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SCOPE

Thi s Regul ation applies to:

Part |. Speci fic conponents of motor vehicles using conpressed
natural gas (CNG in their propul sion system
Part I1. Vehicles with regard to the installation of specific

conponents, for the use of conpressed natural gas (CNG
for propul sion, of an approved type.

DEFI NI TI ON AND CLASSI FI CATI ON OF COVPONENTS

CNG components for use in vehicles shall be Classified with
regard to the working pressure and function, according to
figure 1-1.

Class 0O Hi gh pressure parts including tubes and fittings
containing CNG at a pressure higher than 3 MPa and up
to 26 MPa.

Class 1 Medi um pressure parts including tubes and fittings
containing CNG at a pressure higher than 450 kPa and up
to 3,000 kPa (3 MPa).

Class 2 Low pressure parts including tubes and fittings
containing CNG at a pressure higher than 20 kPa and up
to 450 kPa.

Class 3 Medi um pressure parts as safety valves or protected by
safety valve including tubes and fittings containing
CNG at a pressure higher than 450 kPa and up to
3,000 kPa (3 MPa).

Class 4 Parts in contact with gas subject to the pressure | ower
than 20 kPa.

A conponent can consist of several parts, each part Classified in
its own Class with regard to maxi mum wor ki ng pressure and
function.

"Pressure" means relative pressure versus atnospheric pressure,
unl ess ot herwi se stated.

"Service Pressure" nmeans the settled pressure at a uniform gas
tenperature of 15 EC.

"Test pressure" means the pressure to which a conmponent is taken
during acceptance testing.

"Working pressure" means the maxi num pressure to which a
conmponent is designed to be subjected to and which is the basis
for determning the strength of the conmponent under

consi derati on.
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"Specific component” neans:
(a) contai ner (or cylinder),
(b) accessories fitted to the cylinder
(c) pressure regul ator
(d) automatic val ve,
(e) manual val ve,
(f) gas/air mxer (carburettor or injector(s)),
(9) gas flow adjuster
(h) flexible fuel I|ine,
(i) rigid fuel |ine,
(J) filling unit or receptacle,
(k) check valve or non-return val ve,
() pressure relief valve (discharge valve),
(m pressure relief device (tenperature triggered),
(n) filter,
(0) pressure or tenperature sensor / indicator
(p) excess flow val ve,
(q) servi ce val ve,
(r) el ectronic control unit,

(s) gas-tight housing,
(t) fitting,
(u) ventilation hose.

Many of the components nentioned above can be conbined or fitted
together as a "multi-functional conmponent”.
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2. 3. "Container" (or cylinder) neans any vessel used for the storage of
conpressed natural gas;

2.3.1. A contai ner can be:

CNG- 1 net al

CNG- 2 netal liner reinforced with resin inpregnated continuous
filament (hoop w apped);

CNG- 3 netal liner reinforced with resin inpregnated continuous
filament (fully wapped);

CNG- 4 resin inpregnated continuous filanment with a non-
nmetallic liner (all conposite).

2.4, "Type of container" neans containers which do not differ in respect
of the dinensional and material characteristics as specified in
annex 3.

2.5. "Accessories fitted to the container" nmeans the follow ng
conmponents (but not linmted to them, either separate or comnbi ned,
when fitted to the container:

2.5.1. Manual val ve

2.5.2. Pressure sensor/indi cator

2.5.3. Pressure relief valve (discharge valve);

2.5.4. Pressure relief device (tenperature triggered);

2.5.5. Automati c cylinder valve;

2.5.6. Excess flow val ve

2.5.7. Gas-tight housing.

2.6. "Valve" nmeans a device by which the flow of a fluid may be
controll ed.

2.7. "Automatic valve" mans a valve which is not operated nmanually.

2.8. "Automatic cylinder valve" means an automatic valve rigidly fixed
to the cylinder which controls the flow of gas to the fuel system

2.9. "Check valve or non-return valve" mans an automatic val ve which
allows gas to flowin only one direction.

2.10. "Excess flow valve" neans a valve which automatically shuts off, or

limts, the gas flow when the flow exceeds a set design val ue.

2.11. “Manual valve" nmeans a manual valve rigidly fixed to the cylinder
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"Pressure relief valve (discharge valve)" neans a device which
prevents a pre-determ ned upstream pressure bei ng exceeded.

"Service valve" neans an isolation valve which is closed only when
servicing the vehicle.

"Filter" means a protective screen which renoves foreign debris from
the gas stream

"Fitting" means a connector used in a piping, tubing, or hose
system

Fuel lines

"Flexible fuel lines" nean a flexible tubing or hose through which
natural gas flow

"Rigid fuel lines" mean a tubing which has not been designed to flex
in normal operation and through which natural gas fl ows.

"Gas/air nixer" neans a device for introducing gaseous fuel into the
engi ne intake manifold (carburettor or injector).

"Gas flow adjuster” neans a gas flow restricting device, installed
downstream of a pressure regulator, controlling gas flowto the
engi ne.

"Gas-tight housing" neans a device which vents gas | eakage to
outside the vehicle including the gas ventilation hose.

"Pressure indicator" nmeans a pressurised device which indicates the
gas pressure.

"Pressure requlator” nmeans a device used to control the delivery
pressure of gaseous fuel to the engine.

"Pressure relief device (tenperature triggered)" neans a one tine
use device triggered by excessive tenperature and/or pressure which
vents gas to protect the cylinder fromrupture.

"Billing unit or receptacle" nmeans a device fitted in the vehicle
external or internal (engine conpartment) used to fill the container
inthe filling station

"Electronic control unit (CNG - fuelling)" neans a device which
controls the gas demand of the engi ne, and other engi ne paraneters,
and cuts off automatically the automatic valve, required by safety
reason.

"Type of conmponents"” as mentioned in paragraphs 2.6. to 2.23. neans
conmponents which do not differ in such essential respect as
mat eri al s and wor ki ng pressure.
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2.

"Type of Electronic Control Unit" as nentioned in paragraph 2.24.

means conmponents which do not differ in such essential respect as
the basic software principles excluding mnor changes.

PART |

APPROVAL OF SPECI FI C COMPONENTS OF MOTOR VEHI CLES USI NG
COWPRESSED NATURAL GAS (CNG) | N THEI R PROPULSI ON SYSTEM

APPL| CATI ON FOR APPROVAL

The application for approval of specific conponent or
mul ti functional conmponent shall be subnitted by the hol der of the
trade nane or mark or by his duly accredited representative.

It shall be acconpani ed by the under-nentioned docunments in
triplicate and by the follow ng particul ars:

description of the vehicle conprising all the relevant particulars
referred to in annex 1A to this Regul ation,

a detailed description of the type of the specific conponent,

a drawi ng of the specific conponent, sufficiently detailed and on
an appropriate scale,

verification of conpliance with the specifications prescribed in
par agraph 6 of this Regul ation.

At the request of the technical service responsible for conducting
approval tests, sanples of the specific conponent shall be

provi ded. Suppl enentary sanpl es shall be supplied upon request

(3 maxi num

During pre-production of containers [n] */, containers of each
50 pieces (lot of qualification) shall be subject to non-
destructive tests of annex 3.

MARKI NGS

The sanpl es of specific conponent subnitted for approval shall bear
the trade nane or nmark of the manufacturer and the type; and for
flexi bl e hoses al so the manufacturing nonth and year; this marking
shall be clearly legible and indelible.

Al'l conponents shall have a space |arge enough to acconmpdate the
approval mark; this space shall be shown on the drawi ngs referred
to in paragraph 3.2.3. above.

*/

To be specified.
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Every container shall also bear a marking plate with the foll ow ng
data clearly |l egible and indelible:

(a) a serial nunber;

(b) the capacity in litres;

(c) the marking "CNG';

(d) operating pressure/test pressure [MPa];
(e) weight (kg);

(f) year and nonth of approval (e.g. 96/01);
(9) approval mark according to paragraph 5. 4.

APPROVAL

If the conponent sanples submitted for approval neet the
requi renents of paragraphs 6.1. to 6.11. of this Regulation
approval of the type of conponent shall be granted.

An approval number shall be assigned to each type of conponent or
mul ti functional conponent approved. Its first two digits (at
present 00 for the Regulation in its original form shall indicate
the series of amendments incorporating the nost recent mngjor
techni cal amendnments made to the Regulation at the tinme of issue of
the approval. The sanme Contracting Party shall not assign the sane
al phanuneric code to anot her type of conponent.

Notice of approval or of refusal or of extension of approval of a
CNG conponent type pursuant to this Regulation shall be
comunicated to the Parties to the Agreement applying this
Regul ati on, by neans of a formconforming to the nodel in annex 2B
to this Regul ation.

There shall be affixed, conspicuously and in the space referred to
in paragraph 4.2. above, to all conponents conformng to a type
approved under this Regulation, in addition to the mark prescribed
in paragraphs 4.1. and 4.3., an international approval mark

consi sting of:
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5.4.1. A circle surrounding the letter "E" foll owed by the distinguishing
nunber of the country which has granted approval 1/.

5.4.2. The nunber of this Regulation, followed by the letter "R', a dash
and the approval number to the right of the circle prescribed in
paragraph 5.4.1. This approval nunber consists of the conponent
type approval nunber which appears on the certificate conpleted for
this type (see paragraph 5.2. and annex 2B) preceded by two figures
i ndi cating the sequence of the |latest series of anendnents to this
Regul ati on.

5.5. The approval mark shall be clearly |egible and be indelible.

5.6. Annex 2A to this Regul ation gives exanpl es of the arrangenent of
the aforesaid approval mark.

6. SPECI FI CATI ONS REGARDI NG CNG COVPONENTS

6.1. General provisions

6.1.1. The specific conponents of vehicles using CNG in their propul sion
system shall function in a correct and safe way as specified in
t hi s Regul ati on.
The materials of the conponents which are in contact with CNG shal
be conpatible with it (see annex 5D)
Those parts of conmponent whose correct and safe functioning is
liable to be influenced by CNG high pressure or vibrations has to
be submitted to relevant test procedures described in the annexes
of this Regulation. |In particular the provisions of
par agraphs 6.2. to 6.11. are to be fulfilled.

1/ 1 for Germany, 2 for France, 3 for Italy, 4 for the Netherlands, 5 for

Sweden, 6 for Belgium 7 for Hungary, 8 for the Czech Republic, 9 for Spain,
10 for Yugoslavia, 11 for the United Kingdom 12 for Austria, 13 for
Luxenmbourg, 14 for Switzerland, 15 (vacant), 16 for Norway, 17 for Finland,
18 for Denmark, 19 for Romania, 20 for Poland, 21 for Portugal, 22 for the
Russi an Federation, 23 for Greece, 24 for lreland, 25 for Croatia, 26 for

Sl ovenia, 27 for Slovakia, 28 for Belarus, 29 for Estonia, 30 (vacant), 31 for
Bosni a and Herzegovina, 32 for Latvia, 33 (vacant), 34 for Bulgaria,

35-36 (vacant), 37 for Turkey, 38-39 (vacant), 40 for The former Yugoslav
Republ i ¢ of Macedonia, 41 (vacant), 42 for the European Community (Approvals
are granted by its Menber States using their respective ECE synbol), 43 for
Japan, 44 (vacant), 45 for Australia and 46 for Ukraine. Subsequent nunbers
shal|l be assigned to other countries in the chronol ogi cal order in which they
ratify or accede to the Agreement Concerning the Adoption of Uniform Technica
Prescriptions for Wheel ed Vehicles, Equi pnment and Parts which can be Fitted
and/ or be Used on Weel ed Vehicles and the Conditions for Reciproca
Recogni ti on of Approvals Granted on the Basis of these Prescriptions, and the
nunbers thus assigned shall be communi cated by the Secretary-General of the
United Nations to the Contracting Parties to the Agreenent.
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The specific conponents of vehicles using CNG in their propul sion
system shall conply with rel evant el ectronagnetic conpatibility
(EMC) requirenents according to Regulation No. 10, 02 series of
anmendnents, or equival ent.

Provi si ons regardi ng contai ners

1. The CNG containers shall be type approved pursuant to the
provisions |laid dow in annex 3 to this Regul ation.

Provi si ons regardi ng conponents fitted to the container

1. The contai ner shall be equipped at |east with the follow ng
conmponents, which may be either separate or comnbi ned:

1.1, manual val ve

1.2, automatic cylinder valve,

. 1. 3. pressure relief device,

. 1.4, excess flow val ve

. 2. The contai ner may be equi pped with a gas-tight housing, if
necessary.

. 3. The conponents nentioned in paragraphs 6.3.1. to 6.3.2. above shal

be type approved pursuant to the provisions laid down in annex 4 to
this Regul ati on.

.-6.11. Provisions regardi ng other conponents
The conponents shown shall be type approved pursuant to the

provisions |aid down in the annexes which can be determ ned from
the tabl e bel ow

Par agr aph Conponent Annex
6. 4. Aut omati c val ve 4A
Check val ve or non-return valve
Pressure relief valve
Pressure relief device

Excess fl ow val ve

6.5 Fl exi bl e fuel 1ine-hose 4B
6.6 CNG filter 4C
6.7 Pressure regul at or 4D
6.8 Pressure and tenperature sensors 4E
6.9. Filling unit or receptacle 4F
6. 10. Gas flow adjuster and gas/air m xer 4G

or injector
6. 11. El ectronic control unit 4H
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7. MODI FI CATI ONS OF A TYPE OF CNG COVPONENT AND EXTENSI ON OF APPROVAL

7.1. Every nodification of a type of CNG conponent shall be notified to
the adm ni strative department which granted the type approval. The
department may then either

7.1.1. consider that the nodifications made are unlikely to have an
appreci abl e adverse effect, and that the conponent still conplies
with the requirements; or

7.1.2. Det ermi ne whet her partial or conplete retesting has to be
established by the conmpetent authority.

7.2. Confirmation or refusal of approval, specifying the alterations
shall be communi cated by the procedure specified in paragraph 5. 3.
above to the Parties to the Agreement which apply this Regul ation.

7.3. The conpetent authority issuing the extension of approval shal
assign a series nunber to each comruni cation form drawn up for such
an extension.

8. (Not al | ocat ed)

9. CONFORM TY OF PRODUCTI ON
The conformty of production procedures shall conply with those set
out in the Agreenent, appendix 2 (E ECE 324- E/ ECE/ TRANS/ 505/ Rev. 2)
with the foll ow ng requirenents:

9.1. Every container shall be tested at a mnimum pressure of 1.5 tines
the working pressure in conformity with the prescriptions of
annex 3 of this Regul ation.

9. 2. Burst testing under hydraulic pressure according to paragraph 3.2.
of annex 3 shall be carried out for each | ot consisting of
max 200 containers manufactured with the same |ot of raw materi al

9. 3. Every flexible fuel line assenbly which is applied in the high and
medi um pressure (Class 0, 1) according to the Classification as
described in paragraph 2 of this Regulation, shall be tested at the
pressure twi ce the working pressure.

10. PENALTI ES FOR NON- CONFORM TY OF PRODUCTI ON

10. 1. The approval granted in respect of a type of component pursuant to
this Regulation nay be withdrawn if the requirenments laid down in
par agraph 9 above are not conplied wth.

10. 2. If a Party to the Agreenent applying this Regulation withdraws an

approval it has previously granted, it shall forthwith so notify
the other Contracting Parties applying this Regulation, by neans of
a comuni cation formconformng to the nodel in annex 2B to this
Regul ati on.
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(Not all ocat ed)
PRODUCTI ON DEFI NI TELY DI SCONTI NUED

If the holder of the approval conpletely ceases to manufacture a
type of conponent approved in accordance with this Regul ation, he
shall so informthe authority which granted the approval. Upon
receiving the relevant conmmuni cation, that authority shall inform
thereof the other Parties to the Agreenment applying this Regulation
by means of a comunication formconformng to the nmodel in

annex 2B to this Regul ation

NAMES AND ADDRESSES OF TECHNI CAL SERVI CES RESPONSI BLE FOR
CONDUCTI NG APPROVAL TESTS, AND OF ADM NI STRATI VE DEPARTMENTS

The Parties to the Agreenment applying this Regul ati on shal

conmuni cate to the United Nations Secretariat the names and
addresses of the technical services responsible for conducting
approval tests and of the administrative departnents which grant
approval and to which fornms certifying approval or extension or
refusal or withdrawal of approval, issued in other countries, are
to be sent.
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PART 11
APPROVAL OF VEHI CLES
W TH REGARD TO THE | NSTALLATI ON OF SPECI FI C COMPONENTS OF AN
APPROVED TYPE FOR THE USE OF COVMPRESSED NATURAL GAS ( CNG
I'N THEI R PROPULSI ON SYSTEM

14. DEFI NI TI ONS

14. 1. For the purposes of Part Il of this Regulation

14.1. 1. "Approval of a vehicle" nmeans the approval of a vehicle type
of categories Mand Nwith regard to its CNG system as an
original equipnment for the use in its propul sion system

14.1. 2. "Vehicle type" neans vehicles fitted with specific conmponents
for the use of CNG in their propul sion system which do not
differ with respect to the follow ng conditions:

14.1.2.1. t he manuf acturer;

14.1. 2. 2. the type designation established by the manufacturer

14.1. 2. 3. the essential aspects of design and construction

14.1.2.3. 1. chassi s/ fl oor pan (obvious and fundanmental differences);

14.1.2.3. 2. the installation of the CNG equi pnent (obvi ous and fundanent a
di fferences).

14.1. 3. "CNG system' nmeans an assenbly of conmponents (container(s) or
cylinder(s), valves, flexible fuel lines, etc.) and connecting
parts (rigid fuel lines, pipes fitting, etc.) fitted on notor
vehicles using CNG in their propul sion system

15. APPLI CATI ON FOR APPROVAL

15. 1. The application for approval of a vehicle type with regard to
the installation of specific conponents for the use of
conpressed natural gas in its propul sion systemshall be
subnmitted by the vehicle manufacturer or by his duly
accredited representative.

15. 2. It shall be acconpani ed by the under-nentioned docunments in
triplicate: description of the vehicle conprising all the
rel evant particulars referred to in annex 1B to this
Regul ati on.

15. 3. A vehicle representative of the vehicle type to be approved,

shall be submitted to the technical service conducting the
approval tests.
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16. APPROVAL

16. 1. If the vehicle submitted for approval pursuant to this Regulation is
provided with all the necessary specific conponents for the use of
conpressed natural gases in its propul sion system and neets the
requi renents of paragraph 17 bel ow, approval of that vehicle type
shal |l be granted.

16. 2. An approval nunber shall be assigned to each type of vehicle
approved. Its first two digits shall indicate the series of
anmendnents incorporating the nost recent major technical amendnents
made to the Regulation at the tine of issue of the approval.

16. 3. Notice of approval or of refusal or of extension of approval of a
CNG vehicle type pursuant to this Regul ation shall be comuni cated
to the Parties to the Agreenent applying this Regul ation, by neans
of a formconformng to the nodel in annex 2D to this Regul ation.

16. 4. There shall be affixed, conspicuously and in a readily accessible
space specified on the approval formreferred to in paragraph 16. 2.
above, to every vehicle type approved under this Regul ation an
i nternational approval mark consisting of:

16. 4. 1. A circle surrounding the letter "E'" foll owed by the distinguishing
nunber of the country which has granted approval 1/;

16. 4. 2. The nunber of this Regulation, followed by the letter "R', a dash
and the approval number to the right of the circle prescribed in
par agraph 16.4. 1.

16. 5. If the vehicle conforns to a vehicle approved, under one or nore
ot her Regul ati ons annexed to the Agreenent, in the country which has
granted approval under this Regul ation, the synbol prescribed in

1/ 1 for Germany, 2 for France, 3 for Italy, 4 for the Netherlands, 5 for
Sweden, 6 for Belgium 7 for Hungary, 8 for the Czech Republic, 9 for Spain,
10 for Yugoslavia, 11 for the United Kingdom 12 for Austria, 13 for
Luxenmbourg, 14 for Switzerland, 15 (vacant), 16 for Norway, 17 for Finland,
18 for Denmark, 19 for Romania, 20 for Poland, 21 for Portugal, 22 for the
Russi an Federation, 23 for Greece, 24 for lreland, 25 for Croatia, 26 for

Sl ovenia, 27 for Slovakia, 28 for Belarus, 29 for Estonia, 30 (vacant), 31 for
Bosni a and Herzegovina, 32 for Latvia, 33 (vacant), 34 for Bulgaria,

35-36 (vacant), 37 for Turkey, 38-39 (vacant), 40 for The former Yugoslav
Republ i ¢ of Macedonia, 41 (vacant), 42 for the European Community (Approvals
are granted by its Menber States using their respective ECE synbol), 43 for
Japan, 44 (vacant), 45 for Australia and 46 for Ukraine. Subsequent nunbers
shal|l be assigned to other countries in the chronol ogi cal order in which they
ratify or accede to the Agreement Concerning the Adoption of Uniform Technica
Prescriptions for Wheel ed Vehicles, Equi pnment and Parts which can be Fitted
and/ or be Used on Weel ed Vehicles and the Conditions for Reciproca
Recogni ti on of Approvals Granted on the Basis of these Prescriptions, and the
nunbers thus assigned shall be communi cated by the Secretary-General of the
United Nations to the Contracting Parties to the Agreenent.
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16. 6.

16. 7.

16. 8.

17.

17. 1.

17.1. 1.

17.1. 2.

17.1. 3.
17.1. 4.

17.1.5.

17.1.6.

17.1.7.

17.1.7.

17.1.7.

1

2.

par agraph 16.4.1. need not be repeated; in such case, the Regul ation
and approval nunbers and the additional synmbols of all the
Regul ati ons under which approval has been granted in the country

whi ch has granted approval under this Regul ation shall be placed in
vertical colums to the right of the synmbol prescribed in

par agraph 16.4. 1.

The approval mark shall be clearly |egible and be indelible.

The approval mark shall be placed close to or on the vehicle data
pl ate.

Annex 2C to this Regul ation gives exanpl es of the arrangenent of the
af oresai d approval mark.

REQUI REMENTS FOR THE | NSTALLATI ON OF SPECI FI C COMPONENTS FOR THE USE
OF COVPRESSED NATURAL GAS I N THE PROPULSI ON SYSTEM OF A VEHI CLE

CGener a

The CNG system of the vehicle shall function in a good and safe
manner at the working pressure for which it has been designed and
approved.

Al'l conponents of the system shall be type approved as individua
parts pursuant to Part | of this Regul ation.

The materials used in the systemshall be suitable for use with CNG
Al'l conponents of the system shall be fastened in a proper way.

The CNG system shall show no | eaks, i.e. stay bubble-free for
3 minutes.

The CNG system shall be installed such that is has the best possible
protecti on agai nst danage, such as danmage due to noving vehicle
conmponents, collision, grit or due to the | oading or unloading of
the vehicle or the shifting of those | oads.

No appliances shall be connected to the CNG system other than those
strictly required for the proper operation of the engi ne of the
not or vehicle.

Not wi t hst andi ng the provisions of paragraph 17.1.8., vehicles nmay be
fitted with a heating systemto heat the passenger conpartnent
and/or the | oad area which is connected to the CNG system

The heating systemreferred to in paragraph 17.1.8.1. shall be
permtted if, in the view of the technical services responsible for
conducting type approval, the heating systemis adequately protected
and the required operation of the normal CNG systemis not affected.
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Identification of CNG fuelled vehicles of categories M2 and
MB */.

Vehi cl es of categories M2 and M3 equi pped with a CNG system shal
carry a plate as specified in annex 6.

The plate shall be installed on the front and rear of the vehicle
of category M2 or M3 and on the outside of the doors on the
ri ght-hand side.

Further requirenents

No conponent of the CNG system including any protective
mat eri al s which form part of such conponents, shall project
beyond the outline of the vehicle, with the exception of the
filling unit if this does not project nore than 10 mm beyond its
poi nt of attachnent.

No conponent of the CNG system shall be |ocated within 100 nm of
t he exhaust or simlar heat source, unless such conmponents are
adequately shi el ded agai nst heat.

The CNG system

A CNG system shall contain at |east the follow ng conponents:

Cont ai ner(s) or cylinder(s);

Pressure indicator or fuel |evel indicator;
Pressure relief device (tenperature triggered);
Automati c val ve;

Manual val ve

Pressure regul ator;

Gas flow adjuster;

Excess flow val ve

Gas/air mxer (carburettor or injector(s));
Filling unit or receptacle;

Fl exi bl e fuel 1ine;

Rigid fuel I|ine;

*/

As defined in the Consolidated Resolution on the Construction of

Vehi cl es (R E. 3), annex 7 (TRANS/ WP. 29/78/ Rev. 1/ Anend. 2).
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17.3.1.13.
17.

17.

17.
17.
17.
17.
17.
17.

17.

17.

17.

17.

17.

17.

17.

3.

3.

1

1

14.

15.

El ectronic control wunit;

Fittings;

Gas-tight housing for those conponents installed inside the

| uggage and passenger conpartment. |If the gas-tight housing wll
be destroyed in case of fire, the pressure relief device my be

covered by the gas-tight housing.

The CNG system nmay also include the foll owi ng conponents:

Check valve or non-return valve

Pressure relief valve

CNG filter;

Pressure and/or tenperature sensor;

Fuel selection system and el ectrical system

An additional automatic valve may be combined with the pressure
regul at or.

Installati on of the container

The contai ner shall be permanently installed in the vehicle and
shall not be installed in the engine conpartment.

The contai ner shall be installed such that there is no netal to
nmetal contact, with the exception of the fixing points of the
cont ai ner(s).

When the vehicle is ready for use the fuel container shall not be
| ess than 200 mm above the road surface.

The provisions of paragraph 17.4.3. shall not apply if the
container is adequately protected, at the front and the sides and
no part of the container is located |ower than this protective
structure.

The fuel container(s) or cylinder(s) nust be nounted and fixed so
that the follow ng accel erati ons can be absorbed (w thout danage
occurring) when the containers are full

Vehi cl es of categories ML and NI:
(a) 20 g in the direction of trave
(b) 8 g horizontally perpendicular to the direction of trave

Vehi cl es of categories M2 and N2:
(a) 10 g in the direction of trave
(b) 5 g horizontally perpendicular to the direction of trave
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Vehi cl es of categories M3 and N3:
(a) 6.6 ginthe direction of trave
(b) 5 g horizontally perpendicular to the direction of trave

A cal cul ati on nmethod can be used instead of practical testing if
its equival ence can be denmonstrated by the applicant for approva
to the satisfaction of the technical service.

Accessories fitted to the container(s) or cylinder(s)

Aut omatic val ve

An automatic valve shall be installed directly on the container

Pressure relief device

The pressure relief device (tenperature triggered) shall be
fitted to the fuel container(s) in such a manner that can

di scharge into the gas-tight housing if that gas-tight housing
fulfils the requirenments of paragraph 17.5.5.

Excess flow valve on the container

The excess flow valve shall be fitted to the fuel container(s) in
such a manner that can discharge into the gas-tight housing if
that gas-tight housing fulfils the requirenments of

par agraph 17.5.5.

Manual val ve

A manual valve is rigidly fixed to the cylinder

Gas-tight housing on the container(s)

A gas-tight housing over the container(s) fittings, which fulfils
the requirenments of paragraphs 17.5.5.2. to 17.5.5.5. shall be
fitted to the fuel container, unless the container(s) is
installed outside the vehicle.

The gas-tight housing shall be in open connection with the
at nosphere, where necessary through a connecting hose and a | ead-
t hrough which shall be resistant agai nst CNG

The ventilation opening of the gas-tight housing shall point
upwards at the point of exit fromthe notor vehicle. However, it
shall not discharge into a wheel arch, nor shall it be ainmed at a
heat source such as the exhaust.

Any connecting hose and | ead-through in the bottom of the
bodywork of the notor vehicle for ventilation of the gas-tight
housi ng shall have a mini mum cl ear opening of 450 nm?.
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17.

17.

17.

17.
17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

17.

5.

5.

5.

. 6.

LT,

The housing over the container(s) fittings and connecting hoses
shall be gas-tight at a pressure of 10 kPa wi thout any pernanent
def or mati ons.

The connecting hose shall be secured by clanps, or other neans,
to the gas-tight housing and the | ead-through to ensure that a
gas-tight joint is forned.

The gas-tight housing shall contain all the conponents installed
into the luggage or passenger conpartment.

Rigid and flexible fuel |ines
Rigid fuel lines shall be made of seamnl ess steel
The rigid fuel line may be replaced by a flexible fuel line if

used in Class 0, 1 or 2.

Fl exi bl e fuel line shall fulfil the requirenment of annex 4B to
t hi s Regul ati on.

Rigid fuel |lines, shall be secured such that they shall not be
subj ected to vibration of stresses.

Fl exi bl e fuel lines shall be secured such that they shall not be
subj ected to vibration or stresses.

At the fixing point, the fuel line, flexible or rigid, shall be
fitted in such a way that there is no netal to nmetal contact.

Rigid and flexible fuel gas line shall not be |ocated at jacking
poi nts.

At passages the fuel lines shall be fitted with protective
materi al .

Fitting or gas connections between the conponents

Sol dered joints and bite-type conpression joints are not
permtted.

St ai nl ess steel tubes shall only be joined by stainless stee
fittings.

Di stributing-blocks shall be nmade of corrosion-resistant
materi al .

Rigid fuel |ines shall be connected by appropriate joints, for
exanpl e, two-part conpression joints in steel tubes and joints
with olives tapered on both sides.

The nunber of joints shall be limted to a mninmm
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Any joints shall be made in |locations where access is possible
for inspection.

In a passenger conpartnment or enclosed | uggage conpartnent the
fuel lines shall be no |longer than reasonably required, and in
any case shall be protected by a gas-tight housing.

The provisions of paragraph 17.7.7. shall not apply to vehicles
of categories M2 or MB where the fuel lines and connections are
fitted with a sleeve which is resistant agai nst CNG and whi ch has
an open connection to the atnosphere.

Aut omati ¢ val ve
An automatic valve shall be installed on each CNG cont ai ner

An additional automatic valve may be installed in the fuel |ine
as close as possible to the pressure regul ator

The automatic valve shall be operated such that the fuel supply
is cut off when the engine is switched off, irrespective of the
position of the ignition switch, and shall remain closed while
the engine is not running.

Filling unit or receptacle

The filling unit shall be secured against rotation and shall be
protected against dirt and water

When the CNG container is installed in the passenger conpartnent
or a enclosed (luggage) conpartnment the filling unit shall be
| ocated at the outside of the vehicle or in engine conpartnment.

Fuel selection system and electrical installation

The el ectrical conmponents of the CNG system shall be protected
agai nst overl oads.

Vehicles with nore than one fuel system shall have a fue
sel ection systemto ensure that no nore than one fuel is supplied
to the engine at any tine.

The el ectrical connections and conponents in the gas-tight
housi ng shall be constructed such that no sparks are generated.

CONFORM TY OF PRODUCTI ON
The conformty of production procedures shall conply with those

set out in the Agreenent, appendi x 2 (E ECE 324-
E/ ECE/ TRANS/ 505/ Rev. 2) .
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19.

19. 1.

19. 2.

20.

20. 1.

20.1. 1.

20.1. 2.

20. 2.

20. 3.

21.

PENALTI ES FOR NON- CONFORM TY OF PRODUCTI ON

The approval granted in respect of a type of vehicle pursuant to
this Regulation nay be withdrawn if the requirements referred to
i n paragraph 18 above are not conplied with.

If a Party to the Agreenent applying this Regulation withdraws an
approval it has previously granted, it shall forthwith so notify

the other Contracting Parties applying this Regul ation, by neans

of a conmuni cation formconforning to the nodel in annex 2D to

t hi s Regul ati on.

MODI FI CATI ON AND EXTENSI ON OF APPROVAL OF A VEHI CLE TYPE

Every nodification of the installation of the specific conponents
for the use of conpressed natural gas in the propul sion system of
the vehicle shall be notified to the adninistrative departnent

whi ch approved the vehicle type. The departnent may then either:

Consi der that the nodifications nmade are unlikely to have an
appreci ably adverse effect and that in any case the vehicle stil
conplies with the requirenments; or

Require a further test report fromthe technical service
responsi bl e for conducting the tests.

Confirmation or refusal of approval, specifying the alteration,
shall be communicated to the Parties to the Agreement applying
this Regul ation by nmeans of a formconfornming to the nodel in
annex 2D to this Regul ation.

The conpetent authority issuing the extension of approval shal
assign a series nunber for such an extension and informthereof
the other Parties to the 1958 Agreenent applying this Regul ation
by means of a communication formconformng to the nmodel in
annex 2D to this Regul ation.

PRODUCTI ON DEFI NI TELY DI SCONTI NUED

If the holder of the approval conpletely ceases to manufacture a
type of vehicle approved in accordance with this Regul ation, he
shall so informthe authority which granted the approval. Upon
receiving the relevant conmuni cation, that authority shall inform
thereof the other Parties to the Agreenent applying this

Regul ati on by nmeans of a communi cation formconforning to the
nodel in annex 2D to this Regul ation.
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NAMES AND ADDRESSES OF TECHNI CAL SERVI CES RESPONSI BLE FOR
CONDUCTI NG APPROVAL TESTS, AND OF ADM NI STRATI VE DEPARTMENTS

The Parties to the Agreenent applying this Regul ati on shal

conmuni cate to the United Nations Secretariat the names and
addresses of the technical services responsible for conducting
approval tests and of the administrative departnents which grant
approval and to which fornms certifying approval or extension or
refusal or withdrawal of approval, issued in other countries, are
to be sent.
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1.2.4.5.2.12.

Annex 1A

ESSENTI AL CHARACTERI STI CS OF THE CNG COMPONENT
(Not all ocat ed)
System descri ption:
Pressure regulator(s): vyes/no 1/
Make(s):
Type(s):
Dr awi ngs:
Nunmber of mmin adjustnent points

Description of principle of adjustnent through main adjustnment
poi nts:

Nunmber of idle adjustnent points:

Description of principles of adjustment through idle adjustnent
poi nts:

Ot her adjustnment possibilities: if so and which (description and
drawi ngs) :

Working pressure(s): 2/ . . . . . . . . . . . . . . . . . . . kpPa
Materi al :

Gas/air mxer (carburettor): yes/no 1/

Nurber :

Make(s):

Type(s):

Dr awi ngs:

Adj ust nent possibilities:

Working pressure(s): 2/ . . . . . . . . . . . . . . . . . . . kpPa
Materi al :

Gas flow adjuster: yes/no 1/

Nurber :

Make(s):
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Type(s):

Dr awi ngs:

Adj ust nent possibilities (description)
Wor ki ng pressure(s): 2/

Materi al :

Gas/air mxer (injector)(s): yes/no 1/
Make(s):

Type(s):

I dentification:

Wor ki ng pressure(s): 2/

Drawi ngs of installation:

Materi al :

El ectronic Control Unit (CNGfuelling): yes/no 1/
Make(s):

Type(s):

Adj ust nent possibilities:

Basi ¢ software principles:

CNG contai ner(s) or cylinder(s): yes/no 1/
Make(s):

Type(s) (include draw ngs):

Capacity:

Drawi ngs of the installation of the container:
Di mensi ons:

Materi al :

CNG cont ai ner accessories

Pressure indicator: yes/no 1/

Make(s):

kPa

kPa

litres
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1.2.4.5.8.1.2.

1.2.4.5.8.1.3.

Type(s):

Operating principle: float/other 1/ (include description or

dr awi ngs)
Wor ki ng pressure(s): 2/
Materi al :

Pressure relief valve (discharge valve): yes/no 1/

Make(s):

Type(s):

Wor ki ng pressure(s) 2/:
Materi al :

Automatic valve: yes/no 1/

Make(s):

Type(s):

Wor ki ng pressure(s) 2/:
Materi al :

Excess flow valve: yes/no 1/

Make(s):

Type(s):

Wor ki ng pressure(s) 2/:
Materi al :

Gas-tight housing: yes/no 1/

Make(s):

Type(s):

Wor ki ng pressure(s) 2/:
Materi al :

Manual val ve: yes/no 1/

Make(s):

Type(s):



. 6.

. 6.

. 6.

. 5.

. 10.

. 10.

. 10.

. 10.

. 10.

. 10.

11,

11,

11,

11,

11,

11,

.12,

.12,

.12,

.12,

.12,

.12,

3

4

4.

Dr awi ngs:
Wor ki ng pressure(s) 2/:

Mat eri al :

Pressure relief device (tenperature triggered):

Make(s):
Type(s):
Description and draw ngs:

Operating tenperature: 2/

Materi al :

Filling unit or receptacle: yes/no 1/
Make(s):

Type(s):

Wor ki ng pressure(s) 2/:
Description and draw ngs:
Materi al :

Fl exi bl e fuel lines: yes/no 1/
Make(s):

Type(s):

Description :

Wor ki ng pressure(s): 2/

Materi al :

Pressure and Tenperature sensor(s):
Make(s):

Type(s):

Description:

Wor ki ng pressure(s): 2/

Mat eri al :
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yes/ no 1/

EC

kPa

yes/ no 1/

kPa
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heati ng system:

kPa

yes/ no 1/

kPa

yes/ no 1/

page 28

1.2.4.5.13. CNG filter(s): vyes/no 1/

1.2.4.5.13. Make(s):

1.2.4.5.13. Type(s):

1.2.4.5.13. Description:

1.2.4.5.13. Wor ki ng pressure(s): 2/

1.2.4.5.13. Mat eri al

1.2.4.5.14. Check val ve(s) or non-return val ve(s)
1.2.4.5.14. Make(s):

1.2.4.5.14. Type(s):

1.2.4.5.14. Description:

1.2.4.5.14. Wor ki ng pressure(s) : 2/

1.2.4.5.14. Mat eri al

1.2.4.5.15. Connection to CNG system for

1.2.4.5.15. Make(s):

1.2.4.5.15. Type(s):

1.2.4.5.15. Description and drawi ngs of installation
1.2.5. Cooling system (liquid/air) 1/

1.2.5.1. System description/drawings with regard to the CNG system
1/ Strike out what does not apply.

Speci fy the tol erance.
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Annex 1B
ESSENTI AL CHARACTERI STI CS OF THE VEHI CLE, ENG NE AND CNG RELATED SYSTEM

DESCRI PTI ON OF THE VEHI CLE( S)

Make:

Type(s):

Nanme and address of the manufacturer

Engi ne type(s) and approval No.(Nos.):

DESCRI PTI ON OF THE ENG NE( S)

Manuf act urer:

1. Manuf acturer's engi ne code(s) (as nmarked on the engine, or other
means of identification):

I nternal combustion engine

.3 (Not al | ocat ed)
.4.5.1. (Not al | ocat ed)
.4.5.2. Pressure regul ator(s):

.4.5.2.1. Mke(s):

.4.5.2.2. Type(s):

.4.5.2.3. Working pressure(s): 2/ . . . . . . . . . . . . . . . . . . . kPa
.4.5.2.4., Material:

.4.5. 3. Gas/air mxer (carburettor): yes/no 1/

.4.5.3.1. Nunber:

.4.5.3.2. Mke(s):

.4.5.3.3. Type(s):

.4.5.3.4. Working pressure(s): 2/ . . . . . . . . . . . . . . . . . . . kPa
.4.5.3.5. Material:

.4.5. 4. Gas flow adjuster: yes/no 1/

.4.5.4.1. Nunber:

.4.5.4.2. Make(s):
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1.2.4.5.

1.2.4.5.

Type(s):

Wor ki ng pressure(s): 2/

Materi al :

Gas/air mxer (injector(s)): yes/no 1/
Make(s):

Type(s):

Wor ki ng pressure(s): 2/

Materi al :

El ectronic Control Unit CNGfuelling: vyes/no 1/
Make(s):

Type(s):

Basi ¢ software principles:

CNG cont ai ner(s) or cylinder(s): yes/no 1/
Make(s):

Type(s):

Capacity:

Appr oval number:

Di mensi ons:

Materi al :

CNG cont ai ner accessori es:

Pressure indicator:

Make('s)
Type(s):
Wor ki ng pressure(s) 2/:

Mat eri al :

Pressure relief valve (discharge valve): yes/no 1/

Make(s):

kPa

kPa

litres



Type(s):
Wor ki ng pressure 2/:
Mat eri al :

Aut omatic val ve(s):

Make(s):

Type(s):

Wor ki ng pressure(s) 2/:
Materi al :

Excess flow valve: yes/no 1/

Make(s):

Type(s):

Wor ki ng pressure(s) 2/:
Materi al :

Gas-tight housing: yes/no 1/

Make(s):

Type(s):

Wor ki ng pressure(s) 2/:
Materi al :

Manual val ve

Make(s):
Type(s):
Wor ki ng pressure(s) 2/:

Mat eri al :

Pressure relief device (tenperature triggered):

Make(s):

Type(s):

Operating tenperature: 2/

TRANS/ WP. 29/ 704
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yes/ no 1/

EC
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1.2.4.5.

1.

2.

4.

5.

9.

10.

. 10.

. 10.

. 10.

. 10.

11,

11,

11,

11,

11,

.12,

.12,

.12,

.12,

.12,

. 13.

. 13.

. 13.

. 13.

. 13.

.14,

.14,

.14,

.14,

.14,

Materi al :

Filling unit or receptacle: yes/no 1/
Make(s):

Type(s):

Wor ki ng pressure(s) 2/:

Materi al :

Fl exi bl e fuel lines: vyes/no 1/
Make(s):

Type(s):

Wor ki ng pressure(s): 2/

Mat eri al :

Pressure and tenperature sensor(s): yes/no 1/

Make(s):

Type(s):

Wor ki ng pressure(s): 2/
Materi al :

CNG filter: yes/no 1/
Make(s):

Type(s):

Wor ki ng pressure(s): 2/
Materi al :

Check val ve(s) or non-return val ve(s)
Make('s)

Type(s)

Wor ki ng pressure(s) : 2/

Mat eri al :

yes/no 1

kPa

kPa

kPa

kPa
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1.2.4.5.15. Connection to CNG system for heating system: yes/no 1/
1.2.4.5.15. 1. Make(s):
1.2.4.5.15. 2. Type(s):
1.2.4.5.15. 3. Description and drawi ngs of installation
1.2.4.5.16. Furt her docunentati on:
1.2.4.5.16. 1. Description of the CNG system
1.2.4.5.16. 2. System | ay-out (el ectrical connections, vacuum connections

conpensati on hoses, etc.):
1.2.4.5.16. 3. Drawi ng of the synbol:
1.2.4.5.16. 4. Adj ust nent dat a:
1.2.4.5.16.5. Certificate of the vehicle on petrol, if already granted:
1.2.5. Cooling system (liquid/air) 1/

1/ Strike out what does not apply.

2/ Specify the tolerance.
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Annex 2A
ARRANGEMENT OF THE CNG COMPONENT
TYPE- APPROVAL MARK
(See paragraph 5.2. of this Regul ation)
%
ﬂn. :
1 2 15
L4 xX R—002439

a$8 mm

The above approval mark affixed to the CNG conponent shows that this conmponent
has been approved in Italy (E3), pursuant to Regul ati on No.xx under approva
nunber 002439. The first two digits of the approval nunber indicate that the
approval was granted in accordance with the requirenments of Regul ation No. xXx
inits original form



concerni ng: 2/

of a type of CNG conponent

Appr oval

Annex 2B

COVMUNI CATI ON

(maxi mum f or mat :

APPROVAL GRANTED
APPROVAL EXTENDED
APPROVAL REFUSED

APPROVAL W THDRAWN

A4 (210 x 297 mm))

i ssued by:

PRODUCTI ON DEFI NI TELY DI SCONTI NUED

No. :

1. CNG conponent consi der ed:

pursuant to Regul ati on No.

XX

Ext ensi on No. :

Cont ai ner(s) or cylinder(s) 2/

Pressure indicator 2/
Pressure relief valve 2/
Automatic valve(s) 2/
Excess fl ow val ve 2/
Gas-tight housing 2/
Pressure regul ator(s) 2/
Check val ve(s) 2/
Pressure relief device 2/
Manual val ve 2/
Fl exi bl e fuel lines 2/
Filling unit or
Gas/air mxer
Gas flow adjuster 2/
Gas/air mxer

El ectronic control unit 2/

receptacle 2/

(injector(s) ) 2/

(carburettor) 2/

Pressure and tenperature sensor(s) 2/

CNG filter(s) 2/

TRANS/ WP. 29/ 704
page 35

Name of adm nistration:
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Trade nanme or nark:

Manuf acturer's nane and address:

4, I f applicable, nane and address of mmnufacturer's representative:

5. Submi tted for approval on

6. Techni cal service responsible for conducting approval tests:

7. Dat e of report issued by that service:

8. No. of report issued by that service:

9. Approval granted/refused/ extended/ wi t hdrawn 2/

10. Reason(s) of extension (if applicable):

11. Pl ace:

12. Date:

13. Signature:

14. The docunents filed with the application or extension of approval
obt ai ned upon request.

1/ Distinguishing nunber of the country which has

can be

gr ant ed/ ext ended/ r ef used/ wi t hdrawn approval (see approval provisions in the
Regul ati on).

2/

Strike out what does not apply.
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Annex 2B - Addendum

Addi tional information concerning the type approval of a type of
CNG conponents pursuant to Regul ati on No XXX

Cont ai ner(s) or cylinder(s)
Di mensi ons:
Mat eri al :

Pressure indicator
Wor ki ng pressure(s) 2/
Mat eri al : .o

Pressure relief valve (discharge valve)
Wor ki ng pressure(s) 2/
Materi al : . -

Aut omatic val ve(s)
Wor ki ng pressure(s) 2/
Materi al : . .

Excess fl ow val ve
Wor ki ng pressure(s) 2/
Mat eri al : .o

Gas-tight housing
Wor ki ng pressure(s) 2/
Materi al : - .

Pressure regul ator(s)
Wor ki ng pressure(s) 2/
Materi al : - -

Check val ve(s) or non-return valve(s)
Wor ki ng pressure(s) 2/
Materi al : -

Pressure relief device (tenperature triggered)
Wor ki ng pressure(s) 2/
Materi al : . -

Manual val ve
Wor ki ng pressure(s) 2/

Materi a

Fl exi bl e fuel lines

Wor ki ng pressure(s) 2/
Materi al : -
Filling unit or receptacle
Wor ki ng pressure(s) 2/
Materi al : . -
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1.13. Gas/air mxer (injector(s) )
1.13.1. Wor ki ng pressure(s) 2/

1.13.2. Materi al : -

1.14. Gas flow adjuster

1.14.1. Wor ki ng pressure(s) 2/

1.14.2. Materi al : . -

1.15. Gas/air mxer (carburettor)
1.15.1. Wor ki ng pressure(s) 2/

1.15. 2. Materi al : -

1.16. El ectronic control unit (CNG—fueII|ng)
1.16.1. Basi ¢ software principles:

1.17. Pressure and tenperature sensor(s)
1.17.1. Wor ki ng pressure(s) 2/

1.17.2. Materi al : - -

1.18. CNG filter(s)

1.18.1. Wor ki ng pressure(s) 2/

1.18. 2. Materi al : . -

1/ Strike out what does not apply.

2/

Speci fy the tol erance.
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Annex 2C
ARRANGEMENT OF APPROVAL MARKS
Model A
(See paragraph 16.2. of this Regulation)
. g“ e wl
. 2] ¥ 3 xX R—002439
a$8mm

The above approval mark affixed to a vehicle shows that the vehicle has, with
regard to the installation of CNG system for the use of CNG for propul sion
been approved in Italy (E3), pursuant to Regulation No. xx under approva
nunber 002439. The first two digits of the approval nunber indicate that the
approval was granted in accordance with the requirenments of Regul ation No. xXx
inits original form

Model B

(See paragraph 16.2. of this Regul ation)

h-l
e

—_ xx 002439
83 021628

L_ ral=a

a$8mm

The above approval mark affixed to a vehicle shows that the vehicle has, with
regard to the installation of CNG systemfor the use of CNG for propul sion
been approved in Italy(E3), pursuant to Regul ati on No.xx under approval nunber
002439. The first two digits of the approval number indicate that at the date
the approval was granted in accordance with the requirements of Regul ation

No. xx in its original formand that Regul ation No. 83 included the 02 series
of anmendnents.
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Annex 2D
COVMUNI CATI ON
(maxi mum format: A4 (210 x 297 nm)

i ssued by: Narme of adm nistration

concerni ng: 2/ APPROVAL GRANTED

APPROVAL EXTENDED

APPROVAL REFUSED

APPROVAL W THDRAWN

PRODUCTI ON DEFI NI TELY DI SCONTI NUED

of a vehicle type with regard to the installation of CNG system pursuant to
Regul ati on No. XX

Approva

o kK w N E

10.

11.

11. 1.
11.1. 1.
11.1. 2.
12.

13.

No: ........... Extension No: ..........

Trade nanme or mark of vehicle:
Vehi cl e type

Vehi cl e category:

Manuf acturer's name and address:

I f applicable, nane and address of manufacturer's representative:

Description of the vehicle, draw ngs, etc. (needs detailing):

Test results:

Vehi cl e submitted for approval on

Techni cal service responsible for conducting approval tests:
Date of report issued by that service:

CNG system

Trade nane or mark of conponents and their approval nunbers:
Cont ai ner(s) or cylinder(s):

etc. (see para. 2.2. of the Regul ation)

No. of report issued by that service:

Approval granted/refused/ extended/ withdrawn 2/
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14. Reason(s) of extension (if applicable):

15. Pl ace:

16. Dat e:

17. Si gnat ur e:

18. The foll owi ng docunents filed with the application or extension of
approval can be obtai ned upon request:
Drawi ngs, diagrans and scheme plans regardi ng the conponents and the
installation of the CNG equi pment considered to be of inportance for
t he purpose of this Regul ations;
VWhere applicable drawi ngs of the various equi pnent and their position
in the vehicle.

1/ Distinguishing nunber of the country which has

gr ant ed/ ext ended/ r ef used/ wi t hdr awn approval (see approval provisions in the
Regul ation.)

2/ Strike out what does not apply.
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Annex 3
GAS CYLI NDERS
H GH PRESSURE CYLI NDER FOR THE ON- BOARD STORAGE
OF NATURAL GAS AS A FUEL FOR AUTOMOTI VE VEHI CLES
1. SCOPE

Thi s annex sets out mininmumrequirenments for [ight-weight refillable gas
cylinders having a water capacity exceeding 20 litres but not exceeding
1000 litres. The cylinders are intended only for the on-board storage of
hi gh pressure conpressed natural gas as a fuel for autonotive vehicles to
which the cylinders are to be fixed. Cylinders may be of any steel

al um niumor non-nmetallic material, design or method of manufacture
suitable for the specified service conditions. This annex does not cover
metal liners or cylinders of stainless steels or of welded construction
Cylinders covered by this annex are Classified in Class 0, as described
in paragraph 2. of this Regulation, and are

CNG- 1 Met a

CNG 2 Metal liner reinforced with resin inpregnated continuous
filanment (hoop wr apped)

CNG- 3 Metal liner reinforced with resin inpregnated continuous
filament (fully wrapped)

CNG- 4 Resin inpregnated continuous filament with a non-netallic
liner (all conposite)

Service conditions to which the cylinders will be subjected are
detailed in paragraph 4. This annex is based upon a working pressure for
natural gas as a fuel of 20 MPa settled at 15 ECwith a maximum filling

pressure of 26 MPa. Ot her working pressures can be accommdat ed by
adjusting the pressure by the appropriate factor (ratio). For exanple, a
25 MPa working pressure systemwi |l require pressures to be multiplied
by 1.25.

The service |ife of the cylinder shall be defined by the manufacturer and
may vary with applications. Definition of service life is based upon
filling the cylinders 1,000 times a year for a mnimmof 15,000 fills.
The maxi mum service |ife shall be 20 years.

For metal and netal-lined cylinders, the cylinder life is based upon the
rate of fatigue crack growh. The ultrasonic inspection, or equivalent,
of each cylinder or liner is required to ensure the absence of flaws

whi ch exceed the maxi mum al | owabl e size. This approach pernits the
opti m sed design and manufacture of Iight weight cylinders for natura
gas vehicle service

For all-conmposite cylinders with non-netallic non-load bearing liners the
"safe life" is denmonstrated by appropriate design methods, design
qualification testing and nmanufacturing controls.
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The foll owi ng standards contain provisions which, through reference in this

text, constitute provisions of this annex (until equival ent ECE provisions
will be avail able).
ASTM St andards 1/
ASTM B117-90 Test nmethod of Salt Spray (Fog) Testing,
ASTM B154- 92 Mercurous Nitrate Test for Copper and Copper Alloys
ASTM D522- 92 Mandrel Bend Test of attached Organic Coatings;
ASTM D1308- 87 Ef fect of Househol d Chenicals on Cl ear and Pi gnented
Organi ¢ Fi ni shes;
ASTM D2344- 84 Test Method for Apparent interlamnm nar Shear Strength of
Paral l el Fibre Conposites by Short Beam Met hod;
ASTM D2794- 92 Test Method for Resistance of Organic Coatings to the
Ef fects of Rapid Deformation (Inpact);
ASTM D3170- 87 Chi ppi ng Resi stance of Coati ngs;
ASTM D3418- 83 Test Method for Transition Tenperatures Polyners by
Thermal Anal ysi s;
ASTM E647-93 Standard Test , Method for Measurenent of Fatigue Crack
G owt h Rates;
ASTM E813- 89 Test Method for J,c, a Measure of Fracture Toughness;
ASTM G53- 93 Standard Practice for Operating Light and Water -
Exposure Apparatus (Fluorescent UV-Condensation Type)
for Exposure of non-nmetallic naterials
BSI Standards 2/
BS 5045: Part 1 (1982) Transportable Gas Containers - Specification
for Seaml ess Steel Gas Containers Above 0.5 litre Water
Capacity
BS 7448-91 Fracture Mechani cs Toughness Tests Part | - Method for
Determ nation of K Critical COD and Critical J Val ues of
BS PD 6493-1991. Gui dance an Methods for Assessing the A
Acceptability of Flaws in Fusion Wel ded Structures; Metallic
Material s
1/ Anerican Society for Testing and Materials.

British Standards | nstitution.
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| SO St andards 3/
| SO 148-1983

| SO 306- 1987

| SO 527 Pt 1-93

| SO 642-79

| SO 2808-91

| SO 3628-78

| SO 4624-78
| SO 6982-84
| SO 6506- 1981

| SO 6508- 1986

| SO 7225

| SO DI'S 7866- 1992

| SO 9001: 1994

| SO 9002: 1994

| SO DS 12737

| SO | EC Cui de 25-1990

| SO | EC Cui de 48-1986

| SO DI'S 9809

Steel - Charpy Inpact Test (v-notch);

Pl astics - Thernoplastic Materials - Deternination of
Vi cat Softening Tenperature ;

Plastics - Determination of Tensile Properties -
Part |: General principles;

Steel -Hardenability Test by End Quenchi ng
(Jom ny Test);

Pai nts and Varni shes - Deternination of film Thickness;

G ass Reinforced Materials - Determ nation of Tensile
Properties

Pl astics and Varnishes - Pull-off Test for adhesion
Metallic Materials - Tensile Testing,
Metallic Materials - Hardness test - Brinell Test;

Metallic Materials - Hardness Tests - Rockwel | Test
(Scal es, ABCDEFGHK)

Precautionary Labels for Gas Cylinders,

Refill abl e Transportabl e Seam ess Al um ni um Al | oy
Cylinders for Worldw de Usage Design, Manufacture and
Accept ance;

Qual ity Assurance in Design/Devel opment. Production
Installation and Servi cing;

Qual ity Assurance in Production and Installation

Metallic Materials - Determ nation of the Plane-Strain
Fracture Toughness;

General requirenents for the Technical Conpetenceof
Testing Laboratories;

Gui delines for Third Party Assessnent and Regi stration
of Supplies Quality System

Transportabl e Seaml ess Steel Gas Cylinders Design
Construction and Testing - Part |: Quenched and
Tenpered Steel Cylinders with Tensile Strength

< 1100 MPa;

3/ I nternational Organi zation for Standardization
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NACE St andard 4/

NACE TMD177-90 Laboratory Testing of Metals for Resistance to Sul phide
Stress Cracking in H,S Environnments.

3. DEFI NI TI ONS

For the purpose of this annex the follow ng definitions shal

apply:
3.1. (not all ocat ed)
3. 2. auto-frettage: A pressure application procedure used in
manuf acturi ng conposite cylinders with nmetal l|iners, which strains

the liner past its limt of elasticity, sufficiently to cause
per manent plastic deformati on which results in the |iner having
conpressive stresses and the fibres having tensile stresses at
zero internal pressure.

3. 3. auto-frettage pressure: the pressure within the over-w apped
cylinder at which the required distribution of stresses between the
liner and the over-wrap is established.

3. 4. batch - conposite cylinders: A "batch" shall be a group of
cylinders successively produced fromqualified |iners having the
same size, design, specified materials of construction and process
of manufacture.

3.5. batch - netal cylinders and liners: A "batch" shall be a group of
nmetal cylinders or liners successively produced having the sane
nom nal dianeter, wall thickness, design, specified material of
construction, process of manufacture, equipnent for manufacture and
heat treatment, and conditions of tine, tenperature and atnosphere
during heat treatnent.

3. 6. batch non-nmetallic liners: A “batch" shall be a group of non-
metallic |iners successively produced having the same nom na
di aneter, wall thickness, design specified material of construction
and process of manufacture.

3.7. batch limts: In no case shall a "batch" be permitted to exceed 200
finished cylinders or liners (not including destructive test
cylinders or liners), or one shift of successive production
whi chever is greater.

3. 8. conposite cylinder: A cylinder made of resin inpregnated continuous
filament wound over a netallic or non-netallic liner. Conposite
cylinders using non-netallic liners are referred to as all-
conposite cylinders.

4/ Nat i onal Associ ation of Corrosi on Engi neers.
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3.

. 10.

11,

.12,

. 13.

.14,

. 15.

. 16.

.17,

. 18.

. 20.

.21,

.22,

controlled tension wi nding: A process used in manufacturing hoop

wr apped conposite cylinders with netal liners by which conpressive
stresses in the liner and tensile stresses in the over-wap at zero
internal pressure are obtained by winding the reinforcing filanments
under significant high tension

filling pressure: The gas pressure in the cylinder imediately upon
conpletion of filling.

finished cylinders: Conpleted cylinders which are ready for use,
typi cal of normal production, conplete with identification marks
and external coating including integral insulation specified by the
manuf acturer, but free from non-integral insulation or protection.

full -wrap: An over-wap having a filanent wound rei nforcenment both
in the circunferential and axial direction of the cylinder

gas tenperature: The tenperature of gas in a cylinder.

hoop-wrap: An over-wrap having a filament wound reinforcenent in a
substantially circunferential pattern over the cylindrical portion
of the liner so that the filament does not carry any significant
load in a direction parallel to the cylinder |ongitudinal axis.

liner: A container that is used as a gas-tight, inner shell, on
which reinforcing fibres are filament wound to reach the necessary
strength. Two types of liners are described in this standard:
Metallic liners that are designed to share the load with the

rei nforcenent, and non-netallic liners that do not carry any part
of the | oad.

manuf acturer: The person or organi zation responsible for the
desi gn, fabrication and testing of the cylinders.

maxi mum devel oped pressure: the settled pressure devel oped when gas
in a cylinder filled to the working pressure is raised to the
maxi mum servi ce tenperature

over-wrap: The reinforcenent systemof filanent and resin applied
over the liner.

prestressing: The process of applying auto-frettage or controlled
t ensi on wi ndi ng.

service life: The life in years during which the cylinders my
safely be used in accordance with the standard service conditions.

settled pressure: The gas pressure when a given settled tenperature
i s reached.

settled tenperature: The uniform gas tenperature after any change
in tenperature caused by filling has dissipated.
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.24,
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1.

1.
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test pressure: The pressure at which the cylinder is
hydrostatically tested.

wor ki ng pressure: The settled pressure of 20 MPa at a uniform
tenperature of 15 EC.

SERVI CE CONDI TI ONS
Cener a
St andard service conditions

The standard service conditions specified in this section are
provi ded as a basis for the design, manufacture, inspection
testing, and approval of cylinders that are to be nounted
permanently on vehicles and used to store natural gas at ambient
tenperatures for use as a fuel on vehicles.

Use of cylinders
The service conditions specified are also intended to provide

i nformati on on how cylinders made to this Regul ati on may safely be
used to:

(a) manuf acturers of cylinders;

(b) owners of cylinders;

(c) designers or contractors responsible for the installation of
cylinders;

(d) desi gners or owners of equi pnent used to refuel vehicle
cylinders;

(e) suppl i ers of natural gas; and

(f) regul atory authorities who have jurisdiction over cylinder
use.

Service life

The service |ife for which cylinders are safe shall be specified by
the cylinder designer on the basis of use under service conditions
speci fied herein. The maxi mum service life shall be 20 years.

Periodic requalification

Recommendati ons for periodic requalification by visual inspection
or testing during the service life shall be provided by the
cylinder manufacturer on the basis of use under service conditions
speci fied herein. Each cylinder shall be visually inspected at

| east every 36 nonths, and at the tine of any re-installation, for
external damage and deterioration, including under the support
straps. The visual inspection shall be perforned by a conpetent
agency approved or recogni zed by the Regulatory Authority, in
accordance with the manufacturers specifications: Cylinders

wi t hout | abel containing nandatory information, or with | abels
contai ning mandatory information that are illegible in any way
shall be renmoved from service. If the cylinder can be positively
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i dentified by manufacturer and serial nunber, a replacenent |abe

may be applied, allowing the cylinder to remain in service.

4.1.4.1. Cylinders involved in collisions

Cylinders which have been involved in a vehicle collision shall be

rei nspected by an agency authorized by the manufacturer, unless

otherwi se directed by the Authority having jurisdiction. Cylinder
whi ch have not experienced any inpact damage fromthe collision my
be returned to service, otherwise the cylinder shall be returned to

t he manufacturer for eval uation.

4.1.4.2 Cylinders involved in fires

Cylinders which have been subject to the action of fire shall be

rei nspected by an agency authorized by the manufacturer, or

condemmed and renoved from service
4.2. Maxi mum pressur es

The cylinder pressure shall be linmted to the foll ow ng:

(a) a pressure that would settle to 20 MPa at a settled
tenperature of 15 EC,

(b) 26 MPa, inmediately after filling, regardl ess of
t enper at ur e;

(c) t he maxi mum devel oped pressure should not exceed 26 MrPa.
Consequently in |locations where the anbient tenperature
exceeds 30 EC for 10 per cent of the days in a year, the
filling pressure shall be adjusted in such a way that the
devel oped pressure shall not exceed 26 MPa at 65 EC
(i.e. settled pressure at -40 EC should be linited to
18 MPa).

4. 3. Maxi mum nunber of filling cycles

Cylinders are designed to be filled up to a settled pressure of

20 MPa bar at a settled gas tenperature of 15 °C for up to

1,000 tinmes per year of service.

4.4. Tenperature range

4.4.1. Settled gas tenperature
Settled tenperature of gas in cylinders may vary from a m ni mum of
-40 EC to a maxi mum of 65 EC

4.4. 2. Cylinder tenperatures

The tenperature of the cylinder materials may vary froma nmini num
of -40 EC to a maxi mum of +82 EC
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Tenperatures over +65 EC may be sufficiently local, or of short
enough duration, that the tenperature of gas in the cylinder never
exceeds +65 EC, except under the conditions of paragraph 4.4.3;
Transi ent tenperatures

Devel oped gas tenperatures during filling and di scharge may vary
beyond the linits of paragraph 4.4.1;

Gas conposition

Met hanol and/or glycol shall not be deliberately added to the
natural gas. Cylinder should be designed to tolerate being filled
with natural gas neeting either of the followi ng three conditions:

(a) SAE J1616
(b) Dry gas

Wat er vapour would normally be limted to | ess than 32 nyg/nt.
a pressure dewpoint of -9 EC at 20 MPa. There woul d be no
constituent limts for dry gas, except for

Hydrogen sul fide and other sol uble sul fides: 23 ng/ n¥

xygen: 1 per cent by
vol ume

Hydrogen shall be limted to 2 per cent by volume when cylinders
are manufactured froma steel with an ultimate tensile strength
exceedi ng 950 MPa;

(c) Wet gas

Gas that contains a water content higher than b) nornmally neets the
following constituent limts;

Hydrogen sul fide and other sol uble sulfides: 23 ng/ n¥

xygen: 1 per cent by
vol ume

Car bon di oxi de: 4 per cent by
vol ume

Hydr ogen: 0.1 per cent by
vol ume

Under wet gas conditions, a mnimumof 1 ng of conpressor oil per
kg of gas is necessary to protect netallic cylinders and |iners.

Ext ernal surfaces

Cylinders are not designed for continuous exposure to nmechanical or
chenmical attack. e.g.leakage fromcargo that nmay be carried on
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vehicles or severe abrasi on damage fromroad conditions, and shal
conply with recogni zed i nstallation standards. However, cylinder
external surfaces may be inadvertently exposed to:
(a) water, either by intermttent inmersion or road spray;
(b) salt, due to the operation of the vehicle near the ocean or
where ice nelting salt is used;
(c) ultra-violet radiation from sunlight;
(d) i npact of gravel;
(e) sol vents, acids and alkalis, fertilizers; and
(f) autonotive fluids, including gasoline, hydraulic fluids,
gl ycol and oils.
4.7. Gas perneation or |eakage
Cylinders may be | ocated in enclosed spaces for extended periods of
time. Permeation of gas through the cylinder wall or |eakage
bet ween the end connections and the |iner shall be considered in
t he desi gn.
5. DESI GN APPROVAL
5. 1. Genera

The followi ng information shall be submitted by the cylinder
designer with a request for approval to the Conpetent Authority:

(a) statement of service (paragraph 5.2.)
(b) desi gn data (paragraph 5.3.)

(c) manuf acturi ng data (paragraph 5.4.)
(d) qual ity system (paragraph 5.5.)

(e) fracture performance and NDE (Non Destructive Exani nation)
defect size (paragraph 5.6.);

(f) speci fication sheet (paragraph 5.7.)
(9) addi ti onal supporting data (paragraph 5.8.)
For cylinders designed in accordance with |1SO 9809 it is not

required to provide the stress analysis report in paragraph 5.3. 2.
or the information in paragraph 5.6.
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St at enent _of service

The purpose of this statenent of service is to guide users and
installers of cylinders as well as to informthe approving
Conpetent Authority, or their designated representative. The
statenment of service shall include:

(a) a statenent that the cylinder design is suitable for use in
the service conditions defined in paragraph 4 for the
service |ife of the cylinder;

(b) the service life;

(c) the m nimumin-service test and/or inspection requirenents;

(d) the pressure relief devices and/or insulation required;

(e) support nethods, protective coatings, etc., required but not
provi ded;

(f) a description of the cylinder design

(9) any other information necessary to ensure the safe use and

i nspection of the cylinder
Desi gn data
Dr awi ngs
Drawi ngs shall show the following as a m nimum

(a) Title, reference nunber, date of issue, and revision nunbers
with dates of issue if applicable;

(b) Reference to this Regulation and the cylinder type;

(c) Al'l dinensions conplete with tol erances, including details
of end closure shapes with mnimumthi cknesses and of
openi ngs;

(d) Mass, conplete with tolerance, of cylinders;

(e) Mat eri al specifications, conplete with m ni mum mechani ca
and chenical properties or tolerance ranges and, for neta
cylinders or netal liners, the specified hardness range;

(f) Ot her data such as, auto-frettage pressure range, Mmninmum

test pressure, details of the fire protection system and of
the exterior protective coating.

Stress anal ysis report

Afinite element stress analysis or other stress analysis shall be
provi ded;
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5.

5.

5.

5.

5.

5.
5.

5.

3.

3.

3.

3.

6.

3.

5.

6.

1

A table sunmari zing the calculated stresses in the report shall be
provi ded.

Material test data

A detail ed description of the materials and tol erances of the

mat eri al s properties used in the design shall be provided. Test
data shall also be presented characterizing the mechanica
properties and the suitability of the materials for service under
the conditions specified in paragraph 4.

Design qualification test data

The cylinder material, design, manufacture and exam nation shall be
provi ded to be adequate for their intended service by neeting the
requi renents of the tests required for the particular cylinder
design, when tested in accordance with the rel evant nmethods of test
detailed in appendix A to this annex.

The test data shall also docunment the dinensions, wall thicknesses
and wei ghts of each of the test cylinders.

Fire protection

The arrangenment of pressure relief devices that will protect the
cylinder from sudden rupture when exposed to the fire conditions in
par agraph A.15 shall be specified. Test data shall substantiate the
ef fectiveness of the specified fire protection system

Cyli nder supports

Details of cylinder supports or support requirenments shall be
provi ded in accordance with paragraph 6.11

Manuf act uri ng dat a

Details of all fabrication processes, non-destructive exam nations,
production tests and batch tests Shall be provided; The tol erances
for all production processes such as heat treatnment, end forning
resin mx ratio, filanment wi nding tension and speed, curing tines
and tenperatures, and auto-frettage procedures shall be specified;
Surface finish, thread details, acceptance criteria for ultrasonic
scanni ng (or equivalent), and maxi mum | ot sizes for batch tests
shall al so be specified.

(not all ocat ed)

Fracture performance and NDE defect size

Fracture performance

The manufacturer shall denonstrate the Leak-Before-Break
performance of the design as described in paragraph 6.7.
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NDE defect size

Usi ng the approach described in paragraph 6.15.2 the manufacturer
shal | establish the maxi mum defect size for non-destructive

exam nation which will prevent the failure of the cylinder during
its service life due to fatigue, or failure of the cylinder by
rupture.

Speci fication sheet

A sunmary of the docunents providing the information required in
paragraph 5.1. shall be listed on a specification sheet for each
cylinder design. The title, reference nunber, revision nunbers and
dates of original issue and version issues of each docunent shal
be given. All docunents shall be signed or initialled by the

i ssuer; The specification sheet shall be given a nunber, and

revi sion nunbers if applicable, that can be used to designate the
cylinder design and shall carry the signature of the engineer
responsi bl e for the design. Space shall be provided on the

speci fication sheet for a stanp indicating registration of the
desi gn.

Addi tional supporting data

Addi tional data which would support the application, such as the
service history of material proposed for use, or the use of a
particul ar cylinder design in other service conditions, shall be
provi ded where applicable.

Approval and certification

I nspection and testing

Eval uation of conformty is required to be performed in accordance
with the provisions of paragraph 9 of this Regul ation;

In order to ensure that the cylinders are in conpliance with this
i nternational Regulation they shall be subject to inspection in
accordance with paragraphs 6.13. and 6.14. perforned by the
Conpet ent Authority.

Test certificate

If the results of prototype testing according to paragraph 6.13.
are satisfactory, the Conpetent Authority shall issue a test
certificate. An exanple of a test certificate is given in
Appendi x D to this annex.

Bat ch acceptance certificate

The Conpetent Authority shall prepare an acceptance certificate as
provi ded in appendix D to this annex.
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6. 1.

6. 2.

6. 3.

6.3. 1.

6.3. 2.

6.3.2.1.

REQUI REMENTS APPLI CABLE TO ALL CYLI NDER TYPES
Cener a

The foll owing requirenments are generally applicable to the cylinder
types specified in paragraphs 7 to 10. The design of cylinders
shall cover all relevant aspects which are necessary to ensure that
every cylinder produced according to the design is fit for its
purpose for the specified service |life; Type CNG 1 steel cylinders
designed in accordance with | SO 9809 and neeting all the

requi renents therein are only required to neet the requirements of
par agraphs 6.3.2.4. and 6.9 to 6.13.

Desi gn

Thi s Regul ati on does not provide design formulas nor pernissible
stresses or strains, but requires the adequacy of the design to be
established by appropriate calcul ati ons and denonstrated by
cylinders being capable of consistently passing the nmaterials,
design qualification, production and batch tests specified in this
Regul ation; All designs shall ensure a "l eakage before break"
failure node under feasible degradation of pressure parts during
normal service. |f | eakage of netal cylinders or netal |iners
occurs, it shall be only by the growth of a fatigue crack

Mat eri al s

Material s used shall be suitable for the service conditions

speci fied in paragraph 4. The design shall not have inconpatible
materials in contact. The design qualification tests for naterials
are summuarised in table 6. 1.

St eel
Conposition

Steels shall be al um nium and/or silicon killed and produced to
predom nantly fine grain practice. The chenical conposition of al
steel s shall be declared and defined at |east by:

(a) carbon, manganese, alum nium and silicon contents in al
cases;

(b) ni ckel , chrom um nolybdenum boron and vanadi um contents,
and any other alloying elenents intentionally added. The
following limts shall not be exceeded in the cast anal ysis:

Tensil e strength < 950 MPa $ 950 MPa

Sul fur

0. 020 per cent 0. 010 per cent

Phosphor us 0. 020 per cent 0. 020 per cent

Sul fur

and Phosphorus 0. 030 per cent 0. 025 per cent
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When a carbon-boron steel is used, a hardenability test in
accordance with | SO 642, shall be perfornmed on the first and | ast

i ngot or slab of each heat of steel. The hardness as neasured in a
di stance of 7.9 mmfromthe quenched end, shall be within the range
33-53 HRC, or 327-560 HV, and shall be certified by the materia
manuf act urer;

Tensil e properties

The nmechani cal properties of the steel in the finished cylinder or
liner shall be determ ned in accordance with paragraph A 1
(appendi x A). The el ongation for steel shall be at |east 14 per
cent;

| npact properties

The inpact properties of the steel in the finished cylinder or
liner shall be determ ned in accordance with paragraph A 2
(appendi x A). Inpact values shall not be |ess than that indicated
in table 6.2 of this annex;

Sul fide stress cracking resistance

If the upper limt of the specified hardness range for the stee
exceeds 240 HB, the steel fromfinished cylinder shall be tested in
accordance with paragraph A 3 (appendi x A) and neet the

requi rements therein.

Al um ni um

Conposition

Al um nium al | oys shall be quoted in line with Al um nium Associ ati on
practice for a given alloy system The inpurity limts for |ead and
bi smuth in any alum niumalloy shall not exceed 0.003 per cent;

Corrosion tests

Al um nium al |l oys shall neet the requirenments of the corrosion tests
carried out in accordance with paragraph A 4 (appendi x A);

Sust ai ned | oad cracking

Al um nium al | oys shall neet the requirenments of the sustained |oad
cracking tests carried out in accordance with paragraph A 5
(appendi x A);

Tensil e properties

The nmechanical properties of the alumniumalloy in the finished
cylinder shall be determined in accordance with paragraph A
(appendi x A). The elongation for alum niumshall be at |east 12 per
cent.
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6.

6.3.4.1.

6.3.4.2.

6.3.4.3.

6.

6.

6.

6.

3.

3.

3.

5.

6

Resi ns
CGener a

The material for inpregnation nmay be thernpsetting or thernoplastic
resins. Exanples of suitable matrix materials are epoxy, nodified
epoxy, polyester and vinylester thernosetting plastics, and

pol yet hyl ene and pol yam de thernopl astic materi al

Shear strength

Resin materials shall be tested in accordance with paragraph A 26
(appendi x A), and neet the requirenments therein;

G ass transition tenperature

The glass transition tenperature of the resin material shall be
determ ned in accordance wi th ASTM D3418.

Fi bres

Structural reinforcing filament naterial types shall be gl ass
fibre, aramd fibre or carbon fibre. If carbon fibre reinforcenent
is used the design shall incorporate nmeans to prevent gal vanic
corrosion of metallic conponents of the cylinder. The manufacturer
shall keep on file the published specifications for conposite
materials, the material manufacturer's recomendati ons for storage,
conditions and shelf life and the material manufacturer's
certification that each shipnent conforms to said specification
requi renents. The fibre manufacturer shall certify that the fibre
mat eri al properties conformto the manufacturer's specifications
for the product.

Pl astic liners

The tensile yield strength and ultinate el ongation shall be
deternmined in accordance with paragraph A 22 (appendix A). Tests
shall denobnstrate the ductile properties of the plastic |iner

mat erial at tenperatures of -50 EC or | ower by neeting the val ues
speci fied by the manufacturer; The polyneric material shall be
conpatible with the service conditions specified in paragraph 4 of
this annex. In accordance with the nethod described in

par agraph A. 23 (appendix A), the softening tenperature shall be at
| east 90 EC, and the nelting tenperature at |east 100 EC

Test pressure

The m ni mum test pressure used in manufacture shall be 30 MPa;

Burst pressures and fibre stress ratios

For all types of cylinder the m ni mum actual burst pressure shal
not be less than the values given in table 6.3 of this annex. For
type CNG 2, CNG 3 and CNG 4 designs the conposite over-wap shall
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be designed for high reliability under sustained |oading and cyclic
| oading. This reliability shall be achieved by nmeeting or exceeding
the conposite reinforcenment stress ratio values given in table 6.3
of this annex. Stress ratio is defined as the stress in the fibre
at the specified mnimm burst pressure divided by the stress in
the fibre at working pressure. The burst ratio is defined as the
actual burst pressure of the cylinder divided by the working
pressure; For type CNG 4 designs, the stress ratio is equal to the
burst ratio; For type CNG 2 and CNG 3 designs (netal-1i ned,
conposite overw apped) stress ratio cal cul ations nust include:

(a) An analysis nmethod with capability for non-linear naterials
(speci al purpose computer programor finite el enent analysis
program ;

(b) El astic-plastic stress-strain curve for |iner material nust

be known and correctly nodell ed;

(c) Mechani cal properties of conposite materials nust be
correctly nodel | ed;

(d) Cal cul ations nust be made at: auto-frettage, zero after
auto-frettage, working and m ni mum burst pressures;

(e) Prestresses from wi ndi ng tension nmust be accounted for in
t he anal ysi s;

(f) M ni mum bur st pressure nmust be chosen such that the
cal cul ated stress at mini mum burst pressure divided by the
calcul ated stress at working pressure neets the stress ratio
requi renents for the fibre used;

(9) When anal yzing cylinders with hybrid reinforcenent (two or
nore different fibre types), the | oad share between the
different fibres nust be considered based on the different
elastic modulii of the fibres. The stress ratio requirenents
for each individual fibre type nust be in accordance with
the values given in table 6.3 of this annex. Verification
of the stress ratios nmay al so be perforned using
strai ngauges. An acceptable nmethod is outlined in the
i nformati ve appendix E to this annex.

Stress analysis

A stress analysis shall be perfornmed to justify the m ni mum design
wal | thicknesses. It shall include the determ nation of the
stresses in liners and fibres of conposite designs.

Leak-bef ore-break (LBB) assessnent

Types CNG- 1, CNG 2 and CNG 3 cylinders shall denpnstrate
Leak- Bef ore-Break (LBB) performance. The LBB performance test shal
be carried out in accordance with paragraph A 6 (appendix A).
Denmonstrati on of LBB performance is not required for cylinder
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6. 8.

6.9.

6. 10.

6.10. 1.

6. 10. 2.

designs that provide a fatigue |life exceedi ng 45,000 pressure
cycles when tested in accordance with paragraph A 13 (appendi x A).
Two net hods of LBB assessment are included for information in
appendix F to this annex.

| nspection and testing

The manufacturing inspection shall specify programmes and
procedures for:

(a) manuf acturi ng i nspection, tests and acceptance criteria; and

(b) periodic in service inspection, tests and acceptance
criteria. The interval of visual reinspection of the
external cylinder surfaces shall be in accordance with
paragraph 4.1.4. of this annex unless varied by the
Conpetent Authority. The manufacturer shall establish the
vi sual reinspection rejection criteria based on the results
of pressure cycling tests perforned on cylinders containing
flaws. A guide for manufacturer's instructions for handling,
use and inspection is provided in appendix Gto this annex.

Fire protection

Al'l cylinders shall be protected fromfire with pressure relief
devices. The cylinder, its materials, pressure relief devices and
any added insulation or protective material shall be designed
collectively to ensure adequate safety during fire conditions in
the test specified in paragraph A 15 (appendi x A).

Pressure relief devices shall be tested in accordance with
par agraph A. 24 (appendi x A).

Openi ngs

Gener a

Openings are permtted in heads only. Centre |ine of openings shal
coincide with the longitudinal axis of the cylinder. Threads shal
be clean cut, even, without surface discontinuities, and to gauge.
Tapered threads

Openings with tapered threads nmay be used in all cylinder types.

Tapered threads shall conmply with a recogni zed international or
nati onal standard.
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Strai ght threads

Openings with straight threads shall conply with a recognized

i nternational or national standard. The thread shear stress at
cylinder test pressure calcul ated using the equations given bel ow
shall not exceed one quarter of the ultimte shear stress of the
t hreaded materi al

1 d&D}

2n Jﬁ (1)
[ b)z
2
T PioiAsl (2)
10
T
ST = (3)
A
wher e:
A = shear area of internal thread, m?
n = nunber of threads per mm
d = mni mum maj or di ameter of external thread, nmm
D = maxi mum pitch dianeter of internal thread, mm
L = length of thread engagenent, mm
P = hydrostatic test pressure, MPa
b = basic pitch dianeter of external thread, mm
T = thrust force, n
S = average shear stress on internal thread, Mra.

nder supports

Cvl

The manufacturer shall specify the neans by which cylinders shal

be supported for installation on vehicles. The manufacturer shal

al so supply support installation instructions, including clanping
force and torque to provide the required restraining force but not
cause unacceptable stress in the cylinder or damage to the cylinder
surf ace.

Exterior environnental protection

The exterior of cylinders shall meet the requirenments of the
envi ronnental test conditions of paragraph A 14 (appendix A).
Exterior protection may be provided by using any of the follow ng:
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6. 13.

6. 14.

6. 15.

6.15. 1.

(a) a surface finish giving adequate protection (e.g. neta
sprayed on al um nium anodi zing); or

(b) the use of a suitable fibre and matrix material (e.g. carbon
fibre in resin); or

(c) a protective coating (e.g. organic coating, paint) that
shall neet the requirenments of paragraph A 9 (appendix A).

Any coatings applied to cylinders shall be such that the
application process does not adversely affect the mechanica
properties of the cylinder. The coating shall be designed to
facilitate subsequent in service inspection and the manufacturer
shal | provide guidance on coating treatnent during such inspection
to ensure the continued integrity of the cylinder

Manuf acturers are advised that an environnmental performance test
that evaluates the suitability of coating systens is provided in
the informative appendix Hto this annex.

Design qualification tests

For the approval of each cylinder type the material, design

manuf acture and exani nation shall be proved to be adequate for
their intended service by neeting the appropriate requirements of
the material qualification tests sunmarized in table 6.1 of this
annex and the cylinder qualification tests sunmarized in table 6.4
of this annex, with all tests in accordance with the rel evant

nmet hods of test as described in appendix A to this annex. The test
cylinders or liners shall be selected and the tests wi tnessed by
the Conpetent Authority. If nmore cylinders or liners are subjected
to the tests than are required by this annex, all results shall be
docunent ed.

Batch tests

The batch tests specified in this annex for each cylinder type
shall be conducted on cylinders or |liners taken from each batch of
finished cylinders or liners. Heat treated witness sanples shown to
be representative of finished cylinders or liners nmay al so be used.
Batch tests required for each cylinder type are specified in

table 6.5 of this annex.

Producti on _exam nations and tests

CGener a

Producti on exami nations and tests shall be carried out on al
cylinders produced in a batch. Each cylinder shall be exam ned
during manufacture and after conpletion by the follow ng neans:

(a) ul trasoni ¢ scanning (or denonstrated equivalent) of nmetallic
cylinders and liners in accordance with BS 5045, Part 1
annex B, or denonstrated equival ent nethod, to confirmthat
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t he maxi mum def ect size present is smaller than the size
specified in the design;

(b) verification that the critical dinensions and mass of the
conpl eted cylinder and of any |iner and overw apping are
wi t hin design tol erances;

(c) verification of conpliance with specified surface finish
with special attention to deep drawn surfaces and fol ds or
| aps in the neck or shoul der of forged or spun end
encl osures or openings;

(d) verification of markings;

(e) har dness tests of nmetallic cylinders and liners in
accordance with paragraph A 8 (appendix A) shall be carried
out after the final heat treatnent and the val ues thus
deternmined shall be in the range specified for the design

(f) hydrostatic proof test in accordance with paragraph A 11
(appendi x A);

A sunmary of critical production inspection requirenents to be
performed on every cylinder is provided in table 6.6 of this annex;

Maxi mum def ect size

For type CNG 1, CNG 2 and CNG 3 designs, the maxi mum defect size at
any location in the netal cylinder or netal liner that will not
grow to a critical size within the specified service life shall be
determined. The critical defect size is defined as the liniting

t hrough-wal |l (cylinder or liner) thickness defect that would all ow
stored gas to be discharged wi thout rupturing the cylinder. Defect
sizes for the rejection criteria for ultrasonic scanning, or

equi val ent shall be smaller than the maxi mum al | owabl e def ect

sizes. For type CNG 2 and CNG 3 designs assunme that there shall be
no damage to conposite due to any tine-dependent nmechani sns; The

al l owabl e defect size for NDE shall be determ ned by an appropriate
nmet hod. Two such nethods are outlined in the informative appendix F
to this annex.

Fai lure to neet test requirenents

In the event of failure to neet test requirenents retesting or
reheat treatnment and retesting shall be carried out as foll ows:

(a) if there is evidence of a fault in carrying out a test, or
an error of neasurenment, a further test shall be
performed.|f the result of this test is satisfactory, the
first test shall be ignored;

(b) If the test has been carried out in a satisfactory manner
the cause of test failure shall be identified.
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If the failure is considered to be due to the heat treatnment
applied, the manufacturer nay subject all the cylinders of the
batch to a further heat treatnent.

If the failure is not due to the heat treatment applied, all the
identified defective cylinders shall be rejected or repaired by an
approved nethod. The non-rejected cylinders are then considered as

In both cases the new batch shall be retested. Al the rel evant
prototype or batch tests needed to prove the acceptability of the
new batch shall be perfornmed again.|f one or nore tests prove even
partially unsatisfactory, all cylinders of the batch shall be

page 62
a new bat ch.
rej ected.
6.17. Change of design

A design change is any change in the selection of structural
mat eri al s or di nensi onal change not attributable to nornal
manuf act uri ng tol erances.

M nor desi gn changes shall
program Changes of design specified in table 6.7

reduced test

be permitted to be qualified through a

shall require design qualification testing as specified in the

t abl e.
Table 6.1 - Material design qualification test
Relevant paragraph of this annex
Steel Aluminium Resins Fibres Plastic liners

Tensile properties 6.3.2.2 6.3.34 6.35 6.3.6
Sulfide stress cracking resistance 6.3.24
Impact properties 6.3.2.3
Sustained load cracking resistance 6.3.3.3
Stress corrosion cracking 6.3.3.2
Shear strength 6.34.2
Glass transition temperature 6.3.4.3
Softening/Melting temperature 6.3.6
Fracture mechanics * 6.7 6.7
* Not required if use flawed cylinder test approach in paragraph A.7 (appendix A)

Table 6.2 - Impact test acceptable values
Cylinder diameter D, mm > 140 # 140
Direction of testing transverse longitudinal
Width of test piece, mm 3-5 | >5-75 | >75-10 3t05
Test temperature, EC -50 -50

Mean of 3 specimens 30 35 40 60
Impact strength, Jcn?
Individual specimen 24 28 32
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Table 6.3 - Minimum actual burst values and stress ratios
CNG-1 CNG-2 CNG-3 CNG4
All-metal Hoop-wrapped Fully-wrapped All-composite
Burst Stress Burst Stress Burst Stress Burst
pressure ratio pressure ratio pressure ratio pressure
[MPa] [MPa] [MPa] [MPa] [MPa] [MPa] [MPa]
All metal 450
Glass 2.75 509 3.65 709 3.65 73
Aramid 2.35 47 3.10 60Y 31 62
Carbon 2.35 47 2.35 47 2.35 47
Hybrid 2 2) 2)

Note 1 - Minimum actual burst pressure. In addition, calculations must be performed in accordance with
paragraph 6.5. of this annex to confirm that the minimum stress ratio requirements are also met.
Note 2 - Stress ratios and burst pressures shall be calculated in accordance with paragraph 6.5. of this annex.

Table 6.4 - Cylinder design qualification tests

Cylinder type

Test and annex reference

CNG1 CNG-2 CNG-3 CNG4
Al12  Burst X* X X X
A.13  Ambient temp/cycle X* X X X
A.14  Acidenvironment test X X X
A.15 Bonfire X X X X
A.16  Penetration X X X X
A.17  Flaw tolerance X X X
A.18  Hightemp. creep X X X
A.19  Stressrupture X X X
A.20 Droptest X X
A2l  Permeation X
A.24  PRD performance X X X X
A.25 Bosstorquetest X
A.27  Natural gascycling X
A.6 LBB assesment X X X
A7 Extreme temperature/cycle X X X
X = required

* = Not required for cylinders designed to 1SO 9809 (1SO 9809 already provides for these tests).
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Table 6.5 - Batch tests

Cylinder type
Test and annex reference
CNG1 CNG-2 CNG-3 CNG4
Al2  Burst X X X X
A.13  Ambient cycle X X X X
Al Tensile X Xt Xt
A2 Impact (steel) X Xt Xt
A.9.2 Coating* X X X X
X = required
* = Except where no protective coating is used
Tt = Testson liner material
Table 6.6 - Critical production inspection requirements
Type CNG-1 CNG-2 CNG-3 CNG4
I nspection requirement
Critical dimensions X X X X
Surfacefinish X X X X
Flaws (ultrasonic or equivalent) X X X
Hardness of metal cylinders and metal liners X X X
Hydrostatic proof test X X X X
Leak test X
Markings X X X X

X = required
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Design change

Type of test

Bonfire Flaw rupture A.19

Boss

torque PRD

A.25 performanc
Perm- e

eation

A.21CNG A.24
Cycling

A.27

Fibre manufacturer

Metallic cylinder or
liner material

Plastic liner material
Fibre material
Resin material

Diameter change
# 20 per cent

Diameter change
> 20 per cent

Length change
# 50 per cent

Length change
> 50 per cent

Working pressure
change

# 20 per cent @
Dome shape
Opening size
Coating change

End boss design

Change in manuf.
process

Pressure relief device

Xt

Xt

Xt

Xt

Xt
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X =requried

* Test not required on metal (CNG-1) designs:
T test only required on all-composite (CNG-4) designs

¥ Test only required when length increases

@ Only when thickness change proportional to diameter and/or pressure change

7. TYPE CNG- 1 METAL CYLI| NDERS

7. 1. Genera
The design shall identify the maxi num size of an all owabl e def ect
at any point in the cylinder which will not growto a critical size

within the specified retest period, or service life if no retest is
specified, of a cylinder operating to the working pressure.

Det erm nati on of | eak-before-break (LBB) performance shall be done
in accordance with the appropriate procedures defined in

par agraph A. 6 (appendix A). Allowable defect size shall be
determined in accordance with paragraph 6.15.2. above.

Cylinders designed in accordance with 1SO 9809 and neeting all the
requirenents therein are only required to neet the materials test
requi renents of paragraph 6.3.2.4. above and the design
qualification test requirenents of paragraph 7.5., except
paragraphs 7.5.2. and 7.5.3. bel ow.

7.2. Stress anal ysi s

The stresses in the cylinder shall be calculated for 2 MPa, 20 MPa,
test pressure and design burst pressure. The cal cul ations shall use
suitabl e anal ysis techniques using thin-shell theory that takes
into account out-of-plane bending of the shell to establish stress
distributions at the neck, transition regions and the cylindrica
part of the cylinder

7. 3. Manuf act uri ng and production test requirements

7.3.1. Cener al

The ends of alum niumcylinders shall not be closed by a forning
process. The base ends of steel cylinders which have been cl osed by
form ng, except those cylinders designed in accordance with

| SO 9809, shall be NDE inspected or equivalent. Metal shall not be
added in the process of closure at the end. Each cylinder shall be
exam ned before end form ng operations for thickness and surface
finish.

After end formng the cylinders shall be heat treated to the
har dness range specified for the design. Localized heat treatnent
is not permtted.
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When a neck ring, foot ring or attachments for support are
provided, it shall be of material conpatible with that of the

cylinder and shall be securely attached by a nethod other than
wel di ng, brazing or soldering.
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7.

7.

7.

3.

3.

2.

3.

Non- destructi ve exam nation

The followi ng tests shall be carried out on each netallic cylinder

(a) Har dness test in accordance with paragraph A 8 (appendix A),

(b) U trasoni c exam nation, in accordance with BS 5045, Part 1,
annex |, or denonstrated equival ent NDT nethod, to ensure
that the maxi mum defect size does not exceed the size
specified in the design as deternmined in accordance with
paragraph 6.15.2. above.

Hydrostatic pressure testing

Each finished cylinder shall be hydrostatically pressure tested in
accordance with paragraph A 11 (appendix A).

Cylinder batch tests

Batch testing shall be conducted on finished cylinders which are
representative of normal production and are conplete with

i dentification marks. Two cylinders shall be randomy selected from
each batch. If nore cylinders are subjected to the tests than are
required by this annex, all results shall be docunented. The
following tests shall as a m ninmum be carried out on these.

(a) Batch materials tests. One cylinder, or a heat treat wtness
sanpl e representative of a finished cylinder, shall be
subjected to the following tests

(i) Critical dinmensions checked against the design;

(ii) One tensile test in accordance with paragraph A 1
(appendi x A) and neet the requirenments of the design;

(iii) For steel cylinders, three inpact tests in accordance
with paragraph A 2 (appendix A) and neet the
requi renments of paragraph 6.3.2.3. above;

(iv) When a protective coating is a part of the design,
the coating shall be tested in accordance with
par agraph A. 9.2 (appendix A);

Al'l cylinders represented by a batch test which fai
to meet the specified requirenents shall follow the
procedures specified in paragraph 6.16. above.

Where the coating fails to neet the requirenments of
par agraph A. 9.2 (appendix A), the batch shall be 100
percent inspected to renove simlarly defective
cylinders. The coating on all defective cylinders may
be stripped and recoated. The coating batch test

shall then be repeated;
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Bat ch burst test. One cylinder shall be hydrostatically pressurized
to burst in accordance with paragraph A 12 (appendi x A).

If the burst pressure is |ess than the minimum cal cul at ed bur st
pressure the procedures specified in paragraph 6.16. above shall be
fol | owed.

Periodi c pressure cycling test. Finished cylinders shall be
pressure cycled in accordance with paragraph A 13 (appendix A) at a
test frequency defined as foll ows:

(i) one cylinder fromeach batch shall be pressure cycled for a
total of 1,000 times the specified service life in years,
with a mninmm 15,000 cycl es;

(ii) on 10 sequential production batches of a design famly
(i.e. simlar materials and processes), should none of the
pressure cycled cylinders in (i) above leak or rupture in
Il ess than 1,500 cycles tinmes the specified life in years
(m ni mum 22,500 cycles) then the pressure cycle test can be
reduced to one cylinder fromevery 5 batches of production

(iii) on 10 sequential production batches of a design famly
shoul d none of the pressure cycled cylinders in (i) above
|l eak or rapture in less than 2,000 cycles tinmes the
specified service life in years (m ni mum 30,000 cycles) then
the pressure cycle test can be reduced to one cylinder from
every 10 batches of production

(iv) shoul d nore than 6 nonths have expired since the |ast batch
of production. then a cylinder fromthe next batch of
production shall be pressure cycle tested in order to
mai ntain the reduced frequency of batch testing in (ii) or
(iii) above.

(v) shoul d any reduced frequency pressure cycle test cylinder in
(ii) or (iii) above fail to neet the required nunmber of
pressure cycles (mninmm 22,500 or 30,000 pressure cycles,
respectively,) then it shall be necessary to repeat the
batch pressure cycle test frequency in (i) for a mininum
10 production batches in order to re-establish the reduced
frequency of batch pressure cycle testing in (ii) or (iii)
above.

(vi) shoul d any cylinder in (i), (ii), or (iii) above fail to
meet the mininumcycle life requirenment of 1,000 cycles
times the specified service life in years (mninmm
15,000 cycles), then the cause of failure shall be
deternmi ned and corrected following the procedures in
paragraph 6.16. The pressure cycle test shall then be
repeated on an additional three cylinders fromthat batch
Shoul d any of the three additional cylinders fail to neet
the m ni num pressure cycling requirenment of 1,000 cycles
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times the specified service life in years, then the batch
shall be rejected.

7.5. Cylinder design qualification tests

7.5.1. Gener a
Qualification testing shall be conducted on finished cylinders
whi ch are representative of normal production and conplete with
i dentification marks. Selection, w tnessing and docunentation of
the results shall be in accordance with paragraph 6.13. above.

7.5.2. Hydrostatic pressure burst test
Three representative cylinders shall be hydrostatically pressurised
to failure in accordance with paragraph A 12. (appendix Ato this
annex). The cylinder burst pressures shall exceed the m ni mum bur st
pressure cal cul ated by the stress analysis for the design, and
shal |l be at |east 45 MrPa.

7.5.3. Ambi ent tenperature pressure cycling test.
Two finished cylinders shall be pressure cycled at anbi ent
tenperature in accordance with paragraph A 13 (appendix A) to
failure, or to a mninmmof 45,6000 cycles. The cylinders shall not
fail before reaching the specified service life in years tines
1,000 cycles. Cylinders exceeding 1,000 cycles tinmes the specified
service life in years shall fail by |eakage and not by rupture.
Cylinders which do not fail within 45,000 cycles shall be destroyed
either by continuing the cycling until failure occurs, or by
hydrostatically pressurising to burst. The nunmber of cycles to
failure and the location of the failure initiation shall be
recorded.

7.5.4. Bonfire test
Tests shall be conducted in accordance with paragraph A 15
(appendi x A) and neet the requirenments therein.

7.5.5. Penetration test
Test shall be conducted in accordance with paragraph A 16 (appendi x
A) and neet the requirenents therein.

7.5.6. LBB performance

For cylinder designs not exceeding 45,000 cycles when tested as per
par agraph 7.5.3. above, LBB performance tests shall be conducted in
accordance with A .6 and neet the requirements therein.
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TYPE CNG 2 HOOP- WRAPPED CYLI| NDERS
Cener a

During pressurisation, this type of cylinder design has a behaviour
in which the displacenents of the conposite overwap and the neta
liner are linearly superinposed. Due to different techniques of
manuf acture, this Annex does not give a definite method for design.

Det erm nati on of the | eak-before-break (LBB) performance shall be
in accordance with the appropriate procedures defined in

par agraph A. 6 (appendix A). Allowable defect size shall be
deternmined in accordance with paragraph 6.15.2. above.

Design requirenents

Metal |iner

The netal |iner shall have a m ni mum actual burst pressure of
26 MPa.

Conposite overw ap

The tensile stress in the fibres shall neet the requirements of
par agraph 6.5. above.

Stress anal ysis

The stresses in the conposite and in the liner after prestress
shall be cal cul ated. The pressures used for these cal cul ations
shall be zero, 2 MPa, 20 MPa test pressure and design burst
pressure. The cal cul ations shall use suitable analysis techniques
usi ng thin-shell theory taking account of non-linear materia
behavi our of the liner to establish stress distributions at the
neck, transition regions and the cylindrical part of the |iner

For designs using auto-frettage to provide prestress, the limts
wi thin which the auto-frettage pressure nust fall shall be
cal cul at ed.

For designs using controlled tension wi nding to provide prestress,
the tenperature at which it is perforned, the tension required in
each | ayer of conposite and the consequent prestress in the liner
shal | be cal cul at ed.

Manuf acturing requirenents

CGener a

The conposite cylinder shall be fabricated froma |iner over-
wrapped with continuous filament w ndings. Filament w nding
operations shall be conputer or nechanically controlled. The
filaments shall be applied under controlled tension during w nding.
After winding is conplete, thernpsetting resins shall be cured by
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heating, using a predeterm ned and controlled tine-tenperature
profile.

Li ner The manufacture of a metallic liner shall meet the
requi renents given under paragraph 7.3. above for the appropriate
type of l|iner construction.

Over-wrap

The cylinders shall be fabricated in a filanent w nding nmachi ne.
During wi nding the significant variables shall be nonitored within
speci fied tol erances, and documented in a wi nding record. These
vari abl es can include but are not limted to:

(a) fibre type including sizing;
(b) manner of inpregnation;

(c) winding tension;

(d) winding speed;

(e) nunber of rovings;

(f) band w dth;

(g) type of resin and conposition;
(h) tenperature of the resin;

(i) tenperature of the liner.

Curing of thernosetting resins

If a thernosetting resin is used, the resin shall be cured after
filament winding. During the curing, the curing cycle (i.e. the
time-tenperature history) shall be docunented.

The curing tenperature shall be controlled and shall not affect the
mat eri al properties of the liner. The maxi num curing tenperature
for cylinders with aluminiumliners is 177 EC

Aut o-frettage

Auto-frettage, if used, shall be carried out before the hydrostatic
pressure test. The auto-frettage pressure shall be within the
limts established in paragraph 8.2.3. above, and the manufacturer

shall establish the nethod to verify the appropriate pressure.

Production test requirenents

Non- destructi ve exam nati on

Non-destructi ve exam nations shall be carried out in accordance
with a recognized |1 SO or an equival ent standard. The foll ow ng
tests shall be carried out on each netallic |iner

(a) Har dness test in accordance with paragraph A 8 (appendi x A);

(b) U trasoni c exami nation, in accordance with BS 5045, Part 1,
annex 1B, or denonstrated equival ent NDT nethod, to ensure
that the maxi mum def ect size does not exceed the size
specified in the design.
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Hydrostatic pressure testing

Each finished cylinder shall be hydrostatically pressure tested in
accordance with paragraph A 11 (appendi x A). The manufacturer shal
define the appropriate limt of permanent volunetric expansion for
the test pressure used, but in no case shall the permanent
expansi on exceed 5per cent of the total volumetric expansion at
test pressure. Any cylinders not neeting the defined rejection
limt shall be rejected and either destroyed or used for batch rest
pur poses.

Cylinder batch tests

CGener a

Batch testing shall be conducted on finished cylinders which are
representative of nornmal production and are conplete with

i dentification marks. Two cylinders, or a cylinder and a |iner as
appropriate, shall be randomy selected fromeach batch. If nore
cylinders are subjected to the tests than are required by this
annex, all results shall be docunented. The follow ng tests shal
as a mnimum be carried out on these.

Where defects are detected in over-w apping before any auto-
frettage or hydrostatic pressure testing, the over-wapping nay be
conpl etely renpoved and repl aced,;

(a) Batch nmaterials tests. One cylinder, or liner, or heat treat
Wi tness sanple that is representative of a finished
cylinder, shall be subjected to the follow ng tests:

(i) Di nensi ons checked agai nst the design;

(ii) One tensile test in accordance with paragraph A 1
(appendi x A) and neet the requirenments of the design;

(iii) For steel liners, three inpact tests in accordance
wi th paragraph A 2 (appendix A) and neet the
requi renents of the design;

(iv) When a protective coating is a part of the design,
the coating shall be tested in accordance with
par agraph A. 9.2 (appendix A) and neet the
requi renments therein. Al cylinders or liners
represented by a batch test which fails to neet the
requi renents specified shall follow the procedures
specified in paragraph 6.16. above.

Where the coating fails to neet the requirenents of
par agraph A.9.2. (appendix A), the batch shall be

100 per cent inspected to renove simlarly defective
cylinders. The coating on all defective cylinders my
be stripped using a nmethod that does not affect the
integrity of the conposite w apping, and recoated.
The coating batch test shall then be repeated.
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(b) Bat ch burst test. One cylinder shall be tested in accordance
with the requirenents of paragraph 7.4(b) above;

(c) Periodi c pressure cycling test. In accordance with the
requi renents of paragraph 7.4(c) above.

Cylinder design qualification tests

CGener a

Qualification testing shall be conducted on cylinders which are
representative of normal production and conplete with

i dentification marks. Selection, w tnessing and docunentation of
the results shall conply with paragraph 6.13. above.

Hydrostatic pressure burst test

(a) One liner shall be hydrostatically burst in accordance with
paragraph A 12. (appendix A). The burst pressure shal
exceed the mnimum burst pressure specified for the liner
desi gn;

(b) Three cylinders shall be hydrostatically burst in accordance
wi th paragraph A 12 (appendix A). Cylinder burst pressures
shall exceed the specified mnimm burst pressure
established by the stress analysis for the design, in
accordance with table 6.3, and in no case less than the
val ue necessary to neet the stress ratio requirenents of
par agraph 6.5 above.

Ambi ent tenperature pressure cycling test

Two finished cylinders shall be pressure cycle tested at anbient
tenperature in accordance with paragraph A 13 (appendix A) to
failure, or to a mninmmof 45,6000 cycles. The cylinders shall not
fail before reaching the specified service life in years tines
1,000 cycles. Cylinders exceeding 1000 cycles tinmes the specified
service life in years shall fail by |eakage and not by rupture.
Cylinders which do not fail within 45,6000 cycles shall be destroyed
either by continuing the cycling until failure occurs, or by
hydrostatically pressurizing to burst. Cylinders exceeding

45,000 cycles are permitted to fail by rupture. The nunber of
cycles to failure and the location of the failure initiation shal
be recorded.

Aci d environnent test

One cylinder shall be tested in accordance with paragraph A 14
(appendi x A) and nmeet the requirenments therein. An optiona
environnental test is included in the informative appendix Hto
thi s annex.
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Bonfire test

Fi ni shed cylinders shall be tested in accordance with
par agraph A. 15 (appendix A) and neet the requirenents therein

Penetrati on test

One finished cylinder shall be tested in accordance with
par agraph A.16 (appendix A) and neet the requirenents therein

Fl aw tol erance tests

One finished cylinder shall be tested in accordance with
par agraph A.17 (appendix A) and neet the requirenents therein

Hi gh tenperature creep test

In designs where the glass transition tenperature of the resin does
not exceed the maxi num design material tenperature by at | east

20 EC, one cylinder shall be tested in accordance with

par agraph A.18 (appendix A) and neet the requirenents therein

Accel erated stress rupture test

One finished cylinder shall be tested in accordance with
par agraph A. 19 (appendix A) and neet the requirenents therein

LBB performance

For cylinder designs not exceeding 45,000 cycles when tested as per
par agraph 8.6.3. above, LBB performance tests shall be conducted in
accordance with A .6 and neet the requirements therein.

Extreme tenperature pressure cycling test

One finished cylinder shall be tested in accordance with
par agraph A. 7 (appendix A) and nmeet the requirenments therein

TYPE CNG 3 FULLY-WRAPPED CYLI| NDERS
Cener a

During pressurisation, this type of cylinder has a behaviour in

whi ch the displacenments of the conposite over-wrap and the liner
are superinposed. Due to different techniques of manufacture, this
annex does not give a definite nmethod for design; Deternination of
the | eak-before-break (LBB) performance shall be in accordance with
the appropriate procedures defined in paragraph A 6 (appendix A).
Al'l owabl e defect size shall be determined in accordance with

par agraph 6. 15.2. above.
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Design requirenents

Metal |iner

The conpressive stress in the liner at zero pressure and 15 EC
shall not cause the liner to buckle or crease.

Conposite overw ap

The tensile stress in the fibres shall neet the requirements of
par agraph 6.5. above.

Stress anal ysis

The stresses in the tangential and | ongitudinal direction of the
cylinder in the conposite and in the liner after pressure shall be
cal cul ated. The pressure used for these cal cul ati ons shall be zero,
wor ki ng pressure, 10 per cent of working pressure, test pressure
and design burst pressure. The limts within which autofrettaging
pressure nust fall shall be cal cul ated, The cal cul ati ons shall use
suitabl e anal ysis techni ques using thin-shell theory taking account
of non-linear material behaviour of the liner to establish stress
distributions at the neck, transition regions and the cylindrica
part of the liner.

Manuf acturing requirenents

Manuf acturing requirenments shall be in accordance with
par agraph 8.3. above except that the over-wap shall also include
helically wound filanments.

Production test requirenents

Production test requirenments shall be in accordance with the
requi renents of paragraph 8.4. above.

Cylinder batch tests

The batch tests shall be in accordance with the requirements of
par agraph 8.5. above.

Cylinder design qualification tests

Cylinder design qualification tests shall be in accordance with the
requi renents of paragraph 8.6. above, and paragraph 9.6.1. bel ow,
except that the liner burst in paragraph 8.6. above is not

required.

Drop test

One or nore finished cylinders shall be drop tested in accordance
wi th paragraph A 30 (appendix A).
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TYPE CNG 4 ALL- COMPOSI TE CYLI NDERS
Genera
Thi s annex does not give a definite method for the design of
cylinders with polymeric liners because of the variety of cylinder

desi gns possi bl e.

Design requirenents

Desi gn cal cul ations shall be used to provide justification of
desi gn adequacy. The tensile stresses in the fibres shall neet the
requi renents of paragraph 6.5. above.

Tapered and straight threads in accordance with paragraph 6.10. 2.
or 6.10.3. above shall be used on the netal end bosses.

Met al end bosses with threaded openi ngs shall be able to withstand
a torque force of 500 Nm wi thout damaging the integrity of the
connection to the non-netallic liner. The netal end bosses
connected to the non-nmetallic liner shall be of a materia
conpatible with the service conditions specified in paragraph 4 of
thi s annex.

Stress analysis

The stresses in the tangential and | ongitudinal direction of the
cylinder in the conposite and in the liner shall be cal culated. The
pressures used for these cal cul ati ons shall be zero, working
pressure, test pressure and design burst pressure. The cal cul ations
shall use suitable analysis techniques to establish stress

di stribution throughout the cylinder

Manuf acturing requirenents

Manuf acturing requirenents shall be in accordance with

par agraph 8.3. above except that the curing tenperature for
thernosetting resins shall be at |east 10 EC bel ow the softening
tenperature of the plastic liner

Production test requirenents

Hydrostatic pressure testing

Each finished cylinder shall be hydrostatically pressure tested in
accordance with paragraph A 11 (appendix A). The manufacturer shal
define the appropriate limt of elastic expansion for the test
pressure used, but in no case shall the elastic expansion of any
cylinder exceed the average batch value by nore than 10 per cent.
Any cylinders not nmeeting the defined rejection |linmt shall be
rejected and either destroyed or used for batch test purposes.
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10. 5. 2.

10. 6.

10. 6. 1.

Leak testing

Each finished cylinder shall be leak tested in accordance with
par agraph A.10 (appendix A) and neet the requirenents therein

Cylinder batch tests

CGener a

Batch testing shall be conducted on finished cylinders which are
representative of normal production and are conplete with

i dentification marks. One cylinder shall be randomy selected from
each batch. If nore cylinders are subjected to the tests than are
required by this annex, all results shall be docunented. The
following tests shall as a m ninmum be carried out on these.

(a) Batch materials test

One cylinder, or liner, or liner witness sanple that is
representative of a finished cylinder, shall be subjected to
the follow ng tests:

(i) Di nensi ons checked agai nst the design;

(ii) One tensile test of the plastic liner in accordance
wi th paragraph A 22 (appendi x A) and neet the
requi renments of the design;

(iii) The nmelt tenmperature of the plastic liner shall be
tested in accordance with paragraph A 23
(appendi x A), and neet the requirenents of the
desi gn;

(iv) When a protective coating is a part of the design,
the coating shall be tested in accordance with
par agraph A. 9.2 (appendix A). Wwere the coating fails
to nmeet the requirements of paragraph A 9.2
(appendi x A), the batch shall be 100 per cent
i nspected to renopve simlarly defective cylinders.
The coating on all defective cylinders may be
stripped using a nmethod that does not affect the
integrity of the conposite w apping, and recoated.
The coating batch test shall then be repeated.

(b) Bat ch burst test

One cylinder shall be tested in accordance with the
requi renents of paragraph 7.4(b) above;

(c) Periodi c pressure cycling test
On one cylinder the end boss shall be torque tested to

500 Nmin accordance with the test nethod in paragraph A 25
(appendi x A). The cylinder shall then be pressure cycle
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tested in accordance with the procedures provided in
paragraph 7.4(c) above.

Foll owi ng the required pressure cycling, the cylinder shal
be leak tested in accordance with the method described in
paragraph A 10 (appendix A) and neet the requirenments

t her ei n.

Cylinder design qualification tests

Gener a

Cylinder design qualification tests shall be in accordance with the
requi renents of paragraphs 8.6., 10.7.2., 10.7.3. and 10.7.4. of
this annex, except that the LBB performance in paragraph 8.6.10.
above is not required.

Boss torque test

One cylinder shall be tested in accordance with paragraph A 25
(appendi x A).

Per neati on test

One cylinder shall be tested for perneation in accordance with
par agraph A.21 (appendix A) and neet the requirenents therein

Nat ural gas cycling test

One finished cylinder shall be tested in accordance with
par agraph A. 27 (appendix A) and neet the requirenents therein

MARKI NG

Provi si on_of marking

On each cylinder the manufacturer shall provide clear pernanent
mar ki ngs not | ess than 6 mm hi gh. Marking shall be nmade either by

| abel s incorporated into resin coatings, |abels attached by
adhesive, |low stress stanps used on the thickened ends of type
CNG- 1 and CNG 2 designs, or any conbination of the above. Adhesive
| abel s and their application shall be in accordance with | SO 7225,
or an equival ent Standard. Miultiple | abels are allowed and shoul d
be |l ocated such that they are not obscured by nounting brackets.
Each cylinder conplying with this annex shall be marked as fol |l ows:

(a) Mandat ory i nformation

(i) "CNG ONLY", in letters at |east 25 nm high
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(ii) "DO NOT USE AFTER XX/ XXXX", in letters at |east
25 nm hi gh, and providing the nonth and year of
expiry 1/;

(iii) Manuf acturers identification

(iv) Cylinder identification (applicable part nunber and
a serial nunmber unique for every cylinder);

(v) Wor ki ng pressure and tenperature;

(vi) ECE Regul ati on nunber, along with cylinder type and
certification registration nunber;

(vii) The pressure relief devices and/or valves which are
qualified for use with the cylinder, or the neans
for obtaining information on qualified fire
protection systens;

(viii) Wen | abels are used, all cylinders shall have a
uni que identification number stanped on an exposed
metal surface to permt tracing in the event that
the | abel is destroyed,;

(b) Non- mandat ory i nfornati on:

On a separate |abel (s) the foll ow ng non-mandatory

i nformati on may be provi ded:

(i) Gas tenperature range, e.g. -40 EC to 65 EC,

(ii) Nom nal water capacity of the cylinder to two
significant numbers. e.g. 120 litres;

(iii) Date of original pressure test (nonth and year).

The marki ngs shall be placed in the listed sequence but the
speci fic arrangenent may be varied to match the space avail able. An
accept abl e exanpl e of mandatory information is:
CNG ONLY
DO NOT USE AFTER ../....
Manuf act urer/ Part Number/ Serial Nunber
20 MPa/ 15 EC
ECE R XXXX CNG-2 (registration No.)
“Use Only Manufacturer-Approved Pressure Relief Device”
1/ The expiry date shall not exceed the specified service life. The expiry

date nay be applied to the cylinder at the tine of dispatch

cylinders have been stored in a dry | ocation w thout

i nt erna

provi ded that the
pressure.
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PREPARATI ON FOR DI SPATCH

Prior to dispatch fromthe manufacturers shop, every cylinder shal
beinternally clean and dried. Cylinders not imrediately cl osed by
the fitting of a valve, and safety devices if applicable, shal

have plugs, which prevent entry of noisture and protect threads,
fitted to all openings. A corrosion inhibitor (e.g. oil-containing)
shall be sprayed into all steel cylinders and liners prior to

di spat ch.

The manufacturer's statenment of service and all necessary
information to ensure the proper handling, use and in-service

i nspection of the cylinder shall be supplied to the purchaser. The
statement shall be in accordance with appendix D to this annex.
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Annex 3 - Appendix A

TEST METHODS

Tensile tests, steel and al um nium

A tensile test shall be carried out on the material taken fromthe
cylindrical part of the finished cylinder using a rectangul ar test
pi ece shaped in accordance with the nethod described in | SO 9809
for steel and I SO 7866 for alumnium The two faces of the test

pi ece representing the inside and outside surface of the cylinder
shall not be machined; The tensile test shall be carried out in
accordance with | SO 6892.

NOTE - Attention is drawn to the nethod of neasurenent of

el ongati on described in I SO 6892, particularly in cases where the
tensile test piece is tapered, resulting in a point of fracture
away fromthe m ddl e of the gauge | ength.

| npact _test, steel cylinders and steel |iners

The inpact test shall be carried out on the material taken fromthe
cylindrical part of the finished cylinder on three test pieces in
accordance with | SO 148. The inpact test pieces shall be taken in
the direction as required in table 6.2 of annex 3 fromthe wall of
the cylinder. The notch shall be perpendicular to the face of the
cylinder wall. For longitudinal tests the test piece shall be
machi ned all over (on six faces), if the wall thickness does not
permit a final test piece width of 10 nm the width shall be as
near as practicable to the nominal thickness of the cylinder wall
The test pieces taken in transverse direction shall be machi ned on
four faces only, the inner and outer face of the cylinder wal
unmachi ned.

Sulfide stress cracking test for stee

In accordance with the NACE Standard Tensile Test described in the
NACE Standard TMD177-90, subsized tensile specinmens with a gauge

di ameter 2.54 mm shall be machined fromthe wall of a finished
cylinder, placed under a constant tensile |oad and i mMmersed in the
NACE test solution. A mininumof 3 tests shall be conducted to
denonstrate that the threshold stress (the maxi num stress at or

bel ow whi ch no specinmen fails the sulfide stress cracking test for
a period of 720 hours) exceeds 20 per cent of the specified m ni mum
yield strength of the steel.

Corrosion tests, alun nium

Corrosion tests for alumniumalloys shall be carried out in
accordance with annex A of ISO DS 7866 and neet the requirenents
t herein.
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Sustained | oad cracking tests, alunm nium

The resistance to SLC shall be carried out in accordance with
annex D of 1SODIS 7866 and shall neet the requirenments therein

Leak-Bef ore-Break (LBB) performance test

Three finished cylinders shall be pressure cycled between not nore
than 2 MPa and nor |less than 30 MPa at a rate not to exceed

10 cycles per minute.

Al cylinder shall fail by | eakage.

Extrene tenperature pressure cycling

Fi ni shed cylinders, with the conposite wapping free of any
protective coating, shall be cycle tested, w thout show ng evidence
of rupture, |eakage, or fibre unravelling, as follows:

(a) Condition for 48 hours at zero pressure, 65 EC or higher
and 95 per cent or greater relative humdity. The intent of
this requirenent shall be deened net by spraying with a fine
spray or mist of water in a chanber held at 65 EC

(b) Hydrostatically pressurized for 500 cycles tines the
specified service life in years between not nore than 2 MPa
and not |less than 26 MPa at 65 E or higher and 95 per cent

hum dity;
(c) Stabilize at zero pressure and anbient tenperature
(d) Then pressurize fromnot nore than 2 MPa to not |ess than

20 MPa for 500 cycles tines the specified service life in
years at -40 EC or | ower;

The pressure cycling rate of b) shall not exceed 10 cycles per

m nute. The pressure cycling rate of d) shall not exceed 3 cycles
per mnute unless a pressure transducer is installed directly
within the cylinder. Adequate recording instrunentation shall be
provi ded to ensure the mininmmtenperature of the fluid is

mai nt ai ned during the | ow tenperature cycling.

Fol l owi ng pressure cycling at extreme tenperatures, cylinders shal
be hydrostatically pressured to failure in accordance with the
hydrostatic burst test requirenents, and achieve a m ni num bur st
pressure of 85 per cent of the mnimum design burst pressure. For
type CNG 4 designs, prior to the hydrostatic burst test the
cylinder shall be leak tested in accordance with paragraph A 10
bel ow.

Brinell hardness test

Har dness tests shall be carried out on the parallel wall at the
centre and a donmed end of each cylinder or liner in accordance with
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| SO 6506. The test shall be carried out after the final heat
treatnment and the hardness val ues thus determ ned shall be in the
range specified for the design.

Coating tests (mandatory if paragraph 6.12 c) of annex 3 is used)

Coating performance tests

Coatings shall be evaluated using the follow ng test nethods, or
usi ng equi val ent National Standards.

(i) adhesion testing in accordance with LSO 4624 using Method A
or B as applicable. The coating shall exhibit an adhesion
rating of either 4A or 4B, as applicable;

(ii) flexibility in accordance with ASTM D522 Mandrel Bend Test
of Attached Organic Coatings, using Test Method B with a
12.7 mm (0.5 in) mandrel at the specified thickness at
-20 EC. Sanples for the flexibility test shall be prepared
in accordance with the ASTM D522 standard. There shall not
be any visually apparent cracks;

(iii) inpact resistance in accordance with ASTM D2794 Test nethod
for Resistance of Organic Coatings to the Effects of Rapid
Def ormati on (Inpact). The coating at roomtenperature shal
pass a forward inpact test of 18 J (160 in-Ibs);

(iv) cheni cal resistance when tested in general accordance with
ASTM D1308 Effect of Household Chemicals on Clear and
Pi gment ed Organi c Finishes. The tests shall be conducted
usi ng the Open Spot Test Method and 100 hour exposure to a
30 per cent sulfuric acid solution (battery acid with a
specific gravity of 1.219) and 24 hour exposure to a
pol yal kal ene glycol (e.g. brake fluid). There shall be no
evidence of lifting, blistering or softening of the coating.
The adhesion shall neet a rating of 3 when tested in
accordance with ASTM D3359;

(v) M ni rum 1, 000 hours exposure in accordance with ASTM G53
Practice for Operating Light- and Water-Exposure Apparatus
(Fl uorescent W Condensation Type) for Exposure of non-
metallic Materials.There shall be no evidence of blistering,
and adhesion shall neet a rating of 3 when tested in
accordance with | SO 4624. The maxi mum gl oss loss allowed is
20 per cent;

(vi) m ni mum 500 hours exposure in accordance with ASTM B117 Test
Met hod of Salt Spray (Fog) Testing. Undercutting shall not
exceed 3 nmat the scribe mark, there shall be no evidence
of blistering, and adhesion shall neet a rating of 3 when
tested in accordance with ASTM D3359;

(vii) resistance to chipping at roomtenperature using the ASTM
D3170 Chi pping Resi stance of Coatings. The coating shall
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have a rating of 7A or better, and there shall not be any
exposure of the substrate;

Coating batch tests

(i) Coating thickness

The thickness of the coating shall neet the requirenents of
the design when tested in accordance with | SO 2808;

(ii) Coati ng adhesi on
The coating adhesion strength shall be nmeasured in
accordance with | SO 4624, and shall have a m ninumrating of
4 when neasured using either Test Method A or B, as
appropri ate.

Leak test

Type CNG 4 designs shall be |leak tested using the foll ow ng
procedure (or an acceptable alternative);

(a) cylinders shall be thoroughly dried and pressurized to
wor ki ng pressure with dry air or nitrogen, and containing a
det ect abl e gas such as helium

(b) any | eakage neasured at any point that exceeds
0. 004 standard cc/hr shall be cause for rejection

Hydraulic test

One of the following two options shall be used:

Option 1: Water jacket test

(a) The cylinder shall be hydrostatically tested to at |east
1.5 tinmes working pressure. In no case nmay the test pressure
exceed the auto-frettage pressure;

(b) Pressure shall be maintained for a sufficiently |ong period
(at least 30 seconds) to ensure conpl ete expansi on. Any
internal pressure applied after auto-frettage and previous
to the hydrostatic test shall not exceed 90 per cent of the
hydrostatic test pressure. If the test pressure cannot be
maei ntai ned due to failure of the test apparatus, it is
perm ssible to repeat the test at a pressure increased by
700 kPa. Not nore than 2 such repeat rests are permtted;

(c) The manufacturer shall define the appropriate linmt of
per manent volunetric expansion for the test pressure used,
but in no case shall the pernanent expansion exceed 5 per
cent of the total volunetric expansion neasured under the
test pressure. For type CNG 4 designs, the elastic expansion
shall be established by the manufacturer. Any cylinders not
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A 12,

A 13.

A 14,

nmeeting the defined rejection |linit shall be rejected and
ei ther destroyed or used for batch test purposes.

Option 2: Proof pressure test

The hydrostatic pressure in the cylinder shall be increased
gradually and regularly until the test pressure, at |east
1.5 tinmes working pressure, is reached. The cylinder test
pressure shall be held for a sufficiently | ong period (at
| east 30 seconds) to ascertain that there is no tendency for
the pressure to decrease and that tightness is guaranteed;

Hydrostatic pressure burst test

(a) The rate of pressurisation shall not exceed 1.4 MPa per
second (200 psi/second) at pressures in excess of 80 per
cent of the design burst pressure. If the rate of
pressurisation at pressures in excess of 80 per cent of the
desi gn burst pressure exceeds 350 kPa/second
(50 psi/second), then either the cylinder nust be placed
schematically between the pressure source and the pressure
measur enent device, or there nust be a 5 second hold at the
m ni mum desi gn burst pressure;

(b) The m ninumrequired (cal cul ated) burst pressure shall be at
| east 45 MPa, and in no case less than the val ue necessary
to nmeet the stress ratio requirenments. Actual burst pressure
shall be recorded. Rupture may occur in either the
cylindrical region or the done region of the cylinder.

Anbi ent _tenperature pressure cycling

Pressure cycling shall be perforned in accordance with the
foll owi ng procedure:

(a) fill the cylinder to be tested with a non-corrosive fluid
such as oil, inhibited water or glycol
(b) cycle the pressure in the cylinder between not nore than

2 MPa and not |less than 26 MPa at a rate not to exceed
10 cycles per mnute.

The nunber of cycles to failure shall be reported, along with the
| ocation and description of the failure initiation.

Aci d environnent test

On a finished cylinder the followi ng test procedure should be
appl i ed:

(i) exposing a 150 mm di aneter area on the cylinder surface for
100 hours to a 30 per cent sulfuric acid solution (battery
acid with a specific gravity of 1.219) while the cylinder is
hel d at 26 Mra;



A. 15.

A 15. 1.

A.15. 2.

A.15. 3.

A.15. 4.

TRANS/ WP. 29/ 704
page 87

(ii) the cylinder shall then be burst in accordance with the
procedure defined in paragraph A 12 above and provide a
burst pressure that exceeds 85 per cent of the mininum
desi gn burst pressure.

Bonfire test

CGener a

The bonfire tests are designed to denonstrate that finished
cylinders conplete with the fire protection system (cylinder valve,
pressure relief devices and/or integral thernmal insulation)
specified in the design will not burst when tested under the
specified fire conditions. Extreme caution nust be exercised during
fire testing in the event that cylinder rupture occurs;

Cylinder set-up

Cylinders shall be placed horizontally with the cylinder bottom
approxi mately 100 nm above the fire source;

Metallic shielding shall be used to prevent direct flane

i mpi ngenent on cylinder valves, fittings, and/or pressure relief
devices. The netallic shielding shall not be in direct contact with
the specified fire protection system (pressure relief devices or
cylinder valve). Any failure during the test of a valve, fitting or
tubing that is not part of the intended protection systemfor the
design shall invalidate the result.

Fire source

A uniformfire source of 1.65 mlength shall provide direct flane
i mpi ngenent on the cylinder surface across its entire dianeter

Any fuel may be used for the fire source provided it supplies

uni form heat sufficient to maintain the specified test tenperatures
until the cylinder is vented. The sel ection of fuel should take
into consideration air pollution concerns. The arrangenent of the
fire shall be recorded in sufficient detail to ensure the rate of
heat input to the cylinder is reproducible. Any failure or

i nconsi stency of the fire source during a test invalidate the
result;

Tenper at ure and pressure neasurenents

Surface tenperatures shall be nonitored by at |east three

t her mocoupl es | ocated al ong the bottom of the cylinder and spaced
not nore than 0.75 mapart; Metallic shielding shall be used to
prevent direct flame inpingement on the thernocoupl es.

Al ternatively, thernocouples nay be inserted into blocks of nmeta
nmeasuring | ess than 25 nm square.

Ther mocoupl e tenperatures and the cylinder pressure shall be
recorded at intervals of every 30 seconds or less during the test.
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A.15.5.

A.15. 6.

A 15.7.

A. 15. 8.

A. 16.

General test requirenents

Cylinders shall be pressurized with natural gas and tested in the
hori zontal position at both:

(a) wor ki ng pressure
(b) 25 per cent of the working pressure.

I mMmedi ately following ignition, the fire shall produce flane

i mpi ngenent on the surface of the cylinder along the 1.65 mlength
of the fire source and across the cylinder diameter. Wthin

5 mnutes of ignition, at |east one thernmocouple shall indicate a

tenperature of at least 590 EC. This minimmtenperature shall be

mai nt ai ned for the remaining duration of the test.

Cylinders 1.65 mlength or |ess

The centre of the cylinder shall be positioned over the centre of
the fire source;

Cylinders greater than 1.65 mlength

If the cylinder is fitted with a pressure relief device at one end,
the fire source shall conmence at the opposite end of the cylinder
If the cylinder is fitted with pressure relief devices at both
ends, or at nmore than one |ocation along the |ength of the
cylinder, the centre of the fire source shall be centred ni dway
between the pressure relief devices that are separated by the
greatest horizontal distance.

If the cylinder is additionally protected using thermal insulation
then two fire tests at service pressure shall be perfornmed, one
with the fire centred m dway along the cylinder |ength, and the
other with the fire comencing at one of the cylinder ends.
Acceptabl e results

The cylinder shall vent through a pressure relief device.

Penetration tests

A cylinder pressurised to 20 MPa £+ 1 MPa with conpressed gas shal
be penetrated by an arnmour piercing bullet with a dianmeter of

7.62 nmor greater. The bullet shall conpletely penetrate at |east
one side wall of the cylinder. For type CNG 2, CNG 3 and CNG 4
designs, the projectile shall inpact the side wall at an

approxi mate angl e of 45E. The cylinder shall reveal no evidence of
fragnmentation failure. Loss of small pieces of material, each not
wei ghi ng nore than 45 grans, shall not constitute failure of the
test. The approximate size of entrance and exit openings and their
| ocations shall be recorded.



A 17.

A. 18.

A 19.

A. 20.

TRANS/ WP. 29/ 704
page 89

Conposite flaw tol erance tests

For type CNG 2, CNG 3 and CNG 4 designs only, one finished
cylinder, conplete with protective coating, shall have flaws in the
| ongi tudi nal direction cut into the conposite. The flaws shall be
greater than the visual inspection limts as specified by the
manuf act urer.

The flawed cylinder shall then be pressure cycled fromnot nore
than 2 MPa to not |ess than 26 MPa for 3,000 cycles, followed by an
additional 12,000 cycles at anbient tenperature; The cylinder shal
not leak or rupture within the first 3,000 cycles, but may fail by
| eakage during the last 12,000 cycles. Al cylinders which conplete
this test shall be destroyed.

Hi gh tenperature creep test

This test is required for all type CNG 4 designs, and all type
CNG- 2 and CNG 3 designs in which the glass transition tenperature
of the resin matri x does not exceed the maxi mum design nateria
tenperature given in paragraph 4.4.2. of annex 3 by at |east 20 EC
One finished cylinder shall be tested as foll ows:

(a) The cylinder shall be pressurised to 26 MPa and held at a
tenperature of 100 EC for not |ess than 200 hours;

(b) Following the test, the cylinder shall neet the requirenents
of the hydrostatic expansion test A 11, the leak test A 10,
and the burst test A 12 above.

Accel erated stress rupture test

For type CNG 2, CNG 3, and CNG 4 designs only, one cylinder free of
protective coating shall be hydrostatically pressurised to 26 MPa
while imersed in water at 65 EC. The cylinder shall be held at
this pressure and tenperature for 1,000 hours. The cylinder shal
then be pressured to burst in accordance with the procedure defined
i n paragraph A 12 above except that the burst pressure shall exceed
85 per cent of the mnimum design burst pressure;

| npact _danmge test

One or nore finished cylinders shall be drop tested at anbi ent
tenperature without internal pressurisation or attached valves. The
surface onto which the cylinders are dropped shall be a snooth,

hori zontal concrete pad or flooring. One cylinder shall be dropped
in a horizontal position with the bottom 1.8 m above the surface
onto which it is dropped. One cylinder shall be dropped vertically
on each end at a sufficient height above the floor or pad so that
the potential energy is 488 J, but in no case shall the height of
the lower end be greater than 1.8 m One cylinder shall be dropped
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at a 45E angle onto a done from a height such that the centre of
gravity is at 1.8 m however, if the lower end is closer to the

ground than 0.6 m the drop angle shall be changed to maintain a
m ni mum hei ght of 0.6 mand a centre of gravity of 1.8 m

Foll owi ng the drop inpact, the cylinders shall be pressure cycled
fromnot nore than 2 MPa to not |ess than 26 MPa bar for

1,000 cycles tines the specified service life in years. The
cylinders may | eak but not rupture, during the cycling. Any
cylinders conpleting the cycling test shall be destroyed;

A 21. Per neati on test

This test is only required on type CNG 4 designs. One finished
cylinder shall be filled with conpressed natural gas or a

90 per cent nitrogen/ 10 per cent helium m xture to worKking
pressure, placed in an enclosed seal ed chanber at anbi ent
tenperature, and nonitored for |eakage for a tinme sufficient to
establish a steady state perneation rate. The perneation rate shal
be less than 0.25 m of natural gas or helium per hour per litre
wat er capacity of the cylinder.

A 22. Tensile properties of plastics

The tensile yield strength and ultimte el ongation of plastic |iner
mat eri al shall be deternmined at -50 EC using | SO 3628, and neet the
requi renents of paragraph 6.3.6. of annex 3.

A. 23. Melting tenperature of plastics

Polymeric materials fromfinished liners shall be tested in
accordance with the nethod described in | SO 306, and neet the
requi renents of paragraph 6.3.6. of annex 3.

A. 24. Pressure relief device requirenments

Pressure relief devices specified by the manufacturer shall be
shown to be conpatible with the service conditions listed in
par agraph 4. of annex 3 and through the follow ng qualification
tests:

(a) One specinen shall be held at a controlled tenperature of
not less than 100 EC and a pressure not |ess than test
pressure (30 MPa) for 24 hours. At the end of this test
there shall be no | eakage or visible sign of extrusion of
any fusible netal used in the design

(b) One specinen shall be fatigue tested at a pressure cycling
rate not to exceed 4 cycles per ninute as foll ows:

(i) hel d at 82 EC while pressured for 10,000 cycles
bet ween 2 MPa and 26 MPa;
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(ii) hel d at -40 EC while pressure for 10,000 cycles
bet ween 2 MPa and 20 Mra.

At the end of this test there shall be no | eakage, or any
visible sign of extrusion of any fusible netal used in the
desi gn.

(c) Exposed brass pressure retaining conmponents of pressure
relief devices shall wthstand, w thout stress corrosion
cracking, a nercurous nitrate test as described in
ASTM B154. The pressure relief device shall be i mersed for
30 minutes in an aqueous mercurous nitrate sol ution
containing 10 g of mercurous nitrate and 10 m of nitric
acid per litre of solution. Follow ng the inmersion, the
pressure relief device shall be |eak tested by applying an
aerostatic pressure of 26 MPa for one mnute during which
time the conponent shall be checked for external |eakage;
Any | eakage shall not exceed 200 cn?¥/ h;

(d) Exposed stainless steel pressure retaining conponents of
pressure relief devices shall be nmade of an alloy type
resistant to chloride induced stress corrosion cracking;

A. 25. Boss torque test

The body of the cylinder shall be restrained against rotation and a
torque of 500 Nm shall be applied to each end boss of the cylinder
first in the direction to tighten a threaded connection, then in
the untightening direction, and finally again in the tightening
direction.

A. 26. Resin shear strength

Resin materials shall be tested on a sanple coupon representative
of the conposite overwap in accordance with ASTM D2344, or an
equi val ent National Standard. Followi ng a 24-hour water boil the
conposite shall have a mni mum shear strength of 13.8 MPa.

A. 27. Nat ural gas cycling test

One finished cylinder shall be pressure cycled using conpressed
natural gas fromless than 2 MPa to working pressure for

300 cycles. Each cycle, consisting of the filling and venting of
the cylinder, shall not exceed 1 hour. The cylinder shall be |eak
tested in accordance with paragraph A 10 above and neet the

requi renents therein. Follow ng the conpletion of the natural gas
cycling the cylinder shall be sectioned and the liner/end boss
interface i nspected for evidence of any deterioration, such as
fatigue cracking or electrostatic discharge.

NOTE - Special consideration nust be given to safety when
conducting this test. Prior to conducting this test, cylinders of
this design nust have successfully passed the test requirenents of
par agraph A.12 above (hydrostatic pressure burst test),
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par agraph 8.6.3 of annex 3 (ambient tenperature pressure cycling
test) and paragraph A 21 above (perneation test). Prior to
conducting this test, the specific cylinders to be tested nust pass
the test requirenents of paragraph A 10 above (leak test).
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Annex 3 - Appendix B
(Not al |l ocat ed)

Annex 3 - Appendix C
(Not all ocat ed)

Annex 3 - Appendix D

REPORT FORMS

NOTE - This appendix is not a mandatory part of this annex.

The followi ng forms shoul d be used:

(1)

(2)

(3)

(4)

(5)

(6)

Report of Manufacture & Certificate of Conformance - Required to be
clear, legible and in the format of Form 1:

Report 1/ of Chemical Analysis of Material for Metallic Cylinders,
Liners, or Bosses - Required essential elenents, identification
etc.

Report 1/ of Mechanical Properties of Material for Metallic
Cylinders and Liners - Required to report all tests required by
t hi s Regul ati on.

Report 1/ of Physical and Mechanical Properties of Materials for
Non Metallic Liners - Required to report all tests and information
required in this Regul ation.

Report 1/ of Conposite Analysis - Required to report all tests and
data required in this Regul ation.

Report of Hydrostatic Tests, Periodic Pressure Cycling and Burst
Tests - Required to report test and data required in this
Regul ati on.

Report forms 2 through 6 shall be devel oped by the manufacturer and
must fully identify cylinders and requirenments. Each report shal
be signed by the Conpetent Authority and the manufacturer.
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Form 1: Report of Manufacturer and Certification of Conformance

Manuf act ured by:

Locat ed at:

Regul at ory Regi stration Nunber:

Manuf acturers Mark and Numnber:

Serial Number: from........... to .......... .. i nclusive
Cylinder description:

SI ZE: CQutside diameter: ...... mm Length: ......... nm

Mar ks stanped on shoul der or on | abels of the cylinder are:

(a) "CNG ONLY": .

(b) "DO NOT USE AFTER":

(c) Manufacturer's nark:

(d) Serial or part nunber:

(e) Working pressure in MPa:

(f) ECE Regul ati on: .

(g) Fire protection type: . . . . . . . .
(h) Date of original test (month & year):
(i) Tare mass of enpty cylinder (in kg):
(j) Authorized Body or Inspectors Mark:
(k) Water capacity in L: e
(I') Test pressure in Mra:

(m Any special instructions:

Each cylinder was made in conpliance with all requirenents of ECE Regul ati on
No. ... in accordance with the cylinder description above. Required reports of
test results are attached.

| hereby certify that all these test results proved satisfactory in every way
and are in conmpliance with the requirements for the type |listed above.

Comrent s

Conpetent Authority: Inspector’s signature: Manuf acturer's signature

Pl ace, Date:
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Annex 3 - Appendix E

VERI FI CATI ON OF STRESS RATI OS USI NG STRAI N GAUGES

The stress-strain relationship for fibres is always elastic, therefore,
stress ratios and strain ratios are equal

Hi gh el ongation strain gauges are required.

Strai n gauges should be orientated in the direction of the fibres on
which they are mounted (i.e. with hoop fibre on the outside of the
cylinder, mount gauges in the hoop direction).

Method 1 (applies to cylinders that do not use high tension w nding)

(a)
(b)

(c)

Prior to auto-frettage, apply strain gauges and calibrate;

Measure strains at auto-frettage, zero after auto-frettage,
wor ki ng, and m ni mum burst pressure have been net;

Confirmthat the strain at burst pressure divided by strain at

wor ki ng pressure neets the stress ratio requirenents. For hybrid
construction, the strain at working pressure,is conpared with the
rupture strain of cylinders reinforced with a single fibre type.

Met hod 2 (applies to all cylinders)

(a)

(b)
(c)

(d)

(e)

At zero pressure after winding and auto-frettage, apply strain
gauges and calibrate;

Measure strains at zero, working, and m ninum burst pressure;

At zero pressure, after strain neasurenments have been taken at the
wor ki ng and m ni mum burst pressures, and with strain gauges

nmoni tored, cut the cylinder section apart so that the region
containing the strain gauge is approximately five inches |ong.
Renove the |iner without damagi ng the conposite. Measure the
strains after the liner is renoved.

Adj ust the strain readings at zero, working, and m ni mum bur st
pressures by the amount of strain neasured at zero pressure with
and wi thout the liner.

Confirmthat the strain at burst pressure divided by strain at
wor ki ng pressure neets the stress ratio requirenents. For hybrid
construction, the strain at working pressure is conpared with the
rupture strain of cylinders reinforced with a single fibre type.
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F. 1.

F. 2.

F. 2.

1

Annex 3 - Appendix F

FRACTURE PERFORMANCE METHCDS

Determ nation of fatigue sensitive sites

The location and orientation of fatigue failure in cylinders shal
be determ ned by appropriate stress analysis or by full scale
fatigue tests on finished cylinders as required under the design
qualification tests for each type of design. If finite el enent
stress analysis is used, the fatigue sensitive site shall be

i dentified based on the |location and orientation of the highest
tensile principal stress concentration in the cylinder wall or
liner at the working pressure.

Leak- Bef or e- Break (LBB)

Engi neering critical assessment This analysis may be carried out
to establish that the finished cylinder will leak in the event of a
defect in the cylinder or liner growing into a through-wall crack
A | eak-before-break assessnment shall be perforned at the cylinder
side wall. If the fatigue sensitive location is outside the side
wal |, a | eak-before-break assessment shall also be perfornmed at

that | ocation using a Level |l approach as outlined in BS PD6493.
The assessnent shall include the follow ng steps:

(a) Measure the maxi mum length (i.e. mpjor axis) of the
resultant through-wall surface crack (usually elliptical in
shape) fromthe three cylinder cycle tested under the design
qualification tests (according to paragraphs A 13 and A 14
of appendi x A) for each type of design. Use the |ongest
crack length of the three cylinders in the analysis. Mdel a
sem -elliptical through-wall crack with a nmajor axis equa
to twice the nmeasured | ongest nmmjor axis and with a m nor
axis equal to 0.9 of wall thickness. The seni-elliptica
crack shall be nodelled at the |ocations specified in
paragraph F.1. of appendix F. The crack shall be oriented
such that the highest tensile principal stress shall drive
t he crack;

(b) Stress levels in the wall/liner at 26 MPa obtained fromthe
stress analysis as outlined in paragraph 6.6 of annex 3
shall be used for the assessnent. Appropriate crack driving
forces shall be cal cul ated using either Section 9.2 or 9.3
of BS PD6493;

(c) Fracture toughness of the finished cylinder or the liner
froma finished cylinder, as determ ned at roomtenperature
for alum niumand at -40 EC for steel, shall be established
usi ng a standardi zed testing technique (either ISOD S 12737
or ASTM 813-89 or BS 7448) in accordance with Sections 8.4
and 8.5 of BS PD6493;
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Plastic collapse ratio shall be calculated in accordance
with Section 9.4 of BS PD6493-91;

The nodell ed flaw shall be acceptable in accordance with
Section 11.2 of BS PD6493-91.

LBB by flawed cylinder burst

A fracture test shall be perforned by the cylinder side wall. If
the fatigue sensitive | ocations as determ ned in paragraph F.1.
(appendix F) is outside the side wall, the fracture test shall also

be perforned at that | ocation. The test procedure is as follows:

(a)

(b)

Det erm nati on of | eak-before-break flaw | ength

The length of the LBB flaw at the fatigue sensitive site
shall be twice the length of the maxi num | ength nmeasured of
the resultant through-wall surface crack fromthe three
cylinders cycle tested to failure under the design
qualification tests for each type of design

Cylinder flaws

For type CNG 1 designs having fatigue sensitive site in the
cylindrical part in the axial direction, external flaws
shall be machi ned | ongitudinally, approxinmately at mid-

Il ength of the cylindrical part of the cylinder. The fl aws
shall be located at mininmumwall thickness of the mnidsection
based on thickness neasurenents at four points around the
cylinder. For type CNG 1 designs having fatigue sensitive
site outside the cylindrical part, the LBB flaw shall be
introduced at the internal surface of the cylinder along the
fatigue sensitive orientation. For type CNG 2 and CNG 3
designs the LBB flaw shall be introduced in the nmetal |iner;

For flaws to be tested by nonotonic pressure, the flaw
cutter shall be approximately 12.5 mmthick with an angle of
45 EC and a tip radius of 0.25 nm maxi mum The cutter

di aneter shall be 50 mm for cylinder with outside dianeter

|l ess than 140 mm and 65 to 80 mm for cylinders with outside
di aneter greater than 140 mm (A standard CVN cutter is
recommended) .

NOTE - The cutter should be sharpened regularly to assure
tip radius neets specification.

The depth of the flaw nmay be adjusted to obtain a | eak by
nmonot oni ¢ hydro-pressurization. The crack shall not
propagate by nore than 10 per cent outside of the machined
flaw measured on the external surface:
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F. 3.

F. 3.

1

(¢)

(d)

NOTE -

Test procedure

The test shall be performed by nonotonic pressurisation or
cyclic pressurisation as described bel ow

(i) Monot oni ¢ pressurisation to burst

The cylinder shall be pressurised hydrostatically
until pressure is released fromthe cylinder at the
flaw | ocation. The pressurisation shall be perforned
as described in paragraph A 12. (appendix A);

(ii) Cyclic pressure

The test procedure shall be in accordance with the
requi renents of paragraph A 13. of appendix A.

Acceptance criteria for the flawed cylinder test

The cylinder passes the tests if the follow ng conditions
are net:

(i) For monotonic pressurisation burst test, the failed
pressure shall be equal or greater than 26 Ma;

For monotonic pressurised burst test, a total crack
| ength neasured on the external surface of 1.1 tines
the original machined Iength is allowed.

(ii) For cycle tested cylinders, fatigue crack growth
beyond the original machined flaw | ength is all owed.
However, the failure node nust be a "leak".
Propagati on of the flaw by fatigue should occur over
at least 90 per cent of the length of the origina
machi ned fl aw,

If these requirements are not fulfilled (failure occurs

bel ow 36 MPa, even and if the failure is a leak), a new test can be
performed with a | ess deep flaw. Also, if rupture type failure
occurs at a pressure greater than 26 MPa and flaw depth is shall ow,
a new test can be perforned with a deeper flaw

Def ect

size for non-destructive exani nation (NDE)

NDE Def ect size by engineering critical assessnent

Cal cul ations shall be perforned in accordance with British
Standard (BS) PD 6493, Section 3, using the follow ng steps:

(a)

Fatigue cracks shall be nodelled at the high stress |ocation
in the wall/liner as planar flaws;
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(b) The applied stress range at the fatigue sensitive site, due
to a pressure between 2 MPa and 20 MPa, shall be established
fromthe stress analysis as outlined in paragraph F.1. of
appendi x F;

(c) The bendi ng and nenbrane stress conponent may be used
separately;

(d) The m ni num nunber of pressure cycles is 15, 000;

(e) The fatigue crack propagation data shall be determned in
air in accordance with ASTM E647. The crack pl ane
orientation shall be in the C-L direction (i.e., crack plane
perpendi cular to the circunferences and al ong the axis of
the cylinder), as illustrated in ASTM E399. The rate shal
be determ ned as an average of 3 specinen tests. Were
specific fatigue crack propagation data are available for
the material and service condition, they may be used in the
assessnent.

(f) The amount of crack growth in the thickness direction and in
the length direction per pressures cycle shall be deternm ned
in accordance with the steps outlined in Section 14.2 of the
BS PD 6493-91 standard by integrating the relationship
between the rate of fatigue crack propagation, as
established in e) above, and the range of crack driving
force corresponding to the applied pressure cycle;

(9) Usi ng the above steps, cal cul ate the maximum al | owabl e
defect depth and I ength which shall not cause the failure of
the cylinder during the design |life due to either fatigue or
rupture. The defect size for NDE shall be equal to or |less
than the cal cul ated maxi num al | owabl e defect size for the
desi gn.

NDE Defect size by flawed cylinder cycling

For type CNG 1, CNG 2 and CNG 3 designs, three cylinders containing
artificial defects that exceed the defect |Iength and depth
detection capability of the NDE inspection nethod required in

par agraph 6.15. of annex 3, shall be pressure cycled to failure in
accordance with the test nmethod in paragraph A 13 (appendix A). For
type CNG 1 designs having a fatigue sensitive site in the
cylindrical part, external flaws shall be introduced on the side
wal | . For type CNG 1 designs having the fatigue sensitive site
outside the side wall, and for type CNG 2 and CNG 3 desi gns,
internal flaws shall be introduced. Internal flaws may be machi ned
prior to the heat treating and closing of the end of the cylinder

The cylinders shall not leak or rupture in | ess than 15,000 cycles;

The al |l owabl e defect size for NDE shall be equal to or |ess than
the artificial flaw size at that | ocation.
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Annex 3 - Appendix G

I NSTRUCTI ONS BY THE CONTAI NER MANUFACTURER REGARDI NG HANDLI NG
USE AND | NSPECTI ON OF CYLI NDERS

G 1. Genera
The primary function of this appendix is to provide guidance to the
cylinder purchaser, distributor, installer and user for the safe

use of the cylinder over its intended service life.

G 2. Di stribution

The manufacturer shall advise the purchaser that the instructions
shall be supplied to all parties involved in the distribution,
handling, installation and use of the cylinders; The docunent may
be reproduced to provide sufficient copies for this purpose,
however it shall be marked to provide reference to the cylinders
bei ng delivered,;

G 3. Ref erence to existing codes, standards and regul ati ons

Specific instructions my be stated by reference to national or
recogni sed codes, standards and regul ati ons.

G 4. Cylinder handling
Handl i ng procedures shall be provided to ensure that the cylinders
wi |l not suffer unacceptable danmage or contani nation during
handl i ng.

G 5. Installation

Installation instructions shall be provided to ensure that the
cylinders will not suffer unacceptabl e damage during installation
and during normal operation over the intended service life.

Where the nounting is specified by the manufacturer, the

i nstructions shall contain where relevant, details such as nounting
design, the use of resilient gasket materials, the correct

ti ghteni ng torques and avoi dance of direct exposure of the cylinder
to an environnment of chem cal and nmechani cal contacts.

Where the nounting is not specified by the manufacturer, the

manuf acturer shall draw the purchaser's attention to possible |ong
terminpacts of the vehicle mounting system for exanple: vehicle
body novenents and cylinder expansion/contraction in the pressure
and tenperature conditions of service.

Where applicable, the purchaser's attention shall be drawn to the
need to provide installations such that liquids or solids cannot be
collected to cause cylinder material damage;
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The correct pressure relieve device to be fitted shall be
speci fi ed.

Use of cylinders

The manufacturer shall draw the purchaser's attention to the

i ntended service conditions specified by this Regulation, in
particular the cylinder's allowable nunber of pressure cycles. its
life in years, the gas quality limts and the all owabl e maxi mum
pressures.

I n-service inspection

The manufacturer shall clearly specify the user's obligation to
observe the required cylinder inspection requirenments (e.g.

rei nspection interval, by authorised personnel). This infornmation
shall be in agreement with the design approval requirenents.
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H 1.

H 2.

H. 3.

Annex 3 - Appendix H

ENVI RONVENTAL TEST
Scope

The environnental test is intended to denonstrate that NGV
cylinders can withstand exposure to the autonotive underbody

envi ronnent and occasi onal exposure to other fluids. This test was
devel oped by the US autonotive industry in response to cylinder
failures initiated by stress corrosion cracking of the conposite
wr ap.

Summary of test nethod

A cylinder is first preconditioned by a conbination of pendul um and
gravel inpacts to sinulate potential underbody conditions. The
cylinder is then subjected to a sequence of imrersion in sinulated
road salt/acid rain, exposure to other fluids, pressure cycles and
hi gh and | ow tenperature exposures. At the conclusion of the test
sequence the cylinder will be hydraulically pressured to
destruction. The remmi ning residual burst strength of the cylinder
shall be not less than 85 per cent of the m ni mum design burst
strength.

Cylinder set-up and preparation

The cylinder shall be tested in a condition representative of
install ed geonetry including coating (if applicable), brackets and
gaskets, and pressure fittings using the sane sealing configuration
(i.e. Orings) as that used in service. Brackets nay be painted or
coated prior to installation in the imrersion test if they are

pai nted or coated prior to vehicle installation.

Cylinders will be tested horizontally and nom nally divided al ong
their horizontal centreline into "upper"” and "lower" sections. The
| ower section of the cylinder will be alternatively imersed in

road salt/acid rain environnment and in heated or cooled air

The upper section will be divided into 5 distinct areas and narked
for preconditioning and fluid exposure. The areas will be nom nally
100 mmin dianeter. The areas shall not overlap on the cylinder
surface. While convenient for testing, the areas need not be
oriented along a single |line, but nust not overlap the i mersed
section of the cylinder.

Al t hough preconditioning and fluid exposure is performed on the
cylindrical section of the cylinder, all of the cylinder, including
the doned sections, should be as resistant to the exposure
environnents as are the exposed areas.
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Ot her fluid
exposure areas
[N N\ N
~_
L;—:S_:_;,_.______._._d_‘_-;*q;;:gflj
| mrersi on area
(lower third)
Figure H. 1 - Cylinder orientation and | ayout of exposure areas

Precondi ti oni ng apparatus

The foll owi ng apparatus are needed for preconditioning the test
cylinder by pendul um and gravel inpact.

(a)

(b)

(¢)

Pendul um i npact

The inpact body shall be of steel and have the shape of a
pyramid with equilateral triangle faces and a square base,
the sunmit and the edges being rounded to a radius of 3 mm
The centre of percussion of the pendulum shall coincide with
the centre of gravity of the pyranid; its distance fromthe
axis of rotation of the pendulumshall be 1 m The tota

mass of the pendulumreferred to its centre of percussion
shall be 15 kg. The energy of the pendul um at the nmonment of

i npact shall be not less than 30 Nm and as close to that

val ue as possible.

During pendul uminpact, the cylinder shall be held in
position by the end bosses or by the intended nounting
bracket s.

Gravel inpact

Machi ne constructed according to the design specifications
shown in figure H 2. This procedure for operation of the
equi pnrent shall follow that described in ASTM D3170,
Standard Test Method for Chip Resistance of Coatings with
the exception that the cylinder may be at ambi ent
tenperature during gravel inpact;

Gravel

Al luvial road gravel passing through a 16 nm space screen
but retained on a 9.5 mm space screen. Each application is
to consist of 550 m of graded gravel (approx. 250 to

300 stones).
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H. 5.

Alr
inie!

Cabinet approxrnataly 500mm wide 1

Figure H. 2 - Gravel inpact test

Exposure environnments

(a)

b)

| nmer si on envi ronnent

At the specified stage in the test sequence (table 1) the

cylinder will be oriented horizontally with the lower third
of the cylinder diameter inmersed in a sinulated acid
rain/road salt water solution. The solution will consist of

the follow ng conpounds:

Dei oni zed wat er;

Sodi um chl ori de: 2.5 per cent by weight 0.1 per cent;

Calcium chloride: 2.5 per cent by weight 0.1 per cent;

Sul furic acid: Sufficient to achieve a solution pH
of 4.0 = 0.2;

+ I+

Solution level and pH are to be adjusted prior to each test
step which uses this liquid.

The tenperature of the bath shall be 21 £+ 5 EC. During
i mrersion, the unsubmerged section of the cylinder shall be
in ambient air.

Ot her fluid exposure

At the appropriate stage in test sequence (table 1) each
marked area is to be exposed to one of five solutions for
30 minutes. The same environment shall be used for each

| ocation throughout the test. The solutions are:

Sul furic acid: 19 per cent solution by volune in
wat er ;

Sodi um hydr oxi de: 25 per cent solution by weight in
wat er ;
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Met hanol / gasol i ne: 30/ 70 per cent concentrations;
Ammoni um nitrate: 28 per cent by weight in water;
W ndshi el d washer fl uid.

When exposed, the test sanple will be oriented with the
exposure area uppernost. A pad of glass wool one | ayer thick
(approximately 0.5 mm) and trinmed to the appropriate
dimensions is to be placed on the exposure area. Using a

pi pet, apply 5 m of the test fluid to the exposure area.
Renpbve the gauze pad after pressurization of the cylinder
for 30 mnutes.

H. 6. Test condi tions

(a)

Pressure cycle

As defined in the test sequence, cylinder shall be
hydraulically pressure cycled between not nore than 2 MPa
and not |less than 26 MPa. The total cycle shall be not |ess
than 66 seconds and will include a 60 second nini mum hol d
at 26 MPa. The nominal cycle process will be:

Ranmp up from# 20 MPa to $ 26 MPa;

Hold at $ 26 MPa for 60 seconds m ni mum
Ranmp down from$ 26 MPa to # 2 MPa;

Total mininumcycle time to be 66 seconds.

(b) Pressure during other fluid exposure
Fol l owi ng application of the other fluids, the cylinder
shall be pressured to not less than 26 MPa for a nmini num
of 30 m nutes;

(c) Hi gh and | ow tenperature exposure
As defined in the test sequence, the entire cylinder shal
be exposed to high or low tenperature air in contact with
external surface. The low tenperature air shall be -40 EC or
| ower and the high tenperature air shall be 82 EC £+ 5 EC.
For the | ow tenperature exposure, the fluid tenperature of
type CNG-1 cylinders shall be nonitored using a thernocouple
installed within the cylinder to ensure it remains at -40 EC
or | ower.

H 7. Test procedure
(a) Precondi tioning of the cylinder

Each of the five areas narked for other fluid exposure an
the upper section of the cylinder shall be preconditioned by
a single inpact of the pendul um body sumrit at their
geonetric centre. Follow ng inpact, the five areas shall be
further conditioned by a gravel inpact application
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The central section of the bottom portion of the cylinder
that will be subnmerged shall be preconditioned by an inpact
of the pendul um body sumrit at three | ocations spaced
approxi mately 150 nm apart.
Fol l owi ng i npact, the same central section that was inpacted
shall be further conditioned by a gravel inpact application
The cylinder shall be unpressured during preconditioning.

(b) Test sequence and cycl es

The sequence of the environment exposure, pressure cycles,
and tenperature to be used are defined in table 1.
The cylinder surface is not to be washed or w ped between
st ages.

H. 8. Acceptable results

Foll owi ng the above test sequence, the cylinder shall be
hydraulically tested to destruction in accordance with the
procedure in paragraph A 12. The burst pressure of the cylinder
shall be not less than 85 per cent of the m ni mum design burst
pressure.

Table H. 1 - Test conditions and sequence

Test steps Exposur e Nunber of Tenper at ure
envi ronnent s pressure
cycl es
1 O her fluids - - Anbi ent
2 | mrer si on 1875 Anbi ent
3 Air 1875 Hi gh
4 Ot her fluids - - Anbi ent
5 | nrer si on 1875 Anbi ent
6 Al r 3750 Low
7 O her fluids -- Anmbi ent
8 | nrer si on 1875 Anbi ent
9 Air 1875 Hi gh
10 O her fluids -- Anbi ent
11 | nrer si on 1875 Anbi ent
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Annex 4A

PROVI SI ONS REGARDI NG THE APPROVAL OF THE AUTOVATI C VALVE, CHECK VALVE, THE
PRESSURE RELI EF VALVE, PRESSURE REL| EF DEVI CE AND THE EXCESS FLOW VALVE

1. The purpose of this annex is to deternine the provisions regarding
the approval of the automatic valve, the check valve, the pressure

relief valve, the pressure relief device and the excess flow val ve.

2. The autonmmtic val ve

2.1. The materials constituting the automatic valve which are in contact
with the CNG when operating, shall be conpatible with the test CNG
In order to verify this conpatibility the procedure described in
annex 5D shall be used.

2.2. Operating specifications

2.2.1. The automatic valve shall be so designed as to withstand a pressure
of 1.5 tinmes the working pressure (MPa) wi thout |eakage and
def ormat i on.

2.2.2. The automatic valve shall be so designed as to be | eak-proof at a
pressure of 1.5 tinmes the working pressure (MPa) (see annex 5B).

2.2.3. The automatic valve, being in the normal position of use specified by
the manufacturer, is submtted to 20,000 operations; then it is
deactivated. The automatic valve shall remain | eak-proof at a
pressure of 1.5 tinmes the working pressure (MPa) (see annex 5B).

2.2.4. The automatic valve shall be so designed to operate at tenperatures
as specified in annex 50

2. 3. The electrical system if existing, shall be isolated fromthe body
of the automatic valve. |Isolation resistance shall be > 10 MJ.
2.4, The automatic valve activated by an electric current shall be in a

"cl osed" position when the current is switched off.

2.5. The automatic valve has to conply with the test procedures for the
Cl ass component determ ned according to the schenme in Figure 1-1 of
par agraph 2 of this Regul ation.

3. The check valve

3.1. The materials constituting the check valve which are in contact with
t he CNG when operating, shall be conpatible with the test CNG In
order to verify this conpatibility the procedure described in
annex 5D shall be used.

3. 2. Operating specifications

3.2.1. The check valve shall be so designed as to withstand a pressure of
1.5 times the working pressure (MPa) without |eakage and defornmation
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3.

2.

2.

The check valve shall be so designed as to be | eak-proof (external)
at a pressure of 1.5 tinmes the working pressure (MPa) (see annex 5B).

The check valve, being in the normal position of use specified by the
manufacturer, is submtted to 20,000 operations; then it is
deactivated. The check valve shall remain | eak-proof (external) at a
pressure of 1.5 times the working pressure (MPa) (see annex 5B).

The check valve shall be so designed to operate at tenperatures as
specified in annex 50

The check valve has to conply with the test procedures for the Cl ass
conmponent determ ned according to the scheme in Figure 1-1 of
paragraph 2 of this Regul ation.

The pressure relief valve and pressure relief device

The materials constituting the pressure relief valve and pressure
relief device which are in contact with the CNG when operating, shal
be conpatible with the test CNG In order to verify this
conpatibility, the procedure described in annex 5D shall be used.

Operating specifications

The pressure relief valve and pressure relief device in Class 0 shal
be so designed as to withstand a pressure of 1.5 tinmes the working
pressure (MrPa).

The pressure relief valve and pressure relief device of Class 1 shal
be so designed as to be | eak-proof at a pressure of 1.5 tinmes the
wor ki ng pressure (MPa) with the outlet closed off (see annex 5B).

The pressure relief valve of Class 1 and Class 2 shall be so designed
as to be | eak-proof at twice the working pressure with the outlets
cl osed off.

The pressure relief device shall be so designed to open the fuse at a
tenperature of 110 + 10EC.

The pressure relief valve of Class 0 shall be so designed to operate
at tenperatures from-40EC to 85EC

The pressure relief valve and pressure relief device have to conply
with the test procedures for the Cl ass conmponent deterni ned according
to the schenme in Figure 1-1 of paragraph 2 of this Regul ation.

The excess flow valve

The materials constituting the excess flow val ve which are in contact
with the CNG when operating, shall be conpatible with the test CNG
In order to verify this conpatibility, the procedure described in
annex 5D shall be used.
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Operating specifications

The excess flow valve, if it is not integrated in the cylinder, shal
be so designed as to withstand a pressure of 1.5 tinmes the working
pressure (MrPa).

The excess flow valve shall be so designed as to be | eak-proof at a
pressure of 1.5 times the working pressure (MPa).

The excess flow valve shall be so designed to operate at tenperatures
as specified in annex 50

The excess flow valve shall be mobunted inside the container

The excess flow valve shall be designed with a bypass to allow for
equal i zati on of pressures.

The excess flow valve shall cut off at a pressure difference over the
valve of 90 kPa. At this pressure difference the flow shall not
exceed 8,000 cn? per mnute.

VWhen the excess flow valve is at cut-off position, the flow through
t he by-pass shall not exceed 500 cn®¥/ nmin. at a differential pressure
of 700 kPa.

The device have to conply with the test procedures for the Cl ass
conmponents, specified in the scheme in Figure 1-1 of paragraph 2 of
this Regul ati on, except overpressue, external |eakage, resistance to
dry heat test, ozone ageing.
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Annex 4B
PROVI SI ONS REGARDI NG THE APPROVAL OF FLEXI BLE FUEL LI NES OR HOSES
Scope

The purpose of this annex is to deternine the provisions regarding
the approval of flexible hoses for use with CNG

Thi s annex covers three types of flexible hoses:
(i) Hi gh pressure hoses (Class 0),

(ii) Medi um pressure hoses (Class 1),
(iii) Low pressure hoses (Cl ass 2)

1. HI GH PRESSURE HOSES, CLASS 0 CLASSI FI CATI ON
1.1. General specifications
1.1.1. The hose shall be so designed as to withstand a maxi mum wor ki ng

pressure of 1.5 times the working pressure (MPa).

1.1.2. The hose shall be so designed as to withstand tenperatures as
specified in annex 50

1.1.3. The inside dianeter shall be in conpliance with table 1 of
St andard | SO 1307.

1.2. Hose construction

1.2.1. The hose must enbody a snoot h-bore tube and a cover of suitable
synthetic material, reinforced with one or nore interlayer(s).

1.2.2. The reinforcing interlayer(s) has (have) to be protected by a
cover agai nst corrosion.

If for the reinforcing interlayer(s) corrosion-resistant-mteria
is used (i.e. stainless-steel) a cover is not required.

1.2.3. The lining and the cover nmust be snmooth and free from pores, holes
and strange el enents.
An intentionally provided puncture in the cover shall not be
consi dered as an inperfection.

1.2.4. The cover has to be intentionally perforated to avoid the formng
of bubbl es.
1.2.5. VWhen the cover is punctured and the interlayer is made of a non-

corrosion-resistant material, the interlayer has to be protected
agai nst corrosion.
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1.3.1.

1.3.1.1.

1.3.1.2.

1.3.1.3.

1. 4.

1.4.1.

1.4.1.1.

1.4.1.2.
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Specifications and tests for the |ining
Tensile strength and el ongati on
Tensile strength and elongation at break according to | SO 37.

Tensile strength not less than 20 MPa and el ongati on at break not
| ess than 250 per cent.

Resi stance to n-pentane according to | SO 1817 with the foll ow ng
condi tions:

(i) medi um n- pent ane
(ii) tenperature: 23EC (tol erance according to | SO 1817)
(iii) imrersion period: 72 hours

Requi renent s:

(i) maxi mum change in volume 20 per cent
(ii) maxi mum change in tensile strength 25 per cent
(iii) maxi mum change in elongation at break 30 per cent

After storage in air with a tenperature of 40EC for a period of
48 hours the mass conpared to the original value may not decrease
nore than 5 per cent.

Resi stance to ageing according to |1SO 188 with the foll ow ng
condi tions:

(i) tenperature: 70EC (test tenperature = maximum operating
tenperature - 10EC)
(ii) exposure period: 168 hours

Requi renent s:

(i) maxi mum change in tensile strength 25 per cent

(ii) maximum change in elongation at break -30 per cent and
+10 per cent

Speci fications and test-nethod for the cover

Tensil e strength and el ongati on

Tensile strength and elongation at break according to | SO 37.

Tensile strength not less than 10 MPa and el ongati on at break not
| ess than 250 per cent.

Resi stance to n-hexane according to |1 SO 1817 with the foll ow ng
condi tions:

(i) medi um n- hexane
(ii) tenperature: 23 EC (tolerance acc.to | SO 1817)
(iii) imrersion period: 72 hours
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1.4.1.3.

Requi renent s:

(i) maxi mum change in volume 30 per cent
(ii) maximum change in tensile strength 35 per cent
(iii) maxi mum change in elongation at break 35 per cent

Resi stance to ageing according to 1SO 188 with the follow ng
condi tions:

(i) tenperature: 70EC (test tenperature = maximum operating
tenperature - 10EC)

(ii) exposure period: 336 hours

Requi renent s:

(i) maxi mum change in tensile strength 25 per cent

(ii) maximum change in elongation at break -30 per cent and
+10 per cent

Resi stance to ozone

The test has to be performed in conpliance with Standard
| SO 1431/ 1.

The test-pieces, which have to be stretched to an el ongation of

20 per cent shall have to be exposed to air of 40EC with an ozone-
concentration of 50 parts per hundred million during 120 hours.

No cracking of the test pieces is allowed.

Speci fications for uncoupl ed hose

Gas-tightness (perneability)

A hose at a free length of 1 mhas to be connected to a container
filled with |iquid propane, having a tenperature of 23E + 2EC

The test has to be carried out in conpliance with the nmethod
described in Standard | SO 4080.

The | eakage through the wall of the hose shall not exceed 95 cn?
per nmetre of hose per 24 h.

Resi stance at | ow tenperature

The test has to be carried out in conpliance with the nmethod
described in Standard | SO 4672-1978, method B

Test-tenperature: -25E + 3EC

No cracking or rupture is allowed.
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1.5.3. Bendi ng test
1.5.3. 1. An enpty hose, at a length of approximately 3.5 mnust be able to
wi thstand 3,000 tinmes the hereafter prescribed alternating-
bendi ng-test without breaking. After the test the hose must be
capable of withstanding the test-pressure as nentioned in
par agraph 1.5.4. 2.
1.5.3.2.
H
1 propulsion mechanism
1
F f———
Figure 1 (exanple only)
Hose inside dianeter Bendi ng radi us Di stance between centres [mm
[ M [ mi (Figure 1)
(Figure 1) Verti cal Hori zont al
b a
up to 13 102 241 102
13 to 16 153 356 153
from16 to 20 178 419 178

1.5.3.3.

The testing-machine (Figure 1) shall consist of a steel frame,
provided with two wooden wheels, with a rimw dth of c.a. 130 mMn

The circunference of the wheels nust be grooved for the guidance
of the hose.

The radius of the wheels, nmeasured to the bottom of the groove,
nmust be as indicated in paragraph 1.5.3.2.

The | ongi tudi nal nedi an pl anes of both wheels nust be in the sane
vertical plane and the distance between the wheel-centres nust be
in accordance w th paragraph 1.5.3.2.

Each wheel nust be able to rotate freely round its pivot-centre.

A propul si on-nechani sm pulls the hose over the wheels at a speed
of four conplete notions per mnute.
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1.5.3.4. The hose shall be S-shape-like installed over the wheels (see
Figure 1).
The end, that runs over the upper wheel shall be furnished with a
sufficient mass as to achieve a conpl ete snuggling of the hose
agai nst the wheels. The part that runs over the | ower wheel is
attached to the propul sion-mechani sm
The nechani sm nust be so adjusted, that the hose travels a total
di stance of 1.2 min both directions.

1.5.4. Hydraul i c-test-pressure and appoi ntment of the m ni mum bur st -
pressure

1.5.4.1. The test has to be carried out in conpliance with the nmethod
described in Standard | SO 1402.

1.5.4.2. The test-pressure of 1.5 tines the working pressure (MPa) shall be
applied during 10 m nutes, w thout any | eakage.

1.5.4.3. The burst pressure shall not be |less than 45 MPa.

1.6. Coupl i ngs

1.6.1. The couplings shall be made from steel or brass and the surface
nmust be corrosion-resistant.

1.6.2. The couplings nust be of the crimp-fitting type.

1.6.2.1. The swi vel -nut nust be provided with U N. F.-thread.

1.6.2.2. The sealing-cone nmust be of the type with a half vertical angle
of 45E.

1.7. Assenbly of hose and coupli ngs

1.7.1. The construction of the couplings nmust be such, that it is not
necessary to peel the cover unless the reinforcement of the hose
consi sts of corrosion-resistant materi al

1.7.2. The hose assenbly has to be subjected to an inpulse test in
conpliance with Standard | SO 1436.

1.7.2.1. The test has to be conpleted with circulating oil having a
tenmperature of 93 EC, and a m ni mum pressure of 26 MrPa.

1.7.2.2. The hose has to be subjected to 150, 000 i npul ses.

1.7.2.3. After the inpulse-test the hose has to withstand the test-pressure

as nentioned in paragraph 1.5.4.2.
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Gas-tightness
The hose assenbly (hose with couplings) has to w thstand during
five minutes a gas pressure of 1.5 tines the working
pressure (MPa) without any | eakage.
Mar Ki ngs
Every hose nust bear, at intervals of not greater than 0.5 m the
following clearly legible and indelible identification markings
consi sting of characters, figures or synbols.
The trade nanme or mark of the manufacturer
The year and nonth of fabrication.
The size and type-nmarKking.

The identification-marking "C.N.G Class 0".

Every coupling shall bear the trade nane or mark of the assenbling
manuf act urer.

MEDI UM PRESSURE HOSES, CLASS 1 CLASSI FI CATI ON
General specifications

The hose shall be so designed as to withstand a maxi mum wor ki ng
pressure of 3 MrPa.

The hose shall be so designed as to withstand tenperatures as
specified in annex 50

The inside dianeter shall be in conpliance with table 1 of
St andard | SO 1307.

Hose construction

The hose must enbody a snoot h-bore tube and a cover of suitable
synthetic material, reinforced with one or nore interlayer(s).

The reinforcing interlayer(s) has (have) to be protected by a
cover agai nst corrosion.

If for the reinforcing interlayer(s) corrosion-resistant-mteria
is used (i.e. stainless-steel) a cover is not required.

The lining and the cover nmust be snmooth and free from pores, holes
and strange el enents.

An intentionally provided puncture in the cover shall not be
consi dered as an inperfection.

Specifications and tests for the l|ining
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2.3.1.

2.3.1.1.

2.3.1.2.

2.3.1.3.

2. 4.
2.4.1.

2.4.1.1.

2.4.1.2.

Tensile strength and el ongati on

Tensile strength and el ongati on at break according to | SO 37.
Tensile strength not less than 10 MPa and el ongati on at break not
| ess than 250 per cent.

Resi stance to n-pentane according to | SO 1817 with the foll ow ng
condi tions:

(i) medi um n- pent ane
(ii) tenperature: 23EC (tolerance acc. to | SO 1817)
(iii) imrersion period: 72 hours

Requi renent s:

(i) maxi mum change in volume 20 per cent
(ii) maximum change in tensile strength 25 per cent
(iii) maxi mum change in elongation at break 30 per cent

After storage in air with a tenperature of 40EC for a period of
48 hours the mass conpared to the original value may not decrease
nore than 5 per cent.

Resi stance to ageing according to I SO 188 with the foll ow ng
condi tions:

(i) tenperature: 115EC (test tenperature = maxi mum operating
tenperature - 10EC)
(ii) exposure period: 168 hours

Requi renent s:
(i) maxi mum change in tensile strength 25 per cent
(ii) maximum change in elongation at break -30 per cent and
+10 per cent
Speci fications and test-nethod for the cover
Tensil e strength and el ongati on
Tensile strength and el ongati on at break according to | SO 37.
Tensile strength not less than 10 MPa and el ongati on at break not

| ess than 250 per cent.

Resi stance to n-hexane according to | SO 1817 with the foll ow ng
condi tions:

(i) medi um n- hexane
(ii) tenperature: 23EC (tolerance acc. to | SO 1817)
(iii) imrersion period: 72 hours
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Requi renent s:

(i) maxi mum change in volume 30 per cent

(ii) maximum change in tensile strength 35 per cent

(iii) maxi mum change in elongation at break 35 per cent

Resi stance to ageing according to I SO 188 with the foll ow ng
condi tions:

(i) tenperature: 115 EC (test tenperature = maxinmum operating
tenperature - 10EC)

(ii) exposure period: 336 hours

Requi renent s:

(i) maxi mum change in tensile strength 25 per cent

(ii) maximum change in elongation at break -30 per cent and
+ 10 per cent

Resi stance to ozone

The test has to be performed in conpliance with Standard
| SO 1431/ 1.

The test-pieces, which have to be stretched to an el ongation of

20 per cent shall have to be exposed to air of 40EC with an ozone-
concentration of 50 parts per hundred million during 120 hours.

No cracking of the test pieces is allowed.

Speci fications for uncoupl ed hose

Gas-tightness (perneability)

A hose at a free length of 1 mhas to be connected to a container
filled with |iquid propane, having a tenperature of 23E + 2EC

The test has to be carried out in conpliance with the nmethod
described in Standard | SO 4080.

The | eakage through the wall of the hose shall not exceed 95 cn?
per nmetre of hose per 24 h.

Resi stance at | ow tenperature

The test has to be carried out in conpliance with the nmethod
described in Standard | SO 4672-1978, method B

Test-tenperature: -25E + 3EC

No cracking or rupture is allowed.
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2.5.3. Bendi ng test
2.5.3.1. An enpty hose, at a length of approximately 3.5 mnust be able to
wi thstand 3,000 tinmes the hereafter prescribed alternating-
bendi ng-test without breaking. After the test the hose must be
capable of withstanding the test-pressure as nentioned in
par agraph 2.5.4. 2.
2.5.3.2.
H
1 propulsion mechanism
1
F f———
Figure 2 (exanple only)
Hose inside dianeter Bendi ng radi us Di stance between centres [mm
[ M [ mi (Figure 2)
(Figure 2) Verti cal Hori zont al
b a
up to 13 102 241 102
13 to 16 153 356 153
from16 to 20 178 419 178

2.5.3.3.

The testing-machine (Figure 2) shall consist of a steel frame,
provided with two wooden wheels, with a rimw dth of c.a. 130 mMn

The circunference of the wheels nust be grooved for the guidance
of the hose.

The radius of the wheels, nmeasured to the bottom of the groove,
nmust be as indicated in paragraph 2.5.3.2.

The | ongi tudi nal nedi an pl anes of both wheels nust be in the sane
vertical plane and the distance between the wheel-centres nust be
in accordance w th paragraph 2.5.3. 2.

Each wheel nust be able to rotate freely round its pivot-centre.

A propul si on-nechani sm pulls the hose over the wheels at a speed
of four conplete notions per mnute.
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The hose shall be S-shape-like installed over the wheels (see
Figure 2).

The end, that runs over the upper wheel shall be furnished with a
sufficient mass as to achieve a conpl ete snuggling of the hose
agai nst the wheels. The part that runs over the | ower wheel is

attached to the propul sion mechani sm

The nechani sm nust be so adjusted, that the hose travels a total
di stance of 1.2 min both directions.

Hydraul i c-test-pressure

The test has to be carried out in conpliance with the nmethod
described in Standard | SO 1402.

The test-pressure of 3 MPa shall be applied during 10 m nutes,
wi t hout any | eakage.

Coupl i ngs

If a coupling is mounted on the hose the follow ng conditions have
to be net:

The couplings shall be made from steel or brass and the surface
nmust be corrosion-resistant.

The couplings nust be of the crimp-fitting type.

Assenbly of hose and coupli ngs

The construction of the couplings nmust be such, that it is not
necessary to peel the cover unless the reinforcement of the hose

consi sts of corrosion-resistant materi al

The hose assenbly has to be subjected to an inpulse test in
conpliance with Standard | SO 1436.

The test has to be conpleted with circulating oil having a
tenperature of 93 EC, and a mininmum pressure of 1.5 tines the
maxi mum wor ki ng pressure.

The hose has to be subjected to 150, 000 i npul ses.

After the inpulse-test the hose has to withstand the test-pressure
as nentioned in paragraph 2.5.4.2.

Gas-tightness

The hose assenbly (hose with couplings) has to w thstand during
five minutes a gas pressure of 3 MPa without any | eakage.
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2.
2.8.1.
2.8.1.1.
2.8.1.2.
2.8.1.3.
2.8.1.4.
2.8.2.
3.

3.
3.1.1.
3.1.2.
3.1.3.
3.

3.
3.3.1.
3.3.1.1.
3.3.1. 2.

Mar Ki ngs

Every hose nust bear, at intervals of not greater than 0.5 m the
following clearly legible and indelible identification markings
consi sting of characters, figures or synbols.

The trade nanme or mark of the manufacturer

The year and nonth of fabrication.

The size and type nmarKking.

The identification-marking "C.N.G Class 1".

Every coupling shall bear the trade nane or mark of the assenbling
manuf act urer.

LOW PRESSURE HOSES, CLASS 2 CLASSI FI CATI ON
General specifications

The hose shall be so designed as to withstand a maxi mum wor ki ng
pressure of 450 kPa.

The hose shall be so designed as to withstand tenperatures as
specified in annex 50

The inside dianeter shall be in conpliance with table 1 of
St andard | SO 1307.

(Not all ocat ed)

Specifications and tests for the |ining

Tensil e strength and el ongati on

Tensile strength and el ongati on at break according to | SO 37

Tensile strength not less than 10 MPa and el ongati on at break not
| ess than 250 per cent.

Resi stance to n-pentane according to |1 SO 1817 with the foll ow ng
condi tions:

(i) medi um n- pent ane
(ii) tenperature: 23EC (tolerance acc. to | SO 1817)
(iii) imrersion period: 72 hours

Requi renent s:
(i) maxi mum change in volume 20 per cent

(ii) maximum change in tensile strength 25 per cent
(iii) maxi mum change in elongation at break 30 per cent
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After storage in air with a tenperature of 40 EC for a period of
48 hours the mass conpared to the original value may not decrease
nore than 5 per cent.

Resi stance to ageing according to |1SO 188 with the foll ow ng
condi tions:

(i) tenperature: 120 EC (tol erance according to | SO 188)
(ii) exposure period: 168 hours

Requi renent s:

(i) maxi mum change in tensile strength 35 per cent

(ii) maximum change in elongation at break -30 per cent and
+ 10 per cent

Speci fications and test-nethod for the cover

Tensil e strength and el ongati on

Tensile strength and el ongati on at break according to | SO 37

Tensile strength not less than 10 MPa and el ongati on at break not
| ess than 250 per cent.

Resi stance to n-hexane according to | SO 1817 with the foll ow ng
condi tions:

(i) medi um n- hexane
(ii) tenperature: 23 EC (tolerance acc. to | SO 1817)
(iii) imrersion period: 72 hours

Requi renent s:
(i) maxi mum change in volume 30 per cent
(ii) maximum change in tensile strength 35 per cent

(iii) maxi mum change in elongation at break 35 per cent

Resi stance to ageing according to |1SO 188 with the foll ow ng
condi tions:

(i) tenperature: 120 EC (tol erance according to | SO 88)
(ii) exposure period: 336 hours

Requi renent s:

(i) maxi mum change in tensile strength 25 per cent

(ii) maximum change in elongation at break -30 per cent and
+10 per cent

Resi stance to ozone

The test has to be performed in conpliance with Standard
| SO 1431/ 1.
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3.4.2.2.

The test-pieces, which have to be stretched to an el ongation of

20 per cent shall have to be exposed to air of 40 EC and a relative
hum dity of 50 per cent += 10 per cent with an ozone concentration
of 50 parts per hundred million during 120 hours.

No cracking of the test pieces is allowed.

Speci fications for uncoupl ed hose

Gas-tightness (perneability)

A hose at a free length of 1 mhas to be connected to a container
filled with |iquid propane, having a tenperature of 23E + 2EC

The test has to be carried out in conpliance with the nmethod
described in Standard | SO 4080.

The | eakage through the wall of the hose shall not exceed 95 cn?
per nmetre of hose per 24 h.

Resi stance at | ow tenperature

The test has to be carried out in conpliance with the nethod
described in Standard | SO 4672, method B

Test-tenperature: -25E + 3EC

No cracking or rupture is allowed.

Resi stance at high tenperature

A pi ece of hose, pressurized at 450 kPa, with a mniml |ength of
0.5 mnrust be put in an oven at a tenperature of 120EC + 2EC during
24 hours.

No | eakage is allowed.

After the test the hose shall withstand the test pressure of
50 kPa during 10 minutes. No |eakage is allowed.

Bendi ng test
An enpty hose, at a length of approximately 3.5 mnust be able to

wi thstand 3,000 tinmes the hereafter prescribed alternating-
bendi ng-test without breaking.
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3.5.4.2.
1 propulsion mechanism
(a = 102 mm b= 241 nm)
Figure 3 (exanple only)
The testing machine (Figure 3) shall consist of a steel frame,
provided with two wooden wheels, with a rimw dth of
approx. 130 mm
The circunference of the wheels nust be grooved for the guidance
of the hose.
The radius of the wheels, measured to the bottom of the groove,
nmust be 102 mm
The | ongi tudi nal nedi an pl anes of both wheels nmust be in the sane
vertical plane. The distance between the wheel -centres nust be
vertical 241 mm and horizontal 102 mm
Each wheel nust be able to rotate freely round its pivot-centre.
A propul sion-mechani sm pulls the hose over the wheels at a speed
of four conplete notions per mnute.
3.5.4.3. The hose shall be S-shape-like installed over the wheels (see
Fi gure 3).
The end, that runs over the upper wheel, shall be furnished with a
sufficient mass as to achieve a conplete snuggling of the hose
agai nst the wheels. The part that runs over the | ower wheel is
attached to the propul sion mechani sm
The nmechani sm nust be so adjusted, that the hose travels a tota
di stance of 1.2 min both directions.
3. 6. Mar Ki ngs
3.6.1. Every hose must bear, at intervals of not greater than 0.5 m the
following clearly legible and indelible identification markings
consi sting of characters, figures or synbols.
3.6.1.1. The trade nanme or mark of the manufacturer

3.6.1.2. The year and nonth of fabrication
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3.6.1.3. The size and type nmarKking.

3.6.1.4. The identification marking "CNG Cl ass 2".

3.6.2. Every coupling shall bear the trade nane or mark of the assenbling

manuf act urer.
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Annex 4C
PROVI SI ONS REGARDI NG THE APPROVAL OF THE CNG FI LTER
The purpose of this annex is to deternine the provisions regarding
the approval of the CNG filter
Operating conditions

The CNG filter shall be so designed to operate at tenperatures as
specified in annex 50

CNG filter shall be Classified with regard to the maxi mum wor ki ng
pressure (see paragraph 2 of this Regulation):

Class 0: The CNG filter shall be so designed to withstand a
pressure of 1.5 times the working pressure (MPa).

Class 1 and Class 2: The CNG filter shall be so designed to
wi thstand a pressure twi ce the working pressure.

Class 3: the CNG filter shall be so designed to withstand a
pressure twice the relief pressure of the pressure relief valve on
which it is subject.

The materials used in the CNG filter which are in contact with CNG
when operating, shall be conpatible with this gas (see annex 5D)

The conponent has to conply with the test procedures for Class

conmponents according to the schenme in Figure 1-1 of paragraph 2 of
thi s Regul ati on.
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Annex 4D

PROVI SI ONS REGARDI NG THE APPROVAL OF THE PRESSURE REGULATOR

The purpose of this annex is to deternine the provisions regarding
the approval of the pressure regul ator

Pressure regul ator

The material constituting the regulator which is in contact with
the conpressed natural gas when operating shall be conpatible with
the test CNG In order to verify this conpatibility, the
procedure in annex 5D shall be used.

The materials constituting the regulator which are in contact with
t he heat exchange nedi um of the regul ator when operating, shall be
conpatible with that fluid.

The conponent shall conply with the test procedures provided for
in Class 0 for the parts subject to high pressure and Class 1, 2,
3 and 4 for the parts subject to medium and | ow pressure.

Classification and test pressures

The part of the pressure regulator which is in contact with the
pressure of the container is regarded as Class O.

The Class 0 part of the pressure regulator shall be | eak- proof
(see annex 5B) at a pressure up to 1.5 tinmes the working
pressure (MPa) with the outlet(s) of that part closed off.

The Class 0 part of the pressure regulator shall w thstand a
pressure up to 1.5 tines the worki ng pressure (MPa).

The Class 1 and Class 2 part of the pressure regul ator shall be
| eak- proof (see annex 5B) at a pressure up to twi ce the working
pressure.

The Class 1 and Class 2 part of the pressure regul ator shal
withstand a pressure up to twice the working pressure.

The Class 3 part of the pressure regulator shall w thstand a
pressure up to twice the relief pressure of the pressure relief
val ve, on which it is subject.

The pressure regul ator shall be so designed to operate at
tenperatures as specified in annex 50
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Annex 4E
PROVI SI ONS REGARDI NG THE APPROVAL OF THE PRESSURE AND TEMPERATURE SENSORS

The purpose of this annex is to deternine the provisions regarding
the approval of the pressure and tenperature sensors.
Pressure and tenperature sensors
The material constituting the pressure and tenperature sensors
which is in contact with the CNG when operating shall be
conpatible with the test CNG In order to verify this

conpatibility, the procedure in annex 5D shall be used.

The pressure and tenperature sensors are Classified in a Class
according to the scheme 1-1 in paragraph 2 of this Regul ation.

Classification and test pressures

The part of the pressure and tenperature sensors which is in
contact with the pressure of the container is regarded as Cl ass 0.

1. The Class 0 part of the pressure and tenperature sensors shall be
| eak-proof at a pressure up to 1.5 tinmes the working pressure
(MPa) (see annex 5B).

. 2. The Class 0 part of the pressure and tenperature sensors shal
wi thstand a pressure up to 1.5 tines the working pressure (MPa).

. 3. The Class 1 and Class 2 part of the pressure and tenperature
sensors shall be | eak-proof at a pressure up to twi ce the working
pressure (see annex 5B).

.4, The Class 1 and Class 2 part of the pressure and tenperature
sensors shall withstand a pressure up to twi ce the working
pressure.

. 5. The Class 3 part of the pressure and tenperature sensors shal

withstand a pressure up to twice the relief pressure of the
pressure relief valve, on which it is subject.

The pressure and tenperature sensors shall be so designed to
operate at tenperatures as specified in annex 50

The electrical system if existing, shall be isolated fromthe

body of the pressure and tenmperature sensors. |Isolation
resi stance shall be > 10 MU.
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Annex 4F
PROVI SI ONS REGARDI NG THE APPROVAL OF THE FILLING UNI'T
1. Scope
The purpose of this annex is to deternine the provisions regarding
the approval of the filling unit.
2. The filling unit
2.1. The material constituting the filling unit which is in contact
with the CNG when the device is in service shall be conpatible
with the CNG In order to verify this conmpatibility, the
procedure of annex 5D shall be used.
2.2. The filling unit shall conformto the requirements of Class O
conponents.
3. Test pressures.
3.1. The filling unit shall be considered as conmponent of Class 0
3.1.1. The filling unit shall be free fromleakage at a pressure of
1.5 times the working pressure (MPa) (see annex 5B).
3.1.2. The filling unit shall withstand a pressure of 33 Mra.
3. 2. The filling unit shall be so designed to operate at tenperatures

as specified in annex 50
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Annex 4G

PROVI SI ONS REGARDI NG THE APPROVAL OF
GAS FLOW ADJUSTER AND GAS/ AIR M XER OR | NJECTOR

The purpose of this annex is to deternine the provisions regarding
the approval of the gas flow adjuster and gas/air m xer or
i njector.

Gas/air mxer or injector

The material constituting the gas/air mxer or injector which is
in contact with CNG shall be conmpatible with the CNG In order to
verify this compatibility, the procedure specified in annex 5D

shal | be used.

The gas/air mixer or injector shall conformto the requirenents of
Class 1 or 2 components, according to their Classification.

Test pressures

The gas/air mixer or injector of Class 2 shall withstand a
pressure twi ce the working pressure.

The gas/air mxer or injector of Class 2 shall be free from
| eakage at a pressure twice the working pressure.

The gas/air mixer or injector of Class 1 and Class 2 shall be so
designed to operate at tenperatures as specified in annex 50

El ectrical operated conmponents containing CNG shall conply with the
fol | owi ng:

(i) They shall have a separate ground connection

(ii) The el ectrical system of the conponent shall be isolated
fromthe body;

(iii) The injector shall be in closed position when the electric
current is switched off.

Gas flow adjuster

The material constituting the gas flow adjuster which is in contact
with the CNG shall be conpatible with the CNG In order to verify
this conmpatibility the procedure specified in annex 5D has to be
used.

The gas flow adjuster shall conformto requirenments of Class 1 or 2
conmponents, according to their Classification.
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3.

3.

3.3.1.1.

3.

3.

3.

3.

1

2.

Test pressures

The gas flow adjuster of Class 2 shall withstand a pressure twce
t he working pressure.

The gas flow adjuster of Class 2 shall be free from| eakage at a
pressure twi ce the working pressure.

The gas flow adjuster of Class 1 and Class 2 shall be so designed
to operate at tenperatures as specified in annex 50

El ectrical operated conmponents containing CNG shall conply with the
fol | owi ng:

(i) They shall have a separate ground connection

(ii) The electrical system of the conponent shall be isolated from
t he body.
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Annex 4H
PROVI SI ONS REGARDI NG THE APPROVAL OF THE ELECTRONI C CONTROL UNI T

The purpose of this annex is to deternine the provisions regarding the
approval of the electronic control unit.
El ectronic control unit
The el ectronic control unit can be any device which controls the CNG
demand of the engi ne and establishes the cut-off of the automatic
valve in case of a broken fuel supply pipe or in case of stalling of

the engi ne, or during a crash

The switching off delay of the automatic valve after stalling of the
engi ne may not be nore than 5 seconds.

The device may be equi pped with an autonmatic ignition advance tining
adj uster integrated in the electronic nodul e or separated.

The device may be integrated with dumy injectors to pernmit a correct
functioning of the gasoline electronic control unit during CNG
operation.

The el ectronic control unit shall be so designed to operate at
tenperatures as specified in annex 50
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Annex 5
TEST PROCEDURES
1. Classification
1.1. CNG comnponents for use in vehicles shall be Classified with regard to

t he maxi mum wor ki ng pressure and function, according to paragraph 2 of
thi s Regul ati on.

1.2 The Classification of the conmponents determ nes the tests which have
to be perforned for type approval of the conponents or parts of the
conmponents.

2. Applicable test procedures

In table 5.1 below the applicable test procedures dependent on the
Classification are shown.

Table 5.1
Test Class 0 Class 1 Class 2 Class 3 Class 4 Paragraph
Overpressure or X X X X O 5A
strength
Externa |eakage X X X X 0 5B
Internal leakage A A A A (®) 5C
Durability tests A A A A (0] 5L
CNG compatibility A A A A A 5D
Corrosion resistance X X X X X 5E
Resistance to dry heat A A A A A 5F
Ozone ageing A A A A A 5G
Burst/destructive tests X O (@) (@) (@) 5M
Temperature cycle A A A A O 5H
Pressure cycle X O O O O 5l
Vibration resistance A A A A O 5N
Operati ng temperatures X X X X X 50

= Applicable
Not applicable
As applicable

X
@)
A
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The materials used for the conponents shall have witten
specifications that fulfil at |east or exceed the (test) requirenents
laid down in this annex with respect to:

(i) t enperature

(ii) pressure

(iii) CNG conpatibility
(iv) durability

CGeneral requirenments

Leakage tests shall have to be conducted with pressurized gas like air
or nitrogen.

Water or another fluid my be used to obtain the required pressure for
the hydrostatic strength test.

The test period for | eakage- and hydrostatic strength-tests shall be
not less than 3 ninutes.
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Annex 5A
OVERPRESSURE TEST ( STRENGTH TEST)
1. A CNG cont ai ni ng conmponent shall w thstand without any visible

evi dence of rupture or pernmanent distortion a hydraulic pressure of
1.5-2 times the maxi mum worki ng pressure during nminimal 1 mnute at
roomtenperature with the outlet of the high pressure part plugged.
Water or any other suitable hydraulic fluid my be used as a test
medi um

2. The sanples, previously subjected to the durability test of annex 5L
are to be connected to a source of hydrostatic pressure. A positive
shut-of f valve and a pressure gauge, having a pressure of not |ess
than 1.5 times nor nore than 2 tines the test pressure, are to be
installed in the hydrostatic pressure supply piping.

3. Tabl e 5.2 bel ow shows the working and burst test pressures according
to the Classification of paragraph 2 of this Regul ation.

Table 5.2
Cl assification Wor ki ng Over pressure
of conponent pressure
[ kPa] [ kPa]

Class O 3000<p<26000 1.5 times the working
pressure

Class 1 450<p<3000 1.5 times the working
pressure

Class 2 20<p<450 2 times the working
pressure

Class 3 450<p<3000 2 tinmes the relief
pressure

Annex 5B

EXTERNAL LEAKAGE TEST
1. A conponent shall be free from | eakage through stem or body seals or
other joints, and shall not show evidence of porosity in casting when
tested as described in paragraphs 2. and 3. of this annex at any
aerostatic pressure between 0 and the pressure shown in table 5.2.

2. The test shall be performed at the follow ng conditions:

(i) at room tenperature
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(ii) at the minimum operating tenperature
(iii) at the maxi num operating tenperature

The maxi mum and mi ni mrum operating tenperatures are given in annex 50

During this test the equi pment under test (EUT) will be connected to a
source of aerostatic pressure. An automatic valve and a pressure
gauge having a pressure range of not less than 1.5 tines nor nore than
2 times the test pressure are to be installed in the pressure supply
pi ping. The pressure gauge is to be installed between the automatic
val ve and the sanple under test. While under the applied test
pressure, the sanple should be subnerged in water to detect |eakage or
any ot her equival ent test nethod (flow nmeasurement or pressure drop).

The external |eakage must be |lower than the requirements stated in the
annexes or if no requirenents are nmentioned the external |eakage shal
be | ower than 15 cnf/ hour.

Hi gh tenperature test

A CNG cont ai ni ng conponent shall not |eak more than 15 cn¥/ hour with
the outlet plugged when submtted to a gas pressure, at nmaxi num
operating tenperature as indicated in annex 50, equal to the maxi nmum
wor ki ng pressure. The conponent shall be conditioned for at | east

8 hours at this tenperature.

Low tenperature test

A CNG cont ai ni ng conponent shall not |eak more than 15 cn¥/ hour with
the outlet plugged when subnmitted to a gas pressure, at the mninmum
operating tenperature, equal to the maxi mum worKking pressure as

decl ared by the manufacturer. The conponent shall be conditioned for
at least 8 hours at this tenperature.

Annex 5C
| NTERNAL LEAKAGE TEST

The following tests are to be conducted on sanpl es of valves or
filling unit which have previously been subjected to the external | eak
test of annex 5B above.

The seat of the valves, when in the closed position, shall be free
from | eakage at any aerostatic pressure between O to 1.5 tinmes the
wor ki ng pressure (kPa).

A non-return valve provided with a resilient seat (elastic), when in
the cl osed position, shall not |eak when subjected to any aerostatic
pressure between 0 and 1.5 tinmes the working pressure (kPa).

A non-return valve provided with a netal-to-nmetal seat, when in the
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cl osed position, shall not leak at a rate exceeding 0.47 dn?/s when
subjected to an aerostatic pressure difference of 138 kPa effective
pressure.

The seat of the upper non-return valve used in the assenbly of a
filling unit, when in the closed position, shall be free from | eakage
at any aerostatic pressure between 0 and 1.5 tines the working
pressure (kPa).

The internal |eakage tests are conducted with the inlet of the sanple
val ve connected to a source of aerostatic pressure, the valve in the
cl osed position, and with the outlet open. An automatic valve and a
pressure gauge having a pressure range of not less than 1.5 times nor
nmore than 2 times the test pressure are to be installed in the
pressure supply piping. The pressure gauge is to be installed
between the automatic valve and the sanple under test. While under
the applied test pressure, observations for |eakage are to be nmade
with the open outlet subnerged in water unless otherw se indicated.

Conformance with paragraphs 2. to 5. is to be deternined by connecting
a length of tubing to the valve outlet. The open end of this outlet
tube is to be located within an inverted graduated cylinder which is
calibrated in cubic centinmetres. The inverted cylinder is to be

closed by a water tight seal. The apparatus is to be adjusted so
t hat :
(D) the end of the outlet tube is | ocated approximately 13 mm above

the water level within the inverted graduated cylinder, and

(2) the water within and exterior to the graduated cylinder is at
the sane level. Wth these adjustnments nmade, the water |eve
within the graduated cylinder is to be recorded. Wth the
valve in the closed position assuned as the result of nornmal
operation, air or nitrogen at the specified test pressure is to
be applied to the valve inlet for a test period of not |ess
than 2 minutes. During this tinme, the vertical position of the
graduated cylinder is to be adjusted, if necessary, to nmintain
the sane water |evel within and exterior to it.

At the end of the test period and with the water within and exterior
to the graduated cylinder at the sane level, the |l evel of water within
the graduated cylinder is again recorded. Fromthe change of volunme
within the graduated cylinder, the | eakage rate is to be cal cul ated
according to the follow ng fornul a:

v ey 0 (28 _P_
L Ut T 1016
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wher e:
V; = leakage rate, cubic centinmetres of air or nitrogen per hour
V; = increase in volume within graduated cylinder during test.
t = tinme of test, mnutes.
P = barometric pressure during test, in kPa.
T = anbi ent tenperature during test, in K

I nstead of the nmethod described above, | eakage may be neasured by a
flowreter installed on the inlet side of the valve under test. The
fl owmeter shall be capable of indicating accurately, for the test
fluid enmpl oyed, the maxi mnum | eakage flow rates permtted.

Annex 5D
CNG COWPATI BI LI TY TEST

A synthetic part in contact with CNG shall not show excessive vol une
change or | oss of weight.

Resi stance to n-pentane according to | SO 1817 with the fol |l ow ng
condi tions:

(i) medi um n- pent ane
(ii) tenperature: 23 EC (tolerance acc.to | SO 1817)
(iii) inmmersion period: 72 hours

Requi renent s:
maxi mum change in volume 20 per cent
After storage in air with a tenmperature of 40EC for a period of

48 hours the mass conpared to the original value may not decrease nore
than 5 per cent.

Annex 5E
CORROSI ON RESI STANCE TEST
A metal CNG containing component shall conply with the | eakage tests
menti oned i n annexes 5B and 5C and after having been submitted to

144 hours salt spray test according to | SO CD 15500-2, with al
connections cl osed.
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Test procedure:

Before the test the conponent shall be cleaned according to the
i nstructions of the manufacturer. All the connections shall be closed
of f. The conponent shall not be operated during the test.

Subsequently the conmponent shall be submitted during 2 hours to
spraying with a solution of salt, containing 5 per cent NaC (nmass per
cent) with Iess than 0.3 per cent contam nation and 95 per cent
distilled or demineralised water, at a tenperature of 20 EC. After
the spraying the conmponent is stored at tenperature of 40 EC and

90-95 per cent relative hunmidity for 168 hours. This sequence shal

be repeated 4 tines

After the test the conmponent shall be cleaned and dried during 1 hour
at 55 EC. The conponent shall now be conditioned to reference
conditions during 4 hours, before submitting it to further testing.

A copper or brass CNG containing conponent shall conply with the

| eakage tests nmentioned in annexes 5B and 5C and after having been
subnmitted to 24 hours imersion in amonia according to

| SO CD 15500-2 with all connections closed.

Annex 5F
RESI STANCE TO DRY- HEAT

The test has to be done in conpliance with | SO 188. The test piece
has to be exposed to air at a tenperature equal to the nmaxi num
operating tenperature for 168 hours.

The al l owabl e change in tensile strength should not exceed
+ 25 per cent. The allowable change in ultinmte elongation shal
not exceed the follow ng val ues:

Maxi mum i ncrease 10 per cent
Maxi mum decrease 30 per cent

Annex 5G
OZONE AGElI NG
The test has to be in conpliance with | SO 1431/ 1.
The test piece, which has to be stressed to 20 per cent el ongation
shall be exposed to air at 40EC with an ozone concentration of

50 parts per hundred mllion during 120 hours.

No cracking of the test piece is allowed.
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Annex 5H
TEMPERATURE CYCLE TEST
A non netallic part containing CNG shall conply with the | eakage tests
menti oned i n annexes 5B and 5C after having been submitted to 96 hours
tenperature cycle fromthe m ni num operating tenmperature up to the

maxi mum operating tenperature with a cycle tinme of 120 mi nutes, under
maxi mum wor ki ng pressure.

Annex b5l

PRESSURE CYCLE TEST APPLI CABLE ONLY TO CYLI NDERS ( SEE ANNEX 3)

Annexes J and K - Not allocated

Annex 5L
DURABI LI TY TEST ( CONTI NUED OPERATI ON)
Test net hod
The conponent shall be connected to a source of pressurised dry air or
nitrogen by nmeans of a suitable fitting and subjected to the nunber of cycles
specified for that specific conponent. A cycle shall consist of one opening
and one closing of the conmponent within a period of not |ess than

10 + 2 seconds.

(a) Room t enperature cycling

The conponent shall be operated through 96 per cent of the total cycles
at roomtenperature and at rated service pressure. During the off cycle
the down stream pressure of the test fixture should be allowed to decay
to 50 per cent of the test pressure. After that, the conponents shal
comply with the | eakage test of annex 5B at roomtenperature. It is
allowed to interrupt this part of the test at 20 per cent intervals for
| eakage testing.

(b) Hi gh tenperature cycling

The conponent shall be operated through 2 per cent of the total cycles
at the appropriate maxi mum tenperature specified at rated service
pressure. The conponent shall conply with the | eakage test of annex 5B
at the appropriate maxi mum tenperature at the conpletion of the high
tenperature cycles.
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(c) Low tenperature cycling

The conponent shall be operated through 2 per cent of the total cycles
at the appropriate mninmmtenperature specified at rated service
pressure. The conmponent shall conply with the | eakage test of annex 5B
at the appropriate mninmmtenperature specified at the conpl etion of
the | ow tenperature cycles.

Fol l owi ng cycling and | eakage re-test, the conmponent shall be capable
of conpletely opening and cl osi ng when a torque not greater than that
specified in Table 5.3 is applied to the conponent handle in a
direction to open it conpletely and then in the reverse direction

Table 5.3
Conmponent inlet size (nm Max. torque (Nm
6 1,7
8 or 10 2,3
12 2,8

This test shall be conducted at the appropriate maxi mum tenperature
speci fied, and shall be repeated at a tenperature of -40 EC

Annex 5M

BURST/ DESTRUCTI VE TEST APPLI CABLE ONLY TO CYLI NDERS ( SEE ANNEX 3)

Annex 5N
VI BRATI ON RESI|I STANCE TEST

Al'l conmponents with noving parts shall remai n undanaged, continue to operate,
and conply with the conponent's | eakage tests after 6 hours of vibration in
accordance with the foll ow ng test nethod.

Test net hod

The conponent shall be secured in an apparatus and vibrated for 2 hours at
17 Hz with an anplitude of 1.5 nm (0,06 in.) in each of three orientation
axes. On conpletion of 6 hours of vibration the conponent shall conply with
annex 5C.
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Annex 50
OPERATI NG TEMPERATURES
Engi ne Conpart nment On board
Mbder at e -20 °C + +120 °C -20 °C + +85 °C
Col d -40 °C + +120 °C -40 °C + +85 °C
Annex 6

PROVI SI ONS REGARDI NG CNG | DENTI FI CATI ON MARK FOR PUBLI C SERVI CE VEHI CLES

The sign consists of a sticker which nust be weather resistant.

The col our and di nmensions of the sticker nust fulfil the follow ng
requirenents:

Col ours:
Backgr ound: green
Bor der : white or white reflecting
Letters: white or white reflecting

Di nensi ons

Bor der wi dt h: 4 - 6 mMm
Char act er hei ght: $ 25 mm
Character thickness: $ 4 mm
Sticker w dth: 110 - 150 mm
Sticker height: 80 - 110 mm

The word "CNG' nmust be centred in the mddle of the sticker.



