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1.
GENERAL 

1.1
SCOPE


This specification covers the characteristics of a very flexible multicore screened twisted pairs cable suitable for power and communication link between silicon strip detectors and remote locations.



The cable is mainly for use in a static application but in spite of it shall be very flexible and as thin as possible.  The bending radius shall be 50 mm. 



It is intended for use in a radiation environment (up to 106 Gy).



The cable  must be halogen free and flame retardant.


1.2
CLASSIFICATION


All standardized cables at CERN have an internal reference known as the SCEM  number.

2.
APPLICABLE DOCUMENTS

This specification makes reference to the following publications :


CERN/FC/1814-II 
(1975)

General conditions of CERN contracts


ISO
8601

(1988)

Data elements and interchange formats








Information interchange








Representation of dates and times


IEC 
68-2-5

(1975)

Basic environmental testing procedures








Test Sa : Simulated solar radiation at ground








level


IEC 
189-1

(1992)

Low frequency cables and wires with PVC


 





insulation and PVC sheath








Part 1: General test and measuring methods



IEC 
227

 

Polyvinyl chloride insulated cables at rated








voltages up to and including 450/750 V



227-1

(1979)

Part 1 : General requirements



227-2

(1985)

Part 2 : Test methods  


IEC 
228

(1982)

Conductors of insulated cables


IEC
332



Tests on electric cables under fire conditions


IEC
332-1

(1993)

Part 1 : Tests on a single vertical insulated wire   




or cable







IEC 
332-3

(1992)

Part 3 : Tests on bunched wires and cables

2.
APPLICABLE DOCUMENTS - cont'd


IEC
544

 

Guide for determining the effects of ionizing 





radiation on insulating materials



544-2

(1991)

Part 2 : Procedures for irradiation



544-4

(1985)

Part 4 : Classification system for service in








radiation environments



IEC
754 



Test on gases evolved during combustion of 





electric cables



IEC
754-2

(1991)

Part 2 : Determination of degree of acidity of 





gases evolved during the combustion of 





materials taken from electric cables by 






measuring pH and conductivity


IEC
811 

 

Common test methods for insulating and 





sheathing materials of electric cables


 





Part 1 : Methods for general application


IEC 
811-1-1

(1989)

Section one - Measurement of thickness and 





overall dimensions - Tests for determining the 





mechanical properties


IEC 
811-1-2

(1989)

Section two - Thermal ageing methods


 


 


Part 2 : Methods specific to elastomeric 






compounds


IEC
811-2-1

(1993)

Section one - Ozone resistance test - 








Hot set test - Mineral oil immersion test








Part 4 : Methods specific to polyethylene and 





polypropylene compounds


IEC
811-4-1

(1993)

Section one - resistance to environmental stress 





cracking, wrapping test after thermal ageing 





in air, measurement if the melt flow index, 





carbon black and/or mineral content 






measurement in PE


IEC
885 



Electrical test methods for electric cables


IEC
885-1

(1987)

Part 1 : Electrical tests for cables, cords and 





wires for voltages up to and including 








450/750 V


 IEC
1034



Measurement of smoke density of electric 





cables burning under defined conditions


IEC
1034-1

(1990)

Partie 1 : Test apparatus


IEC
1034-2

(1991)

Partie 2 : Test procedure and requirements


RAL
840 HR



Farbregister - Beuth Vertrieb GmbH D Kšln

2.
APPLICABLE DOCUMENTS - cont'd


DIN
50049

(1972)

Bescheinigungen über Werkstoffprüfungen


ASTM E 662

(1982)

Test for specific optical density of smoke








generated by solid materials


BS
2782-1

(1989)

Part 1 : Methods 143A and 143B.







Determination of flammability temperature of







materials.
3.
GENERAL CHARACTERISTICS

3.1
CABLE CONSTRUCTION


The cable is a composite system made of various individual twisted pairs with various cross sections.



The pitch of the twist shall be approximatively  50 mm.



The operating voltage for twisted pairs does not exceed 50 Vdc except one for that the operating voltage will be 500 Vdc.



The thin wall technology shall be used to reduce the overall diameter of the finished cable.



The cable construction is summarised as follows : ( APPENDIX 2)

N° 1
 1 pair of 1 mm2 cross section shall be twisted in quad with 1 pair of 0.14 mm2 cross section 

N° 2
1 pair of 1 mm2 cross section shall be twisted in quad with 1 pair of 0.14 mm2 cross section 

N° 3
1 twisted pairs of 0.14 mm2 cross section with operate at 500 Vdc 

N° 4
4 wires of 0.14 mm2 cross section twisted in quad 

N° 5
3 wires of 0.14 mm2 cross section with a drain wire of 0.75 mm2 twisted in quad



If dummy wires are used it shall be very flexible and made of halogen free material.



The laid-up conductors shall be wrapped with an AL/PETP,

                            (aluminized side to the drain wire).



In order to improve the flame non-propagation characteristics the screen may be covered by an another protective polyester foil.



The outer protective jacket  shall be halogen free and flame-retardant. 



Suggestions for the arranging of the twisted pairs is given in appendix 2.

3.
GENERAL CHARACTERISTICS – cont’d


3.2
TWISTED PAIRS CONSTRUCTION    (table I)
Cross section
Conductive core
Insulation

Pairs

(mm2)
Strands

(mm)
Diameter

(mm)
Thickness

(mm)
Overall diameter

(mm)

1
19 X 0.254




0.75
19 X 0.23

n.q
n.q

0.14
7 X 0.162





3.3
MATERIAL AND COMPONENT PARTS


When standard material is not specified below, the relevant IEC standards should be applied.



3.3.1
Conductive cores



The conductive cores shall be made using stranded annealed tinned copper wires. 




Elongation at break of the conductor shall be not less than 15%.




Compliance shall be checked by measuring the elongation at break in accordance with the method specified in sub-clause 3.3 of IEC Publication 189-1.




The conductor resistance, as measured as per IEC 189-1 Publication, must correspond to the value indicated in sub-clause 3.2.



3.3.2
Insulation




The conductive cores shall be coated with a continuous, concentric layer of silicone-polyimide copolymer. The insulation shall be flexible and easy to strip from the conductor, checked according to IEC 189-1 - amdt N° 1 - sub-clause 3.4, leaving the conductor clean for soldering or crimping.




The nominal radial thickness of the insulation shall be adapted to the required operating voltage and meet the dimensions shown in Table I. 



The elongation at break shall be measured on tubular samples in accordance with the method specified in sub-clause 9.1 of IEC Publication 811-1-1. The median of the measured values of elongation at break shall be not less than 300%.

3.
GENERAL CHARACTERISTICS – cont’d


3.3
MATERIAL AND COMPONENT PARTS ​– cont’d



3.3.2
Insulation – cont’d




The insulated conductor must be submitted to the thermal ageing test as described in Publication IEC 811-4-1 sub-clause 9.




Since the installed cables will be exposed to ionizing radiation, it is important to keep the electrical and mechanical characteristics of the insulating material up to the expected accumulated dose of 106 Gy.




CERN requires the tensile strength to be not less than 50% of the initial value, and the elongation at break not less than 100%, after irradiation by a dose of 5.105 Gy executed as per IEC Publication 544.



3.3.3
Wire marking



(see appendix 2 )





3.3.4
Protective foil 1



The laid-up conductors shall be wrapped with an aluminium-polyester tape of about 0.06 mm thickness with an overlap of 30%.

                                         ( aluminized side to the drain wire)



3.3.5
Outer jacket
                                          The outer jacket must be made of polyurethane or any adequate insulating  jacket material free from halogens and sulphur (< 0.1% in weight) and conforming to the requirements hereafter.

                                    
The finished cable must be flame retardant and meet the publications :

IEC 332-1

if the overall diameter is < at 10 mm

IEC 332-3 category C 
if the overall diameter is > at 10 mm




The temperature index of the outer jacket material shall be according to the Publication BS 2782 part 1  and present the following requirements :

Temperature > 260°C

No burning or glowing after T + 12 s




The smoke density of the outer jacket (Ds), as measured as per         ASTM E 662, must be less than 250. The smoke density shall be also measured as per Publication IEC 1034-1 and 2.

3.
GENERAL CHARACTERISTICS - cont'd


3.3
MATERIAL AND COMPONENT PARTS - cont'd






3.3.5
Outer jacket – cont’d




The smoke corrosivity ratings of the outer jacket, as measured as per IEC 754-2, must show a pH > 4 and a conductivity < 100 µS/cm.




The radiation resistance of the outer jacket, as measured as per IEC 544, applied under the conditions as specified in table A, must extend to an accumulated dose of 106 Gy and present at least following minimum ratings :


Dose 0
Dose 5.105 Gy

Tensile strength
8 MPa
50% initial value

Elongation
200 %
100% absolute value

Dielectric strength
100 %
75% initial value




The outer jacket exposed to the ozone resistance test, measured as per IEC publication 811-2-1 clause 8, (volume concentration 300 ppm, 24 h.) must be free from cracks after bending.




The finished cable exposed to the simulated solar radiation test, as per IEC 68-2-5 (procedure C, during 10 days), must show no discolouration nor slimy or sticky aspect.




After thermal ageing of the outer jacket, as per IEC 811-1-2                  sub-clause 8, all the electrical and mechanical requirements must be satisfied.




These requirements apply also for the finished cable after the cold bend test as per IEC 189-1, sub-clause 4.4.2.




The preferred colour of the outer sheath will be grey RAL 9002 according to the RAL 840 HR colour register.




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




The manufacturer remains responsible for 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.

3.
GENERAL CHARACTERISTICS - cont'd


3.3
MATERIAL AND COMPONENT PARTS - cont'd






3.3.6
Outer jacket marking



The jacket shall be marked at regular intervals with the CERN type number and the imposed fire test : 




 (will de defined later)




The jacket shall be calibrated and marked in metres. It is recommended to reset the calibrating counter to zero at the beginning of each drum.




The manufacturer must mark the outer jacket with his name or logo and a five-character batch code (year-week, the latter as per ISO  8601 e.g. 98W48).


3.4
DELIVERY LENGTHS AND DRUMS


The cables shall be delivered on non-returnable drums containing at least
1000 m,  but longer lengths will be preferred. 



The maximum dimensions of the drums are mentioned under appendix 1.



The cables on the drums must be protected from the solar U-V's with a black plastic foil. For the mechanical protection of the cables the heavy drums must be covered with wooden plankings.



The following indications should be provided externally on the drums :



-
order number,



-
N° SCEM (04.71.01.010.7),



-
type of cable (number of conductors and cross-section),



-
cable length,



-
weight,



-
roll direction.

4.
QUALITY CONTROL

4.1
GENERAL 


The general conditions of CERN/FC/1814-II contracts are applicable.



The acceptance inspection is made up of two successive principal phases :



-
the qualification inspection,



-
the quality conformance inspection, the latter including the packing inspection.

4.
QUALITY CONTROL

4.2
INSPECTION STAGES


4.2.1
Qualification inspection



The offer shall contain full details of the materials used and the standards that have been applied.




Any deviation from the present specification shall be clearly stated in detail.




On the demand of CERN, the tender shall submit samples of each insulating material for testing. Four sheets about 2 mm thick measuring about 150 x 150 mm will be sufficient.




The radiation resistance of the insulation materials shall be verified by CERN. A test order shall be placed with the retained manufacturer for the execution of the fire test on the cables.




The other tests of table A shall be executed on cable parts or on the finished cable in the supplier's works or place to be agreed, if requested in the presence of a representative of CERN.




The supplier 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 standards.




A complete test report, according to DIN 50049 - 3.2C, shall be send to :




CERN




Div. SPL-LS




Secretariat Material Management Section




CH - 1211 GENEVA 23

4.
QUALITY CONTROL   cont'd


4.2
INSPECTION STAGES - cont'd



4.2.1
Qualification inspection - cont'd - TABLE A
Properties to be evaluated
Test method
Requirem.

par. N¡

Group 1 - Mechanical tests
-
Visual inspection and dimensions

-
Tensile strength


-
conductive cores


-
insulation


-
outer jacket

-
Stripping of insulation
IEC 811-1-1 
sub-clause 8

IEC189-1 
sub-clause 3.3

IEC 811-1-1
sub-clause 9.1

IEC 811-1-1
sub-clause 9.2

IEC 189-1 
sub-clause 3.4
3.1

3.3.1

3.3.2

3.3.5

3.3.2

Group 2 - Electrical tests
-
Resistance of conductive cores at 20°C

-
Dielectric strength

-
Insulation resistance at 20°C
IEC 189-1
sub-clause 5.1

IEC 189-1
sub-clause 5.2

IEC 189-1
sub-clause 5.3
3.2

3.2

3.2

Group 3 - Chemical tests
-
Indelibility markings

-
Temperature index

-
Smoke density

-
Smoke corrosivity
IEC 227-2
sub-clause 1.8

BS 2782-1

ASTM E 662 & IEC 1034-1/2

IEC 754-2
 
3.3.3

3.3.5

3.3.5

3.3.5

Group 4 - Environmental tests
-
Thermal ageing


 -
conductive core insulation


-
outer jacket

-
Cold bend

-
Flame non-propagation

-
Radiation resistance

-
U-V resistance

-
Ozone resistance
IEC 811-4-1
sub-clause  9

IEC 811-1-2
sub-clause  8

IEC 189-1
sub-cl.  4.4.2

IEC 332-1, 332-3 cat. CF

IEC 544-2
sub-clause  8

-    Radiation field :

 -
4.1015nth/m2s

-
4.1014nr/m2s

-
Dose rate : 50 Gy/s

-
Irradiation medium :


air at 40°C

-
Dosimetry method :


ionization chamber

IEC 68-2-5, proc. C

IEC 811-2-1 
sub-clause 8
3.3.2

3.3.5

3.3.5

3.3.5

3.3.5

3.3.5

3.3.5

4.
QUALITY CONTROL - cont'd


4.2
INSPECTION STAGES - cont'd



4.2.2
Quality conformance inspection



Each partial or complete delivery shall be subjected to the constant quality test.




The tests of table B must be executed on the finished cable in the supplier's works or a place to be agreed, if requested in the presence of a representative of CERN.




The supplier shall send, by separate post, a test report to the technical responsible at CERN mentioned in the commercial documents.




Not any physical cable delivery shall be accepted before reception of the test report.



The test report must mention following administrative details :

· order number




-
batch number as printed on cable jacket






(see sub-clause 3.3.8)

· N° SCEM 

· type of cable (number of conductors and cross-section) 

· cable length

· name of manufacturer

4.
QUALITY CONTROL – cont’d


4.2
INSPECTION STAGES – cont’d



4.2.2
Quality conformance – cond’d

TABLE B
Properties to be evaluated
Test method
Requirem.

par. N°

Group 1 - Mechanical tests

-
Visual inspection and dimensions

-
Tensile strength outer jacket

-
Stripping of insulation
IEC 811-1-1
sub-clause 8

IEC 811-1-1
sub-clause 9.2

IEC 189-1 
sub-clause 3.4
3.2

3.3.5

3.3.2

Group 2 - Electrical tests

-
Résistance of conductive cores at 20°C

-
Insulation resistance at 20°C
IEC 189-1
sub-clause 5.1

IEC 189-1
sub-clause 5.3
3.2

3.2

Group 3 - Chemical tests

-
Indelibility markings
IEC 277-2
sub-clause 1.8
3.3.5



4.2.3
Packing inspection



Each partial or complete delivery shall be subjected to a packing inspection (see sub-clause 3.4)

APPENDIX 1

Max. dimensions of drums
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APPENDIX 2

                                             CABLE  DESIGN AND COLOUR CODING
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N°1:                  2 WIRES 1mm2 (19 X 0.254),                   RED, BLUE

                          2 WIRES 0.14 mm2 (7 X 0.162),              WHITE, GREEN

N°2:                  2 WIRES 1mm2 (19 X 0.254),                  GREY- BLACK, GREY-RED

                          2 WIRES 0.14 mm2 (7 X 0.162),              WHITE-BROWN, WHITE-BLUE

N°3:                  1 TWISTED PAIR 0.14 mm2,                  WHITE-GREY, WHITE-VIOLET

                           (HV) (7 X 0.162)

N°4:                  4 WIRES 0.14 mm2 TWISTED               WHITE-BLACK, WHITE-RED

                          IN QUAD , (7 X 0.162)                            WHITE-GREEN, WHITE-YELLOW 

N°5:                  3 WIRES 0.14 mm2,                                  YELLOW, BROWN, BLACK

                         TWISTED IN TRHEE

N°6:                 1 DRAIN WIRE 0.75 mm2

                          ( 19 X 0.23)
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