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1. INTRODUCTION

1.1 Introduction to CERN

The European Organization for Nuclear Research (CERN) is an intergovernmental organization with 20 Member States*.  It has its seat in Geneva but straddles the Swiss-French border.  Its objective is to provide for collaboration among European States in the field of high energy particle physics research and to this end it designs, constructs and runs the necessary particle accelerators and the associated experimental areas.

At present more than 5000 physicists from research institutes world-wide use the CERN installations for their experiments.

1.2 Introduction to the LHC Project

The Large Hadron Collider (LHC) is the next accelerator being constructed on the CERN site.  The LHC machine will mainly accelerate and collide 7 TeV proton beams but also heavier ions up to lead.  It will be installed in the existing 27 km circumference tunnel, about 100 m underground, that previously housed the Large Electron Positron Collider (LEP).  The LHC design is based on superconducting twin-aperture magnets which will operate in a superfluid helium bath at 1.9 K. This machine is schedule to come in operation in the year 2007.

1.3 Subject of this Technical Specification

The following specification covers a flexible multicore cable for general remote control and data logging purposes.

The cable is mainly intended for indoor operation and will be placed on metallic cable trays in the CERN accelerators. The cable must be radiation resistant and remain operational after an accumulated dose of at least 107 Gy. (according to CERN-IS23, special radiation resistant cables)

The cable must be and halogen free, flame retarding and water proof.

The contractor shall assure that the cables can be stored for at least five years under normal outdoor conditions, without risk of degrading.

2. SCOPE OF SUPPLY

The supply shall include:

· The design, manufacture and conformity tests of the cables.

· The transport to CERN.

3. CONTRACT MANAGEMENT

3.1 Qualification

CERN requires a very high reliability from this cable. The Bidder shall demonstrate that his design is capable of attaining the required reliability and that the quality control is of a sufficient level. The Bidder’s quality system shall comply with ISO 9001 or an equivalent system. The Bidder shall indicate previous assessments in this regard in the tender. CERN reserves the right to eliminate tenders that are not satisfactory in this regard.

The Bidder shall have a similar product to the one that covered by this specification in current production.

The Bidder shall have all the necessary test equipment to fully demonstrate the performance as laid down in this specification.

All major components shall be manufactured in CERN Member States.

3.2 Tendering

All interested Bidders are strongly encouraged to contact CERN and discuss details before making an offer. In particular, CERN wishes to ensure that there is no doubt as to the interpretation of this specification.

If the Bidder finds that any part of this specification is difficult to meet, he is free to propose an alternative solution, provided that the deviations from this specification, together with the reason, are clearly indicated in the tender.

The Bidder shall, in any case, for comparison purposes, submit a basic offer complying with this specification in all aspects.  The alternative solutions shall be proposed as options.

The Bidder shall propose a preliminary design and manufacturing schedule with the tender, based on the CERN delivery program as defined in the Price Enquiry. This schedule shall comprise dates for:

· Presentation of cable construction.

· Presentation of quality control procedures incl. test schedules.
· Production schedule.
· Final test for delivery.

3.3 Progress follow-up

The Bidder shall submit to CERN a description of the foreseen conformity tests for approval.

CERN shall have free access to the factory during the contract period.

The Contractor shall assign a single contract engineer who shall be responsible for all contacts with CERN throughout the duration of the order.

The Contractor shall be responsible for the correct performance of all items supplied, irrespective of whether they have been chosen by the Contractor or suggested by CERN. CERN’s approval of the design does not relieve the Contractor of his responsibilities in this respect.

The Contractor shall, within 2 weeks of notification of the order, supply CERN with a program detailing manufacturing and testing schedules as well as a definitive drawing of the cross section.

During the construction program, the Contractor shall, in writing, submit to CERN any proposed deviation from the specification.  CERN will give its approval or refusal in writing.
4. PRODUCT SPECIFICATION

4.1 Standards
Unless noted otherwise in this specification, the cable shall in all respects comply with the relevant IEC-standards, recommendations and reports (see table 1), including the latest revisions.
Attention is drawn to the following:

IEC 60189-1
Low frequency cables and wires with P.V.C. insulation and P.V.C. sheath.


Concerning only cold bend test.

IEC 60227-1-2
Polyvinyl chloride insulated cables at rated voltages up to and including 450/750 V.


Concerning only wire marking and test methods.

IEC 60228
Conductors of insulated cables.
IEC 60538
Electric cables, wires and cords: methods of test for polyethylene insulation and sheath.

IEC 60540
Test methods for insulations and sheaths of electric cables and cords.
IEC 60538, 538A
Common test methods for insulating and sheathing materials of electric cables.

The equipment shall comply in all respects with CERN electrical safety code C1 and its annexes. The code is derived from IEC standards as well as French and Swiss national standards. The CERN code C1 and the annex SI23 safety instruction are available on request. These documents can also be obtained via the CERN web site, see cover letter.
4.2 Composition of Cables
The four-conductor cable is composed of a single quart, the 5 conductor cable of 5 single wires and the 18, 28, 48 conductors cables shall be constructed from individually twisted wire pairs.  The pitch of the twist shall not exceed 35 mm.

This specification concerns only the 4 conductors (NER4), 48 conductors (NER48),
12 conductors (NFR12) and 28 conductors (NGR28).
The conductors shall be individually numbered or coloured, starting from the centre of the cable.

The laid-up twisted wire-pairs shall be bounded by an insulating tape and covered by a braided copper screen. The screen shall be in contact with a drain wire of the same type and cross section as the wires in the cable, except for the 5 conductor cable where no screen is needed.

If dummy wires are used, they shall be made of glass fibre.

Around the copper screen there shall be wrapped an aluminium - polyester - aluminium tape.

Finally, the outer protective and flame-retardant jacket shall be applied.

4.2.1 Electrical characteristics
· Insulation resistance (min.)

Between cores / 
103 MΩ/km at 20°C

Between cores and screen

· Mutual capacitance typ. (1 kHz) max.
140 nF/km

· Nominal impedance per wire pair

i.e NER18 - NER48 (at 800 Hz)
50 Ω.
4.2.2 Conductors
The conductors shall be of stranded, bare copper in accordance with IEC 60228 specification for Class 5 conductors, i.e. min:

· 19 strands of 0.20 mm ø for 0.50 mm2 nominal cross-section

· 37 strands of 0.31 mm ø for 2.50 mm2 nominal cross-section.

4.2.3 Insulation
The conductors shall be polyimide taped using two tapes and have a finishing layer of a polyimide lacquer to enable printing or colouring.

There must be no air gap between the wire and its insulation. It is therefore recommended to use polyimide tape with FEP coating. 

The particular chemical composition employed very much affects the fire properties which can be obtained.  Since it is not possible for CERN to specify the exact chemical compositions, without endangering the competitive tendering procedure, CERN may ask for samples of the proposed material for testing, unless this has already been done following earlier CERN cable tenders. The results of these tests will be taken into account when placing the order, and CERN will verify during production of the cable, that the required characteristics are maintained.

After irradiation to an accumulated dose of 107 Gy the Tensile Strength shall be not less than 50% of the initial value, and the Elongation at Break not less than 100%.
(according to CERN-IS23, special radiation resistant cables)

4.2.4 Taping
The laid-up conductors shall be wrapped with a polyimide tape of a thickness of about 0.05 mm. Overlapping 40-50%.

4.2.5 Screening

The screen shall consist of a tinned copper braid made of:

· 0.10 mm Ø wires
1 x 4 x 0.5 mm2 (NER4)
· 0.15 mm Ø wires
9 x 2 x 0.5 mm2 (NER18)
· 0.20 mm Ø wires
24 x 2 x 0.5 mm2 (NER48)

· 0.20 mm Ø wires
6 x 2 x 0.75 mm2 (NFR12)
· 0.25 mm Ø wires
14 x 2 x 1 mm2 (NGR28).
A flexible tinned drain wire of the same cross-section and type as the conductors shall run along the cable in contact with the braided screen.

The screen should have a filling factor of min. 70% and a covering factor of min. 90%.
The copper screen shall be covered by a glass fibre sheath.

4.2.6 Outer taping

The screening shall be wrapped with an AL-PETP-AL tape (sandwich type) of a thickness of about 63 µ, overlapping 40 %.

4.2.7 Outer jacket

The jacket material must be flame retarding and entirely free from halogens and sulphur, e.g. a Polyolefin or a copolymer of a Polyolefin. The finished cable must meet the IEC 60332.3 Cat. C specifications for vertically mounted cables. It must also pass the temperature index test BS 2782, T > 260 °C.  The smoke density of the outer jacket (ds), as measured according to IEC 601034, must be less than 250.

The smoke corrosivity of the outer jacket, as measured according to 60754, must show a pH > 4 and a conductivity < 100 µS/cm.

The radiation resistance as point 4.2.3.  The smoke density of the outer jacket (ds), as measured according to ASTM E 662, must be less than 250.

The mechanical strength of the finished cable shall be such that it can be suspended vertically down a 150 m. pit, without risk of internal or external damage due to its own weight.

After thermal ageing of the outer jacket, as per IEC 60538, all electrical and mechanical requirements must be satisfactory.

All electrical and mechanical requirements for the finished cable must be satisfied, after the cold bend test as per IEC 60189-1, sub clause 4.4.2.

As the cables are stored in open air, the jacket material shall have a high UV resistance as per IEC 6068-2-5 (procedure C). 

The jacket colour shall be light grey, RAL 9002.

The nominal radial thickness of the jacket should be at least 1 mm but may be adapted to give the following maximum overall cable diameters:

	Cable type
	Max. overall

diameter
	Type number

AC  DC
	Operating

Voltage
	Screen

	1 x 4 x 0.50 mm2
24 x 2 x 0.50 mm2
6 x 2 x 0.75 mm2
14 x 2 x 1 mm2
9 x 2 x 0.50 mm2

	6,0 mm
17,0 mm

14,5 mm

21 mm
12,0 mm
	CERN-NER4
CERN-NER48

CERN-NFR12

CERN-NGR28
CERN-NER18
	DC- 50 V

DC- 50 V

DC- 50 V

DC- 50 V
DC- 50 V


	Yes

“

“

“

“



	5 x 2,50 mm2
	9,2 mm
	CERN-NJR5
	AC- 380 V
	No


With respect to the basic products for the outer jacket, the manufacturer is encouraged to do his own investigations and to make proposals of the products in order to have them approved by CERN.

The manufacturer remains responsible of the general composition of the sheating products (antioxidants, fillers, etc.) in order to guarantee in the course of time the electrical and mechanical characteristics, under normal use e.g. without ionizing radiation.
4.2.8 Wire marking

Table 2 shows the required wire marking system with individual colour code to distinguish each wire and each pair.

4.2.9 Jacket marking 

The jacket shall be marked at regular intervals with the word “CERN”, the CERN type number “NER4” the manufacturing year, e.g.:

“CERN-NER4 Manufacturer Year ZERO HALOGEN”.
The jacket shall also have a meter calibration (± 1%).

4.3 Service Conditions

Operating temperature range
-10°C to + 60°C
Bending radius 
min 10 x diameter
Operating voltages
250 V rms

380 V rms for NJR5

Minimum insulation resistance

MΩ/km at 20°C
103
5. CONFORMITY TESTS

5.1 Quality control

5.1.1 Type tests

Type test certificates for the cable and materials, authenticated by a neutral inspection body, shall be included in the tender. The certificates shall as a minimum cover the type tests listed in table 1. The certificates shall relate to cables similar to those covered by this specification. CERN reserves the decision, whether, or not to accept the certificates.

If the Contractor can not provide a test certificate, or if the certificate is not accepted, the Contractor shall perform the appropriate type test.

5.1.2 Routine tests

The following routine acceptance tests shall be executed on each length in the Contractor's works in the presence of a representative of CERN:

· visual and dimension examination,

· resistance of conductors at 20°C,

· dielectric strength,

· insulation resistance at 20°C,
· mutual capacitance (1 kHz),

· nominal impedance (800 Hz),
· mechanical performance of wire coding.

Test voltages:

Test voltages (rms) 1 min:

between conductors
1000 V


4 kV for NJR5
between conductors/screen
500 V.

The Contractor is responsible for providing the test equipment and inspection facilities which shall be of sufficient accuracy, quality and quantity to permit the required tests in accordance with the relevant IEC specifications.

The tests shall be performed according to the relevant specifications. The Contractor shall indicate his proposed test methods.

5.1.3 Records
A test record shall be established for each drum with the individual test results. Two copies of this record shall be sent to CERN before the delivery.

5.1.4 Witness tests

CERN reserves the right to witness all tests and other quality control procedures in the factory. Four weeks notice shall be given to CERN in writing for the final test.

5.2 Acceptance
5.2.1 Provisional acceptance

No provisional acceptance tests will be carried out at CERN on delivery. The only trace of quality assurance is thus the records of the tests performed in the factory. Thus, in addition to the complete test records sent to CERN before each delivery, each drum shall carry a weather-proof pocket containing the test record concerning the cable on the drum. 

5.2.2 Final acceptance

Final acceptance will take place at the end of the two-year guarantee period, during which time the cable shall have fully met the CERN specification.  In particular the Contractor shall assure that the cable can be stored for a number of years under normal outdoor conditions without risk of degrading. The specification must be corrected immediately at the Contractor's cost in case of non-conformity. 
6. DELIVERY CONDITIONS

6.1 Quantities (Basic Order) and Delivery Schedule

	Type
	CERN type
	Conductor
	Quantity
	Date of Delivery

	1 x 4 x 0.5 mm2
	NER4
	Copper
	3 km
	10.04.2007

	24 x 2 x 0.5 mm2
	NER48
	Copper
	4 km
	10.04.2007

	6 x 2 x 0.75 mm2
	NFR12
	Copper
	1 km
	10.04.2007

	14 x 2 x 1 mm2
	NGR28
	Copper
	1 km
	10.04.2007

	
	
	Total
	9 km
	


6.2 Packing

The cables shall be delivered on non-returnable drums, each containing a length of at least 200 m (please indicate maximum delivery length). The drum width shall not exceed 750 mm, to enable access to LHC through the odd points. The cables shall be covered with boards, PVC foil or similar, in black colour. The drums shall be covered with wooden planking.

The drums shall be marked with:

· type of cable (CERN's and manufacturer's type),
· length of cable,
· order number,
· number of drum,
· roll direction,
· destination,
· weight.

7. QUESTIONNAIRE

Enclosed with this specification is a questionnaire, which must be completely filled out and returned with the tender. The tender will not be considered as complete without this information.

A cable construction sheet shall be included with the tender, as will be used in manufacturing, indicating also the types of the materials to be used and their suppliers.

8. Persons technically responsible at CERN

	Name
	Tel-Fax
	Email

	R. PIZOT

In case of absence:

J.C. GUILLAUME

	Tel: + 41 22 767 55 98

Fax: + 41 22 767 56 00
Tel: + 41 22 767 53 40
Fax: + 41 22 767 56 00
	Regis.Pizot@cern.ch
Jean-Claude.Guillaume@cern.ch



Table 1 

Required properties for power, control and signal cables

with respect to fire safety and radiation resistance

	PROPERTY
	STANDARD
	REQUIREMENTS
	REMARKS

	Flame and fire

propagation

Fire resistance

Smoke density

Toxicity of fire gases

Corrosivity of fire gases

UV Resistance

Radiation resistance

Oxygen index

Temperature index of sheath
	IEC 60332-1

IEC 60332-2 

IEC 60332-3

IEC 60331

IEC 601034 – Part1 and Part 2

ASTM E 662

(or ASTM F 814)

ATS 1000.001

IEC 60754-2

IEC 6068-2-5

IEC 60544

ISO 4589

BS 2782

Part 1: Methods

143A and 143B


	Pass

Pass

Pass

Pass

D less than 250 in the flaming and non-flaming modes

HF
< 100 ppm
HCl
< 150 ppm
HCN
< 150 ppm
SO2 + H2S
< 100 ppm
CO 
< 3500 ppm
NO + NO2
< 100 ppm
pH greater than 4 and conductivity less than 100 µS/cm

No discoloration

No stickiness

Radiation Index > 5.7

Greater than :

18 cable insulation

28 cable sheath

Pass
	Applies to all cables and to all single wires > 0.5 mm2.

Applies to all single wires.

Applies to all cables with outer diam. > 10 mm,

category C.
For cables with special safety functions (eg. emergency light, alarms, lifts, etc.).

ASTM E662 or F 814 also acceptable.

For cables with outer

diameter > 10 mm

Mean value of at least 3 samples in ppm obtained within 4 minutes under flaming and non flaming conditions.

Cables shall be halogen and sulphur free (less than 0.1% by weight).

Procedure C,

10 days, 40°C.
Elongation at break 50% of initial value at absorbed dose of 5.105 Gy.

Test at high dose rates (greater than 1 Gy/s).

ASTM D 2863 and IEC 332.3, Appendix B, also acceptable. Preferable the value of temperature index shall be given.

FT > 260°C, 

length burnt < 50 mm.



Table 2
Numbering code for control wires
Type NER4
1 x 4 x 0.5 mm2
	
	Wire n°
	Colour
	Wire n°
	Colour

	
	1
	Green
	2
	Black

	
	3
	Brown
	4
	Red

	
	
	
	
	


Type NFR12
6 x 2 x 0.75 mm2
	Pair
	Wire n°
	Colour
	Wire n°
	Colour

	Centre 1
	1
	Green
	2
	Black

	
	
	
	
	

	Layer 8
	3
	Green
	4
	Brown

	
	5
	Green
	6
	Red

	
	7
	Green
	8
	Yellow

	
	9
	Yellow
	10
	Red

	
	11
	Yellow
	12
	Black


Type NER18 
9 x 2 x 0.5 mm2
	Pair
	Wire n°
	Colour
	Wire n°
	Colour

	Centre 1
	1
	Green
	2
	Black

	
	
	
	
	

	Layer 8
	3
	Green
	4
	Brown

	
	5
	Green
	6
	Red

	
	7
	Green
	8
	Yellow

	
	
	
	
	

	
	9
	Yellow
	10
	Red

	
	11
	Yellow
	12
	Black

	
	13
	Yellow
	14
	Brown

	
	
	
	
	

	
	15
	Red
	16
	Brown

	
	17
	Red
	18
	Black


Type NGR28 
14 x 2 x 1 mm2
	Pair
	Wire n°
	Colour
	Wire n°
	Colour

	Centre 2
	1
	Green
	2
	Black

	
	3
	Green
	4
	Brown

	
	
	
	
	

	Layer 8
	5
	Green
	6
	Red

	
	7
	Green
	8
	Yellow

	
	9
	Green
	10
	Orange

	
	11
	Yellow
	12
	Black

	
	13
	Yellow
	14
	Brown

	
	15
	Yellow
	16
	Red

	
	17
	Yellow
	18
	Green

	
	19
	Yellow
	20
	Orange

	
	
	
	
	

	Layer 14
	21
	Red
	22
	Black

	
	23
	Red
	24
	Brown

	
	25
	Red
	26
	Yellow

	
	27
	Red
	28
	Green


Type NJR5 
5 x 2.5 mm2
	
	Wire n°
	Colour
	Wire n°
	Colour

	
	1
	Green
	2
	Black

	
	3
	Brown
	4
	Red

	
	5
	Yellow
	
	


Type NER48
24 x 2 x 0.5 mm2
	Pair
	Wire n°
	Colour
	Wire n°
	Colour

	Centre 2
	1
	Green
	2
	Black

	
	3
	Green
	4
	Brown

	
	
	
	
	

	Layer 8
	5
	Green
	6
	Red

	
	7
	Green
	8
	Yellow

	
	9
	Green
	10
	Orange

	
	11
	Yellow
	12
	Black

	
	13
	Yellow
	14
	Brown

	
	15
	Yellow
	16
	Red

	
	17
	Yellow
	18
	Green

	
	19
	Yellow
	20
	Orange

	
	
	
	
	

	Layer 14
	21
	Red
	22
	Black

	
	23
	Red
	24
	Brown

	
	25
	Red
	26
	Yellow

	
	27
	Red
	28
	Green

	
	29
	Red
	30
	Orange

	
	31
	Orange
	32
	Black

	
	33
	Orange
	34
	Brown

	
	35
	Orange
	36
	Yellow

	
	37
	Orange
	38
	Green

	
	39
	Orange
	40
	Red

	
	41
	Transparent
	42
	Black

	
	43
	Transparent
	44
	Red

	
	45
	Transparent
	46
	Yellow

	
	47
	Transparent
	48
	Green


*	CERN Member States are: Austria, Belgium, Bulgaria, Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary, Italy, The Netherlands, Norway, Poland, Portugal, Slovak Republic, Spain, Sweden, Switzerland and the United Kingdom.
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