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1.1.

1.2.

Scope

This Regulation applies to:

Part |

Part Il

Approval d specific equipment of vehicles of category M and N
using liquefied petroleum gases in their propulsion system;

Approval of vehicles of category M and 'Nitted with specific
equipment for the use of liquefied petroleum gases in their
propukion system with regard to the installation of such
equipment.

Definition and classification of components

LPG components for use in vehicles shall be classified with regard to the
maximum operating pressure and function, according to Figure 1.

Clas 0

Class 1

Clas 2

High pressure parts including tubes and fittings containing liquid
LPG with a pressure > 3,000 kPa.

High pressure parts including tubes and fittings containing liquid
LPG at vapour pressure or increased vapour pressure up to
3,000kPa.

Low pressure parts including tubes and fittings containing
vaporized LPG with a maximum operating pressure belowk#s0
and over 20 kPa above atmospheric pressure.

Class 2A Low pressure parts for a limited pressure range including tubes

Class 3

and fittingscontaining vaporized LPG with a maximum operating
pressure below 12kPa and over 20 kPa above atmospheric
pressure.

Shutoff valves and pressure relief valves, when operating in the
liquid phase.

LPG components designed for a maximum operatieggure below 20 kPa
above atmospheric pressure are not subjected to this Regulation.

A component can consist of several parts, each part classified in his own
class with regard to maximum operating pressure and function.

1 As defined in the Consolidated Resolution on the Constructi&vehicles (R.E.3.), document
ECE/TRANS/WP.29/78/Rev.2, para.
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Figure 1
Classification with regard to maximum operating pressure and function
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2.1,

2.1.1.

2.1.2.

2.1.3.

2.1.4.
2.1.5.

2.1.6.

2.2,

2.3.
2.3.1.

2.3.2.

"Pressuré means relative pressure versus atmospheric pressure, unless
otherwise stated.

"Service pressufemeans the settled pressure at a uniform gas temperature of
15°C.

"Test pressure means the pressure to which the component is subjected
during the approval test.

"Working pressuremeans the maximum pressure to which the component is
designed to be subjected and on the basis of which its stremigtersined.

"Operating pressutemeans the pressure under normal operating conditions.

"Maximum operating pressutemeans the maximum pressure in a
component which might arise during operation.

"Classification pressufemeans the maxiom allowable operating pressure
in a component according to its classification.

"Specific equipmehimeans:

(@) The container

(b) Theaccessories fitted to the container

(c)  Thevaporizer/pressure regulator

(d)  Theshutoff valve;

(e) Thegas inpction device or injector or gas mixing piece

) The gas dosage unit, either separate or combined with the gas
injection device

(g) Flexiblehoses

(h)  Filling unit;

0] Non-returnvalve

0] Gastube pressure relief valye
(k) Filter unit;

0] Pressurer temperature sensor
(m)  Fuelpump

(n)  Servicecoupling

(o)  Electroniccontrol unit

(p)  Fuelrail;

(q) Pressureelief device

n Multi-component

"Containel means any vessel used for the storage of liquefied petroleum gas
A containercan be:

(@ A standard cylindrical container with a cylindrical shell, two dished
ends either torispherical or elliptical and the required openings;

(b) A special container: other containers than standard cylindrical containers.
The dimensional charactstics are given in Annex 10, Appendix 5

"All-composite containér means a container made only of composite
materials with anon-metallicliner.
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2.3.3.

2.4,

2.5,

25.1.

2.5.2.
2.5.3.

2.5.3.1.

254,

2.55.

"Batch of containefsmeans a maximum of 200 containers of the same type
produced consecutivelyn the same production line.

"Type of containédrmeans containers which do not differ in respect to the
following characteristics as specified in Annex

(@) Thetrade name(s) or trade mark(s),

(b)  Theshape (cylindrical, special shape),

(c)  Theopenings (plate for accessories/metal ring),
(d)  Thematerial,

(e) Thewelding process (in case of metal containers),
4] Theheat treatment (in case of metal containers),
() Theproduction line,

(h)  Thenominal wall thickness,

0] Thediameter

0] Theheight (in case of special containers)

"Accessories fitted to the contaiheneans the following equipment which
may be either separate or combined:

(@) 80 per cent stop valye

(b)  Levelindicator,

(c) Pressureelief valve

(d) Remotelycontrolled serice valve with excess flow valye
(e) Fuelpump

)] Multivalve;

(g) Gastight housing

(h)  Powersupply bushing

0] Non-returnvalve

0] Pressureelief device

"80 per cent stop valvVaneans a device that limits the filling at maximum
80 per cen of the capacity of the container;

"Level indicatot means a device to verify the level of liquid in the container;

"Pressurerelief valve (discharge valvejneans a device to limit the pressure
build-up in the container;

"Pressurerelief devicé means a device aimed to protect the container from
burst which can occur in case of fire, by venting the LPG contained;

"Remotely controlled service valve with excess flow Vateans a device
which allows the establishment and imtgation of LPG supply to the
evaporator/pressure regulator; remotely controlled means that the service
valve is controlled by the electronic control unit; when the engine of the
vehicle is not running the valve is closed; an excess flow valve means a
device to limit the flow of LPG;

"Fuel pump means a device to establish the supply of liquid LPG to the engine
by increasing the pressure of the container with the fuel pump supply pressure;
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2.5.6.

2.5.7.

2.5.8.
2.5.9

2.6.

2.7,

2.8.
2.9.

2.10.

2.11.

2.12.

2.13.

2.14.

2.15.

2.16.

2.17.

2.18.
2.19.

"Multivalve' means a device consisting of all or pafttbe accessories
mentioned in paragraphs 2.5.1. to 2.5.3. and 2.5.8.;

"Gastight housing means a device to protect the accessories and to vent any
leakages to the open air;

Powersupply bushing (fuel pump/actuators/fuel level sensor);

"Nonreturn valvé means a device to allow the flow of liquid LPG in one
direction and to prevent the flow of liquid LPG in the opposite direction;

"Vaporizet means a device intended to vaporize LPG from a liquid to a
gaseous state

"Pressureregulator’ means a device intended for reducing and regulating the
pressure of liquefied petroleum gas

"Shutoff valveé' means a device to cut off the flow of LPG

"Gastube pressure relief valVeneans a device to prevent the pressure build
up in the tubes above a pset value

"Gas injection device or injector or gas mixing pieocgeans a device which
establishes the liquid or vaporized LPG to enter the engine

"Gas dosage unitmeans a device which meters and/or distributes the gas
flow to the engine and can be either combined with the gas injection device
or separate.

"Electronic control unit means a device which controls the LPG demand of
the engine and cuts off automatically the power to the-sfiutalves of the
LPG-sysem in case of a broken fuel supply pipe caused by an accident, or by
stalling of the engine

"Pressure or temperature sen$aneans a device which measures pressure
or temperature

"LPG filter unit' means a device which filters the LPG, theefilcan be
integrated in other components

"Flexible hosesmeans hoses for conveying liquefied petroleum gas in either
a liquid or vapour state at various pressures from one point to another

"Filling unit" means a device to allow filling ohé container; the filling unit
can be realised by integration in the 80 per cent stop valve of the container or
by a remote filling unit at the outside of the vehicle

"Service coupling means a coupling in the fuel line between the fuel
container ad the engine. If a monfuel vehicle is out of fuel the engine can

be operated by means of a service fuel container which can be coupled to the
service coupling

"Fuel rail" means a pipe or duct that connects the fuel injection devices

"Liquefied petroleum gas (LPGmeans any product essentially composed of
the following hydrocarbons:

Propane propene (propylene), normal butane, isobutane, isobutylene, butene
(butylene) and ethane.

European Standard EN 589:1993 specifies requirements anddsaethtest
for automotive LPG as marketed and delivered in the countries of the
members of CEN (European Committee for Standardization).
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Part | -

3.1.

3.2.

3.2.1.

3.2.2.

3.2.3.

3.3.

4.1.

4.2.

4.3

Approval of specific equipment of vehicles of
category M and N using liquefied petroleum gases
in their propulsion system

Application for approval
The application for approval of specific equipment shall be submitted by the
holder of the trade name or mark or by his duly accredited representative.

It shall be accompanied by the undermentioned ehecus in triplicate and
by the following particulars:

A detailed description of the type of the specific equipment (as specified in
Annex1),

A drawing of the specific equipment, sufficiently detailed and on an
appropriate scale,

Verification of compliance with the specifications prescribed in paragraph 6.
of this Regulation;

At the request of th@echnical Serviceesponsible for conducting approval
tests, samples of the specific equipment shall be provided.

Supplementary samplafall be supplied upon request.

Markings

All components submitted for approval shall bear the trade name or mark of
the manufacturer and the type; and for imogtallic components also the
manufacturing month and year; this marking shall be kgldagible and
indelible.

All equipment shall have a space large enough to accommodate the approval
mark including the classification of the component (see Annex 2A) and in
case of components of Class 0 also the working pressure (WP); this space
shallbe shown on the drawings referred to in paragraph 3.2.2. above.

Every container shall also bear a marking plate, welded to it, with the
following data clearly legible and indelible:

(&) A serial number;

(b)  Thecapacity in litres;

(c)  Themarking "LRG";

(d)  Testpressure [kPa];

(e) Thewording: "maximum degree of filling: 80 %";
) Yearand month of approval (e.g. 99/01);

(g)  Approvalmark according to paragraph 5.4;

(h)  The marking "PUMP INSIDE" and a marking identifying the pump
when a pump is moted in the container.

11
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5.

5.1.

5.2.

5.3.

5.4.

54.1.

5.4.2.

5.5.
5.6.

5.7.

6.1.

Approval

If the equipment samples submitted for approval meet the requirements of
paragraphs 6.1. to 6.13. of this Regulation, approval of the type of equipment
shall be granted.

An approval number shall be assignedeteh type of equipment approved.

Its first two digits (at present 01 corresponding to the 01 series of

amendments which entered into force on 13 November 1999) shall indicate
the series of amendments incorporating the most recent major technical
amendmets made to the Regulation at the time of issue of the approval. The
same Contracting Party shall not assign this alphanumeric code to another
type of equipment.

Notice of approval or of refusal or of extension of approval of an LPG

equipment type/papursuant to this Regulation shall be communicated to the

Parties to the Agreement applying this Regulation, by means of a form
conforming to the model in Annex 2B to this Regulation. If it concerns a

container, Anne2B - Appendix1 shall be added.

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

A circle surrounding the letter "E" followed by thiéstinguishingnumber of
the country which has granted apprdval

The number of this Regulation, followed by the letter "R", a dash and the
approval number to the right dié circle prescribed in paragraph 5.4.1. This
approval number consists of the component type approval humber which
appears on the certificate completed for this type (see paragraph 5.2. and
Annex 2B) preceded by two figures indicating the sequence ofatest|
series of amendments to this Regulation.

The approval mark shall be clearly legible and be indelible.

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

In case of a Class 0 component alsowloeking pressure shall be marked in
the vicinity of the approval mark mentioned in paragraph 5.4.

Specifications regarding the various components of
the LPG equipment

General provisions

The specific equipment of vehicles using LPG in their plsipn system
shall function in a correct and safe way.

The distinguish numbers of the Contracting Parties to the 1958 Agreement are reproduced in Annex 3
to the Consolidated Resolution on the Construction of Vehicles (R.&da@ment
ECETRANS/WP.29/78/Rev/Amend.1.
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6.2.

6.3.
6.3.1.

6.3.1.1.
6.3.1.2.
6.3.1.3.
6.3.1.4.

6.3.2.
6.3.3.

6.3.4.
6.3.5.
6.3.6.

6.3.7.

The materials of the equipment which are in contact with LPG shall be
compatible with it.

Those parts of equipment whose correct and safe functioning is liable to be
influenced by LPG, high pressure wibrations has to be submitted to
relevant test procedures described in the annéxdhis Regulation. In
particular the provisions of paragraphs 6.2. to 6.13. are to be fulfilled.

The installation of LP@quipment approved by this regulation shall ptm
with relevant electromagnetic compatibility (E.M.C) requirements according
to Regulation No. 10, 02 series of amendments, or equivalent.

Provisions regarding containers

The LPG containers shall be typpproved pursuant to the provisions laid
downin Annex 10 to this Regulation.

Provisions regarding accessories fitted to the container

The container shall be equipped with the following accessories, which may
be either separate or combined (multivalve(s)):

80 per cent stop valve,

Levelindicator,

Pressureelief valve (discharge valve),

Remotelycontrolled service valve with excess flow valve,

The container may be equipped with a-gght housing, if necessary.

The container may be equipp&ith a power supply bushing for the sake of
actuators/LPG fuel pump.

The container may be equipped with a LPG fuel pump inside the container.
The container may be equipped with ameturn valve.

The container shall be equipped wétlpressure relief device (PRD). Devices
or functions may be approved as PRD being:

(a)  Afusible plug (temperature triggered) (fuse), or

(b) A pressure relief valve provide that it complies to
paragrapt6.15.8.3., or

(c) A combination of the two aboveetices, or

(d)  Any other equivalent technical solution, provided that it ensures the
same degree of performance.

The accessories mentioned in paragraphs 6.3.1. to 6.3.6. above shall-be type
approved pursuant to the provisions laid down in:

(@) Annex 3 to this Regulation for acssories mentioned in
paragraph$.3.1., 6.3.2., 6.3.3. and 6.3.6

(b) Annex 4 to this Regulation for aessories mentioned in
paragraplt6.3.4;

(c) Annex 7 to this Regulation for aessories mentioned in
paragrapt6.3.5.

13
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6.4.-6.14. Provisions regarding other components
The other components, which are shown in Table 1, shall be type approved
pursuant to the provisions laid down in the annexes which can be determined
from the table.
Table 1
Paragraph Component Annex
6.4. Fuelpump 4
6.5. Vaporizer 6
Pressure regulatbr
6.6. Shutoff valves 7
Non-return valves
Gastube pressure relief valves
Service couplings
6.7. Flexible hoses 8
6.8. Filling unit 9
6.9. Gas injection devices/ 11
Gas mixing piecé
or
Injectors
6.10. Gasdosagaunits’ 12
6.11. Pressure sensors 13
Temperature sensors
6.12. Electronic control unit 14
6.13. LPG filter units 5
6.14. Pressure relief device 3

I

Either combined or separate

Only applicable when the gas dosage actuator is not integrateel gas injection device.

3

6.15.
6.15.1.
6.15.1.1.

6.15.1.2.

6.15.1.3.

Applicable only when the operating pressure of the gas mixing piece exceeds 20 kPa (Class 2).

General design rules regarding components
Provisions regarding the 80 per cent stop valve

The connection betvem the float and the closing unit of the 80 per cent stop
valve shall not be deformed under normal conditions of use.

If the 80 per cent stop valve of the container comprises a float, the latter shall
withstand an outside pressure of 4,500 kPa.

The closing unit of the device that limits the fillimg 80 per cent +&8 per

cent of the capacity of the container, for which the 80 per cent stop valve is
designedshall withstand a pressure of 6,750 kPa. At theofiuposition, the
filing rate at a differential pressuref 700 kPa shall not exceed
500cm?/minute. The valve must be tested with all the containers on which it
is intended to be fittedr the manufacturer must declare by calculation for
which container types this valve is slite.
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6.15.1.4.

6.15.1.5.

6.15.2.

6.15.2.1.

6.15.2.2.

6.15.2.3.

6.15.3.

6.15.3.1.

6.15.3.2.

6.15.4.
6.15.4.1.

6.15.4.2.

6.15.5.

When the 80 per cent stop valve does not comprise any float, it shall not be
possible to continue filling, after clogioff, at a rate exceeding
500cn/minute.

The device shall bear a permanent marking, indicating the contgpefor
which it has been designed, diameter and angle, and if applicable mounting
indication.

Electrical operated devices containing LPG shall, in order to prevent in case
of fracture of the component electric sparks on the surface of fracture:

(@ Be insulated in a manner that no current is lead through LPG
containing parts

(b)  Havethe electrical system of the device isolated:
0] Fromthe body
(ii) Fromthe container for the fuglump.
Isolation resistance shall be > 104V

The eletrical connections inside the boot and passengers compartment shall
comply with insulation class IP 40 according to IEC 529.

All other electrical connections shall comply with insulation class IP 54
according to IEC 529.

The power suppl bushing (fuel pump/actuators/fuel level sensor) to establish
an isolated and tight electrical connection shall be of a hermetic sealed type.

Specific provisions on valves activated by an electric/external (hydraulic,
pneumatic) power

In the case of valves activated by an electric/external power (e.g. 80 per cent
stop valve, service valve, shoff valves, nonreturn valves, gas tube
pressure relief valve, service coupling), those valves shall be in "closed"
position when their power isvétched off.

The power of the fuel pump shall be switched off when the electronic control
unit becomes defective or loses power.

Heat exchange medium (compatibility and pressure requirements)

The materials constituting a deviaghich are in contact with the heat
exchange medium of a device when operating shall be compatible with that
fluid and shall be designed to withstand a pressure okR@Oof the heat
exchange medium. The material shall meet the prescriptions laid down in
Annex15, paragraph 17.

The compartment containing the heat exchange medium of the
vaporizer/pressure regulator shall be leak proof at a pressure of 200 kPa.

A component consisting of both high pressure and low pressure parts shall be
so designed to prevent a pressure build up in the low pressure part above
2.25times the maximum working pressure for which it has been tested.
Components connected directly to the tank pressure shall be designed for the
classification pressure of 3,000 kP¥enting to the motor compartment or
outside of the vehicle is not allowed.
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Specific provisions to prevent any gas flow

Pumps of Class 1 shall be so designed that the outlet pressure never exceeds
3,000kPa, when there is e.g. blocking the tubing or not opening of a
shutoff valve. This can be realized by switching off the pump or by
recirculating to the container.

Pumps of Class 0 shall be so designed that the outlet pressure never exceeds
the WP of the components downstream of thenpuwhen there is, e.g.
blocking of the tubing or not opening of a stuit valve. This can be realized

by switching off the pump or by recirculation to the container.

The pressure regulator/vaporizer shall be so designed as to prevent any gas
flow when the regulator/vaporizer unit is supplied with LPG at a pressure
¢ 4,500kPa when the regulator is not operating.

Provisions regarding the gas tube relief valve

Gastube pressure relief valves of Class 1 shall be so designedpernat a
pressure of 3,208 100kPa.

Gastube pressure relief valves of Class 0 shall be so designed as to open at a
pressure of 1.07 WP of the pipel00kPa (if needed).

Gastube pressure relief valves of Class 1 shall not have interdadeaup
to 3,000kPa.

Gastube pressure relief valves of Class 0 shall not have internal leakage up
to WP of the pipe.

Provisions regarding the pressure relief valve (discharge valve)

The pressure relief valve shall be mounted insidectirgtainer or on the
container, in the area where the fuel is in gaseous state.

The pressure relief valve shall be so designed as to open at a pressure
of 2,700° 100kPa.

The flow capacity of the pressure relief valve, determined watimpressed
air at a pressure which is 20 per cent higher than the normal operating
pressure must be at least

Q2 10.660N%#2
in which:

Q= flow of air in standard fimin (100 kPa absolute and temperature of
15°C)

A = exterior surface of the container 2.
The flow test results must be corrected to standard conditions:
Air pressure of 100 kPa absolute and temperature 8€15

When the pressure relief valve is considered as a pressure relief device, the
flow shall be at least 17.7 standard/mmin.

The pressure relief valve shall not have internal leakage up to 2,600 kPa.

The pressure relief device (fuse) shall be designed to open at a temperature of
120° 10°C.
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6.15.8.7.
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The pressure relief device (fuse) shall be designed to hawen apened, a
flow capacity of:

Q2 2.73A
in which:

Q= flow of air in standard ®/min (100 kPa absolute and temperature of
15°C)

A = exterior surface of the container if.m

The flow test must be carried out at an upstream air pressure of 200 kPa
absdute, and at temperature of 16.

The flow test results must be corrected to standard conditions:
Air pressure of 100 kPa absolute, and temperature of 15 °C.

The pressure relief device shall be mounted on the container in the gaseous
zone.

The pressure relief device shall be fitted to the container in such a manner
that it can discharge into the gas tight housing, when its presence is
prescribed.

The pressure relief device (fuse) shall be tested according to the provisions
described in Annex 3, paragraph 7.

Power dissipation of the fuel pump

At minimum fuel level whereby the engine is still operating the heat-oild
by the fuel pump(s) should never cause the pressure relief valve to open.

Provisions regardipthe filling unit

The filling unit shall be equipped with at least one sefited nometurn
valve, and it shall not be dismountable by design.

The filling unit shall be protected against contamination.

The design and diemsions of the connecting area of the filling unit must
comply with those in the figures in Annex 9.

The filling unit shown in Figure 5 is only applicable for motor vehicles of
categories M M3, N», Nz and M, having a maximum total mass3,500kg.

The filling unit shown in Figure 4 may also apply for motor vehicles of
categories M Ms, N,, Ng and M, having a maximum total mass3,500kg°.

The outside filling unit is connected to the container by a hose or pipe.

Specific provisions regarding the light vehicle Euro filling unit (Annex 9
Figure3):

The dead volume between the front sealing surface and the front of the non
return valve shall not exceed 0.1%m

The flow through the connector apeessure difference of 3@a shall be at
least 60 litres/min, if tested with water.

As defined in the Consolidated Resolution on the Construction of Vehicles (R.E.3.), document
ECE/TRANS/WP.29/78/Rev.2, para. 2.
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6.15.10.7.

6.15.10.7.1.

6.15.10.7.2.

6.15.107.3.

6.15.11.
6.15.11.1.

6.15.11.2.

6.15.12.
6.15.12.1.

6.15.12.2.

6.15.12.3.

6.15.13.

6.15.13.1.
6.15.13.1.1.

6.15.13.1.2.

6.15.13.1.3.

6.15.13.2.
6.15.13.2.1.
6.15.13.2.2.

6.15.13.2.3.

Specific provisions regarding the headyty vehicle Euro filling unit
(Annex971 Figure 5):

The dead volume between the front sealing surfacetanéront of the non
return valve shall not exceed 0.5%m

The flow through the filling unit, with the nemeturn valve mechanically
opened, at a pressure difference of 50 kPa shall be at least 200 litres/min,
when tested with water.

The Euro filling unit shall comply with the impact test as described in
Annex9, paragraptv.4.

Provisions regarding the level indicator

The device to verify the level of liquid in the container shall be of an indirect
type (for example magnetic) between the inside and outside of the container.
If the device to verify the level of liquid in the container is of a direct type,
the electric power connections should meet IP54 specifications according to
IEC EN 60529:199706.

If the level indicator of the container comprises a float, the latter shall
withstand an outside pressure of 3,000 kPa.

Provisions regarding the gas tight housing of the container.

The gadight housing outlet shall have a total figesssection of at least
450mn,

The gadight housing shall be legbroof at a pressure of 10 kPa with the
aperture(s) closed off, maximum allowed leak rate of 108/fcrapour and
show no permanent deformation.

The gagtight housiry shall be designed to withstand a pressure of 50 kPa.

Provisions regarding the remotely controlled service valve with excess flow
valve.

Provisions regarding the service valve

In caseof the service valve is combined with LPG fuel supply pump,

identification of the pump must be realised by the marking "PUMP INSIDE"
and the identification of the pump either on the marking plate of the LPG
container or on the multivalve if present. Electrical connections inside the
LPG conainer shall comply with insulation class IP 40 according to IEC 529.

Service valves of Class 1 shall withstand a pressure of 6,750 kPa in the open
and closed position. Service valves of Class 0 shall withstand a pressure of
2.25 WP in the opeand closed position.

The service valve shall not, at the sbfit position, allow an internal leak
rate in the flow direction. There may be leak in the back flow direction.

Provisions regarding the excess flow valve
The excess flow valve shall be mounted inside the container.

The excess flow valve shall be designed with a bypass to allow for
equalization of pressures.

The excess flow valve shall cut off at a pressure difference over theofalve
90kPa. At this pressure difference the flow shall not exceed 8,08/énam



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRANS/505/Rev.1/Add.66/Rev.3

6.15.13.2.4. When the excess flow valve is at -@ff position, the flow through the

7.1,

7.1.1.

7.1.2.

7.2,

7.3.

9.1.

9.2.

9.3.

9.4,

9.5.

9.6.

9.6.1.

by-pass shall not exceed 500%min. at a differential pressure of 700 kPa.

M odifications of a type ofLPG equipment and
extension of approval

Every modification of a type of LPG equipment shall be notified toTiyye
Approval Authority which granted the type approval. Thgpe Approval
Authority may then either:

Considertha the modifications made are unlikely to have an appreciable
adverse effect, and that the equipment still complies with the requirements; or

Considemwhether retesting will be partial or complete.

Confirmation or refusal of approval, specifyinge alterations, shall be
communicated by the procedure specified in paragraph 5.3. above to the
Parties to the Agreement which apply this Regulation.

The competent authority issuing the extension of approval shall assign a
series number to each comnication form drawn up for such an extension.

(Not allocated)

Conformity of production

The conformity of production procedures shall comply with those set out in
the Agreement, Appendix 2 (E/ECE/3EAECE/TRANS/505/Rev.2), with
the followingrequirements:

All equipment approved under this Regulation shall be so manufactured as to
conform to the type approved by meeting the requirements of paragraph 6.
above.

In order to verify that the requirements of paragraph 9.1. are met, suitable
controls of production shall be carried out.

The minimum requirements for conformity of production control tests set
forth in Annexes 8, 10 and 156 this Regulation shall be complied with.

The authority which has granted type approval may gttame verify the
conformity control methods applied in each production facility. The normal
frequency of these verifications shall be once every year.

Moreover, each container shall be tested at a minimum pressure of 3,000 kPa
in conformity with theprescriptions of paragraph 2.3. of Annex 10 to this
Regulation.

Every hose assembly which is applied in the high pressure class (Class 1)
according to the classification as prescribed in paragraph 2. of this
Regulation, shall, during half a minutes bubjected to a test with gas under a
pressure of 3,000 kPa.

Every hose assembly which is applied in the high pressure class (Class 0)
according to the classification as prescribed in paragraph 2. of this
Regulation, shall, during half a minute, fibjected to a test with gas under a
pressure of the declared WP.
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9.7.

9.8.

10.

10.1.

10.2.

11.

11.1.

11.2.

11.3.

11.4.

11.5.

12.

For welded containers at least 1 per 200 containers and one of the remaining
number has to be subjected to the radiographic examination according to
Annex10, paragrapR.4.1.

During production 1 of 200 containers and 1 of the remaining number has to
be subjected to the aboweentioned mechanical tests as described in
Annex 10, paragraph 2.1.2.

Penalties for nonconformity of production

The approval granted in respest a type of equipment pursuant to this
Regulation may be withdrawn if the requirements laid down in paragraph 9.
above are not complied with.

If a Party to the Agreement applying this Regulation withdraws an approval it
has previously granted, it al forthwith so notify the other Contracting
Parties applying this Regulation, by means of a communication form
conforming to the model in Annex 2B to this Regulation.

Transitional provisions regarding the various
components of the_.PG equipment

As from the official date of entry into force of the 01 series of amendments to
this Regulation, no Contracting Party applying this Regulation shall refuse to
grant ECE approval under this Regulation as amended by the 01 series of
amendments.

As from 3 months after the official date of entry into force of the 01 series of
amendments to this Regulation, Contracting Parties applying this Regulation
shall grant ECE approvals only if the type of component to be approved
meets the requirements of tii®egulation as amended by the 01 series of
amendments.

No Contracting Party applying this Regulation shall refuse a type of
component approved to the 01 series of amendments to this Regulation.

Until 12 months after the date of entry into foroé the 01 series of
amendments to this Regulation, no Contracting Party applying this
Regulation shall refuse a type of component approved to this Regulation in
its original form.

Upon the expiration of a period of 12 months after the date of &tryorce

of the 01 series of amendments, Contracting Parties applying this Regulation
may refuse the sale of a type of component which does not meet the
requirements of the Oderies of amendments to this Regulation, unless the
component is intended ageplacement for fitting on vehicles in use.

Production definitively discontinued

If the holder of the approval completely ceases to manufacture a type of
equipment approved in accordance with this Regulation, he shall so inform the
authority which granted the approval. Upon receiving the relevant
communication, that authority shall inform thereof the otfemtracting
Parties to the Agreement applying this Regulation by means of a
communication form conforming to the model in Annex 2B to this Reigul.
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13.

Names and addresses dfechnical Services
responsible for conducting approval tests, and of
Type Approval Authorities

The Contracting Parties to the Agreement applying this Regulation shall
communicate to the United Nations Secretariat theesaand addresses of
the Technical Servicesesponsible for conducting approval tests and of the
Type Approval Authoritieswhich grant approval and to which forms
certifying approval or extension or refusal or withdrawal of approval, issued
in other countes, are to be sent.
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Part Il -

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.

15.

15.1.

15.2.

15.3.

16.

16.1.

16.2.

Approval of vehicles of category M and N fitted
with specific equipment for the use of liquefied
petroleum gases in their propulsion system with
regard to the installation of such equipment

Definitions

For the prposes of Part Il of this Regulation:

"Approval of a vehiclemeans the approval of a vehicle type with regard to
the installation of its specific equipment for the use of liquefied petroleum
gases in its propulsion system;

"Vehicle type means a vehicle or a family of vehicles fitted with specific
equipment for the use of LPG in its propulsion system, which do not differ
with respect to the following conditions:

Themanufacturer;

Thetype designation established by thanufacturer;
Theessential aspects of design and construction;
Chassis/floor pan (obvious and fundamental differences);

Installationof the LPG equipment (obvious and fundamental differences).

Application for approval

The application for approval of a vehicle type with regard to the installation

of specific equipment for the use of liquefied petroleum gases in its

propulsion system shall be submitted by the vehicle manufacturer or by his
duly accredited represtative.

It shall be accompanied by the undermentioned documents in triplicate:
description of the vehicle comprising all the relevant particulars referred to in
Annex 1 to this Regulation.

A vehicle representative of the vehicle type to beraped, shall be
submitted to thd echnical Serviceonducting the approval tests.

Approval

If the vehicle submitted for approval pursuant to this Regulation is provided
with all the necessary specific equipment for the use of liquefied petrol
gases in its propulsion system and meets the requirements of paragraph 17.
below, approval of that vehicle type shall be granted.

An approval number shall be assigned to each type of vehicle approved. Its
first two digits shall indicate the sed of amendments incorporating the most
recent major technical amendments made to the Regulation at the time of
issue of the approval.
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16.3.

16.4.

16.4.1.

16.4.2.

16.5.

16.6.
16.7.
16.8.

17.

17.1.
17.1.1.

17.1.2.

17.1.3.
17.1.4.
17.1.5.

Notice of approval or of refusal or of extension of approval of an LPG
vehicle type pursuant to this Regulatidralb be communicated to the Parties
to the Agreement applying this Regulation, by means of a form conforming
to the model in Annex 2D to this Regulation.

There shall be affixed, conspicuously and in a readily accessible space
specified on the approlvéorm referred to in paragraph 16.3. above, to every
vehicle type approved under this Regulation an international approval mark
consisting of:

A circle surrounding the letter "E" followed by the distinguishing number of
the country which has graattapprova.

The number of this Regulation, followed by the letter "R", a dash and the
approval number to the right of the circle prescribed in paragraph 16.4.1.

If the vehicle conforms to a vehicle approved, under one or more other
Regulatons annexed to the Agreement, in the country which has granted
approval under this Regulation, the symbol prescribed in paragraph 16.4.1.
need not be repeated; in such case, the Regulation and approval numbers and
the additional symbols of all the Regutais under which approval has been
granted in the country which has granted approval under this Regulation shall
be placed in vertical columns to the right of the symbol prescribed in
paragraph 16.4.1.

The approval mark shall be clearly legible andrukelible.
The approval mark shall be placed close to or on the vehicle data plate.

Annex 2C to this Regulation gives examples of the arrangement of the
aforesaid approval mark.

Requirements for the installation of specific
equipment for the use of liquefied petroleum gases
in the propulsion system of a vehicle

General

The LPG equipment as installed in the vehicle shall function in such a
manner that the working pressure for which it has been designed and
approved cannot bexceeded.

All parts of the system shall be type approved for individual parts pursuant to
Part | of this Regulation.

The materials used in the system shall be suitable for use with LPG.
All parts of the system shall be fastened iproper way.

The LPGsystem shall show no leaks.

The distinguish numbers of the Contracting Parties to the 1958 Agreement are reproduuezkia
to the Consolidated Resolution on the Construction of Vehicles (R.E.3), document
ECE/TRANS/WP.29/78/Rev.2/Amend.1.
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17.1.6.

17.1.7.

17.1.7.1.

17.1.7.2.

17.1.7.3.

17.1.7.4.

17.1.7.5.

17.1.8.

17.1.8.1.

17.1.8.2.

17.2.
17.2.1.

17.2.2.

5

The LPGsystem shall be installed such that is has the best possible
protection against damage, such as damage due to moving vehicle
components, collision, grit or due to the loading or adlog of the vehicle

or the shifting of those loads.

No appliances shall be connected to the td96&tem other than those strictly
required for the proper operation of the engine of the motor vehicle.

Notwithstanding the provisions of paraph 17.1.7., motor vehicles of
categories M| Ms;, N, N; and M, having either a maximum total
mass > 3500 kg or a bodype SA'®, may be fitted with a heating system to
heat the passenger compartment which is connected to theyde&n.

The heating system referred to in paragraph 17.1.7.1. shall be permitted if, in
the view of theTechnical Servicesesponsible for conducting type approval,

the heating system is adequately protected and the required operation of the
normal LPGsystem is noaffected.

Notwithstanding the provisions of paragraph 17.1.7., a nfoabvehicle
without limp-home system may be equipped with a service coupling in the
LPG-system.

The service coupling referred to in paragraph 17.1.7.3. shall betisetrif,

in the view of theTechnical Servicesresponsible for conducting type
approval, the service coupling is adequately protected and the required
operation of the normal LP&ystem is not affected. The service coupling
must be combined with a septrayastight nonreturn valve whereby it is
only possible to operate the engine.

Mono-fuel vehicles installed with a service coupling shall carry a sticker near
the service coupling as specified in AnnextdThis Regulation

Identification of LPGfuelled M, and M; category vehicles.

Vehicles of category Mand M; shall carry a plate as specified in Annex 16
to this Regulation

The plate shall be installed on the front and rear of theoMM; category
vehicle and onhe outside of the doors on the {atind side for the right hand
drive vehicles and on the rightand side for the left hand drive vehicles.

Further requirements

No component of the LPGystem, including any protective materials which
form part of such components, shall project beyond the external surface of
the vehicle, with the exception of the filling unit if this does not project more
than 10mm beyond the nominal line of the body panel.

With the exception of the LPG fuel containén no cross section of the
vehicle any component of the LPSystem, including any protective material
which forms part of such components, may extend beyond the lower edge of
the vehicle unless another part of the vehicle, within a radius of 150 mm is
Situated lower.

As defined in the Consolidated Resolution on the Construction of Vehicles (R.E.3.), document
ECE/TRANS/WP.29/78/Rev.2, para. 2.
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17.2.3.

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.
17.3.2.
17.3.2.1.
17.3.2.2.
17.3.2.3.
17.3.2.4.
17.3.2.5.
17.3.2.6.
17.3.2.7.
17.3.2.8.

17.32.9.
17.3.2.10.
17.3.2.11.
17.3.3.

17.3.4.

No component of the LPGystem shall be located within 100 mm of the
exhaust or similar heat source, unless such components are adequately
shielded against heat.

The LPGsystem

An LPG-system shall contain at least flolowing components:
Fuelcontainer;

80 per cent stop valve;

Levelindicator;

Pressureelief valve;

Remotelycontrolled service valve with excess flow valve;
Pressure regulator and vaporizerjehmay be combinéd
Remotelycontrolled shubff valve;

Filling unit;

Gastubes and hoses;

Gascarrying connections between the Li8@&tem components;
Injectoror gas injection device or gas mixing pgec
Electroniccontrol unit;

Pressureelief device (fuse).

The system may also include the following components
gastight housing, covering the accessories fitted to the fuel container;
Non-returnvalve;

Gastube pressure relief valve;

Gasdosage unit;

LPG filter unit;

Pressurer temperature sensor;

LPG fuel pump;

Power supply bushing for the container (actuators/fuel pump/fuel level
sensor);

Servicecoupling (monefuel vehicles only & no limghome system);
Fuelselection system and electrical system;
Fuelrail.

The container fittings referred to in paragraphs 17.3.1.2. to 17.3.1.5. may be
combined.

The remotely controlled shuiff valve referred to in paragraph 17.3.1.7. may
be combined with the pressure regulator/vaporizer.

% These components might not be necessary in case of liquid LPG injection.
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17.3.5.

17.4.

17.4.1.

17.4.2.

17.4.3.

17.4.4.

17.4.5.

17.45.1.

17.4.6.

17.5.
17.5.1.

17.5.2.

Additional components required for the effective operation of the engine may
be installed in that part of the LP§ystemwhere the pressure is less than
20 kPa.

Installation of the fuel container

The fuel container shall be permanently installed in the vehicle and shall not
be installed in the engine compartment.

The fuel container shall be installed the correct position, according to the
instructions from the container manufacturer.

The fuel container shall be installed such that there is no metal to metal
contact, other than at the permanent fixing points of the container.

The fuel container shall have permanent fixing points to secure it to the
motor vehicle or the container shall be secured to the motor vehicle by a
container frame and container straps.

When the vehicle is ready for use the fuel container shall not behiass
200mm above the road surface.

The provisions of paragraph 17.4.5. shall not apply if the container is
adequately protected, at the front and the sides and no part of the container is
located lower than this protective structure.

The fuel container(s) must be mounted and fixed so that the following
accelerations can be absorbed (without damage occurring) when the
containers are full:

Vehicles of categories Mand N:

(@) 20 g in the direction of travel

(b) 8 g horizontally perpedicular to the direction of travel
Vehicles of categories pand N:

(@) 10 g in the direction of travel

(b) 5 g horizontally perpendicular to the direction of travel
Vehicles of categories dand N

(a) 6.6 ginthe direction of travel

(b) 59 horizontally perpendicular to the direction of travel

A calculation method can be used instead of practical testing if its
equivalence can be demonstrated by the applicant for approval to the
satisfaction of th@ echnicalService

Further requirments to the fuel container

If more than one LPG container is connected to a single delivery tube each
container shall be fitted with a naaturn valve installed downstream of the
remotely controlled service valve and a tube pressure relief hlak be
installed in the delivery tube, downstream of the -neturn valve. An
adequate filter system has to be placed upstream of theehon valve(s) to
prevent fouling of the noereturn valve(s).

A nonreturn valve and tube pressure relialve shall not be required if the
backflow pressure of the remotely controlled service valve in the closed
position exceeds 500 kPa.



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRANS/505/Rev.1/Add.66/Rev.3

17.6.
17.6.1.
17.61.1.

17.6.1.2.

17.6.1.3.

17.6.2.

17.6.2.1.

17.6.3.

17.6.3.1.

17.6.4.

17.6.4.1.

17.6.5.

17.6.5.1.

17.6.5.2.

17.6.5.3.

17.6.5.4.

In that case the control of the remotely controlled service valves shall be
constructed such that it is impossible foonm than one remotely controlled
valve to be open at any time. The overlap time to allow switching is limited
to two minutes.

Accessories to the fuel container
Remotely controlled service valve with excess flow valve on the container

The remotely controlled service valve with excess flow valve shall be
installed directly on the fuel container, without any intervening fittings.

The remotely controlled service valve with excess flow valve shall be
controlled such that isiautomatically closed when the engine is not running,
irrespective of the position of the ignition switch, and shall remain closed as
long as the engine is not running.

Notwithstanding the provision of paragraph 17.6.1.2., in case of liquid
injection systems, if a fuel recirculation is required to purge the system from
gas bubbles (vapour lock), it is allowed to keep the remotely controlled
service valve with excess flow valve open for a period not longer than
10seconds before starting the ergin LPG running mode.

Springloaded pressure relief valve in the container

The springloaded pressure relief valve shall be installed in the fuel container

in such a manner that it is connected to the vapour space and can discharge to
the surrounding atmosphere. The spiivgded pressure relief valve may
discharge into the gamht housing if that gatight housing fulfils the
requirements of paragraph 17.6.5.

80 per cent stop valve

The automatic filling level limir shall be suitable for the fuel container it is
fitted to and shall be installed in the appropriate position to ensure that the
container cannot be filled to more than 80 per cent.

Level indicator

The level indicator shall be suitabier the fuel container it is fitted to and
shall be installed in the appropriate position.

Gastight housing on the container

A gastight housing over the container fittings, which fulfils the requirements
of paragraphs 17.6.5.2. to 1A6. shall be fitted to the fuel container, unless
the container is installed outside the vehicle and the container fittings are
protected against dirt and water.

The gastight housing shall be in open connection with the atmosphere,
where necesary through a connecting hose and a-adugh.

The ventilation opening of the géight housing shall point downwards at the
point of exit from the motor vehicle. However, it shall not discharge into a
wheel arch, nor shall it be aimed ateat source such as the exhaust.

Any connecting hose and le#farough in the bottom of the bodywork of the
motor vehicle for ventilation of the gaight housing shall have a minimum
clear opening of 450 mi If a gas tube, other tube or anyatieal wiring is
installed in the connecting hose and ktabugh, the clear opening shall also
be at least 450 mm
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17.6.5.5.

17.6.5.6.

17.7.
17.7.1.

17.7.2.

17.7.3.

17.7.4.

17.7.5.

17.7.6.

17.7.7.

17.7.8.

17.7.9.
17.7.10.

17.8.

17.8.1.

17.8.2.

17.8.3.
17.8.4.
17.85.

17.8.6.
17.8.7.

The gastight housing and connecting hoses shall betigds at a pressure of
10kPa with the apertures closed off, and shawpermanent deformation,
with a maximum allowed leak rate of 100 ¥m

The connecting hose shall be secured in a proper way to thiglyalsousing
and the leadhrough to ensure that a gaght joint is formed.

Gas tubes and gas hoses

Gas tubes shall be made of seamless material: either copper or stainless steel
or steel with corrosiomesistant coating.

If seamless copper is used the tube shall be protected by a rubber or plastic
sleeve.

The outer diameter afas tubes made of copper shall not exceed 12 mm with
a wall thickness of at least 0.8 mm, gas tubes from steel and stainless steel
shall not exceed 2B,m with, for gas services, an appropriate wall thickness.

The gas tube may be made of a moetllic material if the tube fulfils the
requirements of this Regulation, paragraph 6.7.

The gas tube may be replaced by a gas hose if this hose fulfils the
requirement of this Regulation, paragraph 6.7.

Gas tubes, other than nometallic gastubes, shall be secured such that they
shall not be subjected to vibration or stresses.

Gas hoses and nanetallic gas tubes shall be secured such that they shall not
be subjected to stresses.

At the fixing point the gas tube or hose sHadl fitted with a protective
material.

Gas tubes or hoses shall not be located at jacking points.

At passages the gas tubes or hoses, whether or not fitted with a protective
sleeve, shall be fitted with protective material.

Gas connetions between the components of the EfGtem

Soldered or welded joints and bitgoe compression joints are not permitted.
Soldering or welding can be permitted for connecting the individual parts of
detachable couplings to the gas tube or carept

Gas tubes shall only be connected by compatible fittings with regard to
corrosion.

Stainless steel tubes shall only be joined by stainless steel fittings.
Distributing-blocks shall be made of corrosioesistant material.

Gas tubes shall be connected by appropriate joints, for exampleativo
compression joints in steel tubes and joints with olives tapered on both sides or
two flanges in copper tubes. Gas tubes shall be connected with appropriate
connections. Undero circumstances couplings may be used whereby the tube
will be damaged. The burst pressure of the mounted couplings shall be the
same or higher as specified for the tube.

The number of joints shall be limited to a minimum.

Any joints shdlbe made in locations where access is possible for inspection.
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17.8.8.

17.8.8.1.

17.8.8.2.

17.9.

17.9.1.

17.9.2.

17.9.3.

17.9.4.

17.9.5.

17.10.
17.10.1.

17.10.2.

17.11.
17.11.1.

17.11.1.1.

In a passenger compartment or enclosed luggage compartment the gas tube or
hose shall be no longer than reasonably required; this provision is fulfilled
when the gas tube or hose domst extend further than from the fuel
container to the side of vehicle.

There shall be no gaonveying connections in the passenger compartment
or enclosed luggage compartment with the exception of:

(@  Theconnections on the gdight housingand

(b)  Theconnection between the gas tube or hose and the filling unit if this
connection is fitted with a sleeve which is resistant against LPG and
any leakimg gas will be discharged directly into the atmosphere.

The provisions of paragrapty B.8. and paragraph 17.8.8.1. shall not apply
for M, or M3 category vehicles if the gas tubes or hoses and connections are
fitted with a sleeve which is resistant against LPG and which has an open
connection to the atmosphere. The open end of the stealecting shall be
situated at the lowest point.

Remotely controlled shidff valve

A remotely controlled sheoff valve shall be installed in the gas tube from
the LPG container to the pressure regulator/vaporizer, as close as possible to
the pressure regulator/vaporizer.

The remotely controlled shalff valve may be incorporated into the pressure
regulator/vaporizer.

Notwithstanding the provisions of paragraph 17.9.1., the remotely controlled
shutoff valve may be installedt a location in the engine bay specified by
the manufacturer of the LR&stem if a fuel return system is provided
between the pressure regulator and the LPG container.

The remotely controlled shuaiff valve shall be installed such that the fuel
supply is cut off when the engine is not running or, if the vehicle is also
equipped with another fuel system, when the other fuel is selected. A delay
of 2 seconds is permitted for diagnostic purposes.

Notwithstanding the provision of paragraph@.4., in case of liquid injection
systems, if a fuel recirculation is required to purge the system from gas
bubbles (vapour lock), it is allowed to keep the remotely controlledafhut
valve open for a period not longer than 10 seconds before stamimgdfine

in LPG running mode and during the fuel switchinger.

Filling unit

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

When the LPG container is installed in the passengempaament or an
enclosed (luggage) compartment, the filling unit shall be located at the
outside of the vehicle.

Fuel selection system and electrical installation

The electrical components of the LP®stem shall be protected against
overloads and at least one separate fuse shall be provided in the supply cable.

The fuse shall be installed in a known location where it can be reached
without the use of tools.
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17.11.2.

17.11.3.

17.11.4.

17.11.5.
17.11.7.

17.12.
17.12.1.

18.

18.1.

18.2.

18.3.

19.

19.1.

19.2.

The electrical power to LPGystem components which also cargsgnay
not be conducted by a gas tube.

All electrical components installed in a part of the LB§Gtem where the
pressure exceeds 20 kPa shall be connected and insulated in a manner that no
current is led through LPG containing parts.

Electrical cables shall be adequately protected against damage. The electrical
connections inside the boot and passengers compartment shall comply with
insulation class IP 40 according to IEC 529. All other electrical connections
shall comply with insulatio class IP 54 according to IEC 529.

Vehicles with more than one fuel system shall have a fuel selection system

The electrical connections and components in thetight housing shall be
constructed such that no sparks are generated.

Pressure relief device

The pressure relief device shall be fitted to the fuel container(s) in such a
manner that it can discharge into the gas tight housing, when its presence is
prescribed, if that gas tight housing fulfils the requirements of
paragraph?7.6.5.

Conformity of production

The conformity of production procedures shall comply with those set out in
the Agreement, Appendix 2 (E/ECE/3EAECE/TRANS/505/Rev.2) with the
following requirements:

All vehicles approved under ghiRegulation shall be so manufactured as to
conform to the type approved by meeting the requirements of parabfaph
above.

In order to verify that the requirements of paragraph 18.1. are met, suitable
controls of the production shall be carried.out

The authority which has granted type approval may at any time verify the
conformity control methods applied in each production facility. The normal
frequency of these verifications shall be once every year.

Penalties for nonconformity of production

The approval granted in respect of a type of vehicle pursuant to this
Regulation may be withdrawn if the requirements laid down in paragraph 18.
above are not complied with.

If a Party to the Agreement applying this Regulation withdran approval it
has previously granted, it shall forthwith so notify the other Contracting
Parties applying this Regulation, by means of a communication form
conforming to the model in Annex 2D to this Regulation.
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20.

20.1.

20.1.1.

20.1.2.

20.2.

20.3.

21.

22.

22.1.

22.2.

M odification and extension of appoval of a vehicle
type

Every modification of the installation of the specific equipment for the use of
liquefied petroleum gases in the propulsion system of the vehicle shall be
notified to theType Approval Authoritywhich approved the vehicle type
The department may then either:

Consider that the modifications made are unlikely to have an appreciably
adverse effect and that in any case the vehicle still complies with the
requirements; or

Require a further test report from tAeechical Serviceresponsible for
conducting the tests.

Confirmation or refusal of approval, specifying the alteration, shall be
communicated by the procedure specified in paragraph 16.3. above to the
Parties to the Agreement applying this Regulation.

The competent authority issuing the extension of approval shall assign a
series number for such an extension and inform thereof the ©timéracting
Parties to the 1958greement applying this Regulation by means of a
communication form conforming tdhe model in Annex 2D to this
Regulation.

Production definitively discontinued

If the holder of the approval completely ceases to manufacture a type of
vehicle approved in accordance with this Regulation, he shall so inform the
authority which gramd the approval. Upon receiving the relevant
communication, that authority shall inform thereof the otemtracting
Parties to the Agreement applying this Regulation by means of a
communication form conforming to the model in Annex 2D to this
Regulation

Transitional provisions regarding the installation of
various components of thd.PG equipment and the
type approval of a vehicle fitted with specific
equipment for the use of liquefied petroleum gas in
its propulsion system with regard to the insallation
of such equipment

As from the official date of entry into force of the 01 series of amendments to
this Regulation, no Contracting Party applying this Regulation shall refuse to
grant ECE approval under this Regulation as amended by therigés of
amendments.

As from the official date of entry into force of the 01 series of amendments to
this Regulation, no Contracting Party applying this Regulation shall prohibit
the fitting on a vehicle and the use as first equipment of a component
approved under this Regulation as amended by the 01 series of amendments.
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22.3.

22.4.

22.5.

23.

During the period of 12 months after the date of entry into force of the
01 series of amendments to this Regulation, Contracting Parties applying this
Regulation may allow these of as first equipment of a type of component
approved to this Regulation in its original form, when fitted on a vehicle
transformed for LPG propulsion.

Upon the expiration of a period of 12 months after the date of entry into force
of the 01 seas of amendments to this Regulation, Contracting Parties
applying this Regulation shall prohibit the use as first equipment of a
component which does not meet the requirements of this Regulation as
amended by the 01 series of amendments, when fitted omha&ler
transformed for LPG propulsion.

Upon the expiration of a period of 12 months after the date of entry into force
of the 01 series of amendments to this Regulation, Contracting Parties
applying this Regulation may refuse first National Regigtra(first entry

into service) of a vehicle which does not meet the requirements of this
Regulation as amended by the 01 series of amendments.

Names and addresses dfechnical Services
responsible for conducting approval tests, and of
Type Approval Authorities

The Parties to the Agreement applying this Regulation shall communicate to
the United Nations Secretariat the names and addresses ®ktc¢haical
Servicesresponsible for conducting approval tests and ofType Approval
Authorities which grant approval and to which forms certifying approval or
extension or refusal or withdrawal of approval, issued in other countries, are
to be sent.
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Essential characteristics of the vehicle, engine and,G-
related equipment

Description of the velle(s)

MK <.t ee e
TYPE(S) weeeteeeiiitieeie e ittt eeeer et e e e ee e e s e e ee e
Name &d address of the manufacturer...........cccccoovviiiiieen e
1. Description of the engine(s)
1.1. MENUFACTUIET ..o
1.1.1. Manufacturer's engine code(s) (as marked on the engir@her means
Of IdentifiCatioN)........cvviiiii i
1.2. Internal combustion engine
(1.2.1-1.2.4.4. Not used)
1.2.4.5. Description of the LPG fuelling equipment:
1.2.45.1. System description:
1.2.45.1.1. IMBKE(S) ettt ettt e e
1.2.45.1.2. B 1T ) O PP P PP PP PPPPTPON
1.2.45.1.3. Drawings/flow charts of the installation in the vehicle(s):.....................
1.2.45.2. Vaporizer/pressre regulator(s):
1.2.45.2.1. IMBKE(S) ettt ettt
1.2.45.2.2. BN 1T ) PP PRPR PR
1.2.45.2.3. Certification NUMDEI: ... ..o
1.2.45.2.4. (Not used)
1.2.45.2.5. (D= LV T o PP P PP PPRPTPPPR
1.2.45.2.6. Number of main adjustment POINES..........oovviiiiiiiiiiere e
1.2.45.2.7. Description of principle of adjustment thiglu main adjustment points:.
1.2.45.2.8. Number of idle adjustment POINES:...........ueeiieriiiiiieeeie e,
1.2.45.2.9. Description of principles of adjustment through idle adjustment points:
1.2.45.2.10. Other adjustment possibilities: if so and which (description and
drawings):
1.2.45.2.11.  Operating PreSSUrelS).........cooveveuereeerevereeemieeseeeeeseseseeesesnsnsenns kPa
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1.2.45.3.
1.2.4.53.1.
1.2.45.3.2.
1.2.45.3.3.
1.2.45.3.4.
1.2.45.3.5.
1.2.4.53.6.
1.2.4.53.7.
1.2.45.4.
1.2.45.4.1.
1.2.45.4.2.
1.2.45.4.3.
1.2.45.4.4.
1.2.45.45.
1.2.45.4.6.
1.2.45.4.7
1.2.455.
1.2.45.5.1.
1.2.45.5.2.
1.2.45.5.3.
1.2.45.5.4.
1.2.455.5.
1.2.45.6.
1.2.45.6.1.
1.2.45.6.2.
1.2.4.5.6.3.
1.2.45.6.4.
1.2.45.7.
1.2.457.1.
1.2.45.7.2.
1.2.45.7.3
1.2.45.7 4.
1.2.45.7.5.
1.2.45.7.6.
1.2.45.7.7.

Mixing piece: yes/nb
[N TE 03] o= PSPPSR
Y= 1T ) PP

Gas dosage unit: yesfho
N U001 o= PSP SPP PP
Y= 1T ) PP

Place of installation (include drawing(S)):.......uvueeeieiieeeeiiieeeie e eeeeeeeennns
Adjustment possibilities (description)

OPErating PrESSUIEES).......veueeeeeeeeeeeeeeeeeeeeseeeee e seneeees s eseeemseaeeas kPa
Gas injection device (s) or Injector(s): yes/no

LT ) PP

(Not used)
OPErating PrESSUIEES).......vvieeeeeeeeeeeeeeeeseeeeseeeeeeeeseeees e s s eeeeeeeas kPa

Electronic Control Unit LPGuelling:
LT ) R

LPG container:
LT ) R

LPG fuel pump in container: yes/ho
(Not used)

Drawings of the installation of the contaim ..................ooooiiiiiiee .



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRANS/505/Rev.1/Add.66/Rev.3

Annex 1
1.2.45.8. LPG container accessories
1.2.4.5.8.1. 80 % stop valve:
1.2.4.5.8. 1.1 MAKE(S): weeeeeeeeeeeeeeeeeeeeeeeeeesee e e e et eeee s eeee e e e et e e eeee e e eneean
1.2.4.5.8. 1.2, TYPE(S) wovieeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeee et e et et e et et ee et ereees e ee e et et et er et e e e eeanneas
1.2.4.5.8.1.3. Operating principle: float/othér(include description or drawings)........
1.2.45.8.2. Level indicator:
1.2.4.58.2. 1. MAKE(S): wveeeeeeeeeeeeeeeeeeeeeees e et eee e eeee e e e e e e e e e eneean
1.2.4.5.8.2.2.  TYPE(S) wovteeeeeeeeeeeeeeeeeeeeeeeeeeees et e et et et et e et e s ee et ereees et e e ee et et et e eeeraeneas
1.2.4.5.8.2.3. Operating principle: float/othé&finclude description odrawings)............
1.2.4.5.8.3. Pressure relief valve (discharge valve):
1.2.4.5.8.3. 1. MAKE(S): wvveeeeeeeeeeeeeeeeeeeeeeeeeese e eeeee et eeeeeeee e s eeee e e e e eee e e eeee e e reneeen
1.2.4.5.8.3.2.  TYPE(S) wvteeeeeeeeeeeeeeeeeeeeeeeeeeeese et eeee e e et e et et ee et erenese e e e e et et et er et ee et eeeranneas
1.2.45.8.3.3. Flow rate in standard CONAitioNS...........oevveiiiiirmiieeeeee e
1.2.45.8.4. Pressure relief device
1.2.4.5.8.4. 1. MAKE(S) weveeeeeeeeeeeeeeeeeeeeeees e e eee et ee et eeseeee e e e e e e e eeee e e reneeen
1.2.4.5.8.4.2. TYPE(S) woveveeeeeeeeeeeeeeeeeeeeeeeveeesee et et e et et e et et ee et eranes et e e et et et en et e e e sranneas
1.2.4.5.8.4.3. Description and drawingS.......ccccoeeeeeriiiieiiiiiemnreeeeeirninian e e e e e s aneesaeeeeas
1.2.4.5.8.4.4. Operating temMpPEratUre..........coevuuuuuruuiiiieeeeiisseseeeeeeeeeeesssienneeeeeeeernne
1.2.45.8.4.5. MAEHAL ...cccoiiiiiiiiie it
1.2.45.8.4.6. Flow ratein standard CONditian.............ccovvveeiiiiiimeniiiee e
1.2.4.5.8.5. Remotely controlled service valve with excess flow valve:
1.2.4.5.8.5. 1. MAKE(S): wvveeeeeeeeeeeeeeeeeeeeeeeeseee e eee et eeee e e seeee e e e e eee e e eeee e e eneeen
1.2.4.5.8.5.2.  TYPE(S) wvteeeeeeeeeeeeeeeeeeeeeeeeveeeseee et et et et et e et et ee et ereeese et e ee et et et et et e eeeraneneas
1.2.4.5.8.6. Multivalve: yes/nd
1.2.4.5.8.8. 1. MAKE(S): wvvereeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeee et eeeeeeee e s eeee e e s e eee e s eeeee e eneean
1.2.4.5.8.8.2.  TYPE(S) wvreeeeeeeeeeeeeeeeeeeeeeeeeeeeseee et et ee et et e et et ee et erenese et e e e et et ettt e eeeraneneas
1.2.4.5.8.6.3. Multivalve description (include drawings)...........cccceeevvvvvvviiieenneeeeeennnnns
1.2.45.8.7. Gastight housing:
1.2.4.5.8.7. 1. MAKE(S): weeeeeeeeeeeeeeeeeeeeeeeeeees e e see et ee e et e s eeee e e e e e eeee e e e e e eneeen
1.2.4.5.8.7.2.  TYPE(S) weteeeeeeeeeeeeeeeeeeeeeeeeeeees e e et et e et e et et et et erenes et e e ee et ettt e eeeranneas
1.2.4.5.8.8. Power supply bushing (fuel pump/actuators):
1.2.4.5.8.8. 1. MAKE(S): 1o iiiiiiuuititietiie ettt ettt bttt ettt e e e e e e e e e eeer et e et e e e e e e e e e e e e e e e e e e s amneas
T IR T Y/ o =T () PP PPOPPPPPPRRTN
1.2.4.5.8.8.3.  DIAWINGS: .eeiieiiiiiieeeiee it eeme et e e et e e e eees
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1.2.45.9.
1.2.45.9.1.
1.2.45.9.2.
1.2.45.9.3.
1.2.45.9.4.
1.2.4.5.10.

1.2.45.10.1.
1.2.4.5.10.2.
1.2.4.5.10.3.
1.2.45.10.4.

1.2.4.5.11.

1.2.45.11.1.
1.2.45.11.2.
1.2.45.11.3.

1.2.45.12.

1.2.45.12.1.
1.2.45.12.2.
1.2.45.12.3.
1.2.45.12.4.

1.2.4.5.13.

1.2.45.13.1.
12.45.13.2.
1.2.45.13.3.
1.2.45.13.4.

1.2.4.5.14.

1.2.45.14.1.
1.2.45.14.2.
1.2.45.14.3.
1.2.45.14.4,

1.2.45.15.

1.2.45.15.1.
1.2.45.15.2.
1.2.4.5.15.3.

1.2.4.5.16.
1.2.45.16.1.

Fuel pump (LPG): yes/fo
Y= 1T ) PP

Pump mounted in LPG container: yes/no
OPErating PrESSUIEES).......vviueieeereeeeieeeeseeeeseee s eeeee e ee s eneeeeeas kPa

Shutoff valve/Nonreturn valve/Gas tube pressure
yes/nd

Y= 1T ) PP

Remote filling unit:
LT ) P

Flexible fuel hose(s)/pipes:
LT ) PP

Pressure and Temperature sensar(s)
LT ) R

LPG filter unit(s}:
LT ) R

Service coupling(s) (monfuel vehicles without limghome systent)
LT ) R

Description and drawings of installation...............cccccoiiiiicc,
Connection to LPG system for heating system: yés/no
Y T (5] OO POPPPPPPPTN

relief valve
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1.2.4.5.16.2.  TYPE(S) woveeeeeeeeeeeeeeeeeeeeeeeeeveeeseeeee et e et et eeee et ee et eseses e ee e et eter et e e eeeeaneneas
1.2.4.5.16.3.  Description and drawings of installation..............ccccccevrrrrieeciinvvninnennnn.
1.2.45.17. Fuel raif:
1.2.4.5.07. 00 MAKE(S): wveeeeeeeeeeeeeeeeeeeeeees e e e et seeee e e e e et eee e e e e eneean
1.2.4.5.07.2.  TYPE(S) woeteeeeeeeeeeeeeeeeeeeeeeeeveees e e et et et e e et et ee et e reees e e e ee et et e et e e e erannens
1.2.4.5.17.3.  Description and drawings of installation..............ccccccvvrrrrieeciniiinnnennnn.
1.2.4.5.17.4.  Operating PreSSUrE(8) .........ceeveeeerereeeereeeseseesssesseeseessessseemenaeas kPa
1.2.4.5.18. MUIE -COMPONEITE ... seee s n e
1.2.4.5.18. 1. MAKE(S): wveeeeeeeeeeeeeeeeeeeeeeee e e e e e et seeee e e e eee e e e e e e reneean
1.2.4.5.18.2.  TYPE(S) wovieeeeeeeeeeeeeeeeeeeeeeeeeeees et ee et et e et e e e et ee et e reees e e et e et et e e e eraeneas
1.2.4.5.18.3.  Description and drawingsS:........ccceeeeiiiiiiiiiiiiere e seeeeer e
1.2.4.5.18.4.  Operating PreSSUrES)..........oovieoeieoieeeeieeeeeeeeeseee e seeneeesseenn e kPa
1.2.4.519. Further documentation:
1.2.4.519.1. Description of tle LPGequipment and the physical safeguarding of the

catalyst at switctover from petrol to LPG or back
1.2.4.519.2. System layout (electrical connections, vacuum connections
compensation hoses, etc.)
1.2.4.519.3. Drawing of the Symbol:........ccoooii i
1.2.4.519.4. AdJUSIMENT dAtAL.......cceieieeeeieiee e
1.2.4.519.5. Certificate of the vehicle on petrol, if already granted:..........................
1.2.5. Cooling system: (liquid/ait)
1.2.5.1. System description/drawings with regard to the LPG equipment

! Strike out what doesot apply.
2 Specify the tolerance.
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Annex 2A

Arrangement of theLPG equipment type-approval mark

(See paragraph4.of this Regulation)

T3 67 RS 012439 CLASS #

®
ool
coiw

2 5 mm

! Class0,1, 2, 2A0or 3

The above approval mark affixed thet LPG equipment shows that
this equipment has been approved in the Netherlands (E4), pursuant to
Regulation No. 67 under approval number 012439. The first two digits of the
approval number indicate that the approval was granted in accordance with
the regiirements of Regulation No. 67 as amended by the 01 series of
amendments.
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Communication

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

issued by : Name of administration:

concerning: Approval granted

Approval extended

Approval refused

Approval withdrawn

Production definitvely discatinued

of a type of LPG equipment pursuant to Regulation No. 67

1.

LPG equipment consideréed

Container including the configuration of accesssrfitted to the container, as laid
down in Appendixl to this annex.

80 per cent stop valve

Level indicator

Pressure relief valve (discharge valve)
Pressure relief device

Remotely controlled service valve with excess flow valve

Gastight housing

Power supply bushing (pump/actuators)
Fuel pump

Vaporizer/pressure regulator

Shutoff valve

Non-return valve

! Distinguishing number of the country which has granted/extended/refused/withdrawn approval (see
approval provisions in the Regulation.)
2 strike out what does not apply.
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Gastube pressure relief valve
Service coupling

Flexible hose

Remote filling unit
Gasinjection device or injector
Fuel rall

Gas dosage unit

Gas mixing piece

Electronic control unit
Pressure/temperature sensor
LPG filter unit

Multi-component

2. Trade NAME OF MATK.......coiiiiiiiie et e e e e e eens
3. Manufacturer's name and addresS..........coveeiiiiirieeriiee e
4, If applicable, name and adalis of manufacturer's representative............ccccoee......
5. Submitted for apPProval ONL...........oouiiiiiii e
6. TechnicalServiceresponsible for conducting approval tests............cccvvvvvviieannes
7. Date of report issued by th8EIVICE ...........coooiiiiiiiiiie e
8. No. of report issued by th&EIVICE .........covviviiiiii e
9. Approval granted/refused/exteed/WithdraWR: .............cccoeveeeeeeieeeeeeees e e
10. Reason(s) of extension (if applicable)............cceeviiiiiiiiceeii s
S e - (o O PP E PP PO PPRPPRON
12 DALE . a e
O T 1 o F= L (1 = PSS
14. The documents filed with the application or extension of approval can be obtained

upon request.
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Annex 2B - Appendix

(Containers only)

1.

Table 1

Container characteristics from the parent container (configuration 00):
(@)  Trade NAame OF MArK:.......uueieiiiiieiieee e
(o) S 11 o 1= PSSR
(0 R 1V - (=1 - | PSP

(o ) I © ] o T= 11 o 1= see drawing
(€)  Wall thiCKNESS ....vvvieieiiieiiiiie e, mm
4] Diameter (cylindrical container):......cccccvvveeeeeeeieiiiiceeeee e, mm
(g)  Height (special container shape):...........ccccvvvvvvvvvieemneeeeiiinnnnnn. mm
() EXTErNAl SUMACE:......c.eiveeeeeeee et eeeeee e rees e, cnt

0] Configuration of accessories fitted to container: see Table 1.

No.

Item Type Approval No. Extension No.

a | 80 per cent stop valve

b Level indicator

(o Pressure relief valve

d | Remotely controlled service
valve with excess valve

e | Fuel pump

f Multi-valve

g | Gastight housing
h | Power supply bushing

i Non return valve

j Pressure relief device

Table 2

List of the container family

The lists of the container family indicate the diameter, ciypaexternal
surface and the possible configuration(s) of the accessories fitted to the
container.

No.

Type Diameter/height [mm] Capacity [L] External Configuration of
surface[cm] accessories [code’]

01

02

Code 00 and, if applitde, same code(s) from Table 3.
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3. Lists of the possible configurations of accessories fitted to the container
Specify a list of the possible accessories, which differ from the tested
configuration of accessories (code 00) and which may be fitted tgpheot
container. Specify for all accessories, type, approval number and extension
number, indicating its own configuration code.

Table 3

No. Accessories Type Approval No. Extension Configuration of

No. accessories [code]
a
b
C
d
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Arrangement of approval marks

Model A

(See paragraph 16.of this Regulation)

67 RO 012439

i

2 1

Model B

az 8 mm

The above approval mark affixed to a vehicle shows that the vehicle
has, with regard to the installation of specific equipment for theolit®G
for propulsion, been approved in the Netherlands (E4), pursuant to
Regulation No. 67 under approval number 012439. The first two digits of the
approval number indicate that the approval was granted in accordance with
the requirements of RegulatioNo. 67 as amended by the 01 series of
amendments.

(See paragraph 16.of this Regulation)

T 67 012439
: 1% 83041628

i

a2z 8 mm

The above approval mark affixed to a vehicle shows that the vehicle
has, with regard to the installation of specific ipgquent for the use of LPG
for propulsion, been approved in the Netherlands (E4), pursuant to
Regulation No. 67 under approval number 012439. The first two digits of the
approval number indicate that the approval was granted in accordance with
the requirerants of Regulation No. 67 as amended by the 01 series of
amendments and that Regulation No. 83 included the 04 series of
amendments.
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Communication

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

issued by : Name of administration:

concerning: Approval granted
Approval extended
Approval refused
Approval withdrawn
Production definively discontinued

of a vehicle type with regard to the installation of LPGeys pursuant to Regulation N&Y.

Approval NO: .....oooveiieeiiveeeie, Extension NO: ....ocveiiiiieciiiec e

1. Trade name or mark of VENICLE............vvviiiiieee e
2 2= 1o 1= 1Y o1
3 A= 1o L= o= 1 (=T (o] Y PSS
4, Manufacturer's name and addresS..........coeeeiiiiiiieenrie e
5 If applicable, name and address of manufacturer's representative.....................
6. Description of the vehicle (drawings, etc.)

7. TESETEUITS ..ottt e e e
8. Submitted for apProval ONL...........ooviiiiiiii e
9. TechnicalServiceresponsible for conducting approval tests............cccccvvvviieanes
10. Date of report issued by th8ErVICE .........ceiiiiiiiiiiiiieeeee e
11. No. of reportissued by th&BIVICE ..........ovvvvviiiii e,
12.  Approval granted/refused/extended/WithdrdW................coceveeeereeeecereen e,
13. Reasorg) of extension (if applicable)..............ieiiiiiiiiiicee s

Distinguishing number of the country which has granted/extended/refused/withdrawn approval (see
approval provisions in the Regulation.)
2 strike out what does not apply.
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14.
15.
16.
17.

Y [o = L0 =SSP

The following documents filed with the application or extension of approval can be
obtained upon request.

Drawings, diagrams and scheme plans regarding the components amtahation of the
LPG equipment considered to be of importance for the purpose of this Regulation;

Where applicable drawings of the various equipment and their position in the vehicle.
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Provisions regarding the approval ofLPG container
accesories

1 80 per cent stop valve

1.1. Definition: see paragraph 2.5.1. of this Regulation.

1.2. Component classification (according to Figure 1, para. 2.): Class 3.
1.3. Classification pressure: 3,000 kPa.

1.4. Design temperatures:

-20°Cto 65 °C

For tenperatures exceeding the abewentioned values, special tests
conditions are applicable.

1.5. General design rules:
Paragraph 6.15.1., Provisions regarding 80 per cent stop valve.
Paragraph 6.15.2., Provisions regarding the electrical insulation.

Paragrapt®.15.3.1., Provisions on valves activated by electrical power.

1.6. Applicable test procedures:
Over pressure test Annex 15, para. 4
External leakage Annex 15, para. .5
High temperature Annex 15, para. .6
Low temperature Annex 15, para..7
Seat leakge Annex 15, para. 8
Endurance Annex 15, para. 9

Operational test Annex 15, para. 10

LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 1%
Ozone ageing Annex 15, para. 1#
Creep Annex 15, para. 18

Temperature cycle Annex 15, para. 16

2. Level indicator

2.1. Definition: see paragraph 2.5.2. of this Regulation.

2.2. Component classification (according to Figure 1, para. 2.): Class 1.
2.3. Classification pressure: 3,0&Pa.



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRANS/505/Rev.1/Add.66/Rev.3
Annex 3

Design temperatures:
-20°Cto 65 °C

For temperatures exceeding the abowentioned values, special tests
conditions are applicable.

General design rules:

Paragraph 6.15.11., Provisions regarding the level indicator.
Paragraph 6.15.2.r&visions regarding the electrical insulation.
Applicable test procedures:

Over pressure test Annex 15, para..

3.1.
3.2.
3.3.
3.4.

3.5.

3.6.

External leakage
High temperature
Low temperature

LPG compatidity

Corrosion resistance

Resistance to dry heat

Ozone ageing

Creep

Temperature cycle

Pressure relief valve (dischargalwe)

Annex 15, para..
Annex 15, para..
Annex 15, para..
Annex 15, para.
Annex 15, para.
Annex 15, para.
Annex 15, para.
Annex 15, para.

Annex 15, para.

Definition: see paragraph 2.5.3. of this Regulation.

Component classification (according to Figure 1, para.
Classification pressure: 3,000 kPa.

Design temperatures:

-20 °Cto 65 °C

For temperatures exceeding the abdmentioned values, special tests
conditions are applicable.

General design rules:

N o o b~

1t
12

18
1%
1%
16

2.): Class 3.

Paragraph 6.15.8., Provisions regarding the pressure relief valve (discharge

valve)

Applicable test procedures:

Over pressure test

External eakage
High temperature
Low temperature
Seat leakage

Endurance

(with 200 operation cycles)

Annex 15, para..
Annex 15, para..
Annex 15, para.
Annex 15, para..
Annex 15, para.

Annex 15, para..

©w v N o U
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4.1.
4.2.

4.3.
4.4.

4.5.

4.6.

Operational test Annex 15, para. 10
LPG compatibility Annex 15para. 11**
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 1%
Ozone ageing Annex 15, para. 1%
Creep Annex 15, para. 15*

Temperature cycle Annex 15, para..b.**
Remotely controlled service valve with exsdow valve
Definition: see paragraph 2.5.4. of this Regulation.

Component classification (according to Figure 1, para.2.): Class 3 or Class 0
if WP declared.

Classification pressure: 3,000 kPa or WP de
Design tenperatures:
-20°Cto 65 °C

For temperatures exceeding the abowntioned values, special tests
conditions are applicable.

General design rules:
Paragraph 6.15.2., Provisions regarding the electrical insulation.

Paragraph 6.15.3.1., Provisions caives activated by an electrical/external
power.

Paragraph 6.15.13., Provisions regarding the remotely controlled service
valve with excess flow valve.

Applicable test procedures:

Over pressure test Annex 15, para. 4
External leakage Annex 15, parab.
High temperature Annex 15, para..6
Low temperature Annex 15, para..7
Seat leakage Annex 15, para. 8
Endurance Annex 15, para. 9
Operational test Annex 15, para. 10
LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, paral2.*
Resistance to dry heat Annex 15, para. 1%
Ozone ageing Annex 15, para. 1#
Creep Annex 15, para. 18
Temperature cycle Annex 15, para. 16
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5.1.
5.2.

5.3.

5.4.

5.5.

5.6.

6.1.
6.2.

6.3.
6.4.

6.5.

Power supply bushing
Definition: see paragraph 2.5.8. of this Regulation.

Componentclassification (according to Figure 1, para): 2Class 1 or
Class0.

Classification pressure:

Parts of Class 0 WP declared

Parts of Class 1 3,000 kPa
Component classification (according to Figure 1, para. 2.):

Class 0 for the part which isn contact with liquid LPG at a
pressure> 3,000kPa;

Class 1 for the part which is in contact with liquid LPG at a
pressue O3,000kPa.

General design rules:
Paragraph 6.15.2., Provisions regarding the electrical insulation.
Paragraph 6.15.2.3., Provisions regarding the power supply bushing.

Applicable test procedures:

Over pressure test Annex 15, para. 4
Exterral leakage Annex 15, para. .5
High temperature Annex 15, para. .6
Low temperature Annex 15, para..7
LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 1%
Ozone ageing Annex 15 para. 14*
Creep Annex 15, para. 18
Temperature cycle Annex 15, para. 16*

Gastight housing

Definition: See paragraph 2.5.7. of this Regulation.
Component classification (according to Figure 1, para. 2.):
Not applicable.

Classifcation pressure: Not applicable.

Design temperatures:

-20°Cto 65 °C

For temperatures exceeding the abowentioned values, special tests
conditions are applicable.

General design rules:

Paragraph 6.15.12., Provisions regarding thetighs housing.
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6.6. Applicable test procedures:
Over pressure test Annex 15, para. 4at 50 kPa)
External leakage Annex 15, para. Hat 10 kPa)
High temperature Annex 15, para. .6
Low temperature Annex 15, para..7

7. Provisions regarding the approval ot tpressure relief device (fuse)

7.1 Definition: see paragraph 2.5.3.1. of this Regulation.

7.2. Component classification (according to Figure 1, paragraph 2.): Class 3.

7.3. Classification pressure: 3,000 kPa.

7.4. Design temperature:

The fuse has to baesigned to open at a temperature of 120 °C

7.5. General design rules
Paragraph 6.15.2., Provisions regarding the electrical insulation
Paragraph 6.15.3.1., Provisions on valves activated by electrical power

Paragraph 6.15.7., Provisions regardimg ¢gas tube pressure relief valve

7.6. Test procedures to be applied:
Overpressure test Annex 15, para. 4
External leakage Annex 15, para. .5
High temperature Annex 15, para. .6
Low temperature Annex 15, para..7
Seat (if any) leakage Annex 15, para8.
LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 1%
Ozone ageing Annex 15, para. 1#
Creep Annex 15, para. 15
Temperature cycles Annex 15, para. 16*

7.7. Pressureelief device(fuse) requirements

Pressure relief device (fuse) specified by the manufacturer shall be shown to
be compatible with the service conditions by means of the following tests:

(@) One specimen shall be held at a controlled temperature afswthan
90°C and a pressure not less than test pressure (3,000 kPa) for
24 hours. At the end of this test there shall be no leakage or visible
sign of extrusion of any fusible metal used in the design.

(b)  One specimen shall be fatigue tested at asprescycling rate not to
exceed &ycles per minute as follows:

0] Held at 82 °C while pressured for 10,000 cycles between 300
and 3,00kPa;
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Hohk

(©

(d)

(ii) Held at-20 °C while pressured for 10,000 cycles between 300
and 3,00kkPa.

At the end of this test thereahbe no leakage, or any visible sign of
extrusion of any fusible metal used in the design.

Exposed brass pressure retaining components of pressure relief device
shall withstand, without stress corrosion cracking, a mercurous nitrate
test as descriltein ASTM B154** . The pressure relief device shall

be immersed for 30 minutes in an aqueous mercurous nitrate solution
containing 10 g of mercurous nitrate and 10 ml of nitric acid per litre
of solution. Following the immersion, the pressure relief degiaall

be leak tested by applying an aerostatic pressure of
3,000 kPa for one minute during which time the component shall be
checked for external leakage. Any leakage shall not exceed 211 cm

Exposed stainless steel pressure retaining compomgnggessure
relief device shall be made of an alloy type resistant to chloride
induced stress corrosion cracking.

’ Only for metallic parts.
Only for nonmetallic parts.
This procedure, or other equivaleistallowed until an international standard will be available.
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Provisions regarding the approval of the fuel pump

6.2.

Definition: see paragraph 2.5.5. of this Regulation.
Component classification (according to Figure 1, para. 2.):

Class 0 for the part which is in contact with liquid LPG at a
pressure> 3,000kPa;

Class 1 for the part which is in contact with liquid LPG at a
pressuréd3,000kPa.

Classification pressure:

Parts of Class 0 WP declared

Parts of Class 1 3,000 kPa

Designtemperatures:

-20 °C to 65 °C, when the fuel pump is mounted inside the container.
-20 °C to 120 °C, when the fuel pump is mounted outside the container.

For temperatures exceeding the abowentioned values, special tests
conditions are applicable.

General design rules:

Paragraph 6.15.2., Provisions regarding the electrical insulation.
Paragraph 6.15.2.1., Provisions regarding the insulation class.
Paragraph 6.15.3.2., Provisions when the power is switched off.
Paragraph 6.15.6.1., Provisions to praveressure buildip.
Applicable test procedures:

Fuel pump mounted inside the container:

LPG compatibility Annex 15, para. 11*
Fuel pump mounted outside the container:

Over pressure test Annex 15, para. 4
External leakage Annex 15, parab.
High temperature Annex 15, para. .6
Low temperature Annex 15, para..7
LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 1%
Ozone ageing Annex 15, para. 1#
Creep Annex 15, para. 15
Temperature cycle Annex 15, para. 1&

’ Only for metallic parts.
Only for nonmetallic parts.
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Provisions regarding the approval of theLPG filter unit

1. Definition: see paragraph 2.14. of this Regulatio

2. Component classification (according to Figure 1, para. 2.):
Filter units can be Class 0, 1, 2 or 2A.

3. Classification pressure:
Components of Class 0: WP declared
Components of Class 1: 3,000 kPa.
Components of Class 2: 450 kPa.
ComponentsioClass 2A: 120 kPa.
4, Design temperatures:
-20°Cto 120 °C

For temperatures exceeding the abowentioned values, special tests
conditions are applicable.

General design rules: (not used)
Applicable test procedures:
6.1. For parts of Class 1:

Over pressure test Annex 15, para.

6.2.

External leakage
High temperature
Low temperature

Annex 15, para..
Annex 15, para..
Annex 15, para..

~N O o b~

LPG compatibility Annex 15, para. 11*

Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 13
Ozone ageing Annex 15, para. 1#
Creep Annex 15, para. 15
Temperature cycle Annex 15, para. 16
For parts of Class 2 and/or 2A:

Over pressure test Annex 15, para..

External leakage
High tempeature
Low temperature

LPG compatibility
Corrosion resistance

’ Only for metallic parts.
Only for nonmetallic parts.

Annex 15, para..
Annex 15, para..
Annex 15, para..
Annex 15, para.
Annex 15, para.

~N o o b~

1
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Provisions regarding the approval of the pressure regulator
and the vaporizer

1. Definition:
Vaporizer: see paragraph 2.6. of this Regulation.
Pressure regulator: see paragraph 2.7. of this Regulation.
2. Component classification (according to Figure 1, para. 2.):
Class Ofor the part which is in contact wiltPG at apressure> 3,000kPa.
Class1:fot he part which is in contact with the

Class 2: for the part which is in contact with the regulated pressure and with a
maximum regulated pressure during operation of 450 kPa.

Class 2A: for the part which is in contact with the regdatressure and with
a maximum regulated pressure during operation of 120 kPa.

3. Classification pressure:
Parts of Class 0: WP declared
Parts of Class 1: 3,000 kPa.
Parts of Class 2: 450 kPa.
Parts of Class 2A: 120 kPa.
4. Design temperatures:
-20 °C to 120 °C

For temperatures exceeding the abowentioned values, special tests
conditions are applicable.

5. General design rules:
Paragraph 6.15.2., Provisions regarding the electrical insulation.
Paragraph 6.15.3.1., Provisions on valves a@tvat external power.

Paragraph 6.15.4., Heat exchange medium (compatibility and pressure
requirements).

Paragraph 6.15.5., Overpressure bypass security.

Paragraph 6.15.6.2., Gas flow prevention.

6. Applicable test procedures:

6.1. For parts of Class 1:
Over pressure test Annex 15, para. 4
External leakage Annex 15, para. .5
High temperature Annex 15, para. .6
Low temperature Annex 15, para..7
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Seat leakage Annex 15, para. .8
EndurancgNumber of
cycles shall be 50,000 cycles) Annex 15, para. 9
LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 1%
Ozone ageing Annex 15, para. 1%
Creep Annex 15, para. 15*
Temperature cycle Annex 15, para. 1&*
For parts of Clas 2 and/or 2A:
Over pressure test Annex 15, para. 4
External leakage Annex 15, para. .5
High temperature Annex 15, para. .6
Low temperature Annex 15, para..7
LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12

Remarks:

The shutoff valve can be integrated in the vaporizer, regulator, in this case
Annex 7 is also applicable.

The parts of the pressure regulator/vaporizer (Class 1, 2 or 2A) shall be
leakproof with the outlet(s) of that part closed off.

For the overpressurgest all the outlets including those of the coolant
compartment shall be closed off.

*

*%

Only for metallic parts.
Only for nonmetallic parts.
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Provisions regarding the approval of the shutoff valve,
the nonreturn valve, the gastube pressure relief valve
and the service coupling

1.

1.1.
1.2.
1.3.
1.4.

1.5.

1.6.

2.1
2.2,
2.3.

Provisions regarding the approval of the sbiffitvalve

Definition: see paragraph 2.8. of this Regulation.

Component classification (according to Figure 1, para. 2.53a
Classification pressure: 3,000 kPa or WP declared3ifo00 kPa.
Design temperatures:

-20°Cto 120 °C

For temperatures exceeding the abowntioned values, special tests
conditions are applicable.

General design rules:

Paragraph @5.2., Provisions regarding the electrical insulation.
Paragraph 6.15.3.1., Provisions on valves activated by electrical power.
Applicable test procedures:

Over pressure test Annex 15, para. 4

External leakage
High temperature

Low temperature

Annex 15, para..
Annex 15, para..

Annex 15, para.

Seat leakage

5
6
7
Annex 15, para. .8
Endurance Annex 15, para. .9
LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 1%
Ozone aging Annex 15, para. 1#
Creep Annex 15, para. 18

Temperature cycle Annex 15, para. 16*

Provisions regarding the approval of the wieturn valve
Definition: see paragraph 2.5.9. of this Regulation.
Component classification (acabing to Figure 1, para. 2.): Class 1.

Classification pressure: 3,000 kPa.
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2.4,

2.5,

2.6.

3.1
3.2.
3.3.
3.4.

3.5.

3.6.

Design temperatures:
-20°Cto 120 °C

For temperatures exceeding the abowentioned values, special tests
conditions are applicable.

General design rules:

Paragrapl®.15.2., Provisions regarding the electrical insulation.
Paragraph 6.15.3.1., Provisions on valves activated by electrical power.
Applicable test procedures:

Over pressure test Annex 15, para..

External leakage
High temperature

Low temperature

Annex 15, para..
Annex 15, para.

Annex 15, para..

Seat leakage Annex 15, para.

©w O N O U

Endurance Annex 15, para..

LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 1%
Ozoneageing Annex 15, para. 1#
Creep Annex 15, para. 15*
Temperature cycle Annex 15, para. 1&*
Provisions regarding the approval of the-gatse relief valve
Definition: see paragraph 2.9. of this Regulation.

Component classification (eerding to Figure 1, para. 2.): Class 3.
Classification pressure: 3,000 kPa or WP declared3ifo00 kPa.
Design temperatures:

-20°Cto 120 °C

For temperatures exceeding the abowntioned values, special tests
conditions are applicable.

General design rules:

Paragraph 6.15.2., Provisions regarding the electrical insulation.
Paragraph 6.15.3.1., Provisions on valves activated by electrical power.
Paragraph 6.15.7., Provisions regarding thetghs pressure relief valve.
Applicable est procedures:

Over pressure test Annex 15, para. 4

External leakage

High temperature

Annex 15, para. .5

Annex 15, para.
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Low temperature Annex 15, para..7
Seat leakage Annex 15, para. .8
Endurance Annex 15, para. .9

(with 200 operation cyclgs

LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 1%
Ozone ageing Annex 15, para. 1%
Creep Annex 15, para. 15*
Temperature cycle Annex 15, para. 16

4. Provisions regrding the approval of the service coupling

4.1. Definition: see paragraph 2.17. of this Regulation.

4.2 Component classification (according to Figure 1, para. 2.): Class 1.

4.3. Classification pressure: 3,000 kPa.

4.4. Design temperatures:

-20°Cto1® °C

For temperatures exceeding the abowentioned values, special tests
conditions are applicable.

4.5, General design rules:
Paragraph 6.15.2., Provisions regarding the electrical insulation.

Paragraph 6.15.3.1., Provisions on valves activated byiebdgiower.

4.6. Applicable test procedures:
Over pressure test Annex 15, para. 4
External leakage Annex 15, para. .5
High temperature Annex 15, para. .6
Low temperature Annex 15, para..7
Seat leakage Annex 15, para..8
Endurance Annex 15, para. .9
(with 6,000 operation cycles)
LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 13
Ozone ageing Annex 15, para. 1#
Creep Annex 15, para. 15
Temperature cycle Annex 155, para. 16*

* Only for metallic parts.
** Only for nonmetallic parts.
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Annex 8

Provisions regarding the approval of flexible hoses with
couplings

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.
1.2.5.

1.3.
1.3.1.
1.3.1.1.

Scope

The purpose of this annex is to determine the provisions regarding the
approval of flexible hoses for use with LPG, having an inside diameter up to
20 mm.

This annex covers four types of flexible hoses:

(@  High pressure rubber hoses (Class 1, e.g. Filling hose)
(b)  Low pressure rubber hoses (Class 2)

(c) High pressure synthethoses (Class 1)

(d)  High pressure synthetic hoses (Class 0)

High pressure rubber hoses, Class 1 classification, filling hose
General specifications

The hose shall be so designed as to withstand a maximum operating pressure
of 3,000kPa.

The hose shall be so designed as to withstand temperatures be2&&€n
and +80°C. For operating temperatures exceeding the abmentioned
values, the test temperatures must be adapted.

The inside diameter shall be in compliancéhwTable 1 of standard
1ISO 1307.

Hose construction

The hose must embody a smobitre tube and a cover of suitable synthetic
material, reinforced with one or more interlayer(s).

The reinforcing interlayer(s) has (have) to be protédig a cover against
corrosion.

If for the reinforcing interlayer(s) corrosieesistarimaterial is used
(i.e. stainlesssteel) a cover is not required.

The lining and the cover must be smooth and free from pores, holes and
strange elements.

An intentionally provided puncture in the cover shall not be considered as an
imperfection.

The cover has to be intentionally perforated to avoid the forming of bubbles.

When the cover is punctured and the interlayer is made of -@oroosion
resistant material, the interlayer has to be protected against corrosion.

Specifications and tests for the lining
Tensile strength and elongation

Tensile strength and elongatiat breakaccording to 1ISO 37. Tensile
strength not lesthan 10 MPa and elongation at break not less than 250 per
cent.
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1.3.1.2.

1.3.1.3.

1.4.
1.4.1.

1.4.1.1.

1.4.1.2.

1.4.2.

1.4.2.1.

Resistance to-pentaneaccording to ISO 1817 with the following conditions:

(@  Medium n-pentane

(b)  Temperature23°C (tolerance acc. to 1ISO 1817)
(¢)  Immersionperiod: 72 hars

Requirements:

(@ Maximumchange in volume 20 per cent
(b)  Maximumchange in tensile strength 25 per ¢ent
(c) Maximumchange in elongation at break 30 per cent

After storage in air with a temperature of 40 °C for a period of 48 hours the
mass comared to the original value may not decrease more than 5 per cent.

Resistance to ageiragcording to ISO 188 with the following conditions:

(@ Temperature 70 °C (test temperature = maximum operating
temperature minus 1TC);

(b)  Exposureperiod:168 hours
Requirements:

@ Maximumchange in tensile strength 25 per ¢ent

(b) Maximum change in elongation at breaRO per cent and +10 per
cent

Specifications and teshethod for the cover

Tensile strength and elongation at breadécoding to ISO 37. Tensile
strength not less than 10 MPa and elongation at break not less than 250 per
cent.

Resistance to-hexaneaccording tdSO 1817 with the following conditions:
(@  Medium n-hexane

(b)  Temperature23 °C (tolerance acc. t8§0 1817)

(c) Immersionperiod: 72 hours

Requirements:

(@ Maximumchange in volume 30 per cent

(b) Maximumchange in tensile strength 35 per ¢ent

(c) Maximumchange in elongation at break 35 per cent

Resistance to ageiragcordingto ISO 188 with the following conditions:

(@ Temperature 70°C (test temperature = maximum operating
temperature minus 1);

(b)  Exposureperiod: 336 hours
Requirements:
@ Maximumchange in tensile strength 25 per ¢ent

()  Maximum change in elongation direak-30 per cent and +10 per
cent

Resistance to ozone

The test has to be performed in compliance with standard 1ISO 1431/1.
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1.4.2.2.

1.4.2.3.
1.5.
1.5.1.
1.5.1.1.

1.5.1.2.

1.5.1.3.

1.5.2.
1.5.2.1.

1.5.2.2.
1.5.2.3.
1.5.3.
1.5.4.
1.5.4.1.

1.5.4.2.

The testpieces, which have to be stretched to an elongation of 20 per cent
shall have to be exposed &ir of 40°C with an ozon&oncentration of
50 parts per hundred million during 120 hours.

No cracking of the test pieces is allowed.
Specifications for uncoupled hose
Gastightness (permeability)

A hose at a free lengthf 1 m has to be connected to a container filled with
liquid propane, having a temperature o0f°23 °C.

The test has to be carried out in compliance with the method described in
standard ISO 4080.

The leakage through the wall of these shall not exceed 95 twf vapour
per metre of hose per 24 h.

Resistance at low temperature

The test has to be carried out in compliance with the method described in
standard ISO 4672:1978 method B.

Testtemperature:25° 3 °C.

No cracking or rupture is allowed.
(Not used)

Bending test

An empty hose, at a length of approximately 3.5 m must be able to withstand
3,000times the hereafter prescribed alternatimpdingtest without
breaking. After the test the hose must be capable of withstanding the test
pressure as mentioned in paragraph 1.5.5.2.

Figure 1(example only)

()

mass \
\/

o

>

propulsion mechanism

a 1,2m 2

Hose inside diameter Bending radius Distance between centres [mn

[mm] [mm] (Figure 1)
(Figure 1) . ]

Vertical Horizontal
b a
up to 13 102 241 102
13 to 16 153 356 153
from 16 to 20 178 419 178
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1.5.4.3.

1544

1.5.5.

1.5.5.1.

1.5.5.2.

1.5.5.3.

1.6.
1.61.

1.6.2.

1.6.2.1.
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.

The testing machine (see Figure 1) shall consist of a steel frame, provided
with two wooden wheels, with a riwidth of c.a. 130 mm.

The circumferencef the wheels must be grooved for the guidance of the
hose. The radius of the wheels, measured to the bottom of the groove, must
be as indicated in paragraph 1.5.4.2.

The longitudinal median planes of both wheels must be in the same vertical
plane and thélistance between the whemdntres must be in accordance with
paragrapti.5.4.2.

Each wheel must be able to rotate freely round its pieotre.

A propulsion mechanism pulls the hose over the wheels at a speed of four
complete motions per minute.

The hose shall be-shapelike installed over the wheels (see Figure 1).

The end that runs over the upper wheel shall be furnished with a sufficient
mass as to achieve a complete snuggling of the hose against the wheels. The
part that runs over the l@x wheel is attached to the propulsion mechanism.

The mechanism must be so adjusted, that the hose travels a total distance of
1.2m in both directions.

Hydraulic test pressure and determination of the minimum-puestsure

The test has tde carried out in compliance with the method described in
standard ISO 1402.

The testpressure of 6,750 kPa shall be applied during 10 minutes, without
any leakage.

The burst pressure shall not be less than 10,000 kPa.
Couplings

The couplings shall be made from steel or brass and the surface must be
corrosionresistant.

The couplings must be of the crifigting type.
The swiveinut must be provided with U.N.F. thread.

The sealing cone of swivalut type must be of the type with a half vertical
angle of 45,

The couplings can be made as swinet type or as quickonnector type.

It shall be impossible to disconnect the quétinector type without specific
measures or the use of deatied tools.

Assembly of hose and couplings

The construction of the couplings must be such, that it is not necessary to
peel the cover unless the reinforcement of the hose consists of corrosion
resistant material.

The hose assembly haslte subjected to an impulse test in compliance with
standard ISO 1436.

The test has to be completed with circulating oil having a temperature of
93°C, and a minimum pressure of 3,000 kPa.

The hose has to be subjected to 150,000 impulses
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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.
1.8.2.

2.1
2.1.1.

2.1.2.

2.2,
2.2.1.

2.2.2.

2.2.3.

2.3.
2.3.1.
2.3.1.1.

2.3.1.2.

After the impulse test the hose has to withstand theptessure as
mentioned in paragraph 1.5.5.2.

Gastightness

The hose assembly (hose with couplings) has to withstand during five
minutes a gas pressure of 3,000 kPa witlaoytleakage.

Markings

Every hose must bear, at intervals of not greater than 0.5 m, the following
clearly legible and indelible identification markings consisting of characters,
figures or symbols.

The trade name or mark of the manufaer.
The year and month of fabrication.

The size and typenarking.

The identification marking "L.P.G. Class 1".

Every coupling shall bear the trade name or mark of the assembling
manufacturer.

Low pressure rubber haseClass 2 classification
General specifications

The hose shall be so designed as to withstand a maximum operating pressure
of 450 kPa.

The hose shall be so designed as to withstand temperatures be2&&én
and +125°C. For operatingemperatures exceeding the aboweentioned
values, the test temperatures must be adapted.

Hose construction

The hose must embody a smobtire tube and a cover of suitable synthetic
material, reinforced with one or more interlayer(s).

The reinforcing interlayer(s) has (have) to be protected by a cover against
corrosion.

If for the reinforcing interlayer(s) corrosiemsistant material is used
(i.e. stainless steel) a cover is not required.

The lining and the cover must be smoathd free from pores, holes and
strange elements.

An intentionally provided puncture in the cover shall not be considered as an
imperfection.

Specifications and tests for the lining
Tensile strength and elongation

Tensile strength andlangation at break according to 1SO 37. Tensile
strength not less than 10 MPa and elongation at break not less than 250 per
cent.

Resistance to-pentane according to 1ISO 1817 with the following conditions:

(@  Mediunt n-pentane
(b)  Temperature23 °C (tolerance acc. to ISO 1817)
(c)  Immersionperiod: 72 hours

63



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRANS/505/Rev.1/Add.66/Rev.3

Annex 8

64

2.3.1.8.

2.4,

24.1.1.

24.1.2.

24.1.3.

2.4.2.

24.2.1.
24.2.2.

2.4.2.3.

Requirements:

(@ Maximumchange in volume 20 per cent
(b)  Maximumchange in tensile strength 25 per ¢ent
(c) Maximumchange in elongation at break 30 per cent

After storage in air wh a temperature of 40 °C for a period of 48 hours the
mass compared to the original value may not decrease more than 5 per cent.

Resistance to ageing according to ISO 188 with the following conditions:

(@ Temperature 115 °C (test temperature = aximum operating
temperature minus 1);

(b)  Exposureperiod: 168 hours
Requirements:

(@ Maximumchange in tensile strength 25 per ¢ent

()  Maximum change in elongation at breaRO per cent and +10 per
cent

Specifications and test method foetbover

Tensile strength and elongation at break according to ISO 37. Tensile
strength not less than 10 MPa and elongation at break not less than 250 per
cent.

Resistance to-hexane according to ISO 1817 with the following conditions:

(@  Medium n-hexane
(b)  Temperature23°C (tolerance acc. to ISO 1817)
(c) Immersionperiod: 72 hours

Requirements:

@ Maximumchange in volume 30 per cent
(b) Maximumchange in tensile strength 35 per ¢ent
(c) Maximumchange in elongation at bredk per cent

Resistance to ageing according to ISO 188 with the following conditions:

(@ Temperature 115°C (test temperature = maximum operating
temperature minus 1TC);

(b)  Exposureperiod: 336 hours
Requirements:
@ Maximumchange in tenk strength 25 per cent

(b) Maximum change in elongation at breaRO per cent and +10 per
cent

Resistance to ozone
The test has to be performed in compliance with standard 1ISO 1431/1.

The testpieces, which have to be stretchiedan elongation of 20 per cent
shall have to be exposed to air of 4D with an ozone concentration of 50
parts per hundred million during 120 hours.

No cracking of the test pieces is allowed.
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2.5, Specifications for uncoupled hose
2.5.1. Gastightness (permeability)
2.5.1.1. A hose at a free length of 1 m has to be connected to a container filled with
liquid propane, having a temperature o0f°23 °C.
2.5.1.2. The test has to be carried out in compliance with the method described in
standard I1S@080.
2.5.1.3. The leakage through the wall of the hose shall not exceed 96forapour
per metre of hose per 24 h.
2.5.2. Resistance at low temperature
2.5.2.1. The test has to be carried out in compliance with the method described in
standard ISO 4672978 method B.
2.5.2.2. Testtemperature:-25° 3 °C
2.5.2.3. No cracking or rupture is allowed.
2.5.3. Bending test
2.5.3.1. An empty hose, at a length of approximately 3.5 m must be able to withstand
3,000 times the hereafter prescribed alternatiegdng-test without
breaking. After the test the hose must be capable of withstanding the test
pressure as mentioned in paragraph 2.5.4.2.
2532
Figure 2 (example only)
b
mass
4 >
: propulsion mechanism
a 1,2m ‘ ,

Hose inside diameter Bending radius Distance between centres [mn
[mm] [mm] (Figure 2)
(Figure 2)

Vertical Horizontal

b a

up to 13 102 241 102
13 to 16 153 356 153
from 16 to 20 178 419 178

2.5.33.

The testing machine (see Figure 2) shall consist of a steel frame, provided
with two wooden wheels, with a rinvidth of c.a. 130 mm.
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2.5.3.4.

2.5.4.

2.54.1.

2.54.2.

2.54.3.

2.6.
26.1
2.6.2.

2.6.3.
2.6.4.
2.6.5.

2.7.
2.7.1.

2.7.2.

2.7.2.1.

2.7.2.2.
2.7.2.3.

The circumference fathe wheels must be grooved for the guidance of the
hose. The radius of the wheels, measured to the bottom of the groove, must
be as indicated in paragraph 2.5.3.2.

The longitudinal median planes of both wheels must be in the same vertical
plane and thélistance between the whemdntres must be in accordance with
paragrapt?.5.3.2.

Each wheel must be able to rotate freely round its pieotre.

A propulsion mechanism pulls the hose over the wheels at a speed of four
complete motions per minute.

The hose shall be-shapelike installed over the wheels (see Figure 2).

The end that runs over the upper wheel shall be furnished with a sufficient
mass as to achieve a complete snuggling of the hose against the wheels. The
part that runs over the lowaiheel is attached to the propulsion mechanism.

The mechanism must be so adjusted, that the hose travels a total distance of
1.2m in both directions.

Hydraulic test pressure and determination of the minimum - puestsure

The test has tde carried out in compliance with the method described in
standard ISO 1402.

The test pressure of 1,015 kPa shall be applied during 10 minutes, without
any leakage.

The burst pressure shall not be less than 1,800 kPa.
Couplings
The couplings shall be made from a raorrosive material.

The coupling burst pressure in mounted position shall never be less than the
tube or hose burst pressure.

The coupling leakage pressure in mounted position shall never be less than
the tuke or hose leakage pressure.

The couplings must be of the crifigting type.
The couplings can be made as swinet type or as quickonnector type.

It shall be impossible to disconnect the quétinector type without specific
measues or the use of dedicated tools.

Assembly of hose and couplings

The construction of the couplings must be such, that it is not necessary to
peel the cover unless the reinforcement of the hose consists of corrosion
resistant material.

The hose assembly has to be subjected to an impulse test in compliance with
standard ISO 1436.

The test has to be completed with circulating oil having a temperature of
93°C, and a minimum pressure of 1,015 kPa.

The hose has to be subjette 150,000 impulses.

After the impulse test the hose has to withstand theptessure as
mentioned in paragraph 2.5.4.2.
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2.7.3.
2.7.3.1.

2.8.

2.8.1.

2.8.1.1.
2.8.1.2.
2.8.1.3.
2.8.1.4.
2.8.2.

3.1.
3.1.1.

3.12.

3.1.3.

3.1.4.

3.1.5.

3.2.
3.2.1.

3.2.2.

3.3.
3.3.1.
3.3.1.1.

Gastightness

The hose assembly (hose with couplings) has to withstand during five
minutes a gas presswél,015 kPa without any leakage.

Markings

Every hose must bear, at intervals of not greater than 0.5 m, the following
clearly legible and indelible identification markings consisting of characters,
figures or symbols.

The trade nameranark of the manufacturer.
The year and month of fabrication.

The size and typenarking.

The identification marking "L.P.G. Class 2".

Every coupling shall bear the trade name or mark of the assembling
manufacturer.

High pressure synthetic hos€dass 1 classification
General specifications

The purpose of this chapter is to determine the provisions regarding the
approval of synthetic flexible hoses for use with LPG, having an inside
diameter up to 1é&hm.

This chapter covers, in addition to general specifications and tests for
synthetic hoses, also specifications and tests applicable for specific material
types or a synthetic hose.

The hose shall be so designed as to withstand a maximum op@ratasgre
of 3,000kPa.

The hose shall be so designed as to withstand temperatures be2&&€n
and +125°C. For operating temperatures exceeding the abwmioned
values, the test temperatures must be adapted.

The inside diameter shalbe in compliance with Table 1 of standard
ISO 1307.

Hose construction

The synthetic hose must embody a thermoplastic tube and a cover of suitable
thermoplastic material, oil and weatherproof, reinforced with one or more
synthetic interlayer(s). If for the reinforcing interlayer(s) a corrosion
resistant material is used (i.e. stainieteel) a cover is not required.

The lining and the cover must be free from pores, holes and strange elements.

An intentionally provided puncture in the avshall not be considered as an
imperfection.

Specifications and tests for the lining
Tensile strength and elongation

Tensile strength and elongation at breadcording to 1SO 37. Tensile
strength not less than 20 MPa and elongatiobreak not less than 200 per
cent.
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3.3.1.2.

3.3.1.8.

3.3.2.

3.3.2.1.

3.3.2.2.

Resistance to-pentane amrding to ISO 1817 with the following conditions:
(@  Medium n-pentane

(b)  Temperature23°C (tolerance acc. to 1ISO 1817)

(¢)  Immersionperiod: 72 hours

Requirements:

(@ Maximumchange in volume 20 per cent

(b) Maximumchange in tensile strength 25 per ¢ent

(c) Maximumchange in elongation at break 30 per cent

After storage in air with a temperature of 40 °C for a period of 48 hours the
mass compared to the original value may decrease more than 5 per cent.

Resistance to ageiragcording to ISO 188 with the following conditions:

(@ Temperature 115 °C (test temperature = maximum operating
temperature minus 1TC);

(b)  Exposureperiod: 336 hours
Requirements:
@ Maximumchange in tensile strength 35 per ¢ent

(b) Maximum change in elongation at breaRO per cent and +10 per
cent

Tensile strength and elongation specific for polyamide 6 material

Tensile strength and elongation at bresicording tolSO 5272 with the
following conditions:

@ Specimertype: type 1 BA
(b)  Tensilespeed: 20 mm/min

The material has to be conditioned for at least 21 days &€ 2&d 50 per
cent relative humidity prior to testing.

Requirements:

(@  Tensilestrength nbless than 20 MRa

(b)  Elongationat break not less than 50 per cent.
Resistance to-pentaneaccording to ISO 1817 with the following conditions:
@ Medium n-pentane

(b)  Temperature23 °C (tolerance according to ISO 1817)
(c) Immersionperiod: 72 hours

Requirements:

(& Maximumchange in volume 2 per cent

(b) Maximumchange in tensile strength 10 per cent
Maximumchange in elongation at break 10 per cent

After storagein air with a temperature of 40 °C for a period ofttRirs the
mass cmpared to the original value may not decrease more than 5 per cent.
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3.3.2.3.

3.4.

3.4.1.1.

3.4.1.2.

3.4.1.3.

3.4.2.

3.4.2.1.
3.4.2.2.

3.4.2.3.

Resistance to ageiragcording to ISO 188 with the following conditions:

(@ Temperature 115 °C (test temperature = maximum operating
temperature minus 1);

(b)  Exposureperiad: 24 and 336 hours

After ageing the specimens have to be conditioned 4C2a&nd 50 per cent
relative humidity for at least 21 days prior to carrying out the tensile test
according to paragragh3.2.1.

Requirements:

(@ Maximum change in tensile stretig 35 per cent after 336 hours
ageing compared to the tensile strength of the 24 hours aged material

(b)  Maximum change in elongation at break 25 per cent after 336 hours
ageing compared to the elongation at break of the 24 hours aged
material.

Specifications and test method for the cover

Tensile strength and elongation at bremtcording to ISO 37. Tensile
strength not less than 20 MPa and elongationreak not less than 250 per
cent.

Resistance to-hexaneaccording to 1ISO 181wWith the following conditions:
@ Medium n-hexane

(b)  Temperature23°C (tolerance according to ISO 1817)

(c) Immersionperiod: 72 hours

Requirements:

@ Maximumchange in volume 30 per cent

(b) Maximumchange in tensile strength 35 per ¢ent

(c) Maximumchange in elongation at break 35 per gent

Resistance to ageing accomglito ISO 188 with the following conditions:

(@ Temperature 115°C (test temperature = maximum operating
temperature minus 1TC);

(b)  Exposureperiod: 336 hours
Requirements:
@ Maximumchange in tensile strength 25 per ¢ent

(b)  Maximum change in elongation at breaRO per cent and +10 per
cent

Resistance to ozone
The test has to be performed in compliance with standard 1ISO 1431/1.

The estpieces, which have to be stretched to an elongation of 20 per cent
shall have to be exposed to air of 40 °C and a relative humidity of 50 per cent
° 10per centwith an ozoneconcentration of 50 parts per hundred million
during 120hours.

No cracking of the test pieces is allowed.
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3.4.3.

3.4.3.1.

3.4.3.2.

3.4.3.8.

3.5.
3.5.1.

3.5.1.1.

3.5.1.2.

3.5.1.3.

Specifications and test method for the cover made of polyamide 6 material

Tensile strength and elongation at breakording to 1SO 522 with the
following conditions:

(@  Specimertype: type 1 BA
(b)  Tensilespeed: 20 mm/min

The material has to be conditioned for at least 21 days at 23 °C and 50 per
cent relative humidity prior to testing.

Requirements:

(@  Tensilestrength not less than 20 MPa

(b)  Elongationat break not less than 100 per cent.

Resistance to-hexaneaccording to ISO 1817 with the following conditions:
@ Medium n-hexane

(b)  Temperature23 °C (tolerance according to ISO 1817)

(c) Immersionperiod: 72 hours

Requirements:

@ Maximumchange in volume 2 per cent

(b) Maximumchange in tensile strength 10 per ¢ent

(c) Maximumchange in elongation at break 10 per cent
Resistance to ageiragcording to 1ISO 188 witthe following conditions:

(@ Temperature 115 °C (test temperature = maximum operating
temperatee minus 1C0C);

(b)  Exposureperiod: 24 and 336 hours

After ageing he specimens have to be conditioned for at least 21 days before
carrying out the tensile test according to paragraph 3.3.1.1.

Requirements:

@ Maximum change in tensile strength 20 peent after 33Gours
ageing compared to the tensile strength of thbd#s aged material

(b) Maximum change in elongation at break 50 per cent after 336 hours
ageing compared to the elongation at break of the 24 hours aged
material.

Specificationdor uncoupled hose
Gastightness (permeability)

A hose at a free length of 1 m has to be connected to a container filled with
liquid propane, having a temperature 0f°23 °C.

The test has to be carried out in compliance withrtiethod described in
standard ISO 4080.

The leakage through the wall of the hose shall not exceed 95 cm3 of vapour
per metre of hose per 24 h.
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3.5.2.
3.5.2.1.

3.5.2.2.
3.5.2.3.
3.5.3.

3.5.3.1.

3.5.3.2.
3.5.3.8.

3.5.4.
3.5.4.1.

Resistance at low temperature

The test has to be carried out in compliance with the rdetlescribed in
standard ISO 4672 method B.

Test temperature25° 3 °C.
No cracking or rupture is allowed.
Resistance at high temperature

A piece of hose, pressurized at 3,000 kPa, with a minimal length of 0.5 m
must be pt in an oven at a temperature of 28 °C during 24 hours.

No leakage is allowed.

After the test the hose shall withstand the test pressure of 6,750 kPa during
10 minutes. No leakage is allowed.

Bending test

An empty lose, at a length of approximately 3.5 m must be able to withstand
3,000 times the hereafter prescribed alternabegdingtest without
breaking. After the test the hose must be capable of withstanding the test
pressure as mentioned in paragraph 3.5.5.2.

Figure 3 (example only)

3.5.4.2.

(N

mass

. >

| propulsion mechanism
|

a 1,2m L

(a=102 mm; b=241 mm)

The testing machine (see Figure 3) shall consist of a steel frame, provided
with two wooden wheels, with a riwidth of approximately 130 mm.

The circumference of the wheels must beoyed for the guidance of the
hose. The radius of the wheels, measured to the bottom of the groove, must
be 102 mm.

The longitudinal median planes of both wheels must be in the same vertical
plane. The distance between the wkmmitres must be verticahl mm and
horizontal 102 mm.

Each wheel must be able to rotate freely round its pieotre.

A propulsion mechanism pulls the hose over the wheels at a speed of four
complete motions per minute.
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3.5.4.8.

3.5.5.

3.5.5.1.

3.5.5.2.

3.5.5.8.

3.6.
3.6.1.

3.6.2.

3.6.3.

3.7.
3.7.1.

3.7.1.1.

3.7.1.2.
3.7.1.3.

3.7.2.

3.7.2.1.

3.8.
3.8.1.

3.8.1.1.
3.8.1.2.
3.8.1.3.
3.8.1.4.

3.8.2.

The hose shall be-&hapelike installed over thevheels (see Figure 3).

The end, that runs over the upper wheel, shall be furnished with a sufficient
mass as to achieve a complete snuggling of the hose against the wheels. The
part that runs over the lower wheel is attached to the propulsion mechanism.

The mechanism must be so adjusted, that the hose travels a total distance of
1.2m in both directions.

Hydraulic test pressure and determination of the minimum-{puessure

The test has to be carried out in compliance with the methodilgedan
standard ISO 1402.

The test pressure of 6,750 kPa shall be applied during 10 minutes, without
any leakage.

The burst pressure shall not be less than 10,000 kPa.
Couplings

The couplings shall be made from steel or $rasd the surface must be
corrosionresistant.

The couplings must be of the crirfiting type and made up of a hese
coupling or banjo bolt. The sealing shall be resistant to LPG and comply
with paragrap!8.3.1.2.

The banjo bolt shall comphyith DIN 7643.
Assembly of hose and couplings

The hose assembly has to be subjected to an impulse test in compliance with
standard ISO 1436.

The test has to be completed with circulating oil having a temperature of
93°C, and a minimm pressure of 3,000 kPa.

The hose has to be subjected to 150,000 impulses.

After the impulsetest the hose has to withstand the test pressure as
mentioned in paragra@h5.5.2.

Gastightness

The hose assembly (hose withuptings) has to withstand during five
minutes a gas pressure of 3,000 kPa without any leakage.

Markings

Every hose must bear, at intervals of not greater than 0.5 m, the following
clearly legible and indelible identification markings consistirigcharacters,
figures or symbols.

The trade name or mark of the manufacturer.
The year and month of fabrication.

The size and typenarking.

The identification marking "L.P.G. Class 1".

Every coupling shall beathe trade name or mark of the assembling
manufacturer.
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4.1.
4.1.1.

4.1.2.

4.1.3.

4.1.4.

4.1.5.

4.2.
4.2.1.

4.2.2.

4.3.
4.3.1.

4.3.1.1.

4.3.1.2.

4.3.1.3.

High pressure synthetic hoses, Class 0 classification
General specifications

The purpose of this chapter is to determine the provisions regarding the
approval of synthetic flexible hosefor use with LPG, having an inside
diameter up to 10 mm.

This chapter covers, in addition to general specifications and tests for
synthetic hoses, also specifications and tests applicable for specific material
types or a synthetic hose.

The hose shall be so designed as to withstand a maximum operating pressure
of WP.

The hose shall be so designed as to withstand temperatures be2&één
and +125°C. For operating temperatures exceeding the abwmmtioned
values, the test temperadg must be adapted.

The inside diameter shall be in compliance with Table 1 of standard
1ISO 1307.

Hose construction

The synthetic hose must embody a thermoplastic tube and a cover of suitable
thermoplastic material, oil and weatherpioeinforced with one or more
synthetic interlayer(s). If for the reinforcing interlayer(s) a corrosésistant
material is used (i.e. stainlesteel) a cover is not required.

The lining and the cover must be free from pores, holes and sebgents.

An intentionally provided puncture in the cover shall not be considered as an
imperfection.

Specifications and tests for the lining
Tensile strength and elongation

Tensile strength and elongation at break according to 330 Tensile
strength not less than 20 MPa and elongation at break not less than
200percent.

Resistance to-pentane according to ISO 1817 with the following conditions:
@ Medium: npentane

(b)  Temperature: 23 °C (tolerance acc. to ISO7)81

(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 per.cent

After storage in air with a temperature of 40 °C fguesiod of 48 hours the
mass compared to the original value may not decrease more than 5 per cent.

Resistance to ageing according to ISO 188 with the following conditions:

(@  Temperature: 115 °C (test temperature = maximum operating
temperatug minus 10 °C)

(b)  Exposure period: 336 hours
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4.3.2.

4.3.2.1.

4.3.2.2.

4.3.2.3.

4.4,

44.1.1.

Requirements:
(& Maximum change in tensile strength 35 per cent

(b) Maximum change in elongation at breé80 per cent and +10 per
cent

Tensile strength and elongation specific for polyamideaéenmal

Tensile strength and elongation at break according to ISG25&ith the
following conditions:

(@  Specimen type: type 1 BA
(b)  Tensile speed: 20 mm/min

The material has to be conditioned for at least 21 days at 23 °C and
50 percert relative humidity prior to testing.

Requirements:

(@  Tensile strength not less than 20 MPa

(b)  Elongation at break not less than 50 per cent.
Resistance to-pentane according to ISO 1817 with the following conditions:
@ Medium: npentane

(b)  Temperature: 23 °C (tolerance according to 1ISO 1,817)
(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 pntc

After storage in air with a temperature of 40 °C for a period of 48 hours the
mass compared to the original value may not decrease more than 5 per cent.

Resistance to ageing according to ISO 188 with the following conditions:

(@ Temperatee: 115 °C (test temperature = maximum operating
temperature minus 10 °C)

(b)  Exposure period: 24 and 336 haurs

After ageing the specimens have to be conditioned at 23 °C and 50 per cent
relative humidity for at least 21 days prior to carrying out thesite test
according to paragraph 4.3.2.1.

Requirements:

(@ Maximum change in tensile strength 35 per cent after 336 hours
ageing compared to the tensile strength of the 24 hours aged material

() Maximum change in elongation at break 25 per cent 886 hours
ageing compared to the elongation at break of the 24 hours aged
material.

Specifications and test method for the cover

Tensile strength and elongation at break according to ISO 37. Tensile
strength not less than 20 MPa andneflation at break not less than 250 per
cent.
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4.41.2.

4.4.1.3.

4.4.2.
4.4.3.

4.4.3.1.

4.43.2.

4.4.3.3.

Resistance to-hexane according to ISO 1817 with the following conditions:
(@  Medium: nhexane

(b)  Temperature: 23 °C (tolerance according to ISO 1,817)

(¢)  Immersion period: 72 hours

Requiremats:

@ Maximum change in volume 30 per cent

(b)  Maximum change in tensile strength 35 per cent

(c) Maximum change in elongation at break 35 per.cent

Resistance to ageing according to ISO 188 with the following conditions:

(@ Temperature:115 °C (test temperature = maximum operating
temperature minus 10 °C)

(b)  Exposure period: 336 hours
Requirements:
(@ Maximum change in tensile strength 25 per cent

(b) Maximum change in elongation at breg80 per cent and +10 per
cent

Resistance to ozone
Specifications and test method for the cover made of polyamide 6 material

Tensile strength and elongation at break according to 1ISG25®&ith the
following conditions:

(@  Specimen type: type 1 BA
(b)  Tensile speed20 mm/min

The material has to be conditioned for at least 21 days at 23 °C and 50
percent relative humidity prior to testing.

Requirements:

(@  Tensile strength not less than 20 MPa

(b)  Elongation at break not less than 100 per cent.

Regstance to rhexane according to ISO 1817 with the following conditions:
(@  Medium: nhexane

(b)  Temperature: 23 °C (tolerance according to ISO 1817)

(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 per.cent

Resistance to ageing according to ISO 188 with the following conditions:

(@  Temperature: 115 °C (test temperature = maximum operating
temperatureninus 10 °C)

(b)  Exposure period: 24 and 336 haurs
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4.4.3.3.1.
4.4.3.3.2.

4.4.3.3.3.
4.5,
4.5.1.
45.1.1.

45.1.2.

45.1.3.

4.5.2.

45.2.1.

45.2.2.
45.2.3.
4.5.3.

45.3.1.

45.3.2.
4.5.3.3.

45.4.
454.1.

After ageing the specimens have to be conditioned for at least 21 days before
carrying out the tensile test according to paragraph 4.3.1.1.

Requirements:

(@ Maximum change in tensile strength 20 pentcafter 336 hours
ageing compared to the tensile strength of the 24 hours aged material

(b) Maximum change in elongation at break 50 per cent after 336 hours
ageing compared to the elongation at break of the 24 hours aged
material.

The testas to be performed in compliance with standard ISO 1431/1.

The testpieces, which have to be stretched to an elongation of 20 per cent
shall have to be exposed to air of 40 °C and a relative humidity of 50 per cent
* 10 per cent with an ozormdncentration of 50 parts per hundred million
during 120 hours.

No cracking of the test pieces is allowed.
Specifications for uncoupled hose
Gastightness (permeability)

A hose at a free length of 1 m has to be coteteto a container filled with
liquid propane, having a temperature of23 °C.

The test has to be carried out in compliance with the method described in
standard ISO 4080.

The leakage through the wall of the hose shall not ex86eth? of vapour
per metre of hose per 24 h. Leakage of the liquid LPG shall be measured and
be lower than the gaseous leakage (95huour).

Resistance at low temperature

The test has to be carried out in compliance with the methattiloed in
standard ISO 4672 method B.

Test temperature25+ 3 °C.
No cracking or rupture is allowed.
Resistance at high temperature

A piece of hose, pressurized at WP, with a minimal length of 0.5 m must be
put in an oven at a temperature of 128 °C during 24 hours.

No leakage is allowed.

After the test the hose shall withstand tha fessure of 2.25 WP during
10 minutes. No leakage is allowed.

Bending test

An emptyhose, at a length of approximately 3.5 m must be able to withstand
3,000 times the hereafter prescribed alternabegdingtest without
breaking.

After the test the hose must be capable of withstanding the test pressure as
mentioned in paragraph 4.5.5.2.



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRANS/505/Rev.1/Add.66/Rev.3
Annex 8

454.2.

4.5.4.3.

45.5.

455.1.

455.2.

455.3.

4.6.
4.6.1.

4.6.2.

4.6.3.

Figure 4
(example only) (a = 102 mm;$%241 mm)

()

mass

\ b
-~ mmu >

propulsion mechanism

a 1,2m

The testing machine (see Figure 4) shall consist of a steel frame, provided
with two wooden wheels, with a riwidth of approximately 130 mm.

The circumference of the wheels must be geabYor the guidance of the
hose. The radius of the wheels, measured to the bottom of the groove, must
be 102 mm.

The longitudinal median planes of both wheels must be in the same vertical
plane. The distance between the whasitres must be vertical 24dm and
horizontal 102 mm.

Each wheel must be able to rotate freely round its pieotre.

A propulsion mechanism pulls the hose over the wheels at a speed of four
complete motions per minute.

The hose shall be-shapelike installed over thevheels (see Figure 4).

The end, which runs over the upper wheel, shall be furnished with a
sufficient mass as to achieve a complete snuggling of the hose against the
wheels. The part that runs over the lower wheel is attached to the propulsion
mechanism.

The mechanism must be so adjusted, that the hose travels a total distance of
1.2 m in both directions.

Hydraulic test pressure and determination of the minimum - 4puessure

The test has to be carried out in compliance with the mediesdribed in
standard ISO 1402.

The test pressure of 2.25 WP shall be applied during 10 minutes, without any
leakage.

The burst pressure shall not be less than 2.25 WP.
Couplings

The couplings shall be made from steelbrass and the surface must be
corrosionresistant.

The couplings must be of the crirfiting type and made up of a hese
coupling or banjo bolt. The sealing shall be resistant to LPG and comply with
paragraph 4.3.1.2.

The banjo bolt skl comply with DIN 7643.
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4.7.
4.7.1.

4.7.1.1.

4.7.1.2.
4.7.1.3.

4.7.2.

4.7.2.1.

4.8.
4.8.1.

4.8.1.1.
4.8.1.2.
4.8.1.3.
4.8.1.4.

4.8.2

Assembly of hose and couplings

The hose assembly has to be subjected to an impulse test in compliance with
standard ISO 1436.

The test has to be completed with circulating oil having a temperature of
93°C, and a minimum pressure of WP,

The hose has to be subjected to 150,000 impulses.

After the impulsetest the hose has to withstand the test pressure as
mentioned in paragraph 4.5.5.2.

Gastightness

The hose assably (hose with couplings) has to withstand during five
minutes a gas pressure of 1.5 WP without any leakage.

Markings

Every hose must bear, at intervals of not greater than 0.5 m, the following
clearly legible and indelible identificatiomarkings consisting of characters,
figures or symbols.

The trade name or mark of the manufacturer.
The year and month of fabrication.

The size and typenarking.

The identification marking "L.P.G. Class 0".

Every coupling shall bear the trade name or mark of the assembling
manufacturer.



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRANS/505/Rev.1/Add.66/Rev.3
Annex 9

Annex 9

Provisions regarding the approval of the filling unit

Definition: see paragraph 2.16. of this Regulation.
Component classification (according to Figuredra. 2.):
Filling unit: Class 3

Non-return valve: Class 3

Classification pressure: 3,000 kPa.

Design temperatures:

-20°Cto 65 °C

For temperatures exceeding the abowntioned values, special tests
conditions are applicable.

General desigrules:
Paragraph 6.15.2., Provisions regarding the electrical insulation.
Paragraph 6.15.10., Provisions regarding the filling unit.

Applicable test procedures:

Over pressure test Annex 15, para. 4
External leakage Annex 15, para. 5
High temperature Annex 15, para. .6
Low temperature Annex 15, para..7
Seat leakage test Annex 15, para8.
Endurance Annex 15, parad.

(with 6,000 operation cycles)
LPG compatibility Annex 15, para. 11*
Corrosion resistance Annex 15, para. 12
Resistance to dry heat Annex 15, para. 13
Ozone ageing Annex 15, para. 14
Creep Annex 15, para. 18
Temperature cycle Annex 15, para. 16
Impact test paragraph 7. of this annex

Impact test requirements for the Euro filling unit
General requirements

The filling unit shall be subjected to an impact test 0fJ10
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7.2,

7.3.

7.4.

Test procedure

A hardened steel mass of 1 kg shall be dropped from a heighhafalas to
deliver the impact velocity 4.4 m/s. This shall be achieved by mounting the
mass in a pendulum.

The filling unit shall be installed horizontally on a solid object. The impact of
the mass shall be on the centre of the protruding part of the filling unit.

Test interpretation

The filling unit shall comply with the external leak test and seat leak test at
ambient temperature.

Retesting

If the filling unit fails the test, 2 samples of the same component shall be
submitted to the impact test. If both samples pass the test, the first test shall
be ignored. In the event where one or both fail theesg he component

shall not be approved.

Remarks:
(@) The overpressure test has to be performed on eacretun valve.

(b) The endurance test shall be carried out with a nozzle specifically
intended for the filling unit under test. 6,000 cyles shall beiagpl
according to the following procedure:

0] Connect the nozzle to the connector and open the filling unit
system;

(i) Leavein open situation for at least 3 seconds;

(iii)  Closethe filling unit and disconnect the nozzle.

Figure 1
Connecting area of theBayonet filling unit
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Figure 2
Connecting area of the Dish filling unit
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Figure 3
Connecting area of the light vehicle Euro filling unit

400,15 <
240,1 %20,1 8
s
9,520,1 620,05 1240,1 [e)
;’z RO.8
-
&) P
7 +—
e — e —— v o e o feed — e .
a2 wn ;' U 3
8 —-—{—-H-HH-—-+ ¢ 3 3 3 3| 3
b 3\ § ¢ 3 %
)
F 3 16
s S
5 )
< )
)
17,5201
20,540,1

81



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRANS/505/Rev.1/Add.66/Rev.3
Annex 9

Figure 4
Connecting area of the ACME filling unit
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Figure 5
Connecting area @ the heavy-duty vehicle Euro filling unit

Dimensions in millimetres
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Keys:
1 Nozzle sealing surface
2 Minimum valve travel

3 General tolerance

*  Only for metallic parts.

** Only for-non metallic parts.

83



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRANS/505/Rev.1/Add.66/Rev.3
Annex 10

Annex 10

Provisions regarding the approval ofLPG containers

The meaning of symbols and terms used in this annex

P, = hydraulic test pressure in kPa;

P, = container bursting pressure measured in the bursting test, in kPa;

Re = minimum yield stress in N/mfguaranteed yothe material standard;

Rn = minimum tensile strength in N/mfmguaranteed by the material
standard

Rm = actual tensile strength, in N/ndim

a = calculated minimum thickness of the cylindrical shell wall, in mm;

b = calculated minimum thickness of disheals, in mm;

D = nominal outside diameter of the container, in mm;

R = inside radius of the dished end of the standard cylindrical container,

in mm;

ﬁ
1

inside knuckle of the dished end of the standard cylindrical
container, in mm;

H = outside height of dieed part of container end, in mm;
h = height of cylindrical part of dished end, in mm;
L = length of container's stresssistant shell, in mm;
A = elongation value (per cent) of parent material;
Vo = initial volume of the container at the moment when phessure is
increased in the burst test, in §m
V = final volume of the container on bursting, inYm
g = gravity, in m/$;
¢ = shape factor;
Z = stress reduction factor.
1. Technical requirements
1.1. Cylinders covered by this annex are as follows:

LPG-1 Metal containers
LPG-4 All-Composite containers
1.2. Dimensions

For all dimensions without indication of tolerances, general tolerances of
EN 227681 shall apply.
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1.3.

1.3.1.

1.3.2.

1.3.3.

134

1.3.5.

1.3.6.

1.3.7.

1.4.

1.4.1.

1.4.2.

1.5.

1.5.1.

1.5.2.

Materials

The material used for the manufacture of the stresistant contair shells

must be steel as specified in Euronorm EN 10120 (however, other materials
may be used provided that the container has the same safety characteristics,
to be certified by the authorities granting type approval).

The parent material refere the material in the state before any specific
transformation with regards to the manufacturing process has been carried
out.

All components of the container body and all the parts welded thereto must
be made of mutually compatible materials.

The filler materials must be compatible with the parent material so as to form
welds with properties equivalent to those specified for the parent material
(EN 288-39).

The container manufacturer must obtain and provide:
(a) Formetal containers:hemical cast analysis certificates;

(b)  Forall-composite containers: chemical resistance analysis certificates
related to tests performed according the requirements of
Appendix6;

(c)  Mechanicalproperties of the material in respect of the steelstiogro
materials applied for the construction of the parts subject to pressure.

The inspection authority must have the opportunity to make independent
analyses. These analyses must be carried out either on specimens taken from
the materials as suppti to the container manufacturer or on the finished
containers.

The manufacturer must make available to the inspection authority the results
of metallurgical and mechanical tests and analyses of parent and filler
materials carried out on welds andishalso provide it with a description of

the welding methods and processes which can be regarded as representative
of the welds made during production.

Design temperatures and pressures
Design temperature

The design operating temperature bé tcontainer shall be fror20°C to

65°C. For extreme operating temperatures exceeding the -ahentoned
temperatures special test conditions are applicable which shall be agreed
upon with the competent authority.

Design pressure
The design opating pressure of the container shall be: 3,000 kPa.

The heat treatment procedures, on metal containers only, shall be according
to the following requirements:

The heat treatment shall be carried out on the parts or on the complete
container.

Those parts of a container having been deformed by more than 5 per cent
must be submitted to the following heat treatment: normalize.
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1.5.3.

1.5.3.1.
1.5.3.2.
1.5.4.
1.5.5.
1.6.
1.6.1.
1.6.1.1.

16.111

1.6.1.1.2.

1.6.1.2.

1.6.1.2.1.

Containers with a wall thicknegs5 mm must be submitted to the following
heat treatment:

Hot-rolled and normalized material: stress relieve or normalize;
Materialof a different kind: normalize.

The manufacturer must submit the procedure for the heat treatment used.
Localized heat treatment of a completed container is natitied.

Calculation of the parts under pressure

Calculation of the parts under pressure for metal containers.

The wall thickness of the cylindrical shell of the containers must not be less
than that calculated by the formula:

Containers without longitudinal welds:

Q= P, @ _ R®
2000Re +p 1500R, +P,
4/3 "

Containers with longitudinal welds:

_ R, ® _ hR®
2000 Re C"2+ P 1500R6Q+ Ph
4/3 "

(@ z = 0.85 where the manufacturer radiographs each weld intersection
and 100m of the adjacent longitudinal weld@&s0 mm (25 mm each
side of the intersection) of the adjacent circumferential weld.

This test has to be performed per machine at the beginning and end of
each work shift period from continuous production.

(b) z = 1 where each weld intersection and 106 wf the adjacent
longitudinal weld and 50 mm (25 each side of the intersection) of the
adjacent circumferential weld is spot radiographed.

This test has to be performed at 10 per cent of the container
production: the containers to be tested are chosatonaly. Should

these radiograph tests reveal unacceptable defects, as defined in
paragraph 2.4.1.4., all the necessary steps must be taken to examine
the production run in question and eliminate the defects.

Dimensions and calculations of endse(siigures in Appendix 4 to this
annex).

The container ends shall be in one piece, shall encave to the pressure and
shall have either a torispherical or an elliptical form (examples are given in
Appendix5).
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1.6.1.2.2.

1.6.1.2.3.

1.6.1.3.

1.6.1.4.

1.6.2.

The container ends must filithe following conditions:
Torispherical ends

simultaneous limits: 0.003 Db ¢ 0.08 D

r201D

R¢D

H2 0.18D

rz2b

hz 4b

h¢ 0.15D (not applicable for containers as shown in Appendix 2 to this
annex, Figure 2a)

Elliptical ends

simultaneousimits: 0.003 D¢ b ¢ 0.08 D
H2 0.18D

hz 4b

h¢0.15D (not applicable for containers as shown in Appendix 2 to this
annex, Figure 2a)

The thickness of these barrelled ends musimédto be less than the figure
calculated by means of tti@lowing formula:

b= @
1500R,

The shape factor C to be used for full ends is given in the table and in the
graphs contained in Appendix 4 to this annex.

The wall thickness of the cylindrical edge of the ends may not be less or
differ more tlan 15 per cent from the smallest wall thickness of the shell.

The nominal wall thickness of the cylindrical part and of the barrelled end
may not, under any circumstances; be less than:

——+1mm

with a minimum of 1.5 mm.

The shell of the container may be made up of one, two or three parts. When
the shell is made up from two or three parts, the longitudinal welds must be
shifted/rotated with a minimum of 10 times the thickness of the container

wall (10Ca). The ends muste in one piece and convex.

Calculation of the parts under pressure fotcalnposite containers

The stresses in the container shall be calculated for each container type. The
pressures used for these calculations shall be the design pressimersind

test pressure. The calculations shall use suitable analysis techniques to
establish stress distribution throughout the container.
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1.7.
1.7.1.
1.7.1.1.

1.7.1.2.

1.7.2.
1.7.2.1.

1.7.2.2.

1.7.2.3.

Construction and workmanship
General requirements

The manufacturer shall demonstrate by havingu#dable quality control
system that he has and maintains the manufacturing facilities and processes
to ensure that containers produced satisfy the requirements of this annex.

The manufacturer must ensure through adequate supervision that the pare
materials and pressed parts used to manufacture the containers are free from
defects likely to jeopardize the safe use of the containers.

Parts subjected to pressure

The manufacturer must describe the welding methods and processeadised a
indicate the inspections carried out during production.

Technical welding requirements

The butt welds must be executed by an automatic welding process.

The butt welds on the stresssistant shell may not be located in any area
where there arehanges of profile.

Angle welds may not be superimposed on butt welds and must be at least
10 mm away from them.

Welds joining parts making up the shell of the container must satisfy the
following conditions (see figures given as examples in Appendix thisf
annex):

Longitudinalweld: this weld is executed in the form of a butt weld on the
full section of the material of the wall;

Circumferentialweld: this weld is executed in the form of a butt weld on the
full section of the material of the wall. Adgle weld is considered to be a
special type of butt weld;

Welds of the studded valve plate or ring shall be carried out according to
Appendix 1, Figure 3.

A weld fixing the collar or supports to the container shall be either a butt or
angle weld.

Welded nounting supports shall be welded in the circumferential way. The
welds shall be strong enough to withstand vibration, braking actions and
outside forces of at least 30 g in all directions.

In this case of butt welds, the misalignment of the joint facesrmaexceed
onefifth of the thickness of the walls (1/5 a).

Inspection of welds

The manufacturer must ensure that the welds show continuous penetration
without any deviation of the weld seam, and that they are free from defects
likely to jeopardke the safe use of the container.

For containers in two pieces, a radiographical test has to be performed on the
circumferential butt welds over 100 mm, with the exception of the welds in
conformity with joggle weld on page 1 of Appendix 1 of this ann@x one
container selected at the beginning and end of each shift period from
continuous production and, in the event of production being interrupted for a
period of more than 12 hours, the first container welded should also be
radiographed.
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1.7.2.4.

1.73.

1.7.3.1.

1.7.3.2.

1.7.3.3.

1.7.3.4.

1.7.3.5.

1.7.3.6.

1.7.4.

1.7.4.1.

Out-of-roundness

The outof-roundness of the cylindrical shell of the container must be limited
so that the difference between the maximum and minimum outside diameter
of the same crossection is not more than 1 per cent of the average of those
diameters.

Fittings

The supports must be manufactured and attached to the container body in
such a way as not to cause dangerous concentrations of stresses or be
conducive to the collection of water.

The base of the container must be sufficierstisong and made of metal
compatible with the type of steel used for the container. The form of the base
must give the container sufficient stability.

The top edge of the base must be welded to the container in such a way as not
to be conducive to the dettion of water nor to allow water to penetrate
between the base and the container.

A reference mark shall be affixed on the containers to ensure their correct
installation.

Where fitted, identification plates must be fixed on to thesstresistant shell
and shall not be removable. All the necessary corrosion prevention measures
must be taken.

The container shall have provisions to mount atggg housing or kind of
protection device over the container accessories.

Any other material, however, may be used for the manufacture of the
supports, provided that its strength is assured and that all risk of the container
end corroding is eliminated.

Fire protection

A container representative of the type ohtaner, all accessories fitted on it
and any added insulation or protective material, shall be covered by a bonfire
test as specified in paragraph 2.6. of this annex.

Tests

Tables 1 and 2 below give an overview of the tests to be performed on the
LPG containers on prototypes as well as during the production process
according to their nature. All tests shall be performed at ambient temperature
of 20° 5 °C, unless otherwise stated.
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Tablel
Overview of tests to be performed on metal containers

Test to be performed Production Number of containers Test description
Batch tests to be tested for typapproval

Tensile test 1 per batch 21 See para. 2.1.2.2.
Bend test 1 per batch 21 See para2.1.2.3.
Burst test 2 See para. 2.2.
Hydraulic test Each container 100 % See para. 2.3.
Bonfire test 1 See para. 2.6.
Radiographic 1 per batch 100 % See para. 2.4.1.
examination
Macroscopic examinatiol 1 per batch 21 See para. 2.4.2.
Inspectionof welds 1 per batch 100 % See para. 1.7.2.3.
Visual inspection of the | 1 per batch 100 %
parts of the container

These test pieces can be taken from one container
Note 1: 6 containers shall be submitted for type approval.

Note 2: On one of these ptotypes the volume of the container and the wall thickness
of each part of the container shall be determined.

Table2
Overview of tests to be performed on altomposite containers

Test to be pedrmed Production Number of containers Test description
Batch tests to be tested for
typeapproval

Burst test 1 per batch 3 See para. 2.2.
Hydraulic test Each container All containers See para. 2.3.
Ambient temperature pressul 1 per 5 btches 3 See para. 2.3.6.1.
cycling test
High temperature pressure 1 See para. 2.3.6.2.
cycling test

External leak test See para. 2.3.6.3.

Permeation test See para. 2.3.6.4.

LPG cycling test See para. 2.3.6.5.

High temperature creep test See para. 2.8.6.

Bonfire test See para. 2.6.
Impact test See para. 2.7.
Drop test See para. 2.8.
Boss torque test See para. 2.9.

Acid environment test See para. 2.10.

RlRr|Rr(Rr|IR|R[R|R|[R]|R

Ultra-violet radiation test See para. 2.11.
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2.1,
2.1.1.
2.1.1.1.
21.1.1.1.

2.1.1.1.2.

2.1.1.2.

2.1.2.
2.1.2.1.
2.1.2.1.1.

Mechanical tests
General requirements
Frequency of the mechanical tests

The frequency of the tests for metal containers shall mmntainer from
each batch during production and for type testing, see Table 1.

Test pieces which are not flat shallftatened by a cold process.

In test pieces containing a weld, the weld shall be machined to trim the
surplus.

Metal containers shall be subjected to the tests as described in Table 1.

Test pieces fromcontainers with one circumferential weld only (two
sections) shall be taken from the places shown in Appehdtigure 1.

Test pieces froncontainers with longitudinal and circumferential welds
(three or more sections) shall be taken from the places shown in Appendix 2,
Figure 2.

The frequeng of the tests for alkomposite containers shall be:
(@)  During production: 1 container from each batch
(b)  For type testing, see Table 2

All the mechanical tests for checking the properties of the parent metal and
welds of the stresmesistah shells of the container are carried out on test
pieces taken from finished containers.

Types of tests and evaluation of test results
Each sample container is subjected to the following tests:

Containers with longitudinal and rcumferential welds (three sections) on
testpieces taken from the places shown in Figure 1 of Appendix 2 of this
annex:

(@) One tensile test on parent material; the test piece to be taken in the
longitudinal direction (if this is not possible, it may keken in a
circumferential direction);

(b)  One tensile test on parent material of the bottom;

(c) One tensile test perpendicular to the longitudinal weld;

(d)  One tensile test perpendicular to the circumferential weld;

(e)  One bend test on the longitudinedld, the inner surface in tension;

)] One bend test on the longitudinal weld, the outer surface in tension;

(g0 One bend test on the circumferential weld, the inner surface in
tension;

(h)  One bend test on the circumferential weld, the outer surface in
tension; and

0] One macroscopic test of a welded section;

(ml, m2) A minimum of two macroscopic tests of valve boss/plate sections in
case of the sidewall mounted valves referred to in paragraph 2.4.2. below.
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2.1.2.1.2.

2.1.2.1.38.
2.1.2.1.4.
2.1.2.2.
2.1.2.2.1.
2.1.2.2.1.1.

2.1.2.2.1.2.

2.1.2.2.2.
2.1.2.2.2.1.

2.1.2.2.2.2.

2.1.2.3.
2.1.2.3.1.

2.1.2.3.2.

2.1.2.33

2.1.2.4.
2.1.2.4.1.

92

Containers with circumferential weddonly (two sections) on tepteces
taken from the places shown in Figures 2a and 2b of Appendix 2 to this
annex:

The tests as specified in paragraph 2.1.2.1.1. above with the exception of (c),
(e) and (f) which are not applicable. The {gistce for thetensile test on
parent material shall be taken from (a) or (b) as mentioned in
paragrapt?2.1.2.1.1. above.

Testpieces which are not sufficiently flat must be flattened by cold pressing.
In all test pieces containing a weld, the wislenachined to trim the surplus.
Tensile test

Tensile test on parent metal

The tensile test shall be carried out in accordance with EuronehNi&76,
EN 895 and ENLO0021.

The values determined for yield stee tensile strength and elongation after
break must comply with the characteristics of the metal as required in
paragrapt.3. of this annex.

Tensile test on welds

This tensile test perpendicular to the weld must be carried ocattestpiece
having a reduced crosection 25 mm in width for a length extending up to
15mm beyond the edges of the weld, as shown in Figure 2 of Appendix 3 to
this annex.

Beyond this central part the width of the tps&ce must increase
progressively.

The tensile strength value obtained must meet the minimum levels required
by EN10120.

Bend test

The bend testshall be carried out in accordance with standards
1ISO7438:2000 and 1SO 7799:2000 and Euronorm<N for weldedparts.

The bend tests shall be carried out on the inner surface in tension and the
outer surface in tension.

Cracks must not appear in the tpsgce when it is bent round a mandrel as
long as the inside edges are separated by a distanceeadergthan the
diameter of the mandrel + 3a (see Figure 1 in Appendix 3 of this annex).

The ratio (n) between the diameter of the mandrel and the thickness of the
test piece must not exceed the values given in the following table:

Actual tensilestrength Value (n)
R in (N/mn?)
up to 440 inclusive 2
above 440 to 520 inclusive 3
above 520 4

Retesting for the tensile and bend tests

Retesting is permitted for the tensile and bend test. A second test shall
consist of two tegpieces taken from the same container.
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2.2,
2.2.1.

2.2.1.1.

2.2.2.
2.2.2.1.
2.2.2.1.1.

2.2.2.1.2.
2.2.2.1.3.
2.2.3.
2.2.3.1.

2.2.3.2.

2.2.3.3.
2.2.3.3.1.

2.2.3.3.2.

2.2.3.4.

If the results of these tests are satisfactory, the first test shall be ignored.

In the event where one or both of the retests fail to meet the requirements, the
batch shall be rejected.

Burst test under hydraulfressure
Test conditions

Containers subjected to this test must bear the inscriptions which it is
proposed to affix on the section of the container subjected to pressure,

The burst test under hydraulic pressure must be carried out wiihnesnt

which enables the pressure to be increased at an even rate, until the container
bursts and the change in pressure over time to be recorded. The maximum
flow rate during the test should not exceed 3 per cent of the capacity of the
container per mine.

Test interpretation
The criteria adopted for the interpretation of the burst test are as follows:

Volumetricexpansion of the metal container; it equals: volume of water used
between the time when the pressure starts taridehe time of bursting;

Examination of the tear and the shape of its edges;
Bursting pressure.
Test acceptance conditions

The measured bursting pressure) (fust not under any circumstances be
less than 2.268,000= 6,750 kPa.

The specific change in the volume of the metal container at the time of
bursting must not be less than:

20 per cent if the length of the metal container is greater than the diameter;

17 per cent if the length of the metal contaireeequal to or less than the
diameter.

8 per cent in the case of a special metal container as shown in Appendix
pagel, Figures A, B and C.

The burst test must not cause any fragmentation of the container.

The main fracture must noliew any brittleness, i.e. the edges of the fracture
must not be radial but must be at an angle to a diametrical plane and display a
reduction of area throughout their thickness.

For metal containerthe fracture must not reveal an inherent diefecthe
metal. The weld must be at least as strong as the original metal but
preferably stronger.

For alkcompositecontainers, the fracture shall not reveal any defects in the
structure.

Retesting for the burst test

Retesting is permitted fothe burst test. A second burst test shall be
performed on two containers which have been produced successively to the
first container within the same batch.

If the results of these tests are satisfactory, the first test shall be ignored.
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2.3.
2.3.1.

2.3.2.

2.3.3.

2.3.4.

2.3.5.

2.3.6.

2.3.6.1.
2.3.6.1.1.

2.3.6.1.2.

2.3.6.1.3.

In the event whe one or both of the retests fail to meet the requirements, the
batch shall be rejected.

Hydraulic test

The containers representative of the type of container submitted for approval
(without accessories but with the outlets closed off) shalistand an inner
hydraulic pressure of 3,000 kPa without leakages or becoming permanently
distorted, according to the following requirements:

The water pressure in the container must increase at an even rate until the test
pressure of 3,000 kParisached.

The container must remain under the test pressure long enough to make it
possible to establish that the pressure is not falling off and that the container
can be guaranteed leakproof.

After the test the container must show no signseomanent deformation.
Any container tested which does not pass the test must be rejected.
Additional hydraulic tests to be performed on@mposite containers
Ambient temperature pressure cycling test

Test procedure

The finished container shall be pressure cycled to a maximum of
20,000cycles, according to the following procedure:

(@)  Fill the container to be tested with a Amorrosive fluid such as ail,
inhibited water or glycol;

(b)  Cycle the pressure in the comair between not more than 300 kPa
and not less than 3,000 kPa at a rate not to exceed 10 cycles per
minutes.

This cycle shall be performed at least 10,000 times and continued until
20,000 times unless a leak before break appears;

(c) The number of cyclesa failure shall be reported, along with the
location and description of the failure initiation.

Test interpretation

Before reaching 10,000 cycles, the container shall not fail or leak.

After completing 10,000 cycles, the container may leak ledfoeak.
Retesting

Retesting is permitted for the ambient temperature pressure cycling test.

A second test shall be performed on two containers which have been
produced successively to the first container within the same batch.

If the results bthese tests are satisfactory, the first test shall be ignored.

In the event where one or both of the retests fail to meet the requirements, the
batch shall be rejected.
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2.3.6.2.
2.3.6.2.1.

2.3.6.2.2.

2.3.6.2.3.

2.3.6.3.
2.3.6.3.1.

2.3.6.3.2.

2.3.6.3.3.

High temperature pressure cycling test
Test procedure

Finished ontainers shall be cycle tested, without showing evidence of
rupture, leakage, or fibre unravelling, as follows:

(@)  Fill the container to be tested with a reworrosive fluid such as oil,
inhibited water or glycol;

(b)  Condition for 48 hours at 0 kPa, 6%, and 95ercent or greater
relative humidity

(c) Hydrostatically pressurize for 3,600 cycles not exceedingytles
per minute, between not more than 300 kPa and not less than
3,000 kPa at 65C and 95ercent humidity

Following the pressure cyadd at high temperature, containers shall be
submitted to the external leak test and then hydrostatically pressurized to
failure in accordance with the burst test procedure.

Test interpretation

The container shall comply with the external le&sttrequirements as
defined in paragraph 2.3.6.3.

The container shall achieve a minimum burst pressure peB%ent of the
burst pressure.

Retesting
Retesting is permitted for the high temperature pressure cycling test.

A second test shall eb performed on two containers which have been
produced successively to the first container within the same batch.

If the results of these tests are satisfactory, the first test shall be ignored.

In the event where one or both of the retests fail to meetetjuirements, the
batch shall be rejected.

External leak test
Test procedure

While under 3,000 kPa pressure, the container shall be submerged in soapy
water to detect leakage (bubble test).

Test interpretation

The containeshall not show any leakage.
Retesting

Retesting is permitted for the external leak test.

A second test shall be performed on two containers which have been
produced successively to the first container within the same batch.

If the results of thse tests are satisfactory, the first test shall be ignored. In
the event where one or both of the retests fail to meet the requirements, the
batch shall be rejected.
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2.3.6.4.
2.3.6.4.1.

2.3.6.4.2.

2.3.6.4.3.

2.3.6.5.
2.3.6.5.1.

2.3.6.5.2.

2.3.6.5.3.

96

Permeation test
Test procedure

All the tests shall be performed at 40 on a container fuelled with
commercial propane at 80 per cent of its water capacity.

The test shall be held during at least 8 weeks until the steady state permeation
of the structure is observed during at least 500 hours.

Then, the rate of the containweight loss shall be measured.

The graph of mass change per number of days shall be recorded.
Test interpretation

The rate of mass loss shall be less than 0.15 g/hour.

Retesting

Retesting is permitted for the permeation test.

A second test shall be performed on two containers which have been
produced successively to the first container within the same batch.

If the results of these tests are satisfactory, the first test shall be ignored. In
the event where one or both of the stgefail to meet the requirements, the
batch shall be rejected.

LPG cycling test
Test procedure

A container having successfully passed the permeation test shall be submitted
to an ambient temperature pressure cycling test accordihg tequirements
of paragrapl2.3.6.1. of this annex.

The container shall be sectioned and the liner / end boss interface shall be
inspected.

Test interpretation

The container shall comply with the ambient temperature pressure cycling
test requiements.

Inspection of the liner / end boss interface of the container shall not reveal
any evidence of deterioration, such as fatigue cracking or electrostatic
discharge.

Retesting
Retesting is permitted for the LPG cycling test.

A second testshall be performed on two containers which have been
produced successively to the first container within the same batch.

If the results of these tests are satisfactory, the first test shall be ignored.

In the event where one or both of the retests faihéet the requirements, the
batch shall be rejected.
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2.3.6.6.
2.3.6.6.1.

High temperature creep test

General

This test shall only be performed on-eimposite containers with a resin matrix having a

2.3.6.6.2.

Table 3

glass transition temperaturedjTbelow the design tempsure +50°C.
Test procedure
One finished container shall be tested as follows:

(@) The container shall be pressurized to 3,000 kPa and held at a
temperature defined according Table 3on the basis of the test
period duration:

Test tenperature relating to the High temperature creep test duration

2.3.6.6.3.

2.3.6.6.4.

2.4,
24.1.
24.1.1.

24.1.2.

T (°C) Exposure time (h)
100 200

95 350

90 600

85 1000

80 1800

75 3200

70 5900

65 11000

60 21000

(b)  The container shall be submitted to an external leak test.
Test intepretation

The maximum allowed volume increase is 5 per cent. The container shall
meet the requirements of the external leak test as defined in paragraph 2.4.3.
of this annex and the burst test as defined in paragraph 2.2. of this annex.

Retesing
Retesting is permitted for the high temperature creep test.

A second test shall be performed on two containers which have been
produced successively to the first container within the same batch.

If the results of these tests are satisfactory, thetéisstshall be ignored.

In the event where one or both of the retests fail to meet the requirements, the
batch shall be rejected.

Norrdestructive examination
Radiographic examination

Welds must be radiographed in compliance with I§f@cification RL106,
using classification B.

When a wiretype indicator is used, the smallest diameter of the wire visible
may not exceed the value of 0.10 mm.
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24.13.

24.1.4.

24.14.1.

24.1.4.2.

242,

2.5,
2.5.1.

2.5.2.

When a stepped and holed type indicator is used, the diameter of the smallest
hole visible may not exceed 0.25 mm.

Assessment of the weld radiographs must be based on the original films in
compliance with the practice recommended in standard 1SO 2504,
paragrapl®.

The following defects are not acceptable:
Cracks, inadecate welds or inadequate penetration of the weld.

For the container wall thicknegs 4 mm, the inclusions listed below are
regarded as acceptable:

Any gas inclusion measuring not more than a/4 mm;

Any gas inclusion measuring more than a/4 mrmrmt more than a/gim,
which is more than 25 mm away from other gas inclusion measuring more
than a/4 mm and measuring not more than a/3 mm;

Any elongated inclusion or any group of rounded inclusions in a row where
the length represented (over a weldgidnof 12a) is not greater than 6 mm;

Gas inclusions over any 100 mm weld length, where the total area of all the
figures is not greater than 2a mm

For the container wall thickness < 4 mm, the inclusions listed below are
regarded as acceptable

Any gas inclusion measuring not more than a/2 mm;

Any gas inclusion measuring more than a/2 mm but not more than a/1.5 mm,
which is more than 25 mm away from other gas inclusion measuring more
than a/2 mm and measuring not more than a/1.5 mm;

Any elongaéd inclusion or any group of rounded inclusions in a row where
the length represented (over a weld length of 12a) is not greater than 6 mm;

Gas inclusions over any 100 mm weld length, where the total area of all the
figures is not greater than 2a mm

Macroscopic examination

The macroscopic examination of a full transverse section of the weld must
show a complete fusion on the surface treated with any acid from the-macro
preparation and must not show any assembly fault or a significant inclusion
or ather defects.

In case of doubt, a microscopic examination should be made of the suspect
area.

Examination on the outside of the weld for metal containers
This examination is carried out when the weld has been completed.

The welded surface exandad must be well illuminated, and must be free
from grease, dust, scale residue or protective coating of any kind.

The fusion of the welded metal with the parent metal must be smooth and
free from etching. There must be no cracks, notching or pgpatches in

the welded surface and the surface adjacent to the wall. The welded surface
must be regular and even. Where a butt weld has been used, the excess
thickness must not exceed 1/4 of the width of the weld.
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2.6. Bonfire test
2.6.1. General

The banfire test is designed to demonstrate that a container complete with the
fire protection system, specified in the design, will prevent the burst of the
container when tested under the specified fire conditions. The manufacturer
shall describe the behavioaf the complete fire protection system including

the designed drop to atmospheric pressure. The requirements of this test
shall be deemed to be fulfilled for any container having the following
characteristics in common with the parent container:

(@) Sanetype approval owner,

(b)  Sameshape (cylindrical, special shape),

(c) Samematerial,

(d)  Sameor greater wall thickness,

(e) Sameor smaller diameter (cylindrical container),

) Sameheight or smaller height (special container shape),

(g) Sameor smalle external surface,

(h)  Sameconfiguration of accessories fitted to the contdiner
2.6.2. Container setip

(@) The container shall be placed in the designed position by the
manufacturer with the container bottom approximately 100 mm above
the fire source

(b)  Shielding shall be used to prevent direct flame impingement on the
fusible plug (PRD) if present. The shielding shall not be in direct
contact with the fusible plug (PRD).

(c)  Any failure during the test of a valve, fitting or tubing that is not par
of the intended protection system for the design shall invalidate the
result.

(d) Containers with a length of less than 1.65 rithe centerof the
container shall be positioned over tenterof the fire source.

(e) Containers with a length equal to targer than 1.65 m If the
container is fitted with a pressure relief device at one side, the fire
source shall commence at the opposite side of the container. If the
container is fitted with pressure relief devices at both sides, or at more
than one loation along the length of the container, ttemterof the
fire source shall beenteredmidway between the pressure relief
devices that are separated by the greatest horizontal distance.

1 Additional accessories, modifications and extensions of the accessories fittecctmtainer is
possible without retesting, if notified to the Type Approval Authority which approved the container,
considered to be unlikely to have an appreciable adverse effect. The Type Approval Authority may
require a further test report from thecheical Service responsible. The container and its
configurations of accessories will be indicated in Apperddia Annex2B.
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2.6.3.

2.6.4.

2.6.5.

2.6.6.

Fire source

A uniform fire source of 1.65 m length shall pide direct flame
impingement on the container surface across its entire diameter.

Any fuel may be used for the fire source provided that it supplies uniform
heat sufficient to maintain the specified test temperatures until the container
is vented. The arregement of the fire shall be recorded in sufficient detail to
ensure that the rate of heat input to the container is reproducible. Any failure
or inconsistency of the fire source during a test shall invalidate the result.

Temperature and pressureasarements
During the bonfire test the following items shall be measured:

(@) The fire temperature just below the container, along the bottom of the
container, at minimum two locations, not more than 0.75 m apart;

(b)  The wall temperature in the bottomtbe container;
(c)  The wall temperature within 25 mm from the pressure relief device;

(d)  The wall temperature on the top of the container, in the centre of the
fire source;

(e) The pressure inside the container.

Metallic shielding shall be used to prewalirect flame impingement on the
thermocouples. Alternatively, thermocouples may be inserted into blocks of
metal, measuring less thadmn?. During the test the thermocouple
temperatures and the container pressure shall be recorded at intervals of
2 seconds or less.

General test requirements

(@) Container shall be filled with 80 per cent in volume of LPG
(commercial fuel) and tested in the horizontal position at working
pressure;

(b) Immediately following the ignition, the fire shall produce nfia
impingement on the surface of the container, along 1.65 m length of
the fire source across the container;

(c)  Within 5 minutes of ignition at least one thermocouple shall indicate
the temperature of fire just below the container of at least 590 °C.
This temperature shall be maintained for the remaining duration of the
test, namely until when no overpressure is present in the container;

(d)  The severity of the test conditions shall not be mitigated by ambient
conditions (e.g. rain, moderate/high wind.gtc

Test results:
(@) A burst of the container shall invalidate the test result.

(b) A pressure of more than 3,700 kPa, i.e. 136 per cent of the set pressure
of the PRV (2,700 kPa), during the test shall invalidate the test result.

A pressure beteen 3,000 and 3,700 kPa shall only invalidate the test
result in case visible plastic deformation is observed.
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2.7,
2.7.1.

2.7.2.

(c) In case the behaviour of the protection system does not comply with
the specification of the manufacturer and it leads to a mitigating test
condition the result shall be invalidated.

(d)  For a composite container a release of LPG via the surface is accepted
in case of a controlled release. A release of gaseous LPG within 2
minutes after the start of the test or a release capacity of more than
30litres per minute shall invalidate the test result.

(e)  The results shall be presented in a test summary and shall include the
following data for each container as a minimum:

0] Description of the container configuration.
(ii) Photo of the container sap and PRD.

(i)  Applied method including time interval between
measurements.

(iv)  The elapsed time from ignition of the fire to the start of venting
of LPG and actual pressure

(v)  Time to reach atmospheric pressure.
(vi)  Pressure and temperature dags.
Impact test
General

At the choice of the manufacturer, all the impact tests may be carried out on
one container or each may be carried out on a different container.

Test procedure

For this test, the fluid medium shall be watbrégl mixture or another liquid
having a low freezing point which does not change the properties of the
container material.

A container filled with the fluid medium to the weight that equals the filling
with 80percent of LPG with a reference mass of @36/, is projected,
parallel to the length axle {axis in Figure 1) of the vehicle in which it is
intended to be fitted at a velocity, V of 50 km/h, against a solid wedge, fixed
horizontally, perpendicular to the movement of the container.

The wedge <l be installed so that the centre of grayityg.) of the
container hits the centre of the wedge.

The wedge shall have an angle U of 90
be rounded with a maximum radius of 2.5 mm.

The length of the wedge L, shalebat least equal to the width of the
container in respect to its movement during the test. The height H of the
wedge shall be at least 660llimetres
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Figure 1
Description of the impact test procedure
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2.7.3.

2.7.4,

2.8.

2.8.1.
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In the case where a container can be installed in more than one position in the
vehicle, each position shall be tested.

After this test, the container shall be submitted to an external leak test as
defined in paragraph 2.3.6.3. of this annex.

Test interpretation

The container shall comply with the external leak test requirements as
defined in paragraph 2.3.6.3. of this annex.

Retesting
Retesting is permitted for the impact test.

A second test shall be performed on two containehiclw have been
produced successively to the first container within the same batch.

If the results of these tests are satisfactory, the first test shall be ignored.

In the event where one or both of the retests fail to meet the requirements, the
batch shalbe rejected.

Drop Test
Test procedure

One finished container shall be drop tested at ambient temperature without
internal pressurization or attached valves. The surface onto which the
containers are dropped shall be a smooth, horizontal etenpad or flooring.

The drop height (Hd) shall be 2 m (measured to the lowest point of the
container).

The same empty container shall be dropped:
(@ Inahorizontal position

(b)  Vertically on each end

(c) Atanangle of 45°.

Following the drop testthe containers shall be submitted to an ambient
temperature pressure cycling test according the requirements of
paragraplt?.3.6.1. of this annex.
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2.8.2.

2.8.3.

2.9.
29.1.

2.9.2.

2.9.3.

2.10.
2.10.1.

2.10.2.

Test interpretation

The containers shall comply with the requirements of the ambient
temperature pressal cycling test according the requirements of
paragraplt?.3.6.1. of this annex.

Retesting
Retesting is permitted for the drop test.

A second test shall be performed on two containers which have been
produced successively to the first container witiie same batch.

If the results of these tests are satisfactory, the first test shall be ignored.

In the event where one or both of the retests fail to meet the requirements, the
batch shall be rejected.

Boss torque test
Test procedure

The bodg of the container shall be restrained against rotation and a torque of
2times the valve or PRD installation torque specified by the manufacturer
shall be applied to each end boss of the container, first in the direction to
tighten a threaded connectidghen in the untightening direction, and finally
again in the tightening direction.

The container shall then be subjected to an external leak test in accordance
with the requirements shown in paragraph 2.3.6.3 of this annex.

Test interpretation

The ontainer shall comply with the requirements of the external leak test as
shown in paragraph 2.3.6.3. of this annex.

Retesting
Retesting is permitted for the boss torque test.

A second test shall be performed on two containers which have been
prodwed successively to the first container within the same batch.

If the results of these tests are satisfactory, the first test shall be ignored.

In the event where one or both of the retests fail to meet the requirements, the
batch shall be rejected.

Acid environment test
Test procedure

A finished container shall be exposed for 100 hours to @e86ent sulphuric
acid solution (battery acid with specific gravify1.219) while pressurized to
3,000 kPa. During the test, a minimum of[®2& cent of the total area of the
container has to be covered by the sulphuric acid solution.

Then, the container shall be submitted to a burst test as defined in
paragraplt?.2. of this annex.

Test interpretation

The burst pressure measured shall besastl 85 per cent of the container
burst pressure.
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2.10.3.

2.11.

2.11.1.

2.11.2.

2.11.3.

Retesting
Retesting is permitted for the acid environment test.

A second test shall be performed on two containers which have been
produced successively to the first container within the samé.batc

If the results of these tests are satisfactory, the first test shall be ignored.

In the event where one or both of the retests fail to meet the requirements, the
batch shall be rejected.

Ultra-violet (UV) test
Testprocedure

When the contaer is directly subjected to sunlight (also behind glass); UV
radiation might degrade polymeric materials. Therefore, the manufacturer has
to prove the ability of the outer layer material to withstand ther&ldfation
during his lifetime of 20 years.

(a) If the outer layer has a mechanical (load carrying) function, the
container shall be burst tested according to the requirements of
paragraph 2.2. of this annex, after exposing to a representative UV
radiation;

(b) If the outer layer has a protective fumetj the manufacturer has to
prove that the coating remains integer within 20 years, in order to
protect the undelaying structural layers from a representative -UV
radiation.

Test interpretation

When the outer layer has a mechanical function, tmtainer shall comply
with the burst test requirements as defined in paragraph 2.2. of this annex.

Retesting
Retesting is permitted for the ultwéolet test.

A second test shall be performed on two containers which have been
produced successiweto the first container within the same batch.

If the results of these tests are satisfactory, the first test shall be ignored.

In the event where one or both of the retests fail to meet the requirements, the
batch shall be rejected.
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Figure 1
Types of main longitudinal butt welds

77 BNNT w
Removable backing strip

(a) Double welded

(b) Single welded
close square

close square

Figure 2
Circumferential butt weld

X, avoid notch here

joggle weld

(usually copper)

(c) Single welded
open square

VY, /@ N\,
A

weld on backing strip

Note : The angle weld can be performed
as a "chain-weld"
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Figure 3
Examples of welded studded plates

/
/

106



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRANS/505/Rev.1/Add.66/Rev.3
Annex 107 Appendix 1

Figure 4

Examples of welded rings with flange

FLANGE

RING

yé/ﬁizgﬂ
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Figure 1

Containers with longitudinal and circumferential welds, location of testpieces

weld

weld e f ml  m2 a b
A\ ' N\ A\ <
= %ﬁ ===
| 1KY /
_veld_{
(a) Tensiletest on parent material
(b) Tensiletest on parent material of the bottom
(©) Tensiletest on a longitudinal weld
(d) Tensiletest on a circumferentiateld
(e) Bendtest on a longitudinal weld, the inner surface in tension
)] Bendtest on a longitudinal weld, the outer surface in tension
(9) Bend test on a circumferential weld, the inner surface in
tension
(h) Bend test on a circumferential weld, theuter surface in
tension
(m1, m2) Macro sections through valve boss/plate welds (siiminted

valve block)
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Figure 2a

Containers with circumferential welds only and sidemounted valve blocks;location of testpieces

weld aorb

N N S S U ——

(a) or (b)
(d)
@)

(h)

(m1, m2)

Tensile test on pan¢é material
Tensiletest on a circumferential weld

Bend test on a circumferential weld, the inner surface in
tension

Bend test on a circumferential weld, the outer surface in
tension

Macro sections through valve boss/plate welds (siarinted
valve block)
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Figure 2b
Containers with circumferential welds only and valve boss/plate fitted to the end.

(m1, m2)Macro sectionshrough valve boss/plate welds

(Refer to Figure 2a for other locations of tpitces)

110



E/ECE/324/Rev.1/Add.66/Rev.3
E/ECE/TRAN S/505/Rev.1/Add.66/Rev.3
Annex 107 Appendix 3

Annex 10- Appendix 3

Figure 1
Illustration of bend test

Dy+3a approx.
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Figure 2
Test piece for tensile test perpendicular to the weld

15
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torispherical ends elliptical ends
Note: For torispherical ends
I_ -
D D
H=(R+b)-,([(R+b)- 7] [R+D)+7
V1 2

- 2{r+1)]
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Relationship between H/D and shape factor C

A
\
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2 INUN\ L] 0.03
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ANAN \(\
N
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1

02 021 022 023 024

H/D

Values of shape factor C for H/D between 0.20 and 0.25
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Relationship between H/D and shape factor C

C
1.000
N\ HD | C H/D [ C
0.900 —\ 0.25 | 1.000 038 | 0.612
\ 0.26 | 0.931 0.39 | 0.604
\ 0.27 | 0.885 0.40 | 0.596
0.28 | 0.845 0.41 | 0.588
A\ 0.29 [ 0.809 0.42 | 0.581
0.30 | 0.775 0.43 | 0.576
0.800 \ 0.31 | 0.743 0.44 | 0.572
A 032 ] 0.714 0.45 | 0.570
0.33 | 0.687 0.46 | 0.568
0.34 | 0.667 0.47 | 0.566
0.35 | 0.649 0.48 | 0.565
0.36 | 0.633 0.49 | 0.564
0.700 0.37 | 0.621 0.50 | 0.564
Note: Intermediate values may be obtained by
linear interpolation
0.600
0.500
0.25 0.30 0.35 0.40 0.45 0.50

H/D

Values of shape factor C for H/D between 0.25 and 0.50
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Examples of speail vessels

A ot
elliptical vessel
v = toroidal vessel
C duo vessel
D = twin vessel
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