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1 Overview

This report details the qualification tests made on 2 samples of multi-ribbon cable produced by Ericsson in March 2005 as part of the 1.1km long production batch c15b. One of the two samples, both un-terminated 62m long sections of cable, was used to carry out the cable qualification.

This report summarizes the visual inspection, geometrical and optical tests performed on the cable, supplementing the earlier reports from advance validation[1] and environmental tests[2] on the ribbon and multi-ribbon cable.

1.1 Qualification programme workflow

The qualification programme workflow is shown in Figure 1.  All test procedures for lot acceptance are described in document [3].  Tests are carried out at room temperature unless otherwise noted.  The geometrical tests are carried out with limited accuracy as they are intended to detect gross manufacturing defects only.
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Figure 1:  Flow chart of qualification procedure.

2 Technical qualification

2.1 Compliance with technical requirements

Table 1 shows the specified performance of the cable against which the samples were tested and gives a summary of the results obtained in comparison with the specifications [4].

Table 1:  Specification test target taken from the technical specification.  Cells in gray indicate parameters not measured during qualification.

	#
	Specification to be tested
	Specification
	CERN Qualification Results

	
	
	Min
	Typ
	Max
	Units
	Measurement
	Qualified?

	Fibre
	
	
	
	
	

	4.1.1
	Fibre type
	Single mode non-dispersion shifted
	
	
	

	4.1.2
	Fibre material
	Phosphorus free
	
	
	

	4.1.3
	Geometry
	9/125/250
	m
	
	

	4.1.4
	Cladding diameter
	124
	125
	126
	m
	~125
	YES

	4.1.5
	Primary coating diameter
	
	250
	
	m
	~240 to ~250
	YES

	4.1.6
	Mode field concentricity error 
	
	
	0.4
	m
	
	

	4.1.7
	Operation wavelength
	1260
	1310
	1330
	nm
	1310
	YES

	4.1.8
	Attenuation
	
	
	0.4
	dB/km
	
	

	Ribbon
	
	
	
	
	

	4.1.21
	Number of channels
	12
	
	12
	YES

	4.1.22
	Overall dimensions
	3100 x 320
	m
	~3100 x ~330
	YES

	4.1.23
	Pitch
	
	250
	
	m
	
	

	4.1.24
	Fibre to fibre skew
	
	
	10
	ps/m
	
	

	4.1.25
	Bend radius
	3
	
	
	cm
	
	

	4.1.26
	Torsion
	
	
	5
	turn/m
	
	

	4.1.27
	Tensile loading
	
	
	10
	N
	
	

	4.1.28
	Compressive strength
	
	
	3
	N/cm
	
	

	4.1.29
	Impact resistance
	
	
	2
	J
	
	

	4.1.30
	Fibre colour-code
	Bellcore
	
	Bellcore
	YES

	4.1.31
	Ribbon colour
	Transparent
	
	Transparent
	YES

	4.1.32
	Ribbon marking
	Bar marking, repeated every 20cm
	
	Bar every 20cm
	YES

	Cable
	
	
	
	
	

	4.1.41
	Number of channels
	96
	
	96
	YES

	4.1.42
	Cable diameter
	
	8
	10
	mm
	9.12 to 9.34
	YES

	4.1.43
	Bend radius
	8
	
	
	cm
	8
	YES

	4.1.44
	Torsion
	
	
	1
	turn/m
	1
	YES

	4.1.45
	Tensile loading
	
	
	500
	N
	
	

	4.1.46
	Compressive strength
	
	
	50
	N/cm
	
	

	4.1.47
	Impact resistance
	
	
	15
	J
	
	

	4.1.48
	Water resistance
	Occasional radial immersion
	
	
	

	4.1.49
	Sheath colour
	grey
	
	
	YES

	4.1.50
	Sheath marking
	ERICSSON NETWORK TECHNOLOGIES GAYGQBD 96x10/125 OPTICAL FIBRE SYSTEM HAZARD LEVEL 1 00000#m  ------
	
	Text repeated every 1m
.
	YES

	4.1.51
	Cabe cut-off
	
	
	1260
	nm
	
	

	4.1.61
	Magnetic field 
	
	
	4
	T
	
	

	4.1.62
	Hadronic fluence
	
	
	1×1012
	cm-2
	AVT3
	YES

	4.1.63
	Gamma radiation dose
	
	
	100
	Gy(Si)
	AVT3
	YES

	4.1.64
	Temperature
	-20
	
	70
	°C
	
	

	4.1.65
	Operating humidity
	
	60
	
	%RH
	
	

	4.1.81
	Material composition
	
	Halogen-free
	
	
	
	

	4.1.82
	Fire behaviour
	
	IEC 332-3, 1034, 754-2, ABD0032
	
	
	
	


2.2 Qualification test results

2.2.1 Visual Inspection

Visual inspection consisted of the following sequence:

1. Unpacking the cable.

2. Preparing one sample for the subsequent tests.  Preparation consists of removing the sheath from the sample ends over 50cm without damaging the naked ribbons or allowing them to rotate with respect to the sheath or each other.
3. Carefully inspecting the sample for colour, marking and other macroscopic defects. Be sure the clips on the end of the cable are well in place to avoid ribbon rotation.
2.2.1.a Acceptance Criteria

1. The cable shall be properly protected.

2. The cable sheath, when removed, must leave 8 naked ribbons with no residues or marks left.

3. The 12 fibres in each ribbon shall be individually coloured according to the Bellcore standard (1-blue, 2-orange, 3-green, 4-brown, 5-slate, 6-white, 7-red, 8-black, 9-yellow, 10-violet, 11-rose, 12-aqua).

4. The naked ribbon matrix shall be transparent and properly marked, with a distance of 15cm between marks.

5. The dense multi-ribbon cable sheath shall be grey and properly marked in the plane of the strength members, with a straight, continuous line between text segments separated by a distance of 0.5m.

Results: 

1.  Cable correctly packaged in transport box.

2.   Ribbons undamaged inside cable sheath.

3.   Ribbon Colour coding correct.

4.   Ribbon marking present every 200mm on all ribbons.

5. Cable colour grey. Cable sheath marked every 1.05m with text “ERICSSON NETWORK TECHNOLOGIES 0509 GAYGQBD 96x10/125 OPTICAL FIBRE SYSTEM HAZARD LEVEL 1  P035Pyyyyy M”, continuous line between text positions.

The ribbon orientation is not as specified. Looking into the cable end with the higher cable marking on top of cable, as shown in Figure 2, the fibre 1 would have to be on the right-hand side of the ribbon stack and ribbon 1 on the top.  Figure 3 shows the picture of this end.
Cable marking

---------ERICSSON NETWORK TECHNOLOGIES 0509 GAYGQBD
96x10/125 FIBRE SYSTEM HAZARD LEVEL1 P035Pyyyyy M ----------
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Figure 2:  Cable cross-section, looking into the cable end with a higher metre-marking number.  The other end has fibre 1 on the right-hand side of the ribbon stack.
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Figure 3: Picture of the cable end with higher metre-marking number. 
2.2.2 Geometrical Measurement

Geometry was checked partially in the following way:

1. Outer dimensions of dense multi-ribbon cable and naked ribbon are measured using callipers.

2. At one end of the sample, each naked ribbon is broken out into individual fibres.  The result is inspected for defects and residuals.

3. Primary coating diameter of all 12 fibres is evaluated using callipers.

4. Both ends of each ribbon are cut and hot-stripped. 

5. The individual fibres are inspected and their cladding diameter is measured using callipers.

6. The ribbon ends are cleaved and spliced to each other as shown in Fig. 4. Two ribbons in the bundle are spliced to ribbon pigtails terminated with MPO connectors.
7. The splice quality is estimated by the splicing tool.

Note: The calliper measurements obtained during steps 3 and 5 are indicative only.  They are used only to flag gross errors.

2.2.2.a Acceptance Criteria

Data measured on the dense multi-ribbon cable sample must meet the criteria given in the specifications as follows:

1. Naked ribbon dimensions shall be 3100 x 320(m, dense multi-ribbon cable diameter shall be 9.5mm.

2. The naked ribbon, when broken out, must expose individual fibres with no residues or marks left, with a primary coating diameter of 250(m.

3. The naked ribbon, once hot-stripped must expose individual fibres with no residues or marks left, with a cladding diameter of 125(m.

4. The ribbon splice must have an estimated loss of less than 0.1dB for each fibre, when performed correctly.
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Figue 4:  Multi-ribbon cable splicing configuration

Results:

1. PASS: Cable outer dimension: 9.12-9.34mm.  Ribbon dimension 3100x330µm.

2. PASS: no residuals left on fibre after removal of ribbon matrix material.  Primary coating diameter 240-250µm.

3. PASS: Cladding diameter is 125µm.

4. PASS:  max splice loss 0.08dB, avg. splice loss 0.01dB.

2.2.3 Optical Measurement

Optical properties are checked in the following way:

1. The sample, as spliced during the geometrical measurement step is used for the optical measurements.  The MPO-terminated ribbons are connected to 2 fanouts in such a way as to build a loop with light passing through all ribbons in the cable.
2. The input of the optical switch is connected to a 1310nm laser source, while the measurement-lead is connected to a wide-area photo-detector.

3. The dense multi-ribbon cable is routed on a cube with 50cmx50cm facets, as shown in Fig. 5.  An insertion loss measurement is performed as the cable is bent 5 times on orthogonal facets.


Optical properties were measured by routing the 5m cable section on a cube with 50cmx50cm facets, as shown in Figure 5.  An insertion loss measurement was performed as the cable was bent 5 times on orthogonal facets. 


[image: image3]
Figure5:  Multi-ribbon cable routing on cube with 50cm long facets.

2.2.3.a Acceptance Criteria

The variation in insertion loss during bending or twisting shall remain smaller than 0.1dB.

Results:
The eight ribbons in the cable were spliced together according to the test procedure, such that the insertion loss changes are measured for all eight ribbons in series.  The measured values are shown in Table2. 
The maximum change was measured to be -0.03 dB means the values are within specifications.  

	Number of turns
	Ch1
	Ch2
	Ch3
	Ch4
	Ch5
	Ch6
	Ch7
	Ch8
	Ch9
	Ch10
	Ch11
	Ch12

	1
	0
	-0.01
	-0.01
	0
	-0.01
	-0.01
	-0.02
	-0.01
	0.01
	-0.01
	0
	0

	2
	-0.02
	-0.02
	-0.02
	-0.01
	-0.01
	0
	-0.03
	-0.02
	-0.01
	-0.01
	-0.01
	-0.01

	3
	-0.01
	-0.01
	-0.02
	-0.02
	-0.01
	-0.02
	-0.01
	-0.02
	-0.01
	-0.01
	-0.01
	-0.01

	4
	-0.01
	-0.01
	-0.02
	-0.01
	-0.02
	-0.01
	-0.02
	-0.02
	-0.02
	-0.01
	-0.01
	-0.01

	5
	-0.01
	-0.02
	-0.02
	-0.01
	-0.02
	-0.01
	-0.02
	-0.02
	-0.01
	-0.02
	-0.01
	-0.01


Table2:  Insertion Loss Additions due to successive bends with 8cm radius.
2.3 Radiation Resistance 

The fibre used in the multi-ribbon cable was qualified by CERN as part of validation run AVT3 [1].  The cable radiation resistance was checked as part of the market-survey test campaign and is reported in Ericsson note OUP00.001 [2].

3 Conclusion

The ribbon orientation will have to be changed according to specifications: the multi-ribbon cable manufactured by Ericsson can not be qualified. 
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Appendix

4.1 Ericsson test data

Batch: z000265549; Cable id.: P035P, see sheath-marking. 

Cable length: 1,1 km, the length can be part of several deliveries. 
Date March 2, 2005 OTDR length 1105m.

	Ribbon 
	Fiber 
	1310nm 
	1550nm 
	Ribbon 
	Fiber 
	1310nm 
	1550nm 

	1 
	Blu01 
	0,33 
	0,19
	2
	Blu01 
	0,33 
	0,19

	1 
	Or02 
	0,33 
	0,19
	2
	Or02 
	0,32 
	0,19

	1 
	Gr03 
	0,33 
	0,19
	2
	Gr03 
	0,33 
	0,19

	1 
	Br04 
	0,33 
	0,19
	2
	Br04 
	0,33 
	0,19

	1 
	Sl05 
	0,33 
	0,19
	2
	Sl05 
	0,33 
	0,19

	1 
	Wh06 
	0,33 
	0,19
	2
	Wh06 
	0,33 
	0,19

	1 
	Re07 
	0,33 
	0,19
	2
	Re07 
	0,33 
	0,19

	1 
	Bla08 
	0,33 
	0,19
	2
	Bla08 
	0,33 
	0,2

	1 
	Ye09 
	0,32 
	0,19
	2
	Ye09 
	0,33 
	0,19

	1 
	Vi10 
	0,33 
	0,19
	2
	Vi10 
	0,33 
	0,19

	1 
	Ro11 
	0,32 
	0,19
	2
	Ro11 
	0,32 
	0,19

	1 
	Aq12 
	0,33 
	0,19
	2
	Aq12 
	0,32 
	0,19

	3 
	Blu01 
	0,32 
	0,2
	4
	Blu01 
	0,33 
	0,2

	3 
	Or02 
	0,32 
	0,2
	4
	Or02 
	0,32 
	0,21

	3 
	Gr03 
	0,32 
	0,2
	4
	Gr03 
	0,33 
	0,22

	3 
	Br04 
	0,32 
	0,19
	4
	Br04 
	0,32 
	0,2

	3 
	Sl05 
	0,32 
	0,2
	4
	Sl05 
	0,32 
	0,19

	3 
	Wh06 
	0,32 
	0,2
	4
	Wh06 
	0,33 
	0,19

	3 
	Re07 
	0,33 
	0,2
	4
	Re07 
	0,33 
	0,21

	3 
	Bla08 
	0,32 
	0,21
	4
	Bla08 
	0,32 
	0,21

	3 
	Ye09 
	0,32 
	0,2
	4
	Ye09 
	0,32 
	0,21

	3 
	Vi10 
	0,33 
	0,2
	4
	Vi10 
	0,33 
	0,21

	3 
	Ro11 
	0,33 
	0,21
	4
	Ro11 
	0,35 
	0,23

	3 
	Aq12 
	0,32 
	0,2
	4
	Aq12 
	0,35 
	0,23

	5 
	Blu01 
	0,33 
	0,2
	6
	Blu01 
	0,33 
	0,19

	5 
	Or02 
	0,32 
	0,19
	6
	Or02 
	0,33 
	0,19

	5 
	Gr03 
	0,33 
	0,19
	6
	Gr03 
	0,33 
	0,19

	5 
	Br04 
	0,33 
	0,21
	6
	Br04 
	0,32 
	0,19

	5 
	Sl05 
	0,33 
	0,2
	6
	Sl05 
	0,32 
	0,19

	 
	Wh06 
	0,33 
	0,21
	6
	Wh06 
	0,34 
	0,2

	5 
	Re07 
	0,33 
	0,19
	6
	Re07 
	0,33 
	0,19

	5 
	Bla08 
	0,33 
	0,19
	6
	Bla08 
	0,33 
	0,19

	5 
	Ye09 
	0,33 
	0,2
	6
	Ye09 
	0,33 
	0,19

	5 
	Vi10 
	0,33 
	0,21
	6
	Vi10 
	0,33 
	0,19

	5 
	Ro11 
	0,33 
	0,2
	6
	Ro11 
	0,32 
	0,19

	5 
	Aq12 
	0,33 
	0,21
	6
	Aq12 
	0,33 
	0,18 

	7 
	Blu01 
	0,33 
	0,19
	8
	Blu01 
	0,33 
	0,19

	7 
	Or02 
	0,32 
	0,19
	8
	Or02 
	0,33 
	0,19

	7 
	Gr03 
	0,33 
	0,19
	8
	Gr03 
	0,33 
	0,19

	7 
	Br04 
	0,32 
	0,19
	8
	Br04 
	0,32 
	0,19

	7 
	Sl05 
	0,33 
	0,19
	8
	Sl05 
	0,33 
	0,19

	7 
	Wh06 
	0,32 
	0,19
	8
	Wh06 
	0,32 
	0,19

	7 
	Re07 
	0,33 
	0,18
	8
	Re07 
	0,33 
	0,19

	7 
	Bla08 
	0,33 
	0,19
	8
	Bla08 
	0,33 
	0,19

	7 
	Ye09 
	0,32 
	0,19
	8
	Ye09 
	0,33 
	0,19

	7 
	Vi10 
	0,33 
	0,18
	8
	Vi10 
	0,33 
	0,19

	7 
	Ro11 
	0,33 
	0,19
	8
	Ro11 
	0,33 
	0,19

	7 
	Aq12 
	0,33 
	0,19
	8
	Aq12 
	0,33 
	0,19 


1.2 DELIVERY #6 

March, 2005: One box with two lengths of 62 m, E-Cal. Attenuation is measured on a longer cable, see above. Specification fulfilled. 

ONE BOX 
	BATCH: Z000265549 

ORDER NR: 100147856 

MATERIALNR: TOL4051017/96C 

L 1: 03 M - 65 M 

L 2: 66 M - 128 M 



























































Fibre 1





Ribbon 1








� Ericsson Specification reads “ERICSSON NETWORK TECHNOLOGIES year-week GAYGQBD 96x10/125 OPTICAL FIBRE SYSTEM HAZARD LEVEL 1 PxxxPyyyyyM -----” where x is the cable id and y the metre-marking.  This is the marking that appears on the cable.
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