weft at least 35 N for each direction.
(woven
fabrics only
Yarn Standard See 4.3.2.6 5 warp 100 x 160 | The average of five samples shall e
slippage conditioning 5 weft at least 220 N.
(woven
fabrics only
Openness | | Standard See 4.3.2.7 The openness of weave shall not
of weave P | | conditioning exceed 20 %+
Adhesion Standard I1ISO 2411 2 warp and |50 x 200 The céating adhesion shall be at least
strength © conditioning 2 weft or 7 N/cm.

or 75 x 200

5 warp and

5 weft
@  Applies tp each colour.
b Applies nly to coated fabric with a coating of 185 g/m2 or more and ‘where the base fabric or scrim does not comply with the

ength requirements when fabric is uncoated.

to external cover fabrics only; does not apply to gusset, lining, or drainage fabric.

4.3.2.6

The warp s
samples sh
same warp
selvage.

The narrow
Figure 1 an
the needles
joint so that

The tensile

Yarn slippage (woven fabrics only)

bmples specified in Table 2 shall be cut with the long dimension parallel to the warp yarns and
bll be cut with the long dimension parallel to the weft yarns. No two warp samples shall contair
yarns and no two weft-samples shall contain the same weft yarns. No sample shall inc

end of the sample\shall be inserted approximately 5 mm into the nine-hole chuck illustrate
d centred. A ninesyneedle bit shall be aligned with the holes in the chuck so that the smooth sid
faces the 5 mm edge of the sample. The needles shall be forced through the fabric past the s
the fabric-lays against the blade of the needles.

machine shall be a constant-rate-of-traverse (CRT) or constant-rate-of-extension (CRE) machi

a—chall _ba _ocouun a #h. amBa—havis A and _bacl

weft
the
ude

d in
e of
carf

ne.

The tensile—rae

faws

hin B AALL ol a—front 1o 28 Pt =
e —Sran O COuUTppPpCt—wit T AT oS rravitt MO Javwso ZO Tt ZOo it ara - oavic

25 mm x 38 mm or more wide. The nine-hole chuck shall be centred and clamped in the upper jaws of the
machine so the sample hangs lengthwise. The holes in the chuck shall be perpendicular to the direction of
pull. The fabric shall be clamped to the lower jaws of the machine. Separation between the holes in the chuck
and the top of the jaws shall be 65 mm. The yarns shall be parallel to the direction of pull. The jaws shall then
be separated at a rate of (300 £ 10) mm/min.

The maximum force required to cause rupture shall be recorded.

10
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Dimensions in millimetres

3.2

 J
A

— 48

 J
A

6,4

| &
A

295

) 1111 A
/ ®1,6
\D_

3.2

B
B>

A

_>|
Key

1 Binger® " thin ball-point needles (size-18)) The needles used have a conventional cylindrical profile (ot U-bladed)
and |standard scarf. The grooves of the needles all face in the same direction, perpendicular to the plane formed by the
nine{needles

2 hine-hole spacer

Figure 1 — Nine-needle apparatus

4.3..7 Openness’of weave

The| openness.of ' weave, see Table 2, shall be determined using a full width sample at least 1 0Q0 mm long.
Fivg separateésmeasurements shall be taken across the width of the roll. For each measurement,{a 650 mm?
area shallbe marked on the fabric. No measurement shall be within 25 mm of the selvage edge.

In the-area of the marked fabric material, the size of each opening shall be measured using an optical
comparator with a magnification of 5 x. Openings on the edge of a 650 mm?2 area shall be counted as one
whole opening only if more than 50 % of the opening is inside the marked square.

1) This information is given for the convenience of users of this part of ISO 12402 and does not constitute an
endorsement by ISO of the product named. Equivalent products may be used if they can be shown to lead to the same
results.
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The openness of the weave shall be calculated as follows:

0 100x S 1)
n
where
6 is the openness of weave;
S s the total surface area of openings (mm?2);
n  is|the number of 650 mm? areas.
4.3.3 Colour
4.3.31 The colour of the exposed portions (excluding components such as webbing; zips and gther
fittings) of { lifejacket when deployed in normal floating position shall be in the colour range‘from yellow to [red:;
the chromdticity for non-fluorescent colours shall lie within one of the areas defined ‘in Table 3 and| the
luminance factor shall exceed the corresponding minimum in Table 3. The chromaiticity coordinates and the
minimum luminance factor for fluorescent colours shall comply with Table 4.
4.3.3.2 The colour of the material samples shall be measured after accélerated weathering in accordgnce
with 4.1.6.4 with the procedures defined in CIE publication No. 15.2 with%olychromatic illumination Dgs, $#5/0
geometry and 2° standard observer. The specimen shall have a black dnderlay with reflectance of less than
0,04. The gpecimens shall be conditioned for at least 24 h at (20 + 2)°C and (65 + 5) % relative humidify. If
the test is ¢arried out in other conditions, the test shall be conducted within 5 min after withdrawal from| the
conditioning atmosphere.
4.3.3.3 Xenon light exposure for material samples shall be performed in accordance with
ISO 105-B(J2:1994, method 3. The exposure shall contintie until blue scale control standard number 5 |has
changed to|step 3 for red and red—orange materialsyand for yellow and yellow—orange the blue scale coptrol
standard nymber 4 has changed to step 4 of the gréy scale when determined in accordance with ISO 1054A02.
4334 The colour fastness (dry and wet) of lifejacket material when determined in accordance with
ISO 105-A(Q2 shall be resistant to rubbing\(wet and dry), when tested in accordance with 1ISO 105-X12 to at
least step 4} and to salt water when tested'in accordance with ISO 105-E02 to at least step 4.
Table 3 —|Chromaticity coordinates x and y and luminance factor f for yellow-orange and orange—red
non-fluorescent colours of lifejacket material
Minimum
Chromaticity coordinates luminance
Colour factor
X y ﬁmin
Yellow—orange 0,387 0,610 0,40
0,346 0,478
0,438 0,400
0,525 0,476
Orange—-red 0,610 0,390 0,15
0,690 0,310
0,550 0,275
0,485 0,358
12 © IS0 2006 — All rights reserved
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Table 4 — Chromaticity coordinates x and y and luminance factor 5 for yellow, orange-red and red

fluorescent colours of lifejacket material

Minimum
Chromaticity coordinates luminance
Colour factor
X y ﬁmin
Fluorescent yellow 0,387 0,610 0,70
0,356 0,494
0,398 0,452
0,460 8,640
Flyorescent orange—red 0,610 0,390 0,40
0,535 0,375
0,570 0,340
0,655 0,345
Fldorescent red 0,655 0,345 0,25
0,570 0,340
0,595 0,315
0,690 0,310
4.4]| Structural webbing and tie tape
441 General
Strdctural webbing and tie tape shall comply with this partiof ISO 12402 when subjected to the tests described
in Table 5 and Table 6.
4.4 Torsional stiffness
Thrge samples shall be used. The samples:specified in Table 6 shall be laid flat on a hard surfage, straight,
and|not under tension. One end of the-sample shall be marked as the reference end. Marks are tp be placed
on the sample 32 mm and 1 000 mm from the reference end.
Thel reference end of the sample*shall be held in a clamping surface by taking the end of the|strip at the
reference end and folding it over until the end is even with the mark drawn 32 mm from the referenge end. The
reference end shall then ke)placed in a fabric clamp in accordance with the test methods for tensile strength
and|elongation of textilefabrics (see ISO 13934-1), centred and perpendicular to the clamp bars.
Thel end oppositenthe reference end shall be placed in a clamp. The clamping surfage area is
12,4 mm x 115'mm and the jaws are not padded. The end of the strip shall be placed in the jaws ¢f the clamp
so that the 1000 mm mark is even with the outside bottom edge of the larger jaw of the clamp. The distance
between the fabric clamp and the upper jaw shall be 880 mm.
The| clamp shall then be mounted so that the sample hangs freely down with the clamps parallel to[each other.

The fabric clamp shall then be rotated five complete turns clockwise and released. After the release from the
fabric clamp, the sample winds itself back up counterclockwise. The fabric clamp shall be stopped
immediately when the starting position is reached. The time from which the strip was let go until the twisting
motion first stopped shall be recorded. For tie-tape material that has an unsymmetrical weave, the procedure
shall then be repeated with the sample rotated counterclockwise.

© I1SO 2006 — All rights reserved
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Table 5 — Structural webbing

Property Exposure Test Number of | Sample length Compliance criteria
method samples 2@ mm
Tensile 1 Standard 1ISO 13934-1 5 for each 1200 Following exposures 1 and 2, the
strength conditioning separate five samples shall have a minimum
exposure average tensile strength of 1 600 N.
Following exposure 2, the average
2 A::rtl:elgrated of five samples shall retain at least
weathering 60 % of the strength determined
Zc1ccérilng to fnllnwing standard r‘nndiﬁnning
@  Applies {o each colour.

Table 6 — Structural tie tape

Property Exposure Test method Number of | Sample length Compliance criteria
samples 2@ mm
Tensile 1 Standard 1ISO 13934-1 5 for each 1200 Following exposure 1, the
strength conditioning separate 10 sample average tensile
exposure strength shall not be less than
890 N for wearable PFDs.
2 A?ﬁelgrated Following exposure 2, the
wea ;”n% average of five samples shall
jcf%r 4'”9 0 retain at least 60 % of the
T strength determined following
standard conditioning.
Torsional Standard See 4.4.2 5 > 1200 The average torsional stiffnessg
stiffness conditioning shall be not less than 5 s.
@  Applies tp each colour.

14
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4.5 Structural lacing

4.5.1 Construction

Structural lacing shall be at least 3 mm in diameter or 6 mm in width.

4.5.2 Performance

Structural lacing shall comply with the acceptance criteria specified in Table 7 when subjected to the tests
specified in this table.

Table 7 — Structural lacing

Prpperty Exposure Test Number of | Sample Compliance critéria
method samples 2@ length
mm
Ter}sile 1 Standard conditioning [1SO 13934-1 |5 for each 1200 |Following exposure 1, the average
strgngth separate tensile strength of five samples shall

2 Accelerated weathering
according to 4.1.6.4 exposure be at least 530 N.
Following exposure 2, the average
tensile strength of five samples shall
retain at least 60 % of the gtrength
determined following standard

conditioning.

@ | Applies to each colour.

4.6| Structural zippers

4.6.1 Construction

A zipper pull shall be at least 24 mim long. Projections (i.e. raised material) on the end of the zipper pull shall
be provided to make the zipperpull easier to grasp.

When the pin is properly s€ated for closing the zipper, the retainer of a zipper shall engage with thg separable
pin gnd the slider shall éngage the chain.

Theyslider of the zipper shall be of the automatic locking type.
4.6.2 Performance

4.6.2.1 General

Zippers shall comply with the acceptance criteria specified in Table 8 when subjected to the tests specified in
this table.

4.6.2.2 Operability force test

For each set of six samples (see Table 8), three shall be used to determine the force required to open the
zipper, and three shall be used to determine the force required to close the zipper. Samples for opening force
shall be closed for conditioning. Samples for closing force shall be open (separated) for conditioning. Tests
shall be conducted on the slider and on the moveable retainer, when provided.

© I1SO 2006 — All rights reserved 15
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Table 8 — Zippers

Property Exposure Test method | Number of | Sample Compliance criteria
samples 2 | length
mm
Operability |1 Standard ASTM D 2062 |Six for each 150 Following each separate exposure 1
force conditioning separate to 6, the force exerted to open or
exposure close the zipper shall not exceed
65 N.

f2 7IOBh |mm3r3|0? in Additionally, the same samples shall
uel B according to comply with the applicable
ASTMD 477-96 or requirements in the crosswise

diesel fuel according to strength test following this test,
EN 590 ¢

3 70 h immersion in

IRM 902 oil according
to ASTM D 471-98

4 70 h immersion in
0,5 % detergent
according to 1ISO 6330

5 720 h of salt spray
according to 4.1.5.2 b

6 Accelerated
weathering according to

41.6.4
Crosswise | [1 Standard See 4.6.2.3 Samples 150 Following each separate exposure|1
strength conditioning used in the to 6, the average strength shall be [not

operability less than:
force tests a) 220 N for the top (including slide

=
~

2 70 h immersion in

fuel B according to b) 220 N for the chain (crosswise);
ASTM D 471-98 or . .
diesel fuel according'te c) 130 N for the separating unit
EN 590 ¢ (crosswise).

Following exposures 2 to 5, the
average of six samples shall retain| at
least 60 % of the strength determirjed
following standard conditioning.

3 70 h immersion in
IRM 902:0il according
to

ASTM D 471-98 Following exposure 6, the average|of
six samples shall retain at least 40(%
Of the strength determined followin
4 70 h immersion in standard conditioning.

0,5 % detergent
according to 1ISO 6330

5 720 h of salt spray
according to 4.1.5.2 b

6 Accelerated
weathering according to
4164
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Table 8 (continued)

Property Exposure Test method | Number of | Sample Compliance criteria
samples 2 | length
mm
Resistance |Standard conditioning [ASTM D 2061 |3 150 The pull-and-slider zipper assembly
to pull-off of shall not dislodge when subjected to a
slider pull force of 180 N.
Resistance |Standard conditioning [ASTM D 2061 |4 150 The pull and slider shall resist a force
to twist of (2 for each of 0,79 Nm torsional stress without
puII and dirprfinn) Qignifir‘ant deformation or 'upture_
slider
Holding Standard conditioning |[ASTM D 2061 |3 150 The locking mechafism shall remain
strgngth of locked when subjected to p force of
slider lock 20 N and the_slider shall be operable.
@ | Applies to each colour.
b Applies to zippers employing metallic parts, except those of stainless steel or equivalent corrosion-fesistant metals.
€ |Samples shall be blotted dry to remove surface moisture and are to rest for 30 min af _ambient room temperature prior to the
opefability force and strength tests.

4.6.2.3 Crosswise strength test

The|l same samples subjected to the operability force test@re*to be used. The zippers are to bg closed for
thege tests.

The| following tests are to be conducted in accordance with the methods for strength tests |for zippers
desgribed in ASTM D 2061:

a) |[for the chain (crosswise), and

b) |for a separating unit (crosswise) or-for a bottom stop holding (crosswise).

Thel test shall be conducted for the test at the top of the zipper including slider, and for the test af the bottom
of the zipper when a moveable(retainer (second slider) is used.

The| apparatus used for the)strength test at the top of the zipper including the slider, and for thg test at the
bottbm of the zipper whefia moveable retainer (second slider) is used, shall be as described in AS[TM D 2061.
Thel tapes of each)zipper shall be mounted in the clamps of the tension machine as illustrated in Figure 2, with
the [edges of the-jaws parallel to and approximately 3 mm from the sides of the slider. The slides shall be
positioned so. that the exposed end of the slider is aligned with the sides of the front jaws as illustrated in
Figyre 2. The'load shall be applied until the slider comes apart, until the tape breaks or until some other kind
of malfdnction occurs. The maximum load to obtain rupture shall be recorded.

© I1SO 2006 — All rights reserved
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Key
1 slider
2 testing machine clamp
Figure 2 — Crosswise strength test at top of zipper (including slider)
4.7 Hardware
471 Webbing closures and adjusters
4711 QGonstruction
Structural dlosures and adjusters, such as buckles, slide adjusters, snap hooks, D rings, and hook-andieye
clasps shall comply with Table 9 when subjected to the tests specified in this table.
4.71.2 Rerformance
4.71.21 [Tensile strength
Each assembly shall consist of the conditioned sample with two lengths of 150 mm of unconditioned webping
for PFDs with specifications as they are.for use.
The tester ysed shall be a constant-rate-of-extension tensile test machine, as described in the specificatiof for
tensile testing machines for textites, with a rate of extension of (300 + 10) mm/min. The front and back jaws of
the clamps|shall be at leastas wide as the webbing being used on the samples. The gauge length shall be
(50 g) mn longer than the-length of the sample being tested.
The samplg shall be.mounted in the tensile machine by securing each length of webbing in opposite clamps

so that the
which frictig

sample-is centred between the clamps both vertically and horizontally. For the end of the samp
n adjustment of the webbing is pOSS|bIe only the end of that piece of webbing which results in

ein
the

binding of the

separated until breakage, disengagement or webblng slippage in excess of 75 mm occurs. The maximum
value (breaking load) to result in failure shall be recorded.

4.71.2.2

471.2.21

Strength/slippage

General

A straight-line pull on the PFD hardware in combination with webbing shall be performed using the fixed
straight-length method or the loop assembly method. This test shall be conducted with webbing, except for the
highest-percentage-loss conditioning identified in the tensile strength test, for which only unconditioned
webbing shall be used. Each sample shall consist of webbing and the PFD hardware for the test method
shown in Figure 3. Other webbings can be used to extend the conditions of compliance of the hardware.

18 © IS0 2006 — All rights reserved
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The lengths of webbing shall be connected to opposite sides of the hardware according to the routing method
recommended by the hardware manufacturer. One length of the webbing shall be attached to a hoist and the
other shall be attached to a weight according to Table 9.

A pre-load of (4,5 + 0,9) kg shall be applied and the webbing shall be marked at the bottom of the adjustable
end of the hardware to allow for measurement of slippage after the test. The remainder of the applicable load
shall be applied for the required duration. The load shall then be removed and the webbing remarked at the
bottom of the hardware. The distance between the marks shall be measured to the nearest 1,0 mm to
determine the extent of slippage.

Table 9 — Webbing closures and adjusters

Rroperty Exposure Test method | Number of Compliance criteria
samples 2 °

Tenysile 1 Standard conditioning |See 4.7.1.2.1 5 for each Following each separate exposurg 1 to 9,

strefngth iiggir_ate a) hardware shall have a minimpm strength
2 70 h immersion in fuel tioning of 890 N; @
B according to b) where hardware is intended for use in
ASTM D 471-98 or diesel meeting the PFD horizontal load tgst
fuel according to requirement for lifejackets, or is a gingle load-
EN 590 ¢ bearing member intended for use jn meeting

the PFD horizontal load test requifement for
buoyancy aids, hardware shall haye a

3 70 h immersion in IRM minimum tensile strength of 1 600] N.

902 oil according to

ASTM D 471-98 © For exposures 2 to 9, the average of five

samples shall retain at least 60 %|of the
strength determined from standard
conditioning.
4 70 h immersion in
0,5 % detergent
according to 1ISO 6330

5 (70 +2) °C for 7 d.¢

6 (-30+2)°Cfor24 hd

7 720 h of salt spray
aceording to 4.1.5.2

8 Fatiguef

9 Accelerated
weathering according to
4164
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Table 9 (continued)

Property Exposure Test method | Number of Compliance criteria
samples 2P
Strength/ 1 Standard conditioning |See 4.7.1.2.2 5 for each|For exposures1 to 3, each sample shall
slippage separate support without breaking, distorting, or
exposure slipping more than 25 mm load of
2 2 min water soak f a) 890N,
b) 1600 N 9 for 30 min where hardware is
3 The same exposure as intended for use in meeting the PFD
that resulted in greatest or is a single load-bearing member intended
percentage strength loss © for use !n meeting the PFD hprizontal load
test requirement for buoyancy aids.
Inadvertent Standard conditioning See 4.7.1.2.3 5 Each sample shall support for’ 5 min without
release  tgst breaking, and without \ disengagement| or
(dual-tab similar condition, a load of at least 50 % of| the
closures only) minimum tensile strength specified | for
exposure 1 in the(tensile strength test for|the
standard conditioning using webbing | for
PFDs.
@  Applies tp each colour.
b For polymeric hardware, a minimum of 75 hardware/webbing samples. For metal hardwafe, 30 hardware/webbing samples.
€  Samples| shall be blotted dry to remove surface moisture and are to rest for 3@'min at ambient room temperature prior tq the
strength test.
4 Immedia ely following removal from the cold chamber, the samples shall(be dropped using different orientations onto a congrete
floor five timgs from a height of 1 800 mm. Each sample shall then be manually operated five times and then examined for sigrls of
cracking. Thg samples shall then be returned to the cold chamber for 48 min. The samples shall then be individually removed|and
subjected to the tensile strength test and strength/slippage test.
€ Each fleyible or moveable tab of polymeric part shall be mechanically operated for 5 000 cycles at a rate of 1 cycle per second.|The
tab shall be qompletely engaged/disengaged. Also, for hardware Which is designed to separate into two parts (i.e. buckles), the parts
shall be comgletely engaged/disengaged. In addition, the samples shall be manually operated five times prior to the tensile strength| test
and strength/glippage test.
f The webbing which is used for the applicable, tests in 4.7.1.2.1 shall be soaked in fresh water for 2 min prior to| the
strength/slipppge test.
9  Strength|values are for the fixed-straight-lerigth body strap method. The values shall be doubled for the closed-loop assembly
method.
4.71.2.2.2 Loop assembly method
For the loop assemblyymethod, each assembly shall be closed to form a loop. Each assembly loop shall be
supported Vertically-over a cylinder, with a second cylinder providing means for load application, illustratgd in
Figure 3. The hody strap shall be marked at the sample to allow for measurement of the slippage after the
test. Twice [he-applicable load specified for the fixed straight-length method shall be applied.
4.71.2.2.3 Fixed straight-length method

For the fixed straight-length method, connect a static load to one length of the body strap illustrated in
Figure 3. For this test method, one length of the body strap shall be attached to a hoist and the other end to a
weight. The body strap shall be marked at the sample to allow for measurement of the slippage after the test.

The applica

20

ble load shall be applied through the bottom piece of the body strap.
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4.71.2.3 Inadvertent release test (dual-tab closure)
With one tab depressed, the samples shall comply with the compliance criteria specified in Table 9.

The webbing and test method shall be as described for the fixed straight-length body strap test method
specified in 4.7.1.2.2, except that one tab shall be depressed. A pre-load of (2,3 + 0,5) kg shall be applied to
each closure so that when the release tab is depressed it does not slip back into the locked position. The
remaining load shall then be applied.

Y4

\

< \ e D
(@) ]

a) Fixed straight-length method b) Loop assembly method

Key|
00 mm length body strap rigged to haist and hardware
00 mm length body strap rigged to weight No. 1
weight No. 1 (for fixed straighttength test)

weight No. 2 (for closed loop test, twice weight No. 1)

1 200 mm length body strap rigged to hardware
cylinder of 124 mm diameter

o O W N -

Figure 3 — Strength/slippage test methods

4.7.2 Lacing closures and adjusters

4.7.24+—General

Structural closures and adjusters for lacing used in a primary or secondary closure or adjustment system shall
comply with Table 10 when subjected to the tests specified in this table.

4.7.2.2 Performance

4.7.2.21 Tensile strength

Each assembly shall consist of the sample with two lengths of 150 mm of lacing attached as they are for use.
For hardware that depends on friction for adjustment of the lacing, any adjustment tab shall be depressed with
a force of 5 N to secure the lacing prior to testing.
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The tester shall be a constant-rate-of-extension tensile test machine as described in the specification for
tensile testing machines for textiles, with a rate of extension of (300 = 10) mm/min. The front and back jaws of
the clamps shall be at least as wide as the lacing being used on the samples. The gauge length shall be

(SOfg) mm

longer than the width of the sample being tested.

The sample shall be mounted in the tensile machine by securing each length of lacing in opposite clamps so
that the lacing grip area of the sample is centred between the clamps both vertically and horizontally. Only the
ends of the lacing which result in the binding of the lacing to the hardware when under load shall be secured
to the clamps. The clamps shall be separated until breakage, disengagement, lacing slippage in excess of
75 mm or a similar condition occurs. The maximum value (breaking load) to cause failure shall be recorded.

4.7.2.2.2

4.7.22.21

Each asser
depends or]
secure the
fixed straig
which the h

4.7.22.2.2

For the loo
supported
the method

slippage after the test. Twice the applicable load specified in Table’10 shall be applied.

472223

For the fixe]
side of the

shall be attached to a hoist and the other end-shall be attached to a weight in accordance with Table 10.

lacing shall
load specifi

4.7.2.23

Each assern
For hardwa
a force of 5

One of the
fixture. The
2,25 kg des

Strength/slippage

General

nbly shall consist of the sample with 1 200 mm of lacing attached as for use. For/hardware
friction for adjustment of the lacing, any adjustment tab shall be depressed with™a force of 5
acing prior to testing. Also, it shall be possible to conduct this test in accordance with eithen

nt-length method or the loop assembly method. This test shall be conducted with each lacing
prdware is intended.

Loop assembly method
h assembly method, each assembly shall be closed to form+<a loop. Each assembly loop sha

illustrated in Figure 3. The lacing shall be marked at the sample to allow for measurement of

Fixed straight-length method

d straight-length method, connect a stati¢.Joad to fixed straight 600 mm lengths of lacing on €
sample, similar to the method illustratedsin Figure 3. For this test method, one length of the la

be marked at the sample to allow for measurement of the slippage after the test. The applic
bd in Table 10 shall be applied_ through the bottom piece of lacing.

Tab disengagement test

hbly shall consist efi\the sample with two lengths of 600 mm of lacing attached as they are for
re that depends-on-friction for adjustment of the lacing, any adjustment tab shall be depressed
N to secure the-lacing prior to testing.

lacing ends that results in the binding of the lacing to the hardware shall be secured in a
otherslacing end that results in the binding of the lacing to the hardware shall be attached
dweight. The deadweight shall be suspended from the lacing and then raised 300 mm from

that
N to
the
for

| be

ertically over a cylinder, with a second cylinder providing the means for load application, similar to

the

ach
cing
The
able

se.
with

rigid
to a
the

suspended

osition, The deadweight shall then be released so a shock load is applied to the sample
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Table 10 — Lacing closures and adjusters

f
test.

d Tmmediately following removal from the cold chamber, the samples shall be dropped using dierent orientations on
floor five times from a height of 1 800 mm. Each sample shall then be manually operated five times and then examined for signs of
cracking. The samples shall then be returned to the cold chamber for 15 min. The samples shall then be individually removed and
subjected to the tensile strength test and strength/slippage test.

Property Exposure Test method | Number of Compliance criteria
samples 2P
Tensile 1 Standard conditioning See 4.7.2.2.1 5 for each Following each separate exposure 1 to 8,
strength separate each sample shall have a minimum breaking
exposure strength of 1 000 N.
2 70 h immersion in fuel B .
according to Also, for exposures 2 to 9, the average of five
ASTM D 471-98 or diesel samples shall retain at least 60 % of the
fuel according to EN 590 © strength determined from standard
conditioning.
3 70 h immersion in IRM
902 oil according to
ASTM D 471-98 ¢
4 70 h immersion in 0,5 %
detergent according to
ISO 6330
5 (70+2)°Cfor7d*®
6 (-30+£2)°Cfor24 hd
7 720 h of salt spray
according to 4.1.5.2
8 Fatigue ©
9 Accelerated weathering
according to 4.1.6.4
Strength/ |1 Standard conditioning See 4.7.2.2.2 5 for each For exposures 1 and 2, each sample shall
slippage separate support without breaking, distorting, or
) ‘ exposure slipping more than 25 mm a weight of 1 000 N
2 2 min water soak for 10 min using the fixed straight{ength body
strap method. The load shall be dpubled for
the closed-loop assembly method
Tall disen- | Standard cenditioning See 4.7.2.2.3 5 A moveable tab shall remain enggged and
gagement operable when subjected to a shopk load of
tesf 6,8 J.
@ | Applies to gach colour.
b | For polymeri¢ hardware, a minimum of 80 samples; for metal hardware, 35 hardware samples.
C | Saniples shall be blotted dry to remove surface moisture and are to rest for 30 min at ambient room temperature prior to the
strepgth-test.

€ Each flexible or moveable tab of polymeric part shall be mechanically operated for 5 000 cycles at a rate of 1 cycle per second. The
tab shall be completely engaged/disengaged. Also, for hardware which is designed to separate into two parts (i.e. buckles), the parts
shall be completely engaged/disengaged. In addition, the samples shall be manually operated five times prior to the tensile strength test
and strength/slippage test.

The lacing which is used for the applicable tests in 4.7.2.2.2 shall be soaked in fresh water for 2 min prior to the strength/slippage

to a concrete
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4.7.3 Multi-eyelet guides

4.7.31

Construction

A multi-eyelet guide for use with lacing shall comply with the compliance criteria specified in Table 11 when
subjected to the tests specified in this table.

4.7.3.2 Performance
4.7.3.21 Tensile strength
Each sample shall be cut into test specimens 25 mm wide with one lacing loop centred. Each samplecsha|l be
independently mounted in a constant-rate-of-traverse tension machine. The flat side of the sample_shall be
clamped in pne jaw and lacing shall be passed through the loop of the sample. Each end of the lacing shall be
clamped inthe other jaw of the tension machine. The initial jaw separation shall be 100 mm¢to’150 mm. [The
jaws shall be separated at a rate of 75 mm/min and the load in newtons at rupture shall be récofded.
4.7.3.2.2 |[Cold flexibility test
Immediately upon removal from the cold chamber, each sample specimen shall‘ifidependently be bent both
lengthways|and widthways around a 25 mm mandrel until each end touches, The mandrel shall be in the fold
chamber with the samples during the exposure.
Table 11 — Multi-eyelet guides
Property Exposure Test method | Number of Compliance criteria
samples 2
Tensile strefgth | See Table 10 See 4.7.3.24 5 for each The average breaking strength shall npt
exposure be less than 450 N.
Cold flexibility | (~30 +2) °C for 24 h See-4.7.3.2.2 5 Each sample shall not break or be
permanently distorted.
@  Applies tp each colour.
4.8 Foam flotation material
4.8.1 Gerferal

The properiies of foam)flotation material shall be investigated in accordance with Table 12 and 4.8.2 and s

comply with

Except wheg

the compliance criteria specified therein.

ré-otherwise noted, samples of foam flotation material shall measure at least 300 mm by 300

hall

mm

by the thic

€SS of the material being investigated. VWhen a material Is 16 mm thick or less, the material shall
be stacked to the number of layers that provides samples closest to 25 mm in thickness. The condition of the
material shall be representative of that intended for the end-product (for example, with or without skin).

For the purposes of these requirements, skin is a dense outer layer of the foam flotation material. Tests shall

be provided

24

in three batches consisting of six samples per batch.
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Table 12 — Foam flotation material

Property Test method Number of samples Compliance criteria @

Density See 4.8.2.1 180 Baseline test.

Specific buoyancy See 4.8.2.2 18 Baseline test.

Compression ¢ See 4.8.2.4 or 18°¢ The maximum loss of buoyancy for the average

4825h of all samples shall not exceed 10 %.

Thermal stability 9 See 4.8.2.3 or 3d The maximum loss of volume in any sample shall

4825h not exceed 5 % and there shall be no sign of
damage such as shrinking, cracking, swelling,
dissolution or change of mechanjcal.qualities,
when compared with unconditiéried specimens.h

Bugyancy retention 4.8.25 gce 94 V for material used to make up at least 85 %

factors, alternative to of the required buoyangyiin a PFD mgeting

comppression and 1ISO 12402-1 to 1ISO {12402-3.

ility- d, h

?—?agzlrs(;?)?wgérable 85 V for materiallused to make up at least 85 %

devices) of the required-buoyancy in a PFD mgeting
1ISO 1240244-10"1SO 12402-6.

80 V for-material making up no more than 15 %
of the required buoyancy in any PFD.

Tensile strength See 4.8.2.6 5f The’average tensile strength shall be|not less
than 140 kPa for foam which is a strugtural part of
the device, i.e. not retained by a covef fabric.

Oil fesistance See 4.8.2.7 3e€ There shall be no visible volume charjge,
softening, nor deterioration of a matefial when
compared with unconditioned specimens, and the
average tensile strength of the materipl shall be
not less than 75 % of the value deterrined for
the unconditioned specimens.

Cold flexibility See 4.8.2.8 3e There shall be no cracking when exarined under
a magnification of 5 x.

Compression deflection |See 4.8.2,.9 3f The force required to deflect the matgrial to 75 %
of its original thickness shall be at leapt 7 kPa.

Dimensional analysis See 4.8.2.10 1 Baseline test.

Thigkness See 4.8.2.11 49 The average thickness shall be within|+ 10 % of

the design values.

a
whi
b

Cc

d

mat

e

f

9
h

Samples from one or more lots.

One sample from each lot.

Two samples from batch 1 and one sample each from batches 2 and 3.

When the alternative tests in 4.8.2.5 are used, the resulting retention factors shall be used to compensate for the projected loss of
buoyancy as specified in 5.3.4.2 of ISO 12402-1:— 2) to ISO 12402-6:— 2).

Six samples.shall be taken from each of three lots of foam flotation material.
Thessamples shall be the same samples used in the specific buoyancy measurements.

This property shall be investigated for each nominal thickness in which the foam flotation material is produced; &
efial proauced 1N thicCKNesses greater than 2o mm, a plot Of property values versus thickness based upon at least three thicknesses
(thinnest, midrange, and thickest) of 25 mm and greater is used to obtain values for intermediate thickness.

The use of foami” bueyant material is dependent on (and not limited to) the thickness, buoyancy retention factor, the type of PFD for
h it is intended;s;and how it is enclosed in the PFD.

xcept that for

2)

To be published.
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4.8.2 Performance

4.8.2.1 Density after water absorption

The mass of each individual sample shall be determined by using an analytical balance with an accuracy of
+ 0,5 g. The samples shall then be immersed to a depth of 50 mm in fresh water at room temperature for 24 h.
The initial volume of each sample shall be determined immediately after the water soak specified by

a) measuring and recording the initial water level, ,, in an inclined manometer tube to the nearest
millimetre;

b) submefging the foam in a rigid container (that is connected to the manometer) filled with fresh watet;~and
c) measufing and recording the final water level, 7%, to the nearest millimetre.

The volumg, V, of the foam flotation material shall then be calculated by multiplying the difference between the
water levelg ; and W, by the cross-sectional area, 4, of the rigid container:

V=W -m)x4 (2)

V is the volume of an individual sample, in cubic millimetres;

W; is thle final water level of manometer container, in millimetres;

W, is the initial water level of manometer container, in milligngtres;

A is the horizontal cross-sectional area of the container (i.e., L x W), in square millimetres.

The density| (D) shall then be determined by the following equation:

m
D=2 ®)

where

D is the density of an individual sample, in kilograms per cubic metre;
m is tHe mass of an individual sample, in kilograms;

V is tHe volume ofian individual sample, in cubic metres.
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4.8.2.2 Specific buoyancy

The corrected initial buoyancy of each sample shall be determined, after 24 h of water immersion to a depth of
50 mm of fresh water at room temperature by

a) weighing the sample to the nearest gram while completely submerged underwater;
b) reading the individual buoyancy to the nearest gram directly from the digital readout; and

c) correcting the results to an atmospheric pressure of 760 mm Hg and a water temperature of 20 °C as
follows:

B 29315K

BC| =B| X X
1013 1} + 273,15

(4)

where

B, is the corrected initial buoyancy, in newtons;

B, is the initial measured buoyancy, in newtons;

P, s the initial atmospheric pressure, in kilopascals;
T, is the initial temperature, in degrees Celsius;

The initial specific buoyancy value of each sample shall be individually computed in accordance with the
follgwing formula:

BCI
SBy = —— 5
1 % ( )

whdre

SB, is the initial specific buoyancy, in newtons per cubic millimetre;
B, is the corrected initial buoyancy, in newtons, determined in accordance with formula (5);

V' is the volume of7an individual sample, in cubic millimetres, determined in accordance with|4.8.2.1.

4.8.2.3 Thermal-stability of buoyancy material

Three test.specimens of dimensions (200 = 2) mm x (200 + 2) mm and of thickness (20 = 2) mm shall be
conflitioned-initially in air at (23 £ 2) °C and (50 £ 5) % relative humidity for at least 24 h before ¢arrying out
the test, If the buoyancy material is of a granular form, or consists of sheets thinner than 20 mm, then either a

numn har of lavaerse chall ha ticad to achievae—aminimum - taotal thicknace of 20 mm  or 9 mininma i Volume of
DO yers—SHarue to—aCrieve—a—tHu—to et Hoe SS—o—=oHH—Or—a— o

material of 100 cm? shall be tested, as appropriate.

Each specimen shall then be weighed in air, and undergo measurements to determine its volume. If the
volume is measured by displacement of water, the specimens shall be conditioned in air at (23 +2) °C and a
relative humidity of (50 + 5) % for (24,0 + 0,5) h.

They shall then be placed on a flat surface in an oven maintained at an even temperature of (65 + 1) °C with
air circulating at the rate of 3 to 10 changes per hour, for a period of (8,0 £ 0,5) h. Only test specimens from
the same type material shall be conditioned in one oven at the same time.
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Following removal from the oven, specimens shall be laid on a flat surface for (16,0 £ 0,5) h at (23 + 2) °C and
(50 £ 5) % relative humidity.

They shall then be exposed in a similar container to an even temperature of (— 30+ 1) °C for a period of
(8,0 £ 0,5) h, then removed and laid on the flat surface for (16,0 + 0,5) h at room temperature as before.

This cycle of exposure to alternating high and low temperatures shall be repeated until the samples have been

exposed to each temperature for ten periods. The measurements shall then be repeated, and the percentage
volume change calculated.

48.24 Tes

4.8.2.41 |Calculation
Examine three specimens of each sample of foam of dimensions (100 +2) mm x (100#% 2)mm ang of
thickness (20 = 2) mm. Prior to the test, they shall have been stored at (23 + 2) °C and a relative humidify of
(50 £ 5) % for 24 h, and they shall be tested under these conditions. The initial buoyancyshall be determ|ned
in newtons for each of the three specimens and an average initial buoyancy shall be calculated as follows:

B | + B2| + B3|

B=—f—= 2 (6)
3

B, is the average initial buoyancy, in newtons;

By, is the initial measured buoyancy of sample 1, in newtons;

B, is the initial measured buoyancy of sample 2, in-hewtons;

Bj, is the initial measured buoyancy of sample-3, in newtons.

The corrected initial buoyancy in newtons shall then be calculated as follows:

5 A 5 293,15K
1013 T} +273,15

Be =B (7)

where

Bg, is the corrected.initial buoyancy, in newtons;

B, is the initial measured buoyancy, in newtons;

PI is thednitial-atmosphericpressure -inkilopascals:
g ™ Y g T

T, is the initial temperature, in degrees Celsius;

4.8.2.4.2 Procedure

4.8.2.4.21 Each specimen shall be placed in fresh water under a flat metal plate at least 20 % larger
than the specimen size and then compressed at a speed of 200 mm/min until a pressure of 50 kPa has been
reached. This lower position shall be set for further compressions. The specimen shall then be completely
decompressed, and the cycle of compression repeated a further four times, using the lower set point as the
limit of compression.
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48.24.2.2 The specimen shall then be dried for 7 d in air at a temperature of (23 + 2) °C and a relative
humidity of (50 £ 5) %. The compression cycles shall then be repeated without water and for a total of
500 times. If deformation occurs, then the upper set point might need to be reset in order to keep the
decompression/compression time equal during the whole test period.

48.2.4.2.3 The specimen shall then be returned to the atmosphere in 4.8.2.4.2.2 for at least 3 d, and the
final buoyancy value shall be determined according to 4.8.2.2 for each of the three specimens in newtons, and
an average final buoyancy value shall be calculated as follows:

Bif + BoF + BaF
Bg = = (8)

o)

where

B, g is the final measured buoyancy of sample 1, in newtons;

B, g is the final measured buoyancy of sample 2, in newtons;

Bj g is the final measured buoyancy of sample 3, in newtons.

A corrected final buoyancy in newtons shall then be calculated as follows:

B 29315K
1013 Tg + 273,15

BCF IBF X

where

Bcr is the corrected final buoyancy, in newtons;

B is the final measured buoyancy, in newtons;

P is the final atmospheric pressuref.in kilopascals;
Te is the final temperature, in degrees Celsius;

Thetloss of buoyancy, B| ,shall then be expressed as a percentage of the corrected initial buoyancy as follows:

Be - B
B =—C_~CF 100 (10)
Be

Thelloss of buoyancy shall not exceed 10 % of the originally measured buoyancy value.

4.8.2.5 , Buoyancy retention factor

4.8.2.54  General

When this test procedure is used, the resulting retention factors shall be used to compensate for the projected
loss of buoyancy as specified in ISO 12402-1 to ISO 12402-6.

4.8.2.5.2 Conditioning

The samples shall be subjected to the following sequential conditioning.

a) Initial storage. The samples shall be individually stored on racks for (120 = 1) h at (23 + 2) °C.

b) Initial immersion. The samples shall be immersed in fresh water at room temperature for (24 £ 0,5) h with

their top surface at a depth of (50 + 5) mm, followed by measurement of the initial buoyancy of each
sample by determining, to the nearest 0,01 N, the force needed to keep the sample at this depth.
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c) Heat conditioning. The samples shall be conditioned for 120 h in an air-circulating oven at a temperature
of (60 + 2) °C. A spacing of at least 25 mm shall be maintained between the samples.

d) Cool-down. Immediately after removal from the oven, the samples shall be immersed to a depth of
(50 £ 5) mm in fresh water at a temperature of (23 + 2) °C for (15 £ 1) min.

e) V-factor compression. Immediately after removal from the water, the samples shall be subjected to a load
of (120 + 6) kg as described in f).

f) Compression application. Each individual sample shall be placed on top of a flat, rigid surface that
extends at least 25 mm beyond the sample on all sides. The specified load for V-factor testing [see e)]

h II b +E. 1 Laal 4 4lo 4 £ 4l 1 £, (DA L O LN\ L Tl o e 4 lo b
S a ~ UIIIIUIIIIIy dAdpplicu U 1T IUY Ul UI1C oaltipic TUI \L“I‘L U,\}} 'L TG alTiuICTIU tCTTTpgtlraturc  olia e

(23 £ 2)) °C during the compression application.

NOTE Provided that each individual sample is placed between two flat, rigid surfaces that extend at'least 25 mm
beyond|the sample on all sides, this loading arrangement may be achieved by stacking up to nine layers with theload
applied fto the top of the stack.

g) Recovegry storage. All the samples shall be stored on racks at (23 + 2) °C for (264 # 1) h. A spacing ¢f at
least 2p mm is to be maintained between the samples.

h) Final immersion. The samples shall then be completely submerged in fresh water at room temperaturg for
(24 £ 1)) h with their top surface at a depth of (50 + 5) mm, followed by measurement of the final buoyancy
(By) of pach sample by determining, to the nearest 0,01 N, the force needed to keep the sample at|this
depth.

4.8.2.5.3 |Calculations

The V-factdr for the foam flotation material, as determined from(the buoyancy of individual samples subjefted
to the conditioning and 120-kg compression specified in 48.2.5.2, shall be calculated using the following
equation arld rounding off the value obtained to the nearest’whole number:

_100 N Bf
V-1‘actor—TZ:i=1B—i 11)

where
B¢ is he final buoyancy of an individual sample, as determined in accordance with 4.8.2.5.2 h);
B; is he initial buoyancy of @n individual sample, as determined in accordance with 4.8.2.5.2 b);
N is fhe number of samples subjected to the compression.

The V-factdr assigned to“a given thickness of a unique formulation of foam flotation material shall be eithef the

value calculated in aceordance with equation (11) or the lowest V-factor calculated for all greater thicknegses
of the samg formulation, whichever is lower.

4.8.2.6 Tensile strength

Prior to the tensile strength test, the dumbbell-shaped specimens shall be conditioned under standard
conditions.

Dumbbell-shaped specimens shall be cut from the samples using Die A as specified in the standard test
methods for rubber properties in tension specified in ISO 1926. Specimens from five of the samples shall be
cut parallel to each other, and specimens from the other five samples shall be cut parallel to each other and in
the direction perpendicular to that in which the specimens from the first five samples were cut. The top and
bottom surfaces of the specimens shall be parallel, and the cut surfaces are to be perpendicular to the top
surface and free from sharp or ragged edges. If skin is not a condition of acceptance, any surface skin or
irregularities that affect the test results shall be removed by light buffing. When the material is more than
10 mm thick, the samples shall be prepared to a thickness of 10 mm or less.
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The cross-sectional area of the dumbbell-shaped specimens shall be calculated as follows:
A=TxW (12)
where
A is the cross-sectional area of the specimen, in square millimetres;
T is the average of three thickness measurements taken on the narrow section of the cut specimen, in
millimetres;
W is the width of the specimen at the narrow section, in millimetres.
Theltensile strength test for the dumbbell-shaped specimens shall be conducted as followst
Each dumbbell-shaped specimen shall be individually clamped in the jaws of .a)fension mpchine and
sepgrated at a rate of 50 mm/min. The value at the time of rupture shall be recorded.-After the tensile strength
test| the average tensile strength of the samples shall comply with the compliance criteria specified in
Tabje 12.
Theltensile strength, F, for the dumbbell-shaped specimens is calculated, asfollows:
L
F== 13
v (13)
whdre
L is the load required to rupture the sample, in newtons;
A is the cross-sectional area of the specimen, in square millimetres.
4.8.2.7 Oil resistance
Specimens shall be prepared as specified in 4.8.2.6.
The|l dumbbell-shaped specimens shall be completely immersed for 70 h in ASTM Reference Dil No. 2 at
(23 |- 2) °C. Upon removal, the)specimens shall be blotted with filter paper and compared with unconditioned
spegimens of the same diménsions for evidence of volume change, softening, or deterioration. Thg specimens
sha|l stand for 30 min\ab (23 £ 2) °C. The specimens shall then be subjected to the tensile sfrength test
spegified in 4.8.2.6. Fallowing this oil resistance and tensile strength test, the specimens shall conply with the
con|pliance criteria specified in Table 12.
4.8.2.8 Cold flexibility
Samples shall be 25 mm x 200 mm by the thickness of the foam flotation material being investigatgd.
Prior 10 the test, the samples shall be conditioned for 4 h In arr at (- 18 £ 1) "C. While at the same

temperature, the longest dimension of the sample shall be wrapped 180° around a steel mandrel within 5 s of
removal from the freezer. The mandrel shall have a diameter equal to two times the thickness of the foam
flotation material under investigation.

Following this flexibility test, the specimens shall comply with the compliance criteria specified in Table 12.

4.8.2.9

Compression deflection

Each sample shall be compressed to 75 % of its original thickness. The pressure required to compress the
sample to this thickness shall be recorded in kilopascals.
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A compression machine capable of gently compressing, without impact, each sample at a rate of 10 mm/min
to 50 mm/min shall be used. The thickness of each sample shall be determined using a dial micrometer
accurate to 0,01 mm. The compression machine shall utilize a square foot that is at least (110 x 110) mm in
size.

Each sample shall be square, measuring (100 + 3) mm x (100 + 3) mm. Place the specimen centred in the
line of the axial load on the supporting plate of the apparatus. Bring the compression foot into contact with the
specimen and determine the thickness when pressure is detected. Compress the specimen by (25 + 0,5) % of
this thickness at the specified rate and take the reading of the load immediately. Calculate the 25 %
compression deflection pressure, expressed as follows:

T
Pp = 14
co = )
where

Pcp ig the compression deflection pressure, in kilopascals;

F g the force required to compress the specimen by 25 % of the thickness, in kilonewtons;

A

g the specimen compression contact surface area, in square metres.

Following this compression deflection test, the specimens shall comply with the \compliance criteria specified
in Table 12

4.8.2.10 Dimensional analysis

A cross-settional analysis of the foam flotation material shall be~made by lightly highlighting a randgmly
selected arg¢a on the surface of the foam, 25 mm on each side,\with a permanent marking pen. This area shall
be examingd for the ten cells identified as the largest, in terms of their maximum diameter, using an optical
comparator|

4.8.2.11 Thickness

A dial-indicator measuring instrument with a cireular presser foot area of 625 mm?2 which exerts a pressure of
28 g shall be used for measuring the thickness-of the samples. The indicator shall have a measuring accufacy
of £0,1 mm. Five thickness measureménts shall be made on each sample, and the average shall be
computed for each sample. The average of the four samples shall then be calculated.

Following this thickness examinatien, the specimens shall comply with the compliance criteria specified in
Table 12.

4.8.3 Knitted fabric laminated to foam flotation material

Structural-fabric-laminated foam flotation material, either one sided or two sided, shall comply with|the
compliance|criteria-spéecified in Table 15 or 16 as applicable, when subjected to the tests therein.

The foam grevided with fabric-laminated foam flotation material, if required as part of a device’s buoyancy,

shall Complll with the rnqnirnmnnfe for foam flotation material, except that the material shall be tested inl the

thickness provided, not stacked to 25 mm.

4.9 Inflation chamber materials

4.9.1 General

Woven compartment materials for hybrid and fully inflatable PFDs shall comply with the compliance criteria
specified in Table 13 when subjected to the tests therein.

The samples shall not include selvage and shall not be subject to more than one exposure.

If the material is susceptible to fungal attack, a relevant test can be carried out as described in Annex A.

32 © IS0 2006 — All rights reserved


https://standardsiso.com/api/?name=23402ffe627ad397a879928cdb25bc5e

ISO 12402

4.9.2 Performance

49.2.1

Eac

Tensile strength test

h sample specified in Table 13 shall be tested as specified.

-7:2006(E)

The dimension of the front jaws for each clamp shall be 25 mm x 25 mm and shall be rubber padded to
prevent slippage. The dimension of the back jaw for each clamp shall be 25 mm parallel to the application of
load by 25 mm or more perpendicular to the application of load. The initial jaw separation shall be 75 mm
unless specified otherW|se The tensile testing machine shall be operated at a uniform pulling speed of

stre
mad
35

be {
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4.9.
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long

gth value shall be W|th|n 5 % to 95 % of full range) The samples shall be placed in the te
hine with the long dimension parallel to the application of load. The samples shall be marked
m from the left edge that extends throughout the sample following along a single yarn.) Fhe g
Dlaced in the tensile testing machine with the marked line along the left edge of the ‘Upper and
rovide for equal yarn extension. The sample shall extend 10 mm above the top jaw,and 10 mr
bm jaw.

.2  Trapezoid tear strength test

samples, measuring 75 mm wide by 150 mm long shall be used. The warp samples shall be
dimension perpendicular to the warp yarns and the filling samples’shall be cut with the long

parallel to the warp yarns. No two warp samples shall contain thecSame warp yarns and no two sz
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ain the same filling yarns. No sample shall include selvage.

sosceles trapezoid having an altitude of 75 mm and bases of 25 mm and 100 mm shall be
N sample. A cut approximately 10 mm in length shallbe made in the centre of and perpend
nhm base. The specimen shall be clamped in the tensile testing machine along the nonparallel
ezoid so that these sides lie along the lower edge of the upper clamp and the upper edge

np with the cut halfway between the clamps\~The short trapezoid base shall be held taut a
ezoid base shall lie in the folds. Set the, nominal gauge length at 25 mm and select the cap
br suitable for the specimens to be tested. The maximum load required to tear the specim
in the rated operating capacity of thetester. For a CRT machine, this should be considered 3
% to 85 % of the rated capacity.

rate the pulling jaw at (300 #10) mm/min.

reak (break
nsile testing
with a line
ample shall
lower jaws
n below the

cut with the
) dimension
mples shall

marked on
cular to the
sides of the
of the lower
nd the long
acity of the
en shall be
s the range

© I1SO 2006 — All rights reserved

33


https://standardsiso.com/api/?name=23402ffe627ad397a879928cdb25bc5e

ISO 12402-7:2006(E)

Table 13 — Inflation chamber materials

Property Exposure Test Number of | Sample Compliance criteria
method samples size
mm
Tensile 1 Standard ISO 13934-1 |5warpand | 100 x 150 |Following exposure 1, the five-sample
strength conditioning 5 weft for average shall be at least 930 N in the
(woven 2 Accelerated agein each warp direction (direction of greater
fabrics only) 168 h at 70 °C geing exposure thread count) and 800 N in the filling
direction (direction of lesser thread
3 After soil burial and count).
fungus resistance Following exposures 2 and 3, the fiye-
(12 weeks sample average for each direction
exposure), see shall retain at least 90 % of-that valpe
Annex A determined following standard
4 Accelerated conditioning.
weathering z;ccordlng Following exposure, 4; the five-sample
t04.1.6.4% average for each direction shall retIin
at least 60 %.of the value determingd
following,standard conditioning.
Trapezoid 1 Standard 1ISO 9073-4 5 warp and 75 x 150 |Following exposure 1, the five-sample
tear strength [ conditioning 5 weft for averagde for each direction shall be pt
(woven 2 Accelerated ageing each condi- least 45 N in the warp direction and
fabrics only 168 h at 70 °C tioning 36 N in the filling direction.
Following exposure 2, the five-samIIe
average for each direction shall retain
at least 90 % of the value determingd
following standard conditioning.
Perme- 1 Standard 1ISO 7229, 3 for each 125 x 125 | Following exposure 1, identification
ability conditioning using exposure test.
2 A . CO,gas .
ccelerated ageing Following exposures 2 to 4, the thrge-
168 hat 70 °C sample average for each direction
. . shall not exceed 110 % of the valug
3 After SO'.I burial and determined following standard
fungus resistance conditioning.
(12 weeks exposure),
see Annex A
4 (65+1)°Cat95 %
relative humidity for
360 h
Abrasion 1 Standard 1ISO 12947-2 |8 warp and 250 x 50 |Except for a material intended for uge
resistance | | conditioning See also 8 weft for under a fabric envelope or otherwisp
(woven 2 Afterablasion Annex B each protected, the eight-sample average
fabrics) . exposure for each direction shall retain at leagt
E)?'Zl:éi?geér?dN 75 % of the value determined following
700 000 double rubs standard conditioning.

b

Every colour shall be weathered.

@  For fully inflated and packed conditions, only exposure 4 weathering shall be conducted for a material not intended to be fully
encased within a cover fabric.
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49.2.3 Pressure and adhesion test

49.2.31 General

Besides testing the tensile strength, the adhesion of the coating to the fabric shall be tested. The integrity of
high-frequency welding of the buoyancy chamber depends on proper adhesion.

4.9.2.3.2 Pressure test of test cushion

Five test cushions, supplied by the manufacturer, shall be tested. All test cushions are loaded with an air-flow

of §5tmin tp—to bmotillg. Four—of-the—test—cushions—shatwithstand—atteast—426kPa (1,2 bdl). One test
cushion shall withstand at least 110 kPa (1,1 bar). The burst pressure of all test cushions shallbe measured
and|compared with the pass criteria.
Design of the test cushion shall be equivalent to Figure 4.
X
5 —— T
X
2 1
\n: o \\
—12
4}@
6
~ l///
——1Z2 7
3 1
8
2 |
o}
1 o L /
\_J \ J)
Key
1 manifeld without core
2 de:IUI
3 adapter for manifold
4 opening to blow up with compressed air and to gauge
5 hexagonal nut
6 welding with a width of 2,5*3° mm
7 rim around the cushion, approx. 12 mm
8 area inside high-frequency welded seams, 305 mm x 305 mm,

R=10 mm

Figure 4 — Test cushion
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4.9.2.3.3 Cycling test of test cushion

Three test cushions, supplied by the manufacturer, shall be tested. The inside pressure shall change between
a minimum pressure p,i, = 10 kPa (100 mbar) and a maximum pressure p,,, = 30 kPa (300 mbar) for 5 000
cycles. The air-flow shall be (85 + 5) I/min. After these cycles, a test according to 4.9.2.3.2 shall be executed.
Two test cushions shall withstand a burst pressure of at least 120 kPa (1,2 bar). One test cushion shall

withstand at least 110 kPa (1,1 bar).

4.10 Polymeric foam coatings

4.10.1 Construction

Polymeric fopam coatings shall comply with the following compliance criteria as specified in Tablé 14 when
subjected t¢ the tests therein.

Except for samples used for the adhesion to foam tests, the tests shall be conducted anysamples of| the
coating thaj have been prepared, by the specified method, in the form of unsupported-film in the minimum
thickness specified.

The test pidce shall be folded at its centre line, with the external sides laid together,_and stored for 30 min(in a
heating chgmber at a temperature of (82 + 2) °C under a load of 50 N per 50.cmZ2. After removal from| the
heating chgmber the sample shall be left to cool down for 2 h under standard atmosphere, then unfolded [and
examined for blocking or surface damage.

For evaluatfon the following criteria shall be used.

4.10.2 Performance

4.10.21 (oating adhesion

Coating adhesion shall be tested in accordance with-1SO 2411, at 100 mm/min, and shall be not less than
7 N/cm. It|shall also be tested when wet, _ following ageing according to ISO 188. An exposurg of
(336,0£0,8) h in fresh water at (70,0 + 1,0) °C, in accordance with ISO 2411:2000, shall be applieg at
100 mm/mip, and shall not be less than 7 N/cm.

4.10.2.2 Resistance to flex cracking

Resistance|to flex cracking shallybe tested in accordance with ISO 7854:1995, Method A using 9 000|flex
cycles, follgwing which there &hall be no visible cracking or deterioration.

4.10.2.3 Hlongation at.break

Elongation |at break™shall be tested in accordance with ISO 1421:1998 using the CRE or CRT methods
following cqnditioning of (24,0 + 0,5) h immersion in fresh water at room temperature, and shall be not more
than 60 %.

4.10.2.4 Cold flexibility

Within 5 s after removal from the cold chamber, each sample, in turn, shall be bent 180 ° around a 10-mm-
diameter steel mandrel that has been conditioned with the samples.

4.10.2.5 Blocking

Resistance

to blocking shall be investigated as follows.

Table 15 and shall comply with the compliance criteria therein.

36

Laminated foam flotation material having knitted fabric on both sides shall be tested as specified in
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Laminated foam flotation material having knitted fabric on one side only shall be tested as
Table 16 and shall comply with the compliance criteria therein.

-7:2006(E)

specified in

The foam provided for fabric-laminated foam flotation material shall comply with 4.8, except that the

material shall be tested in the thickness provided, not folded to 24,5 mm.

Blocking and surface damage are defined as follows.

a)

b)

No blocking: surfaces are free or adhere slightly.

Slight blocking: surfaces need to be lightly peeled to separate

c)
d)
For

req

4.1(

Bef
leas

The
(21
cles
The

4.1(

The)
ah
diffe

reqmired exposure temperature has been reached. The sample shall be held iat the tempera

Blocking: surfaces separate with difficulty.
Surface damage: surfaces show damage under 5 x magnification.
supported film, the temperature at the centre of the mating surface shall be_ monitored to ve

ired duration.

.2.6 Water absorption

bre water treatment the samples shall be weighed out with an@utomatic balance having an ac
t0,149.

test samples shall be submerged in water according t6"1SO 3696:1987, grade 3, with a ten
+ 2) °C for 24 h. After the treatment, adherent water shall be removed from the sampleg
ning with an absorbent cotton cloth. The weighing of the sample shall take place immediately
difference in mass shall be reported as a percentage of the original mass.

.2.7 Volatile loss

samples shall be weighed, using an~automatic balance with an accuracy of at least 1 mg, kep
bating chamber at (105 + 2) °C; cooled down to room temperature for 2 h and weighed
rence in mass shall be reported\as a percentage of the original mass.

rify that the
ure for the

curacy of at

perature of
by simple
afterwards.

t for 48 h in
again. The
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Table 14 — Polymeric foam coatings

Property Exposure Test Number of | Sample size Compliance criteria
method samples 2 mm b
Tensile 1 Standard ASTM 5 for each As specified |[For exposures 1 and 3, the average
strength and [ conditioning D 882-02, direction for |in ASTM tensile strength (for each direction)
elongation 2 Accelerated Method A each D 412-98, shall be not less than 8,3 MPa and
weathering exposure, Die A the average breaking load (for each
according to unsup- direction) shall be not less than 25 N
4164 ported film or 100 N/mm, whichever is the greater
value
3 (70 +£2) °C for
7de ‘ , : i
elongation of five samples (for-each
direction) shall be not less than
320 %.
For exposures 2 and 3, the averagg of
five samples shall retain at least 60 %
of the strength determined following
standard conditioring.
Tear 1 Standard ISO 4674-1 5 foreach |As specified |Following eéxposures 1 and 3, the
strength conditioning direction for |in ISO 4674-1 | average ¢ffive samples shall not be
2 Accelerated each less than 13 N/mm thickness for egch
weathering exposure, direction.
according to unsup- For exposure 2, the
4164 ported film average of five samples shall retain at
3 (70 + 2) °C for least 60 % of the strength determirled
7de after standard conditioning.
Cold (-30+2)°Cfor |See4.10.2.4 5, unsup- 25%.200 by [ There shall be no evidence of
flexibility 4 h ported film |the sample cracking or other damage to the
thickness samples when examined under 5 x
magnification.
Blocking (82 +2) °C for See 4.10.2.5 3, supported | 200 x 200 or | There shall be no evidence of
resistance 30 min or-unsup- 100 x 100 ¢ |blocking or surface damage as
ported defined in 4.10.2.5.
film d
Effect of Standard See 5 each 230 x 50 | The average breaking load (for eagh
abrasion conditioning ISO 5470- direction, direction) shall be 25 N.
on tensile 2:2008, unsup-
strength Method 1, see ported film
also’Annex B
Adhesion to| | Standard ISO 2411:2000, |5 each 75 x 200 Following standard conditioning, the
foam conditioning method of direction adhesion of the foam to the film shall
preparation 1 supported be at least 7 N/cm for the average pf
film five samples for each direction, or the
foam shall tear in lieu of peeling.
Water (21%+2)°C See 4.10.2.6 3 25x75 Average of three samples shall not
absorption for 24 h unsup- exceed 0,5 % increase in mass.
ported
Volatile loss |(105+2)°C See 4.10.2.7 3 300 x 400 |Average of three samples shall not
for 48 h unsup- exceed 8,0 % loss in mass.
ported film d

b

C

d

@  Applies for all colours.

Unsupported film size.

€ Samples shall be cut from conditioned sheets of unsupported film.

Minimum of 1,5 m2 of unsupported film and 3,2 cm? of supported film ¢, both the lightest and darkest colours.

The polymeric coating shall be applied to 10-mm-thick pieces of PVC foam meeting the requirements. Other substrates can be
used to expand the conditions of acceptability.
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Table 15 — Fabric tests for knitted-fabric-laminated foam flotation material having fabric on both sides

Property Exposure Test Number of Sample Compliance criteria
method samples 2@ size
mm
Tensile 1 Standard ISO 1421 5 warp and Following each exposure 1 to 4, the
strength 1 conditioning 5 weft for average of five samples shall be at least
. . each 45 N.
2 70 h immersion
. . separate . .
in fuel B according ex Following each separate exposure in
posure ! (
to (all items 2 to 5, the average of five samples
ASTM D 471-98 or tickesses shall retain at least 60 % of the strength
diesel fuel for determined following standargd
according to exposure 1; conditioning.
S only thinnest
3 70 h immersion material for
in IRM 902 oil exposures 2
according to to 5.
ASTM D 471-98
4 70 h immersion
in 0,5 % detergent
according to
ISO 6330
5 Accelerated
weathering
according to
4164
Terlsile Standard ISO 1421 5 warp and 100 x 150 | The average of five samples jshall be at
strgngth 2 conditioning 5 weft least 310 N for each direction).
(thinnest
material)
Teqdr Standard ISO 4674- 5 warp and 75 x 200 | The average of five samples jshall be at
strgngth conditioning 1:2003, 5 weft (all least 25 N.
method-B thicknesses)
AdHhesion to | Standard ISO 2411 5 warp and 75 x 200 | Following standard condition|ng, the
foam conditioning 5 weft adhesion of the foam to the fabric shall
(greatest be at least 7 N/cm for the avgrage of five
thickness) samples for each direction, of the foam
shall tear in lieu of peeling.
Effgct of Standard See Annex B |8 warp and 45 x 225 | The average of five samples [shall be at
abrasion conditioning 8 weft for least 220 N.
on {ensile each
strgngth separate
exposure
(thinnest
materials)
a  Lapglies for all colours
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Table 16 — Fabric tests for knitted-fabric-laminated foam flotation material having fabric on one side

Property Exposure Test Number of Sample Compliance criteria
method samples @ size
mm
Tensile 1 Standard ISO 1421 5 warp and Following each exposure 1 to 4, the
strength 1 conditioning 5 weft for each average of five samples shall be at
2 70 h sepa-rate expo- least 45 N.
immersion in sure (all F2S © Following each separate exposure in
fuel B according thick-ness f_or items 2 to 5, the average of five
to ASTM D 471- i’:ﬁ?gh‘fg and samples shall retain at least 60 % of
98 or dieset fuet I the strengtihr determined Toltowing
according to mgterlal of the standard conditioning.
EN 590 thlnne§t corre-
sponding F2S
3 70h material for
immersion in exposures 2
IRM 902 oil to 5)
according to
ASTM D 471-98
4 70h
immersion in
0,5 % detergent
according to
1ISO 6330
5 Accelerated
weathering
according to
41.6.4
Tensile Standard ISO 1421 5 warp and 5 100 x 150 |The average of five samples shall be
strength 2 conditioning weft (thinnest at least 310 N for each direction.
F2S material)
Tear Standard ISO 4674- 5 warp and 5 75 x 200 | The average of five samples shall be
strength 1 conditioning 1:2003, weft (1S at least 18 N.
method B matérial of the
thimhest corre-
sponding F2S
material)
Tear Standard ISO 46741 5 warp and 5 75 x 200 | The average of five samples shall be
strength 2 conditioning weft (all F2S at least 25 N.
thicknesses)
Adhesion to| |Standard ISO 5 warp and 5 75 x 200 | Following standard conditioning, the
foam conditioning 2411:2000, weft (greatest adhesion of the foam to the fabric
method B thicknesses) shall be at least 7 N/cm for the
average of five samples for each
direction, or the foam shall tear in ljeu
of peeling.
Effect of 1“Standard ISO 12947-2 |8 warp and 8 45 x 225 | The average of five samples shall be
abrasion conditioning weft for each at least 220 N
on tensile 2 After abrasion separate
strength resistance in exposure
accordance with (thlnngst
Method D5304 materials)
of FTMS 191A d

a8  Applies for all colours.

b F1S = fabric one-sided material.
¢ F2S = fabric two-sided material.
d

See Annex B.
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4.11 Inflation systems for hybrid and fully inflatable PFDs
4.11.1 Construction

4.11.1.1 General

The operation status of the inflation head shall be clearly indicated by green for “ready to use” and red for “not
in function”.

An operating inflation head shall withstand a force of 220 N applied to it without any evidence of fracture,
leakageofgas fromrthebuoyancy chamber, or other damage:

Autpmatic inflation systems shall initiate firing in automatic mode within 5 s.

Thel force required to operate the pull toggle on an operating inflation head shall not-exceed 75N, but shall
exceed 20 N when tested and when pulled in the direction instructed by the manufacturer.

Any] exposed edge or projection of an inflation system shall not be so sharp as to’damage the material of an
inflgtable compartment or constitute a risk of injury to persons during intended use.

Inflgtion systems shall be unidirectional; that is, at working pressures the construction shall| permit the
paspage of the inflation medium only in the direction that supplies an inflatable compartment unless
inteptionally over-ridden.

All automatic inflators shall pierce a test disc or cap.

4.11.1.2 Materials

A mletallic component of an inflation system shall have salt water and salt air corrosion characterisiics equal or
supgrior to those of 410 stainless steel or perform its intended function and have no visible pittjng or other
damage on any surface after 720 h of salt spray testing in accordance with ISO 9227. Combinatiofs of metals
shall be galvanically compatible. The followirng are exceptions to these requirements.

a) |An expendable component (for example, a gas cylinder) is not required to be of corrosipn-resistant
material when the componentis provided with a durable zinc coating or an equivalent protection against
corrosion.

b) |A component is not required to be of corrosion-resistant material when failure of the compongnt does not
affect the ability of\the’ device to meet the requirements of this part of ISO 12402.

c) |An expendable‘eomponent used as a sacrificial anode meets the intent of the requirement where galvanic
compatibility~s not provided.

A npn-metallic component of an inflation system shall resist the deteriorating effects of exposure to light,
water, gasoline, detergent, dry-cleaning solvent, and motor oil as described in Tables 17 to 20.

4.11.1.3 Oral inflation systems

An inflatable PFD shall have a simple and rapid method of deflation, which shall also be used for oral inflation.
This oral inflation tube shall be free from burrs and shall incorporate an effective non-return valve.

An inflatable PFD shall have a minimum air flow through the oral inflation tube of 100 I/min, and the non-return
valve shall open initially at an applied air pressure of between 1,0 kPa and 3,0 kPa, when tested according to
Table 19.

If an oral inflation tube protrudes from the surface of the device, and the non-return valve either protrudes from
the tube when in normal use or the valve can be separated from the tube, it shall not be removable by a force
less than 90 N.
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The oral inflation tube shall be removed and connected in parallel with a manometer. Air shall be provided
under pressure to the end normally used for inflation, and the other end connected to an air flow meter
capable of measuring flows of the order of 0,17 m3/min. The inflation tube shall be mounted vertically. The air
supply shall be turned on and the pressure of the supply gradually increased until the oral inflation valve
opens, the pressure of which recorded on the manometer shall be taken as the initial opening pressure. The
air supply shall then be increased until a reading of (7,0 + 0,1) kPa is recorded on the water manometer.
When steady conditions supervene, the reading on the air flow meter is taken as the flow through the tube.

An oral inflation system shall be provided with a pressure-actuated inlet valve (see the compliance criteria
under oral systems in Table 19. The pressure-actuated inlet valve shall not require a pull, push, or other

mechanical

action to open the inflation valve.

It shall not tl)e possible to lock an oral inflation mechanism in the open or closed position. A friction fit.dust

shall not be]

used to lock the mechanism open.

cap

A mouthpiefe for an oral inflation system shall not contain

a) lead compounds of which the lead content exceeds 0,5 % of the total mass of 'the contained s¢lids
(including pigments, film solids, and driers);

b) compopnds of antimony, arsenic, mercury, or selenium of which the metak.content individually or in {otal
exceeds 0,06 % by mass of the contained solids (including pigments, film $olids, and driers);

c) barium|compounds of which the water-soluble barium exceeds 1 %¢0fthe total barium.

4.11.1.4 Actuation and re-arming of manual and automatic inflation systems

Re-arming @n inflation system shall not require the use of tools;-unless the tool is a non-detachable part of the

inflation sys

Devices sh
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inflation sy:
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for manualsnflation systems that incorporate user-installed indicating tabs or pins for use when re-arn

tem or is provided with every inflation system re-arm Kkit.

orientation is achieved for systems in_which the correct re-arming of a manual or auton
stem is dependent upon the sequengé of re-arming actions or the orientation of user-instg
5. For example, automatic systems_which utilize a water-sensing element whose orientation w|
5 critical to the proper functioning of the device shall be designed such that the element is instg
Ct orientation.

| portion of a manuakinflation system shall be capable of being manually actuated by
ction by the user.

portion of a manual inflation system shall

gned such-that the manual system is not reset without first unseating the spent cylinder; or

ice-that allows the user to indicate that the manual portion of the device has been installed, 5

bll be designed such that only the propefre-arming sequence is possible and only the cofrect
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An automatic inflation system shall not permit installation of a loaded inflation-medium container unless the
device is properly reset (i.e., an inflation-medium container discharges during installation when a system has
not been reset).

The pull-mechanism portion of a manual inflation system shall be of a highly visible colour.

4.11.1.5 Means for verification of mechanism operation

A manual or automatic inflation system shall be designed such that the user is capable of testing the system
during re-arming to visually verify that all mechanisms are operating using only components which are integral
to the device and without discharging a cylinder.
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411.1.6 Indicators
Automatic and manual inflation systems shall be provided with status indicators as follows.

a) The inflation system shall incorporate cylinder seal indication in a single-point indicator. The indicator
shall be integral to the device or inflation-medium container and reset to a positive or “ready” condition
upon re-arming of the system.

b) The status indicator shall provide information to the user as to whether the device is correctly armed,
except for the presence of a loaded inflation-medium container (e.g., the user is required to check the
inflation-medium container status by removing it, inspecting it, and replacing it). The readiness of the
system shall be displayed using single- or multiple-point indicator(s).

c) |All status indicators shall be designed such that a user is able to visually verify thatall indicators are
operating properly upon inspection during re-arming without using tools not integral\to, or provided with,
the system and without discharging a cylinder.

d) |For all status indicators, the colour green shall be used to indicate an armed or “ready” condition and the
colour red shall be used to indicate an unarmed or “not ready” condition. A‘red status indicgtor shall be
evident whenever a green status indicator is absent, and vice versa.
e) |All status indicators shall be grouped or located such that when dnstalled on a device in their intended
position, they are viewed simultaneously when examined prior-fe’donning and shall be readily|visible over
the range described in Table 22 for each status configuratiomafter donning the PFD.
f) |Electronic indicators shall be provided with a means ta.test the working condition of the circyitry and the

adequacy of the power supply. A device that has a prominent battery service marking with ap expiration
date that is visible, within the indicator, does not have to comply with this requirement.

4.11.2 Performance

411.2.1 General

Inflgtion systems shall comply with the.requirements specified in Tables 17 to 21 when subjected|to the tests
thergin.

4.11.2.2 Security of protruding oral inflation valve

Follpwing the conditioning at (— 10 + 2) °C for (48 £ 0,5) h, the initial sticking friction between the g¢ral inflation
tube and valves, whichrely entirely on friction for retention, shall then be broken by rotating the ypalve within
the ffube using pliers< Then, a force of (90 + 1) N shall be applied to the valve in an attempt to extract it from
the jnflation tubeswithin 20 s of removal from the conditioning temperature. The security of the valve shall be
observed. This test shall then be repeated following conditioning at standard atmosphere.

4.11.2.3" 'Over-pressure relief valve

Over-pressure relief valve systems shall comply with the requirements specified in Table 20 when subjected
to the tests therein.

4.11.2.4 Use characteristics test of automatic and manual inflation systems

Each automatic or manual inflation system shall meet the compliance criteria in Table 17 and Table 18 as
appropriate, when tested.

Test participants according to 4.11.3 shall be employed. A test participant shall not be familiar with the
particular device under test, but shall be familiar with PFDs in general.
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For qualification and orientation of test participants for the status indicator test, each test participant shall be

given the following written questions to respond to:
a) “Have you ever been boating?” and

b) “What is the purpose of a life vest (or life jacket)?”

Test participants who respond negatively to question a) or incorrectly to question b) shall be eliminated and

replaced.

Qualifying test participants are to be given a video orientation which covers the following topics:

a) genera purpose of an inflatable PFD;
b) genera] information regarding inflation-medium containers;
c) genera principle and method of manual inflation;

d) genera] principle and method of automatic inflation.

For status-indicator test-sample preparation, samples of the candidate inflation¢systems shall be mounte

boards or op inflation cells as follows:

a) one sample properly armed;

b) one sample normally fired manually for devices with manual systems;

c) one sample normally fired automatically for devices with atitematic systems;
d) samplgs incorrectly re-armed, excluding replacement with a fired cylinder;
e) samplgs incorrectly re-armed, including installation of a fired cylinder.

The order df presentation shall be varied for the different test participants.

1 on
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Table 17 — Automatic inflation systems
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weathering according to
4164

3 70 h immersion in fuel
B according to

ASTM D471 or diesel
fuel according to EN 590

4 70 h immersion in
IRM 902 oil according to
ASTM D 471-98

5 70 h immersion in
0,5 % detergent
according to ISO 6330

6 (70 +2)°C for 168 h d

water sensing
elements (when
expendable) for
each sample.

For exposure 2:
4, but without
water-sensing
element during
exposure.

For exposure*3
and 4: 4.

For exposure 5:
4 but without
water-sensing

Property Exposure Test Number of Compliance criteria
method samples 2 °
Use char- Standard conditioning See As required by 1 For PFD-use automatic inflation
acteristics 4.11.2.4 design features systems, correct identification regarding
and system status, including cylinder seal
4.11.3.3 condition, shall be accomplished by at least
96 % of the 25 or more subjects performing
the status indicator evaluation.
2 For PFD-use automatic inflation
systems, proper re-arming of the ihflation
system shall be accomplished-by’at least
93 % of the 15 or more subjects performing
the re-arming evaluatiop.
Autpmatic 1 Standard conditioning |See 4.11.4 | For exposure 1: 1 Following exposures~1'to 6, 7 ¢)f 7 d), and
opgrability 2 Accelerated 6 plus 2 extra 8, the actuation timeshall be not more than

5 s following immefsion for each g
(i.e. half in freshiwater, half in salt
Except forminimal residual vapou
the cylinders shall be completely g
afterceach trial.

2 Starting within 10 s of removal fiom the cold

chamber following exposure 7 a),
shall be dropped three times onto
surface from a height of 180 cm. 1
shall then be subjected to exposu

Following exposure 7 b), the actuation time

shall be not more than 5 s followin
immersion for each of the six trialg
in fresh water, three in salt water)

f the trials
water).

r, the gas in
ischarged

samples

a concrete
he samples
e 7b).

9
(i.e. three

. 3 Following exposure 8, samples shall have
° element durin
7a) (-30+2)°C exposure uring no visible pitting or other damage fon any
for24 h - ' 6 surface.
7b) (0+2)°Cfor24 hd or exposure o.
) (. ) or 100 (may be
7 ¢) high to low 10 trials on
temperature © 10 complete
7 d) low to high samples).
temperature f For
8 720 h of salt-spray exposures 7 a),
according t0.4.1.5.2 7b), 7c),
and 7 d): 4.
For exposure 8:
4, but without
water-sensing
element during
exposure.
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Table 17 (continued)

Property Exposure Test Number of Compliance criteria
method samples &P
Discharge Same as automatic See 4.11.7 | Three of the For exposures 1 to 6, and 8, the time for
operability exposures 1, samples from actuation following immersion shall be not
2,3,4,5,6,7b),and 8. exposures 1, 2,5 |more than 5 s. In addition, systems shall
and 8 from the achieve 100 % of nominal design buoyancy
automatic within 10 s following immersion.
operability test For exposure 7 b), the time for actuation
‘:V"‘tfb?ner:"’n‘l’t’ifth following immersion shall be not more than
TSRS RS N addition, systems shall achieve 50 %o of
Three new nominal design buoyancy within 10 s felloying
samples complete immersion.
with water-sensing
elements shall be
used for
exposures 3, 4, 6,
7 a)and 7 b).
Hydrostatic | | Standard conditioning See 4.11.4 |1 complete. The inflation system.shall withstand an
proof internal hydrostatic.pressure of 10 300 kP4
pressure gauge without deformation or leakage.
Proof Standard conditioning See 4.11.4 | The sample from | After the hydrostatic proof pressure test, tHe
pressure the hydrostatic inflation.system shall not leak when subjegted
proof pressure to ap-air pressure of 14 kPa gauge for 30 §,
test. followed by an air pressure of 275 kPa gayge
for30 s.
Air flow Standard conditioning See 4.11.4 | 1 complete. The inflation system meets the intent of the
requirement when the minimum air flow is
4 I/min at an inlet pressure of 275 kPa gaupe.
Vacuum Standard conditioning See 4.11.4 | The sample’from | The inflation system shall not show a loss pf
the air.flow test. pressure greater than 1,3 mm of water in
1 min or 2,5 mm of water in 1 h when
subjected to a vacuum of 300 mm of water
applied so as to reduce the seating spring
pressure and with atmospheric pressure on
the other side.
Humid Conditioning: © See 4.11.8 | 100 complete 95 % of the samples shall not actuate during
atmosphere R (may be 2 trials on |the exposure and shall operate as intended
168 hat (49+2)°Cand 50 complete following the exposure. Those samples thgt
(96" 3) % relative samples) ©. did not actuate during the
L exposure shall completely pierce the proof
humidity disc within 5 s when immersed following the
exposure.
System Standardeonditioning See 4.11.9 | 1 complete. The inflation system shall operate as
durability intended.
Pull Standard conditioning See 1 complete. The inflation system shall not be damaged
4.11.11

@  Applies to all colours.

b For polymeric/metallic inflation systems, a minimum of 35 samples with water-sensing elements plus 300 extra water-sensing
elements, plus 300 cylinders.

¢  The test samples shall be placed in an uninsulated, water-tight enclosure and draped with a fabric prior to being transferred to the
ambient condition, and shall be removed from the enclosure upon return to the elevated temperature and humidity condition. The fabric
used is to comply with the inflation chamber material requirements in this part of ISO 12402.

d  The duration specified is for the first trial. Each sample shall be conditioned for an additional 4 h prior to each subsequent trial.

€ Each sample shall be placed in a circulating air oven maintained at (70 + 2) °C for 24 h. The samples shall then be placed in a cold
chamber at (- 30 £ 2) °C for 24 h. The temperature of the cold chamber shall then be raised to (0 + 2) °C for 24 h.

f Each sample shall be placed in a cold chamber at (- 30 + 2) °C for 24 h. The samples shall then be placed in a circulating-air oven
maintained at (70 £ 2) °C for 24 h.
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Table 18 — Manual inflation systems

Property Exposure Test Number of Compliance criteria
method samples 2. °

Use charac- | Standard conditioning See As required by 1 For manual inflation systems, correct

teristics 4.11.2.4 |design features. identification regarding system status,
and including cylinder seal condition, shall be
4.11.3.3 accomplished by at least 96 % of the 25 or

more subjects performing the status indicator
evaluation.

2 For manual inflation systems, proper re-
arming of the inflation system shall be
accomplished by at least 93 %of|the 15 or
more subjects performing.the reafming
evaluation.

Manual 1 Standard conditioning See 3 for each 1 Following exposures 1 to 6 and|8, the force

opgrability 2 Accelerated weatherin 4.11.5 separate condi- required to pierce\shall be not legs than 13 N

according to 4.1.6.4 g tioning (total and not more than 67 N for each pf the trials,
o 27 samples). and the averagé force shall be nqt less than
3 70 h immersion in fuel B 22 N.
according to
ASTM Dg471-98 or diesel 2 WithinA0 s of removal from the|cold
fuel according to EN 590 chamber following exposure 7, sgmples shall
) o femain operable when dropped three times
4 70 h immersion in IRM onto a concrete surface from a hgight of
902 oil according to 180 cm. The force required to pigfrce shall be
ASTM D 471-98 not less than 13 N and not more than 67 N
5 70 h immersion in 0,5 % for each of the trials, and the avefage force
detergent according to shall be not less than 22 N.
1ISO 6330 3 Following exposure 8, samples|shall have
6 (70 +2)°Cfor168h¢ no visible pitting or other damage| on any
surface.
7 (-30+2)°Cfor24h¢
8 720 h of salt spray
according to 4.1.5.2
Pul| cord 1 Standard conditioning Sge 1 for each The pull cord, its attachment to tHe tab, and
strgngth 2 Accelerated weatherin 4.11.5 separate its attachment to the inflator shalllwithstand a
according to 4.1.6.4 ¢ conditioning. force of.445 N for 3 s without failing or
NOTE Useof |Separating from the inflator.
operability test
samples is an
alternative.

Hydrostatic | Standard See 1 complete. The inflation system shall withstapd an

propf conditioning 4.11.5 internal hydrostatic pressure of 10 300 kPa

pregsure without deformation or leakage.

Propf Standard See com- | The sample from | After the hydrostatic proof pressure test, the

pregsure conditioning pliance the hydrostatic inflation system shall not leak when
criteria proof pressure subjected to an air pressure of 14 kPa gauge

test. for 30 s, followed by an air pressure of
275 kPa gauge for 30 s.

Air flow Standard conditioning See com- |1 complete. The inflation system shall allow a minimum
pliance air flow of 4 I/min at an inlet pressure of
criteria 275 kPa gauge.

Vacuum Standard conditioning See com- |The sample from | The inflation system shall not show a loss of
pliance the air flow test. pressure greater than 1,3 mm of water in
criteria 1 min or 2,5 mm of water in 1 h when

subjected to a vacuum of 300 mm of water
applied so as to reduce the seating spring
pressure and with atmospheric pressure on
the other side.
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Table 18 (continued)

Property Exposure Test Number of Compliance criteria
method samples 2P
System Standard conditioning See 1 complete The inflation system shall operate as
durability 4.11.9 sample. intended.
Pull Standard conditioning See 1 The inflation system shall not be damaged.
4.11.11
a8  Applies for all colours.
b For polymeric/metallic inflation systems, a minimum of 35 samples, and 300 cylinders.
¢ The durdtion specified is for the first trial. Each sample shall be conditioned for a 4 h prior to each subsequent trial.
Table 19 — Oral inflation systems
Property Exposure Test Number of Compliance’criteria
method samples 2 b
Oral 1 Standard conditioning | See 3 for each 1 The crack préssure shall not exceed 3 KPa.
operability 2 Accelerated weatherin 4116 sepa.railte. 2 The air flow'shall be not less than 100 I/min
dina to 4.1.6.4 9 conditioning {7 kP
according to 4.1.6. (total 27 samples). a a gauge pressure.
3 70 h immersion in fuel B
according to
ASTM D 471-98 or diesel
fuel according to EN 590
4 70 h immersion in IRM
902 oil according to
ASTM D 471-98
5 70 h immersion in 0,5 %
detergent according to
ISO 6330
6 (70 £2)°C for 168 h
7 (-30+2)°Cfor
24 h
8 720 h of salt spray
according to 4.1.5.2
Back Same as oral operability See com- | The samples from | The samples shall not leak when subjected
pressure pliance the operability test. | to a back pressure of 0 to 69 kPa.
criteria .
When leakage occurs using samples from
the salt spray exposure or detergent
exposure, rinse the valve from the outsidg by
agitating the sample in fresh water for a
period of not more than 15 s to dissolve apy
embedded particles, and repeat the test.

b

@  Applies for all colours.

For polymeric/metallic inflation systems, a minimum of 30 samples.
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Table 20 — Over-pressure relief valve systems
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Property Exposure Test Number of Compliance criteria
method samples 2. °
Operability |1 Standard conditioning See 3 for each 1 The crack pressure shall not exceed 120 %

2 Accelerated weathering

e o
according to 4.1.6.4 conditioning. (total |than 80 % of the rated pressure.

27 samples).
3 70 h immersion in fuel B
according to

ASTM D 471-98 or diesel

80 % of the measured crack pres

4.11.10 separate of the rated pressure and shall be not less

2 The closing pressure shall be not less than

sure.

fuel according to EN 590

4 70 h immersion in
IRM 902 oil according to
ASTM D 471-98

5 70 h immersion in 0,5 %
detergent according to
1ISO 6330

6 (70 +2)°C for 168 h
7 (-30+2)°Cfor24 h

8 720 h of salt spray
according to 4.1.5.2

Applies for all colours.

For polymeric/metallic inflation systems, a minimum of 30 samples,

4.11

4.11

Wh
perf
sub

fronp the average as to behave ‘unusually.

.3 Performance tests using human subjects

.3.1 General

en performing tests with human subjects, the Declaration of Helsinki shall be taken into ac
ormance tests are subject to the influence of natural variation, particularly in the morphometry
ects. It is always possible t&find, within the requirements below, subjects who are sufficier

count. Most
bf individual
tly different

llowing age

4.11.3.2 Type of inflation' system and number of test participants (group size)

Manual inflation system: one group of 25

Autpmatic inflation system: one group of 25

A minimum-of five test participants shall be obtained for each subject group from each of the fg
gronrps:

a) 16 years to 25 years;

b) 26 years to 50 years;

c) 51 years and older.

4.11.3.3 Indicator evaluation

For status indicator evaluations, each test participant from the group shall in turn be instructed that he/she will
be shown a group of at least four inflation systems, one of which is correctly armed and the others not, and
that they will be asked to identify the one that is correctly armed based on the indicators on the device and
any information on the instruction card provided by the manufacturer. They shall be given the manufacturer's
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hang tag, if any, which is provided with the device when sold (or permanently marked or attached), to help
them identify the properly armed system. Each test participant shall then be asked to examine the devices and
the instructions provided. Up to 10 min shall be permitted for the examination. Upon completion of the
examination, the test participant shall state which device they believe is ready for use. Each test participant’s
response shall be recorded. The test participant shall be asked to observe manual activation of the device.

At least 24 of the 25 participants shall identify the correct sample. If the required number of participants do not
identify the correct sample, and at least 16 of the 25 test participants identify the correct sample, each test
participant who identifies an incorrect sample shall be told why the sample they identified is visibly incorrect.
These test participants shall again review the orientation video and manufacturer’s instructions, and shall then
be asked the following questions.

a) “What
b) “What
c) Formag
d) “What
The respon|
response.

s the significance of green on this device?”.
s the significance of red on this device?”.
nually actuated systems, “What is this for?” (while pointing out the manual lanyard).

s this for?” (while pointing out the inflation-medium container).

[hese test participants shall then be given a second 10 min oppariunity to correctly identify

correctly arjned system.

For test pa
evaluation,

a) “Doyo

b) “Cany

c) “Doyo

d) “Withg
Test partici
test. Test ¢
serviceabili

For re-armi
that they wi
perform the
that they a
perform the
completed

actuated).

rticipant qualification for the serviceability test, and following completion of the status indig
each test participant shall be given the following written @uestions to answer.

I consider yourself to have mechanical aptitude?”.

bu change a bag on a vacuum cleaner?”.

| assemble things such as toys?”.

ood instructions, would you be comfortable resetting a life-vest inflation system?”.

bants who respond negatively.{o-any of the above questions shall not be used in the servicea
articipants who respond correctly to all of the above questions are qualified as participant
y testing.

hg/serviceability evaluation, test participants qualified for serviceability testing shall be infor
| be asked to re=arm the inflation system they examined and shall be provided with the incentiv
re-arming correctly. They shall also be instructed that they will be given two re-arming kits

e free to_testone of the kits if they need to do so in order to satisfy themselves that they

whengthey present what they believe to be a properly re-armed device (which they have

5es shall be recorded. When any response is incorrect, the test participant shall be told the cofrect

the

ator

Dility
for

med
e to
and
can

re-arming’ procedure properly. The participants shall be instructed that the re-arming ftrial is

not

Each test participant shall then be given the manufacturer’s instructions for each device (written, pictogram,
video, etc.), two re-arming kits, and access to the manufacturer’s toll-free telephone number when provided.
The test participant shall then be instructed to proceed with the re-arming evaluation.
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4.11.4 Operability test of automatic inflation systems

4.11.41 Each automatic inflation system shall be conditioned as a complete unit (with flanges, valves,
water-sensing elements, and similar materials in place) and without an inflation-medium cylinder (a gas
cylinder) being fitted. For Table 17, exposures 7 a), 7 b), and the last cold cycle of 7 c), the largest intended
inflation-medium cylinder (a gas cylinder) shall be conditioned for at least one hour prior to the water drop test.

Water-sensing elements need not be exposed to the following conditions:

a) accelerated xenon weathering;

b) 6;5% detergentaccordingtotS©6336;

c) |720 h salt spray.

4.11.4.2 Following the conditionings, each sample shall be fitted with a new inflation-medium cylinder (a gas

cylinder) of the largest size specified by the inflation system manufacturer.

A conditioned water sensing element shall be used for each of the trials, with the-following exceptigns.

a) |When the water-sensing element exposed to fuel according to ASTM'D 471-98, Fuel B ¢r to diesel
according to EN 590 does not perform as required, the elements for this trial shall be replacgd with new,
unconditioned elements and the following specific marking is requifed on the shipping containgr:

Attention: PFDs that use this inflator are required to be‘marked “Replace water-sensing element if
exposed to fuel or oil.”

b) |When the water-sensing element exposed to IRM 902 oil according to ASTM D 471-98 does |not perform
as required, the elements for this trial shall bexreplaced with new, unconditioned elements and the
marking specified in 4.11.4.2 a) applies.

4.11.4.3 The samples shall be tested by dropping into water that is no more than 300 mm degp. Samples

fronp Table 17 exposures 7 ¢) and 7 d) (high~temperature and low-temperature exposures) shall be tested

within 30 s of removal from the exposures,

Half of the samples are tested in fresh.water and half in 5 % mass/volume salt water. The water femperature

sha

4.11
bub

4.11

Eac
with

For
at |

I be (20 + 2) °C, except for thetcold temperature exposure where it shall be 0*% °C.

4.4
ble discharge due to piercing of the inflation-medium cylinder (gas cylinder) — shall be not mor

.5 Operability test of manual inflation systems

h manual inflation system shall be conditioned as a complete unit (with flanges, valves, etc., ir
out an inflation-medium cylinder (gas cylinder) fitted.

[Table 48, exposure 8, the largest intended inflation-medium cylinder (gas cylinder) shall be cor
ast . h prior to the in-water drop test. The test shall be conducted three times for each sam

con

The actuation time = the time interval between the sample entering the water and the onset of

e than 5 s.

place) and

ditioned for
ble for each

itiening, each time using a new inflation-medium cvlinder (gas cvlinder) of the largest size

specified by

the inflation system manufacturer.

Samples from Table 18, exposures 6 and 7 shall be tested as specified within 30 s of removal from the
exposures.

When the sample uses an expendable or reusable component such as a clip or pin to reduce the likelihood of
inadvertent manual actuation, each trial shall be with the use of that component.

The sample shall be attached to a rigid fixture. Using a constant-rate-of-extension tensile test machine with
readability to 0,45 N, a force shall be applied to the pull cord in the intended direction of operation at a rate of
(127 +£ 12) mm/min until complete puncturing of the inflation-medium cylinder (gas cylinder) has occurred. The
force required to result in puncturing shall be as specified in Table 18.
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4.11.6 Operability test of oral systems

Each oral inlet valve shall be conditioned in an unsealed oral tube without an inflatable bladder attached.

Following the conditionings, a gradually increasing air pressure shall be applied to the valve at a rate of
3,5 kPa/min. The pressure at which the valve begins to open (the crack pressure) shall be not more than

4 kPa.

An air pressure of 7 kPa gauge shall then be applied to the valve. The air flow through the system (i.e., valve
and tube) shall be not less than 100 I/min.

4.11.7 Dislcharge test of automatic and manual inflation systems

Each inflatg
material) W
container s|
method to 4
assembly (i

element shall not be put in place.

Each inflatg
The combi
container, 4
to the neare

The fully ch

The test sample shall be assembled using the evacuated bladder, the inflator, and the inflation-meg

container a
For exposu
the assemb

For the (7(
manual inf
(70+2)°C
exposure,

(Table 18, ¢xposure 7), the assembled test sample shall be reconditioned to (0 + 2) °C for 1 h after asser

r from the operability tests shall be fitted with an inflatable bladder (made of neutrally buo
ith an internal volume that holds the inflation medium from the largest size inflation-meg
becified by the manufacturer without full inflation of the bladder. When required) an alterng
ecure the bladder is to use a new bladder flange piece. However, all other paris’of the inflat
e., valve) shall be those conditioned and used in the operability tests, except that a water-sen

r with bladder shall be evacuated of air under a vacuum of at least 260"'mm of water.
ned in-water weight of the evacuated inflator with bladdep~a fully charged inflation-meg
nd, for automatic inflators, an expended water-sensing elemént{unassembled), shall be meas
st ounce (1 oz = 28,35 Q).

arged inflation-medium container shall be dried and, weighed to the nearest 0,1 g.

ter they have been dried and, for automatic_inftators, with a water-sensing element as descri
res 7 b), 8 in Table 17 (automatic inflation¢systems), and 8 in Table 18 (manual inflation systg

led test sample shall be reconditioned for several hours prior to the test.

+ 2) °C temperature exposure, forjautomatic inflation systems (Table 17, exposure 6), and
ation systems (Table 18, exposure 6), the assembled test sample shall be reconditione

for automatic inflation systems (Table 17, exposure 7 b), and for manual inflation syst

yant
ium
tive
able
5ing

ium
ired

ium
bed.
ms)

for
i to

for 1 h after assembly and.-prior to the in-water discharge test. For the (0 + 2) °C tempergture

Ems
nbly

and prior to[the in-water discharge-test.
These samples shall be tested-within 30 s of removal from the exposures.
A dead-weight shall then*be attached to the sample in a manner that does not reduce the volume of| the
inflatable bladder. The in-water weight of the dead-weight shall be as follows:
W, = Al-w 19)
where
W, s the in-water weight of dead-weight;
A is the nominal buoyancy weight;
NOTE 1 For exposures 1 to 6 and 8, this weight is 100 % of the nominal design buoyancy.
NOTE 2 For exposure 7 b) in Table 17 and exposure 7 in Table 18, this weight is 50 % of the nominal design
buoyancy.
W is the combined in-water weight of the evacuated inflator with bladder and a fully charged gas

cylinder.
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A test tank of fresh water of such depth as to totally submerge the test sample and bladder shall be used. The
temperature of the water in the test tank shall be (20 + 2)°C for exposures 1 to 6 and 8 (Tables 17 and 18),
and 0*% °C for exposure 7 b) (Table 17, automatic inflation systems) and 7 (Table 18, manual inflation
systems).

The atmospheric pressure shall be (760 + 5) mm Hg, or the in-water weight of the dead-weight shall be
corrected accordingly.

The test sample and weight shall then be dropped into the test tank.

The inflation system shall be mounted on an approved 150 N bladder. The bladder and inflation system shall

be 1

The

Sys
The

For
inte
actu
inflg

For

weight is lifted from the bottom, or ‘when the weight changes direction from a downward movs

upw
by t

For

fronmp the bottom, or whepthe weight changes direction from a downward movement to an upwarg

(the]

weight.

If cd

be femoved; dried, and reweighed. If the difference between the pre-weight and this weight is Ig

min
cha

hounted on a dummy and immersed in at least the following positions:
feet first — Vertical 1;

head first — Vertical 2;

face up — Horizontal 1;

face down — Horizontal 2.

dummy shall be immersed with a speed of 6 cm/s. The system shalltrigger 5 s after full immer
se tests shall be performed first with a bladder emptied by hand.

ems using the bladder as an integral functional compénent shall be tested with the appropri
bladder and the inflation system are then a single system.

automatic inflators or for the evaluation of the atitomatic system on manual-automatic inflato
'val between the sample entering the water and-the audible piercing of the inflation-medium cd
ation time) shall be not more than 5s. For manual inflators, the lanyard shall be pulled to p
tion-medium container.
automatic inflators, the time interval*between the sample entering the water and the time 3

ard movement (the discharge-time), shall be not more than 10 s. Completeness of discharge
ne lifting of the weight.

manual inflators, the-time interval between the manual actuation and the time at which the we

discharge time);shall be not more than 5 s. Completeness of discharge is indicated by the

mpleteness of discharge is not attained within the specified time, then the inflation-medium co

mum, design charge value for the inflation-medium container (indicating that the cylinder

sion.

hte bladder.

rs, the time
ntainer (the
uncture the

t which the
ment to an
is indicated

ight is lifted
movement
ifting of the

ntainer shall
ss than the
was under-

rgéd), then the trial shall be repeated using a new inflation-medium container that is properly

fitted and, if

necessary, a new water-sensing element.

© I1SO 2006 — All rights reserved

53


https://standardsiso.com/api/?name=23402ffe627ad397a879928cdb25bc5e

ISO 12402-7:2006(E)

4.11.8 Humid atmosphere test of automatic inflation systems

An automatic inflation system shall not actuate during the humid atmosphere cycling exposure according to
Table 17. Following the exposure, the system shall operate as intended by piercing a proof disc. The proof
disc shall be (6,0 f81)mm in diameter and nominally 0,40 mm in thickness. The proof disc shall be
constructed of a metal’in which the finished disc will provide the following characteristics.

a)

b)

c)

d)

54

The minimum piercing force (P,,) and minimum work to pierce (#,,), based on testing of 100 discs
from the test lot, with domed side up, using the CO,, cylinder piercing test procedure in 4.12.2.2.4 and the
disc holder in 4.11.8 b) shall be as follows:

P

n

/4

ft

where

X

g

n=X-30>260N

in=X-30>035

is the mean value for the disc;

is the standard deviation for the disc value.

The standard proof disc shall be inserted into a proof disc holder with the domed side up. The proof

holder
diamet
shown
the pie

The ap
the infl

shall have a 0,38 mm deep, 6 mm diameter recess to centre and hold the proof disc over a 3,4
br pierce-pin cavity. The holder shall be threaded to fit the_inflation system under test. The hg
in Figure 5 meets the intent of the requirement. For cylinder-seal-indicating cylinders that cor
rce pin, the cylinder head shall be modified to hold the standard proof disc in a similar manner.

propriate size disc holder with domed-side-up disc shall be screwed into the threaded openin
htion system, and hand tightened.

The inflation system shall be actuated by immersing it in fresh water. The test shall be timed to verify

actuati

The pr
system
disc.

bn occurs within 5 s.

bof disc shall be removed and the-pierced hole compared against the pierce pin for the inflg
. Penetration occurs when the ‘chamfered portion of the pierce pin completely penetrates the p

disc
mm
Ider
tain

g of

that

tion
roof
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Dimensions in millimetres

93,43
A A A N
™ ~
o~ o
«| °g
LN  J ©
~ MM
o
b
Y
\
+0,1
®6 0

1/2—20 UNF threaded or 3/8—24 UNF threaded.
Any suitable length.

Figure 5 — Proof disc holder

4.11.9 System durability test(of automatic and manual inflation systems
An @automatic or manual inflation system shall be cycled through 100 actuation and re-arming procedures.

Each of the re-arming/actuation trials shall be performed using a new fully charged inflation-medium container.
Follpwing the cycling, each system shall operate as intended.

Forjmanually-actuated systems, the operation force shall not exceed 90 N after the last cycle.

4.11.10, \Operability test of over-pressure relief valves

The!

comditioning.
4.11.11 Pull test of automatic and manual inflation systems, and cylinder-seal-indicating cylinders
With the inflator fixed in accordance with the manufacturer’s instructions, and the cylinder installed on the

inflator, a load of 1 110 N shall be applied to the distal end of the gas cylinder, parallel to the length of the gas
cylinder, for 5 min.

411.12 Window material
411121 Window material when used as a non-structural component for viewing the inflation system

indicator(s) and CO, cylinder(s) shall comply with the requirements of Table 21 when subjected to the tests
therein.
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Table 21 — Window material

Property

Exposure

Test
method

Number of
samples

Compliance criteria

Material
thickness

1 Standard conditioning

2 Accelerated weathering
according to 4.1.6.4

3 High to low temperature

4 Low to high temperature

ASTM D 5034-95,
method G to E

10

Following exposure 1, the material shall
at least 0,3 mm thick.

Following exposures 2 through 4, the

be

material shall retain 90 % of its as-received

thickness.

Tensile
strength

See material thickness

ASTM D 5034-95,
method G to E

ASTM D 412-98,
method A,
dumbbell die A

10

Following exposure 2, the material shal
retain 80 % of the as-received tensile
strength in both the machine and
cross-machine directions.

Following exposures 3 through 4, the
material shall retain 75.%_of the
as-received tensile stiength in both the
machine and cross-machine directions.

Elongation

See material thickness

ASTM D 412-98,
method A,
dumbbell die A

10

Following exposure 2, the material shal
not increase more than 70 % or decrea
more than'80 % of the as-received
elongation at break load in both the
machine and cross-machine directions.

Following exposures 3 through 4, the
material shall not increase more than 6
or decrease more than 50 % of the
as-received elongation at break load in
both the machine and cross-machine
directions.

%

Sewn seam
strength

See material thickness

ASTM D 1683

Following exposure 2, the material shal

retain 60 % of the as-received sewn segm

strength in both the machine and
cross-machine directions.

Following exposures 3 and 4, the mater
shall retain 85 % of the as-received sew
seam strength in both the machine and
cross-machine directions.

al

>

Cold crack/
flexibility

(-8+1)°Cfor1h

4.11.12.8

10

There shall not be more than two samp
that break into two or more pieces as a
result of the test.

Visual clarit

Abrasion conditioning

411127

Following exposure, all test subjects shall

correctly recognize either the red or gre
coloured indicators in all five positions g
correctly recognize 80 % of both colours
indicators in all positions.

en
nd
of

4.11.12.2 Samples shall be subjected to the high-to-low temperature exposure. The material shall be placed
in a circulating-air oven maintained at (70 £ 2) °C for 24 h. The samples shall then be placed in a cold
chamber at (-30 + 2) °C for 24 h and then allowed to return to ambient room temperature.

4.11.12.3 Samples shall be subjected to the low-to-high temperature exposure. The material shall be placed
in a cold chamber at (-30 £ 2) °C for 24 h. The samples shall then be placed in a circulating-air oven
maintained at (70 £ 2) °C for 24 h and then allowed to return to ambient room temperature.
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4.11.12.4 For the tensile strength and elongation tests, after the applicable conditioning, each dumbbell
sample shall be cut in accordance with ASTM D 412-92, method A, dumbbell die A. The elongation shall be
measured at the tensile breaking point.

4.11.12.5 The average thickness of each dumbbell sample shall be determined by measuring at three
places in the reduced section using a dial micrometer with a 10 mm diameter pressure foot.

4.11.12.6 Sewn seam strength tests shall be performed for any window material that will be sewn to cover
fabric material instead of radio frequency (RF) welding. Before the applicable conditioning, three samples in
each direction of the window material shall be sewn to 410-denier nylon (in the warp direction) to form a
550 mm length. After the appropriate conditioning, 100 mm wide seam by 150 mm long samples, in each
direftion, shall be cut for the seam strength tests. Five samples in each direction of the window-mlaterial shall
be |tested for each conditioning in accordance with ASTM D 1683, using CRT, 300\mim/min with
25 hm x 25 mm front jaws (metal, rubber faced) and 25 mm x 75 mm back jaws (metal, not\padded) with an
initial 75 mm jaw separation.

4.11.12.7 Representative inflator indicator(s) shall be readily visible over the range described [in Table 22
whegn viewed through window material that has been abraded. Six test subjects shall be used fgr the visual
clar|ty tests in Table 21.

Table 22 — Indicator visibility

Parameter Red indicator Green indicatqgr
Minjmum viewing distance 2 000 mm 2 000 mm
Horjizontal (side-to-side) viewing range 90° including*head-on 90° including head-on
Vertical (top-to-bottom) viewing range 90° ineluding head-on 90° including head-on

411.12.7.1 Samples for abrasion conditioning shall be cut to 230 mm x 50 mm. Two samples shall be used,
one|cut from each direction. Each window material sample shall be abraded with 250 double rubs [continuous
cycle) under a tension of 9 N and\under a load of 9 N in accordance with Method 5304 of FTM$ 191A (see
Annex B). The tension of the samples shall be maintained throughout conditioning.

4.11.12.7.2 The six test Subjects used to determine visual clarity shall have 20/20 vision.

4.11.12.8 The cold_érack/flexibility shall be conducted with the short ends of each of five 50 mm x 150 mm
sanjples laid onecatop the other and their edges shall be placed on an underlying 50 mm x 125 mn stiff, paper
card (standard index-file card stock). The sample shall be looped naturally without creases or foldls and shall
be garefully-stapled to the card twice with the staples close together and both parallel to and 10 mm from the
50 mm edges. With the arm rotated 180° from the anvil, the impacting device shall be cooled to a femperature
of (+ 18+ 1) °C before and during the test.

412 Gas-filled cylinders
4.12.1 Construction

4.12.1.1 General

The product is a seamless steel cylinder with an approximately spherical closed end and a gradually tapering
open end which forms a neck having a length-to-diameter ratio of approximately one. The neck is threaded,
and its open end is sealed immediately after the gas filling operation by closing the neck opening with a
suitable cap or disc. The cylinder is screwed into a device known as an inflator and, on activation, the inflator
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pin pierces the steel cap. The stored gas is transferred, via passages in the inflator, to entry port(s) of the
buoyancy chamber(s) of the PFD.

Refillable gas-filled cylinders are not allowed.

4.12.1.1.1 Cylinder body

The cylinder shall be of seamless construction manufactured by deep drawing and forming, or from seamless
tube with formed ends. The stresses induced at the test pressure shall be less than the yield point of the
material of the cylinder and the cylinder shall show no permanent distortion after the application of the test
pressure.

412.1.1.2 |Cap

The cap shall incorporate a central pierceable area having a minimum diameter of

a) 4 mm fpr cylinders with 1/2-20 UNF threaded neck,

b) 2,5 mm for cylinders with 3/8-24 UNF threaded neck.

The cap shall be welded to the neck opening after filling and the weld shall be leak free.

The cap mlay be designed to serve as a pressure-relief device: the relief pressure shall exceed the |test
pressure, and be less than the burst pressure of the cylinder.

4.12.1.1.3 |Gas charge

The mass (f the gas charge shall be as stated on the design drawing as defined in 4.12.1.3.1. When the|gas
is carbon dipxide, the filling density shall not exceed 0,75 kgl/l.

4.12.1.1.4 |Surface protection

The outer qurfaces shall be protected against corrosion by any suitable environmentally acceptable megans.
Cadmium shall not be used. The surfaces shall.bé_smooth and free of any defects likely to adversely affect the
integrity of the cylinder. Shot blasting or peening of the outer surface is permitted.

4.12.1.2 Materials

4.12.1.2.1 |Cylinder body

The cylindgr body shall be of loWw-carbon steel (0,55 % C max.) made by the basic oxygen process or in an
electric furnace, fully killed guality with non-ageing properties or austenitic stainless steels to EN 10088-1.
Aluminium fnay not be used as a material of construction of the cylinder body. The chemical composition|and
mechanical| properties?, 'specification shall be stated on the design drawing as defined in 4.12.1.3.1 and shall
be suitable for the production processes and for the use intended.

4.12.1.2.2 |Gap

The cap material shall be steel and may be carbon steel, low-alloy steel or austenitic stainless steel suitable
for the production processes and for the use intended. The material specification of the cap shall be stated on
the design drawing as defined in 4.12.1.3.1.

4121.2.3 Gas

The gas to be filled shall be CO,to a quality which conforms to the standard for industrial CO, in the country
of manufacture, and shall have a purity equal to or greater than 99,5 % and a dew point equal to or less than
45 °C. Other gases may be used, provided always that these gases are not flammable or more toxic than CO,,
nor shall they generate compounds formed by interaction with water buoyancy compartment walls and the like
that are flammable or more toxic than CO,. The gas specification shall be stated on the design drawing as
defined in 4.12.1.3.1.
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g minimum

4.12.1.3.1 All cylinders shall be fully described in a design drawing containing the followin

information:

a) cylinder title and identification;

b) an outline of the cylinder;

c) materials of cylinder and cap;

d) |the gas and gas specification [national or international standards or manufacturer’s sta
specifications (if the latter, a generic description and specification number/identity, e.g. maxim
special deep drawing steel to ABC company spec. No. 123, CO, according to StandardXYZ)]

e) |principal dimensions including outside diameter, overall length, minimum wall thickness of ¢
thread details;

f) |diameter and thickness of the cylinder of pierceable area;

g) |cylinder minimum water capacity, in millilitres;

h) |toleranced mass of gas charge, in grams;

i) [filling density for CO, cylinders (maximum gas charge.divided by minimum water capaci
pressure at 15 °C for cylinders filled with permanent gases;

j) |test pressure;

k) |minimum burst pressure;

[) |corrosion protection specification [national or international standards or manufacturer’s sta
specifications (if the latter, a generic description and specification/identity)];

m) |cap maximum piercing force;

n) |maximum cap piercing werk.done;

0) |marking.

An éxample of a design drawing is given in Annex C.

hdards and
um 0,1 % C

ylinder and

y) or filling

ndards and
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4.12.1.3.2 A cylinder shall be considered a new cylinder type when

a)

b)

c)

d)
e)

f)

it is made by a different process, or a major process change has been made, or it is made in a different

facility;

a different material specification is used for the cylinder body or cap;

the length is increased by more than 50 % for cylinders made from seamless tube with hot rolled ends, or
the water capacity is increased by more than 10 % for deep drawn cylinders;

the external diameter has increased or decreased by more than 5 %;

the mir

the tes
changs

imum wall thickness has been reduced;

[ pressure has increased to an extent that the wall thickness or cap pierceable areaq, thicknes
d to meet the requirements of 4.12.2.1.1, or 4.12.2.1.2.

4.12.2 Pernformance

41221 1

412.2.11

All cylinder
completion

There shall

When filled
be more th4

There shall

60

ests and acceptance criteria

Pressure test

5 shall be proof tested at the test pressure as described.in 4.12.2.2.1.2 and 4.12.2.2.1.3 and
pf testing.

be no distortion or deformation of the body of the cylinder.

and pressure tested in accordance with 4.12.2!2.1, the upper surface of the piercing area shal
n 0,3 mm above or below surface “A” (see Figure 6).

be no leakage.

s is

, on

not
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4.12
Cyli
No

The
The
The

Piercing area.
Surface “A”.

Figure 6 — Piercing area distortion

.2.1.2 Burst pressure (hydrostatic)

nders shall be hydrostatically pressurized to burst as described in 4.12.2.2.2.

cylinder shall burstbelow a pressure of 56 MPa or twice the test pressure, whichever is greater
burst shall bg\in the cylindrical portion of the cylinder.

burst shall’be ductile.

re-shall be no fragmentation of the body of the cylinder, nor shall the cap (if already welded to

he cylinder)

bec

hma-detached
He-aetacrea-

4.12.2.1.3 Rupture

The cylinder, complete in all respects, including corrosion protection and marking, shall be heated to bursting
as described in 4.12.2.2.3.

The

The

cylinder burst shall be ductile.

re shall be no fragmentation of the body of the cylinder, nor shall the cap become detached.

If the cap also serves as a pressure-relief device, the test shall demonstrate this effect. There shall be no

frag

mentation.
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412.21.4

Cap piercing characteristics

Cylinders shall be tested for determination of the piercing characteristics of the cap, as described in 4.12.2.2.4.

For each sample tested, the maximum piercing force, P

max’

pierce, W4y shall be < 0,35 J.

412.21.5

Leakage

All cylinders shall be tested for leakage as described in 4.12.2.2.5.

shall be < 260 N, and the maximum work to

All cylinders

All cylinders

The gross fnass of the cylinder shall not exceed the marked minimum gross mass plus 10-%of the non

gas mass O

412.2.1.6

The mass
412.2.2.6 ¢

4.12.2.1.7
Cylinder vg
volume of t
4.12.1.3.1.
filling densi
used, shall

When the ¢
drawing as

412.2.1.8
The cylinde

The cylindg

defective units per test sample“are permitted. The cylinders shall conform to the drawing.

412.21.9

When teste
national sta

showing evidence of leakage shall be rejected.

shall conform to the minimum gross mass marked on the cylinder.

I 2 g, whichever is the greater.

Mass or pressure of gas charge

(and pressure for permanent gases) of the gas charge shall beidetermined as describe
nd shall be as stated in the design drawing defined in 4.12.1.3.1¢

Cylinder volume and maximum filling

lumes and maximum filling shall be determined ang,checked as described in 4.12.2.2.7.
ne cylinder shall equal or exceed the minimum voldme shown in the design drawing as define
When the cylinder is filled with a liquefied gas, the filling density shall be equal to or less than

not exceed the filling density corresponding_to*an internal pressure of 25 MPa at 65 °C.

vlinder is filled with a permanent gas, the-maximum filling pressure shall be as stated in the de
defined in 4.12.1.3.1.

Dimensions and workmanship
I's shall be inspected for dimensions and workmanship as described in 4.12.2.2.8.

rs shall be free joef\major defects listed in Table 23. For minor defects listed in Table 23,

Corrosion,resistance

d using a sodium chloride solution (salt spray) and in accordance with ISO 9227 or equive
hdard for a period not less than 96 h,

inal

The
din
the

y stated on the drawing and shall not exceed.9;75 kg/l for CO, or, when any other liquefied gas is

sign

two

lent

a)

red rust in the marking indentations (if marking is by indentation) are permitted;

b)

c)
units.

62

the marking shall be legible and complete on all units;

there shall be no evidence of red rust on any unit following completion of the test, although pinpricks of

if a label is used to carry the marking, the label shall remain securely fixed at the end of the test on all
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