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Dear Andy:

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

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

· 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 Kevlar( fiber reinforced plastic filler rod in the center.  Over this rod is a layer of six conductors and two stainless steel tubes, each tube containing two optical fibers. Each tube has a polymer jacket to provide some dent protection and buckling resistance.  Over this layer is a pressure extruded polyethylene core jacket.  

The cable strength member consists of three layers of Vectran( fiber, the first two served in the same direction and the third in the opposite direction.  There are separator tapes between Vectran( layers two and three and between layer three and the cable jacket.  A pressure extruded polyethylene cable jacket brings the cable diameter to approximately 1.08 inches.

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
	54,900

	Cable Diameter, inch
	1.08

	Cable Weight per foot, pounds per 1,000 feet
	458


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
	0.17
	0.27
	0.35

	Cable Torque, inch-pounds
	11.8
	38.1
	55.9

	Optical Component Strain, percent
	0.15
	0.23
	0.30

	Conductor Strain, percent
	0.15
	0.23
	0.30


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 fiber layers are all about 74 percent, which is quite good.  Table 3 presents the fiber layer tensile 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 three 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
	12.8
	22.8
	31.4

	2
	3.0
	9.7
	17.3

	3
	5.2
	11.2
	18.3


The strength member (Vectran() helix angles (15, 18, and 16 degrees) are on the low side, most likely in an attempt to minimize the cable strain at the design working tension.  These lower angles will reduce the bending fatigue life of the cable, however bending fatigue is not the main issue for your application.  Lower angles will increase the breaking strength of the cable and reduce the cable elongation.  

Our experience is that lower helix angles can increase the potential for a cable to experience yarn 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 packaged in pairs in the two stainless steel tubes that are located in the same layer as the conductors.  The radius of curvature for the stainless steel tubes is 1.59 inches, which is fairly generous.  The rule of thumb is to keep this value at or above one inch to avoid excessive optical attenuation.  

TABLE 4.  CONDUCTOR AND OPTICAL PACKAGE PARAMETERS

	Parameter
	Value

	Cable Tension at Yield of Optical Package, pounds
	12,000

	Radius of Curvature for Optical Package, inches
	1.59

	Cable Tension at Yield of Copper Conductors, pounds
	3,200


Our experience has shown that stainless steel tubes can tolerate tensile strains up to about 0.6 percent.  As shown in Table 2, the tube strain is much less than 0.6 percent even for cable tensions up to 6,000 pounds.  The stainless steel tubes reach their yield strain at a cable tension of about 12,000 pounds, so excessive tube strain should not be a problem.  

The optical package has some potential to be sensitive to cable strain at high cable tension.  As the cable elongates in response to applied tension, the two tubes will tend to move toward the cable center and the two fibers in each tube will move toward the tube wall closest to the center of the cable.  The result could be optical fiber micro bends due to the fibers lying across each other or pressing against the longitudinal weld seam in the tube wall.  (Contact with the weld seam would occur once for every helical pitch of the tube).  Tests conducted at TMT have revealed that this condition can produce increased fiber attenuation, but usually only for high cable tensions.  

CONDUCTORS

Tables 2 and 4 provide details about the conductor performance.  The conductors are a typical design having a copper wire in the center with six copper wires laid around the center wire at an angle of about 7 degrees.  The insulated conductors are than cabled into a single layer in the cable core at a lay angle of 16.2 degrees.  

The cable tension at which the conductors reach their theoretical yield stress is about 3,200 pounds as shown in Table 4.  At higher cable tensions, the conductors will experience some permanent elongation.  If the cable were cycled repeatedly from near zero to 6,000-pounds tension, there would be a potential for the conductors to deviate from their uniform helical paths due to their excess length or, in the extreme, to develop z-kinks.  

However, it is the strain range not the absolute strain in the copper that determines the conductor behavior.  Since the cable will retain some permanent constructional stretch (permanent elongation) and will not return to its as-manufactured length at zero tension, the actual strain range for the copper conductors will be reduced accordingly.  Also, the anticipated operational load range for the MOOS riser cable is less than 6,000 pounds.  

Experience has shown that many cables continue to operate satisfactorily with copper strains that are theoretically above the material yield point.  

Methods that can be used to reduce conductor strain levels include increasing the conductor helix angle, using elastic conductors, and/or increasing the cable strength so the cable elongation is less for a given tension.  

SUMMARY

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

