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Dear Andy:

Our evaluation of the MOOS riser cable design proposed by SBC has included:

· A Cable Solver® analysis of the cable design using cable construction details provided by SBC,

· A review of available test data and design analyses for other cables of similar construction,

· A review of our experience of designs of this type.

CABLE DESCRIPTION

This cable has a center stainless steel tube that contains four optical fibers.  The tube has a polyethylene jacket to provide some dent protection and buckling resistance.  A layer of six elastic conductors is helixed over the tube.  Over this layer is a polyester-fiber-reinforced, pressure-extruded, polyurethane core jacket.

The cable strength member has six layers of contrahelically-served Vectran( fiber.  There are separator tapes between the Vectran( layers and between the outer layer and the cable jacket.  A polyester-fiber-reinforced, pressure-extruded, polyurethane cable jacket brings the cable diameter to approximately 0.98 inch.

We have had many opportunities to test and analyze cables of similar construction, size, and strength.  This work has allowed us to develop cable models that closely predict actual cable behavior.  The manufacturers cable parameters are presented in Table 1.  Our CS analysis results are presented in Table 2.

TABLE 1.  MANUFACTURER RATED PARAMETERS

Parameter
Value

Cable Breaking Strength, pounds
50,000

Cable Diameter, inch
0.98

Cable Weight per foot, pounds per 1,000 feet
440

TABLE 2.  BASIC CABLE PARAMETERS AT THREE TENSIONS


Predicted Values at Various Cable Tensions

Parameter
2,000 pounds
4,000 pounds
6,000 pounds

Cable Strain, percent
0.29
0.43
0.55

Cable Torque, inch-pounds
-6.3
-13.9
-17.1

Optical Component Strain, percent
0.29
0.43
0.55

Conductor Strain, percent
0.19
0.29
0.36

STRENGTH MEMBER PACKAGE

A well-designed strength member package has initial fill factors for the fiber layers over 70 percent and has the fibers laid in with helix angles that provide good stress balance and torque balance at varying cable tensions.  These features contribute to a cable having low strain, high strength, and low torque and rotation.

The initial fill factors for the Vectran( fiber layers range from 73 to 74 percent which, is quite good. Table 3 presents the fiber layer stresses at three cable tensions.  At a cable tension of 2,000 pounds, the inner layer carries most of the load. However, as the cable tension increases and more fiber compaction takes place, the six fiber layers achieve better stress balance.  

TABLE 3.  STRENGTH MEMBER FIBER STRESS

Fiber
Fiber Stress at Three Cable Tensions, kpsi

Layer
2,000 pounds
4,000 pounds
6,000 pounds

1
16.5
28.8
38.5

2
7.6
19.0
29.0

3
3.9
13.2
23.0

4
2.7
9.7
18.8

5
2.9
8.3
16.3

6
3.9
8.7
15.8

In this cable, all six layers of Vectran(-fiber have a helix angle of 20 degrees.  If the cable core and fiber layers were radially rigid (incompressible), equal helix angles would produce equal stresses on all fiber layers.  However, the core experiences some diameter reduction and the fiber layers become more compact with increasing cable tension.  The result is unequal tensile stresses on the fiber layers as shown in Table 3.  It has been found that better stress balance and lower cable elongation can be achieved by using fiber helix angles that diminish slightly layer-to-layer from the inner to the outer layer.  

Fiber-strengthened cables have the potential to experience fiber damage during low-tension bending.  When the cable is bent at low tension, the fibers toward the inside of the bend tend to experience longitudinal compression.  This compression can produce tiny kink bands that reduce the strength of the yarn.  The effect becomes more pronounced with smaller bending radii.  It is for this reason that cables of this type should be used with sheaves, drums, and bending stain relief attachments that provide ample bending radii for all cable tensions.  

Our experience has been that Vectran( fiber is less sensitive to kink-band damage than is Kevlar( fiber.  

OPTICAL PACKAGE

Tables 2 and 4 provide details about the optical package performance.  The four optical fibers are contained in the single stainless steel tube located at the center of the cable.  At this location, the optical fibers are protected against small radius bends that can potentially increase the optical attenuation.  

TABLE 4.  CONDUCTOR AND OPTICAL PACKAGE PARAMETERS

Parameter
Value

Cable Tension at Yield of Optical Package, pounds
5,000

Radius of Curvature of Optical Package, inches
Infinite

Cable Tension at Yield of Copper Conductors, pounds
>6,000

However, because the tube does not have a helical path in the core, it experiences the same tensile strain as the cable.  Our experience has shown that a stainless steel tube can tolerate tensile strains up to about 0.6 percent.  As shown in Table 2, the tube strain remains below 0.6 percent even for cable tensions up to 6,000 pounds.  The tube reaches its theoretical tensile yield strain at a cable tension of about 5,000 pounds.  

In some cases, low-tension bending of a fiber-strengthened cable can damage a centrally located optical tube.  This damage appears as kinks produced by longitudinal core compression.  This compression is the result of a shift in the neutral bending axis away from the cable’s geometric center to a location further from the center of cable curvature.  (The neutral axis is the curved plane within the cable that does not change in length as the cable is bent.)

The cause of this neutral-axis shift has to due with the asymmetric tension/compression behavior of the strength member yarns.  When the cable is bent, the yarns on the outside of the bend resist elongation because of their high tensile stiffness, while the yarns on the inside of the bend tend to buckle because of their low compressive stiffness.  The result is a shift in the position of the neutral axis toward the outside of the bend.  

This shift of the cable’s neutral axis causes the cable core to experience longitudinal compression when the cable is bent at low tension.  The smaller the bending radius and the lower the cable tension, the greater the potential for tube damage.  This is yet another reason that cables of this type should be used with sheaves, drums, and bending stain relief attachments that provide ample bending radii for all cable tensions.  

The polyethylene jacket over the core tube in the MOOS cable enhances the buckling resistance of the tube.

CONDUCTORS

Tables 2 and 4 provide details about the conductor performance.  The conductors have an elastic construction with a nylon rod in the center and copper wires laid around the rod at an angle of 20 degrees.  The conductors are cabled into a single layer in the core at a lay angle of 25 degrees.  

Because the conductors have an elastic construction, their yield strain is higher than that of conventional copper wires.  As a result, the cable tension at which the conductors reach their yield strain is increased from 2,600 pounds to well over 6,000 pounds as indicated in Table 4.  

SUMMARY

The cable strain and torque are quite good.  The stainless steel tubes remain below the 0.6 percent strain level that is our rule-of-thumb extreme limit.  The conductor strain levels and fiber layer stress balance are satisfactory.  

We look forward to further communications about the proposed cable design.  

Please call with any questions.  

Best regards,

Mel St. John

Project Engineer

