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The cable described in this chapter has been studied and developed by ALCATEL according to international submarine cable standards (ITU recommendations G976 )
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1.
GENERAL

1.1
General Design of Cables

The main function of the cable is to protect the optical fibres.

To this end, cable is designed to provide protection over the entire service life of the cable, including laying, burial, and recovery operations.

A secondary function is that its metallic elements are used either to feed electric current to the repeaters or to inject a low current to monitor on a permanent basis the status of the systems and to localise cable breaks.

The cable can accommodate up to 6 pairs of fibres, laid in a jelly filled steel tube, surrounded by two layers of steel wires that form a protective vault, against pressure and impact forces, and provide tensile strength. This vault is then surrounded by a hermetic copper tube, covered with a layer of polyethylene.  The cable is available with two standard resistance options, 1.6 (/km (type 30) and in 1.0 (/km (type 31). 

For shallow waters, external layers of steel armour wires can be added, different types of armouring being available.

The cable design ensures that no strain and only ultra low pressure is exerted on the fibres in normal operation. Even if the cable breaks, high strains and seawater ingress are limited to a short length, so that the bulk of the cable will remain serviceable.

These high performances are made possible through a cable structure that isolates fibres from mechanical stresses in normal operations. This is achieved with a unique design where fibres lie freely in a longitudinally welded steel tube. As a result the cable can practically support any type of fibres provided they can handle a proof- test.

Even in the most adverse conditions (such as cable recovery), cable parameters are dimensioned so that stress applied onto the fibres never reaches critical levels.

Moreover, the combination of loose structure and proof-test prevents any fibre break that would be due to ageing stress during the 25 year design life of the system.

Whenever possible, the selected raw materials are those we used in our previous coaxial and fibre optic cable which have demonstrated more than 20 years total reliability.

We, however, reserve the right to make any modification of the production, inspection or raw material specifications if this modification improves the efficiency of the production or the quality of the product.

1.2
Description of Cables, General Characteristics and Definition

1.2.1
Deep sea cable

1.2.11
Lightweight cable (see figure 1.3)

Optical fibres are set in the steel tube. The tube is filled with a thixotropic and non-hygroscopic compound. This structure is called fibre unit structure (see figure 1.1).

The fibre unit structure is protected by a very high strength steel wire vault. This is surrounded by a copper tube, produced by forming a tape around the steel vault, seam welding it, and swaging it onto the strands. This structure is called strand Composite Conductor (see figure 1.2).

Longitudinal water-tightness is provided by water blocking material. 

The Composite Conductor is then polyethylene insulated. This polyethylene insulation also provides abrasion resistance. This structure, used for deep sea deployment, is our lightweight cable (LW type).

This cable may be used at any sea depth between 0 and 8000 meters (Type 30 - 1.6 (/km) or down to 7000 meters (Type 31 - 1 (/km).

1.2.12
Lightweight protected cable (see figure 1.4)

The lightweight cable structure is then protected by an additional steel tape which surrounds the insulated sheath with an overlap and which is then recovered by a second sheath of high density polyethylene. This ensures an additional protection against abrasion and fish-bites.

This cable may be used at any sea depth between 0 and 7000 meters (Type 30 – 1.6 (/km) or down to 6000 meters (Type 31 – 1 (/km), but is generally used between 1000 and 3500 meters.

1.2.13
Reinforced LW cable (see figure 1.4 b)

This cable is used on at least one leg of a Branching Unit when it is laid in deep water or when specific environmental conditions require to have a higher safety margin for repair operation and submerged plant recovery. The optical fibres are set in a central steel tube which is sheathed and surrounded by a composite strength member made of a similar but stronger structure than the one of the 17 mm cable. The Composite Conductor is then polyethylene insulated.
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Figure 1.1:  Fibre Unit Structure Cable
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Figure 1.2:  Composite Conductor
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE 30

	Number of optical fibres (n)
	
	Up to 12
	Up to 12

	Steel vault diameter
	mm
	7.2
	7.2

	Number of wires in the first lay (left hand)
	
	8
	8

	Diameter of the wire
	mm
	1.4
	1.4

	Number of wires in the second lay (left hand)
	
	16
	16

	Diameter of the wires
	mm
	1.0 / 1.3
	1.0 / 1.3

	Outer diameter
	mm
	17
	17

	Cable Resistance 
	(
	1.0
	1.6

	Weight in air 
	kg/m
	0.56
	0.50

	Weight in water 
	kg/m
	0.33
	0.27

	Storage factor
	m3/km
	0.26
	0.26

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	70
	70

	Permanent tension acceptable (NPTS)
	kN
	20
	20

	Operating tension acceptable (NOTS)
	kN
	30
	30

	Short term tension acceptable (NTTS)
	kN
	50
	50

	Modulus 
	km
	>21
	>25

	Crush resistance
	kN
	30
	30

	Impact resistance
	J
	>20
	>20

	Pressure resistance
	Mpa
	100
	100

	Hydrodynamic constant (Laying / Recovery)
	deg.Knots
	46 / 53
	41 / 48


Figure 1.3:  Lightweight Cable  (LW)
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE 30

	Cable core diameter
	mm
	17
	17

	Steel vault diameter
	mm
	7.2
	7.2

	Number of wires in the first lay (left hand)
	
	8
	8

	Diameter of the wire
	mm
	1.4
	1.4

	Number of wires in the second lay (left hand)
	
	16
	16

	Diameter of the wires
	mm
	1.0 / 1.3
	1.0 / 1.3

	Outer diameter
	mm
	23
	23

	Cable Resistance 
	(
	1.0
	1.6

	Weight in air 
	kg/m
	0.81
	0.75

	Weight in water 
	kg/m
	0.38
	0.32

	Storage factor
	m3/km
	0.48
	0.48

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	70
	70

	Permanent tension acceptable (NPTS)
	kN
	20
	20

	Operating tension acceptable (NOTS)
	kN
	30
	30

	Short term tension acceptable (NTTS)
	kN
	50
	50

	Modulus 
	km
	>17
	>22

	Crush resistance
	kN
	30
	30

	Impact resistance
	J
	>20
	>20

	Pressure resistance
	Mpa
	100
	100

	Hydrodynamic constant (Laying / Recovery)
	deg.Knots
	42 / 49
	39 / 45


Figure 1.4:  Lightweight Protected Cable  (LWP)
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Note: The diameter of the tube may be adapted to the actual maximum number of fibre

	CHARACTERISTICS
	UNIT
	VALUES

	Number of optical fibres
	
	Up to 24

	Steel vault diameter
	mm
	9.85

	Number of wires in the first lay (left hand)
	
	12

	Diameter of the wire
	mm
	1.63

	Number of wires in the second lay (left hand)
	
	24

	Diameter of the wires
	mm
	0.96

	
	mm
	1.31

	Outer diameter
	mm
	21.5

	Weight in air
	kg/m
	0.79

	Weight in water
	kg/m
	0.41

	PERFORMANCES
	UNIT
	VALUES

	Cable breaking load (CBL)
	kN
	100

	Permanent tension acceptable (NPTS)
	kN
	35

	Operating tension acceptable (NOTS)
	kN
	60

	Short term tension acceptable (NTTS)
	kN
	85

	Modulus
	km
	24

	Pressure resistance
	MPa
	100

	Hydrodynamic constant (Laying / Recovery)
	deg.Knots
	46 / 53


Figure 1.4 b:  Reinforced LW cable general characteristics

1.2.2
Armoured cables

Armoured cables use the deep sea cable (type LW) structure, where additional protection is provided according to the conditions and nature of the sea bed.

1.2.21
Single armoured light cable (Figure 1.5)

Single armour Light cable is made by laying high strength galvanised steel wires over the deep sea cable structure. This layer is covered by polypropylene yarns impregnated with bituminous compound. This cable is normally used where full protection by burial is possible. 

This cable may be used at any sea depth between 0 and 2000 meters. 
1.2.22
Single armoured cable (Figure 1.6)

Single armour cable is made by laying strength galvanised steel wires over the deep sea cable structure. This layer is covered by polypropylene yarns impregnated with bituminous compound. This cable is normally used where only partial protection by burial is possible.

This cable may be used at any sea depth between 0 and 1500 meters.

1.2.23
Single armoured cable heavy (Figure 1.7)

Single armour heavy cable is made by laying a polypropylene yarn bedding and then strength galvanised steel wires over the deep sea cable structure. This layer is covered by polypropylene yarns impregnated with bituminous compound. This cable is normally used where only partial protection by burial is possible in regions where hazards such as intensive fishing are present.

This cable may be used at any sea depth between 0 and 1500 meters.

1.2.24
Double armoured medium cable (Figure 1.8)

Double armoured medium cable is made by adding to the single armour a layer of galvanised steel wire. This layer is covered with polypropylene yarns impregnated with bituminous compound.  This cable is normally used for surface laying or for adding additional protection where burial was originally thought possible.

This cable may be used at any sea depth between 0 and 500 meters but is generally used between 0 and 200 meters.

1.2.25
Double armoured cable (Figure 1.9)

Double armoured cable is made by adding to the single armour a layer of galvanised steel wire. This layer is covered with polypropylene yarns impregnated with bituminous compound. 

This cable may be used at any sea depth between 0 and 500 meters but is generally used between 0 and 200 meters.

1.2.26
Double Armoured Heavy Cable (Figure 1.10)

Double armoured cable is made by adding to the single armour heavy a layer of galvanised steel wire. This layer is covered with polypropylene yarns impregnated with bituminous compound. This cable is normally used for surface laying in regions where hazards such as intensive fishing are present.

This cable may be used at any sea depth between 0 and 500 meters but is generally used between 0 and 200 meters.

1.2.27
Double armoured rock cable (Figure 1.11)

This cable shows the same design as double armoured cable except for the outer armour layer pitch, which is shorter to ensure proper matching of any abrasive uneven sea beds. This cable is normally used for surface laying in regions where hazards such as intensive fishing are present.

This cable may be used at any sea depth between 0 and 200 meters.


[image: image7.wmf]galvanized

 steel wires

Fiber

 Unit Structure with

composite conductor

Insulating sheath

Ø 17 mm

Layers black

  PP yarn

Layer of compound


	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE 30

	Core cable diameter
	mm
	17
	17

	First lay steel wire diameter
	mm
	3.4
	3.4

	Number of steel wires in the first lay (LH)
	
	18
	18

	Pitch
	mm
	470
	470

	Outer diameter
	mm
	28
	28

	Weight in air 
	kg/m
	2.1
	2.0

	Weight in water 
	kg/m
	1.5
	1.4

	Storage factor
	m3/km
	0.75
	0.75

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	280
	280

	Permanent tension acceptable (NPTS)
	kN
	100
	100

	Operating tension acceptable (NOTS)
	kN
	150
	150

	Short term tension acceptable (1h) (NTTS)
	kN
	200
	200

	Modulus 
	km
	>19
	20

	Crush resistance
	kN
	40
	40

	Impact resistance
	J
	>400
	>400

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant 
	deg.Knots
	76
	73


Figure 1.5:  Single Armoured Light Cable  (SAL)
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE30

	Core cable diameter
	mm
	17
	17

	First lay steel wire diameter
	mm
	4.6
	4.6

	Number of steel wires in the first lay (LH)
	
	14
	14

	Pitch
	mm
	470
	470

	Outer diameter
	mm
	31
	31

	Weight in air
	kg/m
	2.7
	2.6

	Weight in water 
	kg/m
	1.9
	1.8

	Storage factor
	m3/km
	0.9
	0.9

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	370
	370

	Permanent tension acceptable (NPTS)
	kN
	150
	150

	Operating tension acceptable (NOTS)
	kN
	200
	200

	Short term tension acceptable (1h) (NTTS)
	kN
	250
	250

	Modulus 
	km
	>19
	20

	Crush resistance
	kN
	40
	40

	Impact resistance
	J
	>400
	>400

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant 
	deg.Knots
	81
	79


Figure 1.6:  Single Armoured Cable  (SA)
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE30

	Core cable diameter
	mm
	17
	17

	First lay steel wire diameter
	mm
	4.6
	4.6

	Number of steel wires in the first lay (LH)
	
	15
	15

	Pitch
	mm
	470
	470

	Outer diameter
	mm
	34
	34

	Weight in air
	kg/m
	2.9*
	2.9*

	Weight in water 
	kg/m
	2.0*
	1.9*

	Storage factor
	m3/km
	0.9*
	0.9*

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	370
	370

	Permanent tension acceptable (NPTS)
	kN
	150*
	150*

	Operating tension acceptable (NOTS)
	kN
	200*
	200*

	Short term tension acceptable (1h) (NTTS)
	kN
	250*
	250*

	Modulus 
	km
	>18*
	19*

	Crush resistance
	kN
	100*
	100*

	Impact resistance
	J
	>400
	>400

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant 
	deg.Knots
	96*
	96*


*to be confirmed by Qualification 

Figure 1.7  Single Armoured Heavy Cable  (SAH)
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE 30

	Core cable diameter
	mm
	17
	17

	First lay steel wire diameter
	mm
	3.4
	3.4

	Number of steel wires in the first lay (LH)
	
	18
	18

	Pitch
	mm
	470
	470

	Second lay mild steel wire diameter
	mm
	7.0
	7.0

	Number of steel wires in the second lay (LH)
	
	15
	15

	Pitch
	mm
	590
	590

	Outer diameter
	mm
	48
	48

	Weight in air 
	kg/m
	7.2 
	7.1

	Weight in water 
	kg/m
	5.3 
	5.2

	Storage factor
	m3/km
	2.2
	2.2

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	450
	450

	Permanent tension acceptable (NPTS)
	kN
	150
	150

	Operating tension acceptable (NOTS)
	kN
	250
	250

	Short term tension acceptable (NTTS)
	kN
	350
	350

	Modulus
	km
	>8 
	>8 

	Crush resistance
	kN
	50
	50

	Impact resistance
	J
	400
	400

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant
	deg.Knots
	109 
	108


Figure 1.8:  Double Armoured Medium Cable  (DAM)
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE 30

	Core cable diameter
	mm
	17
	17

	First lay steel wire diameter
	mm
	4.6
	4.6

	Number of steel wires in the first lay (LH)
	
	14
	14

	Pitch
	mm
	470
	470

	Second lay mild steel wire diameter
	mm
	7.0
	7.0

	Number of steel wires in the second lay (LH)
	
	15
	15

	Pitch
	mm
	590
	590

	Outer diameter
	mm
	46
	46

	Weight in air 
	kg/m
	7.6
	7.5

	Weight in water 
	kg/m
	5.8
	5.7

	Storage factor
	m3/km
	2.2
	2.2

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	560
	560

	Permanent tension acceptable (NPTS)
	kN
	200
	200

	Operating tension acceptable (NOTS)
	kN
	300
	300

	Short term tension acceptable (NTTS)
	kN
	400
	400

	Modulus 
	km
	>9
	10

	Crush resistance
	kN
	50
	50

	Impact resistance
	J
	>400
	>400

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant 
	deg.Knots
	116
	115


Figure 1.9:  Double Armoured Cable  (DA)
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE 30

	Core cable diameter
	mm
	17
	17

	First lay steel wire diameter
	mm
	4.7
	4.7

	Number of steel wires in the first lay (LH)
	
	15
	15

	Pitch
	mm
	470
	470

	Second lay mild steel wire diameter
	mm
	7.0
	7.0

	Number of steel wires in the second lay (LH)
	
	16
	16

	Pitch
	mm
	590
	590

	Outer diameter
	mm
	50
	50

	Weight in air 
	kg/m
	8.2*
	8.1*

	Weight in water 
	kg/m
	6.2*
	6.1*

	Storage factor
	m3/km
	2.2*
	2.2*

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	560
	560

	Permanent tension acceptable (NPTS)
	kN
	200
	200

	Operating tension acceptable (NOTS)
	kN
	300
	300

	Short term tension acceptable (NTTS)
	kN
	400
	400

	Modulus 
	km
	9
	9

	Crush resistance
	kN
	100*
	100*

	Impact resistance
	J
	>400
	>400

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant 
	deg.Knots
	116
	115


*To be confirmed by Qualification

Figure 1.10:  Double Armoured Heavy Cable  (DAH)
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	CHARACTERISTICS
	UNIT
	TYPE 31
	TYPE30

	Core cable diameter
	mm
	17
	17

	First lay steel wire diameter
	mm
	4.6
	4.6

	Number of steel wires in the first lay (left hand)
	
	14
	14

	Pitch
	mm
	470
	470

	Second lay mild steel wire diameter
	mm
	7.0
	7.0

	Number of steel wires in second lay (left hand)
	
	12
	12

	Pitch
	mm
	146
	146

	Outer diameter
	mm
	46
	46

	Weight in air 
	kg/m
	7.5
	7.4

	Weight in water 
	kg/m
	5.7
	5.6

	Storage factor
	m3/km
	2.2
	2.2

	PERFORMANCES
	UNIT
	TYPE 31
	TYPE 30

	Cable breaking load (CBL)
	kN
	370
	370

	Permanent tension acceptable (NPTS)
	kN
	150
	150

	Operating tension acceptable (NOTS)
	kN
	200
	200

	Short term tension acceptable (1h) (NTTS)
	kN
	250
	250

	Modulus 
	km
	>6
	7

	Crush resistance
	kN
	60
	60

	Impact resistance
	J
	>400
	>400

	Pressure resistance
	MPa
	100
	100

	Hydrodynamic constant 
	deg.Knots
	115
	114


Figure 1.11  Rock  Armoured Cable  (RA)

Table 1: Cable Characteristics

	Characteristics
	Unit
	LW
	LWP
	SAL
	SA
	SAH
	DAM
	DA
	DAH
	RA

	Core cable diameter
	mm
	17
	17
	17
	17
	174
	17
	17
	17
	17

	First lay steel wire diameter
	mm
	-
	-
	3.4
	4.6
	4.7
	3.4
	4.6
	4.7
	4.6

	Number of steel wires in the lay
	
	-
	-
	18
	14
	15
	18
	14
	15
	14

	Pitch
	mm
	-
	-
	470
	470
	470
	470
	470
	470
	470

	Second lay mild steel wire diameter
	mm
	-
	-
	-
	-
	-
	7.0
	7.0
	7.0
	7.0

	Number of steel wires in the lay
	
	-
	-
	-
	-
	-
	15
	15
	16
	12

	Pitch
	mm
	-
	-
	-
	-
	-
	590
	590
	590
	146

	Outer diameter
	mm
	17
	23
	28
	31
	34*
	48
	46
	50*
	46

	Weight in air           1(/km 

           1.6(/km
	kg/m

kg/m
	0.56 0.50
	0.81  0.75
	2.1 2.0
	2.7  2.6
	2.9*    2.9*
	7.2    7.1
	7.6  7.5
	8.2*    8.1*
	7.5  7.4

	Weight in water       1(/km  1.6(/km
	kg/m

kg/m
	0.33  0.27
	0.38  0.32
	1.5  1.4
	1.9  1.8
	2.0*   1.9*
	5.3  5.2
	5.8  5.7
	6.2*     6.1*
	5.7  5.6

	Performances
	Unit
	LW
	LWP
	SAL
	SA
	SAH
	DAM
	DA
	DAH
	RA

	Cable breaking load 

(UTS)*
	kN
	70
	70
	280
	370
	370
	450
	560
	560
	370

	Permanent Tension acceptable (NPTS)*
	kN
	20
	20
	100
	150
	150*
	150
	200
	200*
	150

	Operating Tension acceptable (NOTS)*
	kN
	30
	30
	150
	200
	200*
	250
	300
	300*
	200

	Short term Tension acceptable (NTTS)*
	kN
	50
	50
	200
	250
	250*
	350
	400
	400*
	250

	Modulus                 1(/km

1.6(/km
	km

km
	>21 25
	17  22
	>19  20
	>19  20
	18*

19*
	>8

>8
	>9  10
	9*

10*
	>6    7

	Hydrodynamic constant   for Recovery          1(/km

1.6(/km
	     deg.knotsdeg.knots
	53  48
	49  45
	76  73
	81  79
	79*   77*
	109  108
	116  115
	115*   114*
	115 114


*To be confirmed by Qualification

2.
FIBRE UNIT STRUCTURE

2.1
Description (see figure 1.1)

The fibre unit structure is designed as follows (from inner to outer part): 

· optical fibres freely set in the steel tube,

· thixotropic and non hygroscopic filling compound,

· steel tube,

2.2
Manufacturing of Steel Tube and Fibre Deposition in the Steel Tube

2.2.1
Raw material

· Metal strip

Raw material is stainless steel.

Composition invariability is guaranteed by supplier and checked by statistical sampling and incoming testing.

· Filling compound

Filling compound shows good thixotropy, is non hygroscopic and has low shearing stress against fibre. It is chosen for its compatibility with fibre coating and steel.

This thixotropic silicone jelly has been chosen after a large investigation in filling compounds. The selected product gives no leakage and no phase separation after processing on a long term basis. The shearing force is constant for any given length of fibre, allowing easy positioning of fibres. Its friction force in the longitudinal direction increases exponentially with the length.

2.2.2
Manufacturing

The metal strip is formed into tube through a preforming mill.

Optical fibres are introduced into the formed tube, just prior to the welding operation, through a specially designed feeding system.

The manufacturing process is such that there is fibre excess length.

Filling compound is injected into the tube, through specially designed equipment.

The formed tube is laser welded longitudinally and checked for defects, through a weld fault detector.

The welded tube is reduced to the required size, through a reduction mill, then it is taken up onto tube take up tank.

2.3
Mechanical Characteristics of Fibre Unit Structure 

The fibre in the fibre unit structure has an excess length.

2.4
Optical Characteristics of Fibre Unit Structure 

The following parameters are measured:

· Back scattering: no localised attenuation increase due to local stress shall appear during tubing,

· Transmission attenuation

· Chromatic dispersion (when applicable)

· Polarisation mode dispersion (when applicable)

3.
DEEP SEA CABLE : LIGHTWEIGHT CABLE (LW)

3.1
Description

The deep-sea cable consists of a fibre unit structure inside a composite conductor. An insulating sheath is extruded on the composite conductor (LW cable, see Fig. 1.3).

3.2
Composite Conductor

3.2.1
Raw materials

3.2.11
Steel wires

The carbon steel wires are of high grade.

3.2.12
Conductor copper tape

The tape is to be of high conductivity copper.

3.2.2
Manufacturing

3.2.21
Steel vault

The steel wires are stranded in two layers around the fibre unit structure. The arrangement of different wires is designed to form a vault.

During the manufacturing, water-blocking material is injected to provide longitudinal water tightness.

3.2.22
Copper tube
The copper tape is longitudinally formed around the strand.

The tube formed from the tape is continuously welded along the vault.

3.2.23
Composite conductor

The formed and welded copper tube is reduced in diameter and shrunk on the strand to form the composite conductor.

3.2.3
Mechanical characteristics

Winding: the composite conductor must be capable of being wound around a mandrel of 140 mm diameter, with the weld stretched, without cracking of the copper nor weld.

Copper to steel adherence: adherence of the copper to the steel must be equal to or greater than 35 daN, for a test sample of 25 mm.

3.2.4
Optical characteristics

Back scattering measurements are carried out .

3.3
Insulating Sheath  (LW type)

3.3.1
Raw materials

A thin layer of adhesive copolymer is applied on the copper on line before the main insulating layer extrusion. The insulating sheath is composed of a polyethylene material with high abrasion resistance.

3.3.2
Manufacturing

The polymers are extruded on the composite conductor. The sheath is cooled with a temperature gradient to produce clamping to the composite conductor, and enabling complete solidification of the mixture forming the sheath before the cable is submitted to external pressures. The extrusion process prevents the formation of bubbles and external marking.

The cable sheath is tested electrically using a sparkler to detect any defect liable to affect waterproofing.

3.3.3
Mechanical characteristics of the lightweight cable (LW type)

Neither optical, nor mechanical, nor electrical damage should occur after 30 reverse bends on 1 meter radius.

3.3.4
Electrical characteristics

The electrical characteristics of the cable and specifically the resistance of composite conductor are compatibles with the use of electroding fault detection method.

Each manufactured section length is electrically checked.

	Composite conductor resistance
	< 1.0 to 1.6 (/km at 10°C

	Insulation between composite conductor and water
	>  105   M(.km

	Dielectric strength between composite conductor and water
	> 45kV DC for 5 min

	Nominal capacitance of the cable when measured in sea water
	0.18 µF/km (typical)


Table 2:  Electrical characteristics of cables

3.3.5
Transmission characteristics

Each manufactured section length is optically checked:

· Back scattering: no localised attenuation increase due to local stress shall appear during cabling,

· Transmission loss

· Chromatic dispersion (where applicable)

· Polarisation mode dispersion (where applicable)

3.4
Lightweight protected cable (See figure 1.4)

3.4.1
Raw materials

Metal strip and high density polyethylene.

3.4.2
Manufacturing

The strip is longitudinally formed around the strand with a small overlap.

The polymers are extruded on the strip formed on the cable. The sheath is cooled with a temperature gradient to produce clamping to the screen tape, and enabling complete solidification of the mixture forming the sheath before the cable is submitted to external pressures. the extrusion process prevents the formation of bubbles and external marking.

The cable sheath is tested electrically using a sparkler to detect any defect liable to affect waterproofing.

3.4.3
Mechanical characteristics of  lightweight protected cable (LWP type)

Neither optical, nor mechanical, nor electrical damage should occur after 30 reverse bends on 1 meter radius.

3.4.4
Electrical characteristics

Electrical characteristics of LWP are identical to those of LW cable, see table 3.

3.4.5
Transmission characteristics

Each manufactured section length is optically checked: back scattering: no localised attenuation increase due to local stress shall appear during cabling.

4.
ARMOURED CABLES

4.1
General

Armoured cables are manufactured starting from deep-sea cable. Consequently, this chapter describes only the armour manufacturing. The characteristics of the inside components are described in the relevant paragraphs in the deep-sea cable chapter.

4.2
Single armoured and single armoured light cables (SAL, SA and SAH)

4.2.1
Raw materials

4.2.11
Steel wire

The wires are of high strength carbon steel hot galvanised.

4.2.12
Polypropylene yarn (PIP fibre)

The ropes used are of black polypropylene.

4.2.13
Compounds

Wetting compounds are bituminous products.

4.2.2
Armouring

The armouring is processed on a special line. The successive operations are as follows:

· bedding layer of PIP yarn on SAH 

· one layer of steel wires,

· application of bituminous compound,

· cabling of layers of PIP yarn,

· application of bituminous compound,

· white washing (chalk).

4.2.3
Mechanical characteristics

Neither optical, nor mechanical, nor electrical damage should occur after 30 reverse bends without tension on 1 meter radius.

4.2.4
Electrical characteristics 

See paragraph 3.3.4 - Lightweight cable 

4.2.5
Transmission characteristics 

Each section is optically checked by back scattering measurement.

4.3
Double Armoured and Rock Armoured Cable (DAM, DA, DAH and RA)

4.3.1
Raw materials

4.3.11
First layer of steel wires

Same as single armoured steel wires (see 4.2.1.1).

4.3.12
Second layer galvanised steel wires

The wires are of carbon steel. They are hot galvanised with first fusion zinc.

4.3.2
Armouring

The armouring is processed on a special line. The successive operations are as follows:

· bedding layer of PIP yarn on SAH 

· one layer of steel wires,

· application of bituminous compound,

· cabling of layers of PIP yarn,

· one layer of steel wires,

· application of bituminous compound,

· cabling of layers of PIP yarn,

· white washing (chalk).

4.4
Cable Transitions

When using different cable types over a link, transitions between two types of cable are necessary to ensure proper transmission of all mechanical parameters from one cable type to another. These transitions are usually made during the manufacture process (i.e. armouring or insulation stages).
Transitions between armoured cables

For these types of transition DA/SA, DAH/SAH, DAM/SAL, SA/LW or SAL/LW transitions, pairs of opposite armour steel wires are cut at specified distances, and replaced by plastic wires (so-called fillers) to fill in the gap left empty by the taken out steel wires. The transition process is over when all steel wires of the outer lay have been removed.

For a transition between two types of cable showing different numbers of steel wires with the same size (e.g. RA/DA transition), the steel wires are locally added or subtracted

For a transition between two types of cables showing different numbers and different sizes of steel wires (e.g. SAH/SAL), the steel wires are replaced by pairs. The remaining wires are gradually added or subtracted.

When combining RA to SAH cable or DAH to SAL cable, a first transition is made, then after a certain distance a second transition is made.

For transitions involving lightweight protected cable (i.e. SA/LWP, SAL/LWP or LW/LWP transitions), since the LWP cable diameter is larger and since we have to terminate the screen and connect it to an earth electrode, the transition cannot be made during the armouring process and, as a result, is made with the use of a submarine joint between LW and LWP cable types, with an additional transition as used for armoured cables.

5.
LAND CABLE

5.1
Land Cable in Duct

The LCP cable is the Land cable to be used in ducts, It is similar to the lightweight protected cable (LWP). The steel strip is acting as an electromagnetic screen and is earthed during installation.

An external jacket made of high specific gravity polyethylene (with high molecular weight) sheathes the cable.

This cable is compatible with the regular land joint housing (PEL - See Figure 6.1).

5.2
Land Cable in Trench

Land cable to be used in trench is a lightweight armoured protected cable : LCPA.

It is manufactured by adding a layer of armouring around the LCP cable .

This cable is compatible with the regular land joint housing (PEL - See Figure 6.1).

5.3
Drum characteristics

	Drum

Ref
	   Material
	Outer

diameter

(mm)
	Drum

diameter

(mm)
	Inner

width

(mm)
	Outer

width

(mm)
	Drum

weight

(kg)
	LCP cable

(( 22.6 mm)

Length (m)
	LCPA cable

(( 32.7 mm)

Length (m)

	E165
	wood
	1650
	900
	820
	951
	190
	1000
	not used

	GBE  
	wood
	1900
	1200
	950
	1170
	445
	2300
	1100

	E220
	wood
	2200
	1200
	1000
	1187
	450
	4000
	1800

	E245
	wood
	2450
	1300
	1000
	1187
	575
	5500
	2500

	FN
	steel
	1650
	965
	610
	750
	185
	1100
	not used

	GN
	steel
	1900
	1160
	1000
	1175
	325
	2600
	1200

	HN
	steel
	2200
	1400
	1000
	1175
	390
	3300
	1400

	IN
	steel
	2600
	1680
	1000
	1175
	590
	4800
	2100



[image: image17.wmf]
Figure 6.1:  PEL 30 - General  View

6.
JOINTING AND REPAIRS

6.1
General

Different configurations have to be taken into consideration:

In factory:

· Jointing and repair of unit elements of the cable.

· Jointing and repair of the cable itself.

On cableship:

· Jointing operations during system installation.

· Jointing operations for maintenance purpose.

6.2
Factory Jointing and Repair on Unit Elements of the Cable.

6.2.1
Jointing

In order to achieve the manufacture of long lengths of cable, it is necessary to joint together the supplied lengths of each of the element of the cable, this is applicable to the following raw materials:

· Steel strip, which is laser welded on line, during the optical fibre tubing process.

· Optical fibres, are matched together and arc fusion spliced.

· Composite conductor steel wires, which are electrically welded and annealed.

· Copper tape.

· Armouring wires, jointed by electrical welding.

All these processes are specified, qualified and controlled in such way that no impairment of the finished cable characteristics is permitted.

6.2.2
Repair

In addition to these operations, following repairs are possible during the manufacture :

· Fibre splice, in case of break or local imperfection.

· Local repair of minor defect on the steel tube weld, by a specific pulsed laser process especially adapted in order to prevent excessive heath on the fibres.

· Jointing of two lengths of tube with splicing of the fibres. This is only possible before manufacturing of the composite conductor.

· Restoration of outer limited insulation damage by the application of heatshrink.

6.3
Standard Factory Jointing of the Cable.

6.3.1
General

As soon as the optical core is inserted in the composite conductor, jointing of the cable requires the manufacture of a jointing box. 

This box is designed for the following purposes:

· optical continuity,

· mechanical continuity,

· electrical continuity,

· waterproofness,

· storage of the excess length of fibres and the fibres splices.

The optical continuity is performed by arc fusion splicing of each fibre. The overlength of fibre needed for this operation is coiled in special tanks located on each side of the box.

The mechanical continuity is achieved by anchoring the steel wires of the composite conductor and the stainless steel tube. This metallic junction between the composite conductor of each jointed cable provides the electrical continuity. For armoured cables, the mechanical continuity is ensured by anchoring each armoured wire.

Waterproofness is ensured by overmoulding the steel box with a polyethylene jacket.

6.3.2
Jointing box manufacture.

6.3.21
Cable end preparation.

· In case of armoured cable, armour wires are removed on a sufficient distance.

· Polyethylene sheath is removed from the composite conductor.

· Copper tape is stripped off.

· Steel wires are cut in order to provide access to the fibre unit structure, and a certain length of steel tube is removed.

· Optical fibres are cleaned from filling compound.

This operation is conducted on both ends of the cable.

6.3.22
Anchoring of cable end

This operation is achieved on both ends of the cable.

The steel wires of the strength member are crimped between two conical parts.

The steel tube is anchored to the same part.

6.3.23
Fibre splicing

Optical fibres are spliced by an arc fusion technique according to an approved process. Each splice attenuation is checked in order to guarantee an attenuation consistent with the power budget of the total cable length. The fibre coating is restored in the splice area by the use of a micro-moulding technique. The completed splice is finally submitted to a proof-test.

6.3.24
Sealing of the case

· The excess fibre is coiled in two tanks at the ends of the jointing box.

· A polyethylene sheathed tube is screwed onto the two anchoring pieces.

· For sealing purposes, polyethylene is injected around the box in a mould. The injection is performed at the appropriate pressure and temperature.

6.3.25
Anchoring of armouring

The armour wires ends are fitted with crimped sleeves and anchored through epoxy resin between the deep sea splice box and the conical shaped inner wall of a surrounding metallic case.

6.3.26
Mechanical protection

Each repair box is protected by two bend limiters. These devices provide protection against shock and limit the bending of the cable, for instance when the repair box passes on the factory sheaves or on the bow sheaves of the cable ship.

6.3.27
Mechanical characteristics of the joint

Breaking load of the joint is at least equal to 90% of the breaking load of the weakest parent cable.

6.3.28
Electrical characteristics of the joint

· In case of power fed system, each joint has to pass a 5 min. 45 kV dielectric strength test.

· D.C. resistance of the jointing box, measured between two composite conductor points, each 10 mm from the box, shall be less than 0.2 (.

· Electrical insulation is compatible with electroding.

The high voltage tests to qualify joint moulding are the followings:

	Test sample
	Voltage
	Duration
	Conditions

	1st sample
	45 kV
	6 months
	tank filled with water

	2nd sample
	160 kV
	80 minutes
	tank filled with water


6.3.29
Transmission characteristics of the joint.

Each fibre splice should present an attenuation consistent with the optical power budget.
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Figure 7.1:  Standard Deep Sea Cable Jointing Box
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Figure 7.2:  Standard Armoured Cable Jointing Box with Bend Limiters

6.4
Terminations (Couplers) 

6.4.1
General - Use

The termination described hereafter is for use with ASN’s repeater and BU, in case of other source of submerged equipment, different termination design may be used.

The most demanding service conditions for any joint are seen at the coupling between the cable and repeater, where a particularly severe combination of tension and bend is encountered during bow recovery of repeaters. The termination has to be sufficiently robust to preserve the mechanical, electrical and optical integrity of the system.

The termination’s meet these requirements and consist in a joint chamber, similar to the finished cable joint, connecting the cable elements to the repeater tail tube. The tail tube provides electrical and optical continuity between the cable and repeater. Mechanical coupling is achieved between the joint housing and repeater by means of a flexible bend limiter commonly known as an "armadillo".

Two types of armadillo are used, one for LW cable and the other for armoured.

6.4.2
Extremity jointing box manufacturing

6.4.21
Preparation of cable end

See paragraph 6.3.2

6.4.22
Anchoring of cable end

See paragraphs 6.3.2

6.4.23
Splicing of fibres and closing of the box

The fibres from the cable termination and those from the repeaters are spliced by an approved arc fusion technique.

After splicing, the fibres are stored in the dedicated tank inside the box.

The box is then closed by the outside polyethylene sheathed steel sleeve screwed on the two termination’s and overmoulded with polyethylene. The injection is performed at the appropriate pressure and temperature.

[image: image20.wmf]
Figure 7.3:  Typical Cable Termination

6.4.3
Mechanical characteristics of the couplers

Breaking load of LW type coupler is at least equal to 90% of the breaking load of the weakest parent cable. Armoured coupling designs are qualified to 200 kN around a 3 meter sheave and to 400 kN (or 90% of cable UTS if lower) in straight pull.

6.4.4
Transmission characteristics of the coupler

The additional optical loss due to the coupler manufacturing is not more than 0.3 dB.

6.5
BU Couplers

For the branching unit, all the couplers are of the same type as for the standard repeater. On the "two-legs side", couplers can be pulled in opposite directions without damage to the branching unit or to the cables.
6.6
Jointing Operations on board Cableship.

6.6.1
Jointing operations during cable installation.

Jointing or repair of the submerged cable during installation operations, uses the same method as in factory.

6.6.2
Jointing operations for maintenance purpose.

For repairing the installed cable, the maintenance authorities have the opportunity to use several jointing processes, which the cable is compatible with. The design of the OALC 4 - 17mm cable is fully compatible with the Universal Jointing techniques

6.6.3
Jointing timing.

The following table states the typical timing for jointing operation for different types of cable, it has to be noted that the timing depends on several parameters as the weather conditions and the manpower available :

	
	duration 
	(hour)
	

	Jointing operations
	LW/LWP
	SA
	DA

	Set-up of Cable Ends and Anchoring
	2
	3
	4

	Fibre Splicing and Control (n fibres)
	n x 0.5
	n x 0.5
	n x 0.5

	Positioning Fibres and Sealing of the box
	0.5
	0.5
	0.5

	Transmission Measurement
	2
	2
	2

	Final Assembly and Moulding
	2
	2
	2

	Armour Reconstitution
	0
	1
	3

	Overall Checking
	0.5
	0.5
	0.5

	Total Duration (for 8 fibres cable):
	11
	13
	16


6.6.4
Environmental Requirements

There are no specific environmental requirements for splicing and jointing on board the cable ship.

Nevertheless, the jointing area must be kept as clean as possible to avoid pollution during moulding process.

Vibrations and excessive temperature variations will make the whole operation more difficult and increase the risk of splicing or moulding failures.

7.
MARKINGS

7.1
Cable

Definition: A Two-kilometres interval is used.

Material: Numbered yellow adhesive tape (indelible number).

Method: The markings follow an increasing order over each two kilometres from start of laying. A marking consists of three adhesive tapes spaced by 0.5 m, wound around the cable and bearing the number corresponding to the running kilometre.

7.2
Joints and Repeaters

Material: Adhesive tape  

Method: The joints and repeaters are signalled on each side by:

· 4 markings at 10 m

· 3 markings at 50 m

· 2 markings at 200 m

· 1 marking at 500 m

The markings are white or red according to cable type, 0.5 m long and spaced 0.5 m from each other.
8.
RELIABILITY

8.1
Design and Fibre Lifetime 

The cable reliability is based on two basic considerations:

· the cables jointing box design ensures that stress on the fibre is known and not variable. The maximum value for elongation due to bending radius inside the jointing boxes is 0.2 %.

· the fibre and splices inside the cable are proof tested in order to take into account the cable elongation during all its lifetime.

Consequently, the reliability of the fibre in the cable during its deployment, recovery, repair and its service life is ensured with a large margin.

8.2
Hydrogen and Radiation Effects 

8.2.1
Hydrogen effects

Hydrogen is known to produce loss increase of optical fibres. The loss increase is caused by two additive phenomena: 

· degradation of Ge02, which is irreversible (this is not applicable to pure silica core fibre),

· interstitial penetration in the silica core, which is reversible.

The sensitivity of fibres in our cable has been evaluated, and has been found to be, at the operational wavelength: 

Delta Alpha = 0.005 dB/km for 25 years under 1 atm of hydrogen at 10°C, the loss increase being proportional to the square root of the H2 partial pressure.

Hydrogen traces that might be found inside the cable structure may have three origins: 

· released by raw material,

· electrolytic cells inside the cable,

· hydrogen produced outside permeating through the cable raw materials.

The release of hydrogen from raw material has been evaluated in terms of mechanism and long term exhaust evaluation. The cumulative amount of hydrogen after 25 years at 10°C is about 140 cm3/km corresponding to a hydrogen partial pressure of 5.6 x 10-2 atm.

Electrolytic cells may be formed if water condenses in the cable structure when it cools after manufacture. We assess the maximum water content at 2.3 x 10-3 mole/km giving 30 cm3/km of hydrogen, which is equivalent to a partial hydrogen pressure of 1.3 x 10-2 atm.

Outside hydrogen source may be:

· hydrogen dissolved in sea water, which is evaluated to be at a partial pressure of 10-4 atm, 

· hydrogen emissions from sediment, which is evaluated to be at partial pressure below 10-4 atm,

· hydrogen from electrolytic cell due to the corrosion of the armouring wires at places where bitumen on serving has been removed by abrasion or impact. The corresponding hydrogen pressure is evaluated to be 1.5 atm outside the cable.

The hydrogen ingress from a source outside the cable is strongly limited by the copper barrier placed around the steel vault and the resultant hydrogen pressure is below 10-4 atm after 25 years.

In case of a defect in the copper barrier, hydrogen ingress in the cable is far more easier. Taking into account the statistical occurrence of copper defect and assuming that a corrosion of the armouring wires is existing at each copper barrier defect place, the hydrogen ingress inside the cable is evaluated to be 5520 cm3 of H2 for 25 years and 40 km of cable corresponding to a partial pressure of 5.5 x 10-2 atm of H2. This evaluation is pessimistic and applicable only to armoured cables. 

The total pressure of hydrogen inside the cable after 25 years at l0°C is then 0.12 atm for armoured cables and 6.5 x 10-2 atm for deep sea cable.

The relevant loss increase is then 0.003 dB/km, value which is quite pessimistic and below the accuracy of the transmission test equipment used on a cable section.

8.2.2
Radiation effects

As far as nuclear radiation effect on submarine cable are concerned, optical fibres are loss sensitive to high energy radiation (Gamma rays) but Alpha and Beta rays are stopped by the copper and steel vault, so only Gamma rays need to be considered.

Gamma ray origin may be:

· sedimental,

· sea water,

· artificial (waste site).

The cable route shall avoid artificial sources of Gamma ray. Sea water source is negligible (35 pCi/g) and the main gamma ray source are U 238, Th 232 and K 40 present in sea bed sediments.

Clay sediments are the most radioactive and their maximum activity is evaluated to be 50 pCi/g corresponding to a maximum exposure of 1 rad/year.
The measured Gamma ray sensitivity of fibres used in system has been evaluated to be 0.8 x 10-4 dB/km/rad.

For 25 years, the loss increase is lower than 0.002 dB/km.

This figure is pessimistic.

8.2.3
Margin

The above mentioned figures being both pessimistic, and close to the limit of detection, a global margin of 0.005 dB/km is taken into account in our span loss budget, this value can be adapted to certain environment conditions and more specifically the sea bottom temperature.

8.3
Protection against Hydrogen Sulphide

Effects of highly concentrated hydrogen sulphide on submarine cables consist in a corrosion of armour steel wires when they are exposed to sea water, or corrosion of the copper by diffusion through polyethylene sheath inducing possible impairment of insulation properties of the polyethylene.

In general, high H2S concentrations can be found in zones with organic deposits, in shallow waters or in zones where a volcanic activity is present. Both are normally well localised and of small extension. From this point of view, a suitable route development avoiding zones where H2S is highly concentrated is generally possible and very effective, if hazardous areas cannot be avoided, adaptations of cable structure are being considered, as explained hereafter;

The corrosion induced by the presence of hydrogen sulphide (H2S) is directly dependent upon the concentration of H2S in the sea water. For this reason, suitable measurements should be carried out along the planned cable route and appropriate level of cable protection should be considered.

For armoured cable types, the thick outer bitumen compound layer constitutes a sufficient protection.  Additional protection can be provided by the use of an overlapped steel tape, underneath the armour wires.

In deep water sections, and only for powered submarine systems, when a high level of H2S has been identified, appropriate protection will be provided by the LWP cable type used in place of LW cable, thanks to its screen, acting as a barrier against H2S.

8.4
Water Ingress Limitation

During the manufacturing process, a jelly is injected inside the fibre unit structure and a water blocking material is injected inside the vault. In the event of cable damage, water penetration is limited.

The damaged cable length resulting from water ingress can be approximately computed with the following formula:





L = k x (P x t)^1/2

Where:
P is the water pressure on the sea bottom in bars,



t is the water ingress duration in days,



L is the water penetrated cable length in meters,



k is a constant usually equal to 6.

Formula given above is the result of numerous tests performed under high pressures and is only applicable with pressures above a 30 to 50 bars bracket.

Below this pressure range, the formula does not apply due to non-continuous filling compound. Actually, in this case, experimental results are very scattered and cannot be modelled with a simple formula.

8.5
Storage and Handling Conditions

The cable shall preferably be stored in tanks with both ends of each piece of cable left accessible to perform measurements. The cable ends shall be sealed to prevent moisture penetration. It is recommended to have cable tanks filled with water. Direct exposure to sunlight must be avoided except for short duration.

The minimal bending radius of 0.7 meter shall be observed for the submerged plant storage.

The following temperature ranges should be respected :

	
	non-armoured cables
	armoured cables

	Handling
	-10°C to +50°C
	-2°C to +35°C

	Storage
	-20°C to +50°C
	-20°C to +50°C


8.6
Spare Submersible Plant Recommended Tests

The integrity of cable optical and electrical characteristics shall be verified before and after each handling operation with back scattering and insulation tests.

8.7
Cable End Seal

Two types of cables end seal are currently used :

a) When cable has to be left for a short period of time (e.g. 2 or 3 days) on the sea bed, it is recommended to use end seal made of shrinkable sleeve and special adhesive tape.

b) When it comes to long period of time, end seal is similar to a factory joint where fibres are looped and sea earth wired so that cable can be monitored.

9.
SEA OPERATION

9.1
Calculated Recovery Curves

Calculated maximum recovery speeds for deep water cables and  recovery tensions for armoured cables are shown in Figures 10.1, 10.2, 10.3, 10.4,10.5 and 10.6. The calculations are carried out with a typical recovery angle of 80°and a wave height of 4 metres.  Armoured cables curves are calculated at typical maximum deployment depths.
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Figure 10.1:  Recovery for LW cable
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Figure 10.2:  Recovery for LWP cable 
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Figure 10.3:  Recovery Tension for SAL cable (depth : 2000 m).

[image: image25.wmf]Figure 10.4:  Recovery Tension for SA and SAH cable (depth : 1500 m).
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Figure 10.5:  Recovery curve for DAM  cable (depth  500 m)
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Figure 10.6:  Recovery Tension for DA and DAH cable (depth : 500 m).

9.2
Maximum acceptable tensions

	Generic Name
	LW
	LWP
	SAL
	SA
	SAH
	DAM
	DA
	DAH
	RA

	NPTS (kN)
	20
	20
	100
	150
	150
	150
	200
	200
	150

	NOTS (kN)
	30
	30
	150
	200
	200
	250
	300
	300
	200

	NTTS (kN)
	50
	50
	200
	250
	250
	350
	400
	400
	250

	FBL (kN)
	>70
	>70
	>280
	>370
	>370
	>450
	>560
	>560
	>370

	UTS (kN)
	70
	70
	280
	370
	>370
	450
	560
	>560
	370


Definitions of maximum acceptable tensions

NPTS : The Nominal Permanent Tensile Strength is the maximum tension which the cable can endure during the system lifetime without any impairment of fibre and degradation of the overall cable performance. 

NOTS : The Nominal Operating Tensile Strength is the tension which can be applied to the cable during the time necessary to make cable joints without significant reduction of NPTS.

NTTS : The Nominal Transient Tensile Strength is the maximum tension which can be applied to the cable during a cumulative period of 1 hour without significant reduction of NPTS/NOTS.

FBL : Fibre Breaking Load

UTS : Ultimate Cable Tensile Strength

9.3
Length of Cable to be Replaced in case of Damage

In the event of cable break due to external causes, the following operations help reducing the cable length to be replaced :

· Localisation, made with an accuracy of + 100 m.

· Cable recovery, made with an accuracy less than 500 m.

· Limited water ingress

All these tools give a maximum length of damaged cable of less than 1000m in either direction and result in relaying an additional length of cable close to 1.5 times the water depth.

When in deep sea, as many dredges to recover cable are usually required, the length to be replaced depends on depth, distance between the dredges, nature of the fault and the possibility to reuse or not short lengths of recovered cable.

10.
CABLE QUALIFICATION PROGRAM 

10.1
General 

The OALC-4 17mm cable design results from the experience acquired by ALCATEL with the use of a steel vault structure surrounding a central stainless steel tube containing the fibres, and by the fact that it uses identical raw materials to those used in other cable types within the ASN’s product range.

The qualification of the tube structure has been done in 3 steps, the first one in 1992 as a design feasibility (see Para 10.2 below), the second one in 1994 as the completion of the qualification of the URC 2  14mm cable range, specifically designed for high reliability unrepeatered systems (see Para 10.3 below).

These two qualification phases were conducted integrating specific requirements linked to high rate amplified submarine systems.

The last phase consists in a complement of qualification of a new cable using the same core but adapted to long haul repeatered systems by a specific insulant and a wide classical range of armoured cables.
10.2
Qualification of the Tube Structure Optical Modulus 

Compatibility of a loose tube structure for use in submarine cable was demonstrated through a specific sea trial performed in March 1992.

10.2.1
Sea trial - 10th - 15th March 1992 with C/S THEVENIN - Atlantic ocean

10.2.11
Cables description

Two lengths of cable included a stainless steel tube containing fibres; each length with a different filling gel. These two lengths of cable were armoured using different types of armours.

These 2 lengths were terminated by a looping box which permitted optical measurement of 4 fibres loops.

10.2.12
Sea trial purpose  

The purpose of this trial was to simulate a cable repair at sea and evaluate during a significant duration, the movements of fibres and filling gel inside the tube when submitted to tension and elongation variations due to the sea swell.

10.2.13
Test conditions

Wind = 6 - 7 beaufort

Deep sea area (approximately 5000 meters depth)

the 2 lengths of cable were hung vertically for 20 hours.

1st cable PR67
2210 meter cable hung to the sheave with a tension of about 8.5 tons.

2nd cable PR70
2480 meter cable hung to the sheave with tension between 4 and 6 tons (variations due to the swell).

10.2.14
Looping box examination

The 2 boxes were opened and examined after the test: no visible trace of thyxotropic gel which could have leaked into the boxes, no displacement of fibre were found.

Conclusion is that the physical and chemical characteristics of the two different gels are high enough to prevent any leakage of material.

10.2.15
Optical measurements

The measurements performed during the test with backscattering operating at about 1.55 µm did not show any meaningful variation of attenuation.

No localised optical loss occurred during these 20 hours.

10.2.16
Main conclusions

· No movement of fibre or gel

· No attenuation increase

These results entitled to validate the use of a steel tube fibre unit design with free fibres and filling gel as a reliable component of a deep sea submarine telecommunication cable.
10.3
Complete design qualification (URC - 2  14mm cable)

The specific design of cable  has been fully qualified according to the following test program:

10.3.1
Cable qualification

· Tensile test in free gyration conditions

· Tensile test in blocked gyration

· Tensile fatigue test

· Bending resistance around the sheave

· Thermal test (-20°C to + 50°C)

Before/during/after the tests above, optical measurements covering :

· Attenuation

· Chromatic dispersion 

· Polarisation dispersion

· Backscattering

performed, along with water ingress test.

10.3.2
Joints qualification

· Anchoring devices tensile test

· Static fatigue test

· Dynamic fatigue test

· Bending resistance around the sheave

10.3.3
Sea trial - C/S THEVENIN - Atlantic Ocean (19/01/94 - 04/02/94)

A sea trial was performed during 15 days in winter in the Biscay bay with difficult weather conditions (4 to 5 meters swell). Maximum depth was greater than 3500 m. This trial was a part of the qualification program.

No problem was noticed during the laying of these types of cable.

10.3.31
Cable description

10 km of armoured cable 

27 km of deep sea cable

several jointing boxes

looping box to permit optical measurement

6 types of fibres inside.

10.3.32
Purpose

Qualification of armouring types.

Qualification of deep sea cable.

10.3.33
Test conditions

Waves = 4 -5 meters high

Winter time (January 94)

Laying and recovery with linear machine

Laying and recovery with drums.

10.3.34
Main conclusion

The URC2 14mm cable design has been fully qualified.

10.4
 Complement of Qualification (OALC - 4 17mm cable) for WDM Systems

The OALC - 4  17mm cable and joint design was fully qualified according to an extensive set of factory tests and sea trial performed in both shallow and deep water

This included qualification of specific fibres for WDM systems

10.4.1
Cable qualification

· Tensile test in free gyration conditions

· Tensile test in blocked gyration

· Tensile fatigue test

· Long length tensile test

· Bending resistance around the sheave

· Thermal test and Hydrogen ageing test

· High voltage test

· Hydrostatic pressure resistance

· Crush and impact tests

· Water ingress test

· Abrasion test

· Inter-layer adhesion test

· Electromagnetic test for screened cables

Before/during/after the tests above, optical measurements covering :

· Attenuation

· Chromatic dispersion 

· Polarisation dispersion

· Backscattering

10.4.2
Joints qualification

· Anchoring devices tensile test

· Static fatigue test

· Torsion test

· Corrosion test

· Dynamic fatigue test

· Bending resistance around the sheave

10.4.3
Sea trials

Two sea trials were conducted during the qualification of the 17mm product.

In both cases, the good behaviour of the cable during laying and recovery were checked . the following measurements were performed:

· cable load recording

· continuous monitoring of optical attenuation

· Chromatic dispersion & Polarisation mode dispersion measurements

10.4.31
Sea trial n° 1

The main objective of this sea trial was to get results on the mechanical performances of the 17 mm LW cable .

For that, a 20 km long LW cable prototype , including one repeater , was manufactured  ,  laid , hold and recovered by 5000 m depth.

10.4.32
Sea trial n° 2

The main objectives of this second sea trial were to :

· Optically qualify the 17 mm cable design at sea .

· Qualify the armoured 17 mm cable types at sea .

· Qualify the BU recovery .

· Qualify the cable burial .

Three prototypes, 45 km of LW, 14 km of armoured , both including joints and repeaters, and one specific cable prototype including a Branching Unit were manufactured and tested.

Very good results were obtained (attenuation , chromatic dispersion , polarisation mode dispersion) after laying and recovery in deep water depth of 5000 m for LW cable , and in respective maximum deployment depth for armoured cables .

Burial was achieved in a depth of 1500 m which reinforces the confidence in the very good mechanical behaviour of the armoured cable designs.

10.4.4
Main conclusion

The OALC 4 - 17mm cable design has been fully qualified for use in all  systems. 




� EMBED Word.Picture.8  ���











	October 2000


	OALC-4 17mm
	 Page 16 of 52



	All rights reserved.

Passing on and copying of this document, use and communication of its contents not permitted without written authorisation from Alcatel.



[image: image27.wmf]3

4

5

6

7

8

9

10

0.2

0.4

0.6

0.8

1

1.2

1.4

Speed (knots)

Recovery Load (tons)

[image: image28.wmf]0

1

2

3

4

5

6

0.2

0.4

0.6

0.8

1

1.2

1.4

Speed (knots)

Recovery Load (tons)

[image: image29.wmf]3

4

5

6

7

8

9

0.2

0.4

0.6

0.8

1

1.2

1.4

Speed (knots)

Recovery Load

(tons)

_1010998522.doc
[image: image1.png]





Insulating sheath Ø 17 mm







Fiber







 unit structure with







composite conductor







External sheath







metallic screen












_1012980223.doc


0







2000







4000







6000







8000







10000







12000







14000







0.2







0.4







0.6







0.8







1







1.2







1.4







Speed (knots)







Recovery Depth (m)







LW type 30







LW type 31












_1022048360.doc
[image: image1.png]





galvanized







 steel wires







galvanized







 steel wires







Layer of compound







Layers black







  PP yarn







Insulating sheath







   Ø 17 mm







  







Fiber







 Unit Structure with







composite conductor












_1022048522.doc
[image: image1.png]





galvanized







 steel wires







galvanized







 steel wires







Layers of compound







Layers black







  PP yarn







Insulating sheath







   Ø







 







17 mm







  







Fiber







 Unit Structure with







composite conductor












_1032177963.doc


Cast iron sleeve







Bend







 limiter







Armour wire anchoring







Moulded jointing box












_1018330841.doc


Fiber Unit Structure with







composite conductor







1







Insulating sheath       







 ø 17 mm







2







5







Layers black







  PP yarn







Layers of compound







Outer diameter 48 mm







15 galvanized steel







  wires ø 7 mm







4







3







18 galvanized steel







  wires ø 3.4 mm












_1012981216.doc


3







4







5







6







7







8







9







0.2







0.4







0.6







0.8







1







1.2







1.4







Speed (knots)







Recovery Load (tons)












_1010998538.doc
[image: image1.png]





galvanized







 steel wires







Layer of compound







Layers black







  PP yarn







Insulating sheath







   Ø 17 mm







  







Fiber







 Unit Structure with







composite conductor












_1010998591

_1010998530.doc
[image: image1.png]





galvanized







 steel wires







  







Fiber







 Unit Structure with







composite conductor







 







Insulating sheath











Ø 17 mm







Layers black







  PP yarn







Layer of compound












_1010998510.doc


Steel tube







(







thickness 0.2 mm)







       







ø







 : 2.3 mm







Thixotropic







 Jelly







Wires steel strand







Composite conductor







Optical







 fibers












_1010998515.doc
[image: image1.png]





Steel tube







Ø: 2.3 mm







Optical







 fibers







Composite conductor







Steel wires strand







Thixotropic







 Jelly







Insulating sheath Ø 17 mm












_1010998505.doc


[image: image1.png]







Optical 







fibers







Steel tube







(thickness 0.2 mm







)







       Ø : 2.3 mm







Thixotropic







 Jelly












