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Abstract— Wire rope is a machine with dozens or even 

hundreds of individual wires which are formed and fabricated 

to move or operate at close tolerances to one another. When 

a wire rope bends, each of its many wires slides and adjusts 

to accommodate the differences in length between the inside 

and outside of the bend. The sharper the bend, the greater the 

movement this creates wrong spooling of wire rope. Ever 

since the development of wire rope, comprising multiple wire 

strands, spooling the wire has presented technical challenges. 

When wrapped in multiple layers, the upper layers have a 

tendency to crush the lower layers, while the lower layers 

have a tendency to pinch upper layers. The rubbing of rope 

against rope also has a tendency to cause wear. This paper 

analysis the parameters related to the spooling of wire rope 

like fleet angle, tension etc. This paper also presents design 

and analysis of rack and pinion mechanism for wire rope 

spooling process. For this design of different conceptual 

models and analysis was done under maximum loading 

condition. After comparing the results best design is selected 

and it was found easy in manufacturing and operating. 
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I. INTRODUCTION 

The multilayer wire rope spooling system has undergone 

continuous refinement over the years and adapted for any 

application where long lengths of steel wire ropes must be 

wrapped in multiple layers quickly and smoothly. Examples 

include: Cranes for construction sites, offshore oil rigs, ports 

or onboard ships, Deep mining, Oceanographic research 

vessels and pipe laying barges, Funicular railways and cable 

cars, cable-supported and cable suspended roofs, offshore 

drilling equipment and soaring suspension bridges. 

A common problem associated with wire rope is 

snagging on the winch drum, when an outer layer becomes 

trapped between wraps of underlying rope. Another common 

problem is damage to the lower layers caused by crushing 

from outer layers. With multiple layers of rope on a drum, the 

pressure on lower layers is immense. Also improper spooling 

induces torque within the rope, which in turn reduces the life 

of the rope. 

Wire ropes are highly loaded machine elements. 

When steel wire breaks it poses a serious threat to anyone 

nearby. It can cause great bodily injury or even death. The 

combination of the enormous energy and heavy weight 

causes recoil with incredible force. On top of that, steel wire 

is made up of many small steel strands, when these strands 

are broken they create very sharp edges. Huge force, 

unpredictable behavior and lots of sharp edges. A rope failure 

can have disastrous consequences. However most of the rope 

breaks can be find out during the inspection. If the wire breaks 

are concentrated in a very short section of the rope the rope 

must be discarded which increases the cost of manufacturing. 

Thus the optimization and selection of correct parameters 

such as fleet angle, wire tension, D/d ratio, speed etc plays 

crucial role in wire rope manufacturing industry. 

A. Rope Design 

Every wire has three basic components: the wires, strands and 

core. The core may be either fiber (FC) such as sisal, manila 

or jute, or an Independent Wire Rope Core (IWRC), which is 

actually a smaller wire rope within the strands of the outer 

wire rope. The wires are predominantly constructed from 

high-carbon steel but may also be formed from various metals 

such as iron, stainless steel, Monel or bronze. Carbon steel 

wire rope is manufactured in various grades, including 

Improved Plow Steel (IPS), Extra Improved Plow Steel 

(EIPS) and Extra Improved Plow Steel (EEIPS), which 

designate the nominal strength of the wire rope. EIPS is the 

most commonly used and manufactured grade today. 

Wire rope generally comes with a "bright" or 

uncoated finish but several other options are available. A 

galvanized, zinc coating, a tin coating or a synthetic coating 

such as vinyl or nylon may also be applied to the rope's 

surface. Ropes with plastic coatings and plastic-filled 

interiors are also obtainable. It should be noted that these 

coatings can affect the characteristics and breaking strength 

of the wire rope. Wire ropes are identified by classifications 

based upon the number of strands and nominal number of 

wires in each strand. A 6 x 19 classification for example, 

includes six strands with each strand consisting of 15-26 

individual wires. The six strands of a 6 x 37 class wire rope 

are constructed of 27-49 individual wires. Other popular 

classifications include 19 x 7, 7 x 19 and 8 x 19. 

II. LITERATURE REVIEW 

Franklin L. Le Bus, Sr. [1] first developed A counterbalanced 

cable spooling system for providing a true and efficient 

winding of multiple layers of cable on a drum using 

conventional machining processes. Result signify 

substantially eliminated the disadvantages of prior grooving 

systems when counterbalanced spooling grooves on a drum 

core used. Dr. John f. Bash [2] studied and discussed 

influence of fleet angle in spooling process. The author used 

smooth and grooved drums. Results has proven that the best 

wire rope services is obtained when the maximum fleet angle 

is not more than 1-1/2 degrees for smooth drums and 2 

degrees for grooved drums. Cris seidenatherm [3] Conducted 

multi objective optimization of parameters influence spooling 

process. Signify best spooling results when used spool under 

tension 2% to 10% of working load, D:d ratio 25:1 and fleet 

angle .5 to 2.5 degree. Margus Tae [4] implemented 

Traversing mechanism driven by cam rotating grooved cam 

with a traversing guide running in the groove. The device 

removes traverse assembly in winch and drum spooling 
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mechanism. Oystein Gunnar Skalleberg [5] Designed a 

machine comprising a steering unit movable in a plane 

substantially perpendicular to the geometrical central axis of 

the formed coils between two end positions. Through this 

arrangement the steering unit can be used for guiding of the 

cable during the coiling process.  Bruce L. Butler VP 

[6]Implemented computerized servo driven traverse 

assembly for wire ropes. Enhanced accuracy and speed were 

obtained during spooling process. Dhaivat Dholakiya 

[7]Designed and developed automated probe traverse 

mechanism which could be applied in wire rope industry for 

enhancement in spooling process.    

III. EXPERIMENTAL DETAILS 

All the calculations obtained in consideration with the 

prototype model which can be used to determine  

A. Reel Design 

It is virtually impossible to calculate the precise length of 

wire rope that can be spooled on a reel or drum. The formula 

below provides a sufficiently close approximation based on 

uniform wire rope winding on the reel. 

                      L = (A+D) × A × B × K                             (1) 

 
L = length of wire rope in feet. 

A = depth of rope space on reel in inches  

B = width of drum between flanges in inches. 

D = barrel diameter in inches. 

K = constant for given wire rope diameter. 

H = diameter in reel flange in inches. 

X = clearance. 

X = 0.78472, A = 1.5748 inch, B = 3.54331 inch,  

D = 4.72441 inch,   

K = 8.72 (for wire dia = 4mm), H = 9.44882 inch. 

L = (1.5748 + 3.54331) × 4.72441 × 8.72 × 9.44882 

L = 306.504 feet = 93.422 m. 

B. Pinion Design 

Material- Mild Steel 

σb = 160 N/mm2 ,    BHN Number  =  130 , Zp  =  20  

                           0.912 

Yp = 0.154 -    ----------      = 0.1084 

                            20 

1) Beam Strength 

Fb = σc. b. m. Yp                                                                                                        

Fb = 160 x 10m x m x 0.1084                                                          

Fb = 173.44 m2, N                                          

2) Wear Strength 

Fw = dp x b x Q x K 

PSG  8.51     

              Zg                 20 

 Q   = -------------- =  ----------      =  0.5       

           zg + zp           20+20 

 K   =  0.16 x (B.H.N/100)2  

       =  0.2704                            

Fw  =  ( m x zp ) x b x Q x K                                    

       =  ( m x 20 ) x 10m  x  0.5 x 0.2704 

Fw  =  20.7 m2  , N 

                π .dp. Np           π x 20 m x 20                    

V    =     --------------- =  -------------------                        

               60 x 1000            60 x 1000   

        =    0.0209 m , m/s.       

Assume , Kv  = 1 

             P               0.052                       

Ft  =   -----    =   ---------------       =  2.488/m  N/mm2   

            V             0.0209 m 

                Ka .Km . Ft 

F eff   =   ---------------- 

                      Kv        

                1 x 1.2 x 2.488/m   

          =   --------------------- 

                         1 

F eff   =  2.37708/m , N 

Considering F.O.S = 1.5, 

Fb =  F.O.S. x Feff 

173.44 m2 =  1.5 x 2.488/m 

m = 2.5 mm. 

dp  =  m x zp  =  2.5 x 20       

dp  =  50 mm. 

Results 

Module 2.5 mm 

Diameter 50 mm 

C. Rack Design 

Material- Mild Steel 

Np = No of teeth on pinion = 7 

NR =  No of teeth on rack = 26 

Pressure angle = α = 20o   

Pitch circle dia = Dp = Np × m = 7 × 2.5 = 17.5 mm. 

Torsional movement = Mt = Ft × Dp = 266 × 17.5  

Mt = 4.6547 Nm. 

IV. RACK & PINION MECHANISM 

Rack and pinion gears are used to convert rotation into linear 

motion. The flat, toothed part is the rack and the gear is the 

pinion. Rack and pinion gears provide a less mechanical 

advantage than other mechanisms, but greater feedback and 

steering sensation. A rack and pinion gear gives a positive 

motion especially compared to the friction drive of a wheel in 

tarmac. These are commonly used in the steering system of 

cars to convert the rotary motion of the steering wheel to the 

side to side motion in the wheels. They are also used in some 

scales to turn the dial that displays a weight. 
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Fig. 1: Basic Rack & Pinion Model 

A. Working of Actual Model  

The mechanism requires two pinion to provide reverse 

motion in clockwise and anti-clockwise direction. Both 

pinion engagement and dis-engagement time synchronized so 

that either pinion will attach to the rack at a time. The first 

pinion gets engaged with the rack and rotates in clockwise 

direction providing linear motion to the rack in horizontally 

right x-direction, the first pinion gets dis-engaged with the 

rack. The second pinion completes its rotation in opposite 

side of the rack than engages with the rack rotating in 

anticlockwise direction provides horizontally left x-direction 

motion to the rack. This mechanism provides continuous 

linear forward and reverse motion of the rack. 

 
Fig. 2: Actual Used Rack & Pinion Mechanism 

V. ASSEMBLY & WORKING 

A. Assembly of the Model 

 
Fig. 3: Assembly of the Actual Model 

B. Working Procedure 

When the wire comes out after stranding process its manually 

attached first attached to the drum for providing desired 

tension. Then switch is pressed which starts motors which in 

turn rotate drum as well as actuates the gear mechanism. The 

speed of motors is such maintained that when drum completes 

one rotation the rack will also move by one teeth which 

continue providing uniform layer of wire on the drum. At the 

extreme end the second pinion gets engaged with the rack and 

starts the winding of second layer of wire rope above first 

layer in reverse direction. This process continuous to provide 

uniform and smooth spooling of wire rope on the drum. To 

stop the machine one limiting sensor is provided if the layers 

of the wire rope reach the clearance limit of the drum X 

(clearance as calculated above) it transmits the signals to the 

limiting switch which stops the motors. 

C. Advantages 

1) It removes the use of traverse assembly. 

2) Eliminates the use of mechanical limiters. 

3) Reduces cost of lead screw and electronic components. 

4) Decreases complexity in reverse motion system. 

5) Implements simple mechanism for smooth spooling of   

wire rope.  

VI. CONCLUSION   

This paper presents the study of the design and analysis of 

special rack and pinion and also evaluates the parameters 

related to smooth spooling of wire rope. The study gives the 

new design which efficiently removes the complexities 

involved in traverse assembly for smooth spooling of wire 

rope. This type of mechanism can be implemented in actual 

industry with calculation modification. 



Design of Rack & Pinion Mechanism for Improvement in Spooling of Wire Rope 

 (IJSRD/Vol. 6/Issue 01/2018/587) 

 

 All rights reserved by www.ijsrd.com 2116 

REFERENCES 

[1] Sr Franklin L Le Bus & Robert A Crowley       "Method 

of grooving a cable spooling drum" US Patent 

US3110096A , US2741441A , US2732150A (1963). 

[2] Dr. John f. Bash "Handbook of oceanographic winch, 

wire and cable technology third edition 2001" Chapter 

12, 1-27. 

[3] Cris seidenatherm "Germany journal international cranes 

and specialized transport october 2007. 

[4] Margus Tae “Wire rope spooling mechanism" US Patent 

US3980252A John T Hepburn Ltd 1976. 

[5] Oystein Gunnar Skalleberg "Device for an apparatus for 

coiling of cable, wire, wire rope or the like" US Patent 

4026483 A May 31, 1977. 

[6] Bruce L. Butler VP "Computerized Traverse Winding 

For Wires and Ropes" By Independent Machine Co. 

Fairfield, NJ 

[7] Dhaivat Dholakiya “design and development of probe 

traverse mechanism" International Journal of 

Engineering Sciences & Research Technology IJESS7 

Dholakiya* et al., 5(12): December, 2016. 

 


