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Annex 1

Essential characteristics of the specific component

1
Automatic valve(s): yes/no 1/
1.1
Make(s):

1.2
Type(s):

1.3
Description and drawings:

1.4
Design pressure(s) 2/:

Mpa

1.5
Operating temperature:

1.6
Material(s):

2
Check valve(s) or non-return valve(s): yes/no 1/
2.1
Make(s):

2.2
Type(s):

2.3
Description and drawings:

2.4
Design pressure(s) : 2/

MPa

2.5
Operating temperature:

2.6
Material(s):

3
Container(s):  yes/no 1/
3.1
Make(s):

3.2
Type(s):

3.3
Description:

3.4
Design pressure(s) : 2/

Mpa

3.5
Operating temperature:

3.6
Capacity:

litres (water)

3.7
Dimensions:

3.8
Material(s):

3.9
Drawings of the container(s) and installation in the vehicle:

4
Fittings or screwed connection systems: yes/no 1/
4.1
Make(s):

4.2
Type(s):

4.3
Description and drawings:

4.4
Design pressure(s) 2/:

MPa

4.5
Operating temperature:

4.6
Material(s):

5
Flexible Fuel Lines(s): yes/no 1/
5.1
Make(s):

5.2
Type(s):

5.3
Description and drawings:

5.4
Design pressure(s) 2/:

MPa

5.5
Operating temperature:
5.6
Material(s):

6
Heat exchanger(s): yes/no 1/
6.1
Make(s):

6.2
Type(s):

6.3
Description and drawings:

6.4
Design pressure(s) 2/:

MPa

6.5
Operating temperature:
6.6
Material(s):

7
Manual valve(s): yes/no 1/
7.1
Make(s):

7.2
Type(s):

7.3
Description and drawings:

7.4
Design pressure(s) 2/:

MPa

7.5
Operating temperature:
7.6
Material(s):

8
Pressure and/or temperature and/or flow sensor(s):  yes/no 1/ 

8.1
Make(s):

8.2
Type(s):

8.3
Operating principles including description and drawings:

8.4
Design pressure(s): 2/

MPa

8.5
Operating temperature:

8.6
Set values:

8.7
Material(s):

9
Pressure regulator(s): yes/no 1/
9.1.
Make(s):

9.2
Type(s):

9.3
Drawings:

9.4
Number of main adjustment points:

9.5
Description of principle of adjustment through main adjustment points:

9.6
Number of idle adjustment points:

9.7
Description of principles of adjustment through idle adjustment points:

9.8
Other adjustment possibilities: if so and which (description and drawings):

9.9
Design pressure(s): 2/

Mpa

9.10 Operating temperature:

9.11
Input and output pressure:
10
Pressure relief device:  yes/no 1/
10.1
Make(s):

10.2
Type(s):

10.3
Description and drawings:

10.4
Design pressure: 2/

MPa

10.5 Operating temperature:

10.6 Set pressure:

10.7
Blow off capacity:

10.8
Material:

11
Refuelling connection or receptacle: yes/no 1/
11.1
Make(s):

11.2
Type(s):

11.3
Operating principles including description and drawings:

11.4
Design pressure(s) 2/:

MPa

11.5
Operating temperature:

11.6
Material:

Notes:

1/  Strike out what does not apply.

2/  Specify the tolerance.

Annex 2

Essential characteristics of the vehicle, engine and Hydrogen-related system

0
Description of The Vehicle Type

0.1
Make:

0.2
Type(s):

0.3
Name and address of the Manufacturer:

1
Description of the Hydrogen system used for the propulsion of the vehicle 1/
1.1
Description of the propulsion system:

1.2
Name and address of the Manufacturer of the propulsion system:

1.3
Manufacturer's propulsion system code(s) (as marked on the propulsion system, or other means of identification):

1.4
Automatic valve(s): yes/no 1/
1.4.1
Make(s):

1.4.2
Type(s):

1.4.3
Design pressure(s) 2/:

MPa

1.4.4
Operating Temperature:

1.4.4
Approval number:

1.5
Check valve(s) or non-return valve(s): yes/no 1/
1.5.1
Make(s):

1.5.2
Type(s):

1.5.3
Design pressure(s) : 2/

Mpa

1.5.4
Operating Temperature:

1.5.5
Approval number:

1.6
Container(s):  yes/no 1/
1.6.1
Make(s):

1.6.2
Type(s):

1.6.3
Design pressure(s) : 2/

Mpa

1.6.4 Operating Temperature:

1.6.5
Capacity:

litres (water)

1.6.6
Approval number

1.7
Fittings or screwed connection systems: yes/no 1/
1.7.1
Make(s):

1.7.2
Type(s):

1.7.3
Design pressure(s) : 2/

Mpa

1.7.4 Operating Temperature:

1.7.5
Approval number:

1.8
Flexible Fuel Lines(s): yes/no 1/
1.8.1
Make(s):

1.8.2
Type(s):

1.8.3
Design pressure(s) : 2/

Mpa

1.8.4
Operating Temperature:

1.8.5
Approval number:

1.9
Heat exchanger(s): yes/no 1/
1.9.1
Make(s):

1.9.2
Type(s):

1.9.3
Design pressure(s) : 2/

Mpa

1.9.4
Operating Temperature:

1.9.5
Approval number:

1.10
Manual valve(s): yes/no 1/
1.10.1
Make(s):

1.10.2
Type(s):

1.10.3
Design pressure(s) : 2/

Mpa

1.10.4 Operating Temperature:

1.10.5
Approval number:

1.11
Pressure and/or temperature and/or flow sensor(s):  yes/no 1/ 

1.11.1
Make(s):

1.11.2
Type(s):

1.11.3
Design pressure(s) : 2/

Mpa

1.11.4 Operating Temperature:

1.11.5 Set values:

1.11.6
Approval number:

1.12
Pressure regulator(s): yes/no 1/
1.12.1
Make(s):

1.12.2
Type(s):

1.12.3
Design pressure(s) : 2/

Mpa

1.12.4
Operating Temperature:

1.12.5 Input and output pressure:

1.12.6
Approval number:

1.13
Pressure relief device:  yes/no 1/
1.13.1
Make(s):

1.13.2
Type(s):

1.13.3
Design pressure(s) : 2/

Mpa

1.13.4 Operating Temperature:

1.13.5 Set pressure:

1.13.6 Blow off capacity:

1.13.7
Approval number:

1.14
Refuelling connection or receptacle: yes/no 1/
1.14.1
Make(s):

1.14.2
Type(s):

1.14.3
Design pressure(s) : 2/

Mpa

1.14.4
Operating Temperature:

1.14.5
Approval number:

2
Description of the Hydrogen System(s) used for other purposes than the propulsion of the vehicle1/
2.1
Description of the hydrogen system(s):

2.2
Name and address of the Manufacturer(s):

2.3
Manufacturer's system code(s) (as marked on the system, or other means of identification):

2.4
Automatic valve(s): yes/no/same component as used in propulsion system 1/
2.4.1
Make(s):

2.4.2
Type(s):

2.4.3
Design pressure(s) : 2/

Mpa

2.4.4 Operating Temperature:

2.4.5
Approval number:

2.5
Check valve(s) or non-return valve(s): yes/no/same component as used in propulsion system 1/
2.5.1
Make(s):

2.5.2
Type(s):

2.5.3
Design pressure(s) : 2/

Mpa

2.5.4 Operating Temperature:

2.5.5
Approval number:

2.6
Container(s):  yes/no/same component as used in propulsion system 1/
2.6.1
Make(s):

2.6.2
Type(s):

2.6.4
Capacity:

litres (water)

2.6.5
Design pressure(s) : 2/

Mpa

2.6.6 Operating Temperature:

2.6.7
Approval number

2.7
Fittings or screwed connection systems: yes/no/same component as used in propulsion system 1/
2.7.1
Make(s):

2.7.2
Type(s):

2.7.3
Design pressure(s) : 2/

Mpa

2.7.4 Operating Temperature:

2.7.5
Approval number:

2.8
Flexible Fuel Lines(s): yes/no/same component as used in propulsion system1/
2.8.1
Make(s):

2.8.2
Type(s):

2.8.3
Design pressure(s) : 2/

Mpa

2.8.4
Operating Temperature:

2.8.5
Approval number:

2.9
Heat exchanger(s): yes/no/same component as used in propulsion system 1/
2.9.1
Make(s):

2.9.2
Type(s):

2.9.3
Design pressure(s) : 2/

Mpa

2.9.4 Operating Temperature:

2.9.5
Approval number:

2.10
Manual valve(s): yes/no/same component as used in propulsion system 1/
2.10.1
Make(s):

2.10.2
Type(s):

2.10.3
Design pressure(s) : 2/

Mpa

2.10.4 Operating Temperature:

2.10.5
Approval number:

2.11
Pressure and/or temperature and/or flow sensor(s):  yes/no/same component as used in propulsion system 1/ 

2.11.1
Make(s):

2.11.2
Type(s):

2.11.3
Design pressure(s) : 2/

Mpa

2.11.4 Operating Temperature:

2.11.5 Set values:

2.11.4
Approval number:

2.12
Pressure regulator(s): yes/no/same component as used in propulsion system1/
2.12.1
Make(s):

2.12.2
Type(s):

2.12.3
Design pressure(s) : 2/

Mpa

2.12.4 Operating Temperature:

2.12.5 Input and output pressure

2.12.6
Approval number:

2.13
Pressure relief device:  yes/no /same component as used in propulsion system 1/
2.13.1
Make(s):

2.13.2
Type(s):

2.13.3
Design pressure(s) : 2/

Mpa

2.13.4 Operating Temperature:

2.13.5 Set pressure:

2.13.6 Blow off capacity:

2.13.7
Approval number:

2.14
Refuelling connection or receptacle: yes/no /same component as used in propulsion system 1/
2.14.1
Make(s):

2.14.2
Type(s):

2.14.3
Design pressure(s) : 2/

Mpa

2.14.4 Operating Temperature:

2.14.5
Approval number:

3
Further documentation:

3.1
Process diagram (flow chart) of the hydrogen system 

3.2
System lay-out including electrical connections and other external system inputs and/or outputs etc.)

3.3
Key to symbols used in documentation

3.4
Adjustment data of pressure relief devices and pressure regulators:

3.5
Layout of cooling/heating system(s) including maximum working pressure and operating temperature

3.6
Certificates for electric/electronic equipment according to the requirements of 14.8.2 of this regulation in explosion hazardous zones.

Notes:

1/  Strike out what does not apply.

2/  Specify the tolerance.

Annex 3

Arrangement of the specific component approval marks

(See paragraph 5.2. of this Regulation)
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The above approval mark affixed to the Hydrogen component shows that this component has been approved in Germany (E1), pursuant to the Regulation No. xx under approval number 002439. The first two digits of the approval number indicate that the approval was granted in accordance with the requirements of Regulation No. xx in its original form.

Annex 4

Communication

(maximum format:  A4 (210 x 297 mm)


issued by: 
Name of administration:


[image: image2.wmf]E

...

1



concerning:
2
APPROVAL GRANTED




APPROVAL EXTENDED




APPROVAL REFUSED




APPROVAL WITHDRAWN




PRODUCTION DEFINITELY DISCONTINUED

of a type of Hydrogen component pursuant to Regulation No. xx

Approval No.: ...................................


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

	1.
	Hydrogen component considered:

	
	Container 2/

	
	Pressure relief device 2/

	
	Automatic valve 2/

	
	Manual valve 2/

	
	Refuelling connection or receptacle 2/

	
	Check valve or non return valve 2/

	
	Pressure regulator 2/

	
	Flexible fuel line 2/

	
	Fitting or screwed connection system 2/

	
	Heat exchanger 2/

	
	Pressure sensor 2/

	
	Temperature sensor 2/

	
	Flow sensor 2/


	2.
	Trade name or mark  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . 

	3.
	Manufacturer's name and address  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

	4.
	If applicable, name and address of manufacturer's representative .  .  .  .  .  .  .  .  .  . 

.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	5.
	Submitted for approval on:  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

	6.
	Technical service responsible for conducting approval tests  .  .  .  .  .  .  .  .  .  .  .  .  .

.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	7.
	Date of report issued by that service  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

	8.
	No. of report issued by that service  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	9.
	Approval granted/refused/extended/withdrawn  2/

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

	11.
	Place  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	12.
	Date  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	13.
	Signature  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

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


____________

1/
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

Annex 5

Arrangements of approval marks for a vehicle type with regard to 

the installation of a Hydrogen system

Model A

(See paragraph 13.2. of this Regulation)
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The above approval mark affixed to a vehicle shows that the vehicle has, with regard to the installation of a Hydrogen system for the use of liquid Hydrogen, been approved in Germany (E1), pursuant to the Regulation No. xx under approval number 002439. The first two digits of the approval number indicate that the approval was granted in accordance with the requirements of Regulation No. xx in its original form.

Model B

(See paragraph 14.2. of this Regulation)
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The above approval mark affixed to a vehicle shows that the vehicle has been approved in Germany (E1), pursuant to the Regulation Nos. xx and 83. The approval numbers indicate that, at the dates when the respective approvals were given, Regulation No. xx was in its original form and Regulation No. 83 included the 02 series of amendments

Annex 6

Communication

(maximum format:  A4 (210 x 297 mm)


issued by: 
Name of administration:


[image: image5.wmf]E

...

1



concerning:
2
APPROVAL GRANTED




APPROVAL EXTENDED




APPROVAL REFUSED




APPROVAL WITHDRAWN




PRODUCTION DEFINITELY DISCONTINUED

of a vehicle type with regard to the installation of a Hydrogen system pursuant to Regulation No. xx

Approval No.: ...................................



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

	1.
	Trade name or mark of vehicle  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

	2.
	Vehicle type  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  


Vehicle category  

	.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .
	

	4.
	Manufacturer's name and address  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

	5.
	If applicable, name and address of manufacturer's representative .  .  .  .  .  .  .  .  .  . 

.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	6.
	Description of the vehicle with regard to the installation of Hydrogen system (add drawing if appropriate) .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .


	7.
	Hydrogen system

	7.1.
	Trade name or mark of components and their approval numbers

	7.1.1.
	Container: .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

	7.1.2.
	etc.: .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

	8.
	Submitted for approval on:  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

	9.
	Technical service responsible for conducting approval tests  .  .  .  .  .  .  .  .  .  .  .  .  .

.  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	10.
	Date of report issued by that service  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .

	11.
	No. of report issued by that service  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	12.
	Approval granted/refused/extended/withdrawn  2/

	13.
	Reason(s) of extension (if applicable) .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	14.
	Place  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	15.
	Date  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  . .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	16.
	Signature  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  .  

	17.
	The documents filed with the application or extension of approval can be obtained upon request.


Drawings, diagrams and scheme plans regarding the components and the installation of the Hydrogen 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.

____________

1/
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

Annex 7A-1

Provisions regarding the approval of the Container(s)

1. 
Scope:

This annex applies to the container for the storage of liquid hydrogen in a motor vehicle and the equipment of the container.

2.
General provisions

2.1 
The container and its equipment shall function in a correct and safe way. It shall reliably withstand the electrical, mechanical, thermal and chemical operating conditions and it shall stay gas tight. These requirements are fulfilled if this annex 7A-1 and annex 7A-2 is fulfilled. Other regulations may be applied in agreement with the Technical Service if they are at least equivalent. 

2.2 
Mechanical stresses
The following mechanical stresses shall be considered:

2.2.1 
Inner tank

2.2.1.1 
The test pressure:
The inner tank shall resist the test pressure:
ptest = 1.3 (pdesign + 0.1)
ptest: test pressure
pdesign: design pressure in MPa
2.2.1.2 
Outer Pressure
If an operating mode of the inner tank and its equipment under vacuum is possible, the inner tank and its equipment shall resist an outer pressure of 0.1 MPa. 

2.2.2 
Outer Jacket

2.2.2.1 
The outer jacket shall resist the maximum working pressure, which is the set pressure of its safety device, but at least 0.05 MPa.

2.2.2.2 
The outer jacket shall resist an outer pressure of 0.1 MPa.

2.2.3 
Outer Supports
The outer supports of the full container shall resist the accelerations named in Part II, 14.3.4 of this regulation without rupture, in which case the allowable stress in the support elements shall not exceed (calculated according linear stress model):



s £ 0.5 Rm

2.2.4
Inner Supports

2.2.4.1
The inner supports of the full container shall resist the accelerations named in Part II, 14.3.4 of this regulation without rupture, in which case the allowable stress in the support elements shall not exceed (calculated according linear stress model): 




s £ 0.5 Rm .

2.2.4.2
The requirements of 2.2.4.1 do not apply if it can be demonstrated that the tank may support the accelerations named in Part II, 14.3.4 of this regulation without any leak on the inner tank and all the different pipes upstream automatic safety devices, shut off valves and/or non return valves.

2.2.5
The proof of the dimensioning of the supports of the container can be done either by calculation or by experiment, e.g. crash tests.
2.3 
Design Temperature

2.3.1
Inner tank and outer jacket
The design temperature of the inner tank and the outer jacket shall be 20°C. 

2.3.2 
Other Equipment
For all other equipment which is not mentioned under 2.3.1. the design temperature is the lowest respectively the highest possible operating temperature.

2.3.3
The thermal stresses by operating conditions like filling or withdrawal or during the cooling down processes shall be considered.

2.4 
Chemical compatibility

2.4.1 
The materials of the container and its equipment shall be compatible with: 
- Hydrogen, if the parts are in contact with,
- the atmosphere, if the parts are in contact with,
- other media if the parts are in contact with (i.e. coolant, etc.)

2.4.2 
All components of the container body and all the parts welded thereto shall be made of mutually compatible materials.

2.4.3 
The material used for the insulation system and the container(s) shall be compatible with an atmosphere enriched with Oxygen (e.g. according to EN 1797 "Cryogenic vessels" - part 1 "Gas/material compatibility" from 3/1998)

3.
Materials

3.1
The manufacturer of the materials shall provide:
- the appropriate equipment for manufacturing and testing 
- the appropriate procedures for manufacturing
- the competent personal for manufacturing and testing
- the appropriate quality assurance and documentation to ensure the quality and the traceability of the material

3.2
The materials shall be composed, manufactured and further treated in a manner that:
- the finished products show the required mechanical properties
- the finished products which are used for pressurised components and are in contact with Hydrogen resist the thermal, chemical and mechanical stresses that they may be subjected to.

3.3
For manufacturers of parent and filler materials which are used for the inner tank and those parts of the container which are pressurised and in contact with Hydrogen (except sealing materials) the Technical Service shall once perform a quality conformance inspection to proof and certify that the conditions of § 3.1 and 3.2 of this annex are fulfilled.
The inspection shall be performed according to CEOC-Specification, e.g.

R 97/CEOC/CP 96 def - "Supplementary Quality Management System Requirements for Manufacturers of Metallic Materials for Pressure Equipment"
Existing certificates of notified bodies according to pressure equipment directive 97/23/EC or equivalent shall be accepted.

3.4 
Characteristics

3.4.1 
Materials used at low temperatures shall follow the toughness requirements of EN 1252 "Cryogenic vessels - materials" part 1 "Toughness requirements for temperatures below -80°C" from 3/1998 including amendment AC from 12/1998. For non metallic materials low temperature suitability shall be validated by an experimental method, taking into account service conditions. 

3.4.2
The materials used for the outer jacket shall ensure the integrity of the insulation system, and their elongation at fracture in a tensile test shall be at least 12 % at liquid Nitrogen temperature.

3.4.3


3.4.3
A corrosion allowance is not required for the inner tank. A corrosion allowance is not required on other surfaces if they are adequately protected against corrosion.

3.4.5 
 

3.5
Certificates and proofs of the material characteristics

3.5.1 
For parent and filler materials which are used for the inner tank and those parts of the container which are pressurised and in contact with Hydrogen (except sealing materials) the Technical Service shall issue a certificate for the materials.
The inspection shall be performed according to CEOC-Specifications

R 77/CEOC/ CP 90 Def - Appraisal of Materials for Pressure Equipment 
(and following numbers of the specifications)

Existing certificates of notified bodies according to the pressure equipment directive 97/23/EC or equivalent shall be accepted.

3.5.2 
The filler materials shall be compatible with the parent material so as to form welds with properties equivalent to those specified for the parent material for all temperatures that the material may encounter.

3.5.3 
The container manufacturer shall obtain and provide chemical cast analysis and mechanical properties certificates of the material in respect of the steels or other materials used in the construction of the parts subject to pressure. 
In case of metallic materials the certificate must be at least type 3.1.B according to European Standard EN 10204 "Metallic products, types of inspection documents" from 8/1991 and amendment A1 from 6/1995 or equivalent. In case of non-metallic materials the certificate must be of equivalent type. 

3.5.4
The Technical Service shall have the opportunity to make independent analyses and examinations. These examinations shall be carried out either on specimens taken from the materials as supplied to the container manufacturer or on the finished containers.

3.5.5
The manufacturer shall make available to the Technical Service  the results of metallurgical and mechanical tests and analyses of parent and filler materials carried out on welds. 

3.5.6
Material sheets shall be marked at least with:
- Sign of the manufacturer
- Material Identification Number
- Batch number
- Sign of the inspecting person

3.6 
Design calculation

3.6.1
Provisions regarding the inner tank 

The design of the inner tank shall be done according to the design rules of the Annex 7A-2

3.6.2
Provisions regarding the outer jacket

The design of the outer jacket shall be done according to the design rules of the Annex 7A-2

3.6.3
Unless indicated otherwise the general tolerances of ISO 2768 "General tolerances" part 1 "Tolerances for linear and angular dimensions without individual tolerance indications" from 11/89 shall apply.

4.
Manufacturing and mounting of the container

4.1
The manufacturer of the containers or parts of it shall provide:
- the appropriate equipment for manufacturing and testing 
- the appropriate procedures for manufacturing
- the competent personnel for manufacturing and testing
- a manufacturing and inspection plan
- the appropriate quality assurance and documentation to ensure the quality and the traceability of the parts and materials

4.2
For the manufacturer of the container the Technical Service shall once perform a quality conformance inspection to proof and certify that the conditions of § 4.1 of this annex are fulfilled.
The inspection shall be performed analogously according to CEOC-Specification, e.g.

R 80/CEOC/CP 91 def - "Quality Systems for Pressure Vessel Manufacturers"
R 81/CEOC/CP 91 def - "Quality requirements for Pressure Vessel manufacturers not possessing a certificated quality system".
Existing certificates of notified bodies according to the pressure equipment directive 97/23/EC or equivalent shall be accepted.

4.3 
Manufacturers of welded containers shall have a welding quality system in operation, taking into account the quality requirements for welding in accordance with EN 729 "Quality requirements for welding - fusion welding of metallic materials" part 2 "Comprehensive quality requirements" from 9/1994 or EN 729 "Quality requirements for welding - fusion welding of metallic materials" part 3 "Standard quality requirements" from 9/1994.

4.4 
The welding process shall be approved by the Technical Service in accordance with EN 288 "Specification and qualification of welding procedures for metallic materials", part 3 "Welding procedure tests for arc welding of steel" from 2/1992 including amendment A1 from 6/1997, part 4 "Welding procedure tests for arc welding of aluminium and its alloys" from 8/1992 including amendment A1 from 6/1997, part 8 "Approval by a pre-production welding test" from 5/1995.

4.5 
Welders shall be approved by the Technical Service according to EN 287 "Approval testing of welders", part 1 "steels" from 2/1992 including amendment A1 from 4/97, part 2 "Aluminium and aluminium alloys" from 2/1992 including amendment A1 from 5/1997 and for automatic welding operators in accordance with EN 1418 "Welding personnel - approval testing of welding operators for fusion welding and resistance weld setters for fully mechanised and automatic welding of metallic materials" from 12/1997.

4.6 
Manufacturing operations (e.g. forming , heat treatment, welding) shall be carried out according to Annex 7A-2

4.7 
The inspections and the testing of the containers during the manufacturing procedure shall be carried out according to Annex 7A-2

4.8 
The inspections and the testing of the internal pipework between the inner tank and the outer jacket:
All welded joints of the pipework shall be subject to 100% non destructive inspection, where ever possible by radiographic inspection, alternatively ultrasonic test, penetration test, helium leakage test etc. 

4.9 
The number of joints should be minimised. Joints shall not be permitted within the void between the inner tank and the outer jacket unless they are welded or glued.

4.10 
The equipment of the container shall be mounted in a way that the system and its components function in a correct and safe way and are gas tight.

4.11 
The container shall be cleaned and dried before operation according to EN 12300 "Cryogenic vessels - cleanliness for cryogenic service" from 11/1998.

5.
Equipment

5.1
Protection of the outer jacket.

The outer jacket shall be protected by means of a device preventing bursting of the outer jacket or collapsing of the inner tank. 
5.2
Provisions regarding the Insulation

5.2.1
The insulation shall be designed in such a way that the  thermal autonomy based on an external temperature of 20 +/- 5°C is at least 24 hours.
5.2.2
Under no circumstances may ice be allowed to form on the outer wall of the container under normal operating conditions. At the area of pressure relief pipe, local ice formation is allowed on the outside of the pipe. 

5.2.3
When exposed to fire the thermal autonomy of the container, equipped with its vacuum insulation and fire protection measures (if present), shall be at least 15 minutes.
5.3
Level gauge.

5.3.1
A measuring gauge in the driver's compartment shall indicate the level of liquid in the container with an accuracy of +/- 10% of the container capacity. 

5.3.2
If the system comprises a float, the latter shall withstand an outside pressure greater than the maximum working pressure of the inner tank with a minimum coefficient of safety of 2 with respect to the buckling failure criteria.

5.4
Maximum filling level

5.4.1
A system shall be provided for preventing the container from being overfilled. This system may work in conjunction with the refuelling station.

5.4.2
The device shall bear a permanent marking, indicating the container-type for which it has been designed and if applicable the mounting position and orientation.

Under all circumstances and regardless of the fuel condition and the maximum operating pressure of the inner tank, the filling volume of the liquid shall not exceed 95% of the water volume of the inner tank
 
5.5 
Marking

5.5.1
The marking of the inner tank and of the outer jacket should be according to Part I, No. 4.3 of this regulation.

5.5.2
The marking method shall not cause localised stress peaks in the structure of the inner tank or the outer jacket.

5.6
Inspection openings

Inspection openings are not required in the inner or outer jacket.

6. 
Tests and inspection

6.1 
Tests and inspection for the approval
For the approval the Technical Service shall perform the tests and inspections according to 6.3.1 to 6.3.6 of this annex on 2 samples of containers. The samples shall be provided in the applicable state necessary for the under-mentioned inspections.
For the approval samples of the container shall be subjected to the tests according to 6.3.7 -6.3.12 of this annex and shall be witnessed by the Technical Service. A crash test according to 6.3.13 shall be witnessed by the Technical Service if calculations are not sufficient to determine and verify the design criteria of the container jackets or supports.

6.2 
Tests and inspection during production 
For the serial production the Manufacturer shall perform the tests and inspections according to 6.3.1 to 6.3.6 of this annex on each container respectively according to annex 7A-2 if welding seams are concerned.

6.3 
Testing procedures 

6.3.1 
pressure test

6.3.1.1 
The inner tank and the pipework situated between the inner tank and the outer jacket shall withstand an inner pressure test at room temperature any suitable media, according to the following requirements: 
The test pressure shall be:

ptest = 1.3 (pdesign + 0.1 MPa)
ptest: test pressure
pdesign: design pressure in Mpa


6.3.1.2 
The pressure test is to be performed before the outer jacket is mounted.

6.3.1.3 
The pressure in the inner tank shall be increased at an even rate until the test pressure is reached.

6.3.1.4 
The inner tank must remain under the test pressure at least for 10 minutes to establish that the pressure is not reducing.

6.3.1.5 
After the test the inner tank must not show any signs of visible permanent deformation or visible leaks.

6.3.1.6 
Any inner tank tested which does not pass the test because of permanent deformation shall be rejected and shall not be repaired.

6.3.1.7 
Any inner tank tested which does not pass the test because of leakage may be accepted after repair and retesting.

6.3.1.8 
In case of hydraulic test, upon completion of this test, the container shall be emptied and dried until the dew point inside the container is - 40 °C. (according to EN 12300 "Cryogenic vessels - cleanliness for cryogenic service" from 11/1998)

6.3.1.9 
A test report shall be drawn up and the inner tank shall be marked by the inspection departments if accepted.

6.3.2 
Leak testing

6.3.2.1 
After final assembly the hydrogen container shall be leak tested with a gas mixture containing a minimum of 10% of Helium.

6.3.2.2 
The total leakage into the vacuum space noted through both the inner and the outer walls shall be such that, after a time of operation equal to the time between two vacuum repumping operations, the insulation performance criteria provided for in 5.2 of this annex are proven with a minimum value of 1.10-6 mbar.l./s

6.3.3 
Verification of the dimensions

The following dimensions shall be verified:
- For cylindrical container(s) roundness of the inner tank (see annex 7A-2, 5.4)
- Departure from a straight line of the inner and outer jacket (see annex 7A-2, 5.4)

6.3.4 
Destructive and non-destructive tests of welding seams

The tests shall be performed according to Annex 7A-2

6.3.5 
Visual Inspection

The welding seams and the inner and outer surfaces of the inner and outer jackets of the container shall be inspected visually.
The surfaces shall not show any critical damages or defaults .

6.3.6 
Marking

The Marking shall be verified in compliance with Part I, No. 4.3 of this regulation.

6.3.7 
Inner tank burst test

The burst test shall be performed according to Annex 8A of this regulation on one sample of the inner tank.

6.3.8
Thermal autonomy test

The thermal autonomy test for the container shall be performed according to annex 8A of this regulation.

6.3.9
Thermal losses test

The thermal losses test for the container shall be performed according to annex 8A of this regulation.

.

6.3.10
Maximum filling level test

The maximum filling level test for the container shall be performed according to annex 8A of this regulation.

6.3.11 
Crash Test

If a Crash Test is performed it shall be in accordance with Part II, 14.3.4 or 14.3.5 of this regulation.

7.
Documentation 

7.1 
Documentation System

The manufacturer shall use a documentation system that can provide the information required to verify during the manufacturing process the following topics:

- the completeness of the documents described in part I, 3.2 of this regulation
- the compliance with these specifications, in detail:

- dimensions

- construction

- materials and certifications about material characteristics and compatibility

- heat treatment

- manufacturing procedures

- equipment

- marking

- operating conditions

- calculation of the insulation quality

- calculation of the minimum flow rate of the pressure relief device

- test report about the fire test and loss of vacuum

- test reports about crash test or burst test, if necessary

- further testing certificates, if necessary

7.2
Provisions regarding every container

7.2.1
Documentation shall include the manufacturing and the inspection information for every container. This documentation shall be kept by the container manufacturer for 10 years.

7.2.2
The documentation shall contain at least the reference to the manufacturing procedure, the approval number, the list of the welding procedures and reference to the qualification, the batch number of every material used for the inner tank and the internal pipework with the certificates of conformity of the required level, the date, the pressure and the control certificate of the pneumatic or hydraulic test and the pressure at the end of the pumping.

Annex 7A-2

Design Validation of the container by calculation, manufacturing operations

The requirements of 

prEN 1251-2 "Cryogenic vessels - Transportable vacuum insulated vessels of not more than 1000 litres volume - Part 2: Design Fabrication and Testing" 

from 3/1999

are applicable.

Annex 7B

Provisions regarding the approval of Pressure relief devices

1.  The design, manufacturing and control of the pressure relief devices shall be in accordance with prEN13648 “cryogenic vessels-safety devices for protection against excessive pressure – Part 1: Safety valves for cryogenic service” and part 2: "Burst discs"

2.  In case of boil off system in parallel of the primary safety device, then the safety valve is a category B safety device otherwise it is a category A safety device according to prEN13648.

3.
Design pressure: 1.5 x Maximum working pressure of the inner tank or maximum pressure the component is subjected to.
4.
Set pressure

4.1.  Primary devices of the inner tank: maximum working pressure of the tank

4.2.  Secondary device of the inner tank: between the maximum working pressure and the pressure corresponding to the yield strength in any part  of the inner tank with a sufficient safety margin to the set pressure of the primary relief device
4.3.
Pressure relief devices for components other than the tank: according to 6.4.2 of Part I of this regulation.

5.
Design temperatures: 

5.1.
External temperature: see Part II, 14.1.7 of this regulation

5.2.
Internal temperature: -253°C to +85°C

6.
Applicable test procedures:

Pressure test
Annex 8B 

External leakage test
Annex 8B 

Operational test
according to prEN13648 part 1 or 


part 2

Corrosion resistance
Annex 8B */ ***/

Temperature cycle test
Annex 8B **/

_____________________

*/   only for metallic parts
**/  only for non-metallic parts

***/  only for equipment outside of the gas tight housing.

Annex 7C

Provisions regarding the approval of Hydrogen valves

1.
The design, manufacturing and control of the cryogenic hydrogen valves shall be in accordance with prEN1626 "cryogenic vessels - valves for cryogenic service"

2.
Design pressure: 1.5 x Maximum working pressure of the inner tank or maximum pressure the component is subjected to.
3.
Design temperatures: 

3.1.
External temperature: see Part II, 14.1.7 of this regulation

3.2.
Internal temperature: -253°C to +85°C for valves before the heat exchanger




 -40°C to +85°C for valves after the heat exchanger

4.
Applicable test procedures:

Pressure test
Annex 8B 

External leakage test
Annex 8B 

Seat leakage test
Annex 8B 

Endurance test
Annex 8B 

(with 6000 operation cycles for manual valves
with 20 000 operation cycles for automatic valves ) 

Operational test
Annex 8B 

Corrosion resistance
Annex 8B */ ***/ 

Resistance to dry-heat
Annex 8B **/

Ozone ageing
Annex 8B **/

Temperature cycle test
Annex 8B **/

_____________________

*/   only for metallic parts
**/  only for non-metallic part

***/  only for equipment outside of the gas tight housing.

Annex 7D

Provisions regarding the approval of heat exchangers

1.
Design pressure: 1.5 x Maximum working pressure of the inner tank or maximum pressure the component is subjected to.
2.
Design temperatures: 

2.1.
External temperature: see Part II, 14.1.7 of this regulation

2.2.
Internal temperature: -253°C to 85°C

3.
Applicable test procedures:

Pressure test
Annex 8B 

External leakage test
Annex 8B 

Corrosion resistance
Annex 8B */

Resistance to dry-heat
Annex 8B **/

Ozone ageing
Annex 8B **/

Temperature cycle test
Annex 8B **/

_____________________

*/   only for metallic parts
**/  only for non-metallic part

Annex 7E

Provisions regarding the approval of refuelling connections or receptacles

1.
The design, manufacturing and control of the connection shall be in accordance with EN13371 “cryogenic vessels – couplings for cryogenic service”

2.
Design pressure: 1.5 x Maximum working pressure of the inner tank or maximum pressure the component is subjected to.
3.
Design temperatures: 

3.1.
External temperature: see Part II, 14.1.7 of this regulation

3.2.
Internal temperature: -253°C to 85°C

4.
Applicable test procedures:

Pressure test
Annex 8B 

External leakage test
Annex 8B 

Seat leakage test
Annex 8B 

Endurance test
Annex 8B 


(with 3000 operation cycles)

Corrosion resistance
Annex 8B */

Resistance to dry-heat
Annex 8B **/

Ozone ageing
Annex 8B **/

Temperature cycle test
Annex 8B **/

_____________________

*/   only for metallic parts
**/  only for non-metallic part

Annex 7F

Provisions regarding the approval of pressure regulators

1.
Design pressure: 1.5 x Maximum working pressure of the inner tank or maximum pressure the component is subjected to.
2.
Design temperatures: 

2.1.
External temperature: see Part II, 14.1.7 of this regulation

2.2.
Internal temperature: at least as given in Part II, 14.1.7 of this regulation

3.
Applicable test procedures:

Pressure test
Annex 8B 

External leakage test
Annex 8B 

Seat leakage test
Annex 8B 

Endurance test
Annex 8B 



(with 20 000 operation cycles)

Corrosion resistance
Annex 8B */ ***/

Resistance to dry-heat
Annex 8B **/

Ozone ageing
Annex 8B **/

Temperature cycle test
Annex 8B **/

_____________________

*/   only for metallic parts
**/  only for non-metallic part

***/  only for equipment outside of the gas tight housing.

Annex 7G

Provisions regarding the approval of sensors 

1.
Design pressure: 1.5 x Maximum working pressure of the inner tank or maximum pressure the component is subjected to.
2.
Design temperatures: 

2.1.
If operated with ambient temperature: see Part II, 14.1.7 of this regulation

2.2.
If operated with cryogenic temperature: lowest operating temperature: -253°C, maximum temperature  85°C or 120°C as given in Part II, 14.1.7 of this regulation
3.
Applicable test procedures for every sensor:

Pressure test
Annex 8B ****/

External leakage test
Annex 8B ****/

Corrosion resistance
Annex 8B */ ***/

Resistance to dry-heat
Annex 8B

Ozone ageing
Annex 8B **/

Temperature cycle test
Annex 8B **/

__________________

*/   only for metallic parts

**/  only for non-metallic parts

***/  only for equipment outside of the gas tight housing

****/  only for equipment directly in contact with hydrogen

Annex 7H

Provisions regarding the approval of flexible fuel lines 

1.
The design, manufacturing and control of the cryogenic flexible fuel lines shall be in accordance with EN 12434 “cryogenic vessels – cryogenic flexible hoses”

2.
Design pressure: 1.5 x Maximum working pressure of the inner tank or maximum pressure the component is subjected to.
3.
Design temperatures: 

3.1.
If operated with ambient temperature: see Part II, 14.1.7 of this regulation

3.2.
If operated with cryogenic temperature: lowest operating temperature: -253°C, maximum temperature  85°C or 120°C as given in Part II, 14.1.7 of this regulation
4.
Applicable test procedures for every flexible fuel line:

Pressure test
Annex 8B

External leakage test
Annex 8B

Corrosion resistance
Annex 8B */ ***/

Resistance to dry-heat
Annex 8B **/

Ozone ageing
Annex 8B **/

Temperature cycle test
Annex 8B **/

Pressure cycle
Annex 8B

__________________

*/   only for metallic parts

**/  only for non-metallic parts

***/  only for equipment outside of the gas tight housing.

Annex 7I

Provisions regarding the approval of fittings or screwed connection systems

1.
Design pressure: 1.5 x Maximum working pressure of the inner tank or maximum pressure the component is subjected to.
2.
Design temperatures: 

2.1.
If operated with ambient temperature: see Part II, 14.1.7 of this regulation

2.2.
If operated with cryogenic temperature: lowest operating temperature: -253°C, maximum temperature  85°C or 120°C as given in Part II, 14.1.7 of this regulation
3.
Applicable test procedures for every sensor:

Pressure test
Annex 8B

External leakage test
Annex 8B

Corrosion resistance
Annex 8B */ ***/

Resistance to dry-heat
Annex 8B **/

Temperature cycle test
Annex 8B **/

Connection test
Annex 8B

__________________

*/   only for metallic parts

**/  only for non-metallic parts

***/  only for equipment outside of the gas tight housing.

Annex 8A

Approval test procedures for the container

1.
Inner tank burst test

1.1.
Criteria

1.1.1.
An inner tank not integrated in its outer jacket and not insulated shall withstand a burst test.

1.1.2.
The burst pressure shall be at least equal to the burst pressure used for the mechanical calculations. That is to say:

· Either the maximum working pressure (in MPa) plus 0.1 MPa multiplied by 3.25

· Or the maximum working pressure  (in MPa) plus 0.1 MPa multiplied by 1.5 and multiplied by Rm/ Rp
1.1.3.  At the maximum working pressure, the principal dimensions (perimeter, length…) shall not be modified more than 1%.

1.1.4.  Once the test is completed the volume of the tank shall have increased by more than 8%.

1.2.
procedure

1.2.1.
The test tank shall be representative of the design and the manufacturing of the type to be homologated.

1.2.2.
The test shall be an hydraulic test.

1.2.3.
The tube and piping may be modified to enable the test (purge of dead volume, introduction of the liquid, closing of non used pipes…).

1.2.4.
The tank shall be filled with water. The pressure will be increased at a constant rate not exceeding 0.5MPa/min until burst. When the maximum working pressure is reached there will be a at least ten minute wait period at constant pressure so that the deformation of the tank shall be checked in accordance with 1.1.3 of this annex. 

1.2.5.
A system will enable to look at possible deformations.

1.2.6.
The pressure shall be recorded or written during the entire test.

1.3.
Results

The test conditions and the bursting pressure shall be written in a test certificate signed by the manufacturer and the Technical Service.

2.
Thermal autonomy under fire

2.1.
criteria

2.1.1.
The thermal autonomy of the tank shall be greater than 15 minutes under external fire.
2.1.2.
When the primary safety valve is open during the fire test, the pressure inside the inner tank shall not increase to a value greater than 1.1 times the maximum working pressure of the inner tank.

2.2.
procedure

2.2.1.
The test tank shall be representative of the design and the manufacturing of the type to be homologated.

2.2.2
Its manufacturing is completely finished and it is mounted with all its equipment and particularly the level gauge.

2.2.3
The second safety device is replaced by a shut off valve that will open in case of failure of the test at a pressure lower than the hydraulic test pressure.

2.2.4.
The tank has already been cooled down and the inner tank is at the same temperature as the liquid hydrogen. The tank has contained during the previous  24 hours a volume of liquid hydrogen at least equal to half of the water volume of the inner tank.

2.2.4.1.
The tank is half filled with liquid hydrogen. The quantity of liquid hydrogen measured by the mass measurement system shall be less than half of the maximum quantity that may be contained in the inner vessel. 

2.2.4.2
A fire shall burn 0.1 meter underneath the tank. The length and the width of the fire shall exceed the plan dimensions of the container by 0.1m. The temperature of the fire shall be at least 650°C. The fire shall continue to burn for the duration of the test.

2.2.4.3.
The pressure of the tank at the beginning of the test shall be between 0MPa and 0,01 MPa at the boiling point of Hydrogen in the inner tank .

2.2.4.4.
The lapse of time before the opening of the safety device will be measured. It shall not be less than 15 minutes. The opening of the safety device is detected with a pressure or a flow rate sensor at the outlet of the safety device.

2.2.4.5.
Once the safety device opens, the test shall continue until the blow off of the safety device has finished and the pressure in the tank is fallen to 0,01MPa. During the test the pressure inside the inner tank shall not increase to a value greater than 1.1 times the maximum working pressure of the inner tank.
2.3.
Results

The test conditions, the thermal autonomy and the maximum pressure reached within the tank during the test, shall be recorded in a test certificate signed by the manufacturer and the Technical Service.

3.
Thermal  autonomy during normal operation

3.1.
Criteria

The insulation shall be designed in such a way that the  thermal autonomy based on an external temperature of 20 +/-5 °C is at least 24 hours. 

3.2.
Procedure

3.2.1.
The test tank shall be representative of the design and the manufacturing of the type to be homologated. 

3.2.2.
Its manufacturing is completely finished and it is fitted with all its equipment and particularly the level gauge.

3.2.3. The tank is half filled with liquid hydrogen. The quantity of liquid hydrogen measured by the mass measurement system shall be less than half of the maximum quantity that may be contained in the inner vessel.

3.2.4. The pressure of the tank at the beginning of the test shall be between 0MPa and 0,01 MPa at the boiling point of Hydrogen in the inner tank
3.2.5. The lapse of time before the opening of the safety device will be measured. It shall not be less than 24 hours. The opening of the safety device is detected with a pressure or a flow rate sensor at the outlet of the safety device.

3.2.6. The boil off system has to be plugged

3.3.
Results

The test conditions and the  result of thermal autonomy test shall be recorded in a test certificate signed by the manufacturer and the Technical Service.

4.
Maximum filling level

4.1.
Criteria


At the end of the filling procedure, the level of hydrogen shall never exceed the maximum filling level calculated for the filling condition. During all the tests done for the homologation, the maximum filling level between tests shall not vary by more than 10% of the remaining vapour volume of the tank.

4.2.
Procedure

4.2.1.
The test tank shall be representative of the design and the manufacturing of the type to be homologated.

4.2.2.
Its manufacturing is completely finished and it is fitted with all its equipment and particularly the level gauge.

4.2.3.
The tank has already been cooled down and the inner tank is at the same temperature as the liquid hydrogen. The tank has contained during the previous 24 hours a volume of liquid hydrogen at least equal to half of the water volume of the inner tank.

4.2.4.
A system measures either the mass of hydrogen or the mass flow rate at the inlet and the outlet of the tank with an accuracy better than 1% of the maximum filling mass of the tested container.

4.2.5.
The tank shall be completely filled 10 times with liquid hydrogen at equilibrium with its vapour. Between each filling at least ¼ of the liquid hydrogen of the tank is emptied.

4.3.
Results

The test conditions and the ten maximum level measured by the added system shall be written in a test certificate signed by the manufacturer and the Technical Service.

Annex 8B

Approval test procedures for other specific components

1.
General requirements

1.1.
Leakage tests shall be conducted with pressurised gas such as air or nitrogen containing at least 10% helium.

1.2.
Water or another fluid may be used to obtain the required pressure for pressure test.

1.3.
All test records shall indicate the type of test medium used, if applicable.

1.4.
The test period for leakage and pressure tests shall be not less than 3 minutes more than the response time of the sensor.

1.5.
All tests shall be performed at a temperature of 20°C ± 5°C, unless otherwise stated.

1.6.
The different components shall be correctly dried before leak test.

2.
Pressure test 

2.1.
A hydrogen containing component shall withstand without any visible evidence of leak or deformation a test pressure of 1.5 times its design pressure with the outlets of the high pressure part plugged. The pressure shall then be increased from 1.5 to 3 times the design pressure. The component shall not show any visible evidence of rupture or cracks.
2.2.  The pressure supply system shall be equipped with a positive shut-off valve and a pressure gauge, having a pressure range of not less than 1.5 times nor more than 2 times the test pressure and the accuracy of the gauge shall be 1% of the pressure range. 

2.3.  For components requiring a leakage test, this test shall be performed prior to the pressure test.

3.
External leakage test

3.1.
A component shall be free from leakage through stem or body seals or other joints, and shall not show evidence of porosity in casting when tested as described in paragraph 5.3 at any pneumatic pressure between zero and its maximum working pressure .

3.2.
The test shall be performed on the same equipment at the following conditions:

3.2.1.
at a temperature of 20°C ( 5°C.

3.2.2.
at the minimum operating temperature or at liquid nitrogen temperature after 3 hours conditioning at this temperature.

3.2.3.
at the maximum operating temperature after 3 hours conditioning at this temperature.

3.3.  During this test the equipment under test will be connected to a source of pneumatic pressure.  A positive shut-off valve and a pressure gauge having a pressure range of not less than 1.5 times nor more than 2 times the test pressure are to be installed in the pressure supply piping and the accuracy of the gauge shall be 1% of the pressure range. The pressure gauge is to be installed between the positive shut-off valve and the sample under test. 

3.4.
Throughout the test, the sample will be tested for leakage, with a surface active agent without formation of bubbles or measured with a leakage rate less than 10 cm3/hour. 
4.
Seat leakage test

4.1.
The following tests for seat leakage are to be conducted on samples which have previously been subjected to the external leakage test of paragraph 3 above.

4.2.
Seat leakage tests shall be conducted with the inlet of the sample valve connected to a source of pneumatic pressure, the valve in the closed position, and with the outlet open. A positive shut-off valve and a pressure gauge having a pressure range of not less than 1.5 times and not more than twice the test pressure are to be installed in the pressure supply piping and the accuracy of the gauge shall be 1% of the pressure range. The pressure gauge is to be installed between the positive shut-off valve and the sample under test. While under the applied test pressure corresponding to the maximum working pressure, observations for leakage are to be made with the open outlet submerged in water or by a flowmeter installed on the inlet side of the valve under test. The flowmeter shall be capable of indicating, for the test fluid employed, the maximum leakage flow rates permitted within an accuracy of +/-1% .

4.3.
The seat of a shut-off valve, when in the closed position, shall not leak at a rate exceeding 10 cm3/hour at any pneumatic pressure between zero and maximum working pressure

4.4.
A non-return valve when in the closed position, shall not leak when subjected to any aerostatic pressure between 50 kPa and its maximum working pressure.

4.5.
A non-return valve shall not leak with a rate exceeding 500 cm3/hour of air during the test. In case the filling unit includes a non-return valve then this valve shall not leak at a rate exceeding 10 cm3 / hour during the test

4.6.
The pressure relief devices shall not leak at a rate exceeding 10 cm3/hour at any pneumatic pressure between zero and set pressure minus 10%.

5.
Endurance test

5.1.
A filling unit, non return valve, pressure relief device, manual or automatic valve shall be capable of conforming to the applicable leakage test requirements of paragraphs 3 and 4 above, after being subjected to a number of cycles according to annexes 7B - 7I of opening and closing.

5.2.
All equipment which works at cryogenic temperature shall be tested with liquid nitrogen or gaseous nitrogen at the temperature of liquid nitrogen and at the maximum working pressure of the component.

5.3.
All equipment which works at ambient temperature shall be tested with air or nitrogen at a temperature of 20°C ( 5°C and at the maximum working pressure of the component

5.4.
An endurance test is to be conducted at a rate not faster than 10 cycles per minute.

5.5.
The appropriate tests for external and seat leakage, as described under external leakage test under paragraph 3 and seat leakage test under paragraph 4 are to be conducted immediately following the endurance test.

6.
Operational tests

6.1.  Operation test of the pressure relief valve

These tests has to be carried out in accordance with prEN 13648 "Cryogenic vessels - safety devices against excessive pressure" part 1 "Safety valves for cryogenic service" or part 2:” Burst disc for cryogenic service” (date of last draft 06/1999). The specific requirements of the standard are applicable.

7.
Corrosion resistance

7.1.
Metallic  hydrogen containing components shall comply with the leakage tests mentioned in 3 and 4 above after being submitted to 144 hours salt spray test according to DIN 50021 "Spray tests with different sodium chloride solutions" from 6/1988, ISO 9227 "Corrosion tests in artificial atmospheres; salt spray tests" from 12/1990 or IEC 68-2-52 Kb "Salt Spray Fog Test" with all connections closed.

7.2.
A copper or brass Hydrogen containing component shall comply with the leakage tests mentioned in 3 and 4 above and after being submitted to 24 hours immersion in Ammonia according to DIN 50916-1 "Testing of copper alloys; stress corrosion cracking test in ammonia, testing of components" from 9/1985 or ISO 6957 "Copper alloys; ammonia test for stress corrosion resistance" from 10/1988 with all connections closed.

8.
Resistance to dry‑heat

The test has to be done in compliance with ISO 188 "Rubber, vulcanized or thermoplastic - accelerated ageing and heat-resistance tests" from 4/1998. The test piece has to be exposed to air at a temperature equal to the maximum operating temperature for 168 hours.

The change in tensile strength shall not exceed + 25 per cent.

The change in ultimate elongation shall not exceed the following values:

Maximum increase 10 per cent

Maximum decrease 30 per cent

9.
Ozone ageing

9.1.
The test has to be in compliance with ISO 1431 "Rubber, vulcanised or thermoplastic; resistance to ozone cracking" part 1 "Static strain test" from 6/1989.

The test piece, which has to be stressed to 20 per cent elongation shall be exposed to air at 40°C with an ozone concentration of 50 parts per hundred million during 120 hours.

9.2.
No cracking of the test piece is allowed.

10.
Temperature cycle test

A non metallic part containing hydrogen shall comply with the leakage tests mentioned in paragraphs 5, 6 and 7 after having been submitted to a 96 hours temperature cycle from the minimum operating temperature up to the maximum operating temperature with a cycle time of 120 minutes, under maximum working pressure.

11.
Connection test

11.1.
All fittings or screwed connection systems shall be capable of conforming to the applicable leakage test requirements of paragraph 3 above , after being subjected to 25 cycles of connecting and disconnecting. The replacement of gaskets and washers shall be permitted.

11.2.
The appropriate test for external leakage, as described under external leakage test in paragraph 3 above, is to be conducted immediately following the endurance test.

12.
Pressure cycle

12.1.
Any flexible fuel line shall be capable of conforming to the applicable leakage test requirements of paragraphs 3 above , after being subjected to 6000 pressure cycles.

12.2.
The pressure shall change from atmospheric pressure to the maximum working pressure of the tank within less than five seconds, and after a time of at least five seconds, shall decrease to atmospheric pressure within less than five seconds. 

12.3.
The appropriate test for external leakage, as described under external leakage test in paragraph 3 above is to be conducted immediately following the endurance test.

Annex 8C

HYDROGEN COMPATIBILITY TEST

At temperatures close to ambient a number of metallic materials are susceptible to hydrogen embrittlement, particularly those with a body centered cubic lattice structure. This is a particular problem with many ferritic steels if they are subjected to mechanical stresses. Prior to being able to locally embrittle a metallic structure hydrogen must enter the material in atomic form. In the presence of hydrogen gas the hydrogen molecules have to dissociate first. The process preferably takes place on freshly generated metallic surfaces that are likely to form at surface defects or other stress raisers as a result of stress induced local plastic deformation processes. Impurities like hydrogen sulfide dissociate atomic hydrogen even more easily than molecular hydrogen.

In general the susceptibility to hydrogen embrittlement can be lowered by
-
restricting the hardness and, therefore, the strength level of the material used to a safe value,
-
lowering the level of applied stress,
-
minimizing residual stresses by e. g. stress-relieving weldments and by normalizing or fully
     annealing cold worked material,
-
avoiding or minimizing cold plastic deformation from operations such as cold bending or forming.

In components that are subjected to frequent load cycles all situations shall be avoided that can lead to local fatigue since hydrogen is known to significantly accelerate a possible initiation and propagation of fatigue cracks in a structure.

Austenitic stainless steels in general are not or less susceptible to hydrogen embrittlement and are commonly used as structural materials for hydrogen equipment because of their excellent toughness behavior at cryogenic temperatures. However some of these austenitic stainless steels are not stable and can form martensite when deform at low temperature .This martensite being very sensitive to H2 embrittlement  , it is not recommended to use such materials especially for equipment that shall be warm up to room temperature under H2.

The Hydrogen compatibility may be proved according to standard ISO 11114 Part IV
Annex 9

SPECIAL REQUIREMENTS TO BE APPLIED TO THE SAFETY ASPECTS OF COMPLEX ELECTRONIC VEHICLE CONTROL SYSTEMS

1
General
This Annex defines the special requirements for documentation, verification and test with respect to the safety aspects of Complex Electronic Vehicle Control Systems as far as this Regulation is concerned. 

2
 Documentation

2.1
Requirements. 
The manufacturer shall provide a documentation package which gives access to the basic design of “The System” and the means by which it is linked to other vehicle systems or by which it directly controls output variables.

 The function(s) of “The System” and the Safety Concept, as laid down by the Manufacturer, shall be explained. 

Documentation shall be brief, yet provide evidence that the design and development has had the benefit of expertise from all the system fields which are involved. 

For periodic technical inspections, the documentation shall indicate the means by which the current operational status of the system can be checked. 

2.1.1
Documentation shall be made available in 2 parts:

1. The formal documentation package for the approval, containing the material listed in Paragraph 2 of this Annex, which shall be supplied to the Technical Service at the time of submission of the Type Approval application. This will be taken as the basic reference for the Verification Process set out in Paragraph 3 of this Annex.

2. Additional material and analysis data which shall be retained by the manufacturer, but made open for inspection at the time of Type Approval.

2.2
 Description of the Functions of “The System”.
A description shall be provided which gives a simple explanation of all the control functions of “The System” and the methods employed to achieve the objectives, including a statement of the mechanism(s) by which control is exercised.

2.2.1
A list of all input and sensed variables shall be provided and the working range of these defined.

2.2.2
A list of all output variables which are controlled by “The System” shall be provided and an indication given, in each case, of whether the control is direct or via another vehicle system. The Range of Control (2.38 of definitions) exercised on each such variable shall be defined.

2.2.3
Limits defining the Boundaries of Functional Operation (2.5 of definitions) shall be stated where appropriate to system performance.

2.3
System Layout and Schematics.

2.3.1
Inventory of Components

A list shall be provided, collating all the Units of “The System” and mentioning the other vehicle systems which are needed to achieve the control function in question. 
An outline schematic showing these Units in combination, shall be provided with both the equipment distribution and the interconnections made clear.

2.3.2
Functions of the Units.

The function of each Unit of “The System” shall be outlined and the signals linking it with other Units or with other vehicle systems shall be shown. This may be provided by a labelled block diagram or other schematic, or by a description aided by such a diagram. 

2.3.3
Interconnections.

Interconnections whithin “The System” shall be shown by a circuit diagram for the electric transmission links, by a piping diagram for pneumatic or hydraulic transmission equipment and by a simplified diagrammatic layout for mechanical linkages.

2.3.4
Signal Flow and Priorities.

There shall be a clear correspondence between these transmission links and the signals carried between Units. Priorities of signals on multiplexed data paths shall be stated, wherever priority may be an issue affecting performance or safety as far as this Regulation is concerned.

2.3.5
Identification of Units.

Each Unit shall be clearly and unambiguously marked with marked with the Manufacturer’s identification marking to provide corresponding hardware and documentation association.

Where functions are combined within a single Unit or indeed within a single computer, but shown in multiple blocks in the block diagram for clarity and ease of explanation, only a single identification marking shall be used.

The manufacturer shall, by the use of this identification marking, affirm that the equipment supplied conforms to the corresponding document. 

2.3.5.1
The Identification marking defines the hardware and software version and, where the latter changes such as to alter the function of the unit, this identification marking shall also be changed.

2.4
Safety Concept of the Manufacturer.

2.4.1
The Manufacturer shall provide a statement which affirms that the strategy chosen to achieve “The System” objectives will not, under non-fault conditions, prejudice the safe operation of systems which are subject to the prescriptions of this Regulation.

2.4.2
 In respect of Software employed in “The System”, the outline architecture shall be explained and the design methods and tools used shall be identified. The Manufacturer shall be prepared, if required, to show some evidence of the means by which they determined the realisation of the system logic, during the design and development process.

2.4.3
 The Manufacturer shall provide the Technical Authorities with an explanation of the design provisions built into “The System” so as to generate safe operation under fault conditions. Possible design provisions for failure in “The System” are:
a) Fall-back to operation using a Partial system 
b) Change-over to a separate Back-up system.
c) Removal of the High Level Function.

For each of the chosen provisions, the driver shall be warned for example by warning signals or message displays. When the system is not deactivated by the driver, e.g. by turning the Ignition (run) switch to “off”, or by switching off that particular function if a special switch is provided for that purpose, the warning shall be present as long as the fault condition persists.

2.4.3.1
If the chosen provision selects a partial performance mode of operation under certain fault conditions, then these conditions shall be stated and the resulting limits of effectiveness defined.

2.4.3.2
If the chosen provision selects a second (back-up) means to realise the vehicle control system objective, the principles of the change-over mechanism, the logic and level of redundancy and any built in back-up checking features shall be explained and the resulting limits of back-up effectiveness defined.

2.4.3.3
If the chosen provision selects the removal of the Higher Level Function, all the corresponding output control signals associated with this function shall be inhibited, and in such a manner as to limit the transition disturbance.

2.4.4
The documentation shall be supported, by an analysis which shows, in overall terms, how the system will behave on the occurrence of any one of those specified faults which will have a bearing on vehicle control performance or safety.

This may be based on a Failure Mode and Effect Analysis (FMEA), a Fault Tree Analysis (FTA) or any similar process appropriate to system safety considerations. 
The chosen analytical approach shall be established and maintained by the Manufacturer and shall be made open for inspection by the Technical Service at the time of the Type Approval. 

2.4.5
 This documentation shall itemise the parameters being monitored and shall set out, for each fault condition of the type defined in 2.4.4. above, the warning signal to be given to the driver or to service/technical inspection personnel.


3
 Verification and Test

3.1
The functional operation of “The System”, as laid out in the documents required in Paragraph 2 of this Annex, shall be tested as follows:

3.1.1
 Verification of the Function of “The System”.

As the means of establishing the normal operational levels, verification of the performance of the vehicle system under non-fault conditions shall be conducted against the manufacturer’s  basic benchmark specification unless this is subject to a Specified Performance Test as part of the Approval Procedure of this or another Regulation. 

3.1.2
Verification of the Safety Concept of Paragraph 2.4.

The reaction of “The System” shall, at the discretion of the Type Approval Authority, be checked under the influence of a failure in any individual Unit by applying corresponding output signals to electrical Units or mechanical elements in order to simulate the effects of internal faults within the unit.

3.1.3
The verification results shall correspond with the documented summary of the failure analysis, to a level of overall effect such that the safety concept and execution are confirmed as being adequate.

3.2
 The warning signal specified in 2.4.3. may, in general, be satisfied by one optical signal per complex vehicle system unless any other Regulation applicable to the same equipment, specifically requires multiple signals.
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