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The Cross-Section of the 4-Strand Hybrid Rope 
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The cross-section of the 3X19 all steel rope 
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The strength-to-
weight ratio for 9/16” 
3X19 is  66,057 
pounds/(lbs/ft) 
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One way to increase strength-to-weight ratio is by using compacted 
strand ropes 
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The cross-section of the compacted strand 4-strand rope (XLT4) 

Presented to  RVOC on April 25th, 2012  
 

4X31   XLT4 

The Strength-to-
Weight ratio for 
9/16”  4X31 is  
68,615 
pounds/(lbs/ft) 
 
MBF = 44,600 
pounds (37% higher 
than the required 32,500 
pounds ) 
 
Wt/ft = 0.650 lbs/ft 
(32% heavier than 3X19) 
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Rope Construction Required MBF Weight in air % Reduction of 
weight compared to  
3 X 19 all steel rope 

9//16” 3X19 (all steel) 
Torque-Balanced 

32,500 pounds 0.492 lbs/ft 0% 

9/16” 4X16 Hybrid 
Torque-Balanced 

32,500 pounds 0.346 lbs/ft 30% 
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The 4 X 16 hybrid rope 
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A typical winch operating with a 3X19 all steel wire rope 
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What properties are most desirable for this application? 
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►Higher strength-to-weight ratio 
 

►Axial stiffness measured as EA 
 

►Torque-Balance as measured by torque factor and turns per 1000d 
 

►Better bending fatigue resistance? What D/d? How many bends per year? 
 

►Axial tension-tension fatigue? What maximum and minimum loads and how 
many cycles per year? 

 
►Multilayer winding (MLW) crush-resistance as  well as fatigue-resistance? 
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Strength-to-weight ratio comparison 

The strength-to-weight 
ratio for 9/16” 3X19 is  
66,057 pounds/(lbs/ft) 
 

The strength-to-weight 
ratio for 9/16” 4 X16 
hybrid rope  is   
93,930 pounds/(lbs/ft) 
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Axial stiffness comparison 

The EA for 9/16” 3X19 is  
2,857,143 pounds)/(in/in) 
Measured between 3,000 and 13,000 pounds  

 

The EA for 9/16” 4 X16 hybrid rope  
is  1,904,762 (pounds)/(in/in) 
Measured between 3,000 and 13,000 pounds  
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Torque-Factor comparison 

 
 The following is a formula that is used to 
calculate the induced torque in a wire rope under 
tensile load:  
 
T = k . d . F  
 
where:  
 
T = Induced torque ( N.m ) or ( ft-lbs)  
k = Torque Factor ( Dimensionless )  
d = Rope diameter ( m ) or ( ft )  
F = Tensile load ( N ) or ( lbs )  
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Typical Torque-Factor (k) values 

 
 Typical Torque-Factor ( k ) values measured at 20%MBF 
for various wire ropes are as follows:  
 
6-Strand IWRC ropes                  k = 0.08 
6-Strand Fiber Core ropes          k = 0.09  
8-Strand IWRC Regular Lay        k = 0.10 
 
19X7 rotation-resistant rope       k = 0.045 
35 X 7 rotation-resistant ropes   k = 0.005 to 0.02 
XLT4 crane ropes                         k = 0.02 to 0.025 
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Torque-Factor ( k )  comparison 

The k value for 9/16” 3X19 rope 
is  0.002 
Measured at 20% MBF  

 

The k value for 9/16” 4 X16 hybrid rope  
is  0.016 
Measured  at 20% MBF 
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Torque-Factor ( k )  was measured  for 6 different experimental 
hybrid rope prototypes also in WireCo’s laboratory in Germany 
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Typical Torque-Factor (k) values 

 
 Typical Torque-Factor ( k ) values measured at 20%MBF 
for various wire ropes are as follows:  
 
6-Strand IWRC ropes                  k = 0.08 
6-Strand Fiber Core ropes          k = 0.09  
8-Strand IWRC Regular Lay        k = 0.10 
 
19X7 rotation-resistant rope       k = 0.045 
35 X 7 rotation-resistant ropes   k = 0.005 to 0.02 
XLT4 crane ropes                         k = 0.02 to 0.025 
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Rotation under tension load  comparison-  TMT’s test setup  
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Rotation under tension load  comparison- TMT measurements 

The rotation for 9/16” 3X19 rope is  
0.26 turns per 1000d 
Measured at 45% MBF  

 

The rotation for 9/16” 4 X16 hybrid rope  
is  7 turns per 1000d 
Measured  at 45% MBF 
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Rotation under tension load  -  ISO standard 21669 test procedure  

Turns (360 degrees) 
per 1000d is 
measured at a 
tension load of 
20%MBF 
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Cyclic Bend Over Sheave (CBOS)  fatigue test-  TMT’s test setup  
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Cyclic Bend Over Sheave (CBOS)  fatigue test-  TMT’s test setup  
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Cyclic Bend Over Sheave (CBOS)  fatigue test comparison- TMT’s test results 
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Cyclic Bend Over Sheave (CBOS) fatigue test- ongoing reverse-bend-fatigue (RBF) 
tests 
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Cyclic Bend Over Sheave (CBOS)  fatigue test-  ongoing simple bend fatigue tests 
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Cyclic Bend Over Sheave (CBOS)  fatigue test-  ongoing simple bend fatigue tests 

Test conditions:  D/d = 20  
 Applied tension = 20%MBF 
 
Rope lubrication: light oil to dry 
 
Bending cycles to removal 
criteria = 6,400 
 
Remaining  strength after 
removal = 95%MBF 
 
Bending cycles to complete 
failure = 18,476  
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Tension-tension fatigue test comparison- TMT’s test results 
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Multilayer winding (MLW) tests at University of Stuttgart 
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►A 500 ft experimental length of 16mm hybrid 4-strand rope has been 
scheduled 

 
►MLW tests will be conducted at the University of Stuttgart in Germany 

 
►What other properties should be evaluated and optimized? 
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End attachments for the 4-strand hybrid rope  



The advantages of the 4-strand hybrid hoist rope  

► Higher strength-to-weight ratio: A significant reduction in rope 
weight while maintaining a high strength. 

 

► Better bending fatigue resistance than 3 X 19 

 

► The  first experimental version of 4-strand rope has shown a 
reasonably good “torque-factor”  values ( k  value lower than 
0.02) 
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Next steps  

► Additional tests are ongoing in order to fine tune rotation and torque 
factor properties 

► Complete the RBF tests  

► Test the effect of various lubricants on the bending fatigue 
performance 

► MLW tests will be conducted on a 16mm experimental production 
run of 4X16 hybrid rope 

► A short experimental length of 3-strand hybrid rope will be produced 
and tested for improved rotational properties 

► What sort of field trials can be conducted? What length of rope may 
be needed? 

33 

Presented to  RVOC on April 25th, 2012  
 



34 

Thank you very much for your attention! 
Any questions? 
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