E/ECE/324

s e anNS/505 | ReV-2/Add.100/Rev.1

30 May 2008

AGREEMENT

CONCERNING THE ADOPTION OF UNIFORM TECHNICAL PRESCR IPTIONS
FOR WHEELED VEHICLES, EQUIPMENT AND PARTS WHICH CAN BE FITTED
AND/OR BE USED ON WHEELED VEHICLES AND THE CONDITIO NS FOR RECIPROCAL
RECOGNITION OF APPROVALS GRANTED ON THE BASIS OF TH ESE PRESCRIPTIONSL

(Revision 2, including the amendments which enténgalforce on 16 October 1995)

Addendum 109 Regulation No. 110

Revision 1

Incorporating all valid text up to:

Corrigendum 2 to the original version of the Regjalg subject of Depositary Notification
C.N.818.2001.TREATIES-2 dated 23 August 2001

Supplement 1 to the original version of the Regaitat Date of entry into force: 31 January 2003
Supplement 2 to the original version of the Regaitet Date of entry into force: 27 February 2004
Supplement 3 to the original version of the Regaitat Date of entry into force: 12 August 2004
Supplement 4 to the original version of the Regaitat Date of entry into force: 4 July 2006
Supplement 5 to the original version of the Regaitat Date of entry into force: 2 February 2007
Supplement 6 to the original version of the Regoitat Date of entry into force: 18 June 2007
Supplement 7 to the original version of the Regaitat Date of entry into force: 3 February 2008

UNIFORM PROVISIONS CONCERNING THE APPROVAL OF:

I.  SPECIFIC COMPONENTS OF MOTOR VEHICLES USING COMP RESSED NATURAL GAS
(CNG) IN THEIR PROPULSION SYSTEM,;

II. VEHICLES WITH REGARD TO THE INSTALLATION OF SPE CIFIC COMPONENTS OF AN
APPROVED TYPE FOR THE USE OF COMPRESSED NATURAL GAS (CNG) IN THEIR
PROPULSION SYSTEM

UNITED NATIONS

o Former title of the Agreement:

Agreement Concerning the Adoption of Uniform Corais of Approval and Reciprocal Recognition of Apyal for Motor
Vehicle Equipment and Parts, done at Geneva on @v1958.

GE.O8-






. SPECIFIC COMPONENTS OF MOTOR VEHICLES USING CORBSSED NATURAL
GAS (CNG) IN THEIR PROPULSION SYSTEM;

Il.  VEHICLES WITH REGARD TO THE INSTALLATION OF SPEIFIC COMPONENTS OF
AN APPROVED TYPE FOR THE USE OF COMPRESSED NATURGIAS (CNG) IN
THEIR PROPULSION SYSTEM

CONTENTS

REGULATION Page

Yo 0] o PR 7

2. Definition and classification of COMPONENtS..........ccoooeviiiiiiiiiiiieeeeee e 7

PART |

3. Application fOr @PPrOVA .........ooiiiiiie et 14

N |V = 14 4] [0 L PP PR PPPPTRPPP 14

ST Y o] o] (017 | PP U PP PP TPPPP 15

6.  Specifications regarding CNG COMPONENTS . .cmmmvvrrrrerreeieeeaaaeaiiiiieeeeeee e eeeeeseeeees 16

7.  Maodifications of a type of CNG component
and extension Of APPIOVAL ...............uuwt e e eeeeeeeeeeee et eeeeeeaeveaeaearsessas enanaeeeeeserernrnnne 18

S T (N (o] 4= (o To=1 =T ) PP PPPPPPPPPPUTRT 18

9.  Conformity Of ProOUCTION. .........uiiiiiiiicerieii e e e 19

10. Penalties for non-conformity Of ProduCtioN..............uuuiiiiiiiiirii e 19

(3 I ([ A= | (o Tor= =T ) PO PO PUPPPRP 19

12. Production definitely diSCONTINUE.......ccoo i 19

E/ECE/324

E/ECE/TRANS/505
Regulation No. 110

page 3

Requlation No. 110

} Rev.2/Add.109/Rev.1

UNIFORM PROVISIONS CONCERNING THE APPROVAL OF:

CONTENTS (continued



E/ECE/324 } Rev.2/Add.109/Rev.1

E/ECE/TRANS/505
Regulation No. 110
page 4
Page

13. Names and addresses of Technical Services

responsible for conducting approval tests,

and of Administrative DepartMeENtS ............eeeeeeiriiereeieiiiiiiieiei ... 20
PART I
I S B = {1 71 (o] o O PPEPPPRR 21
15.  Application for @PProval ..............ieieeee e 21
G AN o ] (017 | PRSPPI 22
17. Requirements for the installation of specific

components for the use of compressed natural gas

in the propulsion system of @ VENICIE ... eeeiiiiii e 24
18.  Conformity Of ProOUCTION.......ccoii it 30
19. Penalties for non-conformity of ProduCtioN..cccc...cooi it 30
20. Modification and extension of approval

Of @ VENICIE LYPE. ..o e e 30
21. Production definitely diSCONtINUEA.......ccccceiiiiiiiiiiiiiiiieeee s 31
22. Names and addresses of Technical Services

responsible for conducting approval tests,

and of Administrative DepartMents ...........cccceeeeeariiiiiiiiiie e 31

ANNEXES
Annex 1A - Essential characteristics of the CNG component
Annex 1B - Essential characteristics of the vehicle, engimé CNG-related system

Annex 2A -  Arrangement of the CNG component type-approvaikm

CONTENTS (continued



Annex 2B

Annex 2C

Annex 2D

Annex 3

Annex 4A

Annex 4B
Annex 4C
Annex 4D
Annex 4E
Annex 4F

Annex 4G

E/ECE/324
E/ECE/TRANS/505
Regulation No. 110
page 5

} Rev.2/Add.109/Rev.1

Communication concerning the approval or extmsr refusal or withdrawal of
approval or production definitely discontinued otype of CNG component
pursuant to Regulation No. 110

Addendum -  Additional information concerning the type-apyeaibof a type
of CNG components pursuant to Regulation No. 110

Arrangement of approval marks
Communication concerning the approval or extmsr refusal or withdrawal of
approval or production definitely discontinued ofednicle type with regard to the

installation of CNG system pursuant to Regulatian NLO

Gas cylinders - High pressure cylinder for thebmard storage of natural gas as a
fuel for automotive vehicles

Annex 3 - Appendix A - Test methods

Annex 3 - Appendix B - (Not allocated)

Annex 3 - Appendix C -  (Not allocated)

Annex 3 - Appendix D - Report Forms

Annex 3 - Appendix E -  Verification of stress ratios using strain gasige

Annex 3 - Appendix F -  Fracture performance methods

Annex 3 - Appendix G - Instructions by the container manufacturer
regarding handling, use and inspection of
cylinders

Annex 3 - Appendix H -  Environmental test

Provisions regarding the approval of the autaenatlve, non-return valve, the
pressure relief valve, pressure relief device aedeixcess flow valve

Provisions regarding the approval of flexiblelflines or hoses

Provisions regarding the approval of the CN&fil

Provisions regarding the approval of the pressegulator

Provisions regarding the approval of the pressund temperature sensors
Provisions regarding the approval of the fillungjt

Provisions regarding the approval of gas floyusigr and gas/air mixer or injector
CONTENTS (continued



E/ECE/324

E/ECE/TRANS/505

} Rev.2/Add.109/Rev.1

Regulation No. 110

page 6

Annex 4H
Annex 5

Annex 5A
Annex 5B
Annex 5C
Annex 5D
Annex SE
Annex 5F
Annex 5G
Annex 5H
Annex 5|

Annex 5J
Annex 5K
Annex 5L
Annex SM
Annex SN
Annex 50

Annex 6

Provisions regarding the approval of the elagtr@ontrol unit
Test procedures

Overpressure test (Strength test)

External leakage test

Internal leakage test

CNG compatibility test

Corrosion resistance test

Resistance to dry heat

Ozone ageing

Temperature cycle test

Pressure cycle test applicable only to cylindse® Annex 3)
(Not allocated)

(Not allocated)

Durability test (Continued operation)

Burst/destructive test applicable only to cygnsl(see Annex 3)
Vibration resistance test

Operating temperatures

Provisions regarding CNG identification mark farblic service vehicles



1.1.

1.2.

2.1

2.1.1.

E/ECE/324
E/ECE/TRANS/505

Regulation No. 110
page 7

} Rev.2/Add.109/Rev.1

SCOPE
This Regulation applies to:

Partl.  Specific components for vehicles ofegary M and N_A using
compressed natural gas (CNG) in their propulsictesy:;

PartIl.  Vehicles of category M and Nwlith regard to the installation of specific
components, for the use of compressed natural3¥&] for propulsion,
of an approved type.

DEFINITION AND CLASSIFICATION OF COMPONENTS

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

Class 0 High pressure parts including tubes anidd& containing CNG at a
pressure higher than 3 MPa and up to 26 MPa.

Class 1 Medium pressure parts including tubes igtivths containing CNG at a
pressure higher than 450 kPa and up to 3,000 kREPES.

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

Class 3 Medium pressure parts as safety valvesateqted by safety valve
including tubes and fittings containing CNG at agaure higher than
450 kPa and up to 3,000 kPa (3 MPa).

Class 4 Parts in contact with gas subject to teegure lower than 20 kPa.

A component can consist of several parts, eachctsssified in its own class with
regard to maximum working pressure and function.

"Pressuremeans relative pressure versus atmospheric peessoless otherwise
stated.

"Service pressurmeans the settled pressure at a uniform gas tetuype of 15C.

1Y  Asdefinedin Annex 7 to the Consolidated Resatubn the Construction of Vehicles (R.E.3),
(document TRANS/WP.29/78/Rev.1/Amend.2, as lastratee by Amend.4).
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2.1.2. "Test pressureneans the pressure to which a component is tékeng acceptance
testing.

2.1.3. "Workingpressurémeans the maximum pressure to which a composelesigned
to be subjected to and which is the basis for déteng the strength of the
component under consideration.

2.1.4. "Operating temperatufesneans maximum values of the temperature ranges,
indicated in Annex 50, at which safe and good fiematg of the specific component
is ensured and for which it has been designed ppbeed.

2.2. "Specific componehtneans:

(a) container (or cylinder),
(b) accessories fitted to the cylinder
(c) pressure regulator,
(d) automatic valve,
(e) manual valve,
()] gas supply device,
(9) gas flow adjuster,
(h) flexible fuel line,
® rigid fuel line,
)] filling unit or receptacle,
(K) non-return valve or non-return valve,
0] pressure relief valve (discharge valve),
(m)  pressure relief device (temperature triggered),
(n) filter,
(0) pressure or temperature sensor / indicator,
(p) excess flow valve,
(q) service valve,
(9] electronic control unit,
(s) gas-tight housing,
) fitting,
(u) ventilation hose.
2.2.1. Many of the components mentioned above eatbmbined or fitted together as a

"multi-functional component".
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Fig. 1-1 Flow scheme for CNG components classification
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Fig. 1-2

TESTS APPLICABLE TO SPECIFIC CLASSES OF COMWENTS

(EXCLUDING CYLINDERS)

Performance Over- Leakage Test Leakage | Continued | Corrosion| Ozone CNG Vibration | Dry - Heat
Test pressure (external) Test Operation | Resistancg Ageing | Compatibility | Resistancgd Resistanceg
Strength Tes (internal) | Durability
Test
Annex 5A Annex 5B [ Annex 5C| Annex 5L Annex 5E Annex Annex 5D Annex 5N | Annex 5F
5G
Class 0 X X A A X X X X X
Class 1 X X A A X X X X X
Class 2 X X A A X A X X A
Class 3 X X A A X X X X X
Class 4 (@) 0] 0] (@) X A X (0] A
X = Applicable
O = Not applicable
A = As applicable
2.3. "Containér (or cylinder) means any vessel used for the g®raf compressed
natural gas;
2.3.1. A container can be:
CNG-1 metal,
CNG-2 metal liner reinforced with resin impregnatahtinuous filament (hoop
wrapped);
CNG-3 metal liner reinforced with resin impregnatahtinuous filament (fully
wrapped);
CNG-4 resin impregnated continuous filament withn@n-metallic liner (all
composite).
2.4, "Type of containérmeans containers which do not differ in respetttre

dimensional and material characteristics as sgetifi Annex 3.
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"Accessories fitted to the contaih@eans the following components (but not limited
to them), either separate or combined, when fitvetthie container:

Manual valve;

Pressure sensor/indicator;

Pressure relief valve (discharge valve);

Pressure relief device (temperature trigtjere

Automatic cylinder valve;

Excess flow valve;

Gas-tight housing.

"Valvé' means a device by which the flow of a fluid maydontrolled.

"Automatic valvémans a valve which is not operated manually.

"Automatic cylinder valvemeans an automatic valve rigidly fixed to theirgéer
which controls the flow of gas to the fuel systefthe automatic cylinder valve is
also called remote-controlled service valve.

"Non-return valvemeans an automatic valve which allows gas to flownly one
direction.

"Excess flow valVe (excess flow limiting device) means a device wahic
automatically shuts off, or limits, the gas flow evhthe flow exceeds a set design
value.

"Manual valvemeans a manual valve rigidly fixed to the cylinde

"Pressure relief valve (discharge vdlv@eans a device which prevents a pre-
determined upstream pressure being exceeded.

"Service valvemeans an isolation valve which is closed only mkervicing the
vehicle.

"Filtef means a protective screen which removes foregdpnisl from the gas stream.

"Fittind means a connector used in a piping, tubing, selsystem.
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2.16.
2.16.1.

2.16.2.

2.17.

2.17.1.

2.17.2.

2.18.

2.19.

2.20.

2.21.

2.22.

2.23.

2.24.

2.25.

Fuel lines

"Flexible fuel lind'smean a flexible tubing or hose through which raltgas flow.

"Rigid fuel linesmean a tubing which has not been designed toiflaxormal
operation and through which natural gas flows.

"Gas supply deviteneans a device for introducing gaseous fuel thtoengine
intake manifold (carburetor or injector).

"Gasl/air mix8means a device for mixing the gaseous fuel atakeair for the
engine.

"Gas injectdrmeans a device for introducing gaseous fuel thi® engine or
associated intake system.

"Gas flow adjusttmeans a gas flow restricting device, installed/dsiream of a
pressure regulator, controlling gas flow to theieag

"Gas-tight housirigneans a device which vents gas leakage to outisedeechicle
including the gas ventilation hose.

"Pressure indicatomeans a pressurised device which indicates thggssure.

"Pressure regulataneans a device used to control the delivery piressf gaseous
fuel to the engine.

"Pressure relief device (temperature trigifjeraeans a one time use device triggered
by excessive temperature and/or pressure whick gestto protect the cylinder from
rupture.

"Filling unit or receptaclaneans a device fitted in the vehicle externahternal
(engine compartment) used to fill the containethmfilling station.

"Electronic control unit (CNG - fuellingneans a device which controls the gas
demand of the engine, and other engine parameteuscuts off automatically the
automatic valve, required by safety reason.

"Type of componertsas mentioned in paragraphs 2.6. to 2.23. abovanme
components which do not differ in such essentiapeet as materials, working
pressure and operating temperatures.
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2.26. "Type of electronic control uhis mentioned in paragraph 2.24. means components
which do not differ in such essential respect as ltasic software principles
excluding minor changes.
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PART |

APPROVAL OF SPECIFIC COMPONENTS OF MOTOR VEHICLESIG
COMPRESSED NATURAL GAS (CNG) IN THEIR PROPULSION SYEM

3. APPLICATION FOR APPROVAL

3.1 The application for approval of specific compnt or multifunctional component
shall be submitted by the holder of the trade nanmaark or by his duly accredited
representative.

3.2. It shall be accompanied by the under-mentiatediments in triplicate and by the

following particulars:

3.2.1. description of the vehicle comprising alé trelevant particulars referred to in
Annex 1A to this Regulation,

3.2.2. a detailed description of the type of thecdfic component,

3.2.3. a drawing of the specific component, suffitly detailed and on an appropriate
scale,

3.2.4. verification of compliance with the speatfions prescribed in paragraph 6. of this
Regulation.

3.3. At the request of the Technical Service resjimbe for conducting approval tests,

samples of the specific component shall be providaapplementary samples shall
be supplied upon request (3 maximum)

3.3.1. During pre-production of containers [r] tontainers of each 50 pieces (lot of
gualification) shall be subject to non-destructiests of Annex 3.

4. MARKINGS

4.1. The sample of specific component submittedpgroval shall bear the trade name
or mark of the manufacturer and the type, includimg concerning designation
regarding operating temperatures ("M" or "C" fordamate or cold temperatures as
appropriate); and for flexible hoses also the maciufing month and year; this
marking shall be clearly legible and indelible.

*/  To be specified.
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All components shall have a space large entugbcommodate the approval mark;
this space shall be shown on the drawings refea@uparagraph 3.2.3. above.

Every container shall also bear a markingeplath the following data clearly legible
and indelible:

(@ a serial number;

(b) the capacity in litres;

(c) the marking "CNG";

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

() year and month of approval (e.g. 96/01);
(9) approval mark according to paragraph 5.4.

APPROVAL

If the component samples submitted for apgrowaet the requirements of
paragraphs 6.1. to 6.11. of this Regulation, apgirof/the type of component shall
be granted.

An approval number shall be assigned to ggehdf component or multifunctional
component approved. Its first two digits (at pred@0 for the Regulation in its
original form) shall indicate the series of amendtaéncorporating the most recent
major technical amendments made to the Regulatidgheatime of issue of the
approval. The same Contracting Party shall nagaske same alphanumeric code
to another type of component.

Notice of approval or of refusal or of extemsof approval of a CNG component
type pursuant to this Regulation shall be commuedao the Parties to the
Agreement applying this Regulation, by means ofmfconforming to the model in

Annex 2B to this Regulation.

There shall be affixed, conspicuously anchndpace referred to in paragraph 4.2.
above, to all components conforming to a type apgutaunder this Regulation, in
addition to the mark prescribed in paragraphsahd.4.3., an international approval
mark consisting of:
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54.1. A circle surrounding the letter "E" followdg the distinguishing number of the
country which has granted approval 2

5.4.2. The number of this Regulation, followed by tetter "R", a dash and the approval
number to the right of the circle prescribed ingogaph 5.4.1. This approval number
consists of the component type-approval number whjgpears on the certificate
completed for this type (see paragraph 5.2. anceR2B) preceded by two figures
indicating the sequence of the latest series ohaments to this Regulation.

5.5. The approval mark shall be clearly legible badndelible.

5.6. Annex 2A to this Regulation gives exampleshef arrangement of the aforesaid
approval mark.

6. SPECIFICATIONS REGARDING CNG COMPONENTS
6.1. General provisions
6.1.1. The specific components of vehicles usingsdN their propulsion system shall

function in a correct and safe way as specifietthisi Regulation.

2/ 1 for Germany, 2 for France, 3 for Italy, 4 fbetNetherlands, 5 for Sweden, 6 for Belgium,
7 for Hungary, 8 for the Czech Republic, 9 for $pdi0 for Serbia, 11 for the United Kingdom,
12 for Austria, 13 for Luxembourg, 14 for Switzerth 15 (vacant), 16 for Norway, 17 for Finland,
18 for Denmark, 19 for Romania, 20 for Poland, @1Rortugal, 22 for the Russian Federation,
23 for Greece, 24 for Ireland, 25 for Croatia, 863lovenia, 27 for Slovakia, 28 for Belarus, 20 fo
Estonia, 30 (vacant), 31 for Bosnia and Herzegqw@afor Latvia, 33 (vacant), 34 for Bulgaria,
35 (vacant), 36 for Lithuania, 37 for Turkey, 3&¢ant), 39 for Azerbaijan, 40 for The former
Yugoslav Republic of Macedonia, 41 (vacant), 42tfe European Community (Approvals are
granted by its Member States using their respe&E symbol), 43 for Japan, 44 (vacant), 45 for
Australia, 46 for Ukraine, 47 for South Africa, #8 New Zealand, 49 for Cyprus, 50 for Malta,
51 for the Republic of Korea, 52 for Malaysia, 58 fThailand, 54 and 55 (vacant), 56 for
Montenegro, 57 (vacant) and 58 for Tunisia. Subseetjnumbers shall be assigned to other
countries in the chronological order in which tinatyfy or accede to the Agreement Concerning the
Adoption of Uniform Technical Prescriptions for Véhed Vehicles, Equipment and Parts which can
be Fitted and/or be Used on Wheeled Vehicles amdCtinditions for Reciprocal Recognition of
Approvals Granted on the Basis of these Prescriptiand the numbers thus assigned shall be
communicated by the Secretary-General of the Uriitations to the Contracting Parties to the
Agreement.
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The materials of the components which are in cantdh CNG shall be compatible
with it (see Annex 5D).

Those parts of component whose correct and safetifuning is liable to be
influenced by CNG, high pressure or vibrations tiealse submitted to relevant test
procedures described in the annexes of this Regulaln particular the provisions
of paragraphs 6.2. to 6.11. are to be fulfilled.

The specific components of vehicles using CNG girtpropulsion system shall
comply with relevant electromagnetic compatibi(BMC) requirements according
to Regulation No. 10, 02 series of amendmentsgoivalent.

Provisions regarding containers

The CNG containers shall be type approvesiyaunt to the provisions laid down in
Annex 3 to this Regulation.

Provisions regarding components fitted tocihvetainer

The container shall be equipped at least i following components, which may
be either separate or combined:

manual valve,

automatic cylinder valve,

pressure relief device,

excess flow limiting device.

The container may be equipped with a gdg-tigusing, if necessary.

The components mentioned in paragraphs.6t8.6.3.2. above shall be type
approved pursuant to the provisions laid down imé&n4 to this Regulation.
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6.4.-6.11.

7.1.

7.1.1.

7.1.2.

7.2.

7.3.

Provisions regarding other components

The components shown shall be type approved pursuére provisions laid down
in the annexes which can be determined from the taddow:

Paragraph Component Annex
6.4. Automatic valve 4A
Non-return valve or non-return valve
Pressure relief valve

Pressure relief device

Excess flow valve

6.5. Flexible fuel line-hose 4B

6.6. CNG filter 4C

6.7. Pressure regulator 4D

6.8. Pressure and temperature sensors 4E

6.9. Filling unit or receptacle 4F

6.10. Gas flow adjuster and gas/air mixer or | 4G
injector

6.11. Electronic control unit 4H

MODIFICATIONS OF A TYPE OF CNG COMPONENT AND EXINSION OF
APPROVAL

Every modification of a type of CNG componesttall be notified to the
administrative department which granted the typeraal. The department may
then either:

Consider that the modifications made aréelyl to have an appreciable adverse
effect, and that the component still complies wiitt requirements; or

Determine whether partial or complete retgshas to be established by the
competent authority.

Confirmation or refusal of approval, specifyinthe alterations, shall be
communicated by the procedure specified in parédseh above to the Parties to the
Agreement which apply this Regulation.

The competent authority issuing the extensibapproval shall assign a series
number to each communication form drawn up for farclkextension.

(Not allocated)
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CONFORMITY OF PRODUCTION

The conformity of production procedures shall compith those set out in the
Agreement, Appendix 2 (E/ECE/324-E/ECE/TRANS/50%/Rewith the following
requirements:

Every container shall be tested at a minimuesgure of 1.5 times the working
pressure in conformity with the prescriptions ofnéx 3 of this Regulation.

Burst testing under hydraulic pressure acogrth paragraph 3.2. of Annex 3 shall
be carried out for each lot consisting of max 206tainers manufactured with the
same lot of raw material.

Every flexible fuel line assembly which is &eg in the high and medium pressure
(Class 0, 1) according to the Classification ascidlesd in paragraph 2. of this
Regulation, shall be tested at the pressure twieavorking pressure.

PENALTIES FOR NON-CONFORMITY OF PRODUCTION

The approval granted in respect of a typmafponent pursuant to this Regulation
may be withdrawn if the requirements laid down arggraph 9 above are not
complied with.

If a Party to the Agreement applying this &Ragon withdraws an approval it has
previously granted, it shall forthwith so notifyetbther Contracting Parties applying
this Regulation, by means of a communication foonfarming to the model in
Annex 2B to this Regulation.

(Not allocated)
PRODUCTION DEFINITELY DISCONTINUED

If the holder of the approval completely ceasemaémufacture a type of component
approved in accordance with this Regulation, hd shanform the authority which
granted the approval. Upon receiving the relewamhimunication, that authority
shall inform thereof the other Parties to the Agrent applying this Regulation by
means of a communication form conforming to the ehad Annex 2B to this
Regulation.
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13.

NAMES AND ADDRESSES OF TECHNICAL SERVICES RESREIBLE FOR
CONDUCTING APPROVAL TESTS, AND OF ADMINISTRATIVE
DEPARTMENTS

The Parties to the Agreement applying this Regnashall communicate to the
United Nations Secretariat the names and addrexsése Technical Services
responsible for conducting approval tests and efAdministrative Departments
which grant approval and to which forms certifyaqgproval or extension or refusal
or withdrawal of approval, issued in other courstriare to be sent.
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PART II

APPROVAL OF VEHICLES

WITH REGARD TO THE INSTALLATION OF SPECIFIC COMPON¥TS OF AN
APPROVED TYPE FOR THE USE OF COMPRESSED NATURAL GE3NG)

14.

14.1.

14.1.1.

14.1.2.

14.1.2.1.

14.1.2.2.

14.1.2.3.

14.1.2.3.1.

14.1.2.3.2.

14.1.3.

15.

15.1.

15.2.

IN THEIR PROPULSION SYSTEM

DEFINITIONS
For the purposes of Part Il of this Regufatio
"Approval of a vehicleneans the approval of a vehicle type of categdvleend N

with regard to its CNG system as an original eq@ptifor the use in its propulsion
system;

"Vehicle typemeans vehicles fitted with specific componentsiie use of CNG in
their propulsion system which do not differ witlspect to the following conditions:

the manufacturer;

the type designation established by theufacturer,

the essential aspects of design androcatish:

chassis/floor pan (obvious and funddaheiifferences);

the installation of the CNG equipmeni(ous and fundamental differences).
"CNG systelfrmeans an assembly of components (container¢g)inder(s), valves,
flexible fuel lines, etc.) and connecting partgitifuel lines, pipes fitting, etc.) fitted
on motor vehicles using CNG in their propulsiontegs

APPLICATION FOR APPROVAL

The application for approval of a vehicleetypith regard to the installation of
specific components for the use of compressed a@agas in its propulsion system
shall be submitted by the vehicle manufacturer gr hiis duly accredited
representative.

It shall be accompanied by the under-menti@oeuments in triplicate: description

of the vehicle comprising all the relevant partasslreferred to in Annex 1B to this
Regulation.
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15.3.

16.

16.1.

16.2.

16.3.

16.4.

A vehicle representative of the vehicle tigple approved, shall be submitted to the
Technical Service conducting the approval tests.

APPROVAL

If the vehicle submitted for approval purduarthis Regulation is provided with all

the necessary specific components for the use mpoessed natural gases in its
propulsion system and meets the requirements afpaph 17 below, approval of

that vehicle type shall be granted.

An approval number shall be assigned to g@ehof vehicle approved. lIts first two
digits shall indicate the series of amendmentsrpm@ting the most recent major
technical amendments made to the Regulation dirtteeof issue of the approval.

Notice of approval or of refusal or of exiensof approval of a CNG vehicle type
pursuant to this Regulation shall be communicatettieé Parties to the Agreement
applying this Regulation, by means of a form comfioig to the model in Annex 2D
to this Regulation.

There shall be affixed, conspicuously and ieadily accessible space specified on
the approval form referred to in paragraph 16.2vab to every vehicle type
approved under this Regulation an internationat@pg mark consisting of:
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16.4.1. A circle surrounding the letter "E" follotvéy the distinguishing number of the
country which has granted approval 2

16.4.2. The number of this Regulation, followedty letter "R", a dash and the approval
number to the right of the circle prescribed inguaaph 16.4.1.

16.5. If the vehicle conforms to a vehicle apprquatter one or more other Regulations
annexed to the Agreement, in the country whichdrasted approval under this
Regulation, the symbol prescribed in paragraph.16méeed not be repeated; in such
case, the Regulation and approval humbers anddtliéiaal symbols of all the
Regulations under which approval has been grantéeicountry which has granted
approval under this Regulation shall be placeceieal columns to the right of the
symbol prescribed in paragraph 16.4.1.

16.6. The approval mark shall be clearly legibld ba indelible.
16.7. The approval mark shall be placed close andhe vehicle data plate.
16.8. Annex 2C to this Regulation gives exampleghefarrangement of the aforesaid

approval mark.

2/ 1 for Germany, 2 for France, 3 for Italy, 4 fbetNetherlands, 5 for Sweden, 6 for Belgium,
7 for Hungary, 8 for the Czech Republic, 9 for $pdiO for Serbia, 11 for the United Kingdom,
12 for Austria, 13 for Luxembourg, 14 for Switzerth 15 (vacant), 16 for Norway, 17 for Finland,
18 for Denmark, 19 for Romania, 20 for Poland, @1Rortugal, 22 for the Russian Federation,
23 for Greece, 24 for Ireland, 25 for Croatia, @6S3lovenia, 27 for Slovakia, 28 for Belarus, 28 fo
Estonia, 30 (vacant), 31 for Bosnia and Herzegows2safor Latvia, 33 (vacant), 34 for Bulgaria,
35 (vacant), 36 for Lithuania, 37 for Turkey, 3&gant), 39 for Azerbaijan, 40 for The former
Yugoslav Republic of Macedonia, 41 (vacant), 42tfe European Community (Approvals are
granted by its Member States using their respe&tvE symbol), 43 for Japan, 44 (vacant), 45 for
Australia, 46 for Ukraine, 47 for South Africa, #8 New Zealand, 49 for Cyprus, 50 for Malta,
51 for the Republic of Korea, 52 for Malaysia, 58 fThailand, 54 and 55 (vacant), 56 for
Montenegro, 57 (vacant) and 58 for Tunisia. Subsertjnumbers shall be assigned to other
countries in the chronological order in which tihatyfy or accede to the Agreement Concerning the
Adoption of Uniform Technical Prescriptions for Wéhed Vehicles, Equipment and Parts which can
be Fitted and/or be Used on Wheeled Vehicles amcCtnditions for Reciprocal Recognition of
Approvals Granted on the Basis of these Prescriptiand the numbers thus assigned shall be
communicated by the Secretary-General of the Urltations to the Contracting Parties to the
Agreement.
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17.

17.1.

17.1.1.

17.1.2.

17.1.3.

17.1.4.

17.1.5.

17.1.6.

17.1.7.

17.1.7.1.

17.1.7.2.

17.1.8.

17.1.8.1.

REQUIREMENTS FOR THE INSTALLATION OF SPECIFICOBMPONENTS
FOR THE USE OF COMPRESSED NATURAL GAS IN THE PROFRSJON
SYSTEM OF A VEHICLE

General
The CNG system of the vehicle shall funciio a good and safe manner at the
working pressure and operating temperatures fochvhihas been designed and

approved.

All components of the system shall be gymeroved as individual parts pursuant to
Part | of this Regulation.

The materials used in the system shalulelde for use with CNG.

All components of the system shall be fesidn a proper way.

The CNG system shall show no leaks, iag. lstibble-free for 3 minutes.

The CNG system shall be installed such ithéias the best possible protection
against damage, such as damage due to moving@ebitiponents, collision, grit or

due to the loading or unloading of the vehicleha $hifting of those loads.

No appliances shall be connected to the §m other than those strictly required
for the proper operation of the engine of the motdricle.

Notwithstanding the provisions of parpbra7.1.7., vehicles may be fitted with a
heating system to heat the passenger compartmdrfdrahe load area which is
connected to the CNG system.

The heating system referred to in papdgt&.1.7.1. shall be permitted if, in the view
of the Technical Services responsible for condactype-approval, the heating
system is adequately protected and the requiredtipe of the normal CNG system
is not affected.

Identification of CNG-fuelled vehicles @ftegories M2 and M3/1

Vehicles of categories M2 and M3 equippitd a CNG system shall carry a plate as
specified in Annex 6.

1/ Asdefined in Annex 7 to the Consolidated Resafubn the Construction of Vehicles (R.E.3),
(document TRANS/WP.29/78/Rev.1/Amend.2, as lastratee by Amend 4).



17.1.8.2.

17.2.

17.2.1.

17.2.2.

17.3.

17.3.1.

17.3.1.1.

17.3.1.2.

17.3.1.3.

17.3.1.4.

17.3.1.5.

17.3.1.6.

17.3.1.7.

17.3.1.8.

17.3.1.9.

17.3.1.10.

17.3.1.11.

17.3.1.12.

17.3.1.13.
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The plate shall be installed on the feortt rear of the vehicle of category bt Mz
and on the outside of the doors on the right-haohel s

Further requirements

No component of the CNG system, includimg @rotective materials which form
part of such components, shall project beyond titéne of the vehicle, with the
exception of the filling unit if this does not peat more than 10 mm beyond its point

of attachment.

No component of the CNG system shall batéztwithin 100 mm of the exhaust or
similar heat source, unless such components apiatidy shielded against heat.

The CNG system

A CNG system shall contain at least thiefohg components:

Container(s) or cylinder(s);

Pressure indicator or fuel level indicato
Pressure relief device (temperature erigg);
Automatic cylinder valve;

Manual valve;

Pressure regulator;

Gas flow adjuster;

Excess flow limiting device;

Gas supply device;

Filling unit or receptacle;

Flexible fuel line;

Rigid fuel line;

Electronic control unit;
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17.3.1.14. Fittings;

17.3.1.15. Gas-tight housing for those componerdkailed inside the luggage and passenger
compartment. If the gas-tight housing will be degtd in case of fire, the pressure
relief device may be covered by the gas-tight haysi

17.3.2. The CNG system may also include the folmwiomponents:
17.3.2.1. Non-return valve or non-return valve;
17.3.2.2. Pressure relief valve;

17.3.2.3. CNG filter;

17.3.2.4. Pressure and/or temperature sensor;

17.3.2.5. Fuel selection system and electricakgys

17.3.3. An additional automatic valve may be cormabdiwith the pressure regulator.

17.4. Installation of the container

17.4.1. The container shall be permanently instafigehe vehicle and shall not be installed

in the engine compartment.

17.4.2. The container shall be installed suchttiere is no metal to metal contact, with the
exception of the fixing points of the container(s).

17.4.3. When the vehicle is ready for use the ¢oetainer shall not be less than 200 mm
above the road surface.

17.4.3.1. The provisions of paragraph 17.4.3. statlapply if the container is adequately
protected, at the front and the sides and no p#reaontainer is located lower than
this protective structure.

17.4.4. The fuel container(s) or cylinder(s) mushiiounted and fixed so that the following
accelerations can be absorbed (without damage riguwhen the containers are
full:

Vehicles of categories Mand N:
(&) 20 gin the direction of travel
(b) 8 g horizontally perpendicular to the directufrtravel



17.5.

17.5.1.

17.5.1.1.

17.5.1.2.

17.5.2.

17.5.2.1.

17.5.3.

17.5.3.1.

17.5.4.

17.5.4.1.
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Vehicles of categories Mand N:
(&) 10 g in the direction of travel
(b) 5 g horizontally perpendicular to the directfrtravel

Vehicles of categories Mand N:

(&) 6.6 gin the direction of travel

(b) 5 g horizontally perpendicular to the directfrtravel

A calculation method can be used instead of praldgsting if its equivalence can be
demonstrated by the applicant for approval to thsfaction of the Technical
Service.

Accessories fitted to the container(s) oncr(s)

Automatic valve

An automatic cylinder valve shall beafistd directly on each container.

The automatic cylinder valve shall berajel such that the fuel supply is cut off
when the engine is switched off, irrespective @f plosition of the ignition switch,
and shall remain closed while the engine in nohmg. A delay of 2 seconds is
permitted for diagnostic.

Pressure relief device

The pressure relief device (temperatuggdred) shall be fitted to the fuel
container(s) in such a manner that can dischatgehe gas-tight housing if that gas-
tight housing fulfils the requirements of paragrdph5.5.

Excess flow valve on the container

The excess flow limiting device shall fiited in the fuel container(s) on the
automatic cylinder valve.

Manual valve

A manual valve is rigidly fixed to thelinger which can be integrated into the
automatic cylinder valve.
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17.5.5.

17.5.5.1.

17.5.5.2.

17.5.5.3.

17.5.5.4.

17.5.5.5.

17.5.5.6.

17.5.5.7.

17.6.

17.6.1.

17.6.2.
17.6.3.

17.6.4.

17.6.5.

Gas-tight housing on the container(s)

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

The gas-tight housing shall be in openneotion with the atmosphere, where
necessary through a connecting hose and a leadgthnehich shall be resistant
against CNG.

The ventilation opening of the gas thghising shall not discharge into a wheel arch,
nor shall it be aimed at a heat source such asxihaust.

Any connecting hose and lead-throughénbbttom of the bodywork of the motor
vehicle for ventilation of the gas-tight housingbhave a minimum clear opening of
450 mnf.

The housing over the container(s) figiagd connecting hoses shall be gas-tight at a
pressure of 10 kPa without any permanent deformsitidn these circumstances a
leak not exceeding 100 émper hour may be accepted.

The connecting hose shall be secureddoyps, or other means, to the gas-tight
housing and the lead-through to ensure that aigasjint is formed.

The gas-tight housing shall containtedlcomponents installed into the luggage or
passenger compartment.

Rigid and flexible fuel lines

Rigid fuel lines shall be made of seamesterial: either stainless steel or steel with
corrosion-resistant coating.

The rigid fuel line may be replaced byexithle fuel line if used in Class 0, 1 or 2.
Flexible fuel line shall fulfil the requireent of Annex 4B to this Regulation.

Rigid fuel lines, shall be secured suchttiey shall not be subjected to vibration of
stresses.

Flexible fuel lines shall be secured shelt they shall not be subjected to vibration
or stresses.



17.6.6.

17.6.7.

17.6.8.

17.7.

17.7.1.

17.7.2.

17.7.3.

17.7.4.

17.7.5.

17.7.6.

17.7.7.

17.7.7.1.

17.8.

17.8.1.

17.9.

17.9.1.

17.9.2.
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At the fixing point, the fuel line, flexilor rigid, shall be fitted in such a way that
there is ho metal to metal contact.

Rigid and flexible fuel gas line shall betlocated at jacking points.
At passages the fuel lines shall be fittgt protective material.
Fitting or gas connections between the compien

Soldered joints and bite-type compressiontg are not permitted.
Stainless steel tubes shall only be jomestainless steel fittings.
Distributing-blocks shall be made of coiwosresistant material.

Rigid fuel lines shall be connected by appate joints, for example, two-part
compression joints in steel tubes and joints wiives tapered on both sides.

The number of joints shall be limited tmi@mimum.

Any joints shall be made in locations whaereess is possible for inspection.

In a passenger compartment or encloseddagcpmpartment the fuel lines shall be
no longer than reasonably required, and in any slagk be protected by a gas-tight
housing.

The provisions of paragraph 17.7.7. si@llapply to vehicles of categories M2 or
M3 where the fuel lines and connections are fittéth a sleeve which is resistant
against CNG and which has an open connection tatthesphere.

Automatic valve

An additional automatic valve may be irethin the fuel line as close as possible to
the pressure regulator.

Filling unit or receptacle

The filling unit shall be secured agaimsation and shall be protected against dirt
and water.

When the CNG container is installed inpghssenger compartment or a enclosed
(luggage) compartment the filling unit shall bedtexd at the outside of the vehicle or
in engine compartment.
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17.9.3. For vehicles of classes &hd N the filling unit (receptacle) shall comply witheth
drawing specifications detailed in Figure 1 of Axrdé-. 1

17.10. Fuel selection system and electrical iresialh

17.10.1. The electrical components of the CNG systiall be protected against overloads.

17.10.2. Vehicles with more than one fuel systeail $tave a fuel selection system to ensure

that no more than one fuel at the same time islggpto the engine for more than
5 seconds. _"Dual-fuélehicles, using diesel as the primary fuel famitigmg the
air/gas mixture, are allowed in cases where thesggnes and vehicles meet
mandatory emission standards.

17.10.3. The electrical connections and componéentthe gas-tight housing shall be
constructed such that no sparks are generated.

18. CONFORMITY OF PRODUCTION

18.1. The conformity of production procedures slealinply with those set out in the
Agreement, Appendix 2 (E/ECE/324-E/ECE/TRANS/50%R§

19. PENALTIES FOR NON-CONFORMITY OF PRODUCTION

19.1. The approval granted in respect of a typeebicle pursuant to this Regulation may
be withdrawn if the requirements referred to irggaaph 18 above are not complied
with.

19.2. If a Party to the Agreement applying this &aton withdraws an approval it has

previously granted, it shall forthwith so notifyetbther Contracting Parties applying
this Regulation, by means of a communication foonferming to the model in
Annex 2D to this Regulation.

20. MODIFICATION AND EXTENSION OF APPROVAL OF A VEKCLE TYPE

20.1. Every modification of the installation of tepecific components for the use of
compressed natural gas in the propulsion systeheofehicle shall be notified to the
administrative department which approved the vehighe. The department may
then either:

1Y  Asdefined in Annex 7 to the Consolidated Resotubn the Construction of Vehicles (R.E.3)
(document TRANS/WP.29/78/Rev.1/Amend.2 as last aleéiny Amend.4).



20.1.1.

20.1.2.

20.2.

20.3.

21.

22.
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Consider that the modifications made alikelg to have an appreciably adverse
effect and that in any case the vehicle still caagplith the requirements; or

Require a further test report from the Texdl Service responsible for conducting
the tests.

Confirmation or refusal of approval, specifythe alteration, shall be communicated
to the Parties to the Agreement applying this Ratgad by means of a form
conforming to the model in Annex 2D to this Regialat

The competent authority issuing the extensibapproval shall assign a series
number for such an extension and inform thereof titker Parties to
the 1958 Agreement applying this Regulation by rsezfna communication form
conforming to the model in Annex 2D to this Regialat

PRODUCTION DEFINITELY DISCONTINUED

If the holder of the approval completely ceasesmtmufacture a type of vehicle
approved in accordance with this Regulation, hd shanform the authority which
granted the approval. Upon receiving the relecamimunication, that authority
shall inform thereof the other Parties to the Agrent applying this Regulation by
means of a communication form conforming to the ehad Annex 2D to this
Regulation.

NAMES AND ADDRESSES OF TECHNICAL SERVICES RESRSIBLE FOR
CONDUCTING APPROVAL TESTS, AND OF ADMINISTRATIVE
DEPARTMENTS

The Parties to the Agreement applying this Regnashall communicate to the
United Nations Secretariat the names and addredsdse Technical Services
responsible for conducting approval tests and efAldministrative Departments
which grant approval and to which forms certifyaqgproval or extension or refusal
or withdrawal of approval, issued in other coursiri@e to be sent.
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Annex 1A

ESSENTIAL CHARACTERISTICS OF THE CNG COMPONENT

1. (Not allocated)

1.2.45.1. System description:

1.2.45.2. Pressure regulator(s): yes/ho 1

1.2.4.5.2. 1. MBKE(S): teiiieiiiiiiiiitiet ettt ettt ettt et e e e e e e e e e e e e r e e e e e e e e e e
T Y/ o 1T () PP PTPPPPPPIPRP
1.2.4.5.2.5.  DIAWINGS: ..cc oo i ittt ettt e e e ee e e e e e et e e e ————————
1.2.4.5.2.6. Number of main adjustment POINS.............covviiiiiiiiiiiiiii .
1.2.4.5.2.7. Description of principle of adjustm#émbugh main adjustment points:..................
1.2.4.5.2.8. Number of idle adjustment POINtS. e cceeeeeeeiiieeeeeeeeeeeeeeeeeeee e,
1.2.4.5.2.9. Description of principles of adjustingmough idle adjustment points: ..................
1.2.4.5.2.10. Other adjustment possibilities: iasal which (description and drawings):
1.2.45.2.11. WOIKING PreSSUIME(S):.2. . uuueeiiiieieeieiaiiiiie ittt e e e e e e en e kPa
1.2.4.5.2.12. MALEIIAL .....cco i ettt ettt et ettt ettt ettt ee e eeeeeeeeeeeeeeeeeeaeaeeeaenennnnnnnes
1.2.4.5.2.13. Operating tempPeratureS:.2............cccccveeeeieiiiiiiiiiiiieieeeeee e sinnnneeeeeeeee e G
1.2.4.5.3. Gasl/air mixer: yes/np 1

1.2.4.5.3. 1. NUMDET: . et e e e
O T R |V = 1= (=) SO PPORRPPRR
O T e T Y/ o 1= (=) USSR
1.2.4.5.3.4.  DIaWINGS: ...ccoiii ittt ettt e e e ee e e ae e et e e e ——————

1.2.45.3.5. Adjustment POSSIDIlItIES: .......ccoaeiiiiiiiiie e



1.2.45.3.6.

1.2.45.3.7.

1.2.4.5.3.8.

1.2.4.5.4.

1.2.454.1.

1.2.4.54.2.

1.2.45.43.

1.2.45.4.4.

1.2.45.4.5.

124546

1.2.454.7.

1.2.4.5.4.8.

1.2.4.5.5.

1.2.45.5.1.

1.2.45.5.2.

1.2.45.5.3.

1.2.45.5.4.

1.2.45.5.5.

1.2.45.5.6.

1.2.455.7.

1.2.4.5.6.
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Annex 1A
WOrKIiNG PreSSUIE(S)i.2. ccii e kPa
AV F= L= = U PRSPPI
Operating temMpPeraturefS:. 2........cooei it °C

Gas flow adjuster: yes/noo 1

NUMDEI. .o e e e e e r e e e e e e e e e e e nnnnnes
Y= LT ) TSP U PP PPPPPPPPPTRN
LY S LTS3 TP OTPPPPPPPPPPPPPPN
D= 11T o 3PS

Adjustment possibilities (description)

WOIKING PrESSUNE(S): 2. ittt kPa
AV F= L= = PP PR
Operating temMpPeraturefS:. 2........coooi it °C

Gas injector(s): yes/nb 1

Y= LT ) TSP U PP PPPPPPPPPTRN
BN 1= () PSPPSR
[AENEFICALION: ...

WOIKING PrESSUIE(S):.2. . ueeeiieiieieeeee ittt e e kPa

AV F= L= = RO P RO
Operating temperaturelS:.2.........ccooeeiieiiiiiee e °C

Electronic Control Unit (CNG-fuelling)es/no_1
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O T T I |V = 1= () SO PP PPO RPN
T G N Y/ o 1= (=) PP PRRR
1.2.4.5.6.3. Adjustment posSibIlities: .......ccoo oo
1.2.4.5.6.4. BasiC SOftWare PriNCIPIES: ......ceceemurrrmiiiiiiiiie et
1.2.45.6.5. Operating temperatureS:.2.............eeeeeeeiiiiiiiiiiiiiiiieiee e eeee e G
1.2.45.7. CNG container(s) or cylinder(s): yeslho
L1.2.4.5.7. 1. MBKE(S): 1eitieieiiiiiiititie ettt ettt et e e e e e e s e e e e e e e b n e e e ee e e e e e e e
1.2.45.7.2.  Type(s) (INClUude drawingS): .....cccceeeeeriiieeaaiiiiiiiieieiiee e e e e e snnreee e e
1.2.4.5.7.3.  CAPACILY: .eeeeeiiiiiieeiieiit ettt et e e e e e e e e e e e e s e e e e aeens litres
1.2.45.7.4. Drawings of the installation of th@t@ner: ..................ccoiii e
1.2.4.5.7.5.  DIMENSIONS: ...eiiiiiiiiiieeiieeeeeet ettt et e e e e e b e e ee s e e e e s anr e e e e s anrreeeens
1.2.4.5.7.6.  IMALEIIAL .....eeeiiiiiiiiiie etttk e e e e e e e
1.2.45.8. CNG container accessories
1.2.4.5.8.1. _Pressure indicatores/no 1
1.2.4.5.8.1. 1. IMAKE(S): cvrvveveeeeeeeeeeeeeeeteteeeeeeeeeeee e e e et e et ee et e et ee e e s enaeees et se s s s s seeeeeeeeeeeeeeeens
1.2.4.5.8.1.2. TYPE(S): teveeeeeeeeeeeeeeeeeeeeeeeeeeee et et et et et et et et ettt ee e e et e e et eeee et e et et e enenenen
1.2.4.5.8.1.3. Operating principle: float/othéxibclude description or

(0 [ AT T ) PP
1.2.4.5.8.1.4. WOIKiNG PreSSUIE(Sh:.2...ccceiiiiiiiiiiieieeeeeeeet e e e e e e e MPa
1.2.4.5.8.1.5. MALEIIAL ....eeiiiiiiiiiiee s ettt e e e e e e e et e e e e e e
1.2.4.5.3.1.6. Operating temperaturgs:.2...........ccccceeeeeeeeeeiieiiiiiiieieieeeeeeeeeeeeeen G
1.2.4.5.8.2. _Pressure relief valve (discharge vaies/no 1




1.2.458.2.1.

1.2.45.8.2.2.

1.2.45.8.2.3.

1.2.45.8.2.4.

1.2.45.8.2.5.

1.2.4.5.8.3.

1.2.45.8.3.1.

1.2.45.8.3.2.

1.2.45.8.3.3.

1.2.45.8.3.4.

1.2.45.8.3.5.

1.2.45.8.4.

1.2.45.8.4.1.

1.2.45.8.4.2.

1.2.45.8.4.3.

1.2.45.8.4.4.

1.2.45.8.4.5.

1.2.45.8.5.

1.2.45.8.5.1.

1.2.45.8.5.2.

1.2.4.5.8.5.3.
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Y 1T (S SRR

Y 1=1 () SRR RPP
WOrKIiNG PreSSUIE(3).2......cccce e ettt e e e e e e e e e e e e e aa e MPa
Y= LT TS O U PP PPPPPPPPR
Operating teMPeraturgS:.2..........coiiiiiiiiiiiiiiie e °C

Automatic cylinder valve

Y= LT ) PP U PP PPPPPPPTTRIN

I =TS SRS
WOrKING PreSSUIE(S).2......cceeeeeeeeeeeeeeeeeeeeeee et e e e e e e e e e e e e aa e MPa
Y o =T = PP TP PP PPPPPPPPN
Operating teMPEraturgS.2............cooiviiiiieiiiiiiie e °C

Excess flow valvges/no 1

Y= LT ) PP U PP PP PPPPPPPTRN

LY S LTS3 PO UTP T RTOPPP
WOIKING PreSSUIE(S). 2.....uueeeiiiiieeeee ettt e e e ee e e e e MPa
AV = LT TP P TP PPPPPPPPTRN
Operating teMPEraturgS.2............coovviiiiiiiiiiiii e °C

Gas-tight housinges/no 1

Y 1T (S SRR

I =TS SRR

WOrKIiNG PreSSUIE(3).2......ccceeeeeee ettt e e e e e e e e e e e e e e aaaa e MPa
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1.2.45.8.5.4.
1.2.45.8.5.5.
1.2.45.8.6.
1.2.45.8.6.1.
1.2.4.5.8.6.2.
1.2.4.5.8.6.3.
1.2.4.5.8.6.4.
1.2.4.5.8.6.5.
1.2.4.5.8.6.6.
1.2.4.5.9.
1.2.45.9.1.
1.2.45.9.2.
1.2.45.9.3.
1.2.45.9.4.
1.2.45.9.5.
1.2.45.9.6.
1.2.4.5.10.
1.2.4.5.10.1.
1.2.4.5.10.2.
1.2.4.5.10.3.

1.2.4.5.10.4.

Y E 1T A= TP

Operating teMPEraturgS:.2...........uuuvveururiiiiiiiiiiiesen s iseeeeeeeeeeneeaeneneeeeeeennn G

Manual valvees/no 1

VA (). i e ————————————————
LY 115 LS PP PP PP P PPPPPPPP
(D] 11 T 1 TSP P PP PPPPPPPTRR
WOIKING PreSSUIE(8). 2. .ccoiiiiiiiieieie et ee et mee e e e e e MPa
IMTAEETIALL ...t ettt e e e e e e e e e e e e e e e e e nnnen e
Operating teMPEraturgS:.2...........uuuvveururiiiiiiiiiieeesisiseeeeeeeeeeeeeeeneeeeeeeeeene G
Pressure relief device (temperaturgéried): yes/no/1

M AKE (). e e e et —————————

B3/ 01T () USRS

Activation temMPeraturg:.2.........cccceeeriiiiiiiiiiiiieiee e O
= LT =TT PO PP PPPRUPPPRN
Operating tempPeratureS:.2...........ueeieiieieeiiiiiiiieieee e 2O
Filling unit or receptacle: yes/ro 1

M AKE (S ) et ettt ettt ——————————————————————————

B/ 0 1=1 () P PPPPPPPTPPPRRPRRR

WOTKING PreSSUIE(S). 2. .. uuu i eeie e e ee e et MPa



1.2.4.5.10.5.

1.2.4.5.10.6.

1.2.4.5.11.

1.2.45.11.1.

1.2.45.11.2.

1.2.45.11.3.

1.2.45.11.4.

1.2.45.11.5.

1.2.45.11.6.

1.2.45.12.

1.2.45.12.1.

1.2.45.12.2.

1.2.45.12.3.

1.2.4.5.12.4.

1.2.4.5.12.5.

1.2.45.12.6.

1.2.45.13.

1.2.45.13.1.

1.2.45.13.2.

1.2.45.13.3.

1.2.45.13.4.
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Operating teMPEratUIES. 2. ......oovvveieeieieieiiiiiiieienenin e eaaaaaaeaeeas °C
Flexible fuel lines: yes/nb 1

[ LT (5] LSO U PP PPPPPPPPRTPPR

LN 1= (5 R

Operating tEMPEratUrES.2........c.ovvviiiieeiieiiiiiiiiii e e e e aaeas °C
Pressure and Temperature sensor(sjoy#

LT () USSP

BN 1= (5 R

Operating teMPEratUrES.2........c.oevvviiiiiiiiiiieiiiiii e aa e e aaas °C
CNG filter(s): yes/nd 1
IMAKE(S): +evvveveretretettt it e e e e e e e e e e e e e e e e e e e e e e e e e eeaaaea e e e e e e e e aaaaaaaaaaaaaaaaaaaaaes

BN =1 (5 S PSPPI

WOIKING PrESSUIE(SY. 2. cceieeiiiiieeeeeeieeeiiititi s e e e e e e e e e e e e e e e aeaeaees kPa
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1.2.4.5.13.5.

1.2.4.5.13.6.

1.2.4.5.14.

1.2.45.14.1.

1.2.45.14.2.

1.2.4.5.14.3.

1.2.45.14.4,

1.2.45.14.5.

1.2.4.5.14.6.

1.2.4.5.15.

1.2.45.15.1.

1.2.4.5.15.2.

1.2.4.5.15.3.

1.2.5.

1.2.5.1.

Y E= =T = | OO PP UPPPPPPPPPPPPPT
Operating temperaturgs:.2...........cccceeeeeeeeeeeeiiicieeeeeeeeeeeeeeeeeeee G
Non-return valve(s) or non-return v@yeyes/no 4

MAKE (). i e ——————————————
LY 115 LS PP TP PP PP PP
(DTS 1 o] 110 o TP P PP PPPPPPTRRN
WOIKING PrESSUIE(S): 2. ittt e e kPa
17T = |
Operating temperaturgs:.2...........cccceeeeeeeeeeeeiiiiieeeeeeeeeeeeeeeeeeee G
Connection to CNG system for heatirsgesy: yes/no/1

M AKE (S ) et e ettt et et ————————————————————————————
B/ 0 1=1 () P PPPPPPPTPPPRRPRRR
Description and drawings of INStAIAL...................oevviiiiiiiiiiiiiiicceeeee e,
Cooling system: (liquid/air) 1

System description/drawings with regard to the G3y&em:

1
2

Strike out what does not apply.
Specify the tolerance.
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ESSENTIAL CHARACTERISTICS OF THE VEHICLE,
ENGINE AND CNG-RELATED SYSTEM

0. DESCRIPTION OF THE VEHICLE(S)

0.1. Y= LT PP P PTP TP PPOPP

0.2. LY S L1 €5) TP OP PP PPPPPP

0.3. Name and address of the MaNUACTUNEr i oo

0.4. Engine type(s) and approval NO.(NOS.): ..coooei i

1. DESCRIPTION OF THE ENGINE(S)

1.1. IMBINUTBCTUIET ...ttt e e e e e e e e s et e e e e e e e s e nnnn e e e e e

1.1.1. Manufacturer's engine code(s) (as markedhenengine, or other means of
o= g1} Tor=1 1 o] o) AP PP TP TP PPPRUPPT

1.2. Internal combustion engine

1.2.3. (Not allocated)

1.2.45.1. (Not allocated)

1.2.45.2. Pressure regulator(s):

i T B |V =1 =T () AP PTTTR TR

O T 1Y/ o 1= T () PP PP SRR

1.2.4.5.2.3.  WOrKiNg PreSSUIrE(S):.2...ccciii et kPa

1.2.4.5.2. 4, IMALEIIAL ....eiiiiiiiiiii ettt e e s e e e e e e s et e e e e e

1.2.4.5.2.5. Operating temMpPeratureS:.2..........uuuururuiiiiiiieeeeeeee e s e e eeee e e e e eeeeeeeeaeaeaeaeeeaes °C
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1.2.4.5.3. Gasl/air mixer: yes/nb 1

1.2.4.5.3. 1. NUMDET: . oottt e e e ees b e e e e e e e e e e s e nnnnneees
1.2.4.5.3.2.  MBKE(S): 1 eitieiiiiiiiiitit ettt ee ettt e e e e e r e e ae e e e e
A TR TR T Y/ o 1T () PP PPPPPPPPIPRP
1.2.45.3.4.  WOIKING PreSSUIE(S):.2. . uueiieiieieeiiiaiiiiie ittt e e e e e e e e kPa
1.2.4.5.3.5.  MAEEIIAL ..ccoiiiiiiieieee ettt e e e e e e enm e e e e e e e e e e aaeeeeeas
1.2.4.5.3.6. Operating temperatures:.2...........cccceeeeeeeeeeeeeiiiieeeieieieeeeeeeeeeeeeeen 0
1.2.4.5.4. Gas flow adjuster: yes/no 1

1.2.4.5.4. 1. NUMDEL: . o e e e e ee e
I N \V = 1= () SO PP PP RPN
O T S T Y/ o 1= (=) PP ESSRR
1.2.45.4.4.  WOTKING PreSSUIE(S):.2. . uueeieiieieeiiieiiiiie it e e e e e e e e e e e kPa
1.2.4.5.4.5.  MAEEIAL ..ccoi ittt ettt ettt ettt e e e e e e e s e e e e e e e e e e e b r e e aaeeae s
1.2.45.4.6. Operating temperatureS:.2.............eeeeiieeiiiiiiiiiiiiiiiieeeeee e eee e O
1.2.45.5. Gas injector(s): yes/nb 1

O T T I |V = 1= () SO POUP PRSPPI
O TR T Y/ o 1= T () USSR
1.2.4.5.5.3.  WOIKIiNG PreSSUIE(S): 2. .cceiiiiieiieeieeeieieieieitaea e e e e e e e e e aaeaaaaaaeas kPa
1.2 4554, IMAEEIIAL .....eeeiiiiiiiiee ettt ekt e e e e e

1.2.45.5.5. Operating temperatureS:.2.............eeeevieiiiaiiiiiiiiiiieeeeeeee e eeee e O
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1.2.4.5.6. Electronic Control Unit CNG-fuellinges/no 1
1.2.4.5.6. 1. MAKE(S): 1o iuititittiit e et e e ettt e e e e e e e e e e e e e e e e e e e
i N T2 Y/ o 1T () PP POPPPPPPPPRPPPTPN
1.2.4.5.6.3. BasiC software prinCipleS: ... it
1.2.4.5.6.4. Operating temMpPeratUres:.2.........uuuuururiiiiiiiseeee e e e s e e e e e e e e e e e e eeaeaeaeaeaeaeaeaes °C
1.2.4.5.7. CNG container(s) or cylinder(s): yestho
O T A N |V = 1= (=) S PUPROOUPPTPPRPIRS
T A Y/ o 1T () PP POPPPPPPPPRPPPTPN
1.2.4.5.7.3.  CAPACIY: «oeeieeeiiiiiitet ettt ettt e e e e e e e e e e e e e e e e e e e e eas litres
1.2.4.5.7.4.  APProval NUMDEN: ..o
1.2.4.5.7.5.  DIMENSIONS: ....utitiiiiiiieie et aiamme e s e ttee et ee e e e e e e e s e s asabbe s e ee e e e e snnnbsbeseeeeeaeaaeseaannns
1.2.4.5.7.6.  MALEIIAL .. ..uuiiiiiiiiiie ettt e e e e e e e et e e e e e e e e e e st n e e e e e eeaeeeeaanas
1.2.4.5.8. CNG container accessories:
1.2.45.8.1. _Pressure indicator:
1.2.4.5.8.1. 1. IMBKE(S) 1o uveeeeuieieiieiee ittt et e e st ettt ettt e e et e et e e s be e aee e e e bb e e e eabn e e et e e e nrae e n
O R Tt R )Y/ o 1= () USROS
1.2.4.5.8.1.3. WOIKING PreSSUIE(3). 2....cceeeeiieeee e ettt MPa
1.2.4.5.8. 1.4, MAEEIIAL ....ccoiiiiiiiie ettt ettt ettt e et e e e et et e e s e e e e e e e r e e e e e nnnnees

1.2.4.5.8.1.5. Operating temMpPeraturgS:.2..........ccouiiiiiiiiiiiiiiiiee e °C
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1.2.45.8.2.
1.2458.2.1
1.2.45.82.2
1.2.45.8.2.3
1.2.45.8.2.4.
1.2.4.5.8.2.5.
1.2.4.5.8.3.
1.2.4.5.8.3.1.
1.2.4.5.8.3.2.
1.2.4.5.8.3.3.
1.2.4.5.8.3.4.
1.2.45.8.3.5.
1.2.45.8.4.
1.245.8.4.1.
1.2.45.8.4.2.
1.2.4.5.8.4.3.
1.2.45.8.4.4.
1.2.4.5.8.4.5.
1.2.4.5.8.5.
1.24585.1

1.2.45.85.2

Pressure relief valve (discharge valyes/no 1

Y= LT ) TP TP PP PPPPPPPPPP
Y 81165 PRSP O PP PP
WOIKING PrESSUIE 2. ...ttt e e e e e e e e e e e e MPa
IMTAEETIALL ...t etttk e e e e et e et e e e e e e e s e nn e e
Operating teMPEraturgS:.2...........uuuvvvuririiiiiiiiiiieeisisseeeeeeeeeeeneeeeneneeeeeneenn G

Automatic valve(s):

VA (). i ——————————————
TP E(S ) ottt ettt ettt ettt ———————————
WOTKING PrESSUIE($). 2....cceveeeeeeeeiieeieiiusitissiis i seeeeaeseeaeaseeeseeesesesssesennnnnes MPa
Y E= =T = | PO PP PP PPPPPPPPPPPPRP
Operating temMPeraturgS:.2...........uuuieiiiieeiiiiiiiiiiiiieieeeeee e essininreeeee e e O

Excess flow valvges/no 1

= T () TP PP PPPPTPPPPP
LY 115 LS PP TP PP O PP PPPPPP
WOIKING PrESSUIE($). 2....ceeeeeeeeeieieriieiiisiuisitisseeeeaeeeseeeseeesesesesssssesennnnnes MPa
Y E= =T = | PSP PP PPPPPPPPPPPPPRPT
Operating teMPEraturgS:.2...........uuuvuvuiiriiiiiiiiiiiisisssseeeeeeeeeneneeeeneeeeeeeeeeen G

Gas-tight housinges/no 1

Y= LT ) T PP PP P PPP PP

BN/ 0 1=T () P UUPPPRURPPRRRRR
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1.2.4.5.8.5.3. WOIKING Pre@SSUIE(3). 2.....eeeeeeiiiiiiiiiiieieet e ee e e e e e e e e e e e e MPa
1.2.4.5.8.5.4. MALEIIAL: .....euiiiiiiiieei ittt e et e e e e es bbb r e e e e e e e e e e e e e e ne e
1.2.4.5.8.5.5. Operating temMPeraturgS:. 2............uuuurmumriiiiiiiei e e e se e e eee e e e e e eeeeeeeeeeaeaeaeaeaes °C
1.2.4.5.8.6. _Manual valve:

S S ST R IV - 1 (=T () A PP OP RS
i S S I ST Y/ o =T () PP PP PPPRPRR
1.2.4.5.8.6.3 WOrKiNG PreSSUME(2). 2....ccceiieieiei e MPa
1.2.4.5.8.6.4. MALEIIAL .....cuiiiiiiiieei ettt ettt e e e e ss bbb r e e e e e e e e e e e e e nnne e
1.2.4.5.8.6.5. Operating temMpPeraturgS:.2..........coouiiiiiiiiiiiiiiie e °C
1.2.4.5.9. Pressure relief device (temperaturgeried): yes/no/l1

1.2.4.5.9. 1. MBKE(S): 1ot iiutitteiiit e e oot e ettt e e e e e e e e e e e e e e e e e e
S Y/ 1= T () P POPPOT SRR
1.2.4.5.9.3. AcCtivation tEMPEIratUIE:.2..........uuurureiiiiiiiiiieee e e e s e e e e e e e e e e ae e e e e e e e e ae e aeaeaes °C
1.2.4.5.9.4,  IMALEIIAL ...eeiiiiiiiiiii ettt ettt et e s e e e e e e s e e e e
1.2.45.9.5. Operating temMpPeraturelS:.2........cccouui it °C
1.2.4.5.10.  Filling unit or receptacle: yes/ro 1

1.2.4.5.10. 1. IMAKE(S): -utvreetteeeaeaiiaaaiitteee et ee e e e e e s ettt et e e e e e e e e e s st e e e e ee e e e e s s sbbnnereeeeaaeeeeaanns
1.2.4.5.00.2. Y PO(S): s atuuuurunreeeeete e e et ae ettt e e e e e e e e e e e bbb e et e e e e e e e e e e mnnr e e e e e e e e e e nnnn e e e raaeaaea s
1.2.4.5.10.3. WOrKiNG PreSSUIE(D). 2.....ceeeeeiiiiiiiiiieeieeeeae e e e e e e e e e e e e e s MPa
1.2.4.5.20.4. MAIEIIAL ...cciiiiiiie et ettt ettt e et e e

1.2.4.5.10.5. Operating teMPEratUreS:.2..........uuuururuuiiiiiiiieeieieieeeeeeeeeeaeaeeaeeeeeaeaeaeaeaeeeans °C
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1.2.45.11.

1.2.45.11.1.

1.2.45.11.2.

1.2.45.11.3.

1.2.45.11.4.

1.2.45.11.5.

1.2.45.12.

1.2.45.12.1.

1.2.45.12.2.

1.2.45.12.3.

1.2.45.12.4.

1.2.45.12.5.

1.2.45.13.

1.2.45.13.1.

1.2.4.5.13.2.

1.2.4.5.13.3.

1.2.4.5.13.4.

1.2.4.5.13.5.

1.2.4.5.14.

1.2.45.14.1.

1.2.45.14.2.

Flexible fuel lines: yes/nb 1

Y= LT ) T PP PP P PPPPPPPPPP
LY 8115 PP TP TP PP
WOIKING PrESSUIE(S):. 2. eeeeeieeieeeiiaeiiiiie ettt e e e e e kPa
Y= LT =L ST P PP PP RPPP
Operating temperatures:.2...........cccceeeeeeeeeeeeiiieieeeeeeeeeeeeeeeeeeee G

Pressure and temperature sensor(shoyé

M AKE (S ) et ettt ettt ————————————————————————
B/ 0 1=1 () P PPPUPPPPTPPPRRPRRR
WOTKING PreSSUIE(Sh: 2. . cieeeieie e kPa
Y E= =T = | TP PP PPPPPPPPPPPPPPT
Operating tempPeraturgS:.2.........ooooiiiiiiiiiieee e O

CNG filter: yes/nd 1

Y= LT ) TP PP P PPPPPPPPPP

LY 8115 PP TP PP PO PP

WOrKING PreSSUIE(Sh:.2. . cieeiieiee e kPa
Y = =T = | PP PP PP PPPPPPPPPPPPPPT

Operating temperaturgs:.2...........cccceeeeeeeeeeeeiiieieeeeeeeeeeeeeeeeeee G

Non-return valve(s) or non-return v@yeyes/no 1

Y= T ) TP PP P PPPPPPPPPP

B3/ 0 1=T () PSPPSR



1.2.45.14.3.

1.2.4.5.14.4.

1.2.45.14.5.

1.2.45.15.

1.2.45.15.1.

1.2.45.15.2.

1.2.45.15.3.

1.2.4.5.16.

1.2.45.16.1.

1.2.45.16.2.

1.2.45.16.3.

1.2.45.16.4.

1.2.45.16.5.

1.2.5.
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WOIKING PrESSUIE(S): 2. ueeieieeieeeeee ettt e e kPa
T T |
Operating teMPEratUrES.2........c.oevvviiiiiiieiiiiiiiiii e e e e e aeas °C
Connection to CNG system for heatiragesy: yes/no/1

LT () RSP
BN =15 S USSP
Description and drawings of installat.......................ccci i,

Further doCUMENTALION: ..........cieirieiiiie e
Description of the CNG system

System lay-out (electrical connecjaacuum connections compensation hoses,
etc.):

Drawing of the symbol:
AJUSTMENT ALA: .....eeeeeee e e oo e e e e e e e e e e e e ettt ettt e e e e eeeeeeeeeeeaeeeeeeeresenenes
Certificate of the vehicle on petifohlready granted:

Cooling system: (liquid/airy 1

Y
2/

Strike out what does not apply.
Specify the tolerance.
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ARRANGEMENT OF THE CNG COMPONENT
TYPE-APPROVAL MARK

(See paragraph 5.2. of this Regulation)

o
Do |
ol

110 R—002439

le
<

&8 mm

The above approval mark affixed to the CNG composéows that this component has been
approved in Italy (E3), pursuant to Regulation b0 under approval number 002439. The first
two digits of the approval number indicate that éipproval was granted in accordance with the
requirements of Regulation No. 110 in its origifaam.
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Annex 2B
COMMUNICATION
(Maximum format: A4 (210 x 297 mm))

issued by : Name of administration:

concerning: 2 APPROVAL GRANTED
APPROVAL EXTENDED
APPROVAL REFUSED
APPROVAL WITHDRAWN
PRODUCTION DEFINITELY DISCONTINUED

of a type of CNG component pursuant to Regulation INL.O

1. CNG component considered:
Container(s) or cylinder(sy 2
Pressure indicator/ 2
Pressure relief valve/ 2
Automatic valve(s) 2
Excess flow valve 2
Gas-tight housing/2
Pressure regulator(s) 2
Non-return valve(s) 2
Pressure relief devicd 2
Manual valve 2
Flexible fuel lines 2
Filling unit or receptacle/2
Gas injector(s) 2
Gas flow adjuster/2
Gas/air mixer 2
Electronic control unit 2
Pressure and temperature senso(s) 2
CNG filter(s) 2
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LI (o Lol g =T 0 TSR0 T B 1 A= L T
Manufacturer's NAME AN AOAIESS: ... ... et e e e e e e e e eeeenns

If applicable, name and address of manufacturepresentative: ..........ccooeveeeeeeeee e o

5. Submitted for @pProval ON:............eeeiieiee ettt e e e e

6. Technical Service responsible for conductingaygl tests: ............ccceeeeeeiee i

7.  Date of report issued by that SEIVICE: ........coiiiiiiiiiiiii e

8.  No. of report issued Dy that SEIVICE: ... ieiiiiiiiiiieee et

9.  Approval granted/refused/extended/withdrawn 2

10. Reason(s) of extension (if apPliCabIE): .. iiiiieieieeeeee e

I T o = ot TSP POPPPPPO

I I - | (T

R T Y (0| 0= L (1 (= RSP

14. The documents filed with the application oremsion of approval can be obtained upon
request.

y Distinguishing number of the country which hasrged/extended/refused/withdrawn

approval (see approval provisions in the Regulation

2

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

Additional information concerning the type-apmbof a type of CNG components
pursuant to Regulation No. 110

Container(s) or cylinder(s)
1Y F= U= =P TT PO PPPPPPPUPRPR

Pressure indicator
WOIKING PrESSUIE(S) .2 ... ettt e e e e e s e e e eane s
Y E= 1= = ST

Pressure relief valve (discharge valve)
WOIKING PrESSUIE(S) .2 ... ittt e ettt e e e e e e e e ee e e e e e s
1Y = U= =R RT PO PPPPPPPUPRRR

Automatic valve(s)
WOIKING PrESSUIE(S)L 2 ... ittt ettt e e e e e e s e reeeeane s
1Y T = | R

Excess flow valve
WOTKING PrESSUIE(S) .2 . iiiieii i
Y N = | TSRS

Gas-tight housing
WOTKING PrESSUIE(S) .2 . i i ieii e e
1Y T = |

Pressure regulator(s)

WOTKING PreSSUIE(S) .2 .. i i e
1Y = U= - LU T PO PPPPPPPUPRPR
Non-return valve(s) or non-return valve(s)

1Y = U= =R T PO PPPPPPPURRPR
Pressure relief device (temperature triggered)

WOTKING PrESSUIE(S) 2. .eeiiiieeiiiiiie ettt e e e e e e e ee e
Y == = | PSP PP PPPPPPPPPRPPRN
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1.10. Manual valve
1.10.1. WOrKING PreSSUIE(SY 2. .. i e ei i e i e et ettt
I O T2 |V (= = TR

1.11. Flexible fuel lines

1.11.1. WOrKING PreSSUIE(SY 2. . i ee i i e e et ettt
O O O V= = = |
1.12.  Filling unit or receptacle

1.12.1. WOTKING Pre@SSUIE(SY .2 . ueeeeieiieiiieieee e ettt e e e e e st e e e e e e e e e e ae e eeeeeee s
O 2 Y/ - (T = PP PRUPPRR PP

1.13.  Gas injector(s)
1.13. 1. WOTKING Pre@SSUIE(SY .2 .. ueeiiiiieeiieeeee ettt e e e e et e e e e e e e e e e b e e eeaeeeeeas
IO B0 V- (T = |

1.14. Gas flow adjuster
1.14.1. WOTKING PreSSUIE(SY 2. .. i ee e i e e e e ettt
O Y/ = = = PP

1.15. Gas/air mixer
1.15.1. WOrKING PreSSUIE(SY 2. ... i eeeiie e ettt
YO |V, = 1 <] (1= LSRR

1.16.  Electronic control unit (CNG-fuelling)
1.16.1. BaSIC SOftWAre PriNCIPIES: .. ..uiiiieiieeeiii ettt aaar e e s

1.17.  Pressure and temperature sensor(s)
1.17.1. WOTKING PreSSUIE(SY 2. .. iieeeie i e ettt ettt
O A |V = (= = PP

1.18. CNG filter(s)
1.18.1. WOrKING PreSSUIE(SY 2. .. i ieeieiee et ettt ettt
S T |V = = PP

1Y  Strike out what does not apply.
2/  Specify the tolerance.
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Annex 2C
ARRANGEMENT OF APPROVAL MARKS

Model A
(See paragraph 16.2. of this Regulation)

rl

1

[OSY1

110 R—002439

o
|, Dol |

& 8 mm

The above approval mark affixed to a vehicle showet the vehicle has, with regard to the
installation of CNG system for the use of CNG faoopulsion, been approved in ltaly (E3),

pursuant to Regulation No. 110 under approval nud@2439. The first two digits of the approval

number indicate that the approval was granted eoraance with the requirements of Regulation
No. 110 in its original form.

Model B
(See paragraph 16.2. of this Regulation)

o
NS [<V)
i
oo

110 002439
83 041628

& 8 mm

The above approval mark affixed to a vehicle shthet the vehicle has, with regard to the
installation of CNG system for the use of CNG fowgilsion, been approved in Italy(E3), pursuant
to Regulation No. 110 under approval number 00243t first two digits of the approval number
indicate that at the date the approval was graimedccordance with the requirements of
Regulation No. 110 in its original form and thatggktion No. 83 included the 04 series of
amendments.
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Annex 2D

COMMUNICATION

(Maximum format: A4 (210 x 297 mm))

issued by : Name of administration:

concerning:; 2 APPROVAL GRANTED
APPROVAL EXTENDED
APPROVAL REFUSED
APPROVAL WITHDRAWN
PRODUCTION DEFINITELY DISCONTINUED

of a vehicle type with regard to the installatidrCING system pursuant to Regulation No. 110

Approval No.: .................... Extension No................
1. Trade name or Mark Of VENICIE: .......... oo eeeieeeeeeeiiiiiiiiieeeee e
2. RV ool L= £ o= P PUPPPPPPPPPPPR:
3 Y] a1 To L= o= 1= To (o] Y/ PPUPSPUPPPRPRP
4 Manufacturer's Name and A0drESS: ........cecmmmieririiiiiierie e e e ree e s e s
5 If applicable, name and address of manufacturepresentative:...............cccoeeeee e
6 Description of the vehicle, drawings, etc. (reddtailing):...............oooeeiiienn.
7 TS TESUILS: ...ttt e et e e e e e ettt e e e e e e e e e e emnatt e eeeeeessaaanaeaaeeessnes

8. Vehicle submitted for approval ON: ........ oo



10.

11.

11.1.

11.1.1.

11.1.2.

12.

13.

14.

15.

16.

17.

18.
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Date of report issued Dy that SEIVICE: .....ccccuiiiiiiiiii e
CNG system

Trade name or mark of components and theroapl numbers:..............ccooeeveviviivviennns
Container(s) or CYNNAEI(S): ..oveiii e e,
etc. (see para. 2.2. of the RegUIALION).............uuvuiiiiiec e

No. of report issued by that SEIVICE: ...

[ = o TR

D7

The following documents filed with the applicat or extension of approval can be
obtained upon request:

Drawings, diagrams and scheme plans regardingdaimpanents and the installation of
the CNG equipment considered to be of importancé® purpose of this Regulation;

Where applicable drawings of the various equipnagiak their position in the vehicle.

1Y  Distinguishing number of the country which hasarged/extended/refused/withdrawn
approval (see approval provisions in the Regulation

2/ Strike out what does not apply.
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Annex 3

GAS CYLINDERS HIGH PRESSURE CYLINDER FOR THE ON-B@® STORAGE
OF NATURAL GAS AS A FUEL FOR AUTOMOTIVE VEHICLES

1. SCOPE

This annex sets out minimum requirements for ligbtght refillable gas cylinders.
The cylinders are intended only for the onboardsgfe of high pressure compressed
natural gas as a fuel for automotive vehicles tactvkthe cylinders are to be fixed.
Cylinders may be of any steel, aluminium or nonatlietmaterial, design or method
of manufacture suitable for the specified servimeditions. This annex also covers
stainless steel metal liners of seamless or weldasdtruction. Cylinders covered by
this annex are classified in Class 0, as desciibpdragraph 2. of this Regulation,
and are:

CNG-1 Metal

CNG-2 Metal liner reinforced with resin impregnatedntinuous filament
(hoop wrapped)
CNG-3 Metal liner reinforced with resin impregnatedntinuous filament

(fully wrapped)

CNG-4 Resin impregnated continuous filament witthoa-metallic liner (all
composite)

Service conditions to which the cylinders will babgcted are detailed in
paragraph 4. This annex is based upon a workirgspre for natural gas as a fuel of
20 MPa settled at 1% with a maximum filling pressure of 26 MPa. Otharking
pressures can be accommodated by adjusting theupedsy the appropriate factor
(ratio). For example, a 25 MPa working pressuréssywill require pressures to be
multiplied by 1.25.

The service life of the cylinder shall be defingdthe manufacturer and may vary
with applications. Definition of service life is $&d upon filling the cylinders
1,000 times a year for a minimum of 15,000 filleeTmaximum service life shall be
20 years.

For metal and metal-lined cylinders, the cylindferis based upon the rate of fatigue
crack growth. The ultrasonic inspection, or equewél of each cylinder or liner is
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required to ensure the absence of flaws which ektteemaximum allowable size.
This approach permits the optimised design and faature of light weight
cylinders for natural gas vehicle service.

For all-composite cylinders with non-metallic naatl bearing liners the "safe life"
is demonstrated by appropriate design methodsgmuiegialification testing and
manufacturing controls.

2. REFERENCES

The following standards contain provisions whichrotigh reference in this text, constitute
provisions of this annex (until equivalent ECE pstans will be available).

ASTM Standards/1

ASTM B117-90 Test method of Salt Spray (Fog) Testin

ASTM B154-92 Mercurous Nitrate Test for Copper &apper Alloys

ASTM D522-92 Mandrel Bend Test of attached Org&uatings;

ASTM D1308-87 Effect of Household Chemicals on €&l Pigmented
Organic Finishes;

ASTM D2344-84 Test Method for Apparent interlamisdrear Strength
of Parallel Fibre Composites by Short Beam Method;

ASTM D2794-92 Test Method for Resistance of Org&uatings to the
Effects of Rapid Deformation (Impact);

ASTM D3170-87 Chipping Resistance of Coatings;

ASTM D3418-83 Test Method for Transition TemperatuPolymers by

Thermal Analysis;

ASTM E647-93 Standard Test, Method for MeasurenwnEatigue
Crack Growth Rates;

ASTM E813-89 Test Method foic) a Measure of Fracture Toughness;

1/ American Society for Testing and Materials.
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ASTM G53-93

BSI Standards/2

BS 5045:

BS 7448-91

EN 13322-2 2003

EN ISO 5817 2003

ISO Standards/3
ISO 148-1983

ISO 306-1987

ISO 527 Pt 1-93

ISO 642-79

ISO 2808-91

2/ British Standards Institution.

} Rev.2/Add.109/Rev.1

Standard Practice for Operating Lighd aVater -
Exposure Apparatus (Fluorescent UV-Condensation
Type) for Exposure of non-metallic materials

Part 1 (1982) Transportable Gas Contsiner
Specification for Seamless Steel Gas Containeryébo
0.5 litre Water Capacity

Fracture Mechanics Toughness Tests-\ethod for
Determination of K, Critical COD and Critical
J Values of BS PD 6493-1991.Guidance an Methods for
Assessing the A Acceptability of Flaws in Fusion
Welded Structures; Metallic Materials

Transportable gas cylinders — Rbfé welded steel
gas cylinders - Design and construction — Part 2:
Stainless steel

Arc-welded joints in steel; guickaan quality levels for
imperfections

Steel - Charpy Impact Test (v-notch);

Plastics - Thermoplastic Materialsetddmination of
Vicat Softening Temperature ;

Plastics - Determination of TenBiteperties - Part I:
General principles;

Steel-Hardenability —Test
(Jominy Test);

by End Quenghin

Paints and Varnishes - DeterminatidinofT hickness;

3/ International Organization for Standardization.



ISO 3628-78

ISO 4624-78
ISO 6982-84
ISO 6506-1981

ISO 6508-1986

ISO 7225

ISO/DIS 7866-1992

ISO 9001:1994
ISO 9002:1994

ISO/DIS 12737

ISO/IEC Guide 25-1990

ISO/IEC Guide 48-1986

ISO/DIS 9809

NACE Standard 4

NACE TM0177-90

4
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Glass Reinforced Materials - Deternmomadf Tensile
Properties

Plastics and Varnishes - Pull-off Testdhesion;
Metallic Materials - Tensile Testing,
Metallic Materials - Hardness teBtinell Test;

Metallic Materials - Hardness TesBockwell Test
(Scales, ABCDEFGHK);

Precautionary Labels for Gas Cylinders,

Refillable Transportable Seamiggsninium Alloy
Cylinders for Worldwide Usage Design, Manufacture
and Acceptance;

Quality Assurance in Design/Develaptrferoduction,
Installation and Servicing;
Quality Assurance in Production arstiallation;

Metallic Materials - Determinationtbeé Plane-Strain
Fracture Toughness;

General requirements fofmiehnical Competence of
Testing Laboratories;

Guidelines for Third Partys@ssment and Registration
of Supplies Quality System;

Transportable Seamless Steel Gas d&ybnDesign,
Construction and Testing - PartI: Quenched and
Tempered Steel Cylinders with Tensile Strength
<1100 MPa;

Laboratory Testing of Metals for Btance to Sulphide
Stress Cracking in # Environments.

National Association of Corrosion Engineers.
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3.1.

3.2.

3.3.

3.4.

3.5.

3.6.

3.7.

3.8.

3.9.

3.10.

DEFINITIONS

For the purpose of this annex the following déitomis shall apply:

(not allocated)

auto-frettageA pressure application procedure used in manuifexgf composite
cylinders with metal liners, which strains the lingast its limit of elasticity,
sufficiently to cause permanent plastic deformatubwich results in the liner having

compressive stresses and the fibres having testsiieses at zero internal pressure.

auto-frettage pressurehe pressure within the over-wrapped cylindewlaich the
required distribution of stresses between the lamet the over-wrap is established.

batch - composite cylinder& "batch" shall be a group of cylinders succeslgiv
produced from qualified liners having the same,silBsign, specified materials of
construction and process of manufacture.

batch - metal cylinders and linefs"batch” shall be a group of metal cylinders or
liners successively produced having the same ralndilameter, wall thickness,
design, specified material of construction, proagfssianufacture, equipment for
manufacture and heat treatment, and conditionmef temperature and atmosphere
during heat treatment.

batch non-metallic linersA "batch" shall be a group of non-metallic liger
successively produced having the same nominal deameall thickness, design
specified material of construction and process ahuafacture.

batch limitsin no case shall a "batch" be permitted to ex@88dfinished cylinders
or liners (not including destructive test cylinderdiners), or one shift of successive
production, whichever is greater.

composite cylinderA cylinder made of resin impregnated continuoilesnfent
wound over a metallic or non-metallic liner. Comip@sylinders using non-metallic
liners are referred to as all-composite cylinders.

controlled tension windingA process used in manufacturing hoop wrapped
composite cylinders with metal liners by which coagsive stresses in the liner and
tensile stresses in the over-wrap at zero intgneedsure are obtained by winding the
reinforcing filaments under significant high tensio

filling pressureThe gas pressure in the cylinder immediately upmmpletion of
filling.
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3.11. finished cylindersCompleted cylinders which are ready for use,dgpof normal
production, complete with identification marks aagternal coating including
integral insulation specified by the manufacturbut free from non-integral
insulation or protection.

3.12. full-wrap An over-wrap having a filament wound reinforcemdioth in the
circumferential and axial direction of the cylinder

3.13. gas temperatur€he temperature of gas in a cylinder.

3.14. hoop-wrapAn over-wrap having a filament wound reinforcemiara substantially

circumferential pattern over the cylindrical portiof the liner so that the filament
does not carry any significant load in a directianallel to the cylinder longitudinal
axis.

3.15. Jiner A container that is used as a gas-tight, innellsbn which reinforcing fibres
are filament wound to reach the necessary strengiwo types of liners are
described in this standard: Metallic liners that@esigned to share the load with the
reinforcement, and non-metallic liners that do caty any part of the load.

3.16. manufacturei he person or organization responsible for treége fabrication and
testing of the cylinders.

3.17. maximum developed pressurbe settled pressure developed when gas inradeyli
filled to the working pressure is raised to the mmaxm service temperature.

3.18. over-wrapThe reinforcement system of filament and resipliad over the liner.

3.19. prestressinglhe process of applying auto-frettage or corgbtiension winding.

3.20. service life The life in years during which the cylinders msafely be used in
accordance with the standard service conditions.

3.21. settled pressuréhe gas pressure when a given settled temperatueached.

3.22. settled temperatur€he uniform gas temperature after any changermperature

caused by filling has dissipated.
3.23. test pressur@he pressure at which the cylinder is hydrostdlijicested.

3.24. working pressuré&he settled pressure of 20 MPa at a uniform teatpee of 15C.
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4.1.

4.1.1.

4.1.2.

4.1.3.

SERVICE CONDITIONS
General
Standard service conditions

The standard service conditions specified ins$kigion are provided as a basis for
the design, manufacture, inspection, testing, apdoval of cylinders that are to be
mounted permanently on vehicles and used to stateral gas at ambient
temperatures for use as a fuel on vehicles.

Use of cylinders

The service conditions specified are also intertdeggrovide information on how
cylinders made to this Regulation may safely baluse

(@) manufacturers of cylinders;

(b) owners of cylinders;

(c) designers or contractors responsible for teallation of cylinders;
(d) designers or owners of equipment used to refeigicle cylinders;
(e) suppliers of natural gas; and

(H  regulatory authorities who have jurisdictionen\cylinder use.

Service life

The service life for which cylinders are safe bl specified by the cylinder
designer on the basis of use under service conditipecified herein. The maximum
service life shall be 20 years.
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4.1.4.1.

4.1.4.2

4.2.

4.3.
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Periodic requalification

Recommendations for periodic requalification bsual inspection or testing during
the service life shall be provided by the cylindenufacturer on the basis of use
under service conditions specified herein. Eacimdgr shall be visually inspected at
least every 48 months after the date of its emtity $ervice on the vehicle (vehicle
registration), and at the time of any re-instatlati for external damage and
deterioration, including under the support strafise visual inspection shall be
performed by a competent agency approved or rezednby the Regulatory
Authority, in accordance with the manufacturersceations: Cylinders without
label containing mandatory information, or with d#b containing mandatory
information that are illegible in any way shall bEmoved from service. If the
cylinder can be positively identified by manufaeturand serial number, a
replacement label may be applied, allowing thencldr to remain in service.

Cylinders involved in collisions

Cylinders which have been involved in a vehicldision shall be reinspected by an
agency authorized by the manufacturer, unlesswiberdirected by the Authority

having jurisdiction. Cylinder which have not exgerted any impact damage from

the collision may be returned to service, otherwligecylinder shall be returned to
the manufacturer for evaluation.

Cylinders involved in fires

Cylinders which have been subject to the actiofirefshall be reinspected by an
agency authorized by the manufacturer, or conderanddemoved from service.

Maximum pressures

The cylinder pressure shall be limited to thedaihg:

(@) a pressure that would settle to 20 MPa atteeddemperature of 1%C;
(b) 26 MPa, immediately after filling, regardless@mperature;

Maximum number of filling cycles

Cylinders are designed to be filled up to a sepieessure of 20 MPa bar at a settled
gas temperature of P& for up to 1,000 times per year of service.
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4.4,

4.4.1.

4.4.2.

4.4.3.

4.5.

Temperature range

Settled gas temperature

Settled temperature of gas in cylinders may vesynfa minimum of -40C to a
maximum of 65°C;

Cylinder temperatures

The temperature of the cylinder materials may W&y a minimum of -40C to a
maximum of +82°C;

Temperatures over +8& may be sufficiently local, or of short enoughatian, that
the temperature of gas in the cylinder never exxedb °C, except under the
conditions of paragraph 4.4.3;

Transient temperatures

Developed gas temperatures during filling and disgh may vary beyond the
limits of paragraph 4.4.1;

Gas composition

Methanol and/or glycol shall not be deliberatedded to the natural gas. Cylinder
should be designed to tolerate being filled withurel gas meeting either of the
following three conditions:

(a) SAE J1616
(b) Dry gas

Water vapour would normally be limited to lesst82 mg/m. a pressure dewpoint
of -9°C at 20 MPa. There would be no constituent linotsdry gas, except for:

Hydrogen sulfide and other soluble sulfides: 23mig
Oxygen: 1 per cent by volume

Hydrogen shall be limited to 2 per cent by volurteen cylinders are manufactured
from a steel with an ultimate tensile strength exiteg 950 MPa;
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4.7.
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(c) Wet gas

Gas that contains a water content higher thanobnally meets the following
constituent limits;

Hydrogen sulfide and other soluble sulfides: 23mig

Oxygen: 1 per cent by volume
Carbon dioxide: 4 per cent by volume
Hydrogen: 0.1 per cent by volume

Under wet gas conditions, a minimum of 1 mg of poessor oil per kg of gas is
necessary to protect metallic cylinders and liners.

External surfaces

Cylinders are not designed for continuous expasumgechanical or chemical attack,
e.g. leakage from cargo that may be carried oncleshor severe abrasion damage
from road conditions, and shall comply with recagui installation standards.
However, cylinder external surfaces may be inaéwelt exposed to:

(@) water, either by intermittent immersion or raguaay;

(b) salt, due to the operation of the vehicle nleaocean or where ice melting salt
is used;

(c) ultra-violet radiation from sunlight;

(d) impact of gravel,

(e) solvents, acids and alkalis, fertilizers; and

(H automotive fluids, including gasoline, hydraufiuids, glycol and oils.

Gas permeation or leakage

Cylinders may be located in enclosed spaces feneet periods of time. Permeation
of gas through the cylinder wall or leakage betwtberend connections and the liner
shall be considered in the design.
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5.1.

5.2.

DESIGN APPROVAL
General

The following information shall be submitted by thdinder designer with a
request for approval to the Competent Authority:

(@) statement of service (paragraph 5.2.)

(b) design data (paragraph 5.3.)

(c) manufacturing data (paragraph 5.4.)

(d) quality system (paragraph 5.5.)

(e) fracture performance and NDE (Non Destructixar&ination) defect size
(paragraph 5.6.);

() specification sheet (paragraph 5.7.)

(g) additional supporting data (paragraph 5.8.)

For cylinders designed in accordance with ISO 9B(8 not required to
provide the stress analysis report in paragrapl25@ the information in
paragraph 5.6.

Statement of service

The purpose of this statement of service is toguikrs and installers of cylinders as
well as to inform the approving Competent Authaqrityr their designated
representative. The statement of service shallidec!

(a) astatement that the cylinder design is swatldrluse in the service conditions
defined in paragraph 4 for the service life of tigknder;

(b) the service life;

(c) the minimum in-service test and/or inspectieguirements;

(d) the pressure relief devices and/or insulateaquired;

(e) support methods, protective coatings, etcyired but not provided;

( adescription of the cylinder design;

(g) any other information necessary to ensure #dfie gse and inspection of the
cylinder.
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5.3.1.

5.3.2.

5.3.3.

5.3.4.
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Design data
Drawings
Drawings shall show the following as a minimum:

(@) Title, reference number, date of issue, andi@vnumbers with dates of issue
if applicable;

(b) Reference to this Regulation and the cylingipet

(c) All dimensions complete with tolerances, inéhgldetails of end closure
shapes with minimum thicknesses and of openings;

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

(e) Material specifications, complete with minimunechanical and chemical
properties or tolerance ranges and, for metal dgli®m or metal liners, the
specified hardness range;

() Other data such as, auto-frettage pressuresramgimum test pressure, details
of the fire protection system and of the exteriatective coating.

Stress analysis report

A finite element stress analysis or other stresdyais shall be provided,;
A table summarizing the calculated stresses imepert shall be provided.
Material test data

A detailed description of the materials and tatess of the materials properties used
in the design shall be provided. Test data shadl bk presented characterizing the
mechanical properties and the suitability of thetamals for service under the
conditions specified in paragraph 4.

Design qualification test data

The cylinder material, design, manufacture andremation shall be provided to be
adequate for their intended service by meetingafairements of the tests required
for the particular cylinder design, when testedastordance with the relevant
methods of test detailed in Appendix A to this anne

The test data shall also document the dimensigal thicknesses and weights of
each of the test cylinders.
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5.3.5.

5.3.6.

5.4.

5.5.
5.6.

5.6.1.

5.6.2.

5.7.

Fire protection

The arrangement of pressure relief devices thapwatect the cylinder from sudden
rupture when exposed to the fire conditions in gaah A.15 shall be specified. Test
data shall substantiate the effectiveness of teeipd fire protection system.

Cylinder supports

Details of cylinder supports or support requiretaehall be provided in accordance
with paragraph 6.11.

Manufacturing data

Details of all fabrication processes, non-desiveatxaminations, production tests
and batch tests Shall be provided; The tolerarareslfproduction processes such as
heat treatment, end forming, resin mix ratio, filahwinding tension and speed,
curing times and temperatures, and auto-frettageepiures shall be specified,;
Surface finish, thread details, acceptance critéoia ultrasonic scanning (or
equivalent), and maximum lot sizes for batch tektl also be specified.

(not allocated)

Fracture performance and NDE defect size

Fracture performance

The manufacturer shall demonstrate the Leak-BeBoeak performance of the
design as described in paragraph 6.7.

NDE defect size

Using the approach described in paragraph 6.48.&anufacturer shall establish the
maximum defect size for non-destructive examinatvbich will prevent the failure
of the cylinder during its service life due to fate, or failure of the cylinder by
rupture.

Specification sheet

A summary of the documents providing the informatiequired in paragraph 5.1.
shall be listed on a specification sheet for eatinaer design. The title, reference
number, revision numbers and dates of originaleismod version issues of each
document shall be given. All documents shall beesigor initialled by the issuer;
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The specification sheet shall be given a numberyavision numbers if applicable,
that can be used to designate the cylinder desidrslaall carry the signature of the
engineer responsible for the design. Space shptidveed on the specification sheet
for a stamp indicating registration of the design.

Additional supporting data

Additional data which would support the applicatisuch as the service history of
material proposed for use, or the use of a pagrayllinder design in other service
conditions, shall be provided where applicable.

Approval and certification

Inspection and testing

Evaluation of conformity is required to be perfeunin accordance with the
provisions of paragraph 9 of this Regulation;

In order to ensure that the cylinders are in ceempk with this international
Regulation they shall be subject to inspectiondcoadance with paragraphs 6.13.
and 6.14. performed by the Competent Authority.

Test certificate

If the results of prototype testing according &vggraph 6.13. are satisfactory, the
Competent Authority shall issue a test certificAte example of a test certificate is
given in Appendix D to this annex.

Batch acceptance certificate

The Competent Authority shall prepare an acceptamstificate as provided 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.

REQUIREMENTS APPLICABLE TO ALL CYLINDER TYPES

General

The following requirements are generally applieablthe cylinder types specified in
paragraphs 7 to 10. The design of cylinders slakcall relevant aspects which are
necessary to ensure that every cylinder producsat@ing to the design is fit for its
purpose for the specified service life; Type CNGtéel cylinders designed in
accordance with ISO 9809 and meeting all the requents therein are only required
to meet the requirements of paragraphs 6.3.2.46&ntb 6.13.

Design

This Regulation does not provide design formutaspermissible stresses or strains,
but requires the adequacy of the design to belegtiad by appropriate calculations
and demonstrated by cylinders being capable ofistamily passing the materials,
design qualification, production and batch testscdf@d in this Regulation; All
designs shall ensure a "leakage before breaktéaiwde under feasible degradation
of pressure parts during normal service. If leak#fgaetal cylinders or metal liners
occurs, it shall be only by the growth of a fatiguack.

Materials

Materials used shall be suitable for theiserconditions specified in paragraph 4.
The design shall not have incompatible materiat®mtact. The design qualification
tests for materials are summarised in table 6.1.

Steel
Composition

Steels shall be aluminium and/or silicon killealgmoduced to predominantly fine
grain practice. The chemical composition of alefehall be declared and defined at
least by:

(@) carbon, manganese, aluminium and silicon cdsierall cases;

(b) nickel, chromium, molybdenum, boron and vanadaontents, and any other
alloying elements intentionally added. The follagilimits shall not be
exceeded in the cast analysis:
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Tensile strength <950 MPa > 950 MPa
Sulfur 0.020 per cent 0.010 per cent
Phosphorus 0.020 per cent 0.020 per cent
Sulfur and 0.030 per cent 0.025 per cent
Phosphorus

When a carbon-boron steel is used, a hardenatgityn accordance with ISO 642,
shall be performed on the first and last ingot lab ©of each heat of steel. The
hardness as measured in a distance of 7.9 mm fr@quienched end, shall be within
the range 33-53 HRC, or 327-560 HV, and shall bdifiesl by the material
manufacturer;

Tensile properties

The mechanical properties of the steel in thesffiad cylinder or liner shall be
determined in accordance with paragraph A.1 (AppefAjl The elongation for steel
shall be at least 14 per cent;

Impact properties
The impact properties of the steel in the finisbgahder or liner shall be determined
in accordance with paragraph A.2 (Appendix A). letpalues shall not be less than
that indicated in table 6.2 of this annex;

Bending properties

The bending properties of the welded stainlessl gtethe finished liner shall be
determined in accordance with paragraph A.3. (AdpeA).

Macroscopic weld examination

A macroscopic weld examination for each type ofdimg procedure shall be
performed. It shall show complete fusion and shalfree of any assembly faults or
unacceptable defects as specified according td @we EN ISO 5817.

Sulfide stress cracking resistance

If the upper limit of the specified tensile strémépr the steel exceeds 950 MPa, the
steel from a finished cylinder shall be subjectedat sulphide stress cracking

resistance test in accordance with Appendix A i®dhnex, item A.3. and meet the

requirements listed therein.
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6.3.3.

6.3.3.1.

6.3.3.2.

6.3.3.3.

6.3.3.4.

6.3.4.

6.3.4.1.

6.3.4.2.

6.3.4.3.

Aluminium

Composition
Aluminium alloys shall be quoted in line with Alumium Association practice for a
given alloy system. The impurity limits for leaddHbismuth in any aluminium alloy
shall not exceed 0.003 per cent;

Corrosion tests
Aluminium alloys shall meet the requirements @& torrosion tests carried out in
accordance with paragraph A.4 (Appendix A);

Sustained load cracking

Aluminium alloys shall meet the requirements af sustained load cracking tests
carried out in accordance with paragraph A.5 (ApipeA);

Tensile properties

The mechanical properties of the aluminium alloyhie finished cylinder shall be
determined in accordance with paragraph A.l (AppeAd. The elongation for

aluminium shall be at least 12 per cent.

Resins

General

The material for impregnation may be thermosettorgthermoplastic resins.
Examples of suitable matrix materials are epoxydified epoxy, polyester and
vinylester thermosetting plastics, and polyethylane polyamide thermoplastic
material;

Shear strength

Resin materials shall be tested in accordancepaitigraph A.26 (Appendix A), and
meet the requirements therein;

Glass transition temperature

The glass transition temperature of the resin n@tshall be determined in
accordance with ASTM D3418.
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Fibres

Structural reinforcing filament material types Il glass fibre, aramid fibre or
carbon fibre. If carbon fibre reinforcement is utieeldesign shall incorporate means
to prevent galvanic corrosion of metallic composewf the cylinder. The
manufacturer shall keep on file the published djpations for composite materials,
the material manufacturer's recommendations faagy conditions and shelf life
and the material manufacturer's certification #eth shipment conforms to said
specification requirements. The fibre manufactshed! certify that the fibre material
properties conform to the manufacturer's specibaatfor the product.

Plastic liners

The tensile yield strength and ultimate elongasioall be determined in accordance
with paragraph A.22 (Appendix A). Tests shall destaate the ductile properties of
the plastic liner material at temperatures of *60or lower by meeting the values
specified by the manufacturer; The polymeric matesiall be compatible with the
service conditions specified in paragraph 4 of Hngsex. In accordance with the
method described in paragraph A.23 (Appendix A9,dbftening temperature shall
be at least 90C, and the melting temperature at least AD0

Test pressure
The minimum test pressure used in manufacture lse&0 MPa;

Burst pressures and fibre stress ratios

For all types of cylinder the minimum actual bymstssure shall not be less than the
values given in table 6.3 of this annex. For typ3z2, CNG-3 and CNG-4 designs
the composite over-wrap shall be designed for retihbility under sustained loading
and cyclic loading. This reliability shall be achéel by meeting or exceeding the
composite reinforcement stress ratio values gimeiable 6.3 of this annex. Stress
ratio is defined as the stress in the fibre atghecified minimum burst pressure
divided by the stress in the fibre at working puessThe burst ratio is defined as the
actual burst pressure of the cylinder divided Ieytorking pressure; For type CNG-4
designs, the stress ratio is equal to the burgi; rabr type CNG-2 and CNG-3
designs (metal-lined, composite over-wrapped)sta# calculations must include:

(&) An analysis method with capability for non-Bmematerials (special purpose
computer program or finite element analysis program

(b) Elastic-plastic stress-strain curve for lineaterial must be known and
correctly modelled;
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6.6.

6.7.

6.8.

(c) Mechanical properties of composite materialsite correctly modelled;

(d) Calculations must be made at: auto-frettage atter auto-frettage, working
and minimum burst pressures;

(e) Prestresses from winding tension must be ad¢eddor in the analysis;

(H  Minimum burst pressure must be chosen such ttheitcalculated stress at
minimum burst pressure divided by the calculateglsstat working pressure
meets the stress ratio requirements for the fibeslu

() When analyzing cylinders with hybrid reinforcemt (two or more different
fibre types), the load share between the diffefémés must be considered
based on the different elastic modulii of the fgrerhe stress ratio
requirements for each individual fibre type mustitbeccordance with the
values given in table 6.3. of this annex. Verifica of the stress ratios may
also be performed using strain gauges. An acceptabthod is outlined in the
informative Appendix E to this annex.

Stress analysis

A stress analysis shall be performed to justigrtiinimum design wall thicknesses.
It shall include the determination of the stressekners and fibres of composite
designs.

Leak-before-break (LBB) assessment

Types CNG-1, CNG-2 and CNG-3 cylinders shall destiaite Leak-Before-Break
(LBB) performance. The LBB performance test shallcarried out in accordance
with paragraph A.6 (Appendix A). Demonstration dBB. performance is not
required for cylinder designs that provide a fagidiie exceeding 45,000 pressure
cycles when tested in accordance with paragrap8 @afpendix A). Two methods
of LBB assessment are included for information ppAndix F to this annex.

Inspection and testing

The manufacturing inspection shall specify progrees and procedures for:

(@) manufacturing inspection, tests and acceptariteia; and

(b) periodic in service inspection, tests and atarege criteria. The interval of
visual reinspection of the external cylinder suefashall be in accordance with
paragraph 4.1.4. of this annex unless varied bZtimapetent Authority. The
manufacturer shall establish the visual reinspaagtgection criteria based on
the results of pressure cycling tests performecytinders containing flaws. A
guide for manufacturer's instructions for handlinge and inspection is
provided in Appendix G to this annex.
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Fire protection

All cylinders shall be protected from fire withgssure relief devices. The cylinder,
its materials, pressure relief devices and anyddudailation or protective material

shall be designed collectively to ensure adequaetysduring fire conditions in the

test specified in paragraph A.15 (Appendix A).

Pressure relief devices shall be tested in acocslawith paragraph A.24
(Appendix A).

Openings

General

Openings are permitted in heads only. Centrediropenings shall coincide with the
longitudinal axis of the cylinder. Threads shalldbean cut, even, without surface

discontinuities, and to gauge.

Cylinder supports

The manufacturer shall specify the means by wbytinders shall be supported for
installation on vehicles. The manufacturer shadbasupply support installation
instructions, including clamping force and torqa@tovide the required restraining
force but not cause unacceptable stress in thedgylior damage to the cylinder
surface.

Exterior environmental protection

The exterior of cylinders shall meet the requiretaeof the environmental test
conditions of paragraph A.14 (Appendix A). Extegootection may be provided by
using any of the following:

(@) asurface finish giving adequate protectiog. (eetal sprayed on aluminium,
anodizing); or

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

(c) a protective coating (e.g. organic coating,npaithat shall meet the
requirements of paragraph A.9 (Appendix A).
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6.13.

6.14.

6.15.

6.15.1.

Any coatings applied to cylinders shall be suctt the application process does not
adversely affect the mechanical properties of tylsmaer. The coating shall be
designed to facilitate subsequent in service inspe@nd the manufacturer shall
provide guidance on coating treatment during saspection to ensure the continued
integrity of the cylinder.

Manufacturers are advised that an environmentébpeance test that evaluates the
suitability of coating systems is provided in th&ormative Appendix H to
this annex.

Design gualification tests

For the approval of each cylinder type the matedasign, manufacture and
examination shall be proved to be adequate for itieinded service by meeting the
appropriate requirements of the material qualifaratests summarized in table 6.1
of this annex and the cylinder qualification testsnmarized in table 6.4 of this
annex, with all tests in accordance with the ratevaethods of test as described in
Appendix A to this annex. The test cylinders oetmshall be selected and the tests
witnessed by the Competent Authority. If more ayéirs or liners are subjected to
the tests than are required by this annex, allteshall be documented.

Batch tests

The batch tests specified in this annex for egtihder type shall be conducted on
cylinders or liners taken from each batch of fiedtylinders or liners. Heat treated
witness samples shown to be representative ohdisylinders or liners may also be
used. Batch tests required for each cylinder typespecified in table 6.5 of this
annex.

Production examinations and tests

General

Production examinations and tests shall be caotgdn all cylinders produced in a
batch. Each cylinder shall be examined during maetufe and after completion by
the following means:

(@) ultrasonic scanning (or demonstrated equivalehinetallic cylinders and
liners in accordance with BS 5045, Part 1, AnnexoB,demonstrated
equivalent method, to confirm that the maximum dedeze present is smaller
than the size specified in the design;
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(b) verification that the critical dimensions andsa of the completed cylinder and
of any liner and over-wrapping are within desigletances;

(c) verification of compliance with specified surédinish with special attention to
deep drawn surfaces and folds or laps in the neskaulder of forged or spun
end enclosures or openings;

(d) verification of markings;

(e) hardness tests of metallic cylinders and limeescordance with paragraph .8
(Appendix A) shall be carried out after the finahl treatment and the values
thus determined shall be in the range specifiedhiedesign;

() hydrostatic proof test in accordance with paapty A.11 (Appendix A);

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

Maximum defect size

For type CNG-1, CNG-2 and CNG-3 designs, the marindefect size at any
location in the metal cylinder or metal liner thali not grow to a critical size within
the specified service life shall be determined. difitecal defect size is defined as the
limiting through-wall (cylinder or liner) thickneskefect that would allow stored gas
to be discharged without rupturing the cylinderfdaesizes for the rejection criteria
for ultrasonic scanning, or equivalent shall belfanghan the maximum allowable
defect sizes. For type CNG-2 and CNG-3 designsnasdhat there shall be no
damage to composite due to any time-dependent mischs; The allowable defect
size for NDE shall be determined by an appropra¢¢hod. Two such methods are
outlined in the informative Appendix F to this arne

Failure to meet test requirements

In the event of failure to meet test requirementesting or reheat treatment and
retesting shall be carried out as follows:

(@) ifthereis evidence of a fault in carrying auest, or an error of measurement,
a further test shall be performed. If the resuthis test is satisfactory, the first
test shall be ignored;

(b) Ifthe test has been carried out in a satiefgehanner, the cause of test failure
shall be identified.

If the failure is considered to be due to the hesttment applied, the manufacturer
may subject all the cylinders of the batch to @hfeir heat treatment.
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If the failure is not due to the heat treatmentligop all the identified defective
cylinders shall be rejected or repaired by an ammtanethod. The non-rejected
cylinders are then considered as a new batch.
In both cases the new batch shall be retestethéHtelevant prototype or batch tests
needed to prove the acceptability of the new bsitettl be performed again. If one or
more tests prove even partially unsatisfactorycwlinders of the batch shall be
rejected.
6.17. Change of design
A design change is any change in the selectiotradtsiral materials or dimensional
change not attributable to normal manufacturingraices.
Minor design changes shall be permitted to be fiedlithrough a reduced test
program. Changes of design specified in table Iéall sequire design qualification
testing as specified in the table.
Table 6.1- Material design qualification test
Relevant paragraph of this annex
Steel | Aluminium| Resins Fibres Plastic liners
Tensile properties 6.3.2.2. 6.3.3.4. 6.3.5. 6.3.6
Impact properties 6.3.2.3.
Bending properties 6.3.2.4.
Weld examination 6.3.2.5.
Sulfide stress cracking resistance  6.3.2.6.
Sustained load crack resistance 6.3.3.3.
Stress corrosion cracking 6.3.3.2)
Shear strength 6.3.4.2.
Glass transition temperature 6.3.4.3.
Softening/Melting temperature 6.3.6.
Fracture mechanics* 6.7. 6.7.
*/ Not required if flawed cylinder test approachparagraph A.7. of Appendix A is used.
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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| >5-79 >75-10 3to5
Test temperaturéC -50 -50
Mean of 3 specimern)s 30 35 40 60
Impact strength, J/cm?
Individual specimen 24 28 32 48

Table 6.3 Minimum actual burst values and stress ratios

CNG-1 CNG-2 CNG-3 CNG-4
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 45

metal

Glass 2.75 5 3.65 70Y 3.65 73
Aramid 2.35 47 3.10 68 3.1 62
Carbon 2.35 47 2.35 47 2.35 47
Hybrid 2) 2) 2)

Note 1- Minimum actual burst pressure. In additioncoédtions must be performed in
accordance with paragraph 6.5. of this annex tdirronthat the minimum stress ratio
requirements are also met.

Note 2- Stress ratios and burst pressures shall belatddun accordance with paragraph 4.
of this annex.




E/ECE/324
E/ECE/TRANS/505

Regulation No. 110
page 78
Annex 3

} Rev.2/Add.109/Rev.1

Table 6.4- Cylinder design qualification tests

Test and annex reference

Cylinder type

CNG-1

CNG-2

CNG-3

CNG-4

Al2
A.13
A.l4
A.15
A.16
A.l7
A.18
A.19
A.20
A2l
A.24
A.25
A.27
A.6

A7

Burst

Ambient temp/cycle
Acid environment test
Bonfire

Penetration

Flaw tolerance

High temp. creep
Stress rupture
Drop test
Permeation

PRD performance
Boss torque test
Natural gas cycling
LBB assesment
Extreme

temperature/cycle

x*
X*

X
X

XXX X X X X X

XX XX XX XX X

X

XXXXXXXXXXXXX

X

X = required

* = Not required for cylinders designed to ISA@9§ISO 9809 already provides for these tes

[S).

Table 6.5 Batch tests

Cylinder type
Test and annex reference CNG-1 CNG-2 CNG-3 CNG-4
A.12 Burst X X X X
A.13 Ambient cycle X X X X
Al Tensile X Xt Xt
A.2 Impact (steel) X Xt Xt
A.9.2 Coating * X X X X

required

X =
* = EXcept where no protective coating is used
T =

Tests on liner material
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Table 6.6- Critical production inspection requirements

Type CNG-1 CNG-2 CNG-3 CNG-4
Inspection requirement

Critical dimensions X X X X
Surface finish X X X X
Flaws (ultrasonic or equivalent) X X X

Hardness of metal cylinders and metal X X X

liners X X X X
Hydrostatic proof test X
Leak test X X X X
Markings

X = required
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Table 6.7- Change of design

Type of test

Burst [ Cycling Environ- |Bonfire |Flaw |Penetra- | Stress Boss torque | PRD
Hydro- [ambient |[mental tole- |tion rupture A.25 performance
Design change static | temp: rance A.19 Permeation
A.12 A.13 Al4 A.15 A.16 High. A21CNG |A24
A.17 temp:Creep| Cycling A.27
A.18
Drop test
A.20
Fibre manufacturer X X X* Xt
Metallic cylinder or X X X* X X* X X*
liner material
Plastic liner material X X Xt
Fibre material X X X X X X X Xt
Resin material X X X X
Diameter change X X
< 20 per cent
Diameter change X X X X* X
> 20 per cent
Length change X Xt
< 50 per cent
Length change X X Xt
> 50 per cent
Working pressure X X
change
< 20 per cent @
Dome shape X X Xt
Opening size X X
Coating change X
End boss design Xt
Change in manuf. X X
process
Pressure relief X X

device

X = requried

* Test not required on metal (CNG-1) designs:

t Test only required on all-composite (CNG-4) desig

¥ Test only required when length increases
@ Only when thickness change proportional to diamatd/or pressure change
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TYPE CNG-1 METAL CYLINDERS
General

The design shall identify the maximum size of dovedble defect at any point in the
cylinder which will not grow to a critical size Wi the specified retest period, or
service life if no retest is specified, of a cykmaperating to the working pressure.
Determination of leak-before-break (LBB) performeustall be done in accordance
with the appropriate procedures defined in pardgrap (Appendix A). Allowable
defect size shall be determined in accordance pathgraph 6.15.2. above.

Cylinders designed in accordance with ISO 9809ragrdting all the requirements
therein are only required to meet the materiatsésgiirements of paragraph 6.3.2.4.
above and the design qualification test requiremaitparagraph 7.5., except
paragraphs 7.5.2. and 7.5.3. below.

Stress analysis

The stresses in the cylinder shall be calculaie@ MPa, 20 MPa, test pressure and
design burst pressure. The calculations shall uisglde analysis techniques using
thin-shell theory that takes into account out-afr@ bending of the shell to establish
stress distributions at the neck, transition regiand the cylindrical part of the
cylinder.

Manufacturing and production test requirements

General

The ends of aluminium cylinders shall not be cldsgd forming process. The base
ends of steel cylinders which have been closedbyihg, except those cylinders
designed in accordance with ISO 9809, shall be Ni3fgected or equivalent. Metal
shall not be added in the process of closure attite Each cylinder shall be
examined before end forming operations for thickreesd surface finish.

After end forming the cylinders shall be heat tedab the hardness range specified
for the design. Localized heat treatment is notyted.

When a neck ring, foot ring or attachments for suppre provided, it shall be of
material compatible with that of the cylinder ardhlé be securely attached by a
method other than welding, brazing or soldering.
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7.3.2.

7.3.3.

7.4.

Non-destructive examination

The following tests shall be carried out on eaclatlie cylinder:

(a) Hardness test in accordance with paragrapl{A#ppendix A),

(b) Ultrasonic examination, in accordance with B®% Part 1, Annex |, or
demonstrated equivalent NDT method, to ensurdlleahaximum defect size

does not exceed the size specified in the desigiet@smined in accordance
with paragraph 6.15.2. above.

Hydrostatic pressure testing

Each finished cylinder shall be hydrostaticallggsure tested in accordance with
paragraph A.11 (Appendix A).

Cylinder batch tests

Batch testing shall be conducted on finished dgis which are representative of
normal production and are complete with identifmatmarks. Two cylinders shall be
randomly selected from each batch. If more cylindee subjected to the tests than
are required by this annex, all results shall brudwented. The following tests shall
as a minimum be carried out on these.

(@) Batch materials tests. One cylinder, or a heaht witness sample

representative of a finished cylinder, shall begjected to the following tests:

(i) Critical dimensions checked against the design;

(i) One tensile test in accordance with paragraph (Appendix A) and
meet the requirements of the design;

(iif) For steel cylinders, three impact tests ie@clance with paragraph A.2
(Appendix A) and meet the requirements of parag@pI2.3. above;

(iv) When a protective coating is a part of theigiesthe coating shall be
tested in accordance with paragraph A.9.2 (AppeAdiix

All cylinders represented by a batch test which t@aimeet the specified
requirements shall follow the procedures specifieparagraph 6.16. above.

Where the coating fails to meet the requirementspafagraph A.9.2

(Appendix A), the batch shall be 100 per cent iotge: to remove similarly

defective cylinders. The coating on all defectiynters may be stripped and
recoated. The coating batch test shall then beatege
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(b) Batch burst test. One cylinder shall be hydrstlly pressurized to burst in
accordance with paragraph A.12 (Appendix A).

If the burst pressure is less than the minimumutaled burst pressure the
procedures specified in paragraph 6.16. above badbllowed.

(c) Periodic pressure cycling test. Finished cydirsdshall be pressure cycled in
accordance with paragraph A.13 (Appendix A) atsh firequency defined as
follows:

(i) one cylinder from each batch shall be pressiyaed for a total of
1,000 times the specified service life in yearsthwa minimum
15,000 cycles;

(i) on 10 sequential production batches of a dedamily (i.e. similar
materials and processes), should none of the peesgcied cylinders in
(i) above leak or rupture in less than 1,500 cytitess the specified life
in years (minimum 22,500 cycles) then the pressyote test can be
reduced to one cylinder from every 5 batches ofipction;

(i) on 10 sequential production batches of a giesamily, should none of
the pressure cycled cylinders in (i) above leakapture in less than
2,000 cycles times the specified service life iarggminimum 30,000
cycles) then the pressure cycle test can be redocatke cylinder from
every 10 batches of production;

(iv) should more than 6 months have expired sifwe last batch of
production. then a cylinder from the next batctpafduction shall be
pressure cycle tested in order to maintain theaed frequency of batch
testing in (ii) or (iii) above.

(v) should any reduced frequency pressure cyctecydisder in (ii) or (iii)
above fail to meet the required number of pressayeles
(minimum 22,500 or 30,000 pressure cycles, resgelgt) then it shall
be necessary to repeat the batch pressure cytfesgsency in (i) for a
minimum 10 production batches in order to re-esthbihe reduced
frequency of batch pressure cycle testing in (iifiig above.

(vi) should any cylinder in (i), (i), or (iii) aba fail to meet the minimum
cycle life requirement of 1,000 cycles times thecsfied service life in
years (minimum 15,000 cycles), then the cause ifiréa shall be
determined and corrected following the procedunegaragraph 6.16.
The pressure cycle test shall then be repeatechadditional three
cylinders from that batch. Should any of the thadditional cylinders
fail to meet the minimum pressure cycling requiratad 1,000 cycles
times the specified service life in years, thenlthteh shall be rejected.
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7.5.

7.5.1.

7.5.2.

7.5.3.

7.5.4.

7.5.5.

7.5.6.

Cylinder design qualification tests

General

Qualification testing shall be conducted on fiedhcylinders which are
representative of normal production and completéh videntification marks.

Selection, witnessing and documentation of thelteshall be in accordance with
paragraph 6.13. above.

Hydrostatic pressure burst test

Three representative cylinders shall be hydrastiyi pressurised to failure in
accordance with paragraph A.12. (Appendix A to #@msex). The cylinder burst
pressures shall exceed the minimum burst pressioelated by the stress analysis
for the design, and shall be at least 45 MPa.

Ambient temperature pressure cycling test.

Two finished cylinders shall be pressure cyclezhabient temperature in accordance
with paragraph A.13 (Appendix A) to failure, oraaninimum of 45,000 cycles. The
cylinders shall not fail before reaching the sgedikervice life in years times 1,000
cycles. Cylinders exceeding 1,000 cycles timespleeified service life in years shall
fail by leakage and not by rupture. Cylinders whdchnot fail within 45,000 cycles
shall be destroyed either by continuing the cyclingil failure occurs, or by
hydrostatically pressurising to burst. The numbesoles to failure and the location
of the failure initiation shall be recorded.

Bonfire test

Tests shall be conducted in accordance with papdgh.15 (Appendix A) and meet
the requirements therein.

Penetration test

Test shall be conducted in accordance with papagfal6 (Appendix A) and meet
the requirements therein.

LBB performance
For cylinder designs not exceeding 45,000 cyclesniested as per paragraph 7.5.3.

above, LBB performance tests shall be conducteddordance with A.6 and meet
the requirements therein.
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TYPE CNG-2 HOOP-WRAPPED CYLINDERS
General

During pressurisation, this type of cylinder deslgrs a behaviour in which the
displacements of the composite over-wrap and théalmaer are linearly
superimposed. Due to different techniques of mastufa, this annex does not give a
definite method for design.

Determination of the leak-before-break (LBB) penf@nce shall be in accordance
with the appropriate procedures defined in pardgrap (Appendix A). Allowable
defect size shall be determined in accordance pathgraph 6.15.2. above.

Design requirements

Metal liner

The metal liner shall have a minimum actual bprsssure of 26 MPa.

Composite over-wrap

The tensile stress in the fibres shall meet thairements of paragraph 6.5. above.
Stress analysis

The stresses in the composite and in the liner pfesstress shall be calculated. The
pressures used for these calculations shall be 2évie®a, 20 MPa test pressure and
design burst pressure. The calculations shall uisglde analysis techniques using
thin-shell theory taking account of non-linear migebehaviour of the liner to
establish stress distributions at the neck, tremmsiegions and the cylindrical part of
the liner.

For designs using auto-frettage to provide presttle limits within which the auto-
frettage pressure must fall shall be calculated.

For designs using controlled tension winding to/pie prestress, the temperature at
which it is performed, the tension required in edayer of composite and the
consequent prestress in the liner shall be cakuxiat
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8.3.

8.3.1.

8.3.2.

8.3.3.

8.3.3.1.

Manufacturing requirements

General

The composite cylinder shall be fabricated fromlirer over-wrapped with
continuous filament windings. Filament winding ogtésns shall be computer or
mechanically controlled. The filaments shall be leggbunder controlled tension
during winding. After winding is complete, thermts®g resins shall be cured by
heating, using a predetermined and controlled tengperature profile.

Liner

The manufacture of a metallic liner shall meet thquirements given under
paragraph 7.3. above for the appropriate typenef Iconstruction.

Over-wrap

The cylinders shall be fabricated in a filamemaing machine. During winding the
significant variables shall be monitored withinsified tolerances, and documented
in a winding record. These variables can includegbe not limited to:

(a) fibre type including sizing;

(b) manner of impregnation;

(c) winding tension;

(d) winding speed;

(e) number of rovings;

(H band width;

(g) type of resin and composition;
(h) temperature of the resin;

() temperature of the liner.

Curing of thermosetting resins

If a thermosetting resin is used, the resin shalcbred after filament winding.

During the curing, the curing cycle (i.e. the titeeaperature history) shall be
documented.

The curing temperature shall be controlled and sloaaffect the material properties
of the liner. The maximum curing temperature fdirgers with aluminium liners is

177°C.
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Auto-frettage

Auto-frettage, if used, shall be carried out beftire hydrostatic pressure test. The
auto-frettage pressure shall be within the limstakelished in paragraph 8.2.3. above,
and the manufacturer shall establish the metheeridy the appropriate pressure.

Production test requirements

Non-destructive examination

Non-destructive examinations shall be carriedimatccordance with a recognized
ISO or an equivalent standard. The following testall be carried out on each
metallic liner:

(@) Hardness test in accordance with paragrapt{Apfendix A);

(b) Ultrasonic examination, in accordance with BBl%, Part 1, Annex 1B, or
demonstrated equivalent NDT method, to ensurdhtieahaximum defect size
does not exceed the size specified in the design.

Hydrostatic pressure testing

Each finished cylinder shall be hydrostaticallggsure tested in accordance with
paragraph A.11 (Appendix A). The manufacturer stiefine the appropriate limit of
permanent volumetric expansion for the test presssed, but in no case shall the
permanent expansion exceed 5per cent of the totametric expansion at test
pressure. Any cylinders not meeting the definedatépn limit shall be rejected and
either destroyed or used for batch rest purposes.

Cylinder batch tests

General

Batch testing shall be conducted on finished dgns which are representative of
normal production and are complete with identiimatmarks. Two cylinders, or a

cylinder and a liner as appropriate, shall be ramgselected from each batch. If
more cylinders are subjected to the tests tharegpdred by this annex, all results
shall be documented. The following tests shallms&@mum be carried out on these.

Where defects are detected in over-wrapping befioyeauto-frettage or hydrostatic
pressure testing, the over-wrapping may be conipletenoved and replaced,;
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(@) Batch materials tests. One cylinder, or lineheat treat witness sample that is
representative of a finished cylinder, shall begected to the following tests:
(i) Dimensions checked against the design;

(i) One tensile test in accordance with paragraph (Appendix A) and
meet the requirements of the design;

(i) For steel liners, three impact tests in acmorce with paragraph A.2
(Appendix A) and meet the requirements of the desig

(iv) When a protective coating is a part of theiglesthe coating shall be
tested in accordance with paragraph A.9.2 (AppeAjiand meet the
requirements therein. All cylinders or liners reqmeted by a batch test
which fails to meet the requirements specified Istiallow the
procedures specified in paragraph 6.16. above.

Where the coating fails to meet the requirementspafagraph A.9.2.

(Appendix A), the batch shall be 100 per cent iotge: to remove similarly

defective cylinders. The coating on all defectiyintlers may be stripped
using a method that does not affect the integfitig@composite wrapping, and
recoated. The coating batch test shall then beatege

(b) Batch burst test. One cylinder shall be testedaccordance with the
requirements of paragraph 7.4(b) above;

(c) Periodic pressure cycling test. In accordangth whe requirements of
paragraph 7.4(c) above.

8.6. Cylinder design qualification tests

8.6.1. General

Qualification testing shall be conducted on cyéirtdwhich are representative of
normal production and complete with identificatioarks. Selection, witnessing and
documentation of the results shall comply with geaph 6.13. above.

8.6.2. Hydrostatic pressure burst test
(@) One liner shall be hydrostatically burst in@dance with paragraph A.12.

(Appendix A). The burst pressure shall exceed ti@mum burst pressure
specified for the liner design;
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(b) Three cylinders shall be hydrostatically bursticcordance with paragraph
A.12 (Appendix A). Cylinder burst pressures shalteed the specified
minimum burst pressure established by the streslysas for the design, in
accordance with table 6.3, and in no case lessttizavalue necessary to meet
the stress ratio requirements of paragraph 6.5eabov

Ambient temperature pressure cycling test

Two finished cylinders shall be pressure cycldesat ambient temperature in
accordance with paragraph A.13 (Appendix A) tauia| or to a minimum of 45,000
cycles. The cylinders shall not fail before reaghime specified service life in years
times 1,000 cycles. Cylinders exceeding 1000 cyaiess the specified service life
in years shall fail by leakage and not by rupt@yinders which do not fail within
45,000 cycles shall be destroyed either by conimthe cycling until failure occurs,
or by hydrostatically pressurizing to burst. Cyknsl exceeding 45,000 cycles are
permitted to fail by rupture. The number of cydiedailure and the location of the
failure initiation shall be recorded.

Acid environment test

One cylinder shall be tested in accordance witagraph A.14 (Appendix A) and
meet the requirements therein. An optional envirental test is included in the
informative Appendix H to this annex.

Bonfire test

Finished cylinders shall be tested in accordanteparagraph A.15 (Appendix A)
and meet the requirements therein.

Penetration test

One finished cylinder shall be tested in accordamith paragraph A.16
(Appendix A) and meet the requirements therein.

Flaw tolerance tests

One finished cylinder shall be tested in accordamith paragraph A.17
(Appendix A) and meet the requirements therein.
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8.6.8.

8.6.9.

8.6.10.

8.6.11.

9.1.

High temperature creep test

In designs where the glass transition temperaititbe resin does not exceed the
maximum design material temperature by at leaS€2®ne cylinder shall be tested
in accordance with paragraph A.18 (Appendix A) areet the requirements therein.

Accelerated stress rupture test

One finished cylinder shall be tested in accordamith paragraph A.19
(Appendix A) and meet the requirements therein.

LBB performance

For cylinder designs not exceeding 45,000 cyclesniested as per paragraph 8.6.3.
above, LBB performance tests shall be conducteddordance with A.6 and meet
the requirements therein.

Extreme temperature pressure cycling test

One finished cylinder shall be tested in accordawith paragraph A.7 (Appendix A)
and meet the requirements therein.

TYPE CNG-3 FULLY-WRAPPED CYLINDERS
General

During pressurisation, this type of cylinder hasbehaviour in which the
displacements of the composite over-wrap and tiex kre superimposed. Due to
different techniques of manufacture, this annexsdu® give a definite method for
design; Determination of the leak-before-break ()LB#rformance shall be in
accordance with the appropriate procedures deiimedragraph A.6 (Appendix A).
Allowable defect size shall be determined in acano# with paragraph 6.15.2.
above.



9.2.

9.2.1.

9.2.2.

9.2.3.

9.3.

9.4.

9.5.

9.6.

E/ECE/324
E/ECE/TRANS/505
Regulation No. 110
page 91

Annex 3

} Rev.2/Add.109/Rev.1

Design requirements

Metal liner

The compressive stress in the liner at zero pressud 15C shall not cause the liner
to buckle or crease.

Composite over-wrap
The tensile stress in the fibres shall meet thhgirements of paragraph 6.5. above.
Stress analysis

The stresses in the tangential and longitudinedction of the cylinder in the
composite and in the liner after pressure shatldéeulated. The pressure used for
these calculations shall be zero, working presdirger cent of working pressure,
test pressure and design burst pressure. The limiitsn which autofrettaging
pressure must fall shall be calculated, The caficria shall use suitable analysis
techniques using thin-shell theory taking accodinom-linear material behaviour of
the liner to establish stress distributions at nieek, transition regions and the
cylindrical part of the liner.

Manufacturing requirements

Manufacturing requirements shall be in accordandad waragraph 8.3. above
except that the over-wrap shall also include hiyisgound filaments.

Production test requirements

Production test requirements shall be in accormelanith the requirements of
paragraph 8.4. above.

Cylinder batch tests

The batch tests shall be in accordance with tip@irements of paragraph 8.5. above.

Cylinder design qualification tests

Cylinder design qualification tests shall be it@dance with the requirements of
paragraph 8.6. above, and paragraph 9.6.1. bebegpe that the liner burst in
paragraph 8.6. above is not required.
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9.6.1.

10.

10.1.

10.2.

10.3.

10.4.

Drop test

One or more finished cylinders shall be drop tksite accordance with
paragraph A.30 (Appendix A).

TYPE CNG-4 ALL-COMPOSITE CYLINDERS
General

This annex does not give a definite method fodéngn of cylinders with polymeric
liners because of the variety of cylinder desigossible.

Design requirements

Design calculations shall be used to provide jigstifon of design adequacy. The
tensile stresses in the fibres shall meet the reougnts of paragraph 6.5. above.
Tapered and straight threads in accordance withigpaph 6.10.2. or 6.10.3. above
shall be used on the metal end bosses.

Metal end bosses with threaded openings shall led@lvithstand a torque force of
500 Nm, without damaging the integrity of the coetran to the non-metallic liner.
The metal end bosses connected to the non-melialic shall be of a material
compatible with the service conditions specifiegh@magraph 4 of this annex.

Stress analysis

The stresses in the tangential and longitudinedction of the cylinder in the
composite and in the liner shall be calculated. Phnessures used for these
calculations shall be zero, working pressure,gestsure and design burst pressure.
The calculations shall use suitable analysis tephes to establish stress distribution
throughout the cylinder.

Manufacturing requirements

Manufacturing requirements shall be in accordavitteparagraph 8.3. above except
that the curing temperature for thermosetting sesiall be at least PC below the
softening temperature of the plastic liner.
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Production test requirements

Hydrostatic pressure testing

Each finished cylinder shall be hydrostaticallggsure tested in accordance with
paragraph A.11 (Appendix A). The manufacturer sthafine the appropriate limit of
elastic expansion for the test pressure usednmg case shall the elastic expansion
of any cylinder exceed the average batch value byenthan 10 per cent. Any
cylinders not meeting the defined rejection lirhia be rejected and either destroyed
or used for batch test purposes.

Leak testing

Each finished cylinder shall be leak tested inoadance with paragraph A.10
(Appendix A) and meet the requirements therein.

Cylinder batch tests

General

Batch testing shall be conducted on finished dgis which are representative of
normal production and are complete with identifimaimarks. One cylinder shall be
randomly selected from each batch. If more cylindeae subjected to the tests than
are required by this annex, all results shall bmudwented. The following tests shall
as a minimum be carried out on these.

(@) Batch materials test

One cylinder, or liner, or liner witness samplettigarepresentative of a
finished cylinder, shall be subjected to the folilogvtests:

() Dimensions checked against the design;

(i)  One tensile test of the plastic liner in actance with paragraph A.22
(Appendix A) and meet the requirements of the desig

(i) The melt temperature of the plastic liner bhee tested in accordance
with paragraph A.23 (Appendix A), and meet the remuents of the
design;

(iv) When a protective coating is a part of theigiesthe coating shall be
tested in accordance with paragraph A.9.2 (ApperdixWhere the
coating fails to meet the requirements of paragrapt? (Appendix A),
the batch shall be 100 per cent inspected to rersiovidarly defective
cylinders. The coating on all defective cylinder@yme stripped using a
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method that does not affect the integrity of theposite wrapping, and
recoated. The coating batch test shall then beatege

(b) Batch burst test

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

(c) Periodic pressure cycling test

On one cylinder the end boss shall be torque test8@0 Nm in accordance
with the test method in paragraph A.25 (Appendix®je cylinder shall then
be pressure cycle tested in accordance with theedwes provided in
paragraph 7.4(c) above.

Following the required pressure cycling, the cyéindhall be leak tested in
accordance with the method described in paragrapf fAppendix A) and
meet the requirements therein.

10.7. Cylinder design gualification tests

10.7.1. General
Cylinder design qualification tests shall be ie@dance with the requirements of
paragraphs 8.6., 10.7.2., 10.7.3. and 10.7.4. iefahnex, except that the LBB
performance in paragraph 8.6.10. above is not redui

10.7.2. Boss torque test
One cylinder shall be tested in accordance withgraph A.25 (Appendix A).

10.7.3. Permeation test

One cylinder shall be tested for permeation inoed@nce with paragraph A.21
(Appendix A) and meet the requirements therein.

10.7.4. Natural gas cycling test

One finished cylinder shall be tested in accordamith paragraph A.27
(Appendix A) and meet the requirements therein.
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On each cylinder the manufacturer shall proviégaicpermanent markings not less
than 6 mm high. Marking shall be made either byelabncorporated into resin
coatings, labels attached by adhesive, low sttasgs used on the thickened ends of
type CNG-1 and CNG-2 designs, or any combinatictmefabove. Adhesive labels
and their application shall be in accordance wB® 17225, or an equivalent
Standard. Multiple labels are allowed and shouldbbated such that they are not
obscured by mounting brackets. Each cylinder comglwith this annex shall be

Mandatory information:

(i) "CNG ONLY";

(i) "DO NOT USE AFTER XX/XXXX", where "XX/XXX" identifies the
month and year of expiry;1

(i) Manufacturer’s identification;

(iv) Cylinder identification (applicable part numband a serial number
unique for every cylinder);

(v) Working pressure and temperature;

(vi) ECE Regulation number, along with cylinder é¢ypnd certification
registration number;

(vii) The pressure relief devices and/or valveschtsre qualified for use with
the cylinder, or the means for obtaining informatmn qualified fire
protection systems;

(viii) When labels are used, all cylinders shalvéa unique identification
number stamped on an exposed metal surface to tpeating in the
event that the label is destroyed;

Non-mandatory information:

On a separate label(s) the following non-mandatdormation may be
() Gas temperature range, e.g. *@to 65°C;

(i)  Nominal water capacity of the cylinder to tw@nificant numbers.

e.g. 120 litres;
(i) Date of original pressure test (month andryea

11. MARKING
11.1. Provision of marking
marked as follows:
(a)
(b)
provided:
v

The expiry date shall not exceed the specifiedeelife. The expiry date may be applied to

the cylinder at the time of dispatch, provided tthat cylinders have been stored in a dry location
without internal pressure.
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The markings shall be placed in the listed sequbatthe specific arrangement may
be varied to match the space available. An acckptakample of mandatory
information is:

CNG ONLY

DO NOT USE AFTER ../....

Manufacturer/Part Number/Serial Number

20 MPa/15°C

ECE R 110 CNG-2 (registration No.)

"Use Only Manufacturer-Approved Pressure ReliefiDelv

12. PREPARATION FOR DISPATCH

Prior to dispatch from the manufacturers shop,yes@inder shall be internally clean
and dried. Cylinders not immediately closed by fitttng of a valve, and safety
devices if applicable, shall have plugs, which pre\entry of moisture and protect
threads, fitted to all openings. A corrosion intobi(e.g. oil-containing) shall be
sprayed into all steel cylinders and liners prdispatch.

The manufacturer's statement of service and aéissary information to ensure the
proper handling, use and in-service inspectiohetylinder shall be supplied to the
purchaser. The statement shall be in accordanteApipendix D to this annex.
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Annex 3 - Appendix A

TEST METHODS

Tensile tests, steel and aluminium

A tensile test shall be carried out on the maltealaen from the cylindrical part of the
finished cylinder using a rectangular test pieapsi in accordance with the method
described in ISO 9809 for steel and ISO 7866 famahium. For cylinders with
welded stainless steel liners, tensile tests seadllso carried out on material taken
from the welds in accordance with the method dbedriin paragraph 8.4. of
EN 13322-2. The two faces of the test pieces sgmting the inside and outside
surface of the cylinder shall not be machined. tEnsile test shall be carried out in
accordance with 1ISO 6892.

NOTE - Attention is drawn to the method of meamat of elongation described in
ISO 6892, particularly in cases where the tensi piece is tapered, resulting in a
point of fracture away from the middle of the galsyggth.

Impact test, steel cylinders and steel liners

The impact test shall be carried out on the malteaken from the cylindrical part of
the finished cylinder on three test pieces in adaoce with ISO 148. The impact test
pieces shall be taken in the direction as requiréable 6.2 of Annex 3 from the wall
of the cylinder. For cylinders with welded stasdgesteel liners, impact tests shall be
also carried out on material taken from the wel&agordance with the method
described in paragraph 8.6. of EN 13322-2. Themshall be perpendicular to the
face of the cylinder wall. For longitudinal teste ttest piece shall be machined all
over (on six faces), if the wall thickness doespertnit a final test piece width of 10
mm, the width shall be as near as practicablegatiminal thickness of the cylinder
wall. The test pieces taken in transverse direciiwadl be machined on four faces
only, the inner and outer face of the cylinder walinachined.
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A.3.

A4

A5.

A.6.

A.T.

Sulphide stress cracking test for steel

Except as identified in the following, testing dh= conducted in accordance with
Method A-NACE Standard Tensile Test proceduredeasribed in NACE Standard
TMO0177-96. Tests shall be conduced on a minimuthret tensile specimens with a
gauge diameter of 3.81 mm (0.150 inches) machirad the wall of a finished
cylinder or liner. The specimens shall be placadkna constant tensile load equal to
60 per cent of the specified minimum yield strengththe steel, immersed in a
solution of distilled water buffered with 0.5 pe&nt (mass fraction) sodium acetate
trinydrate and adjusted to an initial pH of 4.0ngsacetic acid.

The solution shall be continuously saturated atréemperature and pressure with
0.414 kPa (0.06 psia) hydrogen sulphide (balanitegen). The tested specimens
shall not fail within a test duration of 144 hours.

Corrosion tests, aluminium

Corrosion tests for aluminium alloys shall be igahout in accordance with Annex A
of ISO/DIS 7866 and meet the requirements therein.

Sustained load cracking tests, aluminium

The resistance to SLC shall be carried out in @zowce with Annex D of ISO/DIS
7866 and shall meet the requirements therein;

Leak-Before-Break (LBB) performance test

Three finished cylinders shall be pressure cycktd/ben not more than 2 MPa and
nor less than 30 MPa at a rate not to exceed 18sper minute.

All cylinders shall fail by leakage.

Extreme temperature pressure cvcling

Finished cylinders, with the composite wrappiregfof any protective coating, shall
be cycle tested, without showing evidence of rupti@akage, or fibre unravelling, as
follows:

(@) Condition for 48 hours at zero pressure;®%r higher, and 95 per cent or
greater relative humidity. The intent of this reguient shall be deemed met by
spraying with a fine spray or mist of water in awctber held at 65C;
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(b) Hydrostatically pressurized for 500 cycles tinke specified service life in
years between not more than 2 MPa and not lesthdfPa at 65 or higher
and 95 per cent humidity;

(c) Stabilize at zero pressure and ambient temperat

(d) Then pressurize from not more than 2 MPa toless than 20 MPa for 500
cycles times the specified service life in yearsi@t’C or lower;

The pressure cycling rate of b) shall not exceedytles per minute. The pressure
cycling rate of d) shall not exceed 3 cycles parute unless a pressure transducer is
installed directly within the cylinder. Adequatecoeding instrumentation shall be
provided to ensure the minimum temperature of line fs maintained during the
low temperature cycling.

Following pressure cycling at extreme temperaturgsders shall be hydrostatically
pressured to failure in accordance with the hyatasburst test requirements, and
achieve a minimum burst pressure of 85 per centh@fminimum design burst

pressure. For type CNG-4 designs, prior to thedstdtic burst test the cylinder shall
be leak tested in accordance with paragraph A.ldwbe

Brinell hardness test

Hardness tests shall be carried out on the phvadléat the centre and a domed end
of each cylinder or liner in accordance with IS@65The test shall be carried out
after the final heat treatment and the hardnessesahus determined shall be in the
range specified for the design.

Coating test¢mandatory if paragraph 6.12 c) of Annex 3 is Jsed
Coating performance tests

Coatings shall be evaluated using the followirgl teethods, or using equivalent
National Standards.

(@) adhesion testing in accordance with LSO 462daguMethod A or B as
applicable. The coating shall exhibit an adhesatimg of either 4A or 4B, as
applicable;

(b) flexibility in accordance with ASTM D522 MandrBend Test of Attached
Organic Coatings, using Test Method B with a 1207 (8.5 in) mandrel at the
specified thickness at -2@. Samples for the flexibility test shall be pregzhr
in accordance with the ASTM D522 standard. Thegdl stot be any visually
apparent cracks;
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A.10.

(©)

(d)

(e)

(f)

()

impact resistance in accordance with ASTM DZ¥8gt method for Resistance
of Organic Coatings to the Effects of Rapid Defatiova(Impact). The coating
at room temperature shall pass a forward impatofes8 J (160 in-lbs);
chemical resistance when tested in generalrdance with ASTM D1308
Effect of Household Chemicals on Clear and Pignte@uganic Finishes. The
tests shall be conducted using the Open Spot Tethdd and 100 hour
exposure to a 30 per cent sulfuric acid soluticatt@sy acid with a specific
gravity of 1.219) and 24 hour exposure to a polgigke glycol (e.g. brake
fluid). There shall be no evidence of lifting, IiEng or softening of the
coating. The adhesion shall meet a rating of 3 whsted in accordance with
ASTM D3359;

Minimum 1,000 hours exposure in accordance WBiM G53 Practice for
Operating Light- and Water-Exposure Apparatus (fdsoent W-Condensation
Type) for Exposure of non-metallic Materials. Thehall be no evidence of
blistering, and adhesion shall meet a rating oh&mtested in accordance with
ISO 4624. The maximum gloss loss allowed is 20cpet;

minimum 500 hours exposure in accordance wiiTi B117 Test Method of
Salt Spray (Fog) Testing. Undercutting shall nated 3 mm at the scribe
mark, there shall be no evidence of blistering, afttesion shall meet a rating
of 3 when tested in accordance with ASTM D3359;

resistance to chipping at room temperatureguia ASTM D3170 Chipping
Resistance of Coatings. The coating shall haveiragraf 7A or better, and
there shall not be any exposure of the substrate;

Coating batch tests

@)

(b)

Coating thickness

The thickness of the coating shall meet the requergs of the design when
tested in accordance with ISO 2808;

Coating adhesion
The coating adhesion strength shall be measumttordance with ISO 4624,

and shall have a minimum rating of 4 when measusadj either Test Method
A or B, as appropriate.

Leak test

Type CNG-4 designs shall be leak tested usingfahewing procedure (or an
acceptable alternative);
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(@) cylinders shall be thoroughly dried and preigsarto working pressure with
dry air or nitrogen, and containing a detectabkegyach as helium;

(b) any leakage measured at any point that exd804 standard ctfh shall be
cause for rejection.

Hydraulic test

One of the following two options shall be used:
Option T Water jacket test

(@) The cylinder shall be hydrostatically testedatoleast 1.5 times working
pressure. In no case may the test pressure exveedto-frettage pressure;

(b) Pressure shall be maintained for a sufficieliothg period (at least 30 seconds)
to ensure complete expansion. Any internal pressppéed after auto-frettage
and previous to the hydrostatic test shall not edc80 per cent of the
hydrostatic test pressure. If the test pressuneatdoe maintained due to failure
of the test apparatus, it is permissible to regieatest at a pressure increased
by 700 kPa. Not more than 2 such repeat restsesreifped;

(c) The manufacturer shall define the appropriabé lof permanent volumetric
expansion for the test pressure used, but in ne shall the permanent
expansion exceed 5 per cent of the total volumekmnsion measured under
the test pressure. For type CNG-4 designs, thdielaspansion shall be
established by the manufacturer. Any cylinders meteting the defined
rejection limit shall be rejected and either degttbor used for batch test
purposes.

Option 2 Proof pressure test

The hydrostatic pressure in the cylinder shall lmeréased gradually and
regularly until the test pressure, at least 1.®8nvorking pressure, is reached.
The cylinder test pressure shall be held for aa@afitly long period (at least 30
seconds) to ascertain that there is no tendendidgoressure to decrease and
that tightness is guaranteed;

Hydrostatic pressure burst test

(@) The rate of pressurisation shall not exceed WMPRa per second
(200 psi/second) at pressures in excess of 80qmr af the design burst
pressure. If the rate of pressurisation at pressorexcess of 80 per cent of the
design burst pressure exceeds 350 kPa/secondi(56casd), then either the
cylinder must be placed schematically between tiesgure source and the
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A.14.

A.15.

A.15.1.

pressure measurement device, or there must becabdhold at the minimum
design burst pressure;

(b) The minimum required (calculated) burst pressinall be at least 45 MPa, and
in no case less than the value necessary to mesetréss ratio requirements.
Actual burst pressure shall be recorded. Rupturg otgur in either the
cylindrical region or the dome region of the cyknd

Ambient temperature pressure cycling

Pressure cycling shall be performed in accordaittethe following procedure:

(@) fill the cylinder to be tested with a non-caire fluid such as oil, inhibited

water or glycol;
(b) cycle the pressure in the cylinder betweenmaote than 2 MPa and not less
than 26 MPa at a rate not to exceed 10 cycles parte

The number of cycles to failure shall be report@dng with the location and
description of the failure initiation.

Acid environment test

On a finished cylinder the following test proceslshould be applied:

(@) exposing a 150 mm diameter area on the cylisdgace for 100 hours to a
30 per cent sulfuric acid solution (battery acithva specific gravity of 1.219)
while the cylinder is held at 26 MPa,;

(b) the cylinder shall then be burst in accordanith the procedure defined in
paragraph A.12 above and provide a burst pressatexceeds 85 per cent of
the minimum design burst pressure.

Bonfire test
General

The bonfire tests are designed to demonstratdittistied cylinders complete with

the fire protection system (cylinder valve, presstalief devices and/or integral
thermal insulation) specified in the design willtrurst when tested under the
specified fire conditions. Extreme caution musekercised during fire testing in the
event that cylinder rupture occurs;
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Cylinder set-up

Cylinders shall be placed horizontally with thdimyer bottom approximately

100 mm above the fire source;

Metallic shielding shall be used to prevent dirg&ine impingement on cylinder

valves, fittings, and/or pressure relief devicdse Metallic shielding shall not be in
direct contact with the specified fire protectiorstem (pressure relief devices or
cylinder valve). Any failure during the test ofawe, fitting or tubing that is not part

of the intended protection system for the desigll $tivalidate the result.

Fire source

A uniform fire source of 1.65 m length shall prowidirect flame impingement on
the cylinder surface across its entire diameter.

Any fuel may be used for the fire source providesiipplies uniform heat sufficient
to maintain the specified test temperatures umgildylinder is vented. The selection
of fuel should take into consideration air polluticoncerns. The arrangement of the
fire shall be recorded in sufficient detail to erestine rate of heat input to the cylinder
is reproducible. Any failure or inconsistency ofetlire source during a test
invalidate the result;

Temperature and pressure measurements

Surface temperatures shall be monitored by attledest thermocouples located along
the bottom of the cylinder and spaced not more thas m apart; Metallic shielding
shall be used to prevent direct flame impingement tbe thermocouples.
Alternatively, thermocouples may be inserted intaicks of metal measuring less
than 25 mm square.

Thermocouple temperatures and the cylinder presbatkbe recorded at intervals of
every 30 seconds or less during the test.

General test requirements

Cylinders shall be pressurized with natural gastesigd in the horizontal position at
both:

(@ working pressure;
(b) 25 per cent of the working pressure.
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A.15.7.

A.15.8.

A.16.

Immediately following ignition, the fire shall prade flame impingement on the
surface of the cylinder along the 1.65 m lengthhef fire source and across the
cylinder diameter. Within 5 minutes of ignition, laast one thermocouple shall
indicate a temperature of at least 59D. This minimum temperature shall be
maintained for the remaining duration of the test.

Cylinders 1.65 m length or less

The centre of the cylinder shall be positionedrdlie centre of the fire source;
Cylinders greater than 1.65 m length

If the cylinder is fitted with a pressure reliefuice at one end, the fire source shall
commence at the opposite end of the cylinder;dfayilinder is fitted with pressure
relief devices at both ends, or at more than onation along the length of the
cylinder, the centre of the fire source shall betie®l midway between the pressure
relief devices that are separated by the greatestdmtal distance.

If the cylinder is additionally protected usingtimal insulation, then two fire tests at
service pressure shall be performed, one with ileeckntred midway along the
cylinder length, and the other with the fire comiag at one of the cylinder ends.
Acceptable results

The cylinder shall vent through a pressure relefice.

Penetration tests

A cylinder pressurised to 20 MPa + 1 MPa with coesged gas shall be penetrated
by an armour piercing bullet with a diameter ofZ7rém or greater. The bullet shall
completely penetrate at least one side wall otttieder. For type CNG-2, CNG-3
and CNG-4 designs, the projectile shall impacsitle wall at an approximate angle
of 45°. The cylinder shall reveal no evidence of fragragah failure. Loss of small
pieces of material, each not weighing more thagrdbs, shall not constitute failure
of the test. The approximate size of entrance aitdbpenings and their locations
shall be recorded.
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Composite flaw tolerance tests

For type CNG-2, CNG-3 and CNG-4 designs only, famshed cylinder, complete

with protective coating, shall have flaws in theddudinal direction cut into the

composite. The flaws shall be greater than theavisspection limits as specified by
the manufacturer.

The flawed cylinder shall then be pressure cyfiech not more than 2 MPa to not
less than 26 MPa for 3,000 cycles, followed byaxditeonal 12,000 cycles at ambient
temperature; The cylinder shall not leak or ruptuithin the first 3,000 cycles, but
may fail by leakage during the last 12,000 cychdiscylinders which complete this

test shall be destroyed.

High temperature creep test

This test is required for all type CNG-4 desigasd all type CNG-2 and CNG-3

designs in which the glass transition temperattitlesoresin matrix does not exceed

the maximum design material temperature given ragraph 4.4.2. of Annex 3 by

at least 20C. One finished cylinder shall be tested as foltows

(@) The cylinder shall be pressurised to 26 MPa lagld at a temperature of
100°C for not less than 200 hours;

(b) Following the test, the cylinder shall meet téquirements of the hydrostatic
expansion test A.11, the leak test A.10, and thisthiast A.12 above.

Accelerated stress rupture test

For type CNG-2, CNG-3, and CNG-4 designs only, oylmder free of protective
coating shall be hydrostatically pressurised toV& while immersed in water at
65 °C. The cylinder shall be held at this pressuretantperature for 1,000 hours.
The cylinder shall then be pressured to burst tomtance with the procedure
defined in paragraph A.12 above except that thestbpressure shall exceed
85 per cent of the minimum design burst pressure;

Impact damage test

One or more finished cylinders shall be drop testeambient temperature without
internal pressurisation or attached valves. Thiasaronto which the cylinders are
dropped shall be a smooth, horizontal concreteopfldoring. One cylinder shall be
dropped in a horizontal position with the bottoi® m above the surface onto which
it is dropped. One cylinder shall be dropped valtycon each end at a sufficient
height above the floor or pad so that the potestiargy is 488 J, but in no case shall
the height of the lower end be greater than 1.8ne cylinder shall be dropped at a
45° angle onto a dome from a height such that thereeftgravity is at 1.8 m;
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A.22.

A.23.

A.24.

however, if the lower end is closer to the groumaht0.6 m, the drop angle shall be
changed to maintain a minimum height of 0.6 m andrdre of gravity of 1.8 m.

Following the drop impact, the cylinders shalbpessure cycled from not more than
2 MPato not less than 26 MPa bar for 1,000 cyatess the specified service life in
years. The cylinders may leak but not rupture,rduthe cycling. Any cylinders
completing the cycling test shall be destroyed,

Permeation test

This test is only required on type CNG-4 desighee finished cylinder shall be filled
with compressed natural gas or a 90 per cent ®itrdg per cent helium mixture to
working pressure, placed in an enclosed sealedlobiaah ambient temperature, and
monitored for leakage for a time sufficient to &dith a steady state permeation rate.
The permeation rate shall be less than 0.25 matifral gas or helium per hour per
litre water capacity of the cylinder.

Tensile properties of plastics

The tensile yield strength and ultimate elongatbplastic liner material shall be
determined at -580C using ISO 3628, and meet the requirements ofjpajpa 6.3.6.
of Annex 3.

Melting temperature of plastics

Polymeric materials from finished liners shall tested in accordance with the
method described in ISO 306, and meet the requimesmaf paragraph 6.3.6. of
Annex 3.

Pressure relief device requirements

Pressure relief device specified by the manufactlirall be shown to be compatible
with the service conditions listed in paragrapho#Annex 3 and through the
following qualification tests:

(@) One specimen shall be held at a controlled ézatpre of not less than 95 °C
and a pressure not less than test pressure (30 fol2z) hours. At the end of
this test there shall be no leakage or visible sigaxtrusion of any fusible
metal used in the design.

(b) One specimen shall be fatigue tested at a pregycling rate not to exceed
4 cycles per minute as follows:
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(i) held at 82°C while pressured for 10,000 cycles between 2 MiRrh a
26 MPa;
(i) held at -40°C while pressure for 10,000 cycles between 2 MRh an
20 MPa.
At the end of this test there shall be no leakagany visible sign of extrusion
of any fusible metal used in the design.
Exposed brass pressure retaining componemses$ure relief devices shall
withstand, without stress corrosion cracking, a anesus nitrate test as
described in ASTM B154. The pressure relief deleall be immersed for
30 minutes in an aqueous mercurous nitrate solutmmtaining 10 g of
mercurous nitrate and 10 ml of nitric acid peeliof solution. Following the
immersion, the pressure relief device shall be legted by applying an
aerostatic pressure of 26 MPa for one minute dwvimgh time the component
shall be checked for external leakage; Any lealshgdl not exceed 200 éth;
Exposed stainless steel pressure retaining aoems of pressure relief devices
shall be made of an alloy type resistant to chiimtluced stress corrosion
cracking;

Boss torgue test

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

Resin shear strength

Resin materials shall be tested on a sample corgprasentative of the composite
over-wrap in accordance with ASTM D2344, or an eglgnt National Standard.
Following a 24-hour water boil the composite shalve a minimum shear strength
of 13.8 MPa.

Natural gas cycling test

One finished cylinder shall be pressure cycledgisompressed natural gas from less
than 2 MPa to working pressure for 300 cycles. Eache, consisting of the filling
and venting of the cylinder, shall not exceed 1rh®be cylinder shall be leak tested
in accordance with paragraph A.10 above and me=trélquirements therein.
Following the completion of the natural gas cyclthg cylinder shall be sectioned
and the liner/end boss interface inspected foresgd of any deterioration, such as
fatigue cracking or electrostatic discharge.
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NOTE - Special consideration must be given to safetgrwtonducting this test.
Prior to conducting this test, cylinders of thisid@ must have successfully passed
the test requirements of paragraph A.12 above ({isydtic pressure burst test),
paragraph 8.6.3. of Annex 3 (ambient temperatuessure cycling test) and
paragraph A.21 above (permeation test). Prior talaoting this test, the specific
cylinders to be tested must pass the test requirenoé paragraph A.10 above (leak
test).

Manual valve device requirements

One specimen shall be submitted to a fatigueateatpressure cycling rate not to
exceed 4 cycles per minute as follows:

(@) held at 20 °C while pressured for 2000 cybletsveen 2 MPa and 26 MPa.

Bend test, welded stainless steel liners

Bend tests shall be carried out on material téten the cylindrical part of a welded

stainless steel liner and tested in accordance thith method described in

paragraph 8.5. of EN 13322-2. The test piece stmlcrack when bent inwards

around a former until the inside edges are noh&urapart than the diameter of the
former.
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Annex 3 - Appendix D

REPORT FORMS
NOTE - This appendix is not a mandatory part of thisean

The following forms should be used:
(1) Report of Manufacture & Certificate of Confonnea - Required to be clear, legible and in
the format of Form 1.

(2) Report 1of Chemical Analysis of Material for Metallic Ggters, Liners, or Bosses -
Required essential elements, identification, etc.

(3) Report_1 of Mechanical Properties of Material for Metallizylinders and Liners -
Required to report all tests required by this Ratjoih.

(4) Report 1of Physical and Mechanical Properties of Materfat Non Metallic Liners -
Required to report all tests and information reeghiin this Regulation.

(5) Report 1 of Composite Analysis - Required to report aditseand data required in this
Regulation.

(6) Report of Hydrostatic Tests, Periodic Presgiyeling and Burst Tests - Required to
report test and data required in this Regulation.

v Report forms 2 through 6 shall be developed leyrttanufacturer and must fully identify

cylinders and requirements. Each report shall geesl by the Competent Authority and the
manufacturer.
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Form 1: Report of Manufacturer and CertificationGafnformance

Manufactured by:

Located at:

Regulatory Registration Number:

Manufacturers Mark and Number:

Serial Number: from .........cccccooiiiiiiiimme e TO oo inclusive
Cylinder description:

SIZE: Outside diameter: ........................ mm; Length: ..o mm;

Marks stamped on shoulder or on labels of the wogleli are:

(B) "CING ONIY e s e e e e e e et a e e e e e e e e e e e e e e e e aaaaaaas
(D) "DO NOT USE AFTER": ...ttt ettt e e e nea e e e e nnneeeesnnneeeas
(C) "ManufaCturer's Mark": ..........vuvuiiiiiieeeeee ettt nanansesesenssnannnnes
(d) Serial and Part NUMDET: ............ii i ettt e e e e rmnnre e e e e e e e annes
(€) WOorking pressure iN MPA ........oooi it e e
() ECE REQUIALION: ....vieiiiieieitiii i iemmmme e e et e e e et ee e aaaeaese s sassss s msmnnsssssssssssnsnnnnnnes
() Fire ProteCtioN TYPE: ... .eeieiiiee e cmmmeme ettt ettt e e e e e e s s amnmnne e e e e e e e e e nanenees

(i) Tare mass of empty cylinder (iN Kg): ..... e eeeeeeiiiiiiieii e
() Authorized Body or INSPECLOrs Mark: .......cccueiiiireriiiiiiiiiiiiiiiiese e
(K) WaAter CapaCILy 1N L ..cooieiiiiieeeee et ee e e e e e e eeae s
() TeSt Pressure iN MPA: .........oooi e

Each cylinder was made in compliance with all regmients of ECE Regulation No. ... in
accordance with the cylinder description above.ured reports of test results are attached.

| hereby certify that all these test results prosatikfactory in every way and are in compliandé wi
the requirements for the type listed above.
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ManUFACTUIEr'S SIGNATUIE: .......uuuiiiiiiiiecmmmmme ettt e e e e e e e e e e e e e s semnr e e e e e e e e e e e
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VERIFICATION OF STRESS RATIOS USING STRAIN GAUGES

1. The stress-strain relationship for fibres isaisvelastic, therefore, stress ratios and
strain ratios are equal.

2. High elongation strain gauges are required.

3. Strain gauges should be orientated in the directf the fibres on which they are
mounted (i.e. with hoop fibre on the outside of tyender, mount gauges in the
hoop direction).

4. Method 1 (applies to cylinders that do not ugg fension winding)

(@)
(b)

(©)

Prior to auto-frettage, apply strain gaugescalitbrate;

Measure strains at auto-frettage, zero aftdao-frettage, working, and
minimum burst pressure have been met;

Confirm that the strain at burst pressure didithy strain at working pressure
meets the stress ratio requirements. For hybridtoaction, the strain at
working pressure, is compared with the rupturdarstwécylinders reinforced
with a single fibre type.

5. Method 2 (applies to all cylinders)

)

(b)
(€)

(d)
(e)

At zero pressure after winding and auto-fretfagpply strain gauges and
calibrate;

Measure strains at zero, working, and minimwrsbpressure;

At zero pressure, after strain measurements begn taken at the working and
minimum burst pressures, and with strain gaugestored, cut the cylinder
section apart so that the region containing thersyauge is approximately
five inches long. Remove the liner without damaghngjcomposite. Measure
the strains after the liner is removed.

Adjust the strain readings at zero, workingd amnimum burst pressures by
the amount of strain measured at zero pressureandwithout the liner.
Confirm that the strain at burst pressure diglily strain at working pressure
meets the stress ratio requirements. For hybridtoaction, the strain at
working pressure is compared with the rupture stodicylinders reinforced
with a single fibre type.
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FRACTURE PERFORMANCE METHODS

Determination of fatigue sensitive sites

The location and orientation of fatigue failureciylinders shall be determined by
appropriate stress analysis or by full scale fatigests on finished cylinders as
required under the design qualification tests &mhetype of design. If finite element
stress analysis is used, the fatigue sensitivesbiégd! be identified based on the
location and orientation of the highest tensilegipal stress concentration in the
cylinder wall or liner at the working pressure.

Leak-Before-Break (LBB)

Engineering critical assessment This arstyay be carried out to establish that the
finished cylinder will leak in the event of a deffetthe cylinder or liner growing into

a through-wall crack. A leak-before-break assessrakall be performed at the
cylinder side wall. If the fatigue sensitive lo@atiis outside the side wall, a leak-
before-break assessment shall also be performtthiatocation using a Level I
approach as outlined in BS PD6493. The assessrhalitisclude the following
steps:

(@ Measure the maximum length (i.e. major axisbhefresultant through-wall
surface crack (usually elliptical in shape) frora three cylinder cycle tested
under the design qualification tests (accordingai@graphs A.13 and A.14 of
Appendix A) for each type of design. Use the lomgesck length of the three
cylinders in the analysis. Model a semi-elliptidatough-wall crack with a
major axis equal to twice the measured longest mejis and with a minor
axis equal to 0.9 of wall thickness. The semi-&bigd crack shall be modelled
at the locations specified in paragraph F.1. ofémpx F. The crack shall be
oriented such that the highest tensile principaisst shall drive the crack;

(b) Stress levels in the wall/liner at 26 MPa aofmtal from the stress analysis as
outlined in paragraph 6.6 of Annex 3 shall be usadthe assessment.
Appropriate crack driving forces shall be calcutaising either Section 9.2 or
9.3 of BS PD6493;

(c) Fracture toughness of the finished cylindeheriner from a finished cylinder,
as determined at room temperature for aluminiumeard0°C for steel, shall
be established using a standardized testing tegbifether ISO/DIS 12737 or
ASTM 813-89 or BS 7448) in accordance with Secti®dsand 8.5 of
BS PD6493;
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(d)
(e)

Plastic collapse ratio shall be calculated éncadance with Section 9.4 of
BS PD6493-91;
The modelled flaw shall be acceptable in acmocd with Section 11.2 of
BS PD6493-91.

LBB by flawed cylinder burst

A fracture test shall be performed by the cylinsiele wall. If the fatigue sensitive
locations as determined in paragraph F.1. (AppeRdlis outside the side wall, the
fracture test shall also be performed at that lonaf he test procedure is as follows:

(@)

(b)

Determination of leak-before-break flaw length

The length of the LBB flaw at the fatigue sen&tsite shall be twice the length
of the maximum length measured of the resultamtutin-wall surface crack
from the three cylinders cycle tested to failureemthe design qualification
tests for each type of design;

Cylinder flaws

For type CNG-1 designs having fatigue sensititeisi the cylindrical part in
the axial direction, external flaws shall be maekinlongitudinally,

approximately at mid-length of the cylindrical paftthe cylinder. The flaws
shall be located at minimum wall thickness of th&lsaction based on
thickness measurements at four points around tivedey. For type CNG-1
designs having fatigue sensitive site outside yhiadrical part, the LBB flaw

shall be introduced at the internal surface ofaylender along the fatigue
sensitive orientation. For type CNG-2 and CNG-3gtesthe LBB flaw shall

be introduced in the metal liner;

For flaws to be tested by monotonic pressure, tae fcutter shall be
approximately 12.5 mm thick with an angle of 45 and a tip radius of
0.25 mm maximum. The cutter diameter shall be 50 fomncylinder with
outside diameter less than 140 mm, and 65 to 8@anaylinders with outside
diameter greater than 140 mm (A standard CVN cigtezcommended).

NOTE - The cutter should be sharpened regularly torasiu radius meets
specification.

The depth of the flaw may be adjusted to obtaiea&k by monotonic hydro-
pressurization. The crack shall not propagate sertian 10 per cent outside
of the machined flaw measured on the external serfa
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(c) Test procedure

The test shall be performed by monotonic pressimisaor cyclic
pressurisation as described below:

(i)  Monotonic pressurisation to burst

The cylinder shall be pressurised hydrostaticailyl pressure is released
from the cylinder at the flaw location. The pressation shall be
performed as described in paragraph A.12. (AppeAjtix

(i) Cyclic pressure

The test procedure shall be in accordance witheaeairements of paragraph
A.13. of Appendix A.

(d) Acceptance criteria for the flawed cylinderttes
The cylinder passes the tests if the following dtioils are met:

(i)  For monotonic pressurisation burst test, thledgpressure shall be equal
or greater than 26 MPa;

For monotonic pressurised burst test, a totakdeagth measured on the
external surface of 1.1 times the original machileegjth is allowed.

(i) For cycle tested cylinders, fatigue crack gtbvbeyond the original
machined flaw length is allowed. However, the falmode must be a
"leak". Propagation of the flaw by fatigue shoulctor over at least
90 per cent of the length of the original machifiad;

NOTE - If these requirements are not fulfilled (failuwecurs below 36 MPa, even
and if the failure is a leak), a new test can béopeed with a less deep flaw. Also, if
rupture type failure occurs at a pressure gresi@n 26 MPa and flaw depth is
shallow, a new test can be performed with a defgsr

Defect size for non-destructive examinatio® B

NDE Defect size by engineering critical assgent

Calculations shall be performed in accordance ®ittish Standard (BS) PD 6493,

Section 3, using the following steps:

(@) Fatigue cracks shall be modelled at the higdgsstiocation in the wall/liner as
planar flaws;
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F.3.2.

(b) The applied stress range at the fatigue sgastie, due to a pressure between
2 MPa and 20 MPa, shall be established from tlesstinalysis as outlined in
paragraph F.1. of Appendix F;

(c) The bending and membrane stress component enagdu separately;

(d) The minimum number of pressure cycles is 15,000

(e) The fatigue crack propagation data shall berdghed in air in accordance
with ASTM E647. The crack plane orientation shallib the C-L direction
(i.e., crack plane perpendicular to the circumfeesrand along the axis of the
cylinder), as illustrated in ASTM E399. The ratallbe determined as an
average of 3 specimen tests. Where specific fatigark propagation data are
available for the material and service conditidmeyt may be used in the
assessment.

() The amount of crack growth in the thicknessediion and in the length
direction per pressures cycle shall be determinedcordance with the steps
outlined in Section 14.2 of the BS PD 6493-91 staddy integrating the
relationship between the rate of fatigue crack pgapion, as established in e)
above, and the range of crack driving force cowadmng to the applied
pressure cycle;

(g) Using the above steps, calculate the maximuowable defect depth and
length which shall not cause the failure of thenzlér during the design life
due to either fatigue or rupture. The defect ssteNfDE shall be equal to or
less than the calculated maximum allowable defeetfer the design.

NDE Defect size by flawed cylinder cycling

For type CNG-1, CNG-2 and CNG-3 designs, threendgis containing artificial
defects that exceed the defect length and dep#ciitmt capability of the NDE
inspection method required in paragraph 6.15. afe¥B, shall be pressure cycled to
failure in accordance with the test method in paaply A.13 (Appendix A). For type
CNG-1 designs having a fatigue sensitive site endylindrical part, external flaws
shall be introduced on the side wall. For type CN@esigns having the fatigue
sensitive site outside the side wall, and for §@d5-2 and CNG-3 designs, internal
flaws shall be introduced. Internal flaws may bechiaed prior to the heat treating
and closing of the end of the cylinder.

The cylinders shall not leak or rupture in lessnti®,000 cycles; The allowable
defect size for NDE shall be equal to or less tttenartificial flaw size at that
location.
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Annex 3 - Appendix G

INSTRUCTIONS BY THE CONTAINER MANUFACTURER REGARDIS HANDLING,

G.1.

G.2.

G.3.

G.4.

G.5.

USE AND INSPECTION OF CYLINDERS
General
The primary function of this appendix is to prawiguidance to the cylinder
purchaser, distributor, installer and user for saée use of the cylinder over its
intended service life.
Distribution
The manufacturer shall advise the purchaser tieah#tructions shall be supplied to
all parties involved in the distribution, handlimgstallation and use of the cylinders;
The document may be reproduced to provide sufficb@pies for this purpose,

however it shall be marked to provide referencéhéocylinders being delivered;

Reference to existing codes, standards andateans

Specific instructions may be stated by referenceational or recognised codes,
standards and regulations.

Cylinder handling

Handling procedures shall be provided to ensuretheacylinders will not suffer
unacceptable damage or contamination during hamdlin

Installation

Installation instructions shall be provided to eedihat the cylinders will not suffer
unacceptable damage during installation and duniognal operation over the
intended service life.

Where the mounting is specified by the manufacfuherinstructions shall contain

where relevant, details such as mounting designysle of resilient gasket materials,
the correct tightening torques and avoidance @odiexposure of the cylinder to an
environment of chemical and mechanical contacts.
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G.6.

G.7.

Where the mounting is not specified by the manufaet the manufacturer shall
draw the purchaser's attention to possible long tempacts of the vehicle mounting
system, for example: vehicle body movements anidagt expansion/contraction
in the pressure and temperature conditions of aervi

Where applicable, the purchaser's attention skgatrawn to the need to provide
installations such that liquids or solids cannotbiected to cause cylinder material
damage;

The correct pressure relieve device to be fitteadl $fe specified.

Use of cylinders

The manufacturer shall draw the purchaser's atterid the intended service
conditions specified by this Regulation, in pad@uhe cylinder's allowable number
of pressure cycles. its life in years, the gasigulahits and the allowable maximum
pressures.

In-service inspection

The manufacturer shall clearly specify the usdslgyation to observe the required
cylinder inspection requirements (e.g. reinspedtiterval, by authorised personnel).
This information shall be in agreement with theigiespproval requirements.
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ENVIRONMENTAL TEST

Scope

The environmental test is intended to demonsthaeNGV cylinders can withstand
exposure to the automotive underbody environmedt @itasional exposure to
other fluids. This test was developed by the USmwotive industry in response to
cylinder failures initiated by stress corrosionaiiiag of the composite wrap.

Summary of test method

A cylinder is first preconditioned by a combinatiofippendulum and gravel impacts
to simulate potential underbody conditions. Thandgr is then subjected to a
sequence of immersion in simulated road salt/agiid, rexposure to other fluids,

pressure cycles and high and low temperature exgssAt the conclusion of the

test sequence the cylinder will be hydraulicallegsured to destruction. The
remaining residual burst strength of the cylindellsbe not less than 85 per cent of
the minimum design burst strength.

Cylinder set-up and preparation

The cylinder shall be tested in a condition repnestéve of installed geometry

including coating (if applicable), brackets andlgds, and pressure fittings using the
same sealing configuration (i.e. O-rings) as thsduin service. Brackets may be
painted or coated prior to installation in the inmsien test if they are painted or
coated prior to vehicle installation.

Cylinders will be tested horizontally and nominadliyided along their horizontal
centreline into "upper" and "lower" sections. Ttvér section of the cylinder will be
alternatively immersed in road salt/acid rain eowiment and in heated or cooled air.

The upper section will be divided into 5 distinetas and marked for preconditioning
and fluid exposure. The areas will be nominally &0 in diameter. The areas shall
not overlap on the cylinder surface. While convenfer testing, the areas need not
be oriented along a single line, but must not agethe immersed section of the
cylinder.



E/ECE/324
E/ECE/TRANS/505
Regulation No. 110
page 120

Annex 3 - Appendix H

} Rev.2/Add.109/Rev.1

Although preconditioning and fluid exposure is penied on the cylindrical section
of the cylinder, all of the cylinder, including tltomed sections, should be as
resistant to the exposure environments as arexjiesed areas.

Other fluid
exposure areas

Immersion area
(lower third)

Figure H.1- Cylinder orientation and layout of exposure area

H.4. Preconditioning apparatus

The following apparatus are needed for precomuitip the test cylinder by
pendulum and gravel impact.

(@) Pendulum impact

The impact body shall be of steel and have the estodipa pyramid with
equilateral triangle faces and a square base utineng and the edges being
rounded to a radius of 3 mm. The centre of peronssi the pendulum shall
coincide with the centre of gravity of the pyramitk distance from the axis of
rotation of the pendulum shall be 1 m. The totadsmf the pendulum referred
to its centre of percussion shall be 15 kg. Thegnef the pendulum at the
moment of impact shall be not less than 30 Nm andase to that value as
possible.

During pendulum impact, the cylinder shall be hielgosition by the end
bosses or by the intended mounting brackets.
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(b) Gravel impact

Machine constructed according to the design spatifins shown in figure
H.2.This procedure for operation of the equipméatifollow that described
in ASTM D3170, Standard Test Method for Chip Resise of Coatings with
the exception that the cylinder may be at ambiembperature during
gravel impact;

(c) Gravel
Alluvial road gravel passing through a 16 mm spsareen but retained on a

9.5 mm space screen. Each application is to confsk&0 ml of graded gravel
(approx. 250 to 300 stones).

Funnel .
Fuel container
Air B ]
inlet
AR A Al P n = e e T A S
Sizing screen
L Cabinet approximately 500mm wide
Figure H.2- Gravel impact test
H.5. Exposure environments

(@ Immersion environment

At the specified stage in the test sequence (flitee cylinder will be oriented
horizontally with the lower third of the cylindeliadneter immersed in a
simulated acid rain/road salt water solution. Tokitson will consist of the

following compounds:
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(b)

Deionized water;

Sodium chloride: 2.5 per cent by weight + 0.1 pamtg

Calcium chloride: 2.5 per cent by weight = 0.1 pent;

Sulfuric acid: Sufficient to achieve a solution pH4.0 + 0.2;

Solution level and pH are to be adjusted priorachetest step which uses this
liquid.

The temperature of the bath shall be 21 #C5 During immersion, the
unsubmerged section of the cylinder shall be iniantlair.

Other fluid exposure

At the appropriate stage in test sequence (tabéad) marked area is to be
exposed to one of five solutions for 30 minutese $&ame environment shall be
used for each location throughout the test. Thetsois are:

Sulfuric acid: 19 per cent solution by volume inteva
Sodium hydroxide: 25 per cent solution by weightvater;
Methanol/gasoline:  30/70 per cent concentrations;
Ammonium nitrate: 28 per cent by weight in water;
Windshield washer fluid.

When exposed, the test sample will be oriented whh exposure area
uppermost. A pad of glass wool one layer thick (apately 0.5 mm) and
trimmed to the appropriate dimensions is to bequaun the exposure area.
Using a pipet, apply 5 ml of the test fluid to #eosure area. Remove the
gauze pad after pressurization of the cylindeBfbminutes.

H.6. Test conditions

(@)

Pressure cycle

As defined in the test sequence, cylinder shafiyiaulically pressure cycled
between not more than 2 MPa and not less than 2& W total cycle shall
be not less than 66 seconds and will include aeg@rsd minimum hold

at 26 MPa. The nominal cycle process will be:

Ramp up frone 20 MPa ta> 26 MPa;

Hold at> 26 MPa for 60 seconds minimum;
Ramp down frone 26 MPa to< 2 MPa;

Total minimum cycle time to be 66 seconds.
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Pressure during other fluid exposure

Following application of the other fluids, the aydier shall be pressured to
not less than 26 MPa for a minimum of 30 minutes;

High and low temperature exposure

As defined in the test sequence, the entire cytistlall be exposed to high or
low temperature air in contact with external suefathe low temperature air
shall be -40C or lower and the high temperature air shall b&@2 5°C. For
the low temperature exposure, the fluid temperattitgpe CNG-1 cylinders
shall be monitored using a thermocouple installgdivthe cylinder to ensure
it remains at -40C or lower.

Test procedure

(@)

(b)

Preconditioning of the cylinder

Each of the five areas marked for other fluid expesn the upper section of
the cylinder shall be preconditioned by a singlpact of the pendulum body
summit at their geometric centre. Following impdhg five areas shall be
further conditioned by a gravel impact application.

The central section of the bottom portion of thincher that will be submerged
shall be preconditioned by an impact of the pendubody summit at three
locations spaced approximately 150 mm apart.

Following impact, the same central section that wgscted shall be further
conditioned by a gravel impact application.

The cylinder shall be unpressured during precoomwiitig.

Test sequence and cycles

The sequence of the environment exposure, presgtles, and temperature to
be used are defined in table 1.

The cylinder surface is not to be washed or wipstshben stages.
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H.8. Acceptable results

Following the above test sequence, the cylindel sigahydraulically tested to
destruction in accordance with the procedure iagraph A.12. The burst pressure
of the cylinder shall be not less than 85 per ad@nthe minimum design burst

pressure.
Table H.1- Test conditions and sequence
Test steps Exposure Number of Temperature
environments | pressure cycles
1 Other fluids -- Ambient
2 Immersion 1875 Ambient
3 Air 1875 High
4 Other fluids -- Ambient
5 Immersion 1875 Ambient
6 Air 3750 Low
7 Other fluids -- Ambient
8 Immersion 1875 Ambient
9 Air 1875 High
10 Other fluids -- Ambient
11 Immersion 1875 Ambient
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Annex 4A

PROVISIONS REGARDING THE APPROVAL OF THE AUTOMATIZALVE, NON-
RETURN VALVE, THE PRESSURE RELIEF VALVE, PRESSUREREF DEVICE AND

2.1.

2.2.

2.2.1.

2.2.2.

2.2.3.

2.2.4.

2.3.

2.4,

2.5.

THE EXCESS FLOW VALVE
The purpose of this annex is to determine theigions regarding the approval of the
automatic valve, the non-return valve, the presselief valve, the pressure relief
device and the excess flow valve.

The automatic valve

The materials constituting the automatic valrch are in contact with the CNG
when operating, shall be compatible with the telStGC In order to verify this
compatibility the procedure described in Annex $alsbe used.

Operating specifications

The automatic valve shall be so designed agthstand a pressure of 1.5 times the
working pressure (MPa) without leakage and defoionat

The automatic valve shall be so designéallas leak-proof at a pressure of 1.5 times
the working pressure (MPa) (see Annex 5B).

The automatic valve, being in the normalitpms of use specified by the
manufacturer, is submitted to 20,000 operationBentit is deactivated. The
automatic valve shall remain leak-proof at a pressf 1.5 times the working
pressure (MPa) (see Annex 5B).

The automatic valve shall be so designexpérate at temperatures as specified in
Annex 50.

The electrical system, if existing, shall belated from the body of the automatic
valve. Isolation resistance shall be > 10M

The automatic valve activated by an elecuicent shall be in a "closed" position
when the current is switched off.

The automatic valve has to comply with thepescedures for the Class component
determined according to the scheme in Figure 1ghodgraph 2 of this Regulation.
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3.1.

3.2.

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.3.

4.1.

4.2.

4.2.1.

4.2.2.

The non-return valve

The materials constituting the non-return gakhich are in contact with the CNG
when operating, shall be compatible with the tesiGC In order to verify this
compatibility the procedure described in Annex $ialsbe used.

Operating specifications

The non-return valve shall be so designed agthstand a pressure of 1.5 times the
working pressure (MPa) without leakage and defoionat

The non-return valve shall be so designéd bs leak-proof (external) at a pressure
of 1.5 times the working pressure (MPa) (see Arbigx

The non-return valve, being in the normasitian of use specified by the
manufacturer, is submitted to 20,000 operationsn tit is deactivated. The non-
return valve shall remain leak-proof (external aressure of 1.5 times the working
pressure (MPa) (see Annex 5B).

The non-return valve shall be so designexpavate at temperatures as specified in
Annex 50.

The non-return valve has to comply with trst pgocedures for the Class component
determined according to the scheme in Figure 1ghadgraph 2 of this Regulation.

The pressure relief valve and pressure religfcde

The materials constituting the pressure rglgfe and pressure relief device which
are in contact with the CNG when operating, shalttmpatible with the test CNG.

In order to verify this compatibility, the proce@udescribed in Annex 5D shall be
used.

Operating specifications

The pressure relief valve and pressuref ice in Class 0 shall be so designed as
to withstand a pressure of 1.5 times the workirespare (MPa).

The pressure relief valve and pressure aiace of Class 1 shall be so designed as
to be leak-proof at a pressure of 1.5 times th&ingrpressure (MPa) with the outlet
closed off (see Annex 5B).
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The pressure relief valve of Class 1 ang<Pashall be so designed as to be leak-
proof at twice the working pressure with the oustlebsed off.

The pressure relief device shall be so desigo open the fuse at a temperature of
110 £ 10°C.

The pressure relief valve of Class 0 stk designed to operate at temperatures
from -40°C to 85°C.

The pressure relief valve and pressure rdieice have to comply with the test
procedures for the Class component determined @iocprto the scheme in
Figure 1-1 of paragraph 2 of this Regulation.

The excess flow valve

The materials constituting the excess flowe&abhich are in contact with the CNG
when operating, shall be compatible with the telStGC In order to verify this
compatibility, the procedure described in Annex$iall be used.

Operating specifications

The excess flow valve, if it is not integatn the cylinder, shall be so designed as to
withstand a pressure of 1.5 times the working pres@VPa).

The excess flow valve shall be so desigrsetb &e leak-proof at a pressure of
1.5 times the working pressure (MPa).

The excess flow valve shall be so designegérate at temperatures as specified in
Annex 50.

The excess flow valve shall be mounted inidecontainer.

The excess flow valve shall be designed witlg@ass to allow for equalization of
pressures.

The excess flow valve shall cut-off at a puesslifference over the valve of 650 kPa.

When the excess flow valve is at cut-off positthe by-pass flow through the valve
shall not exceed 0.05 normaf/min at a differential pressure of 10,000 kPa.
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5.7. The device have to comply with the test pracesl for the Class components,
specified in the scheme in Figure 1-1 of paragrapf this Regulation, except
overpressure, external leakage, resistance toedytast, ozone ageing.

6. The manual valve

6.1. The manual valve device in Class 0 shall lmgded to withstand a pressure of
1.5 times the working pressure.

6.2. The manual valve device in Class 0 shall lsgded to operate at a temperature
from -40 °C to 85 °C.
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PROVISIONS REGARDING THE APPROVAL OF FLEXIBLE FUHLINES OR HOSES

1.1

1.1.1.

1.1.2.

1.1.3.

1.2.

1.2.1.

1.2.2.

1.2.3.

1.2.4.

Scope

The purpose of this annex is to determine the prons regarding the approval of
flexible hoses for use with CNG.

This annex covers three types of flexible hoses:

€)) High pressure hoses (Class 0),

(b) Medium pressure hoses (Class 1),

(c) Low pressure hoses (Class 2)

HIGH PRESSURE HOSES, CLASS 0 CLASSIFICATION

General specifications

The hose shall be so designed as to witthstamaximum working pressure of
1.5 times the working pressure (MPa).

The hose shall be so designed as to witthseamperatures as specified in Annex 50.
The inside diameter shall be in complianttk table 1 of Standard 1ISO 1307.

Hose construction

The hose must embody a smooth-bore tuba eoder of suitable synthetic material,
reinforced with one or more interlayer(s).

The reinforcing interlayer(s) has (have)é@rotected by a cover against corrosion.

If for the reinforcing interlayer(s) corrosion-igsnt-material is used (i.e. stainless-
steel) a cover is not required.

The lining and the cover must be smooth fegel from pores, holes and strange
elements.

An intentionally provided puncture in the coveramot be considered as an
imperfection.

The cover has to be intentionally perforatedvoid the forming of bubbles.
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1.2.5.

1.3.

1.3.1.

1.3.1.1.

1.3.1.2.

1.3.1.3.

When the cover is punctured and the interlesymade of a non-corrosion-resistant
material, the interlayer has to be protected agamsosion.

Specifications and tests for the lining

Tensile strength and elongation for rubbemtemal and for thermoplastic
elastomers (TPE)

Tensile strength and elongation at beeadording to ISO 37. Tensile strength not

less than 20 MPa and elongation at break not kess250 per cent.

Resistance to n-pentaweording to ISO 1817 with the following conditgon

(@) medium: n-pentane
(b) temperature: 2& (tolerance according to ISO 1817)
(c) immersion period: 72 hours

Requirements:

(@) maximum change in volume 20 per cent
(b) maximum change in tensile strength 25 per cent
(c) maximum change in elongation at break 30 pet ce

After storage in air with a temperature of 4D for a period of 48 hours the mass
compared to the original value may not decreasetiamn 5 per cent.

Resistance to ageing according to ISOwii88the following conditions:

(a) temperature: 115 °C (test temperature = maxiroperating temperature
minus 10 °C).
(b) exposure period: 24 and 336 hours.

After ageing the specimens have to be condition@® &4C and 50 per cent relative
humidity for at least 21 days prior to carrying dhé tensile test according to
paragraph 1.3.1.1.

Requirements:
(&) maximum change in tensile strength 35 per edter 336 hours ageing

compared to the tensile strength of the 24 houes aggterial.
(b) maximum change in elongation at break 25 pat atter 336 hours ageing
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compared to the elongation at break of the 24 hagesl material.
Tensile strength and elongation specifidtiermoplastic material.

Tensile strength and elongation at breakraing to ISO 527-2 with the following
conditions:

(&) specimen type: type 1 BA.
(b) tensile speed: 20 mm/min.

The material has to be conditioned for at least&ys at 23 °C and 50 per cent
relative humidity prior to testing.

Requirements:

(a) tensile strength not less than 20 MPa.
(b) elongation at break not less than 100 per cent.

Resistance to n-pentane according to With the following conditions:
(&) medium: n-pentane.

(b) temperature: 23 °C (tolerance according to 1807).

(c) immersion period: 72 hours.

Requirements:

(@) maximum change in volume 2 per cent.

(b) maximum change in tensile strength 10 per cent.

(c) maximum change in elongation at break 10 pet.ce

After storage in air with a temperature of 40 °C dgperiod of 48 hours the mass
compared to the original value may not decrease1tian 5 per cent.

Resistance to ageing according to ISOwi#8the following conditions:
(&) temperature: 115 °C (test temperature = maxinoperating temperature

minus 10 °C).
(b) exposure period: 24 and 336 hours.
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1.4.

1.4.1.

1.4.1.1.

1.4.1.2.

1.4.1.3.

After ageing the specimens have to be condition@8 4C and 50 per cent relative
humidity for at least 21 days prior to carrying dhé tensile test according to
paragraph 1.3.2.1.

Requirements:

(&8 maximum change in tensile strength 35 per edter 336 hours ageing
compared to the tensile strength of the 24 houes aggterial.

(b) maximum change in elongation at break 25 pat atter 336 hours ageing
compared to the elongation at break of the 24 hagesl material.

Specifications and test-method for the cover

Tensile strength and elongation for rubbeatemial and for thermoplastic
elastomers (TPE)

Tensile strength and elongation at beeadording to ISO 37. Tensile strength not
less than 10 MPa and elongation at break not fess250 per cent.

Resistance to n-hexawzording to ISO 1817 with the following conditgon

(@) medium: n-hexane
(b) temperature: 23C (tolerance acc.to ISO 1817)
(c) immersion period: 72 hours

Requirements:

(@) maximum change in volume 30 per cent
(b) maximum change in tensile strength 35 per cent
(c) maximum change in elongation at break 35 pet ce

Resistance to ageing according to ISOwii88the following conditions:

(a) temperature: 115 °C (test temperature = maxinoperating temperature
minus 10 °C).
(b) exposure period: 24 and 336 hours.

After ageing the specimens have to be condition@8 4C and 50 per cent relative
humidity for at least 21 days prior to carrying dbe tensile test according to
paragraph 1.4.1.1.
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1.4.2.1.

1.4.2.2.
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Requirements:

(@8 maximum change in tensile strength 35 per edter 336 hours ageing
compared to the tensile strength of the 24 houes agaterial.

(b) maximum change in elongation at break 25 pet ater 336 hours ageing
compared to the elongation at break of the 24 hagesl material.

Tensile strength and elongation specifidtiermoplastic material.

Tensile strength and elongation at breakraing to ISO 527-2 with the following
conditions:

(&) specimen type: type 1 BA.
(b) tensile speed: 20 mm/min.

The material has to be conditioned for at least&ys at 23 °C and 50 per cent
relative humidity prior to testing.

Requirements:

(@) tensile strength not less than 20 MPa.
(b) elongation at break not less than 100 per cent.

Resistance to n-hexane according to IS $8th the following conditions:
(@) medium: n-hexane.

(b) temperature: 23 °C (tolerance according to 1807).

(c) immersion period: 72 hours.

Requirements:

(@ maximum change in volume 2 per cent.

(b) maximum change in tensile strength 10 per cent.

(c) maximum change in elongation at break 10 pet.ce

After storage in air with a temperature of 40 °€ doperiod of 48 hours the mass
compared to the original value may not decrease1tian 5 per cent.
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1.4.2.3. Resistance to ageing according to ISOwii88the following conditions:

(a) temperature: 115 °C (test temperature = maxinoperating temperature
minus 10 °C).
(b) exposure period: 24 and 336 hours.

After ageing the specimens have to be condition@® &4C and 50 per cent relative
humidity for at least 21 days prior to carrying dhé tensile test according to
paragraph 1.4.2.1.

Requirements:

(&8 maximum change in tensile strength 20 per edter 336 hours ageing
compared to the tensile strength of the 24 houes agaterial.

(b) maximum change in elongation at break 50 pat ater 336 hours ageing
compared to the elongation at break of the 24 hagesl material.

1.4.3. Resistance to ozone
1.4.3.1. The test has to be performed in compliavite Standard 1ISO 1431/1.
1.4.3.2. The test-pieces, which have to be strdttdhan elongation of 20 per cent shall have

to be exposed to air of 4C with an ozone-concentration of 50 parts per heahdr
million during 120 hours.

1.4.3.3. No cracking of the test pieces is allowed.

1.5. Specifications for uncoupled hose

1.5.1. Gas-tightness (permeability)

1.5.1.1. A hose at a free length of 1 m has todmmected to a container filled with liquid

propane, having a temperature of 23 °C.

1.5.1.2. The test has to be carried out in compéawith the method described in
Standard 1SO 4080.

1.5.1.3. The leakage through the wall of the hbsédl 8ot exceed 95 chper meter of hose
per 24 h.
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1.5.2. Resistance at low temperature
1.5.2.1. The test has to be carried out in compéamith the method described in Standard
ISO 4672-1978, method B.
1.5.2.2. Test temperature: -40°Cx3°C
or -20°C 3 °C, if applicable.
1.5.2.3. No cracking or rupture is allowed.
1.5.3. Bending test
1.5.3.1. An empty hose, at a length of approxinya&8éd m must be able to withstand 3,000
times the hereafter prescribed alternating-bentksgwithout breaking. After the
test the hose must be capable of withstandingdbepressure as mentioned in
paragraph 1.5.4.2. The test shall be performedodim hew hose and after ageing
according to 1ISO 188 as prescribed in paragrap.B4and subsequently to
ISO 1817 as prescribed in paragraph 1.4.2.2.
1.5.3.2.
Y
-S>
propulsion mechanism
La| 1,2m
Figure 1 (example only)
Hose inside diameter Bending radius Distance between centres (mm)
(mm) ([mm) (Figure 1)
Vertical Horizontal
(Figure 1) b a
up to 13 102 241 102
13t0 16 153 356 153
from 16 to 20 178 419 178
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1.5.3.3.

1.5.3.4.

1.5.4.

1.54.1.

1.5.4.2.

1.5.4.3.
1.6.

1.6.1.

1.6.2.

1.6.2.1.

The testing-machine (Figure 1) shall csinsf a steel frame, provided with two
wooden wheels, with a rim-width of c.a. 130 mm.

The circumference of the wheels must be groovethiguidance of the hose.
The radius of the wheels, measured to the bottameogroove, must be as indicated
in paragraph 1.5.3.2.

The longitudinal median planes of both wheels rhash the same vertical plane and
the distance between the wheel-centers must leeandance with paragraph 1.5.3.2.
Each wheel must be able to rotate freely roungdiitst-centre.

A propulsion-mechanism pulls the hose over the Vghatea speed of four complete
motions per minute.

The hose shall be S-shape-like instaNea the wheels (see Figure 1).
The end, that runs over the upper wheel shallibreshed with a sufficient mass as to
achieve a complete snuggling of the hose agaiasttieels. The part that runs over

the lower wheel is attached to the propulsion-meisma.

The mechanism must be so adjusted, that the resag a total distance of 1.2 min
both directions.

Hydraulic-test-pressure and appointmenh@fminimum burst-pressure

The test has to be carried out in compéawith the method described in
Standard 1SO 1402.

The test-pressure of 1.5 times the workiegsure (MPa) shall be applied during
10 minutes, without any leakage.

The burst pressure shall not be less4baviPa.
Couplings

The couplings shall be made from steel asdand the surface must be corrosion-
resistant.

The couplings must be of the crimp-fittigge.

The swivel-nut must be provided with U.Niead.



1.6.2.2.

1.6.2.3.

1.6.2.4.

1.7.

1.7.1.

1.7.2.

1.7.2.1.

1.7.2.2.

1.7.2.3.

1.7.3.

1.7.3.1.

1.8.

1.8.1.

1.8.1.1.

1.8.1.2.

1.8.1.3.

1.8.1.4.
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The sealing cone of swivel-nut type mustdb the type with a half vertical
angle of 45°.

The couplings can be made as swivel-mp& ¢y as quick-connector type.

It shall be impossible to disconnect thckiconnector type without specific
measures or the use of dedicated tools.

Assembly of hose and couplings

The construction of the couplings must behsthat it is not necessary to peel the
cover unless the reinforcement of the hose consisterrosion-resistant material.

The hose assembly has to be subjected impulse test in compliance with
Standard ISO 1436.

The test has to be completed with cirauadil having a temperature of 98, and
a minimum pressure of 26 MPa.

The hose has to be subjected to 150,000Ig®s.

After the impulse-test the hose has tbsténd the test-pressure as mentioned in
paragraph 1.5.4.2.

Gas-tightness

The hose assembly (hose with couplingsjdeithstand during five minutes a gas
pressure of 1.5 times the working pressure (MP#)out any leakage.

Markings

Every hose must bear, at intervals of neawgr than 0.5 m, the following clearly
legible and indelible identification markings castsig of characters, figures or
symbols.

The trade name or mark of the manufacturer

The year and month of fabrication.

The size and type-marking.

The identification-marking "CNG Class 0".
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1.8.2.

2.1

2.1.1.

2.1.2.
2.1.3.
2.2.

2.2.1.

2.2.2.

2.2.3.

2.3.

2.3.1.

2.3.1.1.

2.3.1.2.

Every coupling shall bear the trade nammark of the assembling manufacturer.
MEDIUM PRESSURE HOSES, CLASS 1 CLASSIFICATION
General specifications

The hose shall be so designed as to witthstamaximum working pressure of
3 MPa.

The hose shall be so designed as to witthsamperatures as specified in Annex 50.
The inside diameter shall be in complianith table 1 of Standard ISO 1307.
Hose construction

The hose must embody a smooth-bore tuba eoder of suitable synthetic material,
reinforced with one or more interlayer(s).

The reinforcing interlayer(s) has (have)egrotected by a cover against corrosion.

If for the reinforcing interlayer(s) corrosion-rgsnt-material is used (i.e. stainless-
steel) a cover is not required.

The lining and the cover must be smooth feeel from pores, holes and strange
elements.

An intentionally provided puncture in the coverabmot be considered as an
imperfection.

Specifications and tests for the lining

Tensile strength and elongation for rubbemtemal and for thermoplastic
elastomers (TPE)

Tensile strength and elongation at breakraing to ISO 37. Tensile strength not
less than 10 MPa and elongation at break not hess250 per cent.

Resistance to n-pentane according to With the following conditions:
(&) medium: n-pentane

(b) temperature: 23C (tolerance acc. to ISO 1817)
(c) immersion period: 72 hours



2.3.1.3.

2.3.2.

2.3.2.1.
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Requirements:

(@) maximum change in volume 20 per cent
(b) maximum change in tensile strength 25 per cent
(c) maximum change in elongation at break 30 pet ce

After storage in air with a temperature of 4D for a period of 48 hours the mass
compared to the original value may not decrease1tian 5 per cent.

Resistance to ageing according to ISOwi#8the following conditions:

(a) temperature: 115 °C (test temperature = maxinoperating temperature
minus 10 °C).

(b) exposure period: 24 and 336 hours.

After ageing the specimens have to be condition@8 4C and 50 per cent relative

humidity for at least 21 days prior to carrying d@bé tensile test according to

paragraph 2.3.1.1.

Requirements:

(@ maximum change in tensile strength 35 per edter 336 hours ageing
compared to the tensile strength of the 24 houes aggterial.

(b) maximum change in elongation at break 25 pat aéter 336 hours ageing
compared to the elongation at break of the 24 hagesl material.

Tensile strength and elongation specifidtiermoplastic material.

Tensile strength and elongation at breakraing to ISO 527-2 with the following
conditions:

(&) specimen type: type 1 BA.
(b) tensile speed: 20 mm/min.

The material has to be conditioned for at least&ys at 23 °C and 50 per cent
relative humidity prior to testing.

Requirements:

(@) tensile strength not less than 20 MPa.
(b) elongation at break not less than 100 per cent.
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2.3.2.2.

2.3.2.3.

2.4.

2.4.1.

24.1.1.

Resistance to n-pentane according to Wwith the following conditions:

(@) medium: n-pentane.
(b) temperature: 23 °C (tolerance according to 1807).
(c) immersion period: 72 hours.

Requirements:

(&) maximum change in volume 2 per cent.
(b) maximum change in tensile strength 10 per cent.
(c) maximum change in elongation at break 10 pet.ce

After storage in air with a temperature of 40 °C dgperiod of 48 hours the mass
compared to the original value may not decreasettinan 5 per cent.

Resistance to ageing according to ISOwli88the following conditions:

(@) temperature: 115 °C (test temperature = maxinoperating temperature
minus 10 °C).
(b) exposure period: 24 and 336 hours.

After ageing the specimens have to be condition@8 4C and 50 per cent relative
humidity for at least 21 days prior to carrying dbe tensile test according to
paragraph 2.3.2.1.

Requirements:

(&8 maximum change in tensile strength 35 per edter 336 hours ageing
compared to the tensile strength of the 24 houes aggterial.

(b) maximum change in elongation at break 25 pat atter 336 hours ageing
compared to the elongation at break of the 24 hagesl material.

Specifications and test-method for the cover

Tensile strength and elongation for rubbemtemal and for thermoplastic
elastomers (TPE)

Tensile strength and elongation at breakraing to ISO 37. Tensile strength not
less than 10 MPa and elongation at break not kess250 per cent.
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24.1.2. Resistance to n-hexane according to IS $8th the following conditions:

(@) medium: n-hexane
(b) temperature: 23C (tolerance acc. to ISO 1817)
(c) immersion period: 72 hours

Requirements:

(@ maximum change in volume 30 per cent
(b) maximum change in tensile strength 35 per cent
(c) maximum change in elongation at break 35 pet ce

2.4.1.3. Resistance to ageing according to ISOwliB8the following conditions:

(a) temperature: 115 °C (test temperature = maxinoperating temperature
minus 10 °C)
(b) exposure period: 24 and 336 hours

After ageing the specimens have to be condition8 4C and 50 per cent relative
humidity for at least 21 days prior to carrying dhé tensile test according to
paragraph 2.4.1.1.

Requirements:

(@) maximum change in tensile strength 35 per edter 336 hours ageing
compared to the tensile strength of the 24 houes agaterial.

(b) maximum change in elongation at break 25 pat aéier 336 hours ageing
compared to the elongation at break of the 24 hagesl material.

2.4.2. Tensile strength and elongation specifidtiermoplastic material.
24.2.1. Tensile strength and elongation at breakraing to ISO 527-2 with the following
conditions:

(&) specimen type: type 1 BA.
(b) tensile speed: 20 mm/min.

The material has to be conditioned for at least&ys at 23 °C and 50 per cent
relative humidity prior to testing.
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2.4.2.2.

2.4.2.3.

2.4.3.

2.4.3.1.

Requirements:

(a) tensile strength not less than 20 MPa.
(@) elongation at break not less than 100 per cent.

Resistance to n-hexane according to ISKF $8th the following conditions:
(@) medium: n-hexane.

(b) temperature: 23 °C (tolerance according to 1807).

(c) immersion period: 72 hours.

Requirements:

(&) maximum change in volume 2 per cent.

(b) maximum change in tensile strength 10 per cent.

(c) maximum change in elongation at break 10 pet.ce

After storage in air with a temperature of 40 °C dgperiod of 48 hours the mass
compared to the original value may not decreasetiamn 5 per cent.

Resistance to ageing according to ISOwli88the following conditions:

(a) temperature: 115 °C (test temperature = maxinoperating temperature
minus 10 °C).
(b) exposure period: 24 and 336 hours.

After ageing the specimens have to be condition@8 4C and 50 per cent relative

humidity for at least 21 days prior to carrying dbe tensile test according to

paragraph 2.4.2.1.

Requirements:

(@) maximum change in tensile strength 20 per edigr 336 hours ageing
compared to the tensile strength of the 24 houes agaterial.

(b) maximum change in elongation at break 50 pat ater 336 hours ageing
compared to the elongation at break of the 24 hagesl material.

Resistance to ozone

The test has to be performed in compliavitte Standard 1ISO 1431/1.



2.4.3.2.

2.4.3.3.

2.5.

2.5.1.

2.5.1.1.

2.5.1.2.

2.5.1.3.

2.5.2.

2.5.2.1.

2.5.2.2.

2.5.2.3.

2.5.3.

2.5.3.1.
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The test-pieces, which have to be strdttthan elongation of 20 per cent shall have
to be exposed to air of £C with an ozone-concentration of 50 parts per heahdr
million during 120 hours.

No cracking of the test pieces is allowed.

Specifications for uncoupled hose

Gas-tightness (permeability)

A hose at a free length of 1 m has todmmected to a container filled with liquid
propane, having a temperature of 232 °C.

The test has to be carried out in compéawith the method described in
Standard 1SO 4080.

The leakage through the wall of the hbsédl siot exceed 95 chper meter of hose
per 24 h.

Resistance at low temperature

The test has to be carried out in compéawith the method described in
Standard 1ISO 4672-1978, method B.

Test temperature: -40°Cx3°C
or -20°C £ 3 °C, if applicable.”

No cracking or rupture is allowed.
Bending test

An empty hose, at a length of approxinyaBb m must be able to withstand
3,000 times the hereafter prescribed alternatimglipg-test without breaking. After
the test the hose must be capable of withstantiegest-pressure as mentioned in
paragraph 2.5.4.2. The test shall be performelobdimn new hose and after ageing
according to ISO 188 as prescribed in paragrapt2.3.4and subsequently to
ISO 1817 as prescribed in paragraph 2.4.2.2.
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2.5.3.2.

b
mass
propulsion mechanism
La 1,2m

Figure 2 (example only)

Hose inside diameter Bending radius Distance between centres [mm]
[mm] [mm] (Figure 2)
Vertical Horizontal
(Figure 2) b a
up to 13 102 241 102
13to0 16 153 356 153
from 16 to 20 178 419 178
2.5.3.3. The testing-machine (Figure 2) shall cginsif a steel frame, provided with

two wooden wheels, with a rim-width of c.a. 130 mm.

The circumference of the wheels must be groovethiguidance of the hose.
The radius of the wheels, measured to the bottatmeogroove, must be as indicated
in paragraph 2.5.3.2.

The longitudinal median planes of both wheels rhash the same vertical plane and
the distance between the wheel-centres must lsedndance with paragraph 2.5.3.2.

Each wheel must be able to rotate freely roungdiitst-centre.

A propulsion-mechanism pulls the hose over the Vghatea speed of four complete
motions per minute.

2.5.3.4. The hose shall be S-shape-like instaedl the wheels (see Figure 2).
The end, that runs over the upper wheel shall tredined with a sufficient mass as to

achieve a complete snuggling of the hose agaiastitieels. The part that runs over
the lower wheel is attached to the propulsion meisima.



2.5.4.

2.54.1.

2.5.4.2.

2.6.

2.6.1.

2.6.2.

2.6.3.

2.6.4.

2.6.5.

2.7.
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The mechanism must be so adjusted, that the ressdra total distance of 1.2 min
both directions.

Hydraulic-test-pressure

The test has to be carried out in compéawith the method described in
Standard 1ISO 1402.

The test-pressure of 3 MPa shall be aghdliging 10 minutes, without any leakage.
Couplings
If a coupling is mounted on the hose thim¥ahg conditions have to be met:

The couplings shall be made from steel aspand the surface must be corrosion-
resistant.

The couplings must be of the crimp-fittiggd.
The couplings can be made as swivel-nutay@es quick-connector type.

It shall be impossible to disconnect thecknsionnector type without specific
measures or the use of dedicated tools.

Assembly of hose and couplings

The construction of the couplings must bEhsthat it is not necessary to peel the
cover unless the reinforcement of the hose consisterrosion-resistant material.

The hose assembly has to be subjected fmpmise test in compliance with
Standard 1ISO 1436.

The test has to be completed with circudatil having a temperature of 98, and
a minimum pressure of 1.5 times the maximum workiressure.

The hose has to be subjected to 150,000Is®s.

After the impulse-test the hose has tbstéind the test-pressure as mentioned in
paragraph 2.5.4.2.
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2.7.3. Gas-tightness

2.7.3.1. The hose assembly (hose with couplingsjdaithstand during five minutes a gas

pressure of 3 MPa without any leakage.

2.8. Markings

2.8.1. Every hose must bear, at intervals of neatgr than 0.5 m, the following clearly
legible and indelible identification markings costeig of characters, figures or
symbols.

2.8.1.1. The trade name or mark of the manufacturer

2.8.1.2. The year and month of fabrication.

2.8.1.3. The size and type marking.

2.8.1.4. The identification-marking "CNG Class 1".

2.8.2. Every coupling shall bear the trade nammank of the assembling manufacturer.

3. LOW PRESSURE HOSES, CLASS 2 CLASSIFICATION

3.1. General specifications

3.1.1. The hose shall be so designed as to witthstamaximum working pressure of
450 kPa.

3.1.2. The hose shall be so designed as to witths¢amperatures as specified in Annex 50.

3.1.3. The inside diameter shall be in complianitk table 1 of Standard ISO 1307.

3.2. (Not allocated)

3.3. Specifications and tests for the lining

3.3.1. Tensile strength and elongation for rubbemtemal and for thermoplastic

elastomers (TPE)
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3.3.1.2.

3.3.1.3.
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Tensile strength and elongation at breakraing to ISO 37

Tensile strength not less than 10 MPa and elomigadit break not less than
250 per cent.

Resistance to n-pentaweording to ISO 1817 with the following conditson

(@) medium: n-pentane
(b) temperature: 23C (tolerance acc. to ISO 1817)
(c) immersion period: 72 hours

Requirements:

(@) maximum change in volume 20 per cent
(b) maximum change in tensile strength 25 per cent
(c) maximum change in elongation at break 30 pet ce

After storage in air with a temperature of 4D for a period of 48 hours the mass
compared to the original value may not decrease1tian 5 per cent.

Resistance to ageing according to ISOwi#8the following conditions:

(@) temperature: 115 °C (test temperature = maxinoperating temperature
minus 10 ° C).
(b) exposure period: 24 and 336 hours.

After ageing the specimens have to be condition@8 4C and 50 per cent relative
humidity for at least 21 days prior to carrying dbé tensile test according to
paragraph 3.3.1.1.

Requirements:

(@ maximum change in tensile strength 35 per edter 336 hours ageing
compared to the tensile strength of the 24 houes aggterial.

(b) maximum change in elongation at break 25 pat aéter 336 hours ageing
compared to the elongation at break of the 24 hagesl material.
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3.3.2. Tensile strength and elongation specifiadiermoplastic material.

3.3.2.1. Tensile strength and elongation at brea&raing to ISO 527-2 with the following
conditions:

(@) specimen type: type 1 BA.
(b) tensile speed: 20 mm/min.

The material has to be conditioned for at leastd&yjs at 23 °C and 50 per cent
relative humidity prior to testing.

Requirements:

(a) tensile strength not less than 20 MPa.
(b) elongation at break not less than 100 per cent.

3.3.2.2. Resistance to n-pentane according to Wwith the following conditions:

(@) medium: n-pentane.
(b) temperature: 23 °C (tolerance according to 1807).
(c) immersion period: 72 hours.

Requirements:

(@) maximum change in volume 2 per cent.
(b) maximum change in tensile strength 10 per cent.
(c) maximum change in elongation at break 10 pet.ce

After storage in air with a temperature of 40 °C dgperiod of 48 hours the mass
compared to the original value may not decreasethan 5 per cent.

3.3.2.3. Resistance to ageing according to ISOwli88the following conditions:

(@) temperature: 115 °C (test temperature = maxinoperating temperature
minus 10 ° C).
(b) exposure period: 24 and 336 hours.

After ageing the specimens have to be condition@8 4C and 50 per cent relative
humidity for at least 21 days prior to carrying dhé tensile test according to
paragraph 3.3.2.1.
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Requirements:

(@8 maximum change in tensile strength 35 per edter 336 hours ageing
compared to the tensile strength of the 24 houes agaterial.

(b) maximum change in elongation at break 25 pat aéier 336 hours ageing
compared to the elongation at break of the 24 hagesl material.

Specifications and test-method for the cover

Tensile strength and elongation for rubbemtemal and for thermoplastic
elastomers (TPE)

Tensile strength and elongation at breakraling to ISO 37

Tensile strength not less than 10 MPa and elomgadit break not less than
250 per cent.

Resistance to n-hexaeeording to ISO 1817 with the following conditton

(@ medium: n-hexane
(b) temperature: 23C (tolerance acc. to ISO 1817)
(c) immersion period: 72 hours

Requirements:

(@ maximum change in volume 30 per cent
(b) maximum change in tensile strength 35 per cent
(c) maximum change in elongation at break 35 pet ce

Resistance to ageing according to ISOwi#8the following conditions:

(a) temperature: 115 °C (test temperature = maxinoperating temperature
minus 10 ° C).
(b) exposure period: 24 and 336 hours.

After ageing the specimens have to be condition8 4C and 50 per cent relative
humidity for at least 21 days prior to carrying dhé tensile test according to
paragraph 3.4.1.1.
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3.4.2.

3.4.2.1.

3.4.2.2.

3.4.2.3.

Requirements:

(&8 maximum change in tensile strength 35 per edter 336 hours ageing
compared to the tensile strength of the 24 houes aggterial.

(b) maximum change in elongation at break 25 pat atter 336 hours ageing
compared to the elongation at break of the 24 hagesl material.

Tensile strength and elongation specifiadiermoplastic material.

Tensile strength and elongation at breakraling to ISO 527-2 with the following
conditions:

(&) specimen type: type 1 BA.
(b) tensile speed: 20 mm/min.

The material has to be conditioned for at leastd&yjs at 23 °C and 50 per cent
relative humidity prior to testing.

Requirements:

(@) tensile strength not less than 20 MPa.
(b) elongation at break not less than 100 per cent.

Resistance to n-hexane according to ISKJ $8th the following conditions:
(@) medium: n-hexane.

(b) temperature: 23 °C (tolerance according to 1807).

(c) immersion period: 72 hours.

Requirements:

(@) maximum change in volume 2 per cent.

(b) maximum change in tensile strength 10 per cent.

(c) maximum change in elongation at break 10 pet.ce

After storage in air with a temperature of 40 °€ dgperiod of 48 hours the mass
compared to the original value may not decreasettinan 5 per cent.

Resistance to ageing according to ISOwii88the following conditions:

(a) temperature: 115 °C (test temperature = maxinoperating temperature
minus 10 °C).
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(b) exposure period: 24 and 336 hours.

After ageing the specimens have to be condition@® 4C and 50 per cent relative

humidity for at least 21 days prior to carrying dheé tensile test according to

paragraph 3.4.2.1.

Requirements:

(@ maximum change in tensile strength 20 per edter 336 hours ageing
compared to the tensile strength of the 24 houes aggterial.

(b) maximum change in elongation at break 50 pat aéter 336 hours ageing
compared to the elongation at break of the 24 hagesl material.

Resistance to ozone

The test has to be performed in compliavite Standard 1ISO 1431/1.

The test-pieces, which have to be strdttthan elongation of 20 per cent shall have
to be exposed to air of 4C and a relative humidity of 50 per cent + 10 m@sttavith
an ozone concentration of 50 parts per hundredomitluring 120 hours.

No cracking of the test pieces is allowed.

Specifications for uncoupled hose

Gas-tightness (permeability)

A hose at a free length of 1 m has todmnected to a container filled with liquid
propane, having a temperature of 232 °C.

The test has to be carried out in compéawith the method described in
Standard 1SO 4080.

The leakage through the wall of the hbsél sot exceed 95 chper meter of hose
per 24 h.

Resistance at low temperature

The test has to be carried out in compéawith the method described in
Standard ISO 4672, method B.
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3.5.2.2. Test temperature: -40°Cx3°C
or -20°C %3 °C, if applicable.
3.5.2.3. No cracking or rupture is allowed.
3.5.3. Resistance at high temperature
3.5.3.1. A piece of hose, pressurized at 450 kiRh,anminimal length of 0.5 m must be put

in an oven at a temperature of 1ZD+ 2°C during 24 hours. The test shall be
performed on both new hose and after ageing acaptdilSO 188 as prescribed in
paragraph 3.4.2.3. and subsequently to ISO 18fieasribed in paragraph 3.4.2.2.

3.5.3.2. The leakage through the wall of the hbsdl sot exceed 95 chper meter of hose
per 24 h.

3.5.3.3. After the test the hose shall withstamdést pressure of 50 kPa during 10 minutes.
The leakage through the wall of the hose shalemoeed 95 ciper meter of hose
per 24 h.

3.5.4. Bending test

3.5.4.1. An empty hose, at a length of approxingaBb m must be able to withstand

3,000 times the hereafter prescribed alternatimging-test without breaking.

3.5.4.2.

~

{

4 >

propulsion mechanism

(a =102 mm; b=241 mm)

Figure 3 (example only)

The testing machine (Figure 3) shall consist ofteelsframe, provided with
two wooden wheels, with a rim width of approx. I8f.
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The circumference of the wheels must be groovethiguidance of the hose.
The radius of the wheels, measured to the bottotheo§roove, must be 102 mm.

The longitudinal median planes of both wheels ningsin the same vertical plane.
The distance between the wheel-centres must bieale?d1l mm and horizontal
102 mm.

Each wheel must be able to rotate freely roungiitst-centre.

A propulsion-mechanism pulls the hose over the \ghegtea speed of four complete
motions per minute.

The hose shall be S-shape-like instaled the wheels (see Figure 3).

The end, that runs over the upper wheel, shallibeshed with a sufficient mass as
to achieve a complete snuggling of the hose ag#iesivheels. The part that runs
over the lower wheel is attached to the propulsi@chanism.

The mechanism must be so adjusted, that the hessldra total distance of 1.2 min
both directions.

Markings

Every hose must bear, at intervals of neawgr than 0.5 m, the following clearly
legible and indelible identification markings castsig of characters, figures or
symbols.

The trade name or mark of the manufacturer

The year and month of fabrication.

The size and type marking.

The identification marking "CNG Class 2".

Every coupling shall bear the trade nanmaank of the assembling manufacturer.
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Annex 4C

PROVISIONS REGARDING THE APPROVAL OF THE CNG FILTER

1. The purpose of this annex is to determine theigions regarding the approval of the
CNG filter.

2. Operating conditions

2.1. The CNG filter shall be so designed to operdtéemperatures as specified in
Annex 50.

2.2. CNG filter shall be Classified with regardth@ maximum working pressure (see

paragraph 2 of this Regulation):

2.2.1. Class 0: The CNG filter shall be so desigoasithstand a pressure of 1.5 times the
working pressure (MPa).

2.2.2. Class 1 and Class 2: The CNG filter shalsbelesigned to withstand a pressure
twice the working pressure.

2.2.3. Class 3: the CNG filter shall be so desigoeadithstand a pressure twice the relief
pressure of the pressure relief valve on which dLibject.

2.3. The materials used in the CNG filter whichiareontact with CNG when operating,
shall be compatible with this gas (see Annex 5D).

2.4, The component has to comply with the test gutaces for Class components
according to the scheme in Figure 1-1 of paragéaphthis Regulation.
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Annex 4D
PROVISIONS REGARDING THE APPROVAL OF THE PRESSURE®ULATOR

The purpose of this annex is to determine theipions regarding the approval of the
pressure regulator.

Pressure regulator

The material constituting the regulator whishin contact with the compressed
natural gas when operating shall be compatible thghtest CNG. In order to verify
this compatibility, the procedure in Annex 5D shzlused.

The materials constituting the regulator whaok in contact with the heat exchange
medium of the regulator when operating, shall bamatible with that fluid.

The component shall comply with the test pdoces provided for in Class 0 for the
parts subject to high pressure and Class 1, 2d & éor the parts subject to medium
and low pressure.

Durability test (continued operation) of pregsregulator:

The regulator shall be able to withstand 50,00€lesywithout any failure when

tested according to the following procedure. Whiesstages of pressure regulation

are separate, the service pressure in sub-paragfapto (f) is considered to be the
working pressure of the upstream stage.

(&) Recycle the regulator for 95 per cent of @witaltnumber of cycles at room
temperature and at the service pressure. Each siall consist of flow until
stable outlet pressure has been obtained, aftetvite gas flow shall be shut
off by a downstream valve within 1 s, until the dmiream lock-up pressure
has stabilized. Stabilized outlet pressures arnete as set pressure
+15 per cent for at least 5 s.

(b) Cycle the inlet pressure of the regulatorifqrer cent of the total number of
cycles at room temperature from 100 per cent tpé&Ocent of the service
pressure. The duration of each cycle shall beesg than 10 s.

(c) Repeat the cycling procedure of (a) at 120atGhe service pressure for
1 per cent of the total number of cycles.

(d) Repeat the cycling procedure of (b) at 120atGhe service pressure for
1 per cent of the total number of cycles.

(e) Repeat the cycling procedure of (a) at -4mTG20 °C as applicable and
50 per cent of service pressure for 1 per certetatal number of cycles.
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3.1

3.1.1.

3.1.2.

3.1.3.

3.1.4.

3.1.5.

3.2.

() Repeat the cycling procedure of (b) at -4081C-20 °C as applicable and
50 per cent of service pressure for 1 per cerfi@tatal number of cycles.

(g) Atthe completion of all tests indicated irbsparagraphs (a), (b), (c), (d), (e)
and (f), the regulator shall be leak proof (see &nBB) at the temperatures
of -40 °C or -20 °C, as applicable, and at the raemperature and at the
temperature of +120 °C."

Classification and test pressures

The part of the pressure regulator which isontact with the pressure of the
container is regarded as Class O.

The Class 0 part of the pressure regul&ialf be leak-proof (see Annex 5B) at a
pressure up to 1.5 times the working pressure (M#h)the outlet(s) of that part
closed off.

The Class 0 part of the pressure regula@t withstand a pressure up to 1.5 times
the working pressure (MPa).

The Class 1 and Class 2 part of the pressegelator shall be leak-proof
(see Annex 5B) at a pressure up to twice the wgrkiessure.

The Class 1 and Class 2 part of the pressgutator shall withstand a pressure up to
twice the working pressure.

The Class 3 part of the pressure regula@h withstand a pressure up to twice the
relief pressure of the pressure relief valve, orciiit is subject.

The pressure regulator shall be so designepeate at temperatures as specified in
Annex 50.
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Annex 4E

PROVISIONS REGARDING THE APPROVAL OF THE PRESSUREB TEMPERATURE

2.1.

2.2.

3.1

3.1.1.

3.1.2.

3.1.3.

3.1.4.

3.1.5.

3.2.

SENSORS

The purpose of this annex is to determine tleigions regarding the approval of
the pressure and temperature sensors.

Pressure and temperature sensors
The material constituting the pressure angé&rature sensors which is in contact
with the CNG when operating shall be compatiblehwiite test CNG. In order to

verify this compatibility, the procedure in Anne® Shall be used.

The pressure and temperature sensors arédfiehss a Class according to the
scheme 1-1 in paragraph 2 of this Regulation.

Classification and test pressures

The part of the pressure and temperature sewich is in contact with the pressure
of the container is regarded as Class 0.

The Class 0 part of the pressure and teryseraensors shall be leak-proof at a
pressure up to 1.5 times the working pressure (Ni§&® Annex 5B).

The Class 0 part of the pressure and terysersensors shall withstand a pressure
up to 1.5 times the working pressure (MPa).

The Class 1 and Class 2 part of the pressutéemperature sensors shall be leak-
proof at a pressure up to twice the working presg¢see Annex 5B).

The Class 1 and Class 2 part of the pressurtemperature sensors shall withstand a
pressure up to twice the working pressure.

The Class 3 part of the pressure and terysersensors shall withstand a pressure
up to twice the relief pressure of the pressutefrealve, on which it is subject.

The pressure and temperature sensors sisaldesigned to operate at temperatures
as specified in Annex 50.
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3.3. The electrical system, if existing, shall fglated from the body of the pressure and
temperature sensors. Isolation resistance shalleMQ.
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Annex 4F

PROVISIONS REGARDING THE APPROVAL OF THE FILLING UN
(Receptacle)

1. Scope
The purpose of this annex is to determine theipiavs regarding the approval of
the filling unit.

2. The filling unit

2.1. The filling unit shall comply with the requinents laid down in paragraph 3. and

shall have the dimensions of paragraph 4., if apple.

2.2. Filling units designed in accordance with I54369-1 first edition 2004-11-01 1
and meeting all the requirements therein are deemédfil the requirements of
paragraphs 3. and 4. of this annex.

3. The filling unit test procedures

3.1 The filling unit shall be conform to the reguments of Class 0 and follow the test
procedures in Annex 5 with the following specifeguirements.

3.2. The material constituting the filling unit wehiis in contact with the CNG when the
device is in service shall be compatible with thdGC In order to verify this
compatibility, the procedure of Annex 5D shall lzed.

3.3. The filling unit shall be free from leakageaapressure of 1.5 times the working
pressure (MPa) (see Annex 5B).

3.4. The filling unit shall withstand a pressure38fMPa.

3.5. The filling unit shall be so designed as terape at temperatures as specified in
Annex 50.

3.6. The filling unit shall withstand a number d¥,Q00 cycles in the durability test

specified in Annex 5L.

1/ Road Vehicles Compressed Natural Gas (CNG) tefgelonnector - part 1: 20 MPa (200 bar)
connector.
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4, Filling unit dimensions

4.1. Figure 1 shows the dimensions of the fillingt dor vehicles of categories M
and N. 2/

2/ Asdefined in Annex 7 to the Consolidated Resoiubn the Construction of Vehicles (R.E.3)
(document TRANS/WP.29/78/Rev.1/Amend.2 as last aleéiny Amend.4).
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Fig. 1: 20 MPa filling unit (receptacle) foryMind N vehicles
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L____| This area shall be kept free of all components.
1 Sealing surface equivalent to No. 110 O-ringinfahsions: Dimensions in millimetres
9.19 mmt 0.127 mm ID Surface roughnes&Ra 3.26m

2.62 mmt 0.076 mm width
Sealing surface finish: 08m to 0.055m
Material hardness: 75 Rockwell (HRB 75) minimum
a Minimum length of the receptacle which is clefprovisions for attachement of receptacle orgutite caps.
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Annex 4G

PROVISIONS REGARDING THE APPROVAL OF GAS FLOW ADJUER AND GAS/AIR

2.1

2.2.

2.3.

2.3.1.

2.3.1.1.

2.3.2.

2.4,

3.1.

MIXER OR GAS INJECTOR

The purpose of this annex is to determine tbeigions regarding the approval of
the gas flow adjuster and gas/air mixer or gastoje

Gas/air mixer or gas injector
The material constituting the gas/air mixegas injector which is in contact with
CNG shall be compatible with the CNG. In ordewésify this compatibility, the

procedure specified in Annex 5D shall be used.

The gas/air mixer or gas injector shall comfdo the requirements of Class 1 or
2 components, according to their Classification.

Test pressures

The gas/air mixer or gas injector of Classhall withstand a pressure twice the
working pressure.

The gas/air mixer or gas injector of Clashall be free from leakage at a pressure
twice the working pressure.

The gas/air mixer or gas injector of Clasandl Class 2 shall be so designed to
operate at temperatures as specified in Annex 50.

Electrical operated components containing GN&l comply with the following:

(@) They shall have a separate ground connection;

(b) The electrical system of the component shalsblated from the body;

(c) The gas injector shall be in closed positionewthe electric current is
switched off.

Gas flow adjuster
The material constituting the gas flow adjusthich is in contact with the CNG

shall be compatible with the CNG. In order to fyetfiis compatibility the procedure
specified in Annex 5D has to be used.
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The gas flow adjuster shall conform to requeats of Class 1 or 2 components,
according to their Classification.

Test pressures

The gas flow adjuster of Class 2 shall withd a pressure twice the working
pressure.

The gas flow adjuster of Class 2 shalirbe from leakage at a pressure twice the
working pressure.

The gas flow adjuster of Class 1 and Clask&@ be so designed to operate at
temperatures as specified in Annex 50.

Electrical operated components containing GR&l comply with the following:

(@ They shall have a separate ground connection;
(b) The electrical system of the component shalsbkated from the body.
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Annex 4H

PROVISIONS REGARDING THE APPROVAL OF THE ELECTRONI@ONTROL UNIT

2.1

2.2.

2.3.

2.4.

2.5.

The purpose of this annex is to determine tbeigions regarding the approval of
the electronic control unit.

Electronic control unit
The electronic control unit can be any dewibe&h controls the CNG demand of the
engine and establishes the cut-off of the automatice in case of a broken fuel

supply pipe or in case of stalling of the engimegaring a crash.

The switching off delay of the automatic vadfier stalling of the engine may not be
more than 5 seconds.

The device may be equipped with an automgtigion advance timing adjuster
integrated in the electronic module or separated.

The device may be integrated with dummy ijecto permit a correct functioning of
the gasoline electronic control unit during CNG repien.

The electronic control unit shall be so desthno operate at temperatures as
specified in Annex 50.
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Annex 5
TEST PROCEDURES
Classification

CNG components for use in vehicles shall assified with regard to the maximum
working pressure and function, according to panalgiof this Regulation.

The classification of the components deterntimegests which have to be performed
for type-approval of the components or parts ofdb@ponents.

Applicable test procedures:

In table 5.1 below the applicable test proceddeggendent on the classification are

shown.
Table 5.1

Test ClassDClass 1| Class 2 Class| lass 4| Paragraph
Overpressure or strength X X X X @) 5A
External leakage X X X X 6] 5B
Internal leakage A A A A 0] 5C
Durability tests A A A A ©) 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 6] O 0 5M
Temperature cycle A A A A ©) 5H
Pressure cycle X @) 6] 6] 6] 51
Vibration resistance A A A A 0 5N
Operating temperatures X X X X X 50

X = Applicable
O = Not applicable
A = As applicable
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3.1.

3.2.

3.3.

Remarks:

(@)
(b)
(©)
(d)
(e)

Internal leakage: Applicable if the Classh& tomponent consists of internal
valve seats that are normally closed during entdte-" condition.

Durability test: Applicable if the Class oftltomponent consists of integral
parts that will move repeatedly during engine opena

CNG compatibility, resistance to dry heat, c@geing: Applicable if the
class of the component consists of synthetic / metallic parts.
Temperature cyclic test: Applicable if thesdaf the component consists of
synthetic / non-metallic parts.

Vibration resistance test: Applicable if tha<3 of the component consists of
integral parts that will move repeatedly duringieegoperation.

The materials used for the components shall haitteewispecifications that fulfil
at least or exceed the (test) requirements laichdawhis annex with respect to:

(@)
(b)
(€)
(d)

temperature
pressure

CNG compatibility
durability

General requirements

Leakage tests shall have to be conductedpsitbsurized gas like air or nitrogen.

Water or another fluid may be used to obta@réquired pressure for the hydrostatic
strength test.

The test period for leakage- and hydrostdtiength-tests shall be not less than
3 minutes.
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Annex 5A
OVERPRESSURE TEST (STRENGTH TEST)

A CNG containing component shall withstand withany visible evidence of
rupture or permanent distortion a hydraulic pressifrl.5-2 times the maximum
working pressure during minimal 3 minutes at roemperature with the outlet of
the high-pressure part plugged. Water or any athigable hydraulic fluid may be
used as a test medium.

The samples, previously subjected to the dutpligst of Annex 5L are to be
connected to a source of hydrostatic pressure. ogitipe shut-off valve and a
pressure gauge, having a pressure of not les4d thaimes nor more than 2 times the
test pressure, are to be installed in the hydriogtatssure supply piping.

Table 5.2 below shows the working and burst pgessures according to the
Classification of paragraph 2 of this Regulation.

Table 5.2
Classification Working Overpressure
of component pressure
[kPa] [kPa]
Class 0 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 presspre
Class 3 450<p<3000 2 times the relief pressufe
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Annex 5B
EXTERNAL LEAKAGE TEST

A component shall be free from leakage througimor body seals or other joints,
and shall not show evidence of porosity in castiigen tested as described in
paragraphs 2. and 3. of this annex at any aerogtagissure between 0 and the
pressure shown in table 5.2.

The test shall be performed at the followingdibans:

(@) at room temperature
(b) at the minimum operating temperature
(c) atthe maximum operating temperature

The maximum and minimum operating temperaturegiaen in Annex 50.

During this test the equipment under test (EWill) be connected to a source of
aerostatic pressure. An automatic valve and apregjauge having a pressure range
of not less than 1.5 times nor more than 2 timesdkt pressure are to be installed in
the pressure supply piping. The pressure gaudge s installed between the
automatic valve and the sample under test. Whidkeuthe applied test pressure, the
sample should be submerged in water to detectdeadmany other equivalent test
method (flow measurement or pressure drop).

The external leakage must be lower than thanemgents stated in the annexes or if
no requirements are mentioned the external leaiagjébe lower than 15 ciiour.

High temperature test

A CNG containing component shall not leak moreth& cni/hour with the outlet
plugged when submitted to a gas pressure, at maxioperating temperature as
indicated in Annex 50, equal to the maximum workgmgssure. The component
shall be conditioned for at least 8 hours at thsgerature.

Low temperature test

A CNG containing component shall not leak morentha cni/hour with the outlet
plugged when submitted to a gas pressure, at thienmin operating temperature,
equal to the maximum working pressure as declayeth® manufacturer. The
component shall be conditioned for at least 8 hatithis temperature.
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Annex 5C
INTERNAL LEAKAGE TEST

The following tests are to be conducted on sampf valves or filling unit which
have previously been subjected to the externaltiestkof Annex 5B above.

The seat of the valves, when in the closed iposishall be free from leakage at any
aerostatic pressure between 0 to 1.5 times theimgppcessure (kPa).

A non-return valve provided with a resilient tséalastic), when in the closed
position, shall not leak when subjected to any stet@ pressure between 0 and
1.5 times the working pressure (kPa).

A non-return valve provided with a metal-to-nhe&at, when in the closed position,
shall not leak at a rate exceeding 0.4 7/dwhen subjected to an aerostatic pressure
difference of 138 kPa effective pressure.

The seat of the upper non-return valve useldarassembly of a filling unit, when in
the closed position, shall be free from leakagangt aerostatic pressure between
0 and 1.5 times the working pressure (kPa).

The internal leakage tests are conducted wélmilet of the sample valve connected
to a source of aerostatic pressure, the valvesigltised position, and with the outlet
open. An automatic valve and a pressure gaugatavpressure range of not less
than 1.5 times nor more than 2 times the test presare to be installed in the
pressure supply piping. The pressure gauge is todballed between the automatic
valve and the sample under test. While underpbéed test pressure, observations
for leakage are to be made with the open outlahsuted in water unless otherwise
indicated.

Conformance with paragraphs 2. to 5. is to lberdened by connecting a length of
tubing to the valve outlet. The open end of thidat tube is to be located within an
inverted graduated cylinder which is calibrateduic centimeters. The inverted
cylinder is to be closed by a water tight seale &pparatus is to be adjusted so that:

(@) the end of the outlet tube is located approieéigd 3 mm above the water level
within the inverted graduated cylinder, and

(b) the water within and exterior to the graduatglihder is at the same level.
With these adjustments made, the water level witiegraduated cylinder is
to be recorded. With the valve in the closed pamsiissumed as the result of
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normal operation, air or nitrogen at the specifest pressure is to be applied
to the valve inlet for a test period of not lesatl2 minutes. During this time,
the vertical position of the graduated cylinddpibe adjusted, if necessary, to
maintain the same water level within and extermgoit.t

At the end of the test period and with the watetimni and exterior to the
graduated cylinder at the same level, the levelater within the graduated
cylinder is again recorded. From the change afima within the graduated
cylinder, the leakage rate is to be calculatedra@og to the following formula:

vi=v, &2 (E ,LJ
t T 1016

where:
V; = leakage rate, cubic centimetres of air or ggroper hour.
Vi = increase in volume within graduated cylinderinly test.
t = time of test, minutes.
P = barometric pressure during test, in kPa.
T = ambient temperature during test, in K.

Instead of the method described above, leakayeb® measured by a flowmeter
installed on the inlet side of the valve under.t8die flowmeter shall be capable of
indicating accurately, for the test fluid employdte maximum leakage flow rates
permitted.
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CNG COMPATIBILITY TEST
A synthetic part in contact with CNG shall nlebg excessive volume change or loss
of weight.
Resistance to n-pentane according to ISO 1817 thittiollowing conditions:
(@ medium: n-pentane
(b) temperature: 23C (tolerance acc.to ISO 1817)
(c) immersion period: 72 hours
Requirements:

maximum change in volume 20 per cent

After storage in air with a temperature of4Dfor a period of 48 hours the mass
compared to the original value may not decreaserian 5 per cent.
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CORROSION RESISTANCE TEST

Test procedures

1. A metal CNG containing component shall complihviihe leakage tests mentioned
in Annexes 5B and 5C and after having been subdnittdd 44 hours salt spray test
according to ISO 15500-2, with all connections eths

2. A copper or brass CNG containing component staatiply with the leakage tests
mentioned in Annexes 5B and 5C and after having lsedmitted to 24 hours
immersion in ammonia according to ISO CD 15500-thwil connections closed.
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Annex 5F

RESISTANCE TO DRY HEAT

The test has to be done in compliance with 188 The test piece has to be exposed
to air at a temperature equal to the maximum opeyémperature for 168 hours.

The allowable change in tensile strength shawitdexceed + 25 per cent. The
allowable change in ultimate elongation shall nateed the following values:

Maximum increase 10 per cent
Maximum decrease 30 per cent



E/ECE/324 } Rev.2/Add.109/Rev.1

E/ECE/TRANS/505
Regulation No. 110
page 174
Annex 5G
ANNEX 5G
OZONE AGEING
1. The test has to be in compliance with ISO 1431/1

The test piece, which has to be stressed to 20gm¢elongation shall be exposed to
air at 40 °C with an ozone concentration of 50 paer hundred million during

72 hours.

2. No cracking of the test piece is allowed.
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TEMPERATURE CYCLE TEST
A non metallic part containing CNG shall comply hvithe leakage tests mentioned in
Annexes 5B and 5C after having been submitted thd@Bs temperature cycle from the

minimum operating temperature up to the maximunratpey temperature with a cycle time
of 120 minutes, under maximum working pressure.

Annex 51

PRESSURE CYCLE TEST APPLICABLE ONLY TO CYLINDERSKES ANNEX 3)

Annexes 5J and 5KNot allocated

Annex 5L

DURABILITY TEST (CONTINUED OPERATION)

Test method

The component shall be connected to a source ssprised dry air or nitrogen by means of a
suitable fitting and subjected to the number ofeyspecified for that specific component. A cycle
shall consist of one opening and one closing ofcttponent within a period of not less than

10 + 2 seconds.

(@)

Room temperature cycling

The component shall be operated through 96 perafeihe total cycles at room

temperature and at rated service pressure. Dunegff cycle the down stream
pressure of the test fixture should be allowedédoag to 50 per cent of the test
pressure. After that, the components shall comvjilythe leakage test of Annex 5B
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(b)

(©)

at room temperature. It is allowed to interrupstpart of the test at 20 per cent
intervals for leakage testing.

High temperature cycling

The component shall be operated through 2 per aktite total cycles at the
appropriate maximum temperature specified at regensice pressure. The
component shall comply with the leakage test of &nBB at the appropriate
maximum temperature at the completion of the heghperature cycles.

Low temperature cycling

The component shall be operated through 2 per cktite total cycles at the
appropriate minimum temperature specified at re¢edce pressure. The component
shall comply with the leakage test of Annex 5B lag¢ appropriate minimum
temperature specified at the completion of the temvperature cycles.

Following cycling and leakage re-test, the commposiall be capable of completely
opening and closing when a torque not greater thanspecified in Table 5.3 is
applied to the component handle in a directiong@mit completely and then in the
reverse direction.

Table 5.3
Component inlet size (mm) Max. torque (Nm)
6 1.7
8or10 2.3
12 2.8

This test shall be conducted at the appropriatarmax temperature specified, and
shall be repeated at a temperature of*@0
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Annex 5M

BURST/DESTRUCTIVE TEST APPLICABLE ONLY TO CYLINDEREEE ANNEX 3)

Annex 5N
VIBRATION RESISTANCE TEST
All components with moving parts shall remain undged, continue to operate, and comply with
the component's leakage tests after 6 hours oftuior in accordance with the following test
method.
Test method
The component shall be secured in an apparatuglaraded for 2 hours at 17 Hz with an amplitude

of 1.5 mm (0,06 in.) in each of three orientaticlesa On completion of 6 hours of vibration the
component shall comply with Annex 5C.
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ANNEX 50
OPERATING TEMPERATURES
Engine compartment Assembled on the On board
engine
Moderate -20°C+105°C -20°C-120 °C -20°C-85°C
Cold -40°C+ 105 °C -40°C- 120 °C -40°C-85 °C
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PROVISIONS REGARDING CNG IDENTIFICATION MARK FOR PBLIC SERVICE
VEHICLES

The sign consists of a sticker which must be weatisstant.

The colour and dimensions of the sticker mustlfth& following requirements:

Colours:
Background: green
Border: white or white reflecting
Letters: white or white reflecting
Dimensions
Border width: 4 -6 mm

Character height: =25 mm
Character thickness= 4 mm
Sticker width: 110 - 150 mm
Sticker height: 80 - 110 mm

The word "CNG" must be centred in the middle ofsheker.



