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ABSTRACT 

In the recent years, oil and gas exploration and production are being carried out in 

extremely harsh and challenging environmental conditions. Hence, accurate prediction 

of the hook load is essential in order to minimise the Non- Productive Time (NPT) 

during the drilling operation stages. With accurate prediction of hook load, 

undesirable drilling problems such as buckling, stuck pipe, tensile failure can be 

minimised if not completely eradicated. 

 

There are numerous factors affecting the hook load prediction such as, the weight per 

unit length (W/l) of the drill pipe used, the density of the drilling mud used, the 

friction in the well, the weight per unit length  (W/l) of the drilling line used, just to 

mention but a few. These above factors will not be discussed in-depth in this thesis 

but rather this thesis aims at developing a mathematical model to incorporate into the 

existing models, the effect of acceleration on hook load prediction. 

 

There are numerous hook load prediction models in the oil and gas industry such as 

the industry accepted hook load prediction model, the Luke and Juvkam-Wold hook 

load prediction model and the Cayeux et al hook load prediction model. The rationale 

behind this thesis is to understand these existing hook load prediction models and 

further develop them by incorporating the effect of acceleration. These existing models 

gives a good prediction of the hook load measurements but the accuracy can be 

improved by taking into account that the efficiency of each sheave might not be same 

and also taking into consideration the effect of acceleration. The extended models will 

be analysed using hypothetical data. 

 

After analysing the extended models using the hypothetical data, it was 

discovered that during non-uniform movement of the travelling equipment the 

sum of the tensions in the supporting lines are not the same as the hook load 

(W). Hence, the position for the load cell placement is very essential to ensure 

accurate hook load measurement. 

 During hoisting with non-uniform movement of the travelling equipment, 

the sum of the tensions in the supporting lines always exceeds the hook 

load (W) value with the discrepancy between them being influenced by 

the acceleration (a) of the travelling equipment.  
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 Hence, the minimum expected hook load (W) value during hoisting is 

during non-uniform movement of the travelling equipment with high 
𝑎

𝑔
 

ratio and vice-versa. 

 During lowering with non-uniform movement of the travelling equipment, 

the hook load (W) measurement always exceeds the sum of the tensions 

in the supporting lines with the disparity between them also influenced 

by the acceleration (a) of the travelling equipment. 

 Hence, the maximum hook load (W) measurement during lowering 

occurs when the travelling equipment is undergoing non-uniform 

movement with high 
𝑎

𝑔
 ratio and vice-versa. 

 Finally, it was observed that even though the dead line is non-rotating, 

its efficiency is not perfect(𝑒𝑑𝑙 ≠ 1). The efficiency of each sheave from the 

extended Cayeux et al hook load prediction model was used as an input 

for the extended Luke and Juvkam model. It was observed that the 

extended Cayeux et al hook load prediction model (which served as the 

experimental data) produces approximately the same results as the 

rotating (Active) dead line sheave hook load prediction model but deviates 

from the non-rotating (inactive) dead line sheave counterpart. The degree 

of the deviation depends on the coefficient of friction (the efficiency of 

each sheave). Hence, it can be inferred that the dead line sheave is not 

perfect. This can be confirmed with experimental data. 
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NOMENCLATURE  

𝑊𝑎 Weight per unit length of the drill pipe in air 

𝜌𝑑𝑝 Density of the drill pipe used 

𝑊𝑎𝑑𝑠 Weight of the drillstring in air 

𝑊𝑏𝑑𝑠 Weight the drillstring in mud (Buoyed drillstring weight) 

ℎ𝑇𝑉𝐷 True Vertical Depth of the well 

𝛽 Buoyancy factor (upward force) on the drillstring 

𝜌𝑠  Density of steel 

𝜌𝑜 Density of the mud outside the drillstring 

𝜌𝑖  Density of the mud inside the drillstring 

𝐴𝑖 Inner cross-sectional area of the drill pipe 

𝐴𝑜  Outer cross-sectional area of the drill pipe 

𝐴𝑠 Cross-sectional area of the drill pipe (Steel) 

𝑒 Efficiency of each sheave 

𝐹𝑑 Derrick load, mL/t2, Ibf 

𝐹𝑑𝑙 Dead line tension, mL/t2, Ibf 

𝐹𝑓𝑙 Fast-line tension, mL/t2, Ibf 

𝑛 Number of lines between the crown block and the travelling block  

𝑊 Hook load, mL/t2, Ibf 

𝐹𝑛𝑒𝑡  The net force on the system 

𝑚𝑇 Total mass of the travelling equipment 

𝑚𝑑𝑝 Mass of the drillstring 

𝑚𝑡𝑏 Mass of the travelling block 

𝑚𝑑𝑙 Mass of the drill-line 

𝑎 Acceleration due to non-uniform movement of the travelling equipment 

𝐹𝐷𝑜𝑤𝑛 Force acting downwards 

𝑣 Final velocity 

𝑑𝑣 Change in velocity 

𝑢 Initial velocity 

𝑑𝑠 Change in position 

𝑠2 Next position of the travelling equipment  
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𝑠1 Current position of the travelling equipment 

𝑠0 Previous position travelled by the travelling equipment 

𝑑𝑡 Change in time  

𝑡2 Time reading corresponding to position 𝑠2 

𝑡1 Current time reading corresponding to position 𝑠1 

𝑡0 Previous time reading corresponding to position 𝑠0 

𝑀𝐴 Actual Mechanical Advantage (MA) with friction 

𝑀𝐼 Ideal Mechanical Advantage (MA) without friction 

𝛼1 Azimuth at the initial position (position 1) 

𝛼2 Azimuth at the next position (position 2) 

𝛾 Hook load correction factor during non-uniform movement 
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1 INTRODUCTION 
Currently, the Oil and Gas industry are now exploring in harsh and challenging 

environmental conditions. These challenging environments need special equipment 

and operational procedures and hence, this leads to increased cost as compared to the 

non-challenging environments. Hence, there is the need to optimize the drilling 

operations thereby minimizing the operational cost. One way to achieve this is to 

reduce the Non-Productive Time (NPT) to the barest minimum thereby saving rig time 

which will result in the reduction in the Operational expenditure (OPEX) especially for 

ultra-deep water drilling operations.  

As every tangible entity in the world produces a shadow when light falls on it, so are 

the hook load measurements the “shadow” of the actual downhole condition as 

depicted by Cayeux et al [1]. Hence, accurate prediction of the hook load is essential to 

identify the deteriorating down hole conditions due to ledges, tight hole due to swelling 

clay or mobile formations such as salt, poor hole cleaning (cutting transport 

challenges) just to mention a few. i.e. Accurate hook load measurements are important 

for predicting well friction. If these problems are identified ahead of time, appropriate 

measures can be taken thereby minimizing NPT.  

In addition to the above, during drilling weight on bit (WOB) is applied to the bit before 

we can drill ahead. Hence, it is important to accurately predict the hook load in order 

not to exceed the buckling limit when applying the WOB. On the other hand, if the 

tensile limit of the string is exceeded due to over-pull, it can also result in tensile 

failure and hence accurate prediction of the hook load is indispensable in the drilling 

operation. 

1.1 BACKGROUND 
In order to accurately predict the hook load, various models have been developed such 

as the Luke and Juvkam-Wold model [2], the industry accepted model [3] and the 

Cayeux et al  hook load prediction model [4]. 

 The hook load (W) is literally the force exerted by the drillstring suspension point in 

the travelling equipment. In this thesis we assume vertical well and hence the well 

friction was neglected. i.e. The hook load remains constant for a given drillstring 

weight. Below is a schematic illustrating a typical block and tackle hoisting system. 
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Figure 1: Shows a schematic of a typical block and tackle hoisting system 

In the Luke and Juvkam-Wold model, they identified the effect of the load cell position 

on the accuracy of the hook load measurements. According to their model, if the load 

cell is positioned at the dead line it will measure the lowest line tension during 

hoisting since the line tension decreases from the fast line (Ffl) towards the dead line 

(Fdl). This results in lowest hook load measurements during hoisting and it is therefore 

not representative of the actual downhole drilling condition.  

On the other hand during lowering, the line tension decreases from the dead line (Fdl) 

towards the fast line (Ffl) and hence the dead line (Fdl) experiences the highest tension 

while the fast line (Ffl) experiences the least. With the load cell positioned at the dead 

line, the highest tension is recorded during lowering which is counter intuitive since 

the hook load (W) has the same direction as the acceleration due to gravity (g).  
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The challenge with the Luke and Juvkam-Wold model is that they assumed constant 

sheave efficiency (e) for all the rotating sheaves which might not be necessarily true. It 

was also based on constant velocity and hence, no effect of acceleration of the 

travelling equipment was taken into account. 

 

On the other hand, the accepted industry method for predicting hook load (W) is either 

too low during hoisting or too high during lowering. This discrepancy can be attributed 

to the fact that the industrial approach assumes a perfect block and tackle system 

with no frictional losses. In this case, the efficiency of each sheave is not only constant 

as suggested by Luke and Juvkam but perfect (i.e. e =100% or e =1). This is a 

conservative approach and impractical. 

 

Both the industry accepted model and the Luke and Juvkam-Wold model are based on 

the efficiency of the sheaves. Unlike the aforementioned models, Cayeux et al model [4] 

is based on the coefficient of friction (µ) at the sheave axle during rotation. Cayeux et 

al model utilizes the Stribeck friction coefficient (µ𝑠) at the sheave axle instead of the 

Coulomb friction model (µ𝑎) in order to account for the effect of changing from static 

friction (striction) to kinematic friction and vice-versa. The limitation of the Cayeux et 

al model is that it was also based on constant velocity of the travelling equipment and 

hence the effect of acceleration was not incorporated into the model. 

 

Figure 2: Schematic showing the transition from static coefficient of friction to dynamic 
coefficient of friction and vice-versa by courtesy of Cayeux et al [4] 

The beauty of using the Cayeux et al hook load prediction model is that, the sheave 

efficiency (e) which is a global effect due to the rotation of the sheave is not utilized in 

their model.  According Cayeux et al, the sheave efficiency depends on the applied 

load, the elasticity of the drill line, block position and direction of movement of the 

travelling equipment (whether hoisting or lowering) as illustrated below 
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Figure 3: Shows the variation in sheave efficiency as a function of block position and direction of 
movement of the travelling equipment (hoisting or lowering) by courtesy of Cayeux et al [4] 

 

Figure 4: Shows variation in the sheave efficiency as a function of the applied load by courtesy of 
Cayeux et al [4] 

 

Figure 5: Shows variation in the average sheave efficiency during hoisting and lowering for 
different applied loads, different elasticity of the drill-line and at different speed of the travelling 
equipment by courtesy of Cayeux et al [4] 
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The Cayeux et al hook load prediction model also account for the effect of stick-

slip which is prominent at very low velocity. According to Cayeux et al [4], the 

stick-slip condition is not limited to the dead line sheave. The combination of 

static friction at the level of the sheave axle and the drill-line elasticity may 

result in the pulley not rotating [4]. In addition, the Cayeux et al hook load 

prediction model also account for the effect of each sheave weight (FW), the 

centrifugal force (FC), the coefficient of friction (µ𝑎)  at the sheave bearing, the 

direction of rotation of each sheave etc. Hence, improving the accuracy of the 

hook load prediction. 

1.2 OBJECTIVES 

This thesis aims at incorporating into the existing hook load prediction models, 

the effect of varying the travelling equipment velocity (i.e. non-uniform 

movement) on the hook load measurements with emphasis on fixed 

installations (Platform wells) and a vertical wellbore. Below are some of the 

contributions to the existing models; 

 Incorporating into the industry accepted model [3], the effects of 

acceleration during non-uniform movement 

 Incorporating into the Luke and Juvkam model [2], the effect of  

acceleration during non-uniform movement of the travelling equipment 

for; 

i. Both Inactive and Active dead line sheave during either hoisting or 

lowering. 

ii. Both varying sheave efficiency and constant sheave efficiency 

during either hoisting or lowering. 

 Incorporating into the Cayeux et-al hook load prediction model [4] the 

effect of acceleration during non-uniform movement for either hoisting or 

lowering. Below are some of the other contributions to the Cayeux et al 

hook load prediction model.    

i. Cayeux et al proposed two line tension relations for the crown 

block sheaves and that of the travelling block sheaves during 
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hoisting with uniform movement of the travelling equipment. In 

this thesis, a generalised line tension relation during hoisting has 

been developed for both the crown block sheaves and the travelling 

block sheaves and with the effect of the non-uniform movement of 

the travelling equipment also taken into consideration. 

ii. In a similar vein during lowering, a generalised line tension 

relation has also been developed for both the crown block sheaves 

and the travelling block sheave from the line tension relations 

proposed by Cayeux et al during lowering. In addition, the effect of 

non-uniform movement of the travelling equipment has also been 

incorporated into the generalised line relation. 

iii. These generalised line tension relations during either hoisting or 

lowering were then combined to get the sum of the tensions in the 

supporting lines. After which Newton’s second law of motion was 

apply to obtain the extended Cayeux et al hook load prediction 

model. 
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2  GENERAL OVERVIEW OF THE DRILLING SYSTEM 

2.1 TYPES OF DRILLING RIGS 

Drilling rigs can be categorised into two (2) main groups based on the location 

in which it is being used. i.e. Either land rigs for onshore use or marine rigs for 

offshore use. 

2.1.1 LAND RIGS  

The land rig can also be categorised into two main subgroups namely  

i. Conventional rigs such as medium land rig  

ii. Mobile rig such as Portable mast 

2.1.2 MARINE RIGS 

The marine rigs can also be subdivided into two (2) major categories namely 

i. Bottom supported rigs such as Jack up, platform etc.  

ii. Floating rigs such as semi-submersible and drillship.  

The model in this thesis is developed for either a land rig or an offshore bottom 

supported rig such as the platform rig. 

2.2 THE DRILLING SYSTEM 

The drilling system is made up five (5) essential systems which make it possible 

to drill ahead. These systems include; 

i. Power system 

ii. Circulation system 

iii. Rotary system 

iv. Well control system 

v. Hoisting system 

2.2.1 POWER SYSTEM 

All living things require some form of energy such as food in order to undertake 

their daily activities. Likewise, the drilling system requires electrical power in 

order to drill ahead. This electric power is either transmitted from a nearby 

onshore electric power station using power lines or by generating it at the rig 

site using internal-combustion diesel engines (power plant) [9].  There are two 
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(2) types of internal-combustion diesel engines depending on the mode in 

which the generated power is transmitted to the other rig systems, namely a 

diesel-electric type and a direct-drive type. 

The Diesel-electric type refers to an internal-combustion diesel engine in which 

the main rig engines are used to generate the required electric power but in the 

Direct-drive rigs, the electrical power is transmitted from the internal 

combustion engines by utilizing belts, gears, chains clutches instead of using 

motors and generators to accomplish the electric power transmission [9]. 

 The hoisting system, the circulation system and the rotation system are the 

three main systems that place high demand on the power system. The power 

system forms an integral part of the drilling system.  

2.2.2 CIRCULATION SYSTEM 

The circulation system is essential with respect to cutting transport thereby 

minimizing the downhole problems such as stuck pipe, high well friction as a 

result of cutting bed formation etc. In addition, the drilling mud which is an 

integral component of the circulation system also helps to lubricate the bit 

thereby minimizing bit wear.  The circulation system is made up of the 

following components, 

i. Mud pumps which can be either duplex pump or triplex pump 

ii. Flow lines 

iii. Drill pipe 

iv. Nozzles 

v. Mud pits and tanks (e.g. settling tank, mixing tank, suction tank) 

vi. Mud mixing equipment ( mud mixing hopper)  

vii. Contaminant removal equipment (e.g. shale shaker, desander, desilter, 

degasser etc.) 

2.2.3 ROTARY SYSTEM 

For the past decades, the oil and gas industry has moved from the percussion 

(hammer) drilling into a more efficient and a reliable drilling technique called 

the rotary drilling technique. The rotary system is used to provide bit rotation 
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in order to drill ahead. The rotary system is either top drive based or rotary 

table based depending on the mechanical device that provides the required 

torque to the drillstring in order to drill ahead. The top drive rotary system is 

composed of the top drive and the drillstring while the rotary table based rotary 

system consists of the following components; 

i. Swivel 

ii. Kelly 

iii. Rotary table 

iv. Drillstring 

2.2.4 WELL CONTROL SYSTEM 

The well control systems are very important in ensuring the integrity of the well 

at all times by preventing uncontrolled inflow, cross flow or outflow from the 

wellbore to the external environment. The well barrier during drilling as 

stipulated in NORSOK D-010 (Rev. 4, June 2013) has the drilling mud (fluid 

column) as the primary barrier. The secondary barrier elements with shearable 

string includes, 

i. In-situ formation 

ii. Casing cement 

iii. Casing 

iv. Wellhead 

v. High pressure riser 

vi. Drilling BOP 

2.2.5 HOISTING SYSTEM 

The hoisting system is used to either raise or lower pipe into and out of the 

well. In addition, it is also used to provide the required weight on bit (WOB) on 

the drillstring during drilling. Currently, there are three (3) types of hoisting 

systems used in the oil and gas industry. It includes; 

a) Ram-rig hoisting system 

b) Rack and pinion hoisting system 

c) The conventional draw-work  hoisting system 
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2.2.5.1 RAM-RIG HOISTING SYSTEM 
In the ram-rig hoisting system, hydraulic power supplied by the hydraulic 

power unit (HPU) to the two hydraulic cylinders also known as rams provides 

the required power for either hoisting or lowering. The HPU is made up of eight 

(8) to fourteen (14) variable displacement pumps with equal hoisting capacity. 

Each pump is driven by a constant speed alternating current (AC) motor and 

hence, each pump can give full hoisting force but at lower speed thereby 

conserving enough power for drilling activities. The hydraulic oil forms an 

integral component of the HPU.  In addition to the HPU and the rams, other 

components of the ram-rig includes, guide tower (ram-guide), top drive, the 

travelling yoke, the lifting wires and equalizer assembly. 

 

Figure 6: Shows a ram-rig by courtesy of Cayeux et al [4] 

2.2.5.2 RACK AND PINION HOISTING SYSTEM 
The rack and pinion hoisting system as its name implies is composed of a 

pinion and a rack. In this type of hoisting system, a rotational motion from the 

pinion is transformed into a linear motion along the rack thereby permitting 

hoisting or lowering depending on the direction of rotation of the pinion. This 

principle is utilized by the jack-up rigs when it is being raised or lowered. 
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Figure 7: Shows a rack and pinion rig by courtesy of Cayeux et al [4] 

2.2.5.3 CONVENTIONAL DRAW WORK HOISTING SYSTEM 

This is the oldest hoisting technique used in the industry and with the draw 

work supplying the required hoisting power. The hoisting power is then 

transmitted through the drilling lines to the travelling block in order to either 

raise or lower the drillstring.   

 

Figure 8: shows a conventional draw work hoisting system by courtesy of Bourgoyne et al 1986 [9] 

This type of hoisting system will be employed in this thesis. The conventional 

hoisting system is composed of the following components 
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i. Derrick and substructure 

ii. Crown Block 

iii. Traveling Block 

iv. Drilling Line   

v. Draw-works 

2.2.5.3.1 DERRICK AND SUBSTRUCTURE 

The derrick is a steel tower that provides mechanical support for the crown 

block, the traveling block and the drillstring. It also provides vertical clearance 

for running in hole (RIH) or pulling out of hole (POOH) during the drilling 

operations. Hence, the greater the vertical clearance, the longer the drillstring 

length that can be handled thereby saving rig time. Derricks are rated based on 

their wind load and their compressive load capacities. 

The substructure on the other hand elevates the derrick thereby providing 

working space below the derrick floor for installing the BOP (Blowout Preventer) 

and other surface equipment. The derrick is positioned above the substructure 

and hence the substructure must be able to withstand the entire derrick load 

together with its maximum drillstring weight during RIH or POOH. The design 

of the substructure depends on the equipment to be installed on it such as the 

Blow-out preventer (BOP) and it also depend on the local soil condition at the 

installation point. 

2.2.5.3.2 CROWN BLOCK 

In the conventional rotary drilling, the block and tackle arrangement is used to 

increase the mechanical advantage (MA) of the pulley system.  The stationary 

block at the top of the derrick is referred as the Crown block. The crown block 

consists of a group of pulleys which may be built into the derrick structure. 

Below is an illustration of the crown block and its sheaves arranged in a 

stacked form. 
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Figure 9: shows a the crown block sheave arrangements, to the left is the zoomed-out view and to 
the right is the zoomed-in view  by courtesy of  directional drilling technology blog [6] 

2.2.5.3.3 TRAVELLING BLOCK 
The moveable block which runs between the crown block and the drill floor is 

referred to as the traveling block. These pulleys are arranged in a stack form 

and covered in a protective housing to withstand the corrosive environment as 

illustrated below 

 

Figure 10: shows the travelling block. To the left is the travelling block sheave in its protective 
housing while to the right shows an opened protective travelling block housing by courtesy of 
directional drilling technology blog [6] 
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2.2.5.3.4 DRILLING LINE 
The applied tension from the draw work is transmitted through a steel drill-line 

that connects the crown block sheaves to the travelling block sheaves in order 

to either raise or lower the drillstring.  Failure of the drill-line can lead to 

catastrophic events such as injuries to personnel, loss of drillstring downhole 

thereby resulting in fishing operation etc. Hence, it is essential not to exceed 

the tensile limit of the drill-line during the drilling operations. This can be 

achieved using the slip-and-cut maintenance program to get rid of the worn-

out sections of the drill-line with time depending on the ton-mile covered. 

Accurate record of the ton-mile is essential to ensure an effective slip-and-cut 

maintenance program. 

2.2.5.3.5 DRAW-WORK 

The draw work serves as the heart of the drilling system and it is used to run 

equipment into and out of the well. In other words, the draw-work provides 

both the hoisting and the braking power needed to either raise or lower the 

drillstring.  

 

Figure 11: shows a conventional draw work hoisting system by courtesy of directional drilling 

technology blog [6]  

The draw work is composed of the following components 

i. Drum 

ii. Brakes 

iii. Transmission  

iv. Cathead  
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DRUM 

The drum transmits the required torque needed for either hoisting or lowering 

of the drillstring. The drum is also used to store the drill-line required to move 

the traveling block between the crown block and the drill floor. i.e. The hoisting 

drum is used to spool the drill-line in order to raise or lower the drillstring. 

BRAKES 

The brakes are used to halt and sustain further movement of the drum by 

applying the brake lever. There are two types of auxiliary brakes namely 

hydrodynamic brake and electromagnetic brake. In the hydrodynamic type, 

water is impelled to the direction opposite to the direction of the drum rotation 

thereby halting the drum movement whereas the electromagnetic brakes 

utilizes two opposing magnetic fields in order to stop and maintain the drum 

from any further movement. Water cooling system is also used to cool down the 

heat generated during braking. 

TRANSMISSION 

The draw work transmission is responsible for changing the direction and 

speed of the travelling block thereby permitting either hoisting or lowering of 

the drillstring. 

CATHEADS 

Catheads are attached to both ends of the draw works to transmit the required 

electric power needed for the draw work operation. Friction catheads rotate 

continuously and thereby aiding in hoisting. The torque required to screw or 

unscrew the pipe is provided by the second catheads which is positioned 

between the friction catheads and the draw works housing. 

2.3 HEAVE COMPENSATION SYSTEM 

In the olden days, oil and gas exploration was limited only to onshore 

operations due to lack of technologies. With the dawning of advanced and 

reliable technologies, the exploration of oil and gas has been extended to harsh   

and challenging environmental conditions such as the offshore environment. 
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The effect of the heaves on the drilling operations such as the tension 

measurements became a major concern for the striving industry during the 

early offshore exploration activities. Hence, there was the need to decouple the 

dynamics of the drilling rig from the drilling system. This necessitated the 

introduction of heave compensator in the 1970 by Vetco offshore Inc. The 

purpose of the heave compensator is to minimise the load variation on the drill 

bit due to the heave effects during drilling operations. There are two (2) major 

types of heave compensation used in the oil and gas industry namely, Passive 

and Active heave compensation. 

2.3.1 PASSIVE HEAVE COMPENSATION 

This type of compensation is usually crown block based. i.e. The compensator 

is located at the crown of the derrick.  This crown mounted compensator is 

used to decouple the drillstring from the dynamics of the entire drilling system 

due to the heaves effect and it is usually pneumatic in nature. i.e. It utilizes the 

compressibility of gas usually nitrogen to provide the needed compensation. 

The passive heave compensator is made up of gas (air) which also serves as an 

accumulator due to its compressibility, cylinder and piston assembly. The 

principle behind the passive heave compensation is that as the load exerts a 

downward force on the piston, the air inside the cylinder is compressed until 

the pressure-force that is build-up inside the cylinder becomes equal to the 

external load that is exerted on it.  
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Figure 12: shows Passive heave compensation by courtesy of Hatleskog and Dunnigan (2007). To 

the left is the zoomed-out view of the Passive heave compensation while to the right is the 
zoomed-in view of the Passive heave compensation [7] 

2.3.2 ACTIVE HEAVE COMPENSATION 

Active heave compensation is usually achieved at the winch level with the help 

of the hydraulic piston and the reference signal. There are three (3) types of 

Active heave compensation (AHC) namely, Rotative Active Heave Compensation 

(RAHC), Primary Controlled Active Heave Compensation (PAHC) and Linear 

Active Heave Compensation (LAHC) 

 
 

Figure 13: Is a schematic of a Rotative Active Heave Compensation (RAHC) by kind courtesy of 
offshoreteknikk [8] 
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3 HOOK LOAD THEORY 
Hook load (W) is the total downward force on the hook of the top drive and it 

includes the buoyed weight of the drillstring, friction in the well etc. According 

to the Luke and Juvkam-Wold hook load prediction model [2], the hook load 

(W) during constant velocity of the travelling equipment is equal to the sum of 

the tensions in the drilling lines supporting the total downward force. 

3.1 FACTORS AFFECTING HOOK LOAD MEASUREMENT 

The hook loads measurements are affected by a number of factors among these 

are as follows 

i. Weight of the drillstring 

ii. Buoyancy effect 

iii. Well friction 

iv. Load cell position 

3.1.1 WEIGHT OF THE DRILLING STRING 

The weight in air of the drillstring (weight per unit length) will have a direct 

effect on the hook load measurements. The weight in air (Wa) of the drillstring 

is given by the relation  

𝑊𝑎 = 𝜌𝑑𝑝Α𝑠𝑔                                       [1] 

where 𝑊𝑎 is the weight per unit length of the drill pipe in air 

 𝜌𝑑𝑝 is the density of the drillpipe used 

Α𝑠 is the cross-sectional area of the drill pipe 

g is the acceleration due to gravity 

The total weight of the drillstring (𝑊𝑎𝑑𝑠 ) in air is given by the relation 

⇒ 𝑊𝑎𝑑𝑠 = 𝑊𝑎ℎ𝑇𝑉𝐷 = 𝜌𝑑𝑝Α𝑠𝑔 ℎ𝑇𝑉𝐷                    [2] 

Hence, the density of the drill pipe used (𝜌𝑑𝑝), its cross–sectional area (Α𝑠) and 

the true vertical depth (ℎ𝑇𝑉𝐷) of the well will directly affect the weight of the 

drillstring. 
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3.1.2 BUOYANCY 

Archimedes principle states that when a body is partially or fully immersed in a 

fluid, it displaces its own weight of fluid in which it flows. The weight of fluid 

displaced is equal to the upward force (buoyancy factor) on that body.  When 

the densities of the fluid inside and outside the drill string are different, the 

buoyancy force is given by the relation 

𝛽 =
𝜌𝑠−(𝜌𝑜

𝐴𝑜
𝐴𝑠

−𝜌𝑖
𝐴𝑖
𝐴𝑠

)

𝜌𝑠
                 [3] 

where 𝛽 is the buoyancy factor (upward force) on the drillstring 

𝜌𝑠 is the density of steel 

𝜌𝑜 is the density of the mud outside the drillstring 

𝜌𝑖 is the density of the mud inside the drillstring 

𝐴𝑖 is the inner area of the drillstring 

𝐴𝑜 is the outer area of the drillstring 

𝐴𝑠 is the cross-sectional area of the drillstring (Steel)  

In drilling operations, the density of the mud inside and outside the drillstring 

is approximately the same neglecting temperature and pressure effects.  

i.e. 𝜌𝑖 = 𝜌𝑜 = 𝜌𝑚𝑢𝑑 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡  and hence Eqn (3) becomes,  

⇒ 𝛽 =
𝜌𝑠 − (𝜌𝑜

𝐴𝑜

𝐴𝑠
− 𝜌𝑖

𝐴𝑖

𝐴𝑠
)

𝜌𝑠
=

𝜌𝑠 − (𝜌𝑚𝑢𝑑
𝐴𝑜

𝐴𝑠
− 𝜌𝑚𝑢𝑑

𝐴𝑖

𝐴𝑠
)

𝜌𝑠
 

⇒ 𝛽 =
𝜌𝑠 − 𝜌𝑚𝑢𝑑 (

𝐴𝑜

𝐴𝑠
−

𝐴𝑖

𝐴𝑠
)

𝜌𝑠
=

𝜌𝑠 − 𝜌𝑚𝑢𝑑 (
𝐴𝑜 − 𝐴𝑖

𝐴𝑠
)

𝜌𝑠
 

But  𝐴𝑜 − 𝐴𝑖 = 𝐴𝑠 

⇒ 𝛽 =
𝜌𝑠 − 𝜌𝑚𝑢𝑑 (

𝐴𝑜 − 𝐴𝑖

𝐴𝑠
)

𝜌𝑠
= 

𝜌𝑠 − 𝜌𝑚𝑢𝑑 (
𝐴𝑠

𝐴𝑠
)

𝜌𝑠
 

⇒ 𝛽 =  
𝜌𝑠− 𝜌𝑚𝑢𝑑

𝜌𝑠
= 1 −

 𝜌𝑚𝑢𝑑

𝜌𝑠
          [4] 

Hence, the buoyed weight (Wbds) of the drillstring in the well is given by the 

relation 

𝑊𝑏𝑑𝑠 = 𝛽𝑊𝑎𝑑𝑠 = 𝛽𝑊𝑎ℎ𝑇𝑉𝐷 = 𝛽𝜌𝑑𝑝Α𝑐𝑠𝑔 ℎ𝑇𝑉𝐷        [5] 
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3.1.3 WELL FRICTION 
The well friction has very high influence on the hook load measurement. The 

well friction is often depicted in the torque and drag measurements and its 

values varies for varying well section i.e. It has different values for the build-up 

section, sail section and drop-off section.   Since, the well friction models are 

not the main focus for this thesis, we shall take a quick look at some of the soft 

string well friction models developed by Aadnøy and Andersen [10]. 

3.1.3.1 TORQUE AND DRAG IN SAIL SECTION 

According to Aadnøy and Andersen [10], the torque and drag model is based on 

Coulomb friction model and it is given by the relation 

𝐹2 = 𝐹1 + 𝑤∆𝑠(𝑐𝑜𝑠𝛼 ± 𝜇𝑠𝑖𝑛𝛼) = 𝐹1 + 𝑚𝑔(𝑐𝑜𝑠𝛼 ± 𝜇𝑠𝑖𝑛𝛼)            [6] 

where 𝐹2 is the Force at the top of the drillstring 

𝐹1 is the Force at the bottom of the drillstring 

“+” represents hoisting of the drillstring 

“-” represents lowering of the drillstring 

The rotation friction which is also referred to as torque and it is given by the 

relation 

𝑇 =  𝜇𝑤∆𝑠𝑟𝑠𝑖𝑛𝛼           [7] 

 

Figure 14: Shows the drag on a drillstring in the sail section by courtesy of Aadnøy and Andersen [10] 
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3.1.3.2 TORQUE AND DRAG IN BUILD-UP SECTION 

According to Aadnøy and Andersen [10], the torque and drag in the build-up 

section for both hoisting and lowering of the drillstring is given by the relation 

i. Hoisting (Pulling) of string is given by the relation 

 𝐹2 = 𝐹1𝑒
−𝜇(𝛼2−𝛼1) − 𝑤𝑅(𝑠𝑖𝑛𝛼2 − 𝑒−𝜇(𝛼2−𝛼1)𝑠𝑖𝑛𝛼1)           [8] 

ii. Lowering of string is also given by the relation 

𝐹2 = 𝐹1𝑒
𝜇(𝛼2−𝛼1) −

𝑤𝑅

1+𝜇2 ((1 − 𝜇2)(𝑠𝑖𝑛𝛼2 − 𝑒−𝜇(𝛼2−𝛼1)𝑠𝑖𝑛𝛼1) − 2𝜇(𝑐𝑜𝑠𝛼2 −

𝑒−𝜇(𝛼2−𝛼1)𝑐𝑜𝑠𝛼1))                                                                              [9] 

iii. Torque in the build-up bend 

𝑇 =  𝜇𝑟((𝐹1 + 𝑤𝑅𝑠𝑖𝑛𝛼1)𝑎𝑏𝑠(𝛼2 − 𝛼1)) + 2𝜇𝑤𝑅𝑟 (𝑐𝑜𝑠𝛼2 − 𝑐𝑜𝑠𝛼1)         [10] 

 

 

Figure 15: Shows the torque and drag in a build-up section by courtesy of Aadnøy and Andersen [10] 

TORQUE AND DRAG IN DROP-OFF SECTION 

The torque and drag in the drop-off section for both hoisting and lowering of 

the drillstring as suggested by Aadnøy and Andersen [10] is given by the 

relation 

i. Hoisting (Pulling) of string is given by the relation 

𝐹2 = 𝐹1𝑒
𝜇(𝛼2−𝛼1) +

𝑤𝑅

1+𝜇2
((1 − 𝜇2)(𝑠𝑖𝑛𝛼2 − 𝑒−𝜇(𝛼2−𝛼1)𝑠𝑖𝑛𝛼1) − 2𝜇(𝑐𝑜𝑠𝛼2 −

𝑒−𝜇(𝛼2−𝛼1)𝑐𝑜𝑠𝛼1))                                                                              [11] 
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ii. Lowering of string is also given by the relation 

𝐹2 = 𝐹1𝑒
−𝜇(𝛼2−𝛼1) + 𝑤𝑅(𝑠𝑖𝑛𝛼2 − 𝑒−𝜇(𝛼2−𝛼1)𝑠𝑖𝑛𝛼1)      [12] 

iii. Torque in the drop-off  bend 

𝑇 =  𝜇𝑟((𝐹1 + 𝑤𝑅𝑠𝑖𝑛𝛼1)(𝛼2 − 𝛼1)) − 2𝜇𝑟𝑤𝑅 (𝑐𝑜𝑠𝛼2 − 𝑐𝑜𝑠𝛼1)    [13] 

 

Figure 16: Shows the torque and drag in a drop-off section by courtesy of Aadnøy and Andersen [10] 

 

LOAD CELL POSITION 

The load cell position is essential in ensuring accurate hook load prediction. 

The accepted industry practice is to position the load cell at the dead line. This 

usually results in discrepancy in the actual hook load (W) measurements as 

compared to the expected values as described by Luke and Juvkam-Wold [2].  

On the other hand, a direct and a more accurate hook load measurement can 

also be achieved using an Instrumented Internal Blow-out Preventer (IIBOP) as 

depicted Wylie et al [11]. The only challenge with the latter approach is that it 

can only be installed on some few top drives that can accommodate an IBOP. 

The load cell position is extremely important during non-uniform movement of 

the travelling equipment since the sum of the forces in the supporting lines is 

not the same as the hook load (W). i.e. Either the hook load exceeds the sum of 
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the tensions in the supporting lines or vice-versa. Hence, the best position for 

the load cell placement is just above the top of the drillstring as suggested by 

Wylie et al [11]. Below is a schematic of some of the possible load cell sensor 

positions. 

 

Figure 17: Shows some of the possible load cell positions for measuring hook load (W) 
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3.1.4 OTHER FORCES AFFECTING THE HOOK LOAD MEASUREMENT 
Cayeux et al [4] also described the effect of other parameters on the accuracy of 

the hook load prediction. These sources of discrepancy include; 

i. The tension exerted by both the mud hose and the umbilical connected 

to the top-drive. The magnitude of the force exerted by the  mud hose 

depends on the position of the travelling block, the volume of the mud  

hose  filled with the drilling mud and the density of the drilling mud 

used. 

ii. The additional force exerted by the dolly on the drilling line during 

retraction with the magnitude of the force determined by the dolly 

position during the retraction. 

iii. The friction between the dolly and its rails. 

iv. The efficiency of each rotating sheave which depends on the velocity of 

the travelling equipment and the applied load. 

v. The position of the travelling equipment which depends on the length of 

the drilling line that is spooled out from the drum and the elasticity of 

the drilling line (i.e. The effect of the drilling line weight).  
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3.2 EXISTING MODELS 
There are numerous hook load prediction models but only three (3) of these 

models will be considered in this thesis. These models includes the industry 

accepted method [3], the Luke and Juvkam-Wold model [2] and Cayeux et al 

hook load model [4]. These models were derived based on constant velocity of 

the travelling equipment and hence need improvement to account for non-

uniform movement of the travelling equipment if the need arises.  The average 

sheave efficiency (e) as suggested by Luke and Juvkam-Wold [2] is 0.9 while 

Cayeux et al [4] also suggested that for both hoisting and lowering,  the average 

sheave efficiency (e) over 0.8 m  for 5 kg  load and 50 kg  load are 0.84 and 

0.905 respectively. Below is a schematic of the block and tackle hoisting 

system and its sheave efficiency (e). 

 

Figure 18: Show a block and tackle hoisting system and its constant sheave efficiency as proposed 
by Luke and Juvkam- Wold 
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3.2.1 INDUSTRY ACCEPTED MODEL 
The industry relies on a conservative approach which does not reflect the 

actual downhole conditions and hence resulting in either too low hook load 

measurements during hoisting or too high measurements during lowering. 

Below is the industry accepted relations for the hook load (W) prediction and 

the derivations are given in Appendix-A. 

3.2.1.1 ACCEPTED INDUSTRY METHOD FOR DERRICK AND HOOK LOAD 

PREDICTION  

The basic assumption behind this model is that it is based on perfect 

transmission of line tension (i.e. e =1) and hence the tensions in the lines 

remains constant. On the other hand, the relationship between the fast line 

tension (𝐹𝑓𝑙) and that of the dead line (𝐹𝑑𝑙)  is based on constant sheave 

efficiency (e) and inactive (non-rotating) dead line sheave assumptions. 

𝐹𝑑 = 𝐹𝑑𝑙(n + 2)                                                                                     [A-1] 

𝐹𝑑 = 
𝑤

𝑛
(n + 2)                                                                                     [A-2] 

𝑊 = 𝑛𝐹𝑑𝑙                                                                                            [A-3] 

3.2.1.2 HOISTING  

 𝐹𝑓𝑙 =
𝐹𝑑𝑙

𝑒𝑛                                                                                              [A-4] 

3.2.1.3  LOWERING  
𝐹𝑓𝑙 = 𝑒𝑛𝐹𝑑𝑙                                                                                          [A-5] 

 

3.2.2 LUKE AND JUVKAM-WOLD MODEL 
Unlike the industry accepted model which is based on perfect transmission of 

line tension (i.e. e=1), the Luke and Juvkam model is based on imperfect 

transmission of the line tension (𝑖. 𝑒.  𝑒 ≠ 1) but the efficiency of each sheave is 

assumed to be constant (i.e. e = constant) as illustrated in figure (18). i.e. The 

line tension varies from line to line. 

Luke and Juvkam also predicted two (2) types of the hook load model which 

depends on whether the dead line sheave is rotating (Active dead line sheave) 

or non-rotating (Inactive dead line) sheave. The rotating (active) dead line 
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sheave assumption is questionable since one end of the dead line is fixed to the 

dead line anchor thus preventing any rotation, though stick-slip may occur due 

to elongation in the line as suggested by Cayeux et al [4]. Hence, the Inactive 

dead line sheave is the most practical assumption to use. Below is the Luke 

and Juvkam-wold hook load prediction relations for both active and in-active 

dead line sheave (Derivations are given in Appendix-B) 

3.2.2.1 HOOK LOAD PREDICTION FOR NON-ROTATING DEAD LINE SHEAVE 

This model was based on constant sheave efficiency (e) and uniform movement 

of the travelling equipment and hence there was no acceleration effect on the 

hook load measurements. In addition, the weight of the drill-line is negligible 

as compared to the tensions in the line. 

3.2.2.1.1 HOISTING 

𝐹𝑓𝑙 = 
𝐹𝑑𝑙

𝑒𝑛                                                                                                [B-1] 

𝐹𝑓𝑙 =
𝑊(1−𝑒)

𝑒 (1−𝑒𝑛)
                                                                                          [B-2] 

𝑊 =
𝐹𝑑𝑙 𝑒(1−  

1

𝑒𝑛 )

(𝑒−1)
                                                                                      [B-3] 

𝐹𝑑 =
𝐹𝑑𝑙

(1−𝑒)
(1 + (

1

𝑒𝑛) −  2𝑒 )                                                                       [B-4] 

3.2.2.1.2 LOWERING  
 

𝐹𝑓𝑙 = 𝑒𝑛𝐹𝑑𝑙                                                                                             [B-5] 

𝐹𝑓𝑙 =
𝑊𝑒𝑛(1−𝑒) 

(1−𝑒𝑛)
                                                                                         [B-6] 

𝑊 = 𝐹𝑑𝑙
 (1−𝑒𝑛)

(1−𝑒)
                                                                                        [B-7] 

𝐹𝑑 =
𝐹𝑑𝑙 (2−𝑒−𝑒𝑛+1)

(1−𝑒)
                                                                                    [B-8] 

3.2.2.2 HOOK LOAD PREDICTION FOR ROTATING DEAD LINE SHEAVE 

3.2.2.2.1 HOISTING 
 

𝐹𝑓𝑙 = 
𝐹𝑑𝑙

𝑒𝑛+1                                                                                               [B-9] 

𝐹𝑓𝑙 =
𝑊(1−𝑒)

𝑒 (1−𝑒𝑛)
                                                                                           [B-10] 
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𝑊 =
𝐹𝑑𝑙 (1−𝑒𝑛)

(1−𝑒)𝑒𝑛                                                                                         [B-11] 

𝐹𝑑 =
𝐹𝑑𝑙 (1−𝑒𝑛+2)

(1−𝑒)𝑒𝑛+1
                                                                                [B-12] 

3.2.2.2.2 LOWERING  
 

𝐹𝑓𝑙 = 𝑒𝑛+1𝐹𝑑𝑙                                                         [B-13]  

𝐹𝑓𝑙 =
𝑊  (1−𝑒) 𝑒𝑛

(1−𝑒𝑛)
                                                                                       [B-14] 

𝑊 = 𝐹𝑑𝑙
 e(1−𝑒𝑛)

(1−𝑒)
                                                                                      [B-15] 

𝐹𝑑 =
𝐹𝑑𝑙 (1−𝑒𝑛+2)

(1−𝑒)
                                                                                       [B-16] 

3.2.3 CAYEUX ET AL MODEL 
Unlike the previously discussed models above which utilizes the efficiency (e) of 

each rotating sheave to predict the tension in the  lines, Cayeux et al hook load 

prediction model [4] is based on the coefficient of friction (µ) at the pulley axle. 

The advantage of using the Cayeux et al model is that the sheave efficiency (e) 

which depends on the coefficient of friction at the sheave axle is not required in 

order to accurately predict the hook load. The model also account for the effect 

of the centrifugal forces on each sheave (Fc), the effect of the weight (Fw) of each 

sheave on the hook load prediction, the effect of the coefficient of friction at the 

sheave axle and the effect of the tension in the drilling lines.  

Both Coulomb friction model and Stribeck friction models were used. The 

beauty of using the Stribeck friction model(𝜇𝑠) over the coulomb friction model 

(𝜇𝑎) is that it accounts for the transition from static to dynamic conditions and 

vice-versa. Below is a schematic of the forces acting on the crown block sheave. 

 

Figure 19: Shows the forces on the crown block sheave by courtesy of Cayeux et al [4] 
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3.2.3.1 CROWN BLOCK SHEAVE 
Cayeux et al predicted the line tension relations for both the crown block 

sheaves and that of the travelling block sheaves for either hoisting or lowering. 

3.2.3.1.1 HOISTING  
 

𝑇𝐵 = −
𝑟𝑏𝑇𝐴+𝜇𝑎𝑟𝑎𝑇𝐴−2�̅�𝑚𝜇𝑎�̇�2𝑟𝑏

2𝑟𝑎+𝑚𝑝𝑔𝜇𝑎𝑟𝑎

𝜇𝑎𝑟𝑎− 𝑟𝑏
                            [C-1] 

3.2.3.1.2 LOWERING  
 

𝑇𝐵 = −
−𝑟𝑏𝑇𝐴+𝜇𝑎𝑟𝑎𝑇𝐴−2�̅�𝑚𝜇𝑎�̇�2𝑟𝑏

2𝑟𝑎+𝑚𝑝𝑔𝜇𝑎𝑟𝑎

𝜇𝑎𝑟𝑎+ 𝑟𝑏
                                           [C-2] 

3.2.3.2 TRAVELLING BLOCK SHEAVE 

Similarly considering the travelling block, the line tensions relation as 

predicted by Cayeux et al for the sheaves in the travelling block is given by 

3.2.3.2.1 HOISTING 
 

𝑇𝐵 =
−𝑟𝑏𝑇𝐴−𝜇𝑎𝑟𝑎𝑇𝐴+2�̅�𝑚𝜇𝑎�̇�2𝑟𝑏

2𝑟𝑎+𝑚𝑝𝑔𝜇𝑎𝑟𝑎

𝜇𝑎𝑟𝑎− 𝑟𝑏
            [C-3] 

3.2.3.2.2 LOWERING 
 

𝑇𝐵 =
𝑟𝑏𝑇𝐴−𝜇𝑎𝑟𝑎𝑇𝐴+2�̅�𝑚𝜇𝑎�̇�2𝑟𝑏

2𝑟𝑎+𝑚𝑝𝑔𝜇𝑎𝑟𝑎

𝜇𝑎𝑟𝑎+ 𝑟𝑏
                            [C-4] 

 
 

Where 

𝑟𝑏 = radius of each sheave [L](m)  

𝑟𝑎 = radius of each sheave axle [L](m)  

𝜇𝑎 = friction coefficient between the sheave and its axle [dimensionless]  

�̅�𝑚 = linear weight of the drill line [ML−1](Kg/m)  

𝑚𝑝 = mass of the pulley [M] (Kg)  

𝑔 = acceleration due to gravity [LT−2] (m/s2)   

�̇� = angular velocity of each sheave [T−1] (rad/s) 

𝑇𝐴 =  line tension at contact point A , as illustrated in figure (19) 

𝑇𝐵 = line tension at contact point B, as illustrated in figure (19) 
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4 EXTENDED MODELS 
The existing models utilizes  Newton’s second law of motion but assumed 

constant velocity of the travelling equipement and hence there is no 

acceleration effect. The acceleration effect will be incorporated into all the three 

(3) existing models after which hypothetical data will be used to confirm if 

indeed non-uniform movement of the travelling equipment has an effect  on the 

hook load measurement by comparing the data with and without acceleration 

effect in the model. All the three models will also be compared with each other 

to determine which model has the most accurate hook load prediction.  In 

addition to investigating the acceleration effect, this work seeks to investigate 

the  validity of the constant sheave efficiency (e) assumption  as proposed by 

Luke  and Juvkam-Wold.  

4.1 PROPOSED MODEL  

From Newton’s second law of motion, the resultant or the net force acting on 

the travelling equipment is equal to its rate of change of the moment. It is 

mathematically given as  

Ie 𝑖. 𝑒.  ∑ 𝐹𝑛𝑒𝑡 =
𝜕𝑚𝑇𝑣

𝜕𝑡
=

𝑚𝑇𝑣−𝑚𝑇𝑢

𝜕𝑡
=

𝑚𝑇(𝑣−𝑢)

𝜕𝑡
= 𝑚𝑇𝑎                                        [δ- 1A] 

 𝑚𝑇 = 𝑚𝑑𝑝 + 𝑚𝑡𝑏 + 𝑚𝑑𝑙  ≈ 𝑚𝑑𝑝 + 𝑚𝑡𝑏                                                      [δ- 2] 

where  

𝑚𝑇 = Total mass of the travelling equipment  

𝑚𝑑𝑝 = mass of drill pipe  

𝑚𝑑𝑙  = mass of the drill line 

𝑚𝑡𝑏 = mass of travelling block with its pulley 

𝑣 =  final velocity  

𝑢 =  initial velocity 

For simplicity, it is assumed that the mass of the drill line (𝑚𝑑𝑙) is negligible 

compared with the mass of the drill pipe (𝑚𝑑𝑝) and that of the travelling block 

(𝑚𝑡𝑏) and hence it can be neglected in the total mass (𝑚𝑇) calculation. 

Below is a schematic showing the total mass of the travelling equipment (𝑚𝑇) 

and the direction of the resultant force during hoisting or lowering 
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Figure 20: Shows the total mass of the travelling equipment and the direction of the resultant 
force during either hoisting or lowering  

 

Considering the travelling equipment (i.e. the combined mass of the travelling 

block and the mass of the drillpipe neglecting the mass of the drill-line) for 

three (3) discrete positions as illustrated in the figure below 
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Figure 21: Shows the net forces on the travelling equipment for either hoisting or lowering 

Substituting Eqn [δ-2] into Eqn [δ-1A] gives 

⇒ ∑𝐹𝑛𝑒𝑡 = (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑎                                                                       [δ- 1B] 

But acceleration (a) is also given by the relation 

𝑎 =
𝑑𝑣

𝑑𝑡
=

𝑣−𝑢

𝑡2−𝑡1
                                                                                         [δ- 3A] 

𝑣 =
𝑑𝑠

𝑑𝑡
=

𝑠2−𝑠1

𝑡2−𝑡1
                                                                                          [δ- 4] 

𝑢 =
𝑑𝑠

𝑑𝑡
=

𝑠1−𝑠𝑜

𝑡1−𝑡0
                                                                                          [δ- 5] 

Substituting Eqn [δ- 4]and Eqn [δ- 5] into Eqn [δ- 3A]  gives 

𝑎 =
𝑑𝑣

𝑑𝑡
=

𝑣−𝑢

𝑡2−𝑡1
=

(
𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)

𝑡2−𝑡1
                                                                      [δ- 3B] 

𝑎 =
1

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                                                         [δ- 3C]   



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 33 
 

𝑎 =
1

(𝑡2−𝑡1)2
[(𝑠2 − 𝑠1) − (

𝑡2−𝑡1

𝑡1−𝑡0
) (𝑠1 − 𝑠𝑜)]                                                      [δ- 3D] 

Substituting Eqn[δ- 3C]  into Eqn [δ- 1B]  gives  

∑𝐹𝑛𝑒𝑡 = (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                                        [D-1A] 

Alternatively, W = 𝑚𝑇 𝑔 = (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑔 = 𝐹𝐷𝑜𝑤𝑛                                      [δ- 6A] 

𝑚𝑇 = 𝑚𝑑𝑝 + 𝑚𝑡𝑏 =
W

𝑔
                                                                               [δ- 6B]  

Substituting Eqn[δ- 6B]  into Eqn [D-1A]  gives          

∑𝐹𝑛𝑒𝑡 =
𝑊

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                                               [D-1B] 

 

HOISTING 

During hoisting  the sum of the upward forces exceeds that of the downward 

force as illustrated below 

 

Figure 22: Shows the net force on the travelling equipment during hoisting 

Hence, Eqn [D-1A]becomes 

(𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛) − 𝐹𝐷𝑜𝑤𝑛 =
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                      [D-2A]   
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Substituting Eqn [δ- 6A] into Eqn [D-2A] gives 

(𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛) − 𝑊 =
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]   

𝑊 = (𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛) −
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                           [D-2B]  

Eqn [D-2B] is the hook load relation during hoisting for both uniform and non-

uniform movement 

Alternatively, substituting  Eqn [δ- 6B] into Eqn [D-2B] gives 

𝑊 = (𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛) −
𝑤

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

𝑊 +
𝑤

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)] = (𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛)  

𝑊 (1 +
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]) = (𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛)  

𝑊 =
(𝐹1+𝐹2 +𝐹3+⋯+𝐹𝑛)

(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                                     [D-2C] 

 

LOWERING 

In a similar vein, during lowering the sum of downward forces exceeds that of 

the the upward forces  as illustrated below 

 

Figure 23: Shows the net force on the travelling equipment during lowering 



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 35 
 

Eqn [D-1A] becomes 

⇒ 𝐹𝐷𝑜𝑤𝑛 − (𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛) =
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                 [D-3A]                               

Substituting  Eqn [δ- 6A] into Eqn [D-3A] gives the net downward force as 

𝑊 − (𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛) =
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]   

⇒ 𝑊 = (𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛) +
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                      [D-3B] 

Alternatively, substituting  Eqn [δ- 6B] into Eqn [D-3B] gives 

𝑊 = (𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛) +
𝑊

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

𝑊 −
𝑊

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)] = (𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛)  

𝑊 (1 −
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]) = (𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛)  

𝑊 =
(𝐹1+𝐹2 +𝐹3+⋯+𝐹𝑛)

(1− 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                                     [D-3C] 

From Eqn [D-2B] and Eqn [D-3B] the effect of the non-uniform movement of 

the travelling equipment is given by  

𝐴𝑐𝑐 = 𝑚𝑇  (
𝑣−𝑢

𝑡2−𝑡1
) = ±

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                        [δ- 7A]   

Similarly, from Eqn [D-2C] and Eqn [D-3C] the effect of the non-uniform 

movement is also given by 

𝐴𝑐𝑐 = (1 ±
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                                           [δ- 7B]   

During constant velocity of the travelling equipment (i.e. uniform movement), 

the final velocity (v) is the same as the initial velocity (u) and hence, there is no 

effect of acceleration on the hook load (W) measurements. 

    

4.2 EXTENSIONS OF THE INDUSTRY ACCEPTED MODEL TO ACCOUNT FOR THE  

EFFECT OF ACCELERATION DURING NON-UNIFORM MOVEMENT  

The industry accepted hook load prediction model assumes a perfect 

transmission of line tension from the fast line (𝐹𝑓𝑙) towards the dead line (𝐹𝑑𝑙) 

and vice-versa.  (𝑖. 𝑒. 𝑒 = 1 𝑎𝑛𝑑 ℎ𝑒𝑛𝑐𝑒  𝐹𝑓𝑙 = 𝐹𝑑𝑙  ).  The hook load relation for both 
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hoisting and lowering during uniform movement of the travelling equipment is 

given by Eqn [A-3] as   

Hook load (𝑊) = 𝑛𝐹𝑑𝑙 = 𝑛𝐹𝑓𝑙 

4.2.1 HOISTING WITH NON-UNIFORM MOVEMENT  
Since the industry accepted hook load prediction model assumes perfect 

transmission of line tension (𝑖. 𝑒.  𝑒 = 1)  as illustrated in figure (20) above 

 ⇒  𝐹𝑓𝑙 = 𝐹1 = 𝐹2 = 𝐹3 = ⋯ = 𝐹𝑛−1 = 𝐹𝑛 = 𝐹𝑑𝑙 

Hence for “n” supporting lines between the travelling block and the crown block 

the sum of the tensions in the supporting lines is given by  

𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛 = 𝐹𝑑𝑙 + 𝐹𝑑𝑙 + 𝐹𝑑𝑙 + ⋯+ 𝐹𝑑𝑙 = 𝑛𝐹𝑑𝑙                                  [ς-1] 

 

Substituting Eqn [ς-1] into Eqn [D-2B], which is the hook load relation during 

hoisting gives 

 

𝑊 = 𝑛𝐹𝑑𝑙 −
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                    [E-1A] 

 

Similarly substituting Eqn [ς-1] into Eqn [D-2C] gives, 

 

𝑊 =
𝑛𝐹𝑑𝑙

(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                                     [E-1B] 

 

4.2.2 LOWERING WITH NON-UNIFORM MOVEMENT 
Similarly since the industry accepted hook load prediction model assumes a 

perfect transmission of line tension, substituting the sum of the tensions in the 

supporting lines relation (Eqn [ς-1]) into the hook load relation during lowering 

(Eqn [D-3B]) gives   

𝑊 = 𝑛𝐹𝑑𝑙 +
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                                        [E-2A] 

Similarly, substituting Eqn [ς-1] into Eqn [D-3C] gives 

𝑊 =
𝑛𝐹𝑑𝑙

(1− 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                                       [E-2B] 
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4.3 EXTENSION OF LUKE AND JUVKAM-WOLD MODEL TO INCORPORATE THE EFFECT 

OF ACCELERATION FOR NON-UNIFORM MOVEMENT OF THE TRAVELLING 

EQUIPMENT 
Luke and Juvkam-Wold derived the hook load prediction model for two (2) 

different types of dead line sheaves namely, active (rotating) dead line sheave 

and inactive (non-rotating) dead-line sheave. Their model was based on both 

constant sheave efficiency (𝑖. 𝑒.   𝑒1 = 𝑒2 = 𝑒3 = 𝑒 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡)  and also with the 

assumption that the travelling equipment undergoes uniform movement(𝑖. 𝑒. u =

v = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡). In this thesis, we seek to account for the effect of acceleration on 

the hook load measurement during non-uniform movement of the travelling 

equipment and also confirm the constant sheave efficiency assumption as 

proposed by Luke and Juvkam-Wold. This will be achieved by equipping each 

sheave with a load cell and hence, the efficiency of each sheave can be 

determined. Hook load prediction models will be developed for both varying 

sheave efficiency assumption and that of constant sheave efficiency.  

 

4.3.1.1 INACTIVE (NON-ROTATING) DEAD LINE SHEAVE DERIVATION  

HOOK LOAD RELATION DURING HOISTING FOR NON-UNIFORM MOVEMENT AND VARYING SHEAVE 

EFFICIENCY 

During hoisting, maximum tension occurs in the fast line (Ffl), while the 

minimum tension occur in the dead line (Fdl) i.e. The tension decreases from 

the fast line towards the dead line (𝑖𝑒. F𝑓𝑙 ≥  F𝑑𝑙). 

The efficiency for each sheave is given by Eqn (α) as (given in appendix A) 

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
                                                                           [α] 

Considering the fast line sheave (First sheave in the crown block (from the 

direction of the draw work) and from Eqn (α), its efficiency (𝑒1) is given by  

𝑒1 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
= 

𝐹1

𝐹𝑓𝑙
  

⇒ 𝐹1 = 𝑒1𝐹𝑓𝑙                                                                                             [ϒ-1] 

Similarly, the efficiency (𝑒2) of the next sheave in the travelling block is also 

given by 
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𝑒2 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹2

𝐹1
 

⇒ 𝐹2 = 𝑒2𝐹1 = 𝑒2(𝑒1𝐹𝑓𝑙  ) = 𝑒2𝑒1𝐹𝑓𝑙 = ∏ 𝑒𝑖
2
𝑖=1 𝐹𝑓𝑙                                         [ϒ-2]       

Also, considering the efficiency (𝑒3) of the next sheave in the crown block gives  

𝑒3 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹3

𝐹2
 

⇒ 𝐹3 = 𝑒3𝐹2 = 𝑒3(𝑒2𝑒1𝐹𝑓𝑙) = 𝑒3𝑒2𝑒1𝐹𝑓𝑙 = ∏ 𝑒𝑖
3
𝑖=1 𝐹𝑓𝑙                                     [ϒ-3] 

Hence, for “n” number of lines between the travelling block and the crown 

block, the relationship between the tension in each line and the applied fast 

line tension (Ffl) is given by 

𝐹𝑛 = ∏ 𝑒𝑖
𝑛
𝑖=1 𝐹𝑓𝑙                                                                                       [ϒ-4] 

 

I. ACTIVE DEAD LINE SHEAVE 

Considering rotating dead line sheave, its efficiency (𝑒𝑑) becomes  

𝑒𝑑 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹𝑑𝑙

𝐹𝑛
 

⇒ 𝐹𝑑𝑙 = 𝑒𝑑𝐹𝑛 = 𝑒𝑑(∏ 𝑒𝑖
𝑛
𝑖=1 𝐹𝑓𝑙) = 𝑒𝑑 ∏ 𝑒𝑖

𝑛
𝑖=1 𝐹𝑓𝑙                                             [ϒ-5A] 

 

II. INACTIVE DEAD LINE SHEAVE 

Similarly, considering non-rotating dead line sheave in the crown block, it is 

assumed that there is perfect transmission of tension  (𝑖. 𝑒.   𝑒𝑑 = 100% = 1)  

 ⇒ 𝐹𝑛 = 𝐹𝑑𝑙 = ∏ 𝑒𝑖
𝑛
𝑖=1 𝐹𝑓𝑙                                                                           [ϒ-5B] 

𝐹𝑓𝑙 = 
𝐹𝑑𝑙

∏ 𝑒𝑖
𝑛
𝑖=1

                                                                                            [ϒ-5C] 

With the assumption of varying sheave efficiency and from the relationship 

between each of the lines with respect to the fast line Eqn [ϒ-5B], the sum of 

the tension in the supporting lines gives  

∑ 𝐹𝑖
𝑛
1 = 𝐹𝑓𝑙[ 𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖

𝑛
𝑖=1 ]                                              [ϒ-6] 

Substituting Eqn [ϒ-6] into the hook load relation during hoisting Eqn [D-2B] 

gives 

𝑊 = 𝐹𝑓𝑙[ 𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ] − 

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]        [ϒ-7] 
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FAST LINE (𝐹𝑓𝑙) AND DEAD LINE TENSION (𝐹𝑑𝑙) 

Making 𝐹𝑓𝑙 the subject of Eqn [ϒ-7] gives 

𝐹𝑓𝑙 =
1

( 𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖
𝑛
𝑖=1 )

(𝑊 + 
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                   [F-1A] 

Substituting Eqn [ϒ-5C] into Eqn [F-1A] gives 

𝐹𝑑𝑙

∏ 𝑒𝑖
𝑛
𝑖=1

=
1

( 𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖
𝑛
𝑖=1 )

(𝑊 + 
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])      

𝐹𝑑𝑙 =
∏ 𝑒𝑖

𝑛
𝑖=1

( 𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖
𝑛
𝑖=1 )

(𝑊 + 
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                   [F-1B] 

 

HOOK LOAD (W) RELATIONS  

From Eqn [F-1A], the hook load is given by 

𝑊 = 𝐹𝑓𝑙( 𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) − 

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]        [F-2A] 

Similarly, From Eqn [F-1B], the hook load is given by 

𝑊 =
(𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 )𝐹𝑑𝑙

∏ 𝑒𝑖
𝑛
𝑖=1

− 
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                         [F-2B] 

Alternatively, the derrick load (F𝑑) is given by the relation  

F𝑑 = F𝑓𝑙 + W + F𝑑𝑙 

⇒ W = F𝑑 − F𝑓𝑙 − F𝑑𝑙 = F𝑑 − (F𝑓𝑙 + F𝑑𝑙)                                                      [F-2C] 

Substitituing the relationship between the dead line and the fast line tension 

(Eqn [ϒ-5C]) during hoisting into Eqn  [F-2C] gives 

W = F𝑑 − (F𝑓𝑙 + F𝑑𝑙) = F𝑑 − (
𝐹𝑑𝑙

∏ 𝑒𝑖
𝑛
𝑖=1

+ F𝑑𝑙) = F𝑑 − 𝐹𝑑𝑙 (
1

∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)   

𝑊 = F𝑑 − 𝐹𝑑𝑙 (
1

∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)                                                                          [F-2D] 

Also substituting Eqn [ϒ-6] into Eqn [D-2C] gives 

𝑊 =
𝐹𝑓𝑙[ 𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 ]

(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                                   [F-2E] 

Substitituing the relationship between the dead line and the fast line tension 

(Eqn [ϒ-5C]) during hoisting into Eqn  [F-2E] gives 

𝑊 =
𝐹𝑑𝑙[ 𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 ]

∏ 𝑒𝑖
𝑛
𝑖=1 (1+ 

1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                               [F-2F] 
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Eqn [F-2A], Eqn [F-2B], Eqn [F-2C], Eqn [F-2D], Eqn [F-2E]   and  Eqn [F-2F] 

are the hook load (W) relations during hoisting for inactive dead line sheave  

and with non-uniform movement and varying sheave efficiency. 

 

DERRICK LOAD (𝐹𝑑) RELATIONS  

From Eqn [F-2D], the derrick load is given by the relation 

⇒ F𝑑 = 𝑊 + 𝐹𝑑𝑙 (
1

∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)                                                                        [F-3A] 

Substitute Eqn [F-2A] into  Eqn [F-3A] relation gives 

⇒ F𝑑 = 𝑊 + 𝐹𝑑𝑙 (
1

∏ 𝑒𝑖
𝑛
𝑖=1

+ 1) 

F𝑑 = 𝐹𝑓𝑙[ 𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1+. . +∏ 𝑒𝑖
𝑛
𝑖=1 ] − 

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)] + 𝐹𝑑𝑙 (

1

∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)       

[F-3B] 

Substituting Eqn [F-2B] into  Eqn [F-3A] relation gives 

⇒ F𝑑 =
(𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 )𝐹𝑑𝑙

∏ 𝑒𝑖
𝑛
𝑖=1

− 
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)] + 𝐹𝑑𝑙 (

1

∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)   

F𝑑 = 𝐹𝑑𝑙 (
1

∏ 𝑒𝑖
𝑛
𝑖=1

+
∏ 𝑒𝑖

𝑛
𝑖=1

∏ 𝑒𝑖
𝑛
𝑖=1

+
(𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 )

∏ 𝑒𝑖
𝑛
𝑖=1

) − 
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]   

F𝑑 =
𝐹𝑑𝑙

∏ 𝑒𝑖
𝑛
𝑖=1

(1 + ∏ 𝑒𝑖
𝑛
𝑖=1 + (𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖

𝑛
𝑖=1 )) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) −

(
𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                                                                                   [F-3C] 

Substituting Eqn [F-2E] into  Eqn [F-3A] gives 

F𝑑 =
𝐹𝑓𝑙[ 𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 ]

(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙 (

1

∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)                                            [F-3D] 

 

Finally, substituting Eqn [F-2F] into  Eqn [F-3A] relation gives 

F𝑑 =
𝐹𝑑𝑙[ 𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 ]

∏ 𝑒𝑖
𝑛
𝑖=1 (1+ 

1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙 (

1

∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)                                        [F-3E] 

 

 

 

 



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 41 
 

4.3.1.2  HOISTING WITH NON-UNIFORM MOVEMENT AND CONSTANT SHEAVE 

EFFICIENCY 

 
FAST LINE (𝐹𝑓𝑙) AND DEAD LINE TENSION (𝐹𝑑𝑙) RELATIONS 

If we assume a constant sheave efficiency (e) as proposed by Luke an Juvkam  

i. e  𝑒1 = 𝑒2 = 𝑒3 = 𝑒4 = ⋯ = 𝑒𝑛 = 𝑒 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡 , Eqn [F-1A]becomes 

𝐹𝑓𝑙 =
1

(𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛)
(𝑊 + 

(𝑚𝑑𝑝 + 𝑚𝑡𝑏)

(𝑡2 − 𝑡1)
[(

𝑠2 − 𝑠1

𝑡2 − 𝑡1
) − (

𝑠1 − 𝑠𝑜

𝑡1 − 𝑡0
)]) 

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝐹𝑓𝑙 =
(1−𝑒)

e (1−𝑒𝑛)
(𝑊 + 

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                          [F-1A1] 

For uniform movement, Eqn [F-1A1] satisfies Eqn [B-2] in the Luke and 

Juvkam model 

Similarly Eqn [F-1B] becomes 

𝐹𝑑𝑙 =
𝑒𝑛

(𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛)
(𝑊 + 

(𝑚𝑑𝑝 + 𝑚𝑡𝑏)

(𝑡2 − 𝑡1)
[(

𝑠2 − 𝑠1

𝑡2 − 𝑡1
) − (

𝑠1 − 𝑠𝑜

𝑡1 − 𝑡0
)]) 

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝐹𝑑𝑙 =
𝑒𝑛(1−𝑒)

e (1−𝑒𝑛)
(𝑊 + 

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                         [F-1B1] 

 

HOOK LOAD (W) RELATIONS  

Assuming a constant sheave efficiency (e), Eqn [F-2A] becomes  

𝑊 = 𝐹𝑓𝑙(𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛) − 
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 = 𝐹𝑓𝑙
e (1−𝑒𝑛)

(1−𝑒)
− 

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                             [F-2A1] 

Also considering Eqn [F-2B] gives 

𝑊 =
(𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛)𝐹𝑑𝑙

𝑒𝑛
− 

(𝑚𝑑𝑝 + 𝑚𝑡𝑏)

(𝑡2 − 𝑡1)
[(

𝑠2 − 𝑠1

𝑡2 − 𝑡1
) − (

𝑠1 − 𝑠𝑜

𝑡1 − 𝑡0
)] 

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
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𝑊 =
e (1 − 𝑒𝑛)𝐹𝑑𝑙

𝑒𝑛(1 − 𝑒)
− 

(𝑚𝑑𝑝 + 𝑚𝑡𝑏)

(𝑡2 − 𝑡1)
[(

𝑠2 − 𝑠1

𝑡2 − 𝑡1
) − (

𝑠1 − 𝑠𝑜

𝑡1 − 𝑡0
)] 

𝑊 =
𝐹𝑑𝑙e (1−

1

𝑒𝑛)

(𝑒−1)
− 

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                              [F-2B1] 

For constant velocity, Eqn [F-2B1] satisfies Eqn [B-3] in the Luke and Juvkam 

model 

With the same constant sheave efficiency assumption Eqn [F-2D] becomes 

𝑊 = F𝑑 − 𝐹𝑑𝑙 (
1

𝑒𝑛 + 1)                                                                             [F-2D1] 

Assuming a constant sheave efficiency (e), Eqn [F-2E] becomes  

𝑊 =
𝐹𝑓𝑙(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)

(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 =
e (1−𝑒𝑛)𝐹𝑓𝑙

(1−𝑒)(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                               [F-2E1] 

With the same constant sheave efficiency assumption Eqn [F-2F] becomes 

𝑊 =
𝐹𝑑𝑙(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)

𝑒𝑛(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
   

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 =
e (1−𝑒𝑛)𝐹𝑑𝑙

𝑒𝑛(1−𝑒)(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                            [F-2F1] 

  

DERRICK LOAD (𝐹𝑑) RELATIONS  

Similarly, Eqn [F-3A] becomes 

F𝑑 = 𝑊 + 𝐹𝑑𝑙 (
1

𝑒𝑛 + 1)                                                                              [F-3A1] 

Also, Eqn [F-3B] also result in 

F𝑑 = 𝐹𝑓𝑙(𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛) − 
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)] + 𝐹𝑑𝑙 (

1

𝑒𝑛 + 1)  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

F𝑑 =
e (1−𝑒𝑛)

(1−𝑒)
𝐹𝑓𝑙 − 

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)] + 𝐹𝑑𝑙 (

1

𝑒𝑛 + 1)                          [F-3B1] 



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 43 
 

Similarly, Eqn [F-3C] also result in  

F𝑑 =
𝐹𝑑𝑙

𝑒𝑛
(1 + 𝑒𝑛 + (𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛)) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

F𝑑 =
𝐹𝑑𝑙

𝑒𝑛
(1 + 𝑒𝑛 +

e (1 − 𝑒𝑛)

(1 − 𝑒)
) − (

(𝑚𝑑𝑝 + 𝑚𝑡𝑏)

(𝑡2 − 𝑡1)
[(

𝑠2 − 𝑠1

𝑡2 − 𝑡1
) − (

𝑠1 − 𝑠𝑜

𝑡1 − 𝑡0
)]) 

F𝑑 = 𝐹𝑑𝑙 (
1

𝑒𝑛
+ 1 +

e (
1
𝑒𝑛 − 1)

(1 − 𝑒)
)

(1 − 𝑒)𝑒𝑛

(1 − 𝑒)𝑒𝑛
− (

(𝑚𝑑𝑝 + 𝑚𝑡𝑏)

(𝑡2 − 𝑡1)
[(

𝑠2 − 𝑠1

𝑡2 − 𝑡1
) − (

𝑠1 − 𝑠𝑜

𝑡1 − 𝑡0
)]) 

F𝑑 =
𝐹𝑑𝑙

(1−𝑒)𝑒𝑛
((1 − 𝑒) + 𝑒𝑛 − 𝑒𝑛+1 + e (1 − 𝑒𝑛)) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])  

F𝑑 =
𝐹𝑑𝑙

(1−𝑒)𝑒𝑛
(1 − 𝑒 + 𝑒𝑛 − 𝑒𝑛+1 +  e − 𝑒𝑛+1) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])  

F𝑑 =
𝐹𝑑𝑙

(1 − 𝑒)𝑒𝑛
(1 + 𝑒𝑛 − 2𝑒𝑛+1) − (

(𝑚𝑑𝑝 + 𝑚𝑡𝑏)

(𝑡2 − 𝑡1)
[(

𝑠2 − 𝑠1

𝑡2 − 𝑡1
) − (

𝑠1 − 𝑠𝑜

𝑡1 − 𝑡0
)]) 

F𝑑 =
𝐹𝑑𝑙

(1−𝑒)
(1 +

1

𝑒𝑛 − 2𝑒) − (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                 [F-3C1] 

If we assume  constant velocity of the travelling equipment, Eqn [F-3C1] 

satisfies Eqn [B-4] in the Luke and Juvkam model 

 

Similarly, Eqn [F-3D] also result in  

F𝑑 =
𝐹𝑓𝑙(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)

(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙 (

1

𝑒𝑛 + 1)  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

F𝑑 =
e (1−𝑒𝑛)𝐹𝑓𝑙

(1−𝑒)(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙 (

1

𝑒𝑛 + 1)                                          [F-3D1] 

 

Finally, Eqn [F-3E] also result in  

F𝑑 =
𝐹𝑑𝑙(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)

𝑒𝑛(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙 (

1

𝑒𝑛 + 1)                                               

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
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F𝑑 =
e (1−𝑒𝑛)𝐹𝑑𝑙

𝑒𝑛(1−𝑒)(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙 (

1

𝑒𝑛 + 1)                                       [F-3E1] 

 

4.3.1.3 LOWERING WITH NON-UNIFORM MOVEMENT AND VARYING SHEAVE 

EFFICIENCY 

During lowering, maximum tension occurs in the dead line (Fdl) while the fast 

line (Ffl) records the least tension .i.e. The tension decreases from the dead line 

towards the fast line 𝑖𝑒.   F𝑓𝑙 ≤  F𝑑𝑙 

Considering the dead line sheave (First sheave in the crown block from the 

direction of the dead line anchor), Eqn (α) becomes 

𝑒1 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹1

𝐹𝑑𝑙
 

⇒ 𝐹1 = 𝑒1𝐹𝑑𝑙                                                                                                         

For non-rotating dead line sheave, it is assumed that there is no work done 

against friction and hence the efficiency of the dead line sheave is assumed to 

be 100% (𝑒1 = 100%) 

⇒ 𝐹1 = 𝐹𝑑𝑙                                                                                                 [Ƙ-1] 

Similarly, the efficiency of the next sheave in the travelling block is given by,  

𝑒2 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
= 

𝐹2

𝐹1
                 

⇒ 𝐹2 = 𝑒2𝐹1 = 𝑒2 (𝐹𝑑𝑙) = 𝑒2 𝐹𝑑𝑙                                                                     [Ƙ-2] 

Also, considering the efficiency of the next sheave in the crown block gives,  

𝑒3 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹3

𝐹2
 

⇒ 𝐹3 = 𝑒3𝐹2 = 𝑒3 (𝑒2 𝐹𝑑𝑙) = 𝑒3𝑒2 𝐹𝑑𝑙 = ∏ 𝑒𝑖
3
𝑖=2 𝐹𝑑𝑙                                            [Ƙ-3] 

i = 2 since e1 is 100% (ie e1 = 1) 

Hence, for n number of lines between the travelling blocks and the crown 

block, the general line tension reduction from the dead line towards the fast 

line is given by the relation 

𝐹𝑛 = ∏ 𝑒𝑖
𝑛
𝑖=2 𝐹𝑑𝑙                                                                                          [Ƙ-4] 
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Finally, considering the efficiency (𝑒𝑓𝑙) of the fast line sheave in the crown block 

gives,  

𝑒𝑓𝑙 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹𝑓𝑙

𝐹𝑛
 

⇒ 𝐹𝑓𝑙 = 𝑒𝑓𝑙𝐹𝑛 = 𝑒𝑓𝑙 (∏ 𝑒𝑖
𝑛
𝑖=2 𝐹𝑑𝑙) = 𝑒𝑓𝑙 ∏ 𝑒𝑖

𝑛
𝑖=2 𝐹𝑑𝑙  

𝐹𝑓𝑙 = 𝑒𝑓𝑙 ∏ 𝑒𝑖
𝑛
𝑖=2 𝐹𝑑𝑙                                                                                      [Ƙ-5A] 

⇒ 𝐹𝑑𝑙 =
𝐹𝑓𝑙

𝑒𝑓𝑙 ∏ 𝑒𝑖
𝑛
𝑖=2

                                                                                         [Ƙ-5B]   

With the assumption of varying sheave efficiency and from the relationship 

between each of the lines with respect to the dead line Eqn [Ƙ-4], the sum of 

the tension in the supporting lines become  

∑ 𝐹𝑖
𝑛
1 = 𝐹𝑑𝑙(1 + 𝑒2  + 𝑒3𝑒2 + 𝑒4𝑒3𝑒2 + ⋯+ ∏ 𝑒𝑖

𝑛
𝑖=2 )                                             [Ƙ -6] 

 

HOOK LOAD (W) RELATIONS  

Substituting Eqn [Ƙ-6] into the hook load relation during lowering (Eqn [D-3B]) 

gives 

𝑊 = 𝐹𝑑𝑙(1+𝑒2  + 𝑒3𝑒2 + 𝑒4𝑒3𝑒2 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=2 ) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]       [F-4A] 

Substituting the relation between the fast line tension and the dead line 

tension during lowering (Eqn [Ƙ -5B]) into Eqn [F-4A] gives 

𝑊 =
𝐹𝑓𝑙

𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=2

(1+𝑒2  + 𝑒3𝑒2 + 𝑒4𝑒3𝑒2 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=2 ) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  [F-4B] 

Alternatively, the derrick load is given by the relation  

F𝑑 = F𝑓𝑙 + W + F𝑑𝑙 

⇒ W = F𝑑 − F𝑓𝑙 − F𝑑𝑙 = F𝑑 − (F𝑓𝑙 + F𝑑𝑙)                                                     [F-4C] 

Substitituing the relationship between the dead line tension and that of the 

fast line tension (Eqn[Ƙ-5A]) during lowering into Eqn  [F-4C] gives 

W = F𝑑 − F𝑓𝑙 − F𝑑𝑙 = F𝑑 − (𝑒𝑓 ∏𝑒𝑖

𝑛

𝑖=2

𝐹𝑑𝑙 + F𝑑𝑙) 

𝑊 = F𝑑 − 𝐹𝑑𝑙  (𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=2 + 1)                                                                    [F-4D] 

Finally, Substituting Eqn [Ƙ-6] into the hook load relation during lowering (Eqn 

[D-3C]) gives 
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𝑊 =
𝐹𝑑𝑙(1+𝑒2 +𝑒3𝑒2+𝑒4𝑒3𝑒2+⋯+∏ 𝑒𝑖

𝑛
𝑖=2 )

(1−
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                              [F-4E] 

Eqn [F-4A], Eqn [F-4B], Eqn [F-4C], Eqn [F-4D] and  Eqn [F-4E] are the hook 

load (W) relations during lowering for inactive dead line sheave with non-

uniform movement and varying sheave efficiency. 

 

DERRICK LOAD (F𝑑) RELATIONS  

From Eqn [F-4D], the derrick load is given as 

F𝑑 = 𝑊 + 𝐹𝑑𝑙  (𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=2 + 1)                                                                      [F-5A] 

Substituting Eqn [F-4A] into  Eqn [F-5A] gives 

F𝑑 = 𝐹𝑑𝑙(1+𝑒2  + 𝑒3𝑒2 + 𝑒4𝑒3𝑒2 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=2 ) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)] +

𝐹𝑑𝑙  (𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=2 + 1)  

F𝑑 = 𝐹𝑑𝑙 ((1+𝑒2  + 𝑒3𝑒2 + 𝑒4𝑒3𝑒2 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=2 ) + (𝑒𝑓 ∏ 𝑒𝑖

𝑛
𝑖=2 + 1)) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) −

(
𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                                                                                 [F-5B] 

 

Similarly, substituting Eqn [F-4B] into  Eqn [F-5A] gives 

F𝑑 =
𝐹𝑓𝑙

𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=2

(1+𝑒2  + 𝑒3𝑒2 + 𝑒4𝑒3𝑒2 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=2 ) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)] +

𝐹𝑑𝑙  (𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=2 + 1)                                                                                   [F-5C] 

Finally, substituting Eqn [F-4E] into  Eqn [F-5A] gives 

F𝑑 =
𝐹𝑑𝑙(1+𝑒2 +𝑒3𝑒2+𝑒4𝑒3𝑒2+⋯+∏ 𝑒𝑖

𝑛
𝑖=2 )

(1− 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙  (𝑒𝑓 ∏ 𝑒𝑖

𝑛
𝑖=2 + 1)  

F𝑑 = 𝐹𝑑𝑙 (
(1+𝑒2 +𝑒3𝑒2+𝑒4𝑒3𝑒2+⋯+∏ 𝑒𝑖

𝑛
𝑖=2 )

(1− 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝑒𝑓 ∏ 𝑒𝑖

𝑛
𝑖=2 + 1)                                      [F-5D] 

Eqn [F-5A], Eqn [F-5B], Eqn [F-5C]  and Eqn [F-5D] are the derrick load  (Fd) 

relations during lowering for inactive dead line sheave  with non-uniform 

movement and varying sheave efficiency. 
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4.3.1.4 LOWERING WITH NON-UNIFORM MOVEMENT AND   CONSTANT SHEAVE 

EFFICIENCY   

For simplicity, If we assume a constant sheave efficiency (e) as proposed by 

Luke and Juvkam  i. e  𝑒1 = 𝑒2 = 𝑒3 = 𝑒4 = ⋯ = 𝑒𝑛 = 𝑒 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡, Eqn [F-4A] 

becomes 

𝑊 = 𝐹𝑑𝑙(1 + 𝑒 + 𝑒2 + 𝑒3 …+ 𝑒𝑛−1) +
(𝑚𝑑𝑝 + 𝑚𝑡𝑏)

𝑡2 − 𝑡1
[(

𝑠2 − 𝑠1

𝑡2 − 𝑡1
) − (

𝑠1 − 𝑠𝑜

𝑡1 − 𝑡0
)] 

𝐵𝑢𝑡      1 + 𝑒 + 𝑒2 + 𝑒3 …+ 𝑒𝑛 =
 (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 =
 𝐹𝑑𝑙(1− 𝑒𝑛)

(1−𝑒)
+

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                                 [F-4A1] 

If we assume constant velocity of the travelling equipment, Eqn [F-4A1] reduces 

to Eqn [B-7] as proposed by Luke and Juvkam 

Similarly, Eqn [F-4B] becomes 

𝑊 =
𝐹𝑓𝑙

𝑒(𝑒𝑛−1)
(1 + 𝑒 + 𝑒2 + 𝑒3 …+ 𝑒𝑛−1) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]   

𝐵𝑢𝑡       1 + 𝑒 + 𝑒2 + 𝑒3 …+ 𝑒𝑛 =
 (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 =
 𝐹𝑓𝑙(1− 𝑒𝑛)

𝑒𝑛(1−𝑒)
+

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                                 [F-4B1] 

In a similar vein Eqn [F-4D] also becomes, 

𝑊 = F𝑑 − 𝐹𝑑𝑙  (𝑒(𝑒
𝑛−1) + 1) =  F𝑑 − 𝐹𝑑𝑙  (𝑒

𝑛 + 1)                                            [F-4D1] 

Finally Eqn [F-4E] also becomes, 

𝑊 =
𝐹𝑑𝑙(1+𝑒+𝑒2+𝑒3…+𝑒𝑛−1)

(1−
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
  

𝐵𝑢𝑡       1 + 𝑒 + 𝑒2 + 𝑒3 …+ 𝑒𝑛 =
 (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 =
(1− 𝑒𝑛)𝐹𝑑𝑙

(1−𝑒)(1− 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                              [F-4E1] 

Eqn [F-4A1], Eqn [F-4B1], Eqn [F-4C1], Eqn [F-4D1]  and Eqn [F-4E1] are the 

hook load  (W) relations during lowering for inactive dead line sheave  with 

non-uniform movement and assuming constant sheave efficiency (e) as 

proposed by Luke and Juvkam. 
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DERRICK LOAD (𝐹𝑑) RELATIONS  

Also considering a contant sheave efficiency (e) as proposed by Luke and 

Juvkam, Eqn [F-5A] becomes 

F𝑑 = 𝑊 + 𝐹𝑑𝑙  (𝑒(𝑒
𝑛−1) + 1) =  𝑊 + 𝐹𝑑𝑙  (𝑒

𝑛 + 1)                                            [F-5A1] 

Similarly Eqn [F-5B] becomes 

F𝑑 = 𝐹𝑑𝑙((1 + 𝑒 + 𝑒2 + 𝑒3 …+ 𝑒𝑛−1) + (𝑒(𝑒𝑛−1) + 1)) +
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

𝐵𝑢𝑡      1 + 𝑒 + 𝑒2 + 𝑒3 …+ 𝑒𝑛 =
 (1 − 𝑒𝑛)

(1 − 𝑒)
 

F𝑑 = 𝐹𝑑𝑙 (
 (1− 𝑒𝑛)

(1−𝑒)
+ 𝑒𝑛 + 1) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

 F𝑑 = 𝐹𝑑𝑙
 ((1−𝑒))

(1−𝑒)
(
 (1− 𝑒𝑛)

(1−𝑒)
+ 𝑒𝑛 + 1) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)] 

F𝑑 =
𝐹𝑑𝑙 

(1−𝑒)
(

 (1− 𝑒𝑛)(1−𝑒)

(1−𝑒)
+ (1 − 𝑒)𝑒𝑛 + 1(1 − 𝑒)) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

F𝑑 =
𝐹𝑑𝑙 

(1−𝑒)
(1 − 𝑒𝑛 + 𝑒𝑛 − 𝑒𝑛+1 + 1 − 𝑒) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

F𝑑 =
𝐹𝑑𝑙 

(1−𝑒)
(2 − 𝑒 − 𝑒𝑛+1) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                   [F-5B1] 

If we assume a uniform movement of the travelling equipment, Eqn [F-5B1] is 

the same Eqn [B-8] as proposed by Luke and Juvkam-Wold. 

Also assuming a constant sheave efficiency for Eqn [F-5C] gives 

F𝑑 =
𝐹𝑓𝑙

𝑒(𝑒𝑛−1)
(1 + 𝑒 + 𝑒2 + 𝑒3 …+ 𝑒𝑛−1) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)] + 𝐹𝑑𝑙  (𝑒(𝑒

𝑛−1) + 1)                                                                                      

𝐵𝑢𝑡      1 + 𝑒 + 𝑒2 + 𝑒3 …+ 𝑒𝑛 =
 (1 − 𝑒𝑛)

(1 − 𝑒)
 

F𝑑 =
 𝐹𝑓𝑙(1− 𝑒𝑛)

𝑒𝑛(1−𝑒)
+ 𝐹𝑑𝑙  (𝑒

𝑛 + 1)  +
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                            [F-5C1]  

Finally, assuming a constant sheave efficiency for Eqn [F-5D] become 

F𝑑 = 𝐹𝑑𝑙 (
(1+𝑒+𝑒2+𝑒3…+𝑒𝑛−1)

(1−
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ (𝑒(𝑒𝑛−1) + 1))  

𝐵𝑢𝑡      𝑒 =  1 + 𝑒 + 𝑒2 + 𝑒3 …+ 𝑒𝑛 =
 (1− 𝑒𝑛)

(1−𝑒)
  

F𝑑 = 𝐹𝑑𝑙 (
(1− 𝑒𝑛)

(1−𝑒)(1−
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝑒𝑛 + 1)                                            [F-5D1] 
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Eqn [F-5A1], Eqn [F-5B1], Eqn [F-5C1]  and Eqn [F-5D1] are the derrick load  

(Fd) relations during lowering for inactive dead line sheave  during non-uniform 

movement of the travelling block and assuming constant sheave efficiency (e) 

as proposed by Luke and Juvkam. 

4.3.2 ACTIVE (ROTATING) DEAD LINE SHEAVE DERIVATION  

4.3.2.1 HOISTING WITH NON-UNIFORM MOVEMENT AND VARYING SHEAVE EFFICIENCY 

During hoisting, maximum tension occurs in the fast line (Ffl), while the 

minimum tension occurs in the dead line (Fdl).i.e. The tension decreases from 

the fast line towards the dead line, 𝑖𝑒. F𝑓𝑙 ≥  F𝑑𝑙 

Considering the fast line sheave (First sheave in the crown block from the 

direction of the drum) and from Eqn (α), its efficiency e1 is given by  

𝑒1 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹1

𝐹𝑓𝑙
 

⇒ 𝐹1 = 𝑒1𝐹𝑓𝑙                                                                                             [Ω-1] 

Similarly, the efficiency (𝑒2) of the next sheave in the travelling block is also 

given by 

𝑒2 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹2

𝐹1
 

⇒ 𝐹2 = 𝑒2𝐹1 = 𝑒2(𝑒1𝐹𝑓𝑙  ) = 𝑒2𝑒1𝐹𝑓𝑙 = ∏ 𝑒𝑖
2
𝑖=1 𝐹𝑓𝑙                                              [Ω-2]       

Also, considering the efficiency (𝑒3) of the next sheave in the crown block gives  

𝑒3 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹3

𝐹2
 

⇒ 𝐹3 = 𝑒3𝐹2 = 𝑒3(𝑒2𝑒1𝐹𝑓𝑙) = 𝑒3𝑒2𝑒1𝐹𝑓𝑙 = ∏ 𝑒𝑖
3
𝑖=1 𝐹𝑓𝑙                                         [Ω-3] 

Hence, for “n” number of lines between the travelling block and the crown 

block, the relationship between the tension in each line and the applied fast 

line tension (Ffl) is given by 

𝐹𝑛 = ∏ 𝑒𝑖
𝑛
𝑖=1 𝐹𝑓𝑙                                                                                           [Ω-4] 

Finally, considering the efficiency of the dead line sheave (𝑒𝑑) in the crown 

block gives  
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𝑒𝑑 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹𝑑𝑙

𝐹𝑛
 

⇒ 𝐹𝑑𝑙 = 𝑒𝑑𝐹𝑛 
= 𝑒𝑑(∏ 𝑒𝑖

𝑛
𝑖=1 𝐹𝑓𝑙) = 𝑒𝑑 ∏ 𝑒𝑖

𝑛
𝑖=1 𝐹𝑓𝑙  

For active dead line sheave since it is  rotating and hence  imperfect 

transmission of tension  (𝑖. 𝑒.   𝑒𝑑 ≠ 1) ⇒ 𝐹𝑛  ≠ 𝐹𝑑𝑙 

𝐹𝑓𝑙 = 
𝐹𝑑𝑙

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

                                                                                           [Ω-5] 

If we assume varying sheave efficiency and from the relationship between each 

of the lines with respect to the fast line (Eqn [Ω-4])  the sum of the tension in 

the supporting lines is given by 

 ∑ 𝐹𝑖
𝑛
1 = 𝐹𝑓𝑙(𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖

𝑛
𝑖=1 )                                                 [Ω-6] 

 

Substituting Eqn [Ω-6] into Eqn [D-2B] gives 

𝑊 = 𝐹𝑓𝑙(𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])         [Ω-7] 

 

FAST LINE (𝐹𝑓𝑙) AND DEAD LINE TENSION (𝐹𝑑𝑙) RELATIONS 

From Eqn [Ω-7], making  𝐹𝑓𝑙 the subject gives    

𝐹𝑓𝑙 =
1

(𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖
𝑛
𝑖=1 )

(𝑊 + (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]))                   [G-1A]   

Substituting Eqn [Ω-5] into Eqn [G-1A] gives 

𝐹𝑑𝑙

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

=
1

(𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖
𝑛
𝑖=1 )

(𝑊 + (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]))  

𝐹𝑑𝑙 =
𝑒𝑑 ∏ 𝑒𝑖

𝑛
𝑖=1

(𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖
𝑛
𝑖=1 )

(𝑊 + (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]))                  [G-1B]   

 

HOOK LOAD (W) RELATIONS  

From Eqn [G-1A], the hook load is given by 

𝑊 = 𝐹𝑓𝑙(𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])       [G-2A] 

Similarly, From Eqn [G-1B], the hook load is given by 

𝑊 =
𝐹𝑑𝑙

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

(𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]) [G-2B] 
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Alternatively, the derrick load (F𝑑) is given by the relation  

F𝑑 = F𝑓𝑙 + W + F𝑑𝑙 

⇒ W = F𝑑 − F𝑓𝑙 − F𝑑𝑙 = F𝑑 − (F𝑓𝑙 + F𝑑𝑙)                                                       [G-2C] 

Substitituting the relationship between the dead line and the fast line tension 

(Eqn [Ω-5]) during hoisting into Eqn  [G-2C] gives 

W = F𝑑 − F𝑓𝑙 − F𝑑𝑙 = F𝑑 − (
𝐹𝑑𝑙

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

+ F𝑑𝑙) 

W = F𝑑 − 𝐹𝑑𝑙(
1

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)                                                                          [G-2D] 

Substituting Eqn [Ω-6] into Eqn [D-2C] gives 

𝑊 =
𝐹𝑓𝑙(𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 )

(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                                     [G-2E] 

Finally, substituting Eqn [Ω-5] into Eqn [G-2E] gives 

𝑊 =
𝐹𝑑𝑙(𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 )

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1 (1+ 

1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                             [G-2F] 

 

Eqn [G-2A], Eqn [G-2B], Eqn [G-2C], Eqn [G-2D], Eqn [G-2E]   and  Eqn [G-2F] 

are the hook load (W) relations during hoisting for active dead line sheave  with 

non-uniform movement of the travelling equipment and varying sheave 

efficiency. 

 

DERRICK LOAD (𝐹𝑑) RELATIONS  

From Eqn [G-2D], the derrick load is given by the relation 

 F𝑑 =  W + 𝐹𝑑𝑙(
1

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)                                                                      [G-3A] 

Substituting Eqn [G-2A] into  Eqn [G-3A] gives 

F𝑑 = 𝐹𝑓𝑙(𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) + 𝐹𝑑𝑙(

1

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

+ 1) − (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) −

(
𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                                                                                [G-3B] 

Similarly substitute Eqn [G-2B] into  Eqn [G-3A] relation gives 
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F𝑑 =

 
𝐹𝑑𝑙

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

(𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) + 𝐹𝑑𝑙(

1

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

+ 1) − (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) −

(
𝑠1−𝑠𝑜

𝑡1−𝑡0
)])   

F𝑑 =

𝐹𝑑𝑙  (
1

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

(𝑒1  + 𝑒2𝑒1 + 𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) + (

1

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)) − (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) −

(
𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                                                   [G-3C] 

  Substituting Eqn [G-2E] into  Eqn [G-3A] relation gives 

F𝑑 = 
𝐹𝑓𝑙(𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 )

(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙(

1

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)                                        [G-3D] 

Finally, substituting Eqn [G-2F] into  Eqn [G-3A] relation gives 

F𝑑 = 
𝐹𝑑𝑙(𝑒1 +𝑒2𝑒1+𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 )

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1 (1+ 

1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙(

1

𝑒𝑑 ∏ 𝑒𝑖
𝑛
𝑖=1

+ 1)                                 [G-3E] 

Eqn [G-3A], Eqn [G-3B], Eqn [G-3C], Eqn [G-3D] and Eqn [G-3E] are the 

derrick load  (Fd) relations during hoisting for active dead line sheave  during 

non-uniform movement with varying sheave efficiency. 

4.3.2.2 HOISTING WITH NON-UNIFORM MOVEMENT AND ASSUMING A CONSTANT 

SHEAVE EFFICIENCY 
 

FAST LINE (𝐹𝑓𝑙) AND DEAD LINE TENSION (𝐹𝑑𝑙) RELATIONS 

For simplicity, lets assume a constant sheave efficiency (e) as proposed by Luke 

and Juvkam  i. e  𝑒1 = 𝑒2 = 𝑒3 = 𝑒4 = ⋯ = 𝑒𝑛 = 𝑒 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡, Eqn [G-1A] becomes 

𝐹𝑓𝑙 =
1

( 𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)
(𝑊 + (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]))  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1−𝑒𝑛)

(1−𝑒)
  

𝐹𝑓𝑙 =
(1−𝑒)

e (1−𝑒𝑛)
(𝑊 + (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]))                                        [G-1A1] 

For uniform motion, Eqn [G-1A1] reduces to Eqn [B-10] as proposed by Luke 

and Juvkam.  

 Similarly considering Eqn [G-1B] 
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𝐹𝑑𝑙 =
𝑒𝑒𝑛

(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)
(𝑊 + (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]))    

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝐹𝑑𝑙 =
𝑒𝑛

 (1−𝑒𝑛)

(1−𝑒)

(𝑊 + (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]))  

𝐹𝑑𝑙 =
𝑒𝑛(1−𝑒)

(1−𝑒𝑛)
(𝑊 + (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]))                                        [G-1B1] 

 

HOOK LOAD (W) RELATIONS  

Also considering a constant sheave efficiency (e) as proposed by Luke and 

Juvkam, Eqn [G-2A] become 

𝑊 = 𝐹𝑓𝑙(𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛) − (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1−𝑒𝑛)

(1−𝑒)
  

𝑊 =
e (1−𝑒𝑛)𝐹𝑓𝑙

(1−𝑒)
− (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                             [G-2A1] 

Similarly Eqn [G-2B] become  

𝑊 =
𝐹𝑑𝑙

𝑒𝑒𝑛
(𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 =
𝐹𝑑𝑙

𝑒𝑒𝑛
(
e (1 − 𝑒𝑛)

(1 − 𝑒)
) − (

(𝑚𝑑𝑝 + 𝑚𝑡𝑏)

(𝑡2 − 𝑡1)
[(

𝑠2 − 𝑠1

𝑡2 − 𝑡1
) − (

𝑠1 − 𝑠𝑜

𝑡1 − 𝑡0
)]) 

𝑊 =
 𝐹𝑑𝑙(1−𝑒𝑛)

𝑒𝑛(1−𝑒)
− (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                               [G-2B1] 

If we assume constant velocity of the travelling equipment Eqn [G-2B1] satisfies 

Eqn [B-11] as proposed by Luke and Juvkam. 

 

Eqn [G-2D] also becomes, 

W = F𝑑 − 𝐹𝑑𝑙 (
1

𝑒𝑒𝑛
+ 1) = F𝑑 − 𝐹𝑑𝑙 (

1

𝑒𝑛+1
+ 1)                                                [G-2D1] 

Assuming constant sheave efficiency, Eqn [G-2E] becomes 
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𝑊 =
𝐹𝑓𝑙(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)

(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1−𝑒𝑛)

(1−𝑒)
  

𝑊 =
e (1−𝑒𝑛)𝐹𝑓𝑙

(1−𝑒)(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                           [G-2E1] 

Finally, assuming constant sheave efficiency, Eqn [G-2F] becomes 

𝑊 =
𝐹𝑑𝑙(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)

𝑒𝑒𝑛(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                             [G-2F] 

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 =
 (1−𝑒𝑛)𝐹𝑑𝑙

𝑒𝑛(1−𝑒)(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                        [G-2F1] 

                                                 

Eqn [G-2A1], Eqn [G-2B1], Eqn [G-2D1], Eqn [G-2E1] and Eqn [G-2F1] are the 

hook load relations for an active dead line sheave during non-uniform 

movement of the travelling equipment when assuming constant sheave 

efficiency as proposed by Luke and Juvkam. 

 

DERRICK LOAD (𝐹𝑑) RELATIONS  

With the assumption of a constant sheave efficiency (e), Eqn [G-3A] 

F𝑑 =  W + 𝐹𝑑𝑙 (
1

𝑒𝑒𝑛 + 1) = W + 𝐹𝑑𝑙(
1

𝑒𝑛+1 + 1)                                               [G-3A1]      

Similarly, Eqn [G-3B] becomes 

F𝑑 = 𝐹𝑓𝑙(𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛) + 𝐹𝑑𝑙(
1

𝑒𝑒𝑛 + 1) − (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1−𝑒𝑛)

(1−𝑒)
  

F𝑑 = 𝐹𝑓𝑙
e (1−𝑒𝑛)

(1−𝑒)
+ 𝐹𝑑𝑙(

1

𝑒𝑛+1 + 1) − (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                     [G-3B1]      

Also, considering Eqn [G-3C] gives 

F𝑑 = 𝐹𝑑𝑙  (
1

𝑒𝑒𝑛
(𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛) + (

1

𝑒𝑒𝑛 + 1)) − (
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1−𝑒𝑛)

(1−𝑒)
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F𝑑 = 𝐹𝑑𝑙  
𝑒𝑛+1(1−𝑒)

𝑒𝑛+1(1−𝑒)
(

 (1−𝑒𝑛)

𝑒𝑛(1−𝑒)
+ (

1

𝑒𝑛+1
+ 1)) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])  

F𝑑 = 𝐹𝑑𝑙  
1

𝑒𝑛+1(1−𝑒)
(e(1 − 𝑒𝑛) + (1 − 𝑒) + 𝑒𝑛+1(1 − 𝑒)) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])  

F𝑑 = 𝐹𝑑𝑙  
1

𝑒𝑛+1(1−𝑒)
(e − 𝑒𝑛+1 + 1 − 𝑒 + 𝑒𝑛+1 − 𝑒𝑛+2)) − (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])  

F𝑑 = 𝐹𝑑𝑙  
(1−𝑒𝑛+2)

𝑒𝑛+1(1−𝑒)
− (

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)])                                      [G-3C1] 

 

Eqn [G-3D] becomes 

F𝑑 = 
𝐹𝑓𝑙(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)

(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙(

1

𝑒𝑒𝑛
+ 1)  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1−𝑒𝑛)

(1−𝑒)
  

F𝑑 = 
e (1−𝑒𝑛)𝐹𝑓𝑙

(1−𝑒)(1+
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙(

1

𝑒𝑛+1 + 1)                                       [G-3D1] 

Finally, Eqn [G-3E] becomes 

F𝑑 = 
𝐹𝑑𝑙(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)

𝑒𝑒𝑛(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙 (

1

𝑒𝑒𝑛 + 1)                              

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

F𝑑 = 
𝐹𝑑𝑙 (1−𝑒𝑛)

𝑒𝑛(1−𝑒)(1+ 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙 (

1

𝑒𝑛+1 + 1)                                  [G-3E1] 

 

If we assume constant velocity of the travelling equipment Eqn [G-3C1] and  

Eqn [G-3E1] reduces to Eqn [B-12] as suggested by Luke and Juvkam 

4.3.2.3 LOWERING WITH NON-UNIFORM MOVEMENT AND VARYING SHEAVE 

EFFICIENCY 

During lowering, maximum tension occurs in the dead line (Fdl) while the fast 

line (Ffl) records the least tension .i.e. The tension decreases from the dead line 

towards the fast line, 𝑖𝑒. F𝑓𝑙 <  F𝑑𝑙 

Considering the dead line sheave (First sheave in the crown block from the 

direction of the dead line anchor), Eqn (α) becomes 



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 56 
 

𝑒1 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹1

𝐹𝑑𝑙
 

⇒ 𝐹1 = 𝑒1𝐹𝑑𝑙                                                                                                         

For rotating dead line sheave, it is assumed that there is work done against 

friction and hence the efficiency of the dead line sheave (𝑒𝑑) is assumed to be 

less than100% (𝑒1 = 𝑒𝑑 ≠ 100% ≠ 1) 

⇒ 𝐹1 = 𝑒1𝐹𝑑𝑙                                                                                               [€-1] 

Similarly, the efficiency of the next sheave in the travelling block is given by,  

𝑒2 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
= 

𝐹2

𝐹1
                 

⇒ 𝐹2 = 𝑒2𝐹1 = 𝑒2 (𝑒1𝐹𝑑𝑙) = 𝑒2 𝑒1𝐹𝑑𝑙 = ∏ 𝑒𝑖𝐹𝑑𝑙
2
𝑖=1                                                [€-2] 

Also, considering the efficiency of the next sheave in the crown block gives,  

𝑒3 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹3

𝐹2
 

⇒ 𝐹3 = 𝑒3𝐹2 = 𝑒3 (𝑒2 𝑒1𝐹𝑑𝑙) = 𝑒3𝑒2 𝑒1𝐹𝑑𝑙 = ∏ 𝑒𝑖𝐹𝑑𝑙
3
𝑖=1                                          [€-3] 

Hence, for “n” number of lines between the travelling blocks and the crown 

block, the relationship between each line tension and the dead line is given by  

𝐹𝑛 = ∏ 𝑒𝑖
𝑛
𝑖=1 𝐹𝑑𝑙                                                                                            [€-4] 

Finally, considering the efficiency (𝑒𝑓𝑙) of the fast line sheave in the crown block 

gives,  

𝑒𝑓𝑙 = 𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹𝑓𝑙

𝐹𝑛
 

𝐹𝑓𝑙 = 𝑒𝑓𝑙𝐹𝑛 = 𝑒𝑓𝑙 (∏ 𝑒𝑖
𝑛
𝑖=1 𝐹𝑑𝑙) = 𝑒𝑓𝑙 ∏ 𝑒𝑖

𝑛
𝑖=1 𝐹𝑑𝑙  

⇒ 𝐹𝑓𝑙 = 𝑒𝑓𝑙 ∏ 𝑒𝑖
𝑛
𝑖=1 𝐹𝑑𝑙                                                                                 [€-5A]          

𝐹𝑑𝑙 =
𝐹𝑓𝑙

𝑒𝑓𝑙 ∏ 𝑒𝑖
𝑛
𝑖=1

                                                                                            [€-5B]   

If we assume  varying sheave efficiency and from the relationship between the 

tension in each of the lines with respect to the dead line (Eqn [€-4])  the sum of 

the tension in the supporting lines is given by 

⇒ ∑ 𝐹𝑖
𝑛
1 = 𝐹𝑑𝑙(𝑒1 + 𝑒2𝑒1  + 𝑒3𝑒2𝑒1 + 𝑒4𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖

𝑛
𝑖=1 )                              [€-6] 
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HOOK LOAD (W) RELATIONS  

Substituting Eqn [€-6] into Eqn [D-3B] gives 

𝑊 = 𝐹𝑑𝑙(𝑒1 + 𝑒2𝑒1  + 𝑒3𝑒2𝑒1 + 𝑒4𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]    

[G-4A] 

Substituting the fast line tension and the dead line tension relation during 

lowering (Eqn[€-5B]) into Eqn [G-4A] gives 

𝑊 =
𝐹𝑓𝑙

𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=1

(𝑒1 + 𝑒2𝑒1  + 𝑒3𝑒2𝑒1 + 𝑒4𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                

[G-4B] 

Alternatively, the derrick load is given by the relation  

F𝑑 = F𝑓𝑙 + W + F𝑑𝑙 

W = F𝑑 − F𝑓𝑙 − F𝑑𝑙 = F𝑑 − (F𝑓𝑙 + F𝑑𝑙)                                                          [G-4C] 

Substituting Eqn[€-5A] into  Eqn [G-4C] gives,  

W = F𝑑 − F𝑓𝑙 − F𝑑𝑙 = F𝑑 − (𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=1 𝐹𝑑𝑙 + F𝑑𝑙)  

W = F𝑑 − 𝐹𝑑𝑙(𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=1 + 1)                                                                       [G-4D] 

Finally, substituting Eqn [€-5] gives into Eqn [D-3C] gives 

𝑊 =
𝐹𝑑𝑙(𝑒1+𝑒2𝑒1 +𝑒3𝑒2𝑒1+𝑒4𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 )

(1−
1

 𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                        [G-4E] 

Eqn [G-4A], Eqn [G-4B], Eqn [G-4C], Eqn [G-4D] and  Eqn [G-4E] are the hook 

load (W) relations during lowering for an active dead line sheave  

 

DERRICK LOAD (𝐹𝑑) RELATIONS  

From Eqn [G-4D], the derrick load (Fd)is given by  

F𝑑 = W + 𝐹𝑑𝑙(𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=1 + 1)                                                                    [G-5A] 

Substituting Eqn [G-4A] into  Eqn [G-5A] gives 

F𝑑 = 𝐹𝑑𝑙(𝑒1 + 𝑒2𝑒1  + 𝑒3𝑒2𝑒1 + 𝑒4𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) + 𝐹𝑑𝑙(𝑒𝑓 ∏ 𝑒𝑖

𝑛
𝑖=1 + 1) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

F𝑑 =

𝐹𝑑𝑙((𝑒1 + 𝑒2𝑒1  + 𝑒3𝑒2𝑒1 + 𝑒4𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) + 𝑒𝑓 ∏ 𝑒𝑖

𝑛
𝑖=1 + 1) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) −

(
𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                                                  [G-5B] 
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Similarly substituting Eqn [G-4B] into  Eqn [G-5A] gives 

F𝑑 =
𝐹𝑓𝑙

𝑒𝑓 ∏ 𝑒𝑖
𝑛
𝑖=1

(𝑒1 + 𝑒2𝑒1  + 𝑒3𝑒2𝑒1 + 𝑒4𝑒3𝑒2𝑒1 + ⋯+ ∏ 𝑒𝑖
𝑛
𝑖=1 ) + 𝐹𝑑𝑙(𝑒𝑓 ∏ 𝑒𝑖

𝑛
𝑖=1 + 1) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                                                     [G-5C] 

Finally, substituting Eqn [G-4E] into  Eqn [G-5A] gives 

F𝑑 =
𝐹𝑑𝑙(𝑒1+𝑒2𝑒1 +𝑒3𝑒2𝑒1+𝑒4𝑒3𝑒2𝑒1+⋯+∏ 𝑒𝑖

𝑛
𝑖=1 )

(1−
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙(𝑒𝑓 ∏ 𝑒𝑖

𝑛
𝑖=1 + 1)                         [G-5D] 

Eqn [G-5A], Eqn [G-5B], Eqn [G-5C]  and Eqn [G-5D] are the derrick load  (Fd) 

relations during lowering for active dead line sheave  with non-uniform 

movement and varying sheave efficiency. 

4.3.2.4 LOWERING WITH NON-UNIFORM MOVEMENT AND ASSUMING A CONSTANT 

SHEAVE EFFICIENCY  
 

HOOK LOAD (W) RELATIONS  

For simplicity, If we assume a constant sheave efficiency (e) as proposed by 

Luke and Juvkam  i. e  𝑒1 = 𝑒2 = 𝑒3 = 𝑒4 = ⋯ = 𝑒𝑛 = 𝑒 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡, Eqn [G-4A] 

becomes 

𝑊 = 𝐹𝑑𝑙(𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛 ) +
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]     

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 =
e (1−𝑒𝑛)𝐹𝑑𝑙

(1−𝑒)
+

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                                  [G-4A1]   

If we assume a uniform movement of the travelling equipment, Eqn [G-4A1] 

satisfies Eqn[B-15] as suggested by Luke and Juvkam.  

Similarly eqn [G-4B] also becomes 

𝑊 =
𝐹𝑓𝑙

𝑒𝑒𝑛 (𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛) +
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 =
 𝐹𝑓𝑙(1−𝑒𝑛)

𝑒𝑛(1−𝑒)
+

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                                [G-4B1] 

Also Eqn [G-4D] becomes 

W = F𝑑 − 𝐹𝑑𝑙(𝑒𝑒
𝑛 + 1) = F𝑑 − 𝐹𝑑𝑙(𝑒

𝑛+1 + 1)                                                [G-4D1] 
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Finally, Eqn [G-4E] becomes   

𝑊 =
𝐹𝑑𝑙(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)

(1−
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1−𝑒𝑛)

(1−𝑒)
  

𝑊 =
e (1−𝑒𝑛)𝐹𝑑𝑙

(1−𝑒)(1− 
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
                                                               [G-4E1] 

 

DERRICK LOAD (𝐹𝑑) RELATIONS  

Assuming a constant sheave, Eqn [G-5A] becomes 

F𝑑 = W + 𝐹𝑑𝑙(𝑒𝑒
𝑛 + 1) =  W + 𝐹𝑑𝑙(𝑒

𝑛+1 + 1)                                                [G-5A1] 

Similarly Eqn [G-5B] becomes, 

F𝑑 = 𝐹𝑑𝑙((𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛) + (𝑒𝑒𝑛 + 1))  +
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1−𝑒𝑛)

(1−𝑒)
  

F𝑑 = 𝐹𝑑𝑙(
e (1−𝑒𝑛)

(1−𝑒)
+ 𝑒𝑛+1 + 1) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

F𝑑 = 𝐹𝑑𝑙
1

(1−𝑒)
(e (1 − 𝑒𝑛) + 𝑒𝑛+1(1 − 𝑒) + (1 − 𝑒))  +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

F𝑑 = 𝐹𝑑𝑙
1

(1−𝑒)
( e − 𝑒𝑛+1 + 𝑒𝑛+1 − 𝑒𝑛+2 + 1 − 𝑒) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

F𝑑 =
𝐹𝑑𝑙

(1−𝑒)
( 1 − 𝑒𝑛+2)  +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                                      [G-5B1] 

Also, considering a constant sheave efficiency for Eqn [G-5C] gives 

F𝑑 =
𝐹𝑓𝑙

𝑒𝑒𝑛 (  𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛) + 𝐹𝑑𝑙(𝑒𝑒
𝑛 + 1) +

(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

𝑡2−𝑡1
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

F𝑑 =
𝐹𝑓𝑙 (1−𝑒𝑛)

𝑒𝑛(1−𝑒)
+ 𝐹𝑑𝑙(𝑒

𝑛+1 + 1) +
(𝑚𝑑𝑝+ 𝑚𝑡𝑏)

(𝑡2−𝑡1)
[(

𝑠2−𝑠1

𝑡2−𝑡1
) − (

𝑠1−𝑠𝑜

𝑡1−𝑡0
)]                          [G-5C1] 

Finally, considering a constant sheave efficiency for Eqn [G-5D] gives 

F𝑑 =
𝐹𝑑𝑙(𝑒+𝑒2+𝑒3+⋯+𝑒𝑛)

(1−
1

 𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙(𝑒𝑒

𝑛 + 1)  

𝐵𝑢𝑡, 𝑒 + 𝑒2 + 𝑒3 + ⋯+ 𝑒𝑛  =
e (1 − 𝑒𝑛)

(1 − 𝑒)
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F𝑑 =
e (1−𝑒𝑛)𝐹𝑑𝑙

(1−𝑒)(1−
1

𝑔(𝑡2−𝑡1)
[(

𝑠2−𝑠1
𝑡2−𝑡1

)−(
𝑠1−𝑠𝑜
𝑡1−𝑡0

)])
+ 𝐹𝑑𝑙(𝑒

𝑛+1 + 1)                                          [G-5D1] 

If we assume uniform movement of the travelling equipment, Eqn [G-5B1] and 

Eqn [G-5D1] satisfies Eqn [B-16] as proposed by Luke and Juvkam. 

 

 

4.4 EXTENSION OF CAYEUX ET-AL HOOK LOAD PREDICTION MODEL TO ACCOUNT 

FOR THE EFFECT OF ACCELERATION DUE TO NON-UNIFORM MOVEMENT OF THE 

TRAVELLING EQUIPMENT 
 

 Unlike the previously discussed hook load prediction models, Cayeux et-al 

hook load prediction model [4] is based on the coefficient of friction (𝜇) at the 

sheave axle instead of utilizing the efficiency (e) of each sheave. Both Coulomb 

kinetic friction coefficient (𝜇𝑎) and stribeck friction (𝜇𝑠) model were used. The 

advantage of using the stribeck friction model is that it compensates for the 

transition from   the static to dynamic coefficient of friction and vice-versa [4].  

With the exception of the weight (𝐹𝑊
⃗⃗ ⃗⃗  ⃗) of the sheaves which always acts 

downwards, the tensions in the line (𝑇𝐴 𝑜𝑟 𝑇𝐵) and the centrifugal force (𝐹𝐶
⃗⃗⃗⃗ ) 

always acts in the opposite direction to each other  for the sheaves in the crown 

block and that of the travelling block.  

In addition, the sheaves in the travelling block rotate in the same direction as 

that of the draw work but opposite to that of the crown block sheaves. Using 

the right hand rule for determining the angular acceleration vector, we will 

assume clock-wise rotation of each sheave as negative (“-”) while anti-clock-

wise rotation as positive (“+”) as illustrated in the schematic below 
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Figure 24: shows the direction of rotation of the sheave for both the crown block sheaves and the travelling block sheaves 
during hoisting and lowering 

We will consider the forces and torque on each sheave for both the crown block 

and the travelling block. 
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4.4.1 FORCES ON EACH SHEAVE 

Below is an illustration of the forces on each sheave for a typical block and tackle 

hoisting system. 

 

Figure 25: Shows the centrifugal force (𝑭𝑪) , weight of the each sheave (𝑭𝑾)   and the reaction force 
(𝑭𝑹)  on the block and tackle hoisting system 
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Based on Coulomb friction model(𝜇𝑎), the magnitude of the torque due to the 

friction at the sheave axle is given by   ‖𝑀𝑓
⃗⃗⃗⃗  ⃗‖  = 𝜇𝑎𝑟𝑎‖𝐹𝑅

⃗⃗⃗⃗ ‖ 

 

 
Figure 26: Shows the applied load(𝑭𝑳) and its corresponding reaction force (𝑭𝑹)  on a crown block 

and a travelling block sheaves respectively  

The net force on each sheave during non-uniform movement of the travelling 

equipment is given by 

𝐹𝐿
⃗⃗  ⃗ +  𝐹𝑅

⃗⃗⃗⃗ = 𝑚𝑝𝑎  

⇒ 𝐹𝑅
⃗⃗⃗⃗ = 𝑚𝑝𝑎 − 𝐹𝐿

⃗⃗  ⃗ = 𝑚𝑝𝑎 + (−𝐹𝐿
⃗⃗  ⃗ )                                                              [H-1A] 

From figure (26), the applied load (𝐹𝐿
⃗⃗  ⃗) on each sheave is given by the relation 

𝐹𝐿
⃗⃗  ⃗ =  𝐹𝑊

⃗⃗ ⃗⃗  ⃗ + 𝐹𝐶
⃗⃗⃗⃗ + 𝑇𝐵

⃗⃗⃗⃗ + 𝑇𝐴
⃗⃗⃗⃗                                                                              [β-1A] 

The magnitude of the applied load ‖𝐹𝐿
⃗⃗  ⃗‖  becomes 

‖− 𝐹𝐿
⃗⃗  ⃗‖ = ‖ 𝐹𝐿

⃗⃗  ⃗‖ = √(𝐹𝐿𝐻)2 + (𝐹𝐿𝑉)2                                                              [β-1B] 

Where  𝐹𝐿𝐻 and 𝐹𝐿𝑉 are the horizontal and the vertical components of the line 

tensions respectively. 

Substituting Eqn [β-1B] into Eqn [H-1A] gives the magnitude of the reaction 

force (‖𝐹𝑅
⃗⃗⃗⃗ ‖) as 

‖𝐹𝑅
⃗⃗⃗⃗ ‖ = 𝑚𝑝𝑎 + ‖𝐹𝐿

⃗⃗  ⃗‖ = ±𝑚𝑝𝑎 + √(𝐹𝐿𝐻)2 + (𝐹𝐿𝑉)2                                           [H-1B] 
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4.4.2 TORQUE ON EACH SHEAVE 

There is no contribution to the net torque by either the weight of each sheave 

(𝐹𝑊
⃗⃗ ⃗⃗  ⃗)  0r  the centrifugal force (𝐹𝐶

⃗⃗⃗⃗ ) since their line of action is through the center 

of the sheave. 

The direction of the net torque on each sheave is always in the direction of the 

maximum line tension and hence for 𝑇𝐴 > 𝑇𝐵, the net torque on the sheave 

becomes, 

𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) ± 𝜇𝑎𝑟𝑎‖𝐹𝑅
⃗⃗⃗⃗ ‖ = 𝐼(± 𝛼) = ± 𝐼𝛼                                                        [H-2A] 

Since the crown block sheaves rotate in the opposite direction to the direction 

of rotation of the travelling block sheaves, this is accounted for in the angular 

acceleration (± 𝛼). Based on the right hand rule to determine the direction of 

the angular acceleration(𝛼), we assume anti-clockwise rotation as positive (“+”) 

while clockwise is negative (“-”). In addition, the direction of the reaction force 

(𝐹𝑅
⃗⃗⃗⃗ ) differ for the crown block sheaves and that of the travelling block.  

Substituting Eqn [H-1B] into Eqn [H-2A] gives 

𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) ± 𝜇𝑎𝑟𝑎(±𝑚𝑝𝑎 + √(𝐹𝐿𝐻)2 + (𝐹𝐿𝑉)2) = ± 𝐼𝛼                                     [H-2B] 

Eqn [H-2B] is the generalized torque relation for both the crown block sheaves 

and that of the travelling block sheaves during both hoisting and lowering. 

4.4.3 FORCES AND TORQUE THE CROWN BLOCK SHEAVE 

The crown block sheaves undergo only rotational motion but not translational 

motion since the crown block is stationary. During non-uniform movement of 

the travelling equipment, there will be no effect of the translational 

acceleration (𝑖. 𝑒.  𝑎 = 0) on the crown block sheaves’ reaction forces. The crown 

block sheaves experiences angular acceleration during the non-uniform 

movement (i.e. 𝛼 ≠ 0) as illustrated in figure (25). 

The generalized net torque relation, Eqn [H-2B] reduces to 

𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) ± 𝜇𝑎𝑟𝑎(√(𝐹𝐿𝐻)2 + (𝐹𝐿𝑉)2) = ± 𝐼𝛼                                                 [H-3A] 

From figure (26), the horizontal (𝐹𝐿𝐻) and the vertical (𝐹𝐿𝑉)    component of the 

line tension of the crown block sheave is given by 
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𝐹𝐿𝐻 = (𝑇𝐴 − 𝑇𝐵) cos (
𝜑

2
 )                                                                              [β-2A1] 

𝐹𝐿𝑉 = −𝑚𝑝𝑔 + sin( 
𝜑

2
 )(2�̅�𝑚𝑟𝑏

2 �̇�2
𝑟𝑠 − 𝑇𝐴 − 𝑇𝐵)                                               [β-2B1] 

where �̇�𝑟𝑠 is the angular velocity of each rotating sheave 

For simplicity, let’s assume that the angle (𝜑) subtended by  𝑇𝐴
⃗⃗⃗⃗  and 𝑇𝐵

⃗⃗⃗⃗  as 

illustrated in figure (26) is 1800 (𝑖. 𝑒.  𝜑 = 1800). Hence, Eqn [β-2A1] and Eqn [β-

2B1] becomes  

⇒ 𝐹𝐿𝐻 = (𝑇𝐴 − 𝑇𝐵) cos (
180

2
 ) = (𝑇𝐴 − 𝑇𝐵) cos ( 90 ) = 0                                     [β-2A2] 

𝐹𝐿𝑉 = −𝑚𝑝𝑔 + sin ( 
180

2
 ) (2�̅�𝑚𝑟𝑏

2�̇�2
𝑟𝑠 − 𝑇𝐴 − 𝑇𝐵)  

𝐹𝐿𝑉 = −𝑚𝑝𝑔 + sin( 90)(2�̅�𝑚𝑟𝑏
2�̇�2

𝑟𝑠 − 𝑇𝐴 − 𝑇𝐵) 

𝐹𝐿𝑉 = −𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 − 𝑇𝐴 − 𝑇𝐵                      [β-2B2] 

Substitute Eqn [β-2A2] and [β-2B2] into Eqn [H-3A] gives 

𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) ± 𝜇𝑎𝑟𝑎(√(0)2 + (−𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 − 𝑇𝐴 − 𝑇𝐵 )
2
) = ± 𝐼𝛼          

𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) ± 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 − 𝑇𝐴 − 𝑇𝐵) = ± 𝐼𝛼                            [H-3B] 

During hoisting the line tension reduces from the fast line (𝐹𝑓𝑙) towards the 

dead line (𝐹𝑑𝑙) i.e. (𝐹𝑓𝑙 > 𝐹1 > 𝐹2 > 𝐹3 > 𝐹4 > 𝐹5 > ⋯ > 𝐹𝑑𝑙 𝑜𝑟 𝑇𝐴 > 𝑇𝐵)      

 𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) − 𝜇𝑎𝑟𝑎(𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 + 𝑇𝐴 + 𝑇𝐵) = + 𝐼𝛼                             [H-3B1] 

Similarly, for the non-rotating deadline sheave in the crown block with no 

angular velocity or acceleration(𝑖. 𝑒. �̇� = 𝑜 , 𝛼 = 0), Eqn [H-3B1] becomes 

𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) − 𝜇𝑎𝑟𝑎(𝑚𝑝𝑔 + 𝑇𝐴 + 𝑇𝐵)) = 0                                                      [H-3B2] 

During lowering since the line tension reduces from dead line (𝐹𝑑𝑙) toward the 

fast line(𝐹𝑓𝑙). (𝑖. 𝑒.  𝐹𝑑𝑙 > 𝐹1 > 𝐹2 > 𝐹3 > 𝐹4 > 𝐹5 > ⋯ > 𝐹𝑓𝑙 𝑜𝑟 𝑇𝐵 > 𝑇𝐴). The friction 

moment at the sheave bearing always oppose the direction of the net torque, 

and hence the net torque relation during lowering for both the rotating and 

non-rotating crown block sheave is given by 

𝑟𝑏 (𝑇𝐵 − 𝑇𝐴 ) + 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 − 𝑇𝐵 − 𝑇𝐴) = − 𝐼𝛼                           [H-3C1] 

𝑟𝑏 (𝑇𝐵 − 𝑇𝐴 ) + 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑔 − 𝑇𝐵 − 𝑇𝐴) = 0                                                    [H-3C2] 
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4.4.4 FORCES AND TORQUE ON THE TRAVELLING BLOCK SHEAVE 

Unlike the crown block sheave, the travelling block sheaves undergo both 

rotational and translational motion since they are mobile. Hence during non-

uniform movement of the travelling equipment, the travelling block sheaves will 

experience both translational acceleration(𝑖. 𝑒. 𝑎 ≠ 0) and rotational acceleration 

(𝛼 ≠ 0) effects. In addition, all the sheaves in the travelling block rotates unlike 

the crown block in which the dead line sheave is non-rotating (inactive). 

 

From the generalised net torque relation, the net toque for the travelling block 

sheave becomes 

𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) ± 𝜇𝑎𝑟𝑎(±𝑚𝑝𝑎 + √(𝐹𝐿𝐻)2 + (𝐹𝐿𝑉)2) = ± 𝐼𝛼                                    [H-4A1]    

From figure (26), the horizontal (𝐹𝐿𝐻) and vertical (𝐹𝐿𝑉 ) component of the line 

tension for the travelling block sheave is given as  

𝐹𝐿𝐻 = (𝑇𝐴 − 𝑇𝐵) cos (
𝜑

2
 )                                                                               [β-3A1] 

𝐹𝐿𝑉 = −𝑚𝑝𝑔 + sin( 
𝜑

2
 )(−2�̅�𝑚𝑟𝑏

2 �̇�2
𝑟𝑠 + 𝑇𝐴 + 𝑇𝐵)                     [β-3B1] 

where �̇�𝑟𝑠 is the angular velocity of the rotating sheaves 

For simplicity, let’s assume that the angle subtended by  𝑇𝐴
⃗⃗⃗⃗  and 𝑇𝐵

⃗⃗⃗⃗  is 1800 

(𝑖. 𝑒.  𝜑 = 1800) and hence Eqn [β-3A1] and Eqn [β-3B1] becomes  

⇒ 𝐹𝐿𝐻 = (𝑇𝐴 − 𝑇𝐵) cos (
180

2
 ) = (𝑇𝐴 − 𝑇𝐵) cos ( 90 ) = 0                                     [β-3A2]   

𝐹𝐿𝑉 = −𝑚𝑝𝑔 + sin ( 
180

2
 ) (−2�̅�𝑚𝑟𝑏

2 �̇�2
𝑟𝑠 + 𝑇𝐴 + 𝑇𝐵)  

𝐹𝐿𝑉 = −𝑚𝑝𝑔 + sin( 90)(−2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 + 𝑇𝐴 + 𝑇𝐵) 

𝐹𝐿𝑉 = −𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 + 𝑇𝐴 + 𝑇𝐵                                                        [β-3B2] 

 

Substituting Eqn [β-3A2] and [β-3B2] into Eqn [H-4A1] gives 

𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) ± 𝜇𝑎𝑟𝑎(±𝑚𝑝𝑎 + √(0)2 + (−𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏2 �̇�2
𝑟𝑠 + 𝑇𝐴 + 𝑇𝐵)

2
) = ± 𝐼𝛼 

𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) ± 𝜇𝑎𝑟𝑎(±𝑚𝑝𝑎 − 𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 + 𝑇𝐴 + 𝑇𝐵) = ± 𝐼𝛼             [H-4A2] 

During hoisting, the translational acceleration is positive (+𝑎) and the friction 

moment also opposes the direction of the net torque. Eqn [H-4A2] becomes 
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𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) − 𝜇𝑎𝑟𝑎(𝑚𝑝𝑎−𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 + 𝑇𝐴 + 𝑇𝐵) = − 𝐼𝛼                      

𝑟𝑏 (𝑇𝐴 − 𝑇𝐵) + 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑎 + 𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 − 𝑇𝐴 − 𝑇𝐵) = − 𝐼𝛼                  [H-4B] 

Eqn [H-4B] is the net torque on each of the travelling block sheave during 

hoisting (𝐹𝑓𝑙 > 𝐹1 > 𝐹2 > 𝐹3 > 𝐹4 > 𝐹5 > ⋯ > 𝐹𝑑𝑙  𝑜𝑟 𝑇𝐴 > 𝑇𝐵). 

Similarly since the friction moment always impose the direction of the net 

torque and the translational acceleration is negative direction (−𝑎)  during 

lowering (𝐹𝑑𝑙 > 𝐹1 > 𝐹2 > 𝐹3 > 𝐹4 > 𝐹5 > ⋯ > 𝐹𝑓𝑙 𝑜𝑟 𝑇𝐵 > 𝑇𝐴) Eqn [H-4A2]   becomes 

𝑟𝑏 (𝑇𝐵 − 𝑇𝐴) − 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑎−𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑟𝑠 + 𝑇𝐴 + 𝑇𝐵) = + 𝐼𝛼                   [H-4C] 

4.4.5 HOISTING 

During hoisting, the line tension decreases from the fast line (𝐹𝑓𝑙)  towards the 

dead line(𝐹𝑑𝑙).  The fast line is always in motion and hence its line tension 

cannot be measured directly. Hence, the static dead line tension (𝐹𝑑𝑙) will be 

used as our reference line tension during hoisting instead of the fast line 

tension(𝐹𝑓𝑙). During hoisting, the line tension increases from the dead line  (𝐹𝑑𝑙) 

toward the fast line (𝑖. 𝑒. 𝐹𝑑𝑙 < 𝐹1 < 𝐹2 < 𝐹3 < 𝐹4 < ⋯ < 𝐹𝑓𝑙) as illustrated in the 

figure (27) below. 

 

The net torque on the dead line sheave (sheave A) in the crown block is given 

by Eqn [H-3B1] as (See Appendix C for derivation) 

𝐹𝑜𝑟 𝐹1 > 𝐹𝑑𝑙 

𝑟𝑏 (𝐹1 − 𝐹𝑑𝑙) − 𝜇𝑎𝑟𝑎(𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2  �̇�2

𝑐𝑏1 + 𝐹1 + 𝐹𝑑𝑙) = + 𝐼𝛼𝑐𝑏1 

𝐹1(𝑟𝑏 − 𝜇𝑎𝑟𝑎) − 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏1 − 𝐹𝑑𝑙(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) =  𝐼𝛼𝑐𝑏1 

𝐹1 =
−1

(𝜇𝑎𝑟𝑎−𝑟𝑏 )
( 𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) −  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)              [γ-1A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

Substituting the x and y into the Eqn [γ-1A] gives 

𝐹1 =
−1

𝑥
( 𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙𝑦 −  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                                     [γ-1B] 
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Figure 27: The forces and torques on both the crown block and the travelling block sheaves during 
hoisting 

Similarly considering the net torque in the next sheave (sheave B) in the 

travelling block, Eqn [H-4B] becomes 

𝐹𝑜𝑟 𝐹2 > 𝐹1 

𝑟𝑏 (𝐹2 − 𝐹1) + 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑎 + 𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑡𝑏1 − 𝐹2 − 𝐹1) = − 𝐼𝛼𝑡𝑏1 

𝐹2(𝑟𝑏 − 𝜇𝑎𝑟𝑎) − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏1 − 𝐹1(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) = −𝐼𝛼𝑡𝑏1 
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𝐹2 =
1

(𝜇𝑎𝑟𝑎−𝑟𝑏 )
(𝐼𝛼𝑡𝑏1 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹1(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)   [γ-2A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  and substituting x and y into 

Eqn [γ-2A] gives 

𝐹2 =
1

𝑥
(𝐼𝛼𝑡𝑏1 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹1𝑦 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                           [γ-2B] 

Substituting Eqn [γ-1B] into Eqn [γ-2B] and multiplying through the resulting 

equation by  
𝑥

𝑥
 gives 

𝐹2 =
1

𝑥2 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥 +  𝐼(𝛼𝑐𝑏1𝑦 + 𝛼𝑡𝑏1𝑥) + 𝐹𝑑𝑙𝑦
2 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑦 + �̇�2

𝑡𝑏1𝑥) +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦 + 𝑥))                                                                                        [γ-2C] 

Considering the net torque on the next sheave (sheave C) in the crown block, 

Eqn [H-3B1] becomes  

𝐹𝑜𝑟 𝐹3 > 𝐹2 

𝑟𝑏 (𝐹3 − 𝐹2) − 𝜇𝑎𝑟𝑎(𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2  �̇�2

𝑐𝑏2 + 𝐹3 + 𝐹2) = + 𝐼𝛼𝑐𝑏2 

𝐹3(𝑟𝑏 − 𝜇𝑎𝑟𝑎)−𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎  �̇�

2
𝑐𝑏2 − 𝐹2(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) =  𝐼𝛼𝑐𝑏2 

𝐹3 =
−1

(𝜇𝑎𝑟𝑎−𝑟𝑏 )
( 𝐼𝛼𝑐𝑏2 + 𝐹2(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                [γ-3A] 

For simplicity, substituting  𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏   𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  into Eqn [γ-3A] gives  

𝐹3 =
−1

𝑥
( 𝐼𝛼𝑐𝑏2 + 𝐹2𝑦 − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                                       [γ-3B] 

Substitute Eqn [γ-2C] into Eqn [γ-3B] and multiplying through the resulting 

equation by 
𝑥2

𝑥2 gives 

𝐹3 =

−1

𝑥3 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥𝑦 +  𝐼(𝛼𝑐𝑏1𝑦
2 + 𝛼𝑡𝑏1𝑥𝑦 + 𝛼𝑐𝑏2𝑥

2) + 𝐹𝑑𝑙𝑦
3 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑦

2 +

�̇�2
𝑡𝑏1𝑥𝑦 − �̇�2

𝑐𝑏2𝑥
2) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦

2  + 𝑥𝑦 + 𝑥2))                                               [γ-3C]                           

Similarly considering the net torque in the next sheave (sheave D) in the 

travelling block, Eqn [H-4B] becomes 

𝐹𝑜𝑟 𝐹4 > 𝐹3 

𝑟𝑏 (𝐹4 − 𝐹3) + 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑎 + 𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑡𝑏2 − 𝐹4 − 𝐹3) = − 𝐼𝛼𝑡𝑏2 

𝐹4(𝑟𝑏 − 𝜇𝑎𝑟𝑎) − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎  �̇�

2
𝑡𝑏2 − 𝐹3(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) = − 𝐼𝛼𝑡𝑏2 

𝐹4 =
1

(𝜇𝑎𝑟𝑎−𝑟𝑏 )
(𝐼𝛼𝑡𝑏2 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹3(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑡𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)  [γ-4A] 
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For simplicity, substituting  𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏   𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  into Eqn [γ-4A] gives  

𝐹4 =
1

𝑥
(𝐼𝛼𝑡𝑏2 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹3𝑦 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑡𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                          [γ-4B] 

Substitute Eqn [γ-3C] into Eqn [γ-4B] and multiplying through the resulting 

equation by 
𝑥3

𝑥3 gives 

𝐹4 =
1

𝑥4 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎(𝑥𝑦2 + 𝑥3) +  𝐼(𝛼𝑐𝑏1𝑦
3 + 𝛼𝑡𝑏1𝑥𝑦2 + 𝛼𝑐𝑏2𝑥

2𝑦 + 𝛼𝑡𝑏2𝑥
3) + 𝐹𝑑𝑙𝑦

4 +

 2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 (−�̇�2

𝑐𝑏1𝑦
3 + �̇�2

𝑡𝑏1𝑥𝑦
2 − �̇�2

𝑐𝑏2𝑥
2𝑦 + �̇�2

𝑡𝑏2𝑥
3) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦

3  + 𝑥𝑦2 +

𝑥2𝑦 + 𝑥3))                                                                                                 [γ-4C] 

Hence for “n” number of lines between the crown block and the travelling 

block, the general relation for the increase in the line tension from the dead 

line (𝐹𝑑𝑙)towards the fast line (𝐹𝑓𝑙) is given by 

𝐹𝑛 = (
−1

𝑥
)
𝑛

 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎(∑ 𝑥2𝑘−1𝑟
𝑘=1 𝑦𝑛−2𝑘) + 𝐼(∑ 𝛼(1+𝑘)𝑦

𝑞−𝑘𝑥𝑘𝑞=𝑛−1
𝑘=0 ) + 𝐹𝑑𝑙𝑦

𝑛 +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑦𝑞−𝑘𝑥𝑘𝑞=𝑛−1
𝑘=0 ) +  2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎{∑ (−)𝑘+1�̇�2
(𝑘+1)𝑦

𝑞−𝑘𝑥𝑘𝑞=𝑛−1
𝑘=0 })               [γ-5A] 

where  

q = n-1 (i.e. the number of supporting lines minus 1) 

r = the number of travelling block sheaves between the dead line and the line of 

interest. 

�̇�(𝑘+1) 𝑎𝑛𝑑 𝛼(1+𝑘) represent the numbering of the angular velocity and the 

angular acceleration of each sheave from the dead line sheave in the crown 

block through the travelling block sheave as illustrated in figure (27) 

4.4.6 HOOK LOAD (W) DURING HOISTING WITH NON-UNIFORM MOVEMENT OF THE 

TRAVELLING EQUIPMENT 

During hoisting, the sum of the upward forces exceed that of the downward 

forces as illustrated in figure (22) 

⇒ ∑ 𝐹𝑖
𝑛
𝑖=1 − 𝐹𝐷𝑜𝑤𝑛 = 𝑚𝑇 𝑎                                                                        [I-1A] 

 𝐵𝑢𝑡  𝐹𝐷𝑜𝑤𝑛 = 𝑊 = (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑔 = 𝑚𝑇 𝑔                                                 [δ-1A] 

𝑚𝑇 = 𝑚𝑑𝑝 + 𝑚𝑡𝑏 =
W

𝑔
                                                                             [δ-1B] 

Substituting Eqn [δ-1A]  into Eqn [I-1A] gives 

∑ 𝐹𝑖
𝑛
𝑖=1 − W = (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑎  
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𝑊 = ∑ 𝐹𝑖
𝑛
𝑖=1 − (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑎                                                                        [I-1B] 

Alternatively, substituting Eqn [δ-1B] into Eqn [I-1B] gives 

𝑊 = ∑ 𝐹𝑖
𝑛
𝑖=1 −

𝑊

𝑔
𝑎  

𝑊 +
𝑊

𝑔
𝑎 = ∑ 𝐹𝑖

𝑛
𝑖=1    

𝑊 (1 +
𝑎

𝑔
) = 𝑊 (

𝑔+𝑎

𝑔
) = ∑ 𝐹𝑖

𝑛
𝑖=1   

⇒ 𝑊 = (
𝑔

𝑔+𝑎
)∑ 𝐹𝑖

𝑛
𝑖=1                                                                                    [I-1C] 

4.4.7 THE RELATIONSHIP BETWEEN THE TRAVELLING BLOCK VELOCITY (𝑽𝒕𝒃) AND 

THE VELOCITY OF THE LINE OPPOSITE THE DEAD LINE (𝑽𝒅𝒍𝒐) 

The velocity of the travelling block (𝑉𝑡𝑏) is assumed to be the same as the 

velocity of the line opposite the dead line(𝑉𝑑𝑙𝑜), 𝑖. 𝑒. 𝑉𝑡𝑏 = 𝑉𝑑𝑙𝑜 as illustrated in the 

figure (28) below 

 

Figure 28: Shows the relationship between the travelling block velocity (𝑽𝒕𝒃)and the angular 
velocity of the first sheave (�̇�𝒕𝒃𝟏) in the travelling block connected by the line opposite the dead 

line 
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The relationship between the linear velocity of the line opposite the dead 

line(𝑉𝑑𝑙𝑜), and its corresponding angular velocity for the first rotating sheave in 

the travelling block is given by  

�̇�𝑡𝑏1 =
𝑉𝑑𝑙𝑜

𝑟𝑏
=

𝑉𝑡𝑏

𝑟𝑏
                                                                                           [Ѳ-1] 

Similarly, the angular acceleration (𝛼𝑡𝑏1) of the first rotating sheave in the 

travelling block becomes 

𝛼𝑡𝑏1 =
𝜕�̇�𝑡𝑏1

𝜕𝑡
=

𝜕(
𝑉𝑡𝑏
𝑟𝑏

)

𝜕𝑡
=

1

𝑟𝑏

𝜕𝑉𝑡𝑏

𝜕𝑡
=

𝑎

𝑟𝑏
                                                                      

𝛼𝑡𝑏1 =
𝑎

𝑟𝑏
                                                                                                     [Ѳ-2] 

From figure (28) above, the relationship between the angular velocity (�̇�) of all 

the rotating sheaves  relative to that of the first sheave in the travelling block 

(�̇�𝑡𝑏1) that is connected by the line opposite the dead line is given by 

𝛼𝑐𝑏1 =  0𝛼𝑡𝑏1    &    �̇�𝑐𝑏1 =  0�̇�𝑡𝑏1                                                                [Ѳ-1A] 

𝛼𝑡𝑏1 = 𝛼𝑡𝑏1      &    �̇�𝑡𝑏1 = �̇�𝑡𝑏1                                                                  [Ѳ-1B] 

𝛼𝑐𝑏2 =  2𝛼𝑡𝑏1    & �̇�𝑐𝑏2 =  2�̇�𝑡𝑏1                                                                [Ѳ-1C] 

𝛼𝑡𝑏2 =  3𝛼𝑡𝑏1     &   �̇�𝑡𝑏2 =  3�̇�𝑡𝑏1                                                                [Ѳ-1D] 

𝛼𝑐𝑏3 =  4𝛼𝑡𝑏1     &   �̇�𝑐𝑏3 =  4�̇�𝑡𝑏1                                                                [Ѳ-1E] 

Substituting Eqn [Ѳ-1A] into Eqn [γ-1B] gives the value of 𝐹1 as 

𝐹1 =
−1

𝑥
(𝐹𝑑𝑙𝑦 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                                                                          [γ-1B1] 

Similarly, substituting Eqn [Ѳ-1A] and Eqn [Ѳ-1B] into Eqn [γ-2C] gives the 

value of 𝐹2 as 

𝐹2 =
1

𝑥2 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥 +  𝐼𝛼𝑡𝑏1(𝑥) + 𝐹𝑑𝑙𝑦
2 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏1(𝑥) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦 + 𝑥))                 

[γ-2C1] 

Also, substituting Eqn [Ѳ-1A], Eqn [Ѳ-1B] and Eqn [Ѳ-1C] into Eqn [γ-3C] gives 

the value of 𝐹3 as 

𝐹3 =
−1

𝑥3 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥𝑦 +  𝐼(𝛼𝑡𝑏1𝑥𝑦 + 2𝛼𝑡𝑏1𝑥
2) + 𝐹𝑑𝑙𝑦

3 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 (�̇�

2
𝑡𝑏1𝑥𝑦 −

(2�̇�𝑡𝑏1)
2𝑥2) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦

2  + 𝑥𝑦 + 𝑥2))     

  𝐹3 =
−1

𝑥3 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥𝑦 +  𝐼𝛼𝑡𝑏1(𝑥𝑦 + 2𝑥2) + 𝐹𝑑𝑙𝑦
3 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎�̇�
2
𝑡𝑏1 (𝑥𝑦 − 4𝑥2) +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦
2  + 𝑥𝑦 + 𝑥2))                                                                          [γ-3C1] 
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Finally, substituting Eqn [Ѳ-1A], Eqn [Ѳ-1B], Eqn [Ѳ-1C] and Eqn [Ѳ-1D] into 

Eqn [γ-4C] gives the value of 𝐹4 as 

𝐹4 =

1

𝑥4
(−𝑚𝑝𝑎𝜇𝑎𝑟𝑎(𝑥𝑦

2 + 𝑥3) +  𝐼(𝛼𝑡𝑏1𝑥𝑦2 + 2𝛼𝑡𝑏1𝑥
2𝑦 + 3𝛼𝑡𝑏1𝑥

3) + 𝐹𝑑𝑙𝑦
4 +

 2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 (�̇�

2
𝑡𝑏1𝑥𝑦

2 − (2�̇�𝑡𝑏1)
2𝑥2𝑦 + (3�̇�𝑡𝑏1)

2𝑥3) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦
3  + 𝑥𝑦2 + 𝑥2𝑦 + 𝑥3))  

  

𝐹4 =
1

𝑥4 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎(𝑥𝑦
2 + 𝑥3) +  𝐼𝛼𝑡𝑏1(𝑥𝑦

2 + 2𝑥2𝑦 + 3𝑥3) + 𝐹𝑑𝑙𝑦
4 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎�̇�
2
𝑡𝑏1 (𝑥𝑦2 −

4𝑥2𝑦 + 9𝑥3) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦
3  + 𝑥𝑦2 + 𝑥2𝑦 + 𝑥3))                                                   [γ-4C1]                                            

 

By substituting Eqn [Ѳ-1] and Eqn [Ѳ-2] into Eqn [γ-1B1], Eqn [γ-2C1], Eqn [γ-

3C1] and Eqn [γ-4C1] gives 

 

𝐹1 =
−1

𝑥
(𝐹𝑑𝑙𝑦 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                                                                        [γ-1B2] 

 

𝐹2 =
1

𝑥2 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥 + 𝐼 (
𝑎

𝑟𝑏
) 𝑥 + 𝐹𝑑𝑙𝑦

2 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎  (

𝑉𝑡𝑏
2

𝑟𝑏
2 ) 𝑥 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦 + 𝑥))       

[γ-2C2] 
 

𝐹3 =
−1

𝑥3 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥𝑦 +  𝐼 (
𝑎

𝑟𝑏
) (𝑥𝑦 + 2𝑥2) + 𝐹𝑑𝑙𝑦

3 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 (

𝑉𝑡𝑏
2

𝑟𝑏
2 ) (𝑥𝑦 − 4𝑥2) +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦
2  + 𝑥𝑦 + 𝑥2))                                                                         [γ-3C2] 

 

𝐹4 =
1

𝑥4 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎(𝑥𝑦2 + 𝑥3) +  𝐼 (
𝑎

𝑟𝑏
) (𝑥𝑦2 + 2𝑥2𝑦 + 3𝑥3) + 𝐹𝑑𝑙𝑦

4 +

 2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 (

𝑉𝑡𝑏
2

𝑟𝑏
2 ) (𝑥𝑦2 − 4𝑥2𝑦 + 9𝑥3) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦

3  + 𝑥𝑦2 + 𝑥2𝑦 + 𝑥3))       [γ-4C2] 

 

Hence for “n” number of lines between the crown block and the travelling 

block, the general increase in the line tension from the dead line (𝐹𝑑𝑙) towards 

the fast line (𝐹𝑓𝑙)  during hoisting becomes 
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𝐹𝑛 =

(
−1

𝑥
)
𝑛

(−𝑚𝑝𝑎𝜇𝑎𝑟𝑎(∑ 𝑥2𝑘−1𝑟
𝑘=1 𝑦𝑛−2𝑘) +

 𝐼𝑎

𝑟𝑏
(∑ 𝑘𝑦𝑞−𝑘𝑥𝑘𝑞=𝑛−1

𝑘=0 ) + 𝐹𝑑𝑙𝑦
𝑛 +

 2�̅�𝑚 𝜇𝑎𝑟𝑎𝑉𝑡𝑏
2
 (∑ (−1)𝑘+1(𝑘2𝑦𝑞−𝑘𝑥𝑘)𝑞=𝑛−1

𝑘=0 ) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑦𝑞−𝑘𝑥𝑘𝑞=𝑛−1
𝑘=0 ))           [γ-5B] 

But  𝐼 =
1

2
𝑚𝑝(𝑅1

2 + 𝑅2
2)  

where 𝑅1 and 𝑅2 are the inner and outer radii of the each sheave. In this thesis, 

we assume that  𝑅1 and 𝑅2 are constant for each sheave. 

Substituting the relation for I into Eqn [γ-5B] 

𝐹𝑛 = (
−1

𝑥
)
𝑛

(𝑎 (−𝑚𝑝𝜇𝑎𝑟𝑎(∑ 𝑥2𝑘−1𝑟
𝑘=1 𝑦𝑛−2𝑘) +

𝑚𝑝(𝑅1
2+𝑅2

2) 

2𝑟𝑏
(∑ 𝑘𝑦𝑞−𝑘𝑥𝑘𝑞=𝑛−1

𝑘=0 )) + 𝐹𝑑𝑙𝑦
𝑛 +

 𝑉𝑡𝑏
2 (2�̅�𝑚 𝜇𝑎𝑟𝑎)(∑ (−1)𝑘+1(𝑘2𝑦𝑞−𝑘𝑥𝑘)𝑞=𝑛−1

𝑘=0 ) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑦𝑞−𝑘𝑥𝑘𝑞=𝑛−1
𝑘=0 ))           [γ-5C] 

During uniform movement of the travelling block, the translational acceleration 

is zero (i.e. a = 0). Hence, Eqn [γ-5C] becomes  

𝐹𝑛 =

(
−1

𝑥
)
𝑛

(𝐹𝑑𝑙𝑦
𝑛 + 𝑉𝑡𝑏

2 (2�̅�𝑚 𝜇𝑎𝑟𝑎)(∑ (−1)𝑘+1(𝑘2𝑦𝑞−𝑘𝑥𝑘)𝑞=𝑛−1
𝑘=0 ) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑦𝑞−𝑘𝑥𝑘𝑞=𝑛−1

𝑘=0 ))                                                                           

[γ-5D] 

 

For simplicity let  

𝐴 =  −𝑚𝑝𝑎𝜇𝑎𝑟𝑎 = The torque as a result of the acceleration effect on each of the 

travelling block sheave’s reaction force, during non-uniform movement of the 

travelling equipment 

𝐵 = 𝐼 (
𝑎

𝑟𝑏
) =

1

2
𝑚𝑝(𝑅1

2 + 𝑅2
2)

𝑎

𝑟𝑏
=

𝑚𝑝𝑎(𝑅1
2+𝑅2

2)

2𝑟𝑏
 = The torque due to the angular 

acceleration on each of the rotating sheave, during non-uniform movement of 

the travelling equipment 

𝐶 = 2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 (

𝑉𝑡𝑏
2

𝑟𝑏
2
) = 2�̅�𝑚 𝜇𝑎𝑟𝑎𝑉𝑡𝑏

2 = The torque due to the centrifugal force on 

each rotating sheave 

𝐷 = 𝑚𝑝𝑔𝜇𝑎𝑟𝑎= The torque due to the weight of each sheave 
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Substituting these relations A, B, C and D into Eqn [γ-1B2], Eqn [γ-2C2], Eqn 

[γ-3C2] and Eqn [γ-4C2] results in  

𝐹1 =
−𝐹𝑑𝑙𝑦

𝑥
+

−𝐷

𝑥
                                                                                     [γ-1B3] 

Similarly 𝐹2  becomes 

𝐹2 =
1

𝑥2
(𝐴𝑥 + 𝐵𝑥 + 𝐹𝑑𝑙𝑦

2 +  𝐶𝑥 + 𝐷(𝑦 + 𝑥))                                                

𝐹2 =
𝐴

𝑥
+

𝐵

𝑥
+

𝐹𝑑𝑙𝑦
2

𝑥2 + 
𝐶

𝑥
+ (

𝐷𝑦

𝑥2  +
𝐷

𝑥
)                                                             [γ-2C3] 

Also 𝐹3  becomes 

𝐹3 =
−1

𝑥3
(𝐴𝑥𝑦 +  𝐵(𝑥𝑦 + 2𝑥2) + 𝐹𝑑𝑙𝑦

3 +  𝐶 (𝑥𝑦 − 4𝑥2) + 𝐷(𝑦2  + 𝑥𝑦 + 𝑥2))            

 

𝐹3 =
−𝐴𝑦

𝑥2 + (
−𝐵𝑦

𝑥2 +
−2𝐵

𝑥
) +

−𝐹𝑑𝑙𝑦
3

𝑥3 +  (
−𝐶𝑦

𝑥2 +
4𝐶

𝑥
) + (

−𝐷𝑦2

𝑥3  +
−𝐷𝑦

𝑥2 +
−𝐷

𝑥
)                 [γ-3C3] 

 

Finally 𝐹4 becomes 
 

𝐹4 =
1

𝑥4
(𝐴(𝑥𝑦2 + 𝑥3) + 𝐵(𝑥𝑦2 + 2𝑥2𝑦 + 3𝑥3) + 𝐹𝑑𝑙𝑦

4 +  𝐶 (𝑥𝑦2 − 4𝑥2𝑦 + 9𝑥3) + 𝐷(𝑦3  +

𝑥𝑦2 + 𝑥2𝑦 + 𝑥3))                                                                                     
                                           

𝐹4 = (
𝐴𝑦2

𝑥3 +
𝐴

𝑥
)  + (

𝐵𝑦2

𝑥3 +
2𝐵𝑦

𝑥2 +
3𝐵

𝑥
) +

𝐹𝑑𝑙𝑦
4

𝑥4 +  (
𝐶𝑦2

𝑥3 −
4𝐶𝑦

𝑥2 +
9𝐶

𝑥
) + (

𝐷𝑦3

𝑥4  +
𝐷𝑦2

𝑥3 +
𝐷𝑦

𝑥2 +
𝐷

𝑥
)                                                                                 

[γ- 4C3] 
 

SUM OF THE FORCES IN THE SUPPORTING LINES 

For simplicity, let us assume the number of supporting lines is four (n = 4) 

⇒ ∑ 𝐹𝑖

𝑛=4

𝑖=1

= 𝐹1 + 𝐹2 + 𝐹3 + 𝐹4 

Also since addition is commutative, the sum of the forces will be performed 

sheave-wise (sheave by sheave) and also term by term (A, B, C, D and 𝐹𝑑𝑙 ) 

bases. 

TORQUE DUE TO THE TRANSLATIONAL ACCELERATION EFFECT ON EACH OF THE 

TRAVELLING BLOCK SHEAVE’S REACTION FORCE (A) 

The total torque (𝐴𝑇𝑜𝑡𝑎𝑙)  as a result of the acceleration effect on each of the 

travelling block sheave’s reaction force, during non-uniform movement of the 

travelling equipment is given by 

𝐴𝑇𝑜𝑡𝑎𝑙 = 𝐴𝑡𝑏1 + 𝐴𝑡𝑏2 
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𝐴𝑇𝑜𝑡𝑎𝑙 = (
𝐴

𝑥
) + (

−𝐴𝑦

𝑥2
) + (

𝐴𝑦2

𝑥3
+

𝐴

𝑥
) 

The total torque contribution from the first rotating sheave in the travelling 

block (𝐴𝑡𝑏1) is given by 
 

𝐴𝑡𝑏1 =
𝐴

𝑥
+

−𝐴𝑦

𝑥2
+

𝐴𝑦2

𝑥3
=

𝐴

𝑥
(1 +

−𝑦

𝑥
+

𝑦2

𝑥2
) =

𝐴

𝑥
𝐺𝑆 

 

𝐵𝑢𝑡     𝐺𝑆 = 1 +
−𝑦

𝑥
+

𝑦2

𝑥2 =
1(1−(

−𝑦

𝑥
)
𝑛−1

)

1−
−𝑦

𝑥

=
(1−(

−𝑦

𝑥
)
𝑛−1

)

(𝑥+𝑦)

𝑥

=
𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

)  

 

⇒ 𝐴𝑡𝑏1 =
𝐴

𝑥

𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) =  
𝐴

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

)                                    [α-1A] 

 

Similarly, the total torque contribution from the second rotating travelling 

block sheave (𝐴𝑡𝑏2) is becomes 

𝐴𝑡𝑏2 =
𝐴

𝑥
 

 

𝐴𝑡𝑏2 = 
𝐴

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−3

)                                                                   [α- 1B] 

 

From Eqn [α-1A] and Eqn [α-1B], 𝐴𝑇𝑜𝑡𝑎𝑙 becomes 

𝐴𝑇𝑜𝑡𝑎𝑙 = 𝐴𝑡𝑏1 + 𝐴𝑡𝑏2 =
𝐴

(𝑥 + 𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) +
𝐴

(𝑥 + 𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−3

) 

 

=
𝐴

(𝑥+𝑦)
((1 − (

−𝑦

𝑥
)
𝑛−1

) + (1 − (
−𝑦

𝑥
)
𝑛−3

))  

𝐴𝑇𝑜𝑡𝑎𝑙 =
𝐴

(𝑥+𝑦)
(∑ (1 − (

−𝑦

𝑥
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 )                                                   [α- 2] 

 
Where “r” is the number of rotating sheave in the travelling block for “n” 

number of supporting lines (𝑖. 𝑒.  𝑟 =
𝑛

2
) 

 
TORQUE DUE TO THE ANGULAR ACCELERATION ON EACH OF THE ROTATING 

SHEAVE (B)  

The total torque (𝐵𝑇𝑂𝑇𝐴𝐿 ) from each of the rotating sheave during non-uniform 

movement of the travelling equipment is given as 

𝐵𝑇𝑂𝑇𝐴𝐿 = 𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 + 𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 + 𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 + 𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 

For non-rotating dead line sheave the angular acceleration is zero  

(𝑖. 𝑖𝑒 𝐵𝑡𝑜𝑡𝑎𝑙𝑐𝑏1
= 0)  
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⇒ 𝐵𝑇𝑂𝑇𝐴𝐿 = 𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 + 𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 + 𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 

⇒ 𝐵𝑇𝑂𝑇𝐴𝐿 = (
𝐵

𝑥
) + (

−𝐵𝑦

𝑥2
+

−2𝐵

𝑥
) + (

𝐵𝑦2

𝑥3
+

2𝐵𝑦

𝑥2
+

3𝐵

𝑥
) 

Considering the torque due to the total angular acceleration from the first 

sheave in the travelling block (𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1) gives  

𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 =
𝐵

𝑥
+

−𝐵𝑦

𝑥2
+

𝐵𝑦2

𝑥3
=

𝐵

𝑥
(1 +

−𝑦

𝑥
+

𝑦2

𝑥2
) =

𝐵

𝑥
𝐺𝑆  

𝐵𝑢𝑡     𝐺𝑆 = 1 +
−𝑦

𝑥
+

𝑦2

𝑥2
=

1(1 − (
−𝑦
𝑥 )

𝑛−1

)

1 −
−𝑦
𝑥

=
(1 − (

−𝑦
𝑥 )

𝑛−1

)

(𝑥 + 𝑦)
𝑥

=
𝑥

(𝑥 + 𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) 

 

⇒ 𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 =
𝐵

𝑥

𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) =
𝐵

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

)                              [α- 3A] 

 

Similarly, considering the torque due to the total angular acceleration from the 

second sheave in the crown block (𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2) gives  

𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
−2𝐵

𝑥
+

2𝐵𝑦

𝑥2
=

2𝐵

𝑥
(−1 +

𝑦

𝑥
) =  

2𝐵

𝑥
𝐺𝑆 

𝐵𝑢𝑡     𝐺𝑆 = −1 +
𝑦

𝑥
=

−1(1−(
−𝑦

𝑥
)
𝑛−2

)

1−
−𝑦

𝑥

=
−(1−(

−𝑦

𝑥
)
𝑛−2

)

(𝑥+𝑦)

𝑥

=
−𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

)  

⇒ 𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
2𝐵

𝑥

−𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

) =
−2𝐵

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

)                              [α- 3B] 

Finally, considering the torque due to the total angular acceleration resulting 

from the second sheave in the travelling block (𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2) becomes 

𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 =
3𝐵

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−3

)                                                                   [α- 3C] 

From Eqn [α-3A], Eqn [α-3B] and Eqn [α-3C], 𝐵𝑇𝑂𝑇𝐴𝐿  becomes 

⇒ 𝐵𝑇𝑂𝑇𝐴𝐿 =
𝐵

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) +
−2𝐵

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

) +
3𝐵

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−3

)  

⇒ 𝐵𝑇𝑂𝑇𝐴𝐿 =
𝐵

(𝑥 + 𝑦)
((1 − (

−𝑦

𝑥
)
𝑛−1

) − 2 (1 − (
−𝑦

𝑥
)
𝑛−2

) + 3 (1 − (
−𝑦

𝑥
)
𝑛−3

)) 

⇒ 𝐵𝑇𝑂𝑇𝐴𝐿 =
𝐵

(𝑥+𝑦)
∑ (−1)𝑘+2(𝑘 + 1) (1 − (

−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0                                      [α- 4] 
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TORQUE DUE TO THE CENTRIFUGAL FORCE ON EACH OF THE ROTATING SHEAVE (C)  

The total contribution due to the centrifugal force on each of the rotating 

sheave is given by    

𝐶𝑇𝑂𝑇𝐴𝐿 = 𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 + 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 + 𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 + 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 

But for the non-rotating dead line sheave(𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1), its angular velocity is zero 

(𝑖. 𝑒. �̇�𝑡𝑏1 = 0)n and hence no centrifugal force contribution to the total torque 

(𝑖. 𝑒. 𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 = 0) 

⇒ 𝐶𝑇𝑂𝑇𝐴𝐿 = 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 + 𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 + 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 

𝐶𝑇𝑂𝑇𝐴𝐿 = (
𝐶

𝑥
) + (

−𝐶𝑦

𝑥2
+

4𝐶

𝑥
) + (

𝐶𝑦2

𝑥3
−

4𝐶𝑦

𝑥2
+

9𝐶

𝑥
)  

Considering the total contribution to the torque by the first sheave in the 

travelling block (𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1) gives 

𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 =
𝐶

𝑥
+

−𝐶𝑦

𝑥2
+

𝐶𝑦2

𝑥3
=

𝐶

𝑥
(1 +

−𝑦

𝑥
+

𝑦2

𝑥2
) =

𝐶

𝑥
𝐺𝑆 

𝐵𝑢𝑡     𝐺𝑆 = 1 +
−𝑦

𝑥
+

𝑦2

𝑥2
=

1(1 − (
−𝑦
𝑥 )

𝑛−1

)

1 −
−𝑦
𝑥

=
(1 − (

−𝑦
𝑥 )

𝑛−1

)

(𝑥 + 𝑦)
𝑥

=
𝑥

(𝑥 + 𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) 

𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 =
𝐶

𝑥

𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) =
𝐶

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

)                                 [α- 5A] 

Similarly, considering the total contribution to the torque by the second sheave 

in the crown block (𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2) gives 

𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
4𝐶

𝑥
+

−4𝐶𝑦

𝑥2
=

4𝐶

𝑥
(1 +

−𝑦

𝑥
) =

4𝐶

𝑥
𝐺𝑆 

𝐵𝑢𝑡     𝐺𝑆 = 1 +
−𝑦

𝑥
=

1(1−(
−𝑦

𝑥
)
𝑛−2

)

1−
−𝑦

𝑥

=
(1−(

−𝑦

𝑥
)
𝑛−2

)

(𝑥+𝑦)

𝑥

=
𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

)  

⇒ 𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
4𝐶

𝑥

𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

) =
4𝐶

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

)                               [α- 5B] 

Finally, considering the total contribution to the torque by the second sheave in 

the travelling block (𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2) becomes 

⇒ 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 =
9𝐶

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−3

)                                                                 [α- 5C] 

From Eqn [α-5A], Eqn [α-5B] and Eqn [α-5C], the total contribution to the 

torque (𝐶𝑇𝑂𝑇𝐴𝐿 ) becomes 
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⇒ 𝐶𝑇𝑂𝑇𝐴𝐿 =
𝐶

(𝑥 + 𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) +
4𝐶

(𝑥 + 𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

) +
9𝐶

(𝑥 + 𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−3

) 

𝐶𝑇𝑂𝑇𝐴𝐿 =
𝐶

(𝑥+𝑦)
((1 − (

−𝑦

𝑥
)
𝑛−1

) + 4 (1 − (
−𝑦

𝑥
)
𝑛−2

) + 9 (1 − (
−𝑦

𝑥
)
𝑛−3

))   

⇒ 𝐶𝑇𝑂𝑇𝐴𝐿 =
𝐶

(𝑥+𝑦)
∑ (𝑘 + 1)2 (1 − (

−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0                                               [α- 6] 

 

TORQUE DUE TO THE WEIGHT OF EACH SHEAVE (D) 

The total contribution from the weight of each sheave on the torque (𝐷𝑇𝑂𝑇𝐴𝐿 ) is 

given by  

𝐷𝑇𝑂𝑇𝐴𝐿 = 𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 + 𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 + 𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 + 𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 

⇒ 𝐷𝑇𝑂𝑇𝐴𝐿 = (
−𝐷

𝑥
) + (

𝐷𝑦

𝑥2
 +

𝐷

𝑥
) + (

−𝐷𝑦2

𝑥3
 +

−𝐷𝑦

𝑥2
+

−𝐷

𝑥
) + (

𝐷𝑦3

𝑥4
 +

𝐷𝑦2

𝑥3
+

𝐷𝑦

𝑥2
+

𝐷

𝑥
) 

Considering the total contribution from the weight of the first sheave in the 

crown block (𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1) to the total torque gives 

𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 =
−𝐷

𝑥
+

𝐷𝑦

𝑥2
+

−𝐷𝑦2

𝑥3
+

𝐷𝑦3

𝑥4
=

𝐷

𝑥
(−1 +

𝑦

𝑥
+

−𝑦2

𝑥2
+

𝑦3

𝑥3
) =

𝐷

𝑥
𝐺𝑆 

𝐵𝑢𝑡     𝐺𝑆 = −1 +
𝑦

𝑥
+

−𝑦2

𝑥2 +
𝑦3

𝑥3 =
−1(1−(

−𝑦

𝑥
)
𝑛
)

1−
−𝑦

𝑥

=
−(1−(

−𝑦

𝑥
)
𝑛
)

(𝑥+𝑦)

𝑥

=
−𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛

)  

⇒ 𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 =
𝐷

𝑥

−𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛

) =
−𝐷

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛

)                                     [α- 7A] 

Similarly, considering the total contribution from the weight of the first sheave 

in the travelling block (𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1) to the total torque gives 

𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 = 
𝐷

𝑥
+

−𝐷𝑦

𝑥2
+

𝐷𝑦2

𝑥3
=

𝐷

𝑥
(1 +

−𝑦

𝑥
+

𝑦2

𝑥2
) =

𝐷

𝑥
𝐺𝑆 

𝐵𝑢𝑡     𝐺𝑆 = 1 +
−𝑦

𝑥
+

𝑦2

𝑥2
=

1(1 − (
−𝑦
𝑥 )

𝑛−1

)

1 −
−𝑦
𝑥

=
(1 − (

−𝑦
𝑥 )

𝑛−1

)

(𝑥 + 𝑦)
𝑥

=
𝑥

(𝑥 + 𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) 

⇒ 𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 =
𝐷

𝑥

𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) =
𝐷

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

)                                [α- 7B] 

Also considering the total contribution from the weight of the second sheave in 

the crown block (𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2) to the total torque becomes 
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𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
−𝐷

𝑥
+

𝐷𝑦

𝑥2
=

𝐷

𝑥
(−1 +

𝑦

𝑥
) =

𝐷

𝑥
𝐺𝑆  

 

𝐵𝑢𝑡     𝐺𝑆 = −1 +
𝑦

𝑥
=

−1(1 − (
−𝑦
𝑥 )

𝑛−2

)

1 −
−𝑦
𝑥

=
−(1 − (

−𝑦
𝑥 )

𝑛−2

)

(𝑥 + 𝑦)
𝑥

=
−𝑥

(𝑥 + 𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

) 

⇒ 𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
𝐷

𝑥

−𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

) =
−𝐷

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

)                                [α- 7C] 

Finally considering the total contribution from the weight of the second sheave 

in the travelling block (𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2) to the total torque becomes 

⇒ 𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 =
𝐷

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−3

)                                                                 [α- 7D] 

 

From Eqn [α-7A], Eqn [α-7B], Eqn [α-7C] and Eqn [α-7D], the total contribution 

from the weight of each sheave on the torque (𝐷𝑇𝑂𝑇𝐴𝐿 ) is given by   

⇒ 𝐷𝑇𝑂𝑇𝐴𝐿 =
−𝐷

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛

) +
𝐷

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−1

) +
−𝐷

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛−2

) +
𝐷

(𝑥+𝑦)
(1 −

(
−𝑦

𝑥
)
𝑛−3

)   

𝐷𝑇𝑂𝑇𝐴𝐿 =
𝐷

(𝑥+𝑦)
(−(1 − (

−𝑦

𝑥
)
𝑛

) + (1 − (
−𝑦

𝑥
)
𝑛−1

) − (1 − (
−𝑦

𝑥
)
𝑛−2

) + (1 − (
−𝑦

𝑥
)
𝑛−3

))  

 

⇒ 𝐷𝑇𝑂𝑇𝐴𝐿 =
𝐷

(𝑥+𝑦)
∑ (−1)𝑘+1 (1 − (

−𝑦

𝑥
)
𝑛−𝑘

)𝑛−1
𝑘=0                                             [α- 8] 

 
TORQUE DUE TO THE DEAD LINE CONTRIBUTION  

The total contribution from the dead line tension on the total torque is given as 

 

𝐹𝑑𝑙𝑇𝑂𝑇𝐴𝐿 
=

−𝐹𝑑𝑙𝑦

𝑥
+

𝐹𝑑𝑙𝑦
2

𝑥2
+

−𝐹𝑑𝑙𝑦
3

𝑥3
+

𝐹𝑑𝑙𝑦
4

𝑥4
=

𝐹𝑑𝑙𝑦

𝑥
(−1 +

𝑦

𝑥
+

−𝑦2

𝑥2
+

𝑦3

𝑥3
) =

𝐹𝑑𝑙𝑦

𝑥
𝐺𝑆  

𝐵𝑢𝑡     𝐺𝑆 = −1 +
𝑦

𝑥
+

−𝑦2

𝑥2
+

𝑦3

𝑥3
=

−1(1−(
−𝑦

𝑥
)
𝑛
)

1−
−𝑦

𝑥

=
−(1−(

−𝑦

𝑥
)
𝑛
)

(𝑥+𝑦)

𝑥

=
−𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛

)  

 

⇒ 𝐹𝑑𝑙𝑇𝑂𝑇𝐴𝐿 
=

𝐹𝑑𝑙𝑦

𝑥

−𝑥

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛

) =
−𝐹𝑑𝑙𝑦

(𝑥+𝑦)
(1 − (

−𝑦

𝑥
)
𝑛

)                         [α- 9] 
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From Eqn [α-2], Eqn [α-4], Eqn [α-6], Eqn [α-8], and Eqn [α-9], the total 

tensions in the line supporting the hook load becomes 

⇒ ∑𝐹𝑖

𝑛

𝑖=1

= 𝐹1 + 𝐹2 + 𝐹3 + 𝐹4 = 𝐴𝑇𝑂𝑇𝐴𝐿 + 𝐵𝑇𝑂𝑇𝐴𝐿  + 𝐶𝑇𝑂𝑇𝐴𝐿 + 𝐷𝑇𝑂𝑇𝐴𝐿 + 𝐹𝑑𝑙𝑇𝑂𝑇𝐴𝐿 
 

 

∑ 𝐹𝑖
𝑛
𝑖=1 =

𝐴

(𝑥+𝑦)
(∑ (1 − (

−𝑦

𝑥
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) +

𝐵

(𝑥+𝑦)
∑ (−1)𝑘+2(𝑘 + 1) (1 − (

−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

𝐶

(𝑥+𝑦)
∑ (𝑘 + 1)2 (1 − (

−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

𝐷

(𝑥+𝑦)
∑ (−1)𝑘+1 (1 − (

−𝑦

𝑥
)
𝑛−𝑘

)𝑛−1
𝑘=0 +

−𝐹𝑑𝑙𝑦

(𝑥+𝑦)
(1 −

(
−𝑦

𝑥
)
𝑛

)  

 

∑ 𝐹𝑖
𝑛
𝑖=1 =

1

(𝑥+𝑦)
[𝐴 (∑ (1 − (

−𝑦

𝑥
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) + 𝐵 ∑ (−1)𝑘+2(𝑘 + 1) (1 − (

−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

𝐶 ∑ (𝑘 + 1)2 (1 − (
−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 + 𝐷 ∑ (−1)𝑘+1 (1 − (

−𝑦

𝑥
)
𝑛−𝑘

)𝑛−1
𝑘=0 − 𝐹𝑑𝑙𝑦 (1 − (

−𝑦

𝑥
)
𝑛

)]  

  

Substituting the value of A, B, C and D into the above equation gives 

 

∑ 𝐹𝑖
𝑛
𝑖=1 =

1

(𝑥+𝑦)
[−𝑚𝑝𝑎𝜇𝑎𝑟𝑎 (∑ (1 − (

−𝑦

𝑥
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) +

𝑚𝑝𝑎(𝑅1
2+𝑅2

2)

2𝑟𝑏
∑ (−1)𝑘+2(𝑘 +𝑛−2

𝑘=0

1) (1 − (
−𝑦

𝑥
)
𝑛−(𝑘+1)

) + 2�̅�𝑚 𝜇𝑎𝑟𝑎𝑉𝑡𝑏
2 ∑ (𝑘 + 1)2 (1 − (

−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎 ∑ (−1)𝑘+1 (1 − (
−𝑦

𝑥
)
𝑛−𝑘

)𝑛−1
𝑘=0 − 𝐹𝑑𝑙𝑦 (1 − (

−𝑦

𝑥
)
𝑛

)]                            

 

∑ 𝐹𝑖
𝑛
𝑖=1 = 𝑎 ((

−𝑚𝑝𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (1 − (

−𝑦

𝑥
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) +

𝑚𝑝(𝑅1
2+𝑅2

2)

2𝑟𝑏(𝑥+𝑦)
(∑ (−1)𝑘+2(𝑘 + 1) (1 −𝑛−2

𝑘=0

(
−𝑦

𝑥
)
𝑛−(𝑘+1)

))) + 𝑉𝑡𝑏
2 (

2�̅�𝑚 𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) ( ∑ (𝑘 + 1)2 (1 − (

−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 ) +

(
𝑚𝑝𝑔𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (−1)𝑘+1 (1 − (

−𝑦

𝑥
)
𝑛−𝑘

)𝑛−1
𝑘=0 ) − 𝐹𝑑𝑙 (

𝑦

(𝑥+𝑦)
) (1 − (

−𝑦

𝑥
)
𝑛

)                 [α- 10] 

The hook load (W) relation during hoisting for non-uniform movement of the 

travelling block is given by Eqn [I-1B]  as 
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𝑊 = ∑ 𝐹𝑖
𝑛
𝑖=1 − (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑎  

Substitute Eqn [α-10] into Eqn [I-1B]   

⇒ 𝑊 = 𝑎 (
−𝑚𝑝𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (1 − (

−𝑦

𝑥
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) + 𝑎 (

𝑚𝑝(𝑅1
2+𝑅2

2)

2𝑟𝑏(𝑥+𝑦)
) (∑ (−1)𝑘+2(𝑘 +𝑛−2

𝑘=0

1) (1 − (
−𝑦

𝑥
)
𝑛−(𝑘+1)

)) + 𝑉𝑡𝑏
2 (

2�̅�𝑚 𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) ( ∑ (𝑘 + 1)2 (1 − (

−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 ) +

(
𝑚𝑝𝑔𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (−1)𝑘+1 (1 − (

−𝑦

𝑥
)
𝑛−𝑘

)𝑛−1
𝑘=0 ) − 𝐹𝑑𝑙 (

𝑦

(𝑥+𝑦)
) (1 − (

−𝑦

𝑥
)
𝑛

) − (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑎   

 

⇒ 𝑊 = 𝑎 ((
−𝑚𝑝𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (1 − (

−𝑦

𝑥
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) + (

𝑚𝑝(𝑅1
2+𝑅2

2)

2𝑟𝑏(𝑥+𝑦)
) (∑ (−1)𝑘+2(𝑘 + 1) (1 −𝑛−2

𝑘=0

(
−𝑦

𝑥
)
𝑛−(𝑘+1)

)) − (𝑚𝑑𝑝 + 𝑚𝑡𝑏))  + 𝑉𝑡𝑏
2 (

2�̅�𝑚 𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) ( ∑ (𝑘 + 1)2 (1 − (

−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 ) +

(
𝑚𝑝𝑔𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (−1)𝑘+1 (1 − (

−𝑦

𝑥
)
𝑛−𝑘

)𝑛−1
𝑘=0 ) − 𝐹𝑑𝑙 (

𝑦

(𝑥+𝑦)
) (1 − (

−𝑦

𝑥
)
𝑛

)                   [α -11A] 

 

Alternatively, the hook load (W) during hoisting for non-uniform movement of 

the travelling block is given by Eqn [I-1C] as 

𝑊 =
∑ 𝐹𝑖

𝑛
𝑖=1

(1+
𝑎

𝑔
)

=
1

(
𝑔+𝑎

𝑔
)
∑ 𝐹𝑖

𝑛
𝑖=1 =

𝑔

(𝑔+𝑎)
∑ 𝐹𝑖

𝑛
𝑖=1   

 

𝑊 =
𝑔

(𝑔+𝑎)
(𝑎 ((

−𝑚𝑝𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (1 − (

−𝑦

𝑥
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) + (

𝑚𝑝(𝑅1
2+𝑅2

2)

2𝑟𝑏(𝑥+𝑦)
) (∑ (−1)𝑘+2(𝑘 +𝑛−2

𝑘=0

1) (1 − (
−𝑦

𝑥
)
𝑛−(𝑘+1)

))) + 𝑉𝑡𝑏
2 (

2�̅�𝑚 𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) ( ∑ (𝑘 + 1)2 (1 − (

−𝑦

𝑥
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 ) +

(
𝑚𝑝𝑔𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (−1)𝑘+1 (1 − (

−𝑦

𝑥
)
𝑛−𝑘

)𝑛−1
𝑘=0 ) − 𝐹𝑑𝑙 (

𝑦

(𝑥+𝑦)
) (1 − (

−𝑦

𝑥
)
𝑛

))                [α- 11B] 

 

Where 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

𝑥 + 𝑦 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 + 𝜇𝑎𝑟𝑎 + 𝑟𝑏 = 2𝜇𝑎𝑟𝑎  

Hence, 𝜇𝑎 can be as small as possible but should not be equal to 0 (i.e. 

𝜇𝑎 = 0.00000001 𝑏𝑢𝑡 𝜇𝑎 ≠ 0) since 
1

 𝜇𝑎
=

1

 0
= 𝑢𝑛𝑑𝑒𝑓𝑖𝑛𝑒𝑑 
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 Eqn [α -11A] and Eqn [α -11B] are the extended Cayeux et al hook load (W) 

relations during hoisting with non-uniform movement of the travelling 

equipment. 

4.5 LOWERING 

During lowering, the line tension decreases from the dead line (𝐹𝑑𝑙) towards the 

fast line (𝐹𝑓𝑙) as illustrated in figure (29) below. 

 

Figure 29: Shows the forces and torques on both the crown block and the travelling block sheaves during lowering 
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Considering the dead line sheave (sheave A) in the crown block, the net the 

torque is given by Eqn [H-3C1] as (see Appendix C for derivation) 

𝐹𝑜𝑟  𝐹𝑑𝑙 > 𝐹1 

𝑟𝑏 (𝐹𝑑𝑙 − 𝐹1 ) + 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑐𝑏1 − 𝐹𝑑𝑙 − 𝐹1) =  −𝐼𝛼𝑐𝑏1 

−𝐹1(𝜇𝑎𝑟𝑎 + 𝑟𝑏 )−𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏1 − 𝐹𝑑𝑙(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) =  −𝐼𝛼𝑐𝑏1 

𝐹1 =
−1

(𝜇𝑎𝑟𝑎+𝑟𝑏 )
(−𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)            [δ- 1A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

𝐹1 =
−1

𝑦
(−𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙𝑥 − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                   [δ- 1B] 

Similarly considering the net torque in the next sheave (sheave B) in the 

travelling block is given by Eqn [H-4C] as 

𝐹𝑜𝑟  𝐹1 > 𝐹2 

𝑟𝑏 (𝐹1 − 𝐹2) − 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑎 − (𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑡𝑏1 − 𝐹1 − 𝐹2)) = + 𝐼𝛼𝑡𝑏1 

−𝐹2(𝜇𝑎𝑟𝑎 + 𝑟𝑏) =  𝐼𝛼𝑡𝑏1 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝐹1(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) − 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 −  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎�̇�

2
𝑡𝑏1 

𝐹2 =
1

(𝜇𝑎𝑟𝑎+ 𝑟𝑏)
(− 𝐼𝛼𝑡𝑏1 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹1(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎�̇�
2
𝑡𝑏1)  

[δ- 2A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

𝐹2 =
1

𝑦
(− 𝐼𝛼𝑡𝑏1 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹1𝑥 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎�̇�
2
𝑡𝑏1)                     [δ- 2B] 

Substituting Eqn [δ-1B] into Eqn [δ-2B] and multiply through the resulting 

equation by 
𝑦

𝑦
 gives 

𝐹2 =
1

𝑦2
(− 𝐼𝛼𝑡𝑏1𝑦 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦 − 𝐼𝛼𝑐𝑏1𝑥 + 𝐹𝑑𝑙𝑥

2 − 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏1𝑥 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑥 +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑦 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎�̇�

2
𝑡𝑏1𝑦)  

𝐹2 =
1

𝑦2
(𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦 − 𝐼(𝛼𝑐𝑏1𝑥 + 𝛼𝑡𝑏1𝑦) + 𝐹𝑑𝑙𝑥

2 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 (−�̇�2

𝑐𝑏1𝑥 + �̇�2
𝑡𝑏1𝑦) +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥 + 𝑦))                                                                                       [δ- 2C] 

Similarly considering the net torque in the next sheave (sheave C) in the crown 

block is given by Eqn [H-3C1] as 

𝐹𝑜𝑟  𝐹2 > 𝐹3 

𝑟𝑏 (𝐹2 − 𝐹3 ) + 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑐𝑏2 − 𝐹2 − 𝐹3) =  −𝐼𝛼𝑐𝑏2 
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−𝐹3(𝜇𝑎𝑟𝑎 + 𝑟𝑏 )−𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏2 + 𝐹2(𝑟𝑏 − 𝜇𝑎𝑟𝑎) = −𝐼𝛼𝑐𝑏2 

𝐹3 =
−1

(𝜇𝑎𝑟𝑎+𝑟𝑏 )
(−𝐼𝛼𝑐𝑏2 + 𝐹2(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) −  2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)             [δ- 3A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

𝐹3 =
−1

𝑦
(−𝐼𝛼𝑐𝑏2 + 𝐹2𝑥 −  2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                                   [δ- 3B] 

Substituting Eqn [δ-2C] into Eqn [δ-3B] and multiplying through the resulting 

equation by 
𝑦2

𝑦2
 gives 

𝐹3 =
−1

𝑦3
(𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦𝑥 − 𝐼(𝛼𝑐𝑏1𝑥

2 + 𝛼𝑡𝑏1𝑦𝑥 + 𝛼𝑐𝑏2𝑦
2) + 𝐹𝑑𝑙𝑥

3 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 (−�̇�2

𝑐𝑏1𝑥
2 +

�̇�2
𝑡𝑏1𝑦𝑥 − �̇�2

𝑐𝑏2𝑦
2) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥

2 + 𝑥𝑦 + 𝑦2))                                              [δ- 3C] 

Also, considering the net torque in the next sheave (sheave D) in the travelling 

block, Eqn [H-4C] becomes 

𝐹𝑜𝑟  𝐹3 > 𝐹4 

𝑟𝑏 (𝐹3 − 𝐹4) − 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑎 − (𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑡𝑏2 − 𝐹3 − 𝐹4)) = + 𝐼𝛼𝑡𝑏2 

−𝐹4(𝜇𝑎𝑟𝑎 + 𝑟𝑏) + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏2 + 𝐹3(𝑟𝑏 − 𝜇𝑎𝑟𝑎) =  𝐼𝛼𝑡𝑏2 

𝐹4 =
1

(𝜇𝑎𝑟𝑎+ 𝑟𝑏)
(− 𝐼𝛼𝑡𝑏2 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹3(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)       

[δ- 4A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

𝐹4 =
1

𝑦
(− 𝐼𝛼𝑡𝑏2 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹3𝑥 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                      [δ- 4B] 

Substituting Eqn [δ-3C] into Eqn [δ-4B] and multiplying through by  
𝑦3

𝑦3 gives 

𝐹4 =
1

𝑦4 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎(𝑦𝑥2 + 𝑦3) − 𝐼(𝛼𝑐𝑏1𝑥
3 + 𝛼𝑡𝑏1𝑦𝑥2 + 𝛼𝑐𝑏2𝑦

2𝑥 + 𝛼𝑡𝑏2𝑦
3) + 𝐹𝑑𝑙𝑥

4 +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 (−�̇�2

𝑐𝑏1𝑥
3 + �̇�2

𝑡𝑏1𝑦𝑥2 − �̇�2
𝑐𝑏2𝑦

2𝑥 + �̇�2
𝑡𝑏2𝑦

3) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥
3 + 𝑥2𝑦 + 𝑥𝑦2 +

𝑦3))                                                                                                      [δ- 4C] 

Hence for “n” number of lines between the crown block and the travelling 

block, the general relation for the line tension reduction from the dead line(𝐹𝑑𝑙) 

towards the fast lines (𝐹𝑓𝑙) is given by 
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𝐹𝑛 =

(
−1

𝑦
)
𝑛

 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎(∑ 𝑦2𝑘−1𝑟
𝑘=1 𝑥𝑛−2𝑘) − 𝐼(∑ 𝛼1+𝑘𝑥

𝑞−𝑘𝑦𝑘𝑞=𝑛−1
𝑘=0 ) + 𝐹𝑑𝑙𝑥

𝑛 +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑥𝑞−𝑘𝑦𝑘𝑞=𝑛−1
𝑘=0 ) +  2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎{∑ (−1)𝑘+1�̇�2
(𝑘+1)𝑥

𝑞−𝑘𝑦𝑘𝑞=𝑛−1
𝑘=0 })             [δ- 5A] 

where  

q = n-1 (i.e. the number of supporting lines minus 1) 

r = the number of travelling block sheaves between the dead line and the line of 

interest 

�̇�(𝑘+1) 𝑎𝑛𝑑 𝛼(1+𝑘) represent the numbering of the angular velocity and the 

angular acceleration respectively for each sheave from the dead line sheave in 

the crown block through the travelling block sheave as illustrated in figure (29) 

4.5.1 HOOK LOAD (W) DURING LOWERING WITH NON-UNIFORM MOVEMENT OF THE 

TRAVELLING EQUIPMENT 

During lowering  the sum of the downward forces (𝐹𝐷𝑜𝑤𝑛) exceeds that of the 

upward force (∑ 𝐹𝑖
𝑛
𝑖=1 ) as illustrated in figure (23) 

⇒ 𝐹𝐷𝑜𝑤𝑛 − ∑ 𝐹𝑖
𝑛
𝑖=1 = 𝑚𝑇 𝑎                                                                          [I-2A] 

𝐹𝐷𝑜𝑤𝑛 = 𝑊 = (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑔 = 𝑚𝑇 𝑔                                                          [δ- 2A] 

⇒ 𝑚𝑇 = 𝑚𝑑𝑝 + 𝑚𝑡𝑏 =
W

𝑔
                                                                           [δ- 2B] 

Substituting Eqn [δ-2A]  into Eqn [I-2A] gives 

𝑊 − ∑𝐹𝑖

𝑛

𝑖=1

= (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑎 

𝑊 = ∑ 𝐹𝑖
𝑛
𝑖=1 + (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑎                                                                      [I-2B] 

Alternatively, substituting Eqn [δ-2B] into Eqn [I-2B] gives 

𝑊 = ∑ 𝐹𝑖
𝑛
𝑖=1 +

W

𝑔
𝑎  

𝑊 −
W

𝑔
𝑎 = ∑ 𝐹𝑖

𝑛
𝑖=1   

𝑊 (1 −
𝑎

𝑔
) = ∑ 𝐹𝑖

𝑛
𝑖=1   

𝑊 =
∑ 𝐹𝑖

𝑛
𝑖=1

(1−
𝑎

𝑔
)

=
∑ 𝐹𝑖

𝑛
𝑖=1

(
𝑔−𝑎

𝑔
)

= (
𝑔

𝑔−𝑎
)∑ 𝐹𝑖

𝑛
𝑖=1                                                                [I-2C] 
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4.5.2 RELATIONSHIP BETWEEN THE ANGULAR ACCELERATION AND THE ANGULAR 

VELOCITY OF EACH ROTATING SHEAVE RELATIVE TO THAT OF THE FIRST 

SHEAVE IN THE TRAVELLING BLOCK 

With an assumption that the dead line is non-rotating and using the 

relationship between the travelling block velocity (𝑉𝑡𝑏) and the angular velocity 

of the first rotating sheave (�̇�𝑡𝑏1)  in the travelling block  which is connected to 

the dead line sheave by the line opposite the dead line as depicted in  Figure 

(28). The angular velocity and acceleration of all the rotating sheave will be 

determined relative to that of the first sheave in the travelling block (�̇�𝑡𝑏1). 

Substituting Eqn [Ѳ-1A] into Eqn [δ-1B] gives the value of 𝐹1 as 

𝐹1 =
−1

𝑦
(𝐹𝑑𝑙𝑥 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                                                            [δ- 1B1] 

Substituting Eqn [Ѳ-1A] and Eqn [Ѳ-1B] into Eqn [δ-2C] gives the value of 𝐹2 

𝐹2 =
1

𝑦2 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦 − 𝐼𝛼𝑡𝑏1(𝑦) + 𝐹𝑑𝑙𝑥
2 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏1(𝑦) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥 + 𝑦))         

[δ- 2C1]         

Similarly, substituting Eqn [Ѳ-1A], Eqn [Ѳ-1B] and Eqn [Ѳ-1C] into Eqn [δ-3C] 

gives the value of 𝐹3 as 

𝐹3 =
−1

𝑦3 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦𝑥 − 𝐼(𝛼𝑡𝑏1𝑦𝑥 + 2𝛼𝑡𝑏1𝑦
2) + 𝐹𝑑𝑙𝑥

3 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 (�̇�

2
𝑡𝑏1𝑦𝑥 −

(2�̇�𝑡𝑏1)
2𝑦2) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥

2 + 𝑥𝑦 + 𝑦2))                                                                      

𝐹3 =
−1

𝑦3 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦𝑥 − 𝐼𝛼𝑡𝑏1(𝑦𝑥 + 2𝑦2) + 𝐹𝑑𝑙𝑥
3 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎�̇�
2
𝑡𝑏1 (𝑦𝑥 − 4𝑦2) +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥
2 + 𝑥𝑦 + 𝑦2))                                                                           [δ- 3C1] 

Finally, substituting Eqn [Ѳ-1A], Eqn [Ѳ-1B], Eqn [Ѳ-1C] and Eqn [Ѳ-1D] into 

Eqn [δ-4C] gives the value of 𝐹4 as 

𝐹4 =

1

𝑦4 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎(𝑦𝑥2 + 𝑦3) − 𝐼(𝛼𝑡𝑏1𝑦𝑥2 + 2𝛼𝑡𝑏1𝑦
2𝑥 + 3𝛼𝑡𝑏1𝑦

3) + 𝐹𝑑𝑙𝑥
4 +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 (�̇�

2
𝑡𝑏1𝑦𝑥2 − (2�̇�𝑡𝑏1)

2𝑦2𝑥 + (3�̇�𝑡𝑏1)
2𝑦3) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥

3 + 𝑥2𝑦 + 𝑥𝑦2 + 𝑦3))      

𝐹4 =

1

𝑦4
(𝑚𝑝𝑎𝜇𝑎𝑟𝑎(𝑦𝑥2 + 𝑦3) − 𝐼𝛼𝑡𝑏1(𝑦𝑥2 + 2𝑦2𝑥 + 3𝑦3) + 𝐹𝑑𝑙𝑥

4 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎�̇�

2
𝑡𝑏1 (𝑦𝑥2 −

4𝑦2𝑥 + 9𝑦3) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥
3 + 𝑥2𝑦 + 𝑥𝑦2 + 𝑦3))                                             [δ- 4C1] 
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Substituting Eqn [Ѳ-1] and Eqn [Ѳ-2] into Eqn [δ -1B1], Eqn [δ -2C1], Eqn [δ -

3C1] and Eqn [δ -4C1] gives 

 

𝐹1 =
−1

𝑦
(𝐹𝑑𝑙𝑥 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                                                                [δ- 1B2] 

𝐹2 =
1

𝑦2 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦 − 𝐼 (
𝑎

𝑟𝑏
) 𝑦 + 𝐹𝑑𝑙𝑥

2 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎  (

𝑉𝑡𝑏
2

𝑟𝑏
2 ) 𝑦 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥 + 𝑦))      

[δ- 2C2]         

𝐹3 =
−1

𝑦3 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦𝑥 − 𝐼 (
𝑎

𝑟𝑏
) (𝑦𝑥 + 2𝑦2) + 𝐹𝑑𝑙𝑥

3 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 (

𝑉𝑡𝑏
2

𝑟𝑏
2 ) (𝑦𝑥 − 4𝑦2) +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥
2 + 𝑥𝑦 + 𝑦2))                                                                           [δ- 3C2] 

 

𝐹4 =

1

𝑦4 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎(𝑦𝑥2 + 𝑦3) − 𝐼 (
𝑎

𝑟𝑏
) (𝑦𝑥2 + 2𝑦2𝑥 + 3𝑦3) + 𝐹𝑑𝑙𝑥

4 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 (

𝑉𝑡𝑏
2

𝑟𝑏
2 ) (𝑦𝑥2 −

4𝑦2𝑥 + 9𝑦3) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥
3 + 𝑥2𝑦 + 𝑥𝑦2 + 𝑦3))                                             [δ- 4C2]       

Hence for “n” number of lines between the travelling block and the crown 

block, the general line tension reduction from the dead line towards the fast 

line during lowering is given by 

𝐹𝑛 =

(
−1

𝑦
)
𝑛

(𝑚𝑝𝑎𝜇𝑎𝑟𝑎(∑ 𝑦2𝑘−1𝑟
𝑘=1 𝑥𝑛−2𝑘) −

𝐼𝑎

𝑟𝑏
(∑ 𝑘𝑞=𝑛−1

𝑘=0 𝑥𝑞−𝑘𝑦𝑘) + 𝐹𝑑𝑙𝑥
𝑛 +

2�̅�𝑚𝜇𝑎𝑟𝑎𝑉𝑡𝑏
2 (∑ (−1)𝑘+1(𝑘2𝑥𝑞−𝑘𝑦𝑘)

𝑞=𝑛−1
𝑘=0 ) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑥𝑞−𝑘𝑦𝑘𝑞=𝑛−1

𝑘=0 ))             [δ- 5B] 

But  𝐼 =
1

2
𝑚𝑝(𝑅1

2 + 𝑅2
2)  

Where 𝑅1 and 𝑅2 are the inner and outer radii of the each sheave. In this thesis, 

we assume that  𝑅1 and 𝑅2 remain constant for each sheave. 

Substituting the relation for I into Eqn [δ-5B] 

𝐹𝑛 = (
−1

𝑦
)
𝑛

(𝑚𝑝𝑎𝜇𝑎𝑟𝑎(∑ 𝑦2𝑘−1𝑟
𝑘=1 𝑥𝑛−2𝑘) −

𝑚𝑝𝑎(𝑅1
2+𝑅2

2) 

2𝑟𝑏
(∑ 𝑘

𝑞=𝑛−1
𝑘=0 𝑥𝑞−𝑘𝑦𝑘) + 𝐹𝑑𝑙𝑥

𝑛 +

𝑉𝑡𝑏
2(2�̅�𝑚𝜇𝑎𝑟𝑎) (∑ (−1)𝑘+1(𝑘2𝑥𝑞−𝑘𝑦𝑘)𝑞=𝑛−1

𝑘=0 ) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑥𝑞−𝑘𝑦𝑘𝑞=𝑛−1
𝑘=0 ))  
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𝐹𝑛 = (
−1

𝑦
)
𝑛

(𝑎 (𝑚𝑝𝜇𝑎𝑟𝑎(∑ 𝑦2𝑘−1𝑟
𝑘=1 𝑥𝑛−2𝑘) −

𝑚𝑝(𝑅1
2+𝑅2

2) 

2𝑟𝑏
(∑ 𝑘𝑞=𝑛−1

𝑘=0 𝑥𝑞−𝑘𝑦𝑘)) + 𝐹𝑑𝑙𝑥
𝑛 +

𝑉𝑡𝑏
2(2�̅�𝑚𝜇𝑎𝑟𝑎) (∑ (−1)𝑘+1(𝑘2𝑥𝑞−𝑘𝑦𝑘)𝑞=𝑛−1

𝑘=0 ) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑥𝑞−𝑘𝑦𝑘𝑞=𝑛−1
𝑘=0 ))            [δ-5C] 

Hence during uniform movement of the travelling equipment, the translational 

acceleration is zero (i.e. a=0). Eqn [δ-5C] becomes  

𝐹𝑛 =

(
−1

𝑦
)
𝑛

(𝐹𝑑𝑙𝑥
𝑛 + 𝑉𝑡𝑏

2(2�̅�𝑚𝜇𝑎𝑟𝑎) (∑ (−1)𝑘+1(𝑘2𝑥𝑞−𝑘𝑦𝑘)𝑞=𝑛−1
𝑘=0 ) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑥𝑞−𝑘𝑦𝑘𝑞=𝑛−1

𝑘=0 ))                                                                      

[δ-5D] 

For simplicity let  

𝐴 =  𝑚𝑝𝑎𝜇𝑎𝑟𝑎 = The torque as a result of the acceleration effect on each of the 

travelling block sheave’s reaction force, during non-uniform movement of the 

travelling equipment 

𝐵 = 𝐼 (
𝑎

𝑟𝑏
) =

1

2
𝑚𝑝(𝑅1

2 + 𝑅2
2)

𝑎

𝑟𝑏
=

𝑚𝑝𝑎(𝑅1
2+𝑅2

2)

2𝑟𝑏
 = The torque due to the angular 

acceleration on each of the rotating sheave, during non-uniform movement of 

the travelling equipment 

𝐶 = 2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 (

𝑉𝑡𝑏
2

𝑟𝑏
2 ) = 2�̅�𝑚 𝜇𝑎𝑟𝑎𝑉𝑡𝑏

2 = The torque due to the centrifugal force on 

each rotating sheave 

𝐷 = 𝑚𝑝𝑔𝜇𝑎𝑟𝑎= The torque due to the weight of each sheave 

Substituting these relations A, B, C and D into Eqn [δ -1B2], Eqn [δ -2C2], Eqn 

[δ -3C2] and Eqn [δ -4C2] gives  

𝐹1 becomes 

𝐹1 =
−𝐹𝑑𝑙𝑥

𝑦
+

−𝐷

𝑦
                                                                          [δ -1B3] 

Similarly 𝐹2  becomes 

𝐹2 =
1

𝑦2
(𝐴𝑦 − 𝐵𝑦 + 𝐹𝑑𝑙𝑥

2 + 𝐶𝑦 + 𝐷(𝑥 + 𝑦))                                                                  

𝐹2 =
𝐴

𝑦
−

𝐵

𝑦
+

𝐹𝑑𝑙𝑥
2

𝑦2 +
𝐶

𝑦
+ (

𝐷𝑥

𝑦2 +
𝐷

𝑦
)                                                                 [δ -2C3] 

Also 𝐹3  becomes 
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𝐹3 =
−1

𝑦3
(𝐴𝑦𝑥 − 𝐵(𝑦𝑥 + 2𝑦2) + 𝐹𝑑𝑙𝑥

3 + 𝐶 (𝑦𝑥 − 4𝑦2) + 𝐷(𝑥2 + 𝑥𝑦 + 𝑦2))                                                           

𝐹3 =
−𝐴𝑥

𝑦2 + (
𝐵𝑥

𝑦2 +
2𝐵

𝑦
) +

−𝐹𝑑𝑙𝑥
3

𝑦3 + (
−𝐶𝑥

𝑦2 +
4𝐶

𝑦
) + (

−𝐷𝑥2

𝑦3 +
−𝐷𝑥

𝑦2 +
−𝐷

𝑦
)                      [δ -3C3] 

Finally 𝐹4 becomes 

𝐹4 =
1

𝑦4 (𝐴(𝑦𝑥2 + 𝑦3) − 𝐵(𝑦𝑥2 + 2𝑦2𝑥 + 3𝑦3) + 𝐹𝑑𝑙𝑥
4 + 𝐶 (𝑦𝑥2 − 4𝑦2𝑥 + 9𝑦3) +

𝐷(𝑥3 + 𝑥2𝑦 + 𝑥𝑦2 + 𝑦3))    

𝐹4 = (
𝐴𝑥2

𝑦3 +
𝐴

𝑦
) + (

−𝐵𝑥2

𝑦3 +
−2𝐵𝑥

𝑦2 +
−3𝐵

𝑦
) +

𝐹𝑑𝑙𝑥
4

𝑦4 + (
𝐶𝑥2

𝑦3 −
4𝐶𝑥

𝑦2 +
9𝑐

𝑦
) + (

𝐷𝑥3

𝑦4 +
𝐷𝑥2

𝑦3 +
𝐷𝑥

𝑦2 +
𝐷

𝑦
)                                                                        

[δ - 4C3] 

 

SUM OF THE FORCES IN THE SUPPORTING LINES 

For simplicity, let’s assume the number of supporting lines between the crown 

block and the travelling block is four (n = 4) 

⇒ ∑𝐹𝑖

𝑛

𝑖=1

= 𝐹1 + 𝐹2 + 𝐹3 + 𝐹4 

Also since addition is commutative, the sum of the forces will be performed 

sheave-wise (sheave by sheave) and term by term (A, B, C, D and 𝐹𝑑𝑙 ) 

approach. 

 

TORQUE DUE TO THE TRANSLATIONAL ACCELERATION EFFECT ON EACH OF THE 

TRAVELLING BLOCK SHEAVE’S REACTION FORCE (A) 

The total torque(𝐴𝑇𝑜𝑡𝑎𝑙) as a result of the translational acceleration effect on the 

reaction force on each of the travelling block sheave is given by   

𝐴𝑇𝑜𝑡𝑎𝑙 = 𝐴𝑡𝑏1 + 𝐴𝑡𝑏2 

𝐴𝑇𝑜𝑡𝑎𝑙 = (
𝐴

𝑦
) + (

−𝐴𝑥

𝑦2
) + (

𝐴𝑥2

𝑦3
+

𝐴

𝑦
) 

Total torque due to the translation acceleration effect on the first sheave in 

travelling block (𝐴𝑡𝑏1) is given by 

 

𝐴𝑡𝑏1 =
𝐴

𝑦
+

−𝐴𝑥

𝑦2
+

𝐴𝑥2

𝑦3
=

𝐴

𝑦
(1 +

−𝑥

𝑦
+

𝑥2

𝑦2
) =

𝐴

𝑦
𝐺𝑆 



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 91 
 

𝐵𝑢𝑡     𝐺𝑆 = 1 +
−𝑥

𝑦
+

𝑥2

𝑦2 =
1(1−(

−𝑥

𝑦
)
𝑛−1

)

1−
−𝑥

𝑦

=
(1−(

−𝑥

𝑦
)
𝑛−1

)

(𝑦+𝑥)

𝑦

=
𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

)  

⇒ 𝐴𝑡𝑏1 =
𝐴

𝑦

𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

) =
𝐴

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

)                                     [ℂ-1A] 

 

Similarly, the torque due to the translation acceleration effect on the second 

rotating travelling block sheave (𝐴𝑡𝑏2) is given by 

𝐴𝑡𝑏2 =
𝐴

𝑦
  

⇒ 𝐴𝑡𝑏2 =
𝐴

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−3

)                                                                      [ℂ-1B] 

 

From Eqn [ℂ-1A] and Eqn [ℂ-1B], the total torque contribution from the 

translation acceleration effect on all the sheaves in the travelling block 

becomes 

𝐴𝑇𝑜𝑡𝑎𝑙 =
𝐴

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

) +
𝐴

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−3

)  

𝐴𝑇𝑜𝑡𝑎𝑙 =
𝐴

(𝑥+𝑦)
((1 − (

−𝑥

𝑦
)
𝑛−1

) + (1 − (
−𝑥

𝑦
)
𝑛−3

)) =  
𝐴

(𝑥+𝑦)
(∑ (1 − (

−𝑥

𝑦
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 )   [ℂ-2] 

 

Where “r” is the number of sheaves in the travelling block between the dead 

line and the line of interest. Hence, for “n” number of supporting lines, 𝑟 =
𝑛

2
 

 
 
TORQUE DUE TO THE ANGULAR ACCELERATION ON EACH OF THE ROTATING 

SHEAVE (B)  

The total torque from all the rotating sheave (𝐵𝑇𝑂𝑇𝐴𝐿 ) during non-uniform 

movement of the travelling equipment is given as  

𝐵𝑇𝑂𝑇𝐴𝐿 = 𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 + 𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 + 𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 + 𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 

For non-rotating dead line sheave the angular acceleration is zero  

(𝑖. 𝑖𝑒 𝐵𝑡𝑜𝑡𝑎𝑙𝑐𝑏1
= 0)  

⇒ 𝐵𝑇𝑂𝑇𝐴𝐿 = 𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 + 𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 + 𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 

⇒ 𝐵𝑇𝑂𝑇𝐴𝐿 = (
−𝐵

𝑦
) + (

𝐵𝑥

𝑦2 +
2𝐵

𝑦
) + (

−𝐵𝑥2

𝑦3 +
−2𝐵𝑥

𝑦2 +
−3𝐵

𝑦
)  



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 92 
 

Considering the torque due to the total angular acceleration resulting from the 

first travelling block sheave (𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1) gives  

𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 =
−𝐵

𝑦
+

𝐵𝑥

𝑦2
+

−𝐵𝑥2

𝑦3
=

𝐵

𝑦
(−1 +

𝑥

𝑦
+

−𝑥2

𝑦2
) =

𝐵

𝑦
𝐺𝑆  

𝐵𝑢𝑡     𝐺𝑆 = −1 +
𝑥

𝑦
+

−𝑥2

𝑦2 =
−1(1−(

−𝑥

𝑦
)
𝑛−1

)

1−
−𝑥

𝑦

=
−(1−(

−𝑥

𝑦
)
𝑛−1

)

(𝑦+𝑥)

𝑦

=
−𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

)     

⇒ 𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 =
𝐵

𝑦

−𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

) =
−𝐵

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

)                                 [ℂ- 3A] 

Considering the torque due to the total angular acceleration resulting from the 

second sheave in the crown block (𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2) gives  

𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
2𝐵

𝑦
+

−2𝐵𝑥

𝑦2
=  

2𝐵

𝑦
(1 +

−𝑥

𝑦
) =

2𝐵

𝑦
𝐺𝑆 

 

𝐵𝑢𝑡     𝐺𝑆 = 1 +
−𝑥

𝑦
=

1(1−(
−𝑥

𝑦
)
𝑛−2

)

1− 
−𝑥

𝑦

=
(1−(

−𝑥

𝑦
)
𝑛−2

)

(𝑦+𝑥)

𝑦

=
𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

)    

 

⇒ 𝐵𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
2𝐵

𝑦
 

𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

) =
2𝐵

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

)                               [ℂ-3B] 

 

Finally, considering the torque due to the total angular acceleration resulting 

from the second sheave in the travelling block (𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2) becomes 

𝐵𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 = 
−3𝐵

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−3

)                                                                     [ℂ-3C] 

 

From Eqn [ℂ-3A], Eqn [ℂ-3B] and Eqn [ℂ-3C], the total torque due to the total 

angular acceleration (𝐵𝑇𝑂𝑇𝐴𝐿 ) from all the rotating sheave  

⇒ 𝐵𝑇𝑂𝑇𝐴𝐿 =
−𝐵

(𝑥 + 𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

) +
2𝐵

(𝑥 + 𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

) +
−3𝐵

(𝑥 + 𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−3

) 

 

⇒ 𝐵𝑇𝑂𝑇𝐴𝐿 =
𝐵

(𝑥+𝑦)
(−1(1 − (

−𝑥

𝑦
)
𝑛−1

) + 2 (1 − (
−𝑥

𝑦
)
𝑛−2

) − 3 (1 − (
−𝑥

𝑦
)
𝑛−3

))  
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⇒ 𝐵𝑇𝑂𝑇𝐴𝐿 =
𝐵

(𝑥+𝑦)
∑ (−1)𝑘+1(𝑘 + 1) (1 − (

−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0                                    [ℂ-4] 

 
TORQUE DUE TO THE CENTRIFUGAL FORCE ON EACH OF THE ROTATING SHEAVE (C)  

The total contribution to the torque from the centrifugal force (𝐶𝑇𝑂𝑇𝐴𝐿 ) is given 

by    

𝐶𝑇𝑂𝑇𝐴𝐿 = 𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 + 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 + 𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 + 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 

 

But for non-rotating dead line sheave(𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1), its angular velocity is zero  

(𝑖. 𝑒. �̇�𝑡𝑏1 = 0) and hence no centrifugal force contribution to the total torque 

(𝑖. 𝑒. 𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 = 0) 

⇒ 𝐶𝑇𝑂𝑇𝐴𝐿 = 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 + 𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 + 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 

𝐶𝑇𝑂𝑇𝐴𝐿 = (
𝐶

𝑦
) + (

−𝐶𝑥

𝑦2 +
4𝐶

𝑦
) + (

𝐶𝑥2

𝑦3 +
−4𝐶𝑥

𝑦2 +
9𝑐

𝑦
)  

Considering the total contribution to the torque by the first sheave in the 

travelling block (𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1) gives 

𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 =
𝐶

𝑦
+

−𝐶𝑥

𝑦2 +
𝐶𝑥2

𝑦3 = 
𝐶

𝑦
(1 +

−𝑥

𝑦
+

𝑥2

𝑦2) =
𝐶

𝑦
𝐺𝑆  

 

𝐵𝑢𝑡     𝐺𝑆 = 1 +
−𝑥

𝑦
+

𝑥2

𝑦2 =
1(1−(

−𝑥

𝑦
)
𝑛−1

)

1− 
−𝑥

𝑦

=
(1−(

−𝑥

𝑦
)
𝑛−1

)

(𝑦+𝑥)

𝑦

=
𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

)   

⇒ 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 =
𝐶

𝑦

𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

) =
𝐶

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

)                               [ℂ-5A] 

Similarly, considering the total contribution to the torque by the second sheave 

in the crown block (𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2) gives 

𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 = 
4𝐶

𝑦
+

−4𝐶𝑥

𝑦2
=

4𝐶

𝑦
(1 +

−𝑥

𝑦
) =

4𝐶

𝑦
𝐺𝑆  

𝐵𝑢𝑡     𝐺𝑆 = 1 +
−𝑥

𝑦
=

1(1−(
−𝑥

𝑦
)
𝑛−2

)

1− 
−𝑥

𝑦

=
(1−(

−𝑥

𝑦
)
𝑛−2

)

(𝑦+𝑥)

𝑦

=
𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

)  

𝐶𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
4𝐶

𝑦

𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

) =
4𝐶

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

)                                 [ℂ-5B] 

 

Finally, considering the total contribution to the torque by the second sheave in 

the travelling block (𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2) becomes 
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⇒ 𝐶𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 =
9𝐶

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−3

)                                                                [ℂ-5C] 

 

From Eqn [ℂ-5A], Eqn [ℂ-5B] and Eqn [ℂ-5C], the total torque due to the 

centrifugal force  (𝐶𝑇𝑂𝑇𝐴𝐿 ) from all the rotating sheave is given by  

⇒ 𝐶𝑇𝑂𝑇𝐴𝐿 =
𝐶

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

) +
4𝐶

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

) +
9𝐶

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−3

)  

 

⇒ 𝐶𝑇𝑂𝑇𝐴𝐿 =
𝐶

(𝑥+𝑦)
((1 − (

−𝑥

𝑦
)
𝑛−1

) + 4 (1 − (
−𝑥

𝑦
)
𝑛−2

) + 9 (1 − (
−𝑥

𝑦
)
𝑛−3

))  

 

⇒ 𝐶𝑇𝑂𝑇𝐴𝐿 =
𝐶

(𝑥+𝑦)
∑ (𝑘 + 1)2 (1 − (

−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0                                             [ℂ-6] 

 
TORQUE DUE TO THE WEIGHT OF EACH SHEAVE (D) 

The total contribution to the torque from the weight of each of the sheave 

(𝐷𝑇𝑂𝑇𝐴𝐿 ) is given by  

𝐷𝑇𝑂𝑇𝐴𝐿 = 𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 + 𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 + 𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 + 𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 

𝐷𝑇𝑂𝑇𝐴𝐿 = (
−𝐷

𝑦
) + (

𝐷𝑥

𝑦2 +
𝐷

𝑦
) + (

−𝐷𝑥2

𝑦3 +
−𝐷𝑥

𝑦2 +
−𝐷

𝑦
) + (

𝐷𝑥3

𝑦4 +
𝐷𝑥2

𝑦3 +
𝐷𝑥

𝑦2 +
𝐷

𝑦
)  

Considering the total contribution from the weight of the first sheave in the 

crown block (𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1) to the net torque gives 

𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 =
−𝐷

𝑦
+

𝐷𝑥

𝑦2
+

−𝐷𝑥2

𝑦3
+

𝐷𝑥3

𝑦4
=

𝐷

𝑦
(−1 +

𝑥

𝑦
+

−𝑥2

𝑦2
+

𝑥3

𝑦3
) =

𝐷

𝑦
𝐺𝑆 

𝐵𝑢𝑡     𝐺𝑆 = −1 +
𝑥

𝑦
+

−𝑥2

𝑦2 +
𝑥3

𝑦3 =
−1(1−(

−𝑥

𝑦
)
𝑛
)

1−
−𝑥

𝑦

=
−(1−(

−𝑥

𝑦
)
𝑛
)

(𝑦+𝑥)

𝑦

=
−𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛

)   

⇒ 𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏1 = 
𝐷

𝑦

−𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛

) =
−𝐷

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛

)                                  [ℂ-7A] 

Similarly, considering the total contribution from the weight of the first sheave 

in the travelling block (𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1) to the net torque gives 

𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 =
𝐷

𝑦
+

−𝐷𝑥

𝑦2
+

𝐷𝑥2

𝑦3
=

𝐷

𝑦
(1 +

−𝑥

𝑦
+

𝑥2

𝑦2
) =

𝐷

𝑦
𝐺𝑆 

𝐵𝑢𝑡     𝐺𝑆 = 1 +
−𝑥

𝑦
+

𝑥2

𝑦2
=

1(1 − (
−𝑥
𝑦 )

𝑛−1

)

1 − 
−𝑥
𝑦

=
(1 − (

−𝑥
𝑦 )

𝑛−1

)

(𝑦 + 𝑥)
𝑦

=
𝑦

(𝑥 + 𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

) 
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𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏1 =
𝐷

𝑦

𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

) =
𝐷

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

)                                     [ℂ-7B] 

Also considering the total contribution from the weight of the second sheave in 

the crown block (𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2) to the total torque becomes 

𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
−𝐷

𝑦
+

𝐷𝑥

𝑦2
=

𝐷

𝑦
(−1 +

𝑥

𝑦
) =

𝐷

𝑦
𝐺𝑆 

𝐵𝑢𝑡     𝐺𝑆 = −1 +
𝑥

𝑦
=

−1(1−(
−𝑥

𝑦
)
𝑛−2

)

1−
−𝑥

𝑦

=
−(1−(

−𝑥

𝑦
)
𝑛−2

)

(𝑦+𝑥)

𝑦

=
−𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

)   

𝐷𝑡𝑜𝑡𝑎𝑙_𝑐𝑏2 =
𝐷

𝑦

−𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

) =
−𝐷

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

)                                     [ℂ-7C] 

Finally considering the total contribution from the weight of the second sheave 

in the travelling block (𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2) to the total torque becomes 

⇒ 𝐷𝑡𝑜𝑡𝑎𝑙_𝑡𝑏2 =
𝐷

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−3

)                                                                 [ℂ-7D] 

From Eqn [ℂ-7A], Eqn [ℂ-7B], Eqn [ℂ-7C] and Eqn [ℂ-7D], the total torque due 

to the weight of all the sheaves  (𝐷𝑇𝑂𝑇𝐴𝐿 ) is given by  

⇒ 𝐷𝑇𝑂𝑇𝐴𝐿 =
−𝐷

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛

) +
𝐷

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−1

) +
−𝐷

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛−2

) +
𝐷

(𝑥+𝑦)
(1 −

(
−𝑥

𝑦
)
𝑛−3

)  

𝐷𝑇𝑂𝑇𝐴𝐿 =
𝐷

(𝑥+𝑦)
(−(1 − (

−𝑥

𝑦
)
𝑛

) + (1 − (
−𝑥

𝑦
)
𝑛−1

) − (1 − (
−𝑥

𝑦
)
𝑛−2

) + (1 − (
−𝑥

𝑦
)
𝑛−3

))  

⇒ 𝐷𝑇𝑂𝑇𝐴𝐿 =
𝐷

(𝑥+𝑦)
∑ (−1)𝑘+1 (1 − (

−𝑥

𝑦
)
𝑛−𝑘

)𝑛−1
𝑘=0                                                  [ℂ-8] 

 
DEAD LINE CONTRIBUTION TO THE TOTAL TORQUE 

 

The total contribution to the net torque by the dead line (𝐹𝑑𝑙𝑇𝑂𝑇𝐴𝐿 
) is also given 

by  

𝐹𝑑𝑙𝑇𝑂𝑇𝐴𝐿 
=

−𝐹𝑑𝑙𝑥

𝑦
+

𝐹𝑑𝑙𝑥
2

𝑦2
+

−𝐹𝑑𝑙𝑥
3

𝑦3
+

𝐹𝑑𝑙𝑥
4

𝑦4
=

𝐹𝑑𝑙𝑥

𝑦
(−1 +

𝑥

𝑦
+

−𝑥2

𝑦2
+

𝑥3

𝑦3
) =

𝐹𝑑𝑙𝑥

𝑦
𝐺𝑆 

 

𝐵𝑢𝑡     𝐺𝑆 = −1 +
𝑥

𝑦
+

−𝑥2

𝑦2
+

𝑥3

𝑦3
=

−1(1−(
−𝑥

𝑦
)
𝑛
)

1−
−𝑥

𝑦

=
−(1−(

−𝑥

𝑦
)
𝑛
)

(𝑦+𝑥)

𝑦

=
−𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛

)  
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𝐹𝑑𝑙𝑇𝑂𝑇𝐴𝐿 
=

𝐹𝑑𝑙𝑥

𝑦

−𝑦

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛

) =
−𝐹𝑑𝑙𝑥

(𝑥+𝑦)
(1 − (

−𝑥

𝑦
)
𝑛

)                                         [ℂ-9] 

 

From Eqn [ℂ -2], Eqn [ℂ -4], Eqn [ℂ -6], Eqn [ℂ -8], and Eqn [ℂ -9], the total 

tensions in the lines supporting the hook load becomes 

⇒ ∑𝐹𝑖

𝑛

𝑖=1

= 𝐹1 + 𝐹2 + 𝐹3 + 𝐹4 = 𝐴𝑇𝑂𝑇𝐴𝐿 + 𝐵𝑇𝑂𝑇𝐴𝐿  + 𝐶𝑇𝑂𝑇𝐴𝐿 + 𝐷𝑇𝑂𝑇𝐴𝐿 + 𝐹𝑑𝑙𝑇𝑂𝑇𝐴𝐿 
 

∑ 𝐹𝑖
𝑛
𝑖=1 =

𝐴

(𝑥+𝑦)
(∑ (1 − (

−𝑥

𝑦
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) +

𝐵

(𝑥+𝑦)
∑ (−1)𝑘+1(𝑘 + 1) (1 − (

−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

𝐶

(𝑥+𝑦)
∑ (𝑘 + 1)2 (1 − (

−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

𝐷

(𝑥+𝑦)
∑ (−1)𝑘+1 (1 − (

−𝑥

𝑦
)
𝑛−𝑘

)𝑛−1
𝑘=0 +

−𝐹𝑑𝑙𝑥

(𝑥+𝑦)
(1 −

(
−𝑥

𝑦
)
𝑛

)  

∑ 𝐹𝑖
𝑛
𝑖=1 =

1

(𝑥+𝑦)
[𝐴 (∑ (1 − (

−𝑥

𝑦
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) + 𝐵 ∑ (−1)𝑘+1(𝑘 + 1) (1 − (

−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

𝐶 ∑ (𝑘 + 1)2 (1 − (
−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 + 𝐷 ∑ (−1)𝑘+1 (1 − (

−𝑥

𝑦
)
𝑛−𝑘

)𝑛−1
𝑘=0 − 𝐹𝑑𝑙𝑥 (1 − (

−𝑥

𝑦
)
𝑛

)]    

Substituting the relations of A, B, C and D into the above equation gives 

∑ 𝐹𝑖
𝑛
𝑖=1 =

1

(𝑥+𝑦)
[𝑚𝑝𝑎𝜇𝑎𝑟𝑎 (∑ (1 − (

−𝑥

𝑦
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) + (

𝑚𝑝𝑎(𝑅1
2+𝑅2

2)

2𝑟𝑏
)∑ (−1)𝑘+1(𝑘 +𝑛−2

𝑘=0

1) (1 − (
−𝑥

𝑦
)
𝑛−(𝑘+1)

) + 𝑉𝑡𝑏
2(2�̅�𝑚 𝜇𝑎𝑟𝑎)∑ (𝑘 + 1)2 (1 − (

−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎 ∑ (−1)𝑘+1 (1 − (
−𝑥

𝑦
)
𝑛−𝑘

)𝑛−1
𝑘=0 − 𝐹𝑑𝑙𝑥 (1 − (

−𝑥

𝑦
)
𝑛

)]         

           

 ∑ 𝐹𝑖
𝑛
𝑖=1 = 𝑎 ((

𝑚𝑝𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (1 − (

−𝑥

𝑦
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) + (

𝑚𝑝(𝑅1
2+𝑅2

2)

2𝑟𝑏(𝑥+𝑦)
) (∑ (−1)𝑘+1(𝑘 +𝑛−2

𝑘=0

1) (1 − (
−𝑥

𝑦
)
𝑛−(𝑘+1)

))) + 𝑉𝑡𝑏
2 (

2�̅�𝑚 𝜇𝑎𝑟𝑎

(𝑥+𝑦)
)∑ (𝑘 + 1)2 (1 − (

−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

(
𝑚𝑝𝑔𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (−1)𝑘+1 (1 − (

−𝑥

𝑦
)
𝑛−𝑘

)𝑛−1
𝑘=0 ) − 𝐹𝑑𝑙 (

𝑥

(𝑥+𝑦)
) (1 − (

−𝑥

𝑦
)
𝑛

)                      [ℂ-10] 

 

The hook load relation during lowering for non-uniform movement of the 

travelling block is given by Eqn [I-2B]  as 
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𝑊 = ∑𝐹𝑖

𝑛

𝑖=1

+ (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑎 

𝑊 = 𝑎 ((
𝑚𝑝𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (1 − (

−𝑥

𝑦
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) + (

𝑚𝑝(𝑅1
2+𝑅2

2)

2𝑟𝑏(𝑥+𝑦)
) (∑ (−1)𝑘+1(𝑘 + 1) (1 −𝑛−2

𝑘=0

(
−𝑥

𝑦
)
𝑛−(𝑘+1)

))) + 𝑉𝑡𝑏
2 (

2�̅�𝑚 𝜇𝑎𝑟𝑎

(𝑥+𝑦)
)∑ (𝑘 + 1)2 (1 − (

−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

(
𝑚𝑝𝑔𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (−1)𝑘+1 (1 − (

−𝑥

𝑦
)
𝑛−𝑘

)𝑛−1
𝑘=0 ) − 𝐹𝑑𝑙 (

𝑥

(𝑥+𝑦)
) (1 − (

−𝑥

𝑦
)
𝑛

) + (𝑚𝑑𝑝 + 𝑚𝑡𝑏)𝑎   

        

𝑊 = 𝑎 ((
𝑚𝑝𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (1 − (

−𝑥

𝑦
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) + (

𝑚𝑝(𝑅1
2+𝑅2

2)

2𝑟𝑏(𝑥+𝑦)
) (∑ (−1)𝑘+1(𝑘 + 1) (1 −𝑛−2

𝑘=0

(
−𝑥

𝑦
)
𝑛−(𝑘+1)

)) + (𝑚𝑑𝑝 + 𝑚𝑡𝑏)) + 𝑉𝑡𝑏
2 (

2�̅�𝑚 𝜇𝑎𝑟𝑎

(𝑥+𝑦)
)∑ (𝑘 + 1)2 (1 − (

−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 +

(
𝑚𝑝𝑔𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (−1)𝑘+1 (1 − (

−𝑥

𝑦
)
𝑛−𝑘

)𝑛−1
𝑘=0 ) − 𝐹𝑑𝑙 (

𝑥

(𝑥+𝑦)
) (1 − (

−𝑥

𝑦
)
𝑛

)                     [ℂ-11A] 

 

Alternatively, the hook load (W) during lowering for non-uniform movement of 

the travelling equipment is given by Eqn [I-2C] as 

𝑊 =
∑ 𝐹𝑖

𝑛
𝑖=1

(1 −
𝑎
𝑔)

 =
∑ 𝐹𝑖

𝑛
𝑖=1

(
𝑔 − 𝑎

𝑔 )
= (

𝑔

𝑔 − 𝑎
)∑𝐹𝑖

𝑛

𝑖=1

 

Substituting Eqn [ℂ-10] into Eqn [I-2C] gives 

𝑊 = (
𝑔

𝑔−𝑎
)(𝑎 ((

𝑚𝑝𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (1 − (

−𝑥

𝑦
)
𝑛−(2𝑘+1)

)𝑟−1
𝑘=0 ) + (

𝑚𝑝(𝑅1
2+𝑅2

2)

2𝑟𝑏(𝑥+𝑦)
) (∑ (−1)𝑘+1(𝑘 +𝑛−2

𝑘=0

1) (1 − (
−𝑥

𝑦
)
𝑛−(𝑘+1)

))) + 𝑉𝑡𝑏
2 (

2�̅�𝑚 𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (𝑘 + 1)2 (1 − (

−𝑥

𝑦
)
𝑛−(𝑘+1)

)𝑛−2
𝑘=0 ) +

(
𝑚𝑝𝑔𝜇𝑎𝑟𝑎

(𝑥+𝑦)
) (∑ (−1)𝑘+1 (1 − (

−𝑥

𝑦
)
𝑛−𝑘

)𝑛−1
𝑘=0 ) − 𝐹𝑑𝑙 (

𝑥

(𝑥+𝑦)
) (1 − (

−𝑥

𝑦
)
𝑛

))                  [ℂ-11B] 

Where 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

𝑥 + 𝑦 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 + 𝜇𝑎𝑟𝑎 + 𝑟𝑏 = 2𝜇𝑎𝑟𝑎  

Hence, 𝜇𝑎 can be as small as possible but should not be equal to 0 (i.e. 

𝜇𝑎 = 0.000001 𝜇𝑎 ≠ 0) since 
1

 𝜇𝑎
=

1

 0
= 𝑢𝑛𝑑𝑒𝑓𝑖𝑛𝑒𝑑 
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 Eqn [ℂ-11A] and Eqn [ℂ-11B] are the extended Cayeux et al hook load (W) 

relations during hoisting for non-uniform movement of the travelling 

equipment. 
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5 ANALYSIS OF THE EXTENDED HOOK LOAD PREDICTION MODELS USING 

HYPOTHETICAL DATA 

The analysis of the extended models will be done with hypothetical data. The 

output of the extended Cayeux et al hook load prediction model for a given 

coefficient of friction will be used as input for analysing the extended Luke and 

Juvkam-Wold model as illustrated in the figure (30) below. 

 

Figure 30: Schematic illustrating how the output of the extended Cayeux et al hook load 
prediction model was used as input to the extended Luke and Juvkam hook load prediction model 

In addition, two (2) hook load prediction methods were developed for each 

extended model.  The first approach is a function of the sum of the tensions in 

the supporting lines(∑ 𝐹𝑖 
𝑛
𝑖=1 ), the mass of the drill pipe(𝑚𝑑𝑝), the mass of the 

travelling block(𝑚𝑡𝑏), and the acceleration (𝑎) of the travelling equipment as 

given in the relation below. 

𝑊 = ∑𝐹𝑖 

𝑛

𝑖=1

± 𝑎(𝑚𝑑𝑝 + 𝑚𝑡𝑏) 

 

The sum of the tensions in the supporting lines can easily be determined from 

the dead line tension(𝐹𝑑𝑙). Since hypothetical data was used in analysing the 

extended models, it will be very difficult to predict the dead line tension (𝐹𝑑𝑙) 

that will correspond to a given travelling equipment mass(𝑚𝑇 = 𝑚𝑑𝑝 + 𝑚𝑡𝑏). 

Hence, the first approach cannot be analysed using the hypothetical data. 
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On the other hand, the second hook load (W) prediction approach is also a 

function of the sum of the tensions in the supporting lines(∑ 𝐹𝑖 
𝑛
𝑖=1 ), the 

acceleration (𝑎) of the travelling equipment and the acceleration due to 

gravity(𝑔) as illustrated in the relation below. 

𝑊 =
∑ 𝐹𝑖 

𝑛
𝑖=1

(1 ±
𝑎
𝑔)

 

Similarly, the sum of the tensions in the supporting lines can easily be 

determined from the dead line tension(𝐹𝑑𝑙). Since the mass of the travelling 

equipment  (𝑚𝑇) has already been incorporated into the hook load (W), the 

hypothetical data can be used to analyse the extended model. 

 

The hook load measurements during non-uniform movement of the travelling 

equipment for both hoisting and lowering will be performed for five (5) different 

acceleration of the travelling equipment values of a = 0 m/s2, a = 0.5 m/s2,      

a = 1.0 m/s2,    a = 1.5 m/s2, a = 2.1 m/s2. They will then be compared with 

the sum of the tensions in the supporting lines (∑ 𝐹𝑖
𝑛
𝑖=1 ) during constant 

movement of the travelling equipment (i.e. a = 0 m/s2) based on the extended 

Cayeux hook load prediction model as illustrated in table (1) below. 

 

Table 1: Shows different acceleration (a) of the travelling equipment values and different dead line 
tensions (Fdl) used to analysed the extended models. 
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5.1 ANALYSIS OF THE EXTENDED INDUSTRY ACCEPTED MODEL  

5.1.1 HOISTING 

The industry assumes a perfect transmission of line tension ( i.e. e = 1). The 

hook load values  during hoisting with non-uniform movement of the tavelling 

equipment will be compared with the sum of the tension in the supporting lines 

during uniform movement as illustrated below. 

Legend Name of Equation 

W (Eqn [E-1B]) 

at different acceleration  

The Extended Industry accepted hook load 

prediction model  during hoisting 

Ʃ(F1+F2+F3+F4)  

at a = 0 m/s2 

The sum of the tensions in the supporting lines 

during hoisting based on the Industry accepted 

hook load prediction model. 

  

HOOK LOAD MEASUREMENT FOR  𝑒 = 1  
 

 
Figure 31: Shows the extended Industry accepted hook load value during hoisting with non-
uniform movement of the travelling equipment 
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Figure 32: Shows the percentage deviation of the extended Industry accepted hook load values 
during hoisting with non-uniform movement of the travelling equipment from the sum of the 
tensions in the supporting lines during uniform movement also based on the Industry accepted 
hook load prediction model 

COMMENT: It can be observed that during uniform movement of the travelling 

equipment, the sum of the tensions in the supporting lines is the same as the 

hook load (W). During non-uniform movement, the hook load decreases with 

increasing acceleration (a) of the travelling equipment. Hence, the higher the 

acceleration (a), the higher the deviation of the non-uniform hook load values 

from the sum of the tensions in the supporting lines during uniform movement 

of the travelling equipment. 

5.1.2 LOWERING 
 

Still with the  assumption that the transmission of the line tension is perfect    

( i.e. e =1) as proposed in the industry accepted hook load model, the extended 

industry accepted  hook load values  during lowering with non-uniform 

movement of the tavelling equipment will be compared with the sum of the 



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 103 
 

tension in the supporting lines during uniform movement also based on the 

industry accepted hook load prediction model. The relations used in the 

analysis are given below. 

Legend Name of Equation 

W (Eqn [E-2B]) 

at different acceleration  

The Extended Industry accepted hook load 

prediction model  during lowering 

Ʃ(F1+F2+F3+F4)  

at a = 0 m/s2 

The sum of the tensions in the supporting lines 

during lowering based on the Industry accepted 

hook load prediction model 

 

HOOK LOAD  MEASUREMENT FOR  𝑒 = 1  

 
Figure 33: Shows the extended Industry accepted hook load values during lowering with non-
uniform movement of the travelling equipment 
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Figure 34: Shows the percentage deviation of the extended Industry accepted hook load values 
during lowering with non-uniform movement of the travelling equipment from the sum of the 

tensions in the supporting lines during uniform movement also based on the Industry accepted 

hook load prediction model 

COMMENT: For either hoisting or lowering, it can be observed that during 

uniform movement, the hook load measurement is the same as the sum of the 

tensions in the supporting lines. Hence, no deviation between the two hook 

load values as illustrated by figure (32) and figure (34) respectively. During 

lowering with non-uniform movement of the travelling equipment, the hook 

load (W) always exceeds the sum of the tensions in the supporting lines unlike 

during hoisting as illustrated in figure (33) and figure (31) respectively. The 

higher the acceleration (a) of the travelling equipment, the higher the hook load 

values become and vice-versa. 

5.2 ANALYSIS OF THE EXTENDED CAYEUX ET-AL HOOK LOAD PREDICTION MODEL  
In the analysis of the extended Cayeux et al hook load prediction model, the 

effect of the coefficient of friction (𝜇𝑎) on the sheave efficiency (e) will be 

analysed first. After which the relationship between the tensions in the lines 

relative to the dead line tension during either hoisting or lowering will also be 

performed. Finally, the hook load during hoisting and lowering will be analysed 

respectively. 
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5.2.1 EFFECT OF THE COEFFICIENT OF FRICTION ON THE SHEAVE EFFICIENCY 
 

 
Figure 35: Shows the effect of the coefficient of friction on the efficiency of each sheave based on 
the extended Cayeux et al hook load prediction model 

COMMENT: The higher the coefficient of friction (𝜇𝑎) at the sheave axle, the 

lower the efficiency (e) of the sheave becomes and vice-versa. 

5.3 HOISTING 

The relationship between the tensions in the lines relative to the dead line 

tension (𝐹𝑑𝑙) will be analysed first after which the hook load (W) analysis will 

also be carried out.  

5.3.1 TENSIONS IN THE LINE DURING UNIFORM MOVEMENT OF THE TRAVELLING 

EQUIPMENT 
The extended Cayeux et al line tension relations during hoisting with uniform 

movement of the travelling equipment was compared with the original Cayeux 

et al line tension relations at  three (3) different coefficient of friction             

𝜇𝑎 = 0.0, 𝜇𝑎 = 0.1 &  𝜇𝑎 = 0.3  to illustrate the effect of  coefficient of friction on 

the tensions in the lines. Below are the equations used in the analysis. 
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Legend Name of Equation 

Eqn [γ-5D] The Extended Cayeux et al line tension relation 

during hoisting 

Eqn [C-1] & Eqn [C-3] The Original Cayeux et al line tension relations 

during hoisting for the both the  crown block  & 

the travelling block sheaves respectively 

 

A. TENSION IN THE LINES FOR  𝜇𝑎 = 0.0 

 
Figure 36: Shows the tensions in the lines with perfect transmission of the line tension (𝝁𝒂 = 𝟎) 

COMMENT: For perfect transmission of the line tensions, there is no work done 

against friction and hence, the fast line tension (Ffl) is the same as the dead 

line tension (Fdl). (i.e. Ffl - Fdl = 0). In addition, the extended Cayeux et al line 

tension relation output overlaps with the original Cayeux et al line tension 

relation output. 
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B. TENSION IN THE LINE FOR  𝜇𝑎 = 0.1  
 

 
Figure 37: Shows the tensions in the lines during slightly imperfect transmission of the line 
tension (𝝁𝒂 = 𝟎. 𝟏) 

 
Figure 38: Shows the total tension loss from the fast line (Ffl) to the dead line (Fdl) during imperfect 

transmission of the line tension (𝝁𝒂 = 𝟎. 𝟏) 
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COMMENT: For imperfect transmission of the line tension, there is work done 

against friction. Hence, the friction needs to be overcome before the load can be 

raised thereby resulting in higher tensions in the lines as compared to when 

there is perfect transmission of tensions in the lines. The tension decreases 

from the fast line (Ffl) towards the dead line (Fdl). (i.e. Ffl - Fdl ≠ 0). In addition, 

the extended Cayeux et al line tension relation produces the same loss in line 

tension as its original counterpart. 

C. TENSION IN THE LINES FOR  𝜇𝑎 = 0.3 
 

 
Figure 39: Shows the tensions in the lines during imperfect transmission of the line tension 
(𝝁𝒂 = 𝟎. 𝟑) 

 
Figure 40: Shows the total tension loss from the fast line (Ffl) to the dead line (Fdl) during imperfect 
transmission of the line tension (𝝁𝒂 = 𝟎. 𝟑) 
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COMMENT: For imperfect transmission of the tensions in the lines, the higher 

the coefficient of friction at the sheave axle, the higher the work done against 

friction. Hence, the higher the reduction in the line tensions from the fast line 

(Ffl) towards the dead line (Fdl) and vice-versa. In addition, the extended Cayeux 

et al line tension relation match perfectly with its original counterpart since 

both models produced the same loss in line tension for a given dead line 

tension (Fdl) and coefficient of friction as illustrated in the  figure (40) above. 

5.3.1.1 HOISTING WITH NON-UNIFORM MOVEMENT OF THE TRAVELLING 

EQUIPMENT 
 

The extended Cayeux et al hook load prediction model will be analysed  for  five 

(5) different acceleration (a)  values at different coefficients of friction and 

compared with the sum of the tensions in the supporting lines   during hoisting 

with uniform movement of the tavelling equipment also based on the extended 

Cayeux et al hook load prediction model.  The relations used in the analysis are 

as illustrated in the table below. 

Legend Name of Equation 

W (Eqn [α-11B]) 

at different acceleration  

The Extended Cayeux et al  hook load 

prediction model  during hoisting 

Ʃ(F1+F2+F3+F4)  

at a = 0 m/s2 

The sum of the tensions in the supporting lines 

during hoisting based on the extended Cayeux 

et al hook load prediction model 
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A. HOOK LOAD MEASUREMENT FOR 𝜇𝑎 = 0.1 
 

 
Figure 41: Shows the extended Cayeux et al hook load value during hoisting with non-uniform 
movement of the travelling equipment for 𝝁𝒂 = 𝟎.𝟏 

 
Figure 42: Shows the percentage deviation of the extended Cayeux et al hook load value during hoisting with non-uniform 
movement of the travelling equipment from the sum of the tensions in the supporting lines during uniform movement based 
on the extended Cayeux et al hook load prediction model for 𝝁𝒂 = 𝟎.𝟏 
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COMMENT: It can be observed that the maximum hook load (W) value during 

hoisting occurs when there is uniform movement of the travelling equipment. 

During uniform movement of the travelling equipment, the hook load value 

overlaps with the sum of the tension in the supporting lines with the deviation 

between the models being 0% as illustrated in figure (41) and figure (42) 

respectively. On the other hand, during non-uniform movement of the 

travelling equipment, the hook load decreases with increasing acceleration (a) 

of the travelling equipment. Hence, the higher the acceleration, the higher the 

deviation of the non-uniform hook load value from its corresponding uniform 

counterpart. 

 

B. HOOK LOAD MEASUREMENT FOR 𝜇𝑎 = 0.3 
 

 
Figure 43: Shows the extended Cayeux et al hook load value during hoisting with non-uniform 
movement of the travelling equipment for 𝝁𝒂 = 𝟎.𝟑 
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Figure 44: Shows the percentage deviation of the extended Cayeux et al hook load value during 
hoisting with non-uniform movement of the travelling equipment from the sum of the tensions in 
the supporting lines during uniform movement also based on the extended Cayeux et al hook load 
prediction model for  𝝁𝒂 = 𝟎. 𝟑 

COMMENT: From figure (41) and figure (43), it can be observed that for         

Fdl = 2000N and a=0m/s2, it can be observed that the hook load value 

increases from approximately 9500N for 𝜇𝑎=0.1 to approximately 14000N for  

𝜇𝑎=0.3. In a similar vein, considering the same dead line tension (Fdl = 2000N) 

and 𝜇𝑎= 0.3, it can also be observed that for a = 0.5 m/s2 corresponds to a 

hook load value of approximately 13000N while a =1.0 m/s2 corresponds to a 

hook load value of   about 12500 N as illustrated in figure (43). It can be 

inferred that the coefficient of friction has higher effect on the hook load value 

than the effect due to the acceleration. Hence, the higher the coefficient of 

friction, the higher the work done against friction before the load can be raised 

even though the hook load also decreases marginally with increase in 

acceleration (a) of the travelling equipment. 
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5.4 LOWERING 
 

Like the hoisting analysis, the relationship between the tensions in the lines 

relative to the dead line tension (𝐹𝑑𝑙) will be analysed first after which the hook 

load analysis will also be performed. 

5.4.1 TENSIONS IN THE LINE DURING LOWERING WITH UNIFORM MOVEMENT OF THE 

TRAVELLING EQUIPMENT 

The analysis of the extended Cayeux et al line tension relations during lowering 

with uniform movement of the travelling equipment will be carried for three (3) 

different coefficients of friction (𝜇𝑎 = 0.0,  𝜇𝑎 = 0.1 &  𝜇𝑎 = 0.3)  and then 

compared with their original counterpart for a given coefficient of friction. This 

is to illustrate the effect of the coefficient of friction on the tensions in the lines 

during lowering. 

Legend Name of Equation 

Eqn [δ-5D] The Extended Cayeux et al line tension relation 

during lowering with uniform movement 

Eqn [C-2] & Eqn [C-4] The Original Cayeux et al line tension relations 

during lowering for the crown block  sheaves & 

the travelling block sheaves respectively 

 

A. TENSION IN THE LINES FOR 𝜇𝑎 = 0.0 

 
Figure 45: Shows the tensions in the lines with perfect transmission of the line tension (𝝁𝒂 = 𝟎) 
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COMMENT: For perfect transmission of the line tension, there is no loss in the 

line tension from the dead line (Fdl) towards the fast line tension (Ffl).             

(i.e. Fdl - Ffl = 0).  In addition, the extended Cayeux et al line tension relation 

during uniform movement of the travelling equipment produces exactly the 

same output as its original counterpart. 

 

B.  TENSION IN THE LINES FOR 𝜇𝑎 = 0.1  
 

 
Figure 46: Shows the extended Cayeux et al hook load values during lowering with uniform 
movement of the travelling equipment for 𝝁𝒂 = 𝟎.𝟏 

 
Figure 47: Shows the total tension loss from the dead line (Fdl) to the fast line (Ffl) during imperfect 
transmission of the line tension (𝝁𝒂 = 𝟎. 𝟏) 
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COMMENT: During imperfect transmission of the line tension, there is work 

done against friction. Hence, there is loss in the line tension from the dead line 

(Fdl) towards the fast line (Ffl) depending on the magnitude of the coefficient of 

friction(𝜇𝑎). The extended Cayeux et al line tension relation output overlaps 

with its original counterpart during uniform movement of the travelling 

equipment. 

C. AT TENSION IN THE LINES FOR 𝜇𝑎 = 0.3 
 

 
Figure 48: Shows the extended Cayeux et al hook load value during lowering with uniform 
movement of the travelling equipment for 𝝁𝒂 = 𝟎.𝟑 

 
Figure 49: Shows the total tension loss from the dead line (Fdl) to the fast line (Ffl) during imperfect 
transmission of the line tension (𝝁𝒂 = 𝟎. 𝟑) 
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COMMENT: It can be seen that the higher the coefficient of friction, the higher 

the work done against friction. Thereby resulting in higher loss in the line 

tension from the dead line (Fdl) towards the fast line (Ffl) as illustrated in figure 

(47) and figure (49). 

5.4.1.1 HOOK LOAD MEASUREMENT DURING LOWERING WITH NON-UNIFORM 

MOVEMENT OF THE TRAVELLING EQUIPMENT 
The analysis of the  extended Cayeux et al hook load prediction model during 

lowering with non-uniform movement of the travelling equipment will also be 

analysed for  five (5) different acceleration (a)  values with varying  coefficient of 

friction. The outcome will then be  compared with the sum of the tensions in 

the supporting lines   during lowering with uniform movement of the tavelling 

equipment also based on the extended Cayeux et al hook load prediction 

model. Below are the equations used in this analysis. 

Legend Name of Equation 

W (Eqn [ℂ-11B]) 

at different acceleration  

The Extended Cayeux et al  hook load 

prediction model  during lowering  

Ʃ(F1+F2+F3+F4)  

at a = 0 m/s2 

The sum of the tensions in the supporting lines 

during lowering based on the extended Cayeux 

et al hook load prediction model 

 

A. HOOK LOAD MEASUREMENT FOR 𝜇𝑎 = 0.1  

 
Figure 50: Shows the extended Cayeux et al hook load values during lowering with non-uniform 
movement of the travelling equipment for 𝝁𝒂 = 𝟎.𝟏 
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Figure 51: Shows the percentage deviation of the extended Cayeux et al hook load values during 
lowering with non-uniform movement of the travelling equipment from the sum of the tensions in 
the supporting lines during uniform movement also based on the extended Cayeux et al hook load 
prediction model for  𝝁𝒂 = 𝟎. 𝟏 

COMMENT: It can be observed that the minimum hook load (W) measurement 

during lowering occurs when there is uniform movement of the travelling 

equipment. During non-uniform movement of the travelling equipment, the 

hook load increases with increasing acceleration (a) of the travelling equipment. 

The higher the acceleration (a), the higher the deviation of the non-uniform 

hook load measurement from its corresponding uniform counterpart. 

 

B. HOOK LOAD MEASUREMENT FOR 𝜇𝑎 = 0.3 

 
Figure 52: Shows the extended Cayeux et al hook load values during lowering with non-uniform 
movement of the travelling equipment for 𝝁𝒂 = 𝟎.𝟑 
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Figure 53: Shows the percentage deviation of the extended Cayeux et al hook load values during 

lowering with non-uniform movement of the travelling equipment from the sum of the tensions in 
the supporting lines during uniform movement also based on the extended Cayeux et al hook load 
prediction model for 𝝁𝒂 = 𝟎. 𝟑 

COMMENT: It can be seen that hook load value for a given coefficient of friction 

and dead line tension (Fdl) is lower during lowering than during hoisting. For 

instance, for 𝜇𝑎 = 0.3 for either hoisting or lowering during uniform movement 

of the travelling equipment (i.e. a = 0m/s2) and for Fdl = 2000N, the hook load 

values for both hoisting and lowering are  approximately 14000N and 5000N 

respectively as illustrated in figure (43) and figure (52) respectively.  This is 

because during hoisting, the frictional force due to the coefficient of friction at 

the sheave axle need to be overcome before the load can be raised and hence 

resulting in higher hook load (W) value. This is analogous to rolling an object 

up an inclined plane, the higher the coefficient of friction along the inclined 

plane, the higher the effort required and vice-versa.  

On the other hand, when rolling an object down an inclined plane, the load will 

only begin to slide down the inclined plane when the frictional force due to the 

coefficient of friction along the inclined plane has been exceeded. Hence, the 

hook load value during lowering will apparently be less than during hoisting. 
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5.5 ANALYSIS OF THE EXTENDED LUKE AND JUVKAM-WOLD MODEL WITH 

HYPOTHETICAL DATA 

The output of the extended Cayeux et al hook load prediction  model at 

different coefficient of friction (𝜇𝑎) will be used as input to the extended Luke 

and Juvkam model as illustrated in figure (30). 

Although, the extended Luke and Juvkam hook load prediction models were 

developed for both constant sheave efficiency and varying sheave efficiencies, 

only the constant sheave efficiency models can be verified. This is because, 

both the Original Cayeux et al and its extended counterpart which serves as 

the experimental data to the extended Luke and Juvkam hook load prediction 

model were also based on constant coefficient of friction. Hence, the extended 

Luke and Juvkam varying sheave efficiency hook load prediction model can 

only be verified using experimental data. 

5.5.1 HOISTING WITH LUKE & JUVKAM INACTIVE (NON-ROTATING) DEAD LINE 

SHEAVE HOOK LOAD PREDICTION MODEL 
 

Below are the equations used in the analysis. 

 

Legend Name of Equation 

W (Eqn [F-2F1]) 

at different acceleration  

The Luke and Juvkam (Inactive dead line 

sheave) hook load prediction model  during 

hoisting 

Ʃ(F1+F2+F3+F4)  

at a = 0 m/s2 

The sum of the tensions in the supporting lines 

during hoisting based on the extended Cayeux 

et al hook load prediction model 
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A. HOOK LOAD MEASUREMENT FOR  𝜇𝑎 = 0.001 𝑂𝑅  𝑒 = 0.999 
 

 
Figure 54: Shows the extended Luke and Juvkam hook load values during hoisting with non-
uniform movement of the travelling equipment assuming constant sheave efficiency  𝒆 ≈ 𝟏 which 

corresponds to 𝝁𝒂 = 𝟎. 𝟎𝟎𝟏 

 
Figure 55: Shows the percentage deviation of the extended Luke and Juvkam hook load values 
during hoisting with non-uniform movement of the travelling equipment from the sum of the 
tensions in the supporting lines during uniform movement based on the extended Cayeux et al 
hook load prediction model for𝒆 ≈ 𝟏 (𝝁𝒂 = 𝟎. 𝟎𝟎𝟏) 
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COMMENT: During uniform movement, the sum of the tensions in the 

supporting lines is the same as the hook load. On the other hand, during non-

uniform movement of the travelling equipment, the hook load decreases with 

increasing acceleration (a) of the travelling equipment. The higher the 

acceleration of the travelling equipment, the lower the hook load values 

become. Hence, the higher the deviation from the sum of the tensions in the 

supporting line during uniform movement based on the extended Cayeux et al 

hook load prediction model.  

 

B. HOOK LOAD MEASUREMENT FOR  𝜇𝑎 = 0.3 𝑂𝑅 𝑒 = 0.818 

 
Figure 56: Shows the extended Luke and Juvkam hook load values during hoisting with non-uniform movement of the 
travelling equipment assuming constant sheave efficiency  𝒆 ≈ 𝟎. 𝟖𝟏𝟖 which corresponds to 𝝁𝒂 = 𝟎. 𝟑 
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Figure 57: Shows the percentage deviation of the extended Luke and Juvkam hook load values 
during hoisting with non-uniform movement of the travelling equipment from the sum of the 
tensions in the supporting lines during uniform movement based on the extended Cayeux et al 
hook load prediction model for 𝒆 ≈ 𝟎. 𝟖𝟏𝟖 (𝝁𝒂 = 𝟎. 𝟑) 

COMMENT: During uniform movement of the travelling equipment, the sum of 

the tensions in the supporting lines was expected to be the same as the hook 

load value with 0% deviation as illustrated in figure (54) and figure (55) 

respectively. But during uniform movement with high coefficient of friction 

(𝜇𝑎 = 0.3), the hook load value is not the same as the sum of the tensions in the 

supporting lines based on the extended Cayeux et al hook load prediction 

model as seen in figure (56) and figure (57). This due to the effect of the perfect 

transmission of the line tension for the inactive dead line sheave (𝑒𝑑𝑙 = 1) as 

proposed by Luke and Juvkam. i.e. If we assume a perfect transmission of the 

line tension with each sheave efficiency approximately 1 (𝜇𝑎 = 0.001) , since this 

efficiency is approximately the same as the  inactive dead line sheave 

assumption (𝑒𝑑𝑙 = 1)  proposed by Luke and Juvkam, the two model produces 

identical results during uniform movement as depicted in figure (54) and figure 

(55).  
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The discrepancies between the two hook load values during uniform movement 

becomes evident during imperfect transmission of the line tension when the 

efficiency of the sheaves are less than inactive dead line sheave assumption 

(𝑒𝑑𝑙 = 1). i.e. The higher the disparity between the  actual sheave efficiency 

from the inactive dead line sheave  (𝑒𝑑𝑙 = 1) as proposed by Luke and Juvkam, 

the higher the deviation between the two models as illustrated in figure (56) 

and figure (57). 

5.5.2 LOWERING WITH LUKE & JUVKAM INACTIVE (NON-ROTATING) DEAD LINE 

SHEAVE HOOK LOAD PREDICTION MODEL 

5.5.2.1 INACTIVE DEAD LINE SHEAVE 

Below are the relations used in the analysis and how it was carried out. 
 

Legend Name of Equation 

W (Eqn [F-4E1]) 

at different acceleration  

The Luke and Juvkam (Inactive dead line 

sheave) hook load prediction model  during 

lowering 

Ʃ(F1+F2+F3+F4)  

at a = 0 m/s2 

The sum of the tensions in the supporting lines 

during lowering based on the extended Cayeux 

et al hook load prediction model 

 

A. HOOK LOAD MEASUREMENT FOR 𝜇𝑎 = 0.001 𝑂𝑅 𝑒 = 0.999 

 
Figure 58: Shows the extended Luke and Juvkam hook load measurement during lowering with 
non-uniform movement of the travelling equipment assuming constant sheave efficiency  𝒆 ≈ 𝟏 
which corresponds to 𝝁𝒂 = 𝟎. 𝟎𝟎𝟏 
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Figure 59: Shows the percentage deviation of the extended Luke and Juvkam hook load values 
during lowering with non-uniform movement of the travelling equipment from the sum of the 
tensions in the supporting lines during uniform movement based on the extended Cayeux et al 
hook load prediction model for 𝒆 ≈ 𝟏 (𝝁𝒂 = 𝟎.𝟎𝟎𝟏) 

COMMENT: During lowering, the minimum hook load value occurs during 

uniform movement of the travelling equipment. The hook load values increases 

with increasing acceleration of the travelling equipment. 

B. HOOK LOAD MEASUREMENT FOR 𝜇𝑎 = 0.3 OR e=0.818 

 
Figure 60: Shows the extended Luke and Juvkam hook load measurement during lowering with 
non-uniform movement of the travelling equipment assuming constant sheave efficiency  𝒆 ≈ 𝟎. 𝟖𝟏𝟖 
which corresponds to 𝝁𝒂 = 𝟎. 𝟑 
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Figure 61: Shows the percentage deviation of the extended Luke and Juvkam hook load values 
during lowering with non-uniform movement of the travelling equipment from the sum of the 
tensions in the supporting lines during uniform movement based on the extended Cayeux et al 
hook load prediction model for 𝒆 ≈ 𝟎. 𝟖𝟏𝟖 (𝝁𝒂 = 𝟎. 𝟑) 

COMMENT: It can be concluded that the higher the coefficient of friction, the 

smaller the hook load value becomes during lowering since the friction bears 

some of the weight of the load. For example, during lowering with uniform 

movement of the travelling equipment (i.e. a = 0m/s2) and for Fdl = 2000N, for a 

given  𝜇𝑎 = 0.001 corresponds to a hook load value of 8000N as illustrated in 

figure (58) while   𝜇𝑎 = 0.3 also corresponds to a hook load value of 6000N as 

depicted in figure (60). In addition, even though the hook load increases with 

increasing the acceleration of the travelling equipment, the effect due to the 

coefficient of friction has a more pronounced effect on the hook load values 

than the effect due to the acceleration of the travelling equipment. 

 

 



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 126 
 

5.6 COMPARISON OF ALL THE EXTENDED MODELS 
The extended models will be compared with each other to determine their 

response under a given condition. 

5.6.1 COMPARISON OF ALL THE EXTENDED MODEL DURING HOISTING WITH BOTH 

UNIFORM & NON-UNIFORM MOVEMENT OF THE TRAVELLING EQUIPMENT 

The comparison of the extended model during hoisting will be carried out using 

their respective equations as illustrated in the table below 

 

Legend Name of Equation 

W (Eqn [F-2F1]) 

at different acceleration 

The Extended Luke and Juvkam (Inactive dead 

line sheave) hook load prediction model  during 

hoisting 

W (Eqn [G-2F1]) 

at different acceleration  

The Extended Luke and Juvkam (Active dead 

line sheave) hook load prediction model  during 

hoisting 

W (Eqn [I-1C]) OR  

W (Eqn [α-11B]) 

at different acceleration 

The Extended Cayeux et al hook load prediction 

model  during hoisting 

W (Eqn [E-1B]) 

at different acceleration 

The Extended Industry accepted hook load 

prediction model  during hoisting 

Ʃ(F1+F2+F3+F4)  

at a = 0 m/s2 

The sum of the tensions in the supporting lines 

during hoisting based on the extended Cayeux 

et al hook load prediction model 
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A. HOOK LOAD MEASUREMENT FOR   𝜇𝑎 = 0.001 & a = 0 m/s2 

 
Figure 62: Shows the comparison of all the extended hook load prediction models during hoisting 
with uniform movement of the travelling equipment and the sum of the tensions in the supporting 
lines also during uniform movement based on the extended Cayeux et al hook load prediction 
model. 

 
Figure 63: Shows the percentage deviation of all the extended hook load values during hoisting 
with uniform movement of the travelling equipment from the sum of the tensions in the 
supporting lines also during uniform movement based on the extended Cayeux et al hook load 
prediction model for 𝒆 ≈ 𝟏 (𝝁𝒂 = 𝟎.𝟎𝟎𝟏) & a = 0 m/s2 
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COMMENT: It can be observed that if we assume perfect transmission of line 

tension during uniform movement of the travelling equipment, all the extended 

models overlap with each other resulting in negligible deviation of each model 

from the sum of the tensions in the supporting lines based on the extended 

Cayeux et al hook load prediction model also during uniform movement.  

B. HOOK LOAD MEASUREMENT FOR  𝜇𝑎 = 0. 1 & a = 0 m/s2 
 

 
Figure 64: Shows the comparison of all the extended hook load prediction models during uniform 
movement of the traveling equipment and the sum of the tensions in the supporting lines also  
during uniform movement of the travelling equipment  based on the extended Cayeux et al hook 
load prediction model for  𝒆 ≈ 𝟎. 𝟗𝟒 (𝝁𝒂 = 𝟎. 𝟏) & a = 0 m/s2 

 
Figure 65: Shows the percentage deviation of all the extended hook load value during hoisting with 
uniform movement of the travelling equipment from the sum of the tensions in the supporting 
lines  also during uniform movement of the travelling equipment based on the extended Cayeux et 
al hook load prediction for 𝒆 ≈ 𝟎. 𝟗𝟒 (𝝁𝒂 = 𝟎. 𝟏) & a = 0 m/s2 
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COMMENT: It can be observed that even at constant velocity of the travelling 

block, the industry accepted hook load prediction model under predict the 

hook load values during hoisting. In addition, due to the perfect sheave 

efficiency assumption of the non-rotating dead line sheave, the extended Luke 

and Juvkam inactive dead line sheave hook load prediction model also tends to 

underestimate the hook load value during imperfect line tension transmission. 

For example, from figure (63), it can be observed that the extended Luke and 

Juvkam Inactive dead line sheave hook load prediction model for 𝜇𝑎= 0.001 

deviated 0.07% from the sum of the tensions in the supporting lines based on 

the extended Cayeux et al hook load prediction model while for 𝜇𝑎= 0.1 also 

corresponds to about 6.3% deviation as illustrated in figure (63) and figure (65) 

respectively. 

Finally, since the output of the extended Cayeux et al hook load prediction 

model was used to calibrate the extended Luke and Juvkam model, the 

extended Luke and Juvkam Active dead line sheave hook load value always 

overlaps with that of the extended Cayeux et hook load value   as depicted in 

figure (64) and      figure (65). 

C. HOOK LOAD MEASUREMENT FOR  𝜇𝑎 = 0.3 & a = 0m/s2 
 

 
Figure 66: Shows the comparison of all the extended hook load prediction models during uniform 
movement of the traveling equipment and the sum of the tensions in the supporting lines  based 
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on the extended Cayeux et al hook load prediction also during uniform movement of the travelling 
equipment for  𝒆 ≈ 𝟎. 𝟖𝟑 (𝝁𝒂 = 𝟎. 𝟑) & a = 0 m/s2 

 
Figure 67: Shows the percentage deviation of all the extended hook load measurement during 

hoisting with uniform movement of the travelling equipment from the sum of the tensions in the 
supporting lines also during uniform movement of the travelling equipment  based on the extended 
Cayeux et al hook load prediction for 𝒆 ≈ 𝟎. 𝟖𝟑 (𝝁𝒂 = 𝟎. 𝟑) & a = 0 m/s2 

COMMENT: It can be seen that during uniform movement of the travelling 

equipment, the deviation of the extended industry accepted hook load 

prediction model increases with increasing coefficient of friction (decreasing 

sheave efficiency).  

D. HOOK LOAD MEASUREMENT FOR   𝜇𝑎 = 0.3 & a = 1.5 m/s2 

 
Figure 68: Shows the comparison of all the extended hook load prediction models during non-
uniform movement of the travelling equipment and the sum of the tensions in the supporting lines   
during uniform movement of the travelling equipment based on the extended Cayeux et al hook 
load prediction for  𝒆 ≈ 𝟎. 𝟖𝟑 (𝝁𝒂 = 𝟎. 𝟑) & a = 1.5 m/s2 
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Figure 69: Shows the percentage deviation of all the extended hook load values during hoisting 
with non-uniform movement of the travelling equipment from the sum of the tensions in the 
supporting lines during uniform movement of the travelling equipment based on the extended 
Cayeux et al hook load prediction for 𝒆 ≈ 𝟎. 𝟖𝟑 (𝝁𝒂 = 𝟎. 𝟑) & a = 1.5 m/s2 

COMMENT: It can be observed that the effect due to the non-uniform 

movement of the travelling equipment on the hook load measurement is 

negligible compared to the effect due to the coefficient of friction at the sheave 

axle. 

5.6.2 COMPARISON OF ALL THE EXTENDED MODELS DURING LOWERING WITH BOTH 

UNIFORM & NON-UNIFORM MOVEMENT OF THE TRAVELLING EQUIPMENT 
Similarly, the comparison of the extended models during lowering will be 

carried out using their respective equations as illustrated in the table below. 

Legend Name of Equation 

W (Eqn [F-4E1]) 

at different acceleration 

The Extended Luke and Juvkam (Inactive dead 

line sheave) hook load prediction model  during 

lowering 

W (Eqn [G-4E1]) 

at different acceleration  

The Extended Luke and Juvkam (Active dead 

line sheave) hook load prediction model  during 

lowering 

W (Eqn [I-2C] OR  

W (Eqn [ℂ-11B]) 

at different acceleration 

The Extended Cayeux et al hook load prediction 

model  during lowering 
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W (Eqn [E-2B]) 

at different acceleration 

The Extended Industry accepted hook load 

prediction model  during lowering 

Ʃ(F1+F2+F3+F4)  

at a = 0 m/s2 

The sum of the tensions in the supporting lines 

during lowering based on the extended Cayeux 

et al hook load prediction model 

 
 

A. HOOK LOAD MEASUREMENT FOR   𝜇𝑎 = 0.001 & a = 0 m/s2 

 
Figure 70: Shows the comparison of all the extended hook load prediction models during lowering 
with uniform movement of the traveling equipment and the sum of the tensions in the supporting 
lines also under uniform movement based on the extended Cayeux et al hook load prediction 
model  

 
Figure 71: Shows the percentage deviation of all the extended hook load values during lowering 
with uniform movement of the travelling equipment from the sum of the tensions in the 
supporting lines also under uniform movement based on the extended Cayeux et al hook load 
prediction model for 𝒆 ≈ 𝟏 (𝝁𝒂 = 𝟎.𝟎𝟎𝟏) & a = 0 m/s2 
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COMMENT: It can be observed that if we assume perfect transmission of line 

tension during uniform movement of the travelling equipment, all the extended 

models overlap with each other resulting in negligible deviation of each model 

from the sum of the tensions in the supporting lines during uniform movement 

of the travelling equipment based on the extended cayeux et al hook load 

prediction model.  

 

B. HOOK LOAD MEASUREMENT FOR  𝜇𝑎 = 0. 1 & a = 0 m/s2 
 

 
Figure 72: Shows the comparison of all the extended hook load prediction models during lowering 
with uniform movement of the travelling equipment and the sum of the tensions in the supporting 

lines  also during uniform movement based on the extended Cayeux et al hook load prediction 
model for 𝒆 ≈ 𝟎. 𝟗𝟒  (𝝁𝒂 = 𝟎. 𝟏) & a = 0 m/s2 



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 134 
 

 
Figure 73: Shows the percentage deviation of all the extended hook load measurement during 
lowering with uniform movement of the travelling equipment from the sum of the tensions in the 
supporting lines during uniform movement based on the extended Cayeux et al hook load 
prediction model for 𝒆 ≈ 𝟎. 𝟗𝟒 (𝝁𝒂 = 𝟎. 𝟏) & a = 0 m/s2 

COMMENT: During uniform movement of the travelling equipment, the 

extended industry accepted hook load prediction model tends to over predict 

the hook load value during lowering. The magnitude of the deviation is 

proportional to the coefficient of friction at the sheave axle. For example during 

uniform movement (a = 0m/s2) and for 𝜇𝑎=0.001, the deviation of the extended 

industry accepted hook load prediction model from the sum of the tension in 

the supporting lines based on the extended Cayeux et al hook load prediction 

model was 0.17% and at 𝜇𝑎=0.1, the deviation was 18% as depicted in figure 

(71) and figure (73) respectively. 

In addition, it can be observed that since the extended Luke and Juvkam hook 

load prediction models were calibrated with the output of the extended Cayeux 

et al hook load prediction model, it is not surprising that the extended Cayeux 

et al hook load values overlap with the extended Luke and Juvkam Active dead 

line sheave hook load values. 

Finally, comparing the extended Luke and Juvkam Inactive dead line sheave 

hook load values to the Active counterpart, the effect of the dead line  sheave 

efficiency perfect (𝑒𝑑𝑙 = 1) transmission of the line tension becomes evident. 
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From figure (73), the deviation of the extended Luke and Juvkam Inactive dead 

line sheave hook load values from the sum of the tension in the supporting 

lines based on the extended Cayeux et al hook load prediction model was about 

7% and the deviation for the Active counterpart was 0%. 

 

C. HOOK LOAD MEASUREMENT FOR 𝜇𝑎 = 0.3 & a = 0m/s2 
 

 
Figure 74: Shows the comparison of all the extended hook load prediction models during lowering 
with uniform movement of the traveling equipment and the sum of the tensions in the supporting 
lines  also during uniform movement based on the extended Cayeux et al hook load prediction 
model  for  𝒆 ≈ 𝟎. 𝟖𝟑  (𝝁𝒂 = 𝟎. 𝟑) & a = 0 m/s2 

 
Figure 75: Shows the percentage deviation of all the extended hook load values during lowering 
with uniform movement of the travelling equipment from the sum of the tensions in the 
supporting lines during uniform movement based on the extended Cayeux et al hook load 
prediction model  for 𝒆 ≈ 𝟎. 𝟖𝟏𝟖 (𝝁𝒂 = 𝟎.𝟑) & a = 0 m/s2 
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COMMENT: The magnitude of the over prediction of the industry accepted hook 

load value depends on the coefficient of friction at the sheave axle. 

For 𝜇𝑎=0.1, the deviation of the extended industry accepted  hook load values 

from the sum of the tension in the supporting lines based on the extended 

Cayeux et al hook load prediction model was 18% while  for 𝜇𝑎=0.3, the 

deviation was  about 60% as illustrated in figure (73) and figure (75) 

respectively. 

D. HOOK LOAD MEASUREMENT FOR  𝜇𝑎 = 0.3 & a = 1.5 m/s2 

 
Figure 76:  Shows the comparison of all the extended hook load prediction models during lowering 

with non-uniform movement of the traveling equipment and the sum of the tensions in the 
supporting also during uniform movement based on the extended Cayeux et al hook load 
prediction model for  𝒆 ≈ 𝟎. 𝟖𝟏𝟖 (𝝁𝒂 = 𝟎.𝟑) & a = 1.5 m/s2 
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Figure 77: Shows the percentage deviation of all the extended hook load value during lowering 
with non-uniform movement of the travelling equipment from the sum of the tensions in the 
supporting during uniform movement based on the extended Cayeux et al hook load prediction 

model for 𝒆 ≈ 𝟎. 𝟖𝟑 (𝝁𝒂 = 𝟎. 𝟑) & a = 1.5 m/s2 

COMMENT: The over prediction of the hook load measurement during lowering 

based on the extended industry accepted hook load prediction model is even 

worse during non-uniform movement of the travelling equipment. The higher 

the acceleration of the travelling equipment, the higher the over prediction of 

the hook load value becomes. The extended Cayeux et al hook load prediction 

model which is based on non-rotating dead line sheave assumption always 

overlaps with the extended Luke and Juvkam  Active (rotating) dead line sheave 

hook load prediction model. This is due to the fact that the output of the 

extended Cayeux et al hook load prediction model was used as input to the 

extended Luke and Juvkam Active dead line sheave hook load prediction 

model. If the above extended models are analysed with experimental data, their 

hook load values might not be identical since they are based on different 

assumptions. 

Hence, it can be inferred that although the dead line sheave does not rotate, its 

efficiency might not be perfect. (i.e. edl ≠ 1).  
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6 SUMMARY & CONCLUSION  

6.1 SUMMARY OF ALL THE EXTENDED MODEL 

Below is a brief description on how the extended models were developed during 

non-uniform movement of the travelling equipment. 

I. Newton’s second law of motion was applied on the travelling equipment 

during either hoisting or lowering with the inherent assumptions behind 

each particular model still taken into consideration during the extended 

hook load prediction model. Assumptions such a perfect line tension 

transmission (i.e. e = 1) for the case of the industry accepted hook load 

prediction model, the constant sheave efficiency (e = constant) 

assumption for the case of the Luke and Juvkam hook load prediction 

model etc. were still taken into account in their respective models.  

II. After applying Newton Second law of motion, the downward force exerted 

by the drillstring suspension point in the travelling equipment which 

literally represents the hook load (W) is made the subject of the 

equation.  

III.  This relation then becomes the extended hook load prediction model 

during non-uniform movement. 

6.2 SUMMARY OF HOW THE EXTENDED CAYEUX ET AL HOOK LOAD PREDICTION 

MODEL WAS DEVELOPED 

Cayeux et al developed a model for the tensions in the line for both the crown 

block sheaves and the travelling block sheaves during uniform movement of 

the travelling equipment.  Below is a brief description on how the extended 

Cayeux et al hook load prediction models were developed from the line tension 

relations. 

I. During hoisting the Cayeux et al line tension relation for both the crown 

block sheave and the travelling block sheaves are given by Eqn [C-1] and 

Eqn [C-3] respectively while during lowering they are respectively given 

by Eqn [C-2] and Eqn [C-4]. 
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II. During hoisting, a generalized line tension relation (Eqn [γ-5A]) was 

developed for both the crown block sheaves and the travelling block 

sheaves from Eqn [C-1] and Eqn [C-3] while a generalized line tension 

relation (Eqn [δ- 5A]) was also developed from Eqn[C-2] and     Eqn [C-4] 

for both the crown block sheaves and the travelling block sheaves to 

account for the tensions in the lines during lowering. 

III. From the relationship between the angular parameter (angular velocity 

and angular acceleration) of all the rotating sheaves relative to the 

velocity of the travelling equipment, the generalized line tension relations 

(Eqn [γ-5A] & Eqn [δ- 5A]) respectively become Eqn [γ-5C] & Eqn [δ- 5C]. 

IV. From the generalized line tension relations during either hoisting (Eqn [γ-

5C]) or lowering (Eqn [δ- 5C]), the sum of the tensions in the supporting 

lines (∑ 𝐹𝑖
𝑛
𝑖=1 ) during the non-uniform movement respectively become Eqn 

[α- 10] and Eqn [ℂ-10]. 

V. Applying Newton’s law of motion  on the travelling equipment and the 

sum of the tensions in the supporting lines during hoisting  (Eqn [α-10]), 

the extended Cayeux et al hook load (W) prediction model during hoisting 

becomes Eqn [α- 11A] or  Eqn [α-11B] as illustrated in the figure (78) 

below. 

VI. Similarly, applying the Newton’s second law of motion on the travelling 

equipment and from the sum of the tensions in the supporting lines 

during lowering (Eqn [ℂ-10]), the extended Cayeux et al hook load (W) 

prediction model during lowering also becomes Eqn [ℂ-11A] or Eqn [ℂ-

11B] as depicted in the figure (78) below. 

 

NB. Special attention is needed when summing up the tension in the 

supporting lines. Below is a brief description on how the summation was 

carried out. 

a. The tensions in the lines are due to the contribution from various terms 

such as the centrifugal force on each rotating sheave, the weight of each 
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sheave, the angular acceleration of each rotating sheave, effect of 

translational acceleration (a) on the travelling block sheaves’ reaction 

forces and effect of the dead line tension (Fdl). 

b. For simplicity, the weight of each sheave will be used as a case study. 

For example, using the dead line as the reference point, the weight of 

the dead line sheave will affect the tensions in the subsequent lines 

depending on its magnitude. Hence, each subsequent line will 

experience a “ripple effect” from the weight of the dead line sheave 

depending on its magnitude.  

c. Each of these “ripple effects” from each sheave forms a Geometric series 

with the subsequent lines.  

d. Adding all the contributions from each sheave gives the total 

contribution to the sum of the tensions in the supporting lines by the 

sheaves’ weight. 

e. This procedure will then be performed for all the remaining terms (the 

centrifugal force,  the angular acceleration of each rotating sheave etc.) 

to get their respective total contributions to the sum of the tensions in 

the supporting lines.  

f. Adding all these contributions from each term gives the sum of the 

tensions in the supporting lines during non-uniform movement. 

g. Newton’s second law of motion was then applied to the travelling 

equipment to obtain the extended Cayeux et al hook load (W) prediction 

models for either hoisting or lowering. 
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Figure 78: Schematic illustrating how the extended Cayeux et al hook load prediction model 
during non-uniform movement of the travelling block was obtained 
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6.3 CONCLUSION  
 

The second hook load (W) prediction approach during non-uniform movement 

of the travelling equipment is analogous to the effect of buoyancy factor (𝛽) on 

the weight of a body that is partially or fully immersed in a fluid as stipulated 

by Archimedes principle. The buoyed weight (Wbd) of the body in a fluid is given 

by 

𝑊𝑏𝑑 = 𝛽𝑊𝑎𝑖𝑟 = (1 −
 𝜌𝑚𝑢𝑑

𝜌𝑠
)𝑊𝑎𝑖𝑟 

In a similar vein, the second hook load prediction approach during non-

uniform movement of the travelling equipment is also given by 

𝑊 = (
1

1±
𝑎

𝑔

)∑ 𝐹𝑖
𝑛
𝑖=1 = (

𝑔

𝑔±𝑎
)∑ 𝐹𝑖

𝑛
𝑖=1   

Comparing the hook load relation during non-uniform movement of the 

travelling equipment to the buoyed weight of a body immersed in a fluid, the 

correction factor (𝛾) to compensate for the non-uniform movement of the 

travelling equipment is given by 

𝛾 = (
1

1±
𝑎

𝑔

)= Non-uniform movement of the travelling equipment correction factor 

The non-uniform movement of the travelling equipment correction factor 

depends on the ratio between the translational acceleration (a) to the 

gravitational acceleration (g).  

 

During hoisting (+), the higher the 
𝑎

𝑔
  ratio, the smaller the non-uniform 

movement correction factor (𝛾) becomes. This results in a smaller hook load 

value as compared to its uniform equivalent. The minimum expected hook load 

value during hoisting with non-uniform movement of the travelling equipment 

occurs when the translational acceleration (a) of the travelling equipment 

attains its maximum value. 
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On the other hand during lowering (-) the higher the 
𝑎

𝑔
  ratio, the higher the 

non-uniform movement of the travelling equipment correction factor ( 𝛾) 

becomes. Hence, the higher the hook load value becomes and vice-versa. The 

maximum expected hook load value during lowering with non-uniform 

movement of the travelling equipment occurs when the translational 

acceleration (a) approaches the acceleration due to free fall or acceleration due 

to gravity (g). (𝑖. 𝑒  𝑎 ≈ 𝑔) 

 

In addition, during non-uniform movement of the travelling equipment, the 

position for the placement of the load cell is very important since the sum of 

the tensions in the supporting lines is not the same as the hook load        

𝑖. 𝑒.𝑊 ≠ ∑ 𝐹𝑖
𝑛
𝑖=1  . For a smaller   

𝑎

𝑔
  ratio, the effect of the non-uniform movement 

of the travelling equipment on the hook load measurement is negligible. Hence, 

the indirect hook load measurement with the load cell positioned at the dead 

line can be used although the direct hook load measurements remains the best 

option as illustrated in figure (17). 

 

  On the other hand for a higher 
𝑎

𝑔
 ratio, the difference between the sum of the 

tensions in the supporting lines and that of the hook load increases. An 

indirect hook load measurement with the load positioned at the dead line will 

result in large discrepancy between the actual and the measured hook load. 

Hence, a direct hook load measurement with the load cell positioned just above 

the drillstring connection point is very essential for accurate hook load 

measurement as suggested by Wylie et al [11] using an Instrumented Internal 

Blow-Out Preventer (IIBOP) as illustrated in figure (17). 

 

Furthermore, during imperfect transmission of the line tension               

(𝑖. 𝑒.  𝜇𝑎 > 0 𝑜𝑟 𝑒 < 1), the hook load value during hoisting increases with 

increasing coefficient of friction (𝜇𝑎)  while  the hook load value during lowering 

decreases with increasing coefficient of friction (𝜇𝑎). Considering an inclined 
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plane analogy, the higher the coefficient of friction along the inclined plane, the 

higher the effort required to roll an object up the inclined plane and vice-versa. 

On the other hand, before an object can be rolled down an inclined plane, the 

frictional force   along the inclined plane must be exceeded by the force applied 

(weight of the object). Hence, the coefficient of friction bears some of the weight 

of the object during lowering. The higher the coefficient of friction at the sheave 

axle, the lower the hook load value during lowering becomes and vice-versa.  

Hence, the hook load value during lowering will apparently be less than during 

hoisting. 

 

Moreover, during imperfect transmission of the line tension for either uniform 

or  non-uniform movement of the travelling equipment , the extended industry 

accepted hook load prediction model tends to underestimate the hook load 

value during hoisting while it overestimate the hook load value during lowering 

due to its inherent perfect sheave efficiency (𝑒 = 1) assumption.  This problem 

becomes worse during non-uniform movement of the travelling equipment. 

With reference to both the extended Cayeux et al hook load prediction model 

and the extended Luke and Juvkam Active dead line sheave hook load 

prediction model which always overlap with each other during either hoisting 

or lowering since the output of the  former model was used as an input for the 

latter model.  The extended Luke and Juvkam Inactive dead line sheave hook 

load prediction model also tend to either slightly underestimate the hook load 

value during hoisting or slightly overestimate it during lowering when 

compared with its Active dead line sheave counterpart. This might be due to 

the intrinsic perfect dead line sheave efficiency (𝑒𝑑𝑙 = 1) assumption as 

suggested by Luke and Juvkam-Wold. 

 

Finally, although the dead line sheave is not rotating, it should be aware that 

its efficiency is not perfect(𝑒𝑑𝑙 ≠ 1). This can be further investigated with 

experimental data. 
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7 FUTURE WORK 

Experimental data can be used to confirm all the extended models. With 

respect to the extended Luke and Juvkam-Wold model, if each sheave is 

equipped with a load cell, the tensions in the supporting lines can easily be 

determined. Hence, the efficiency (e) of each sheave can also be determined to 

compare the constant sheave efficiency assumption as proposed by Luke and 

Juvkam-Wold with the extended varying sheave efficiency counterpart. 

 

With reference to the extended Cayeux et al hook load prediction model, it 

could be extended to account for the effect of the drill-line elasticity during 

non-uniform movement of the travelling equipment.  

 

In addition, both the Cayeux et al hook load prediction model and its extended 

equivalent were based on constant coefficient of friction (𝜇𝑎) at the sheave axle. 

Hence, an experimental data can be used to confirm this assumption. If the 

coefficient of friction (𝜇𝑎) at the sheave axle is not constant, experimental data 

can be used to determine possible range for the coefficient of friction (𝜇𝑎). 
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APPENDIX  

SOME IMPORTANT DEDUCTIONS FROM LUKE AND JUVKAM-WOLD 

MODEL 

The weight of each sheave and the drilling lines are negligible compared to the 

hook load (w) and the tensions in the lines and hence the derrick load (Fd) is 

given by the relation 

Derrick load (𝐹𝑑) = 𝐹𝑎𝑠𝑡𝑙𝑖𝑛𝑒 𝑡𝑒𝑛𝑠𝑖𝑜𝑛 (Ffl) + Hook load(W) + Deadline(Fdl) 

F𝑑 = F𝑓𝑙 + W + F𝑑𝑙                                                                                        [1] 

Similarly, the sum of all the tensions in the lines supporting the hook load is 

equal to the hook load (W) when the block is travelling with constant velocity 

and is given by 

i.e. 𝐻𝑜𝑜𝑘 𝑙𝑜𝑎𝑑 (𝑊) = 𝐿𝑖𝑛𝑒 𝑇𝑒𝑛𝑠𝑖𝑜𝑛  (F1) + 𝐿𝑖𝑛𝑒 𝑇𝑒𝑛𝑠𝑖𝑜𝑛  (F2) + ⋯+ 𝐿𝑖𝑛𝑒 𝑇𝑒𝑛𝑠𝑖𝑜𝑛  (F𝑛) 

𝑊 = F1 + F2 + F3 + ⋯+ F𝑛                                                                             [2] 

Maximum tension occurs at the Fast line (Ffl) during hoisting (raising of the 

block) while the dead line (F𝑑𝑙) records the least tension 𝑖𝑒  F𝑓𝑙  ≥  F𝑑𝑙   

Conversely during lowering, maximum tension occurs in the dead line (Fdl) 

since more  drilling lines are spooled out of the draw work resulting in the 

reduction of line tension from the fastline (F𝑓𝑙) towards the deadline (F𝑑𝑙).  

𝑖𝑒   F𝑓𝑙 ≤  F𝑑𝑙 

In the block and tackle pulley system all the sheave rotate with the exception of 

the dead line sheave in the crown block which may or may not rotate. 

Hence, if the dead line sheave does not rotate, it is considered as an Inactive 

dead line sheave and the number of rotating pulley (m) is the same as the 

number of lines (n) between the crown block and the travelling block.       

𝑖𝑒. 𝑚 = 𝑛 

On the other hand, if the dead line sheave in the crown block rotates, it is 

considered as an Active dead line sheave and the number of rotating pulleys 
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(m) is not equal to the number of lines (n) between the travelling block and the 

crown block but rather the n + 1 since there will be reduction in the line 

tension between the dead line and the nth (the last) due to the rotation of the 

dead line sheave.  𝑖𝑒.  𝑚 ≠ 𝑛        𝑟𝑎𝑡ℎ𝑒𝑟        𝑚 = 𝑛 + 1 

APPENDIX A 

The industry accepted hookload prediction is based the assumption that the 

efficiency of each sheave is perfect (i.e.  e = 100%) There is perfect transmission 

of tension from the fast line (F𝑓𝑙) to the dead line (F𝑑𝑙) 

F𝑓𝑙 = F1 = F2 = F3 = ⋯ = F𝑛 = F𝑑𝑙 = 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡                                                  [3] 

Substituting Eqn [3] into Eqn [2] gives 

𝑊 = 𝐹𝑑𝑙 + 𝐹𝑑𝑙 + 𝐹𝑑𝑙 + ⋯+ 𝐹𝑑𝑙   

𝑊 = 𝑛𝐹𝑑𝑙                                                                                                     [4A] 

Again, substituting Eqn [4A] into Eqn [1] gives 

F𝑑 = F𝑓𝑙 + nF𝑑𝑙 + F𝑑𝑙                                                                                                   

From Eqn [3],  𝐹𝑓𝑙 = 𝐹𝑑𝑙  . Substituting this relation into the above equation gives 

F𝑑 = 𝐹𝑑𝑙 + n𝐹𝑑𝑙 + 𝐹𝑑𝑙            

𝐹𝑑 =  𝐹𝑑𝑙(n + 2)                                                                                            [5]              

From Eqn [4A], the dead line tension is given by  

𝐹𝑑𝑙 = 
𝑤

𝑛
                                                                                                        [4B] 

Substituting Eqn [4B] into Eqn [5] gives 

𝐹𝑑 = 
𝑤

𝑛
 (n + 2)                                                                                              [6] 

 

RELATIONSHIP BETWEEN THE FAST LINE TENSION (F𝑓𝑙) AND THE DEAD 

LINE TENSION (F𝑑𝑙) WHEN RAISING THE BLOCK (HOISTING) 

This was based on an Inactive dead line sheave and hence the dead line sheave 

provides a perfect transmission of tensions .i.e. Fn = Fdl  

But the efficiency (e) is given by 

Efficiency (e) =
Actual Mechanical Advantage (with friction)

Ideal Mechanical Advantage (without friction)
=  

𝑀𝐴

𝑀𝐼
 

Mechanical Advantage (MA) is also given by 
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𝑀𝐴 = 
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
 

For ideal pulley without frictional losses, Ffl  = F1 = F2 = F3 = F4  ….=…. Fdl 

⇒ 𝑀𝐼 = 
𝐹1

𝐹𝑓𝑙
=

𝐹𝑓𝑙

𝐹𝑓𝑙
= 1 

⇒ e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
                                                                         [α] 

During hoisting, tension decrease from the fast line towards the dead line, 

𝑖𝑒. 𝐹𝑓𝑙 ≥  𝐹𝑑𝑙 

Considering the fast line sheave in the crown block, its efficiency is given by  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹1

𝐹𝑓𝑙
 

⇒ 𝐹1 = 𝑒𝐹𝑓𝑙                                                                                                [α-1] 

Similarly, the efficiency of the next sheave in the travelling block is given by 

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹2

𝐹1
 

⇒ 𝐹2 = 𝑒𝐹1 =  𝑒(𝑒𝐹𝑓𝑙) = 𝑒2𝐹𝑓𝑙                                                                       [α-2]                            

Also, considering the efficiency of the next sheave in the crown block gives  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹3

𝐹2
 

⇒ 𝐹3 = 𝑒𝐹2 =  𝑒(𝑒2𝐹2) = 𝑒3𝐹𝑓𝑙                                                                       [α-3] 

Hence, the general form of the reduction in the applied fast line tension (Ffl) is 

given by 

𝐹𝑛 = 𝑒𝑛𝐹𝑓𝑙                                                                                                  [α-4] 

But for Inactive dead line sheave, the tension in the dead line is the same as 

the tension in the nth line supporting the hook load (w) since it is does not 

rotate .i.e. Fn = Fdl  

⇒ 𝐹𝑑𝑙 = 𝐹𝑛 = 𝑒𝑛𝐹𝑓𝑙  

⇒  𝐹𝑓𝑙 =
𝐹𝑑𝑙

𝑒𝑛
                                                                                                 [7] 
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RELATIONSHIP BETWEEN THE FAST LINE TENSION (𝐹𝑓𝑙) AND THE DEAD LINE 

TENSION (𝐹𝑑𝑙) DURING LOWERING OF THE BLOCK 

During lowering of the block, maximum tension occurs in the dead line (Fdl)  

while the  fastline (Ffl) records the least tension.  𝑖𝑒   𝐹𝑓𝑙 ≤  𝐹𝑑𝑙 

Considering the dead line sheave, its efficiency is given by  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹1

𝐹𝑑𝑙
 

⇒ 𝐹1 =  𝑒𝐹𝑑𝑙 

But for inactive dead line sheave, the efficiency is 100% (e =1) 

⇒ 𝐹1 = 𝐹𝑑𝑙                                                                                                  [β-1] 

Similarly, the efficiency of the next sheave in the travelling block is also given 

by  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹2

𝐹1
 

⇒ 𝐹2 = 𝑒𝐹1  = 𝑒(𝐹𝑑𝑙) = 𝑒𝐹𝑑𝑙                                                                           [β-2] 

Also, the efficiency of the next sheave in the crown block becomes, 

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹3

𝐹2
 

⇒ 𝐹3 = 𝑒𝐹2 =  𝑒(𝑒𝐹𝑑𝑙) = 𝑒2𝐹𝑑𝑙                                                                        [β-3] 

Hence, the tension in the nth line supporting the hook load is given by 

𝐹𝑛 = 𝑒𝑛−1𝐹𝑑𝑙                                                                                                [β-4] 

During lowering of the block, the least line  tension is the fast line and hence 

the efficiency of the fast line sheave is given by  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹𝑓𝑙

𝐹𝑛
 

 𝐹𝑓𝑙 = 𝑒𝐹𝑛 = 𝑒(𝑒𝑛−1𝐹𝑑𝑙) =  𝑒𝑛−1+1𝐹𝑑𝑙  =  𝑒𝑛𝐹𝑑𝑙   

𝐹𝑓𝑙 = 𝑒𝑛𝐹𝑑𝑙                                                                                                   [8] 

APPENDIX B 

The Luke and Juvkam-Wold model also based their prediction on constant 

sheave efficiency assumption which might not necessarily be the case.  

i.e.  𝐹𝑓𝑙 ≠ 𝐹1 ≠ 𝐹2 ≠ 𝐹3 ≠ 𝐹4 ≠ 𝐹𝑑𝑙  
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Luke and Juvkam-Wold modelled  the hook load prediction for both non-

rotating (Inactive ) dead line sheave and rotating (Active ) dead line sheave.  

 

A. INACTIVE DEAD LINE SHEAVE  DERIVATIONS  

I. HOISTING 

During hoisting, maximum tension occurs in the fast line (𝐹𝑓𝑙), while the 

minimum tension occur in the dead line (𝐹𝑑𝑙).i.e. The tension decreases from 

the fast line towards the dead line, 𝑖𝑒. 𝐹𝑓𝑙 ≥  𝐹𝑑𝑙 

Considering the fast line sheave (First sheave in the crown block from the 

direction of the drum) and from Eqn (α), its efficiency is given by  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹1

𝐹𝑓𝑙
 

⇒ 𝐹1 = 𝑒𝐹𝑓𝑙                                                                                                 [δ-1] 

Similarly, the efficiency of the next sheave in the travelling block is also given 

by 

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹2

𝐹1
 

⇒ 𝐹2 = 𝑒𝐹1 = 𝑒(𝑒𝐹𝑓𝑙) = 𝑒2𝐹𝑓𝑙                                                                         [δ-2] 

Also, considering the efficiency of the next sheave in the crown block gives  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹3

𝐹2
 

⇒ 𝐹3 = 𝑒𝐹2 = 𝑒(𝑒2𝐹2) = 𝑒3𝐹𝑓𝑙                                                                        [δ-3] 

Hence, for “n” number of lines between the travelling block and the crown 

block, the relationship between the tension in each line and the applied fast 

line tension (𝐹𝑓𝑙) is given by 

𝐹𝑛 = 𝑒𝑛𝐹𝑓𝑙                                                                                                  [δ-4] 

For inactive dead line sheave since it is not rotating and hence has perfect 

transmission of tension (e =100%) 

 ⇒ 𝐹𝑛 = 𝐹𝑑𝑙 = 𝑒𝑛𝐹𝑓𝑙 

𝐹𝑓𝑙 = 
𝐹𝑑𝑙

𝑒𝑛
                                                                                                     [9] 
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From Eqn (2), the hook load is given by 

𝑊 = 𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛 

During hoisting, the relationship between the fast line (𝐹𝑓𝑙) and each of the 

lines is given by Eqn (δ-4) as 

𝐹𝑛 = 𝑒𝑛𝐹𝑓𝑙 

⇒ 𝑊 = 𝑒1𝐹𝑓𝑙 + 𝑒2𝐹𝑓𝑙 + 𝑒3𝐹𝑓𝑙 + 𝑒4𝐹𝑓𝑙 + ⋯+ 𝑒𝑛𝐹𝑓𝑙 

𝑊 = 𝐹𝑓𝑙(e + 𝑒2 + 𝑒3 + 𝑒4 + ⋯+ 𝑒𝑛) = 𝐹𝑓𝑙𝑆 

But 𝑆 = e + 𝑒2 + 𝑒3 + 𝑒4 + ⋯+ 𝑒𝑛 is the sum of a geometric series and it is given 

by the relation 

𝑆 =
a1 (1−𝑟𝑛)

(1−𝑟)
      

Where a1 = the first term of the sequence = e and r = the common ratio = 
𝑒2

𝑒
= 𝑒 

𝑆 =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 = 𝐹𝑓𝑙𝑆 =  𝐹𝑓𝑙
e (1−𝑒𝑛)

(1−𝑒)
                                                                                 [10] 

𝐹𝑓𝑙 =  𝑊
(1−𝑒)

e (1−𝑒𝑛)
                                                                                           [11] 

Substituting Eqn (9) into Eqn (10) gives 

𝑊 =
𝐹𝑑𝑙

𝑒𝑛

e (1 − 𝑒𝑛)

(1 − 𝑒)
= 𝐹𝑑𝑙

e (
1
𝑒𝑛 − 1)

(1 − 𝑒)
= 𝐹𝑑𝑙

e (
1
𝑒𝑛 − 1)

(1 − 𝑒)
 
−1

−1
   

𝑊 = 𝐹𝑑𝑙

e (1− 
1

𝑒𝑛)

(𝑒−1)
                                                                                            [12] 

From Eqn (1), the derrick load is given by  

F𝑑 = F𝑓𝑙 + n𝐹𝑑𝑙 + 𝐹𝑑𝑙 

Substituting Eqn [9] and Eqn [12] into Eqn [1] gives 

𝐹𝑑 = 
𝐹𝑑𝑙

𝑒𝑛 + 𝐹𝑑𝑙

e (1− 
1

𝑒𝑛)

(𝑒−1)
+ Fdl =  𝐹𝑑𝑙 (

1

𝑒𝑛 +
e (1− 

1

𝑒𝑛)

(𝑒−1)
+ 1)   

𝐹𝑑 = 𝐹𝑑𝑙 ( 
1

𝑒𝑛
  +

 𝑒 (1 −  
1
𝑒𝑛 )

(𝑒 − 1)
+ 1) ×

𝑒𝑛(𝑒 − 1)

𝑒𝑛(𝑒 − 1)
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𝐹𝑑 =
𝐹𝑑𝑙

(𝑒 − 1)
( 

(𝑒 − 1)

𝑒𝑛
+

 𝑒𝑛 × 𝑒 (1 −  
1
𝑒𝑛 )

𝑒𝑛
+ 

𝑒𝑛(𝑒 − 1)

𝑒𝑛
)  

𝐹𝑑 =
𝐹𝑑𝑙

(𝑒 − 1)
( 

 2𝑒𝑛+1 − 𝑒𝑛 − 1

𝑒𝑛
 ) =

𝐹𝑑𝑙

(𝑒 − 1)
( 2𝑒 −  1 −

1

𝑒𝑛
) ×

−1

−1
 

𝐹𝑑 =
𝐹𝑑𝑙

(1−𝑒)
(1 + (

1

𝑒𝑛
) −  2𝑒 )                                                                          [13] 

 

II) LOWERING 

During lowering, maximum tension occurs in the dead line (𝐹𝑑𝑙) while the fast 

line (𝐹𝑓𝑙) records the least tension .i.e. The tension decreases from the dead line 

towards the fast line, 𝑖𝑒. 𝐹𝑓𝑙 ≤  𝐹𝑑𝑙 

Considering the dead line sheave (First sheave in the crown block from the 

direction of the dead line anchor), Eqn (α) becomes 

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹1

𝐹𝑑𝑙
 

⇒ 𝐹1 = 𝑒𝐹𝑑𝑙                                                                                                              

For non-rotating dead line sheave, it is assumed that there is no work done 

against friction and hence the efficiency of the dead line sheave is assumed to 

be 100%           (e = 100% = 1) 

⇒ 𝐹1 = 𝐹𝑑𝑙                                                                                                [Ƙ-1] 

Similarly, the efficiency of the next sheave in the travelling block is given by,  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
= 

𝐹2

𝐹1
                 

⇒ 𝐹2 = 𝑒𝐹1 = 𝑒 (𝐹𝑑𝑙) = 𝑒 𝐹𝑑𝑙                                                                        [Ƙ-2] 

Also, considering the efficiency of the next sheave in the crown block gives,  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹3

𝐹2
 

⇒ 𝐹3 = 𝑒𝐹2 = 𝑒 (𝑒𝐹𝑑𝑙) = 𝑒2𝐹𝑑𝑙                                                                      [Ƙ-3] 

Hence, for n number of lines between the travelling blocks and the crown 

block, the general line tension reduction from the dead line towards the fast 

line is given by the relation 

𝐹𝑛 = 𝑒𝑛𝐹𝑑𝑙                                                                                                 [Ƙ-4] 
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For inactive dead line sheave, during lowering the fast line is the nth (last) line 

and hence the relationship between the dead line and the fast line is given by  

 ⇒ 𝐹𝑛 = 𝐹𝑓𝑙 = 𝑒𝑛𝐹𝑑𝑙 

𝐹𝑓𝑙 = 𝑒𝑛𝐹𝑑𝑙                                                                                                 [14A] 

From Eqn [2], the hook load (W) is given by 

𝑊 = 𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛  

But during lowering, the relationship between the dead line (𝐹𝑑𝑙) and each of 

the lines is given by Eqn [Ƙ-4] as 

𝐹𝑛 = 𝑒𝑛𝐹𝑑𝑙  

For inactive dead line sheave 𝐹1 = 𝐹𝑑𝑙 since it is not rotating and hence perfect 

transmision of tension and hence the hook load (W) becomes, 

𝑊 = 𝐹𝑑𝑙 + 𝑒𝐹𝑑𝑙 + 𝑒2𝐹𝑑𝑙 + 𝑒3𝐹𝑑𝑙 + 𝑒4𝐹𝑑𝑙 + ⋯+ 𝑒𝑛𝐹𝑑𝑙 = 𝐹𝑑𝑙  (1 +  𝑒 + 𝑒2 + 𝑒3 + 𝑒4+. . +𝑒𝑛) 

But 𝑆 = 1 +  𝑒 + 𝑒2 + 𝑒3 + 𝑒4+. . +𝑒𝑛 is the sum of a geometric series and it is 

given by 

𝑆 =
a1 (1−𝑟𝑛)

(1−𝑟)
      

Where a1 = the first term of the sequence = 1 and r = the common ratio = 
𝑒

1
= 𝑒 

𝑆 =
1 (1 − 𝑒𝑛)

(1 − 𝑒)
=

 (1 − 𝑒𝑛)

(1 − 𝑒)
 

⇒ 𝑊 = 𝐹𝑑𝑙𝑆 =  𝐹𝑑𝑙

 (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 = 𝐹𝑑𝑙
 (1−𝑒𝑛)

(1−𝑒)
                                                                                             [15] 

From Eqn [14A], the relationship between the the fast line and the dead line 

tension can also be written as  

𝐹𝑑𝑙 = 
𝐹𝑓𝑙

𝑒𝑛                                                                                                     [14B] 

Substituting Eqn [14B] into Eqn [15] gives 

𝑊 =
𝐹𝑓𝑙

𝑒𝑛

 (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝐹𝑓𝑙 = 𝑊
𝑒𝑛(1−𝑒) 

(1−𝑒𝑛)
                                                                                             [16] 

From Eqn (1), the derrick load is given by  
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𝐹𝑑 = 𝐹𝑓𝑙 + W + 𝐹𝑑𝑙 

Substituting Eqn (15) and Eqn (16) into Eqn (1) gives 

𝐹𝑑 = 𝑒𝑛𝐹𝑑𝑙 + 𝐹𝑑𝑙
 (1−𝑒𝑛)

(1−𝑒)
+ 𝐹𝑑𝑙 = 𝐹𝑑𝑙  ( 𝑒

𝑛 +
 (1−𝑒𝑛)

(1−𝑒)
+ 1) = 𝐹𝑑𝑙 (𝑒

𝑛 +
 (1−𝑒𝑛)

(1−𝑒)
+ 1) × 

(1−𝑒)

(1−𝑒)
   

𝐹𝑑 = 𝐹𝑑𝑙 (
𝑒𝑛(1 − 𝑒)  + (1 − 𝑒𝑛)  +  (1 − 𝑒)

(1 − 𝑒)
) =

𝐹𝑑𝑙

(1 − 𝑒)
(𝑒𝑛 − 𝑒𝑛+1 + 1 − 𝑒𝑛 + 1 − 𝑒)  

𝐹𝑑 =
𝐹𝑑𝑙

(1−𝑒)
(2 − 𝑒 − 𝑒𝑛+1)                                                                                [17] 

 

B. ACTIVE DEAD LINE SHEAVE  DERIVATIONS  

I. DURING HOISTING 

During hoisting, maximum tension occurs in the fast line (𝐹𝑓𝑙), while the 

minimum tension occurs in the dead line (𝐹𝑑𝑙).i.e. The tension decreases from 

the fast line towards the dead line, 𝑖𝑒. 𝐹𝑓𝑙 ≥  𝐹𝑑𝑙 

Considering the fast line sheave (First sheave in the crown block from the 

direction of the drum) and from Eqn (α), its efficiency is given by  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹1

𝐹𝑓𝑙
 

⇒ 𝐹1 = 𝑒𝐹𝑓𝑙                                                                                                  [ς-1] 

Similarly, the efficiency of the next sheave in the travelling block is also given 

by 

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹2

𝐹1
 

⇒ 𝐹2 = 𝑒𝐹1 = 𝑒(𝑒𝐹𝑓𝑙) = 𝑒2𝐹𝑓𝑙                                                                           [ς-2] 

Also, considering the efficiency of the next sheave in the crown block gives  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹3

𝐹2
 

⇒ 𝐹3 = 𝑒𝐹2 = 𝑒(𝑒2𝐹2) = 𝑒3𝐹𝑓𝑙                                                                          [ς-3] 

Hence, for “n” number of lines between the travelling block and the crown 

block, the tension in the nth line (the last line to the dead line) its tension is 

given by 

𝐹𝑛 = 𝑒𝑛𝐹𝑓𝑙                                                                                                     [ς-4] 
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But for inactive dead line sheave due to rotation, there is no perfect 

transmission of tension  

 (𝑖𝑒 𝑒 ≠ 100% ≠ 1)                   ⇒ 𝐹𝑑𝑙 ≠ 𝐹4 

 

Finally, considering the efficiency of the deadline sheave in the crown block 

gives  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹𝑑𝑙

𝐹𝑛
 

⇒ 𝐹𝑑𝑙 = 𝑒𝐹𝑛 = 𝑒(𝑒𝑛𝐹𝑓𝑙) = 𝑒𝑛+1𝐹𝑓𝑙                                                                    [ς-5] 

𝐹𝑓𝑙 =
𝐹𝑑𝑙

𝑒𝑛+1
                                                                                                     [18] 

From Eqn [2], the hook load is given by 

𝑊 = 𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛 

During hoisting, the relationship between the fast line (Ffl) and each of the lines 

is given by Eqn (δ-4) as 

𝐹𝑛 = 𝑒𝑛𝐹𝑓𝑙 

⇒ 𝑊 =  𝑒𝐹𝑓𝑙 + 𝑒2𝐹𝑓𝑙 + 𝑒3𝐹𝑓𝑙 + 𝑒4𝐹𝑓𝑙 + ⋯+ 𝑒𝑛+1𝐹𝑓𝑙 = 𝐹𝑓𝑙  (𝑒 + 𝑒2 + 𝑒3 + 𝑒4 + ⋯+ 𝑒𝑛+1) 

But 𝑆 = 𝑒 + 𝑒2 + 𝑒3 + 𝑒4 + ⋯+ 𝑒𝑛+1 is the sum of a geometric series and it is 

given by the relation 

𝑆 =
a1 (1−𝑟𝑛)

(1−𝑟)
      

Where a1 = the first term of the sequence = e and r = the common ratio = 
𝑒2

𝑒
= 𝑒 

𝑆 =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

𝑊 = 𝐹𝑓𝑙𝑆 =  𝐹𝑓𝑙

 e(1 − 𝑒𝑛)

(1 − 𝑒)
 

𝐹𝑓𝑙 = 𝑊
(1−𝑒)

𝑒 (1−𝑒𝑛)
                                                                                              [19] 

Substituting Eqn [18] into Eqn [19] gives  

𝐹𝑑𝑙

𝑒𝑛+1
= 𝑊

(1 − 𝑒)

𝑒 (1 − 𝑒𝑛)
 

𝑊 =
𝐹𝑑𝑙

𝑒𝑛+1

𝑒 (1 − 𝑒𝑛)

(1 − 𝑒)
=

𝐹𝑑𝑙

𝑒𝑛

 (1 − 𝑒𝑛)

(1 − 𝑒)
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𝑊 =
𝐹𝑑𝑙

𝑒𝑛

 (1−𝑒𝑛)

(1−𝑒)
                                                                                             [20] 

From Eqn (1), the derrick load is given by  

𝐹𝑑 = 𝐹𝑓𝑙 + W + 𝐹𝑑𝑙 

Substituting Eqn (20) and Eqn (18) into Eqn (1) gives 

𝐹𝑑 =
𝐹𝑑𝑙

𝑒𝑛+1 +
𝐹𝑑𝑙

𝑒𝑛

 (1−𝑒𝑛)

(1−𝑒)
+ 𝐹𝑑𝑙 = 𝐹𝑑𝑙  ( 

1

𝑒𝑛+1 +
1

𝑒𝑛

 (1−𝑒𝑛)

(1−𝑒)
+ 1)

𝑒𝑛+1(1−𝑒)

𝑒𝑛+1(1−𝑒)
  

𝐹𝑑 = 
𝐹𝑑𝑙

(𝑒 − 1)
 ( 

(1 − 𝑒)

𝑒𝑛+1
+

𝑒 (1 − 𝑒𝑛)

𝑒𝑛+1
+

𝑒𝑛+1(1 − 𝑒)

𝑒𝑛+1
) 

𝐹𝑑 = 
𝐹𝑑𝑙

(1−𝑒)
 ( 

1−𝑒+𝑒−𝑒𝑛+1+ 𝑒𝑛+1−𝑒𝑛+2

𝑒𝑛+1 ) =  
𝐹𝑑𝑙

(1−𝑒)
 (

1−𝑒𝑛+2

𝑒𝑛+1  )  

𝐹𝑑 =
𝐹𝑑𝑙

(1−𝑒)
 (

1−𝑒𝑛+2

𝑒𝑛+1  )                                                                                       [21] 

 

II) DURING LOWERING 

During lowering, maximum tension occurs in the dead line (Fdl) while the fast 

line (Ffl) records the least tension .i.e. The tension decreases from the dead line 

towards the fast line, 𝑖𝑒. 𝐹𝑓𝑙 ≤  𝐹𝑑𝑙 

Considering the dead line sheave (First sheave in the crown block from the 

direction of the dead line anchor), Eqn (α) becomes 

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹1

𝐹𝑑𝑙
 

⇒ 𝐹1 = 𝑒𝐹𝑑𝑙                                                                                                 [Υ-1] 

For rotating dead line sheave, due to its rotation its efficiency less than 100%  

(e ≠ 100%) 

⇒ 𝐹1 ≠ 𝐹𝑑𝑙                                                                                                              

Similarly, the efficiency of the next sheave in the travelling block is given by,  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
= 

𝐹2

𝐹1
                 

⇒ 𝐹2 = 𝑒𝐹1 = 𝑒 (𝑒𝐹𝑑𝑙) = 𝑒2𝐹𝑑𝑙                                                                       [Υ– 2] 

Also, considering the efficiency of the next sheave in the crown block gives,  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹3

𝐹2
 

⇒ 𝐹3 = 𝑒𝐹2 = 𝑒 (𝑒2𝐹𝑑𝑙) = 𝑒3𝐹𝑑𝑙                                                                      [Υ -3] 
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Hence, for “n” number of lines between the travelling block and the crown 

block, the tension in the nth line (the last line to the fast line) its tension is 

given by 

𝐹𝑛 = 𝑒𝑛𝐹𝑑𝑙                                                                                                 [Υ – 4] 

Finally, considering the efficiency of the fast line sheave in the crown block is 

given by,  

e =  𝑀𝐴  =  
𝑂𝑢𝑡𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝑂)

𝐼𝑛𝑝𝑢𝑡 𝑓𝑜𝑟𝑐𝑒 (𝐹𝐼)
=  

𝐹𝑓𝑙

𝐹𝑛
 

⇒ 𝐹𝑓𝑙 = 𝑒𝐹𝑛 
= 𝑒 (𝑒𝑛𝐹𝑑𝑙) = 𝑒𝑛+1𝐹𝑑𝑙  

𝐹𝑓𝑙 = 𝑒𝑛+1𝐹𝑑𝑙                                                                                                [22] 

From Eqn [2], the hook load (W) is given by 

𝑊 = 𝐹1 + 𝐹2 + 𝐹3 + ⋯+ 𝐹𝑛  

But during lowering, the relationship between the dead line (𝐹𝑑𝑙) and each of 

the lines is given by Eqn [Υ – 4] as 

𝐹𝑛 = 𝑒𝑛𝐹𝑑𝑙  

For active dead line sheave 𝐹1 ≠ 𝐹𝑑𝑙 since it is rotating resulting in imperfect 

transmision of tension and hence the hook load (W) becomes, 

𝑊 = 𝑒𝐹𝑑𝑙 + 𝑒2𝐹𝑑𝑙 + 𝑒3𝐹𝑑𝑙 + 𝑒4𝐹𝑑𝑙 + ⋯+ 𝑒𝑛𝐹𝑑𝑙 = 𝐹𝑑𝑙  ( 𝑒 + 𝑒2 + 𝑒3 + 𝑒4+. . 𝑒𝑛 + 𝑒𝑛+1) 

But 𝑆 =  𝑒 + 𝑒2 + 𝑒3 + 𝑒4+. . +𝑒𝑛 + 𝑒𝑛+1 is the sum of a geometric series and it is 

given by 

𝑆 =
a1 (1−𝑟𝑛)

(1−𝑟)
      

Where a1 = the first term of the sequence = e and r = the common ratio =  
𝑒2

𝑒
= 𝑒 

𝑆 =
e (1 − 𝑒𝑛)

(1 − 𝑒)
 

⇒ 𝑊 = 𝐹𝑑𝑙𝑆 =  𝐹𝑑𝑙

 e(1 − 𝑒𝑛)

(1 −  𝑒)
 

𝑊 = 𝐹𝑑𝑙
 e(1−𝑒𝑛)

(1− 𝑒)
                                                                                              [23] 

From Eqn [22], the relationship between the the fast line and the dead line 

tension can be re- written as  
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𝐹𝑑𝑙 = 
𝐹𝑓𝑙

𝑒𝑛+1                                                                                              [22B] 

Substituting Eqn [22B] into Eqn [23] gives 

𝑊 = 
𝐹𝑓𝑙

𝑒𝑛+1

 e(1 − 𝑒𝑛)

(1 −  𝑒)
 

𝐹𝑓𝑙 =  𝑊
 𝑒𝑛+1 (1 −  𝑒)

e(1 − 𝑒𝑛)
 =  𝑊

 𝑒𝑛 (1 −  𝑒)

(1 − 𝑒𝑛)
 

𝐹𝑓𝑙 =  𝑊
 𝑒𝑛 (1− 𝑒)

(1−𝑒𝑛)
                                                                                       [24] 

From Eqn [1], the derrick load is given by  

𝐹𝑑 = 𝐹𝑓𝑙 + W + 𝐹𝑑𝑙 

Substituting Eqn [23] and Eqn [22] into Eqn [1] gives 

𝐹𝑑 = 𝑒𝑛+1𝐹𝑑𝑙 + 𝐹𝑑𝑙

 e(1 − 𝑒𝑛)

(1 −  𝑒)
+ 𝐹𝑑𝑙 = 𝐹𝑑𝑙  (𝑒𝑛+1 +

 e(1 − 𝑒𝑛)

(1 −  𝑒)
+ 1)

(1 −  𝑒)

(1 −  𝑒)
 

𝐹𝑑 =
𝐹𝑑𝑙

(1 − 𝑒)
(𝑒𝑛+1 (1 −  𝑒) + e(1 − 𝑒𝑛) + (1 −  𝑒)) 

𝐹𝑑 =
𝐹𝑑𝑙

(1 − 𝑒)
 (𝑒𝑛+1 − 𝑒𝑛+2 + 𝑒 − 𝑒𝑛+1 + 1 − 𝑒 ) =

𝐹𝑑𝑙

(1 − 𝑒)
(1 − 𝑒𝑛+2 )   

𝐹𝑑 = 𝐹𝑑𝑙
(1−𝑒𝑛+2 )

(1−𝑒)
                                                                                        [25] 

 
 
 
 
 

APPENDIX C 

I. HOISTING 
From figure (27), the net torque on the dead line sheave (sheave A) in the crown 

block is given by Eqn [H-3B1] as 

𝐹𝑜𝑟 𝐹1 > 𝐹𝑑𝑙 

𝑟𝑏 (𝐹1 − 𝐹𝑑𝑙) − 𝜇𝑎𝑟𝑎(𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2  �̇�2

𝑐𝑏1 + 𝐹1 + 𝐹𝑑𝑙) = + 𝐼𝛼𝑐𝑏1 

𝑟𝑏 𝐹1 − 𝑟𝑏 𝐹𝑑𝑙 − 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏1 − 𝜇𝑎𝑟𝑎𝐹1 − 𝜇𝑎𝑟𝑎𝐹𝑑𝑙 =  𝐼𝛼𝑐𝑏1 

𝑟𝑏 𝐹1 − 𝜇𝑎𝑟𝑎𝐹1 − 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏1 − 𝜇𝑎𝑟𝑎𝐹𝑑𝑙 − 𝑟𝑏 𝐹𝑑𝑙 =  𝐼𝛼𝑐𝑏1 

𝐹1(𝑟𝑏 − 𝜇𝑎𝑟𝑎) − 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏1 − 𝐹𝑑𝑙(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) =  𝐼𝛼𝑐𝑏1 



MSc. Well Engineering Thesis, UiS (15th June, 2015)  Page 160 
 

𝐹1 =
1

(𝑟𝑏 − 𝜇𝑎𝑟𝑎)

−1

−1
( 𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) −  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎) 

𝐹1 =
−1

(𝜇𝑎𝑟𝑎−𝑟𝑏 )
( 𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) −  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)             [γ-1A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

Substituting the x and y into the Eqn [γ-1A] gives 

𝐹1 =
−1

𝑥
( 𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙𝑦 −  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                                   [γ-1B] 

Similarly considering the net torque in the next sheave (sheave B) in the 

travelling block, Eqn [H-4B] becomes 

𝐹𝑜𝑟 𝐹2 > 𝐹1 

𝑟𝑏 (𝐹2 − 𝐹1) − 𝜇𝑎𝑟𝑎(𝑚𝑝𝑎−𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑡𝑏1 + 𝐹2 + 𝐹1) = − 𝐼𝛼𝑡𝑏1 

𝑟𝑏 𝐹2 − 𝑟𝑏 𝐹1 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏1 − 𝜇𝑎𝑟𝑎𝐹2 − 𝜇𝑎𝑟𝑎𝐹1 = −𝐼𝛼𝑡𝑏1 

𝑟𝑏 𝐹2 − 𝜇𝑎𝑟𝑎𝐹2 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏1 − 𝜇𝑎𝑟𝑎𝐹1 − 𝑟𝑏 𝐹1 = −𝐼𝛼𝑡𝑏1 

𝐹2 =
1

(𝑟𝑏 − 𝜇𝑎𝑟𝑎)

−1

−1
(−𝐼𝛼𝑡𝑏1 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏1 + 𝐹1(𝜇𝑎𝑟𝑎 + 𝑟𝑏 )) 

𝐹2 =
1

(𝜇𝑎𝑟𝑎−𝑟𝑏 )
(𝐼𝛼𝑡𝑏1 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹1(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎) [γ-2A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  and substituting them into the 

above equation gives 

𝐹2 =
1

𝑥
(𝐼𝛼𝑡𝑏1 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹1𝑦 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                         [γ-2B] 

Substitute Eqn [γ-1B] into Eqn [γ-2B] gives  

𝐹2 =
1

𝑥
(𝐼𝛼𝑡𝑏1 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + {

𝑦

𝑥
( 𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙𝑦 −  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)} +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)  

Multiply through the equation by  
𝑥

𝑥
 gives 

𝐹2 =
1

𝑥2
(𝐼𝛼𝑡𝑏1𝑥 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥 + 𝑦( 𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙𝑦 −  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎) +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏1𝑥 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑥)  

𝐹2 =
1

𝑥2
(𝐼𝛼𝑡𝑏1𝑥 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥 +  𝐼𝛼𝑐𝑏1𝑦 + 𝐹𝑑𝑙𝑦

2 −  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏1𝑦 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑦 +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏1𝑥 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑥)  
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𝐹2 =
1

𝑥2 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥 +  𝐼(𝛼𝑐𝑏1𝑦 + 𝛼𝑡𝑏1𝑥) + 𝐹𝑑𝑙𝑦
2 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑦 + �̇�2

𝑡𝑏1𝑥) +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦 + 𝑥))                                                                                       [γ-2C] 

Considering the net torque in the next sheave (sheave C) in the crown block, 

Eqn [H-3B1] becomes  

𝐹3 > 𝐹2 

𝑟𝑏 (𝐹3 − 𝐹2) − 𝜇𝑎𝑟𝑎(𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2  �̇�2

𝑐𝑏2 + 𝐹3 + 𝐹2) = + 𝐼𝛼𝑐𝑏2 

𝑟𝑏 𝐹3 − 𝑟𝑏  𝐹2−𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎  �̇�

2
𝑐𝑏2 − 𝜇𝑎𝑟𝑎𝐹3 − 𝜇𝑎𝑟𝑎𝐹2 =  𝐼𝛼𝑐𝑏2 

𝑟𝑏 𝐹3 − 𝜇𝑎𝑟𝑎𝐹3−𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎  �̇�

2
𝑐𝑏2 − 𝜇𝑎𝑟𝑎𝐹2 − 𝑟𝑏  𝐹2 =  𝐼𝛼𝑐𝑏2 

𝐹3 =
1

(𝑟𝑏 − 𝜇𝑎𝑟𝑎)

−1

−1
( 𝐼𝛼𝑐𝑏2 + 𝐹2(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎) 

𝐹3 =
−1

(𝜇𝑎𝑟𝑎−𝑟𝑏 )
( 𝐼𝛼𝑐𝑏2 + 𝐹2(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)               [γ-3A] 

For simplicity, substituting  𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏   𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  into Eqn [γ-3A] gives  

𝐹3 =
−1

𝑥
( 𝐼𝛼𝑐𝑏2 + 𝐹2𝑦 − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                                     [γ-3B] 

Substitute Eqn [γ-2C] into Eqn [γ-3B] gives 

𝐹3 =
−1

𝑥
( 𝐼𝛼𝑐𝑏2 + {

𝑦

𝑥2 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥 +  𝐼(𝛼𝑐𝑏1𝑦 + 𝛼𝑡𝑏1𝑥) + 𝐹𝑑𝑙𝑦
2 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑦 +

�̇�2
𝑡𝑏1𝑥) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦 + 𝑥))} − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)  

Multiply through the above equation by 
𝑥2

𝑥2 gives 

𝐹3 =
−1

𝑥3 ( 𝐼𝛼𝑐𝑏2𝑥
2 + 𝑦(−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥 +  𝐼(𝛼𝑐𝑏1𝑦 + 𝛼𝑡𝑏1𝑥) + 𝐹𝑑𝑙𝑦

2 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 (−�̇�2

𝑐𝑏1𝑦 +

�̇�2
𝑡𝑏1𝑥) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦 + 𝑥))  − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑐𝑏2𝑥

2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑥
2)  

𝐹3 =
−1

𝑥3 ( 𝐼𝛼𝑐𝑏2𝑥
2 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥𝑦 +  𝐼(𝛼𝑐𝑏1𝑦

2 + 𝛼𝑡𝑏1𝑥𝑦) + 𝐹𝑑𝑙𝑦
3 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑦

2 +

�̇�2
𝑡𝑏1𝑥𝑦) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦

2  + 𝑥𝑦)  − 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎  �̇�

2
𝑐𝑏2𝑥

2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑥
2)  

𝐹3 =

−1

𝑥3 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥𝑦 +  𝐼(𝛼𝑐𝑏1𝑦
2 + 𝛼𝑡𝑏1𝑥𝑦 + 𝛼𝑐𝑏2𝑥

2) + 𝐹𝑑𝑙𝑦
3 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑦

2 +

�̇�2
𝑡𝑏1𝑥𝑦 − �̇�2

𝑐𝑏2𝑥
2) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦

2  + 𝑥𝑦 + 𝑥2))                                             [γ- 3C]                                            

Similarly considering the net torque in the next sheave (sheave D) in the 

travelling block, Eqn [H-4B] becomes 
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𝐹𝑜𝑟 𝐹4 > 𝐹3 

𝑟𝑏 (𝐹4 − 𝐹3) − 𝜇𝑎𝑟𝑎(𝑚𝑝𝑎−𝑚𝑝𝑔 −  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑡𝑏2 + 𝐹4 + 𝐹3) = − 𝐼𝛼𝑡𝑏2 

𝑟𝑏 𝐹4 − 𝑟𝑏 𝐹3 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎  �̇�

2
𝑡𝑏2 − 𝜇𝑎𝑟𝑎𝐹4 − 𝜇𝑎𝑟𝑎𝐹3 = − 𝐼𝛼𝑡𝑏2 

𝐹4(𝑟𝑏 − 𝜇𝑎𝑟𝑎) − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎  �̇�

2
𝑡𝑏2 − 𝐹3(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) = − 𝐼𝛼𝑡𝑏2 

𝐹4 =
1

(𝑟𝑏 − 𝜇𝑎𝑟𝑎)

−1

−1
(−𝐼𝛼𝑡𝑏2 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝐹3(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑡𝑏2 − 𝑚𝑝𝑔𝜇𝑎𝑟𝑎) 

𝐹4 =
1

(𝜇𝑎𝑟𝑎−𝑟𝑏 )
(𝐼𝛼𝑡𝑏2 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹3(𝜇𝑎𝑟𝑎 + 𝑟𝑏 ) + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑡𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)        

[γ- 4A] 

For simplicity, substituting  𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏   𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  into Eqn [γ-4A] gives  

𝐹4 =
1

𝑥
(𝐼𝛼𝑡𝑏2 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹3𝑦 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎  �̇�
2
𝑡𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                          [γ-4B] 

Substitute Eqn [γ-3C] into Eqn [γ-4B] gives 

𝐹4 =
1

𝑥
(𝐼𝛼𝑡𝑏2 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + {

𝑦

𝑥3 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥𝑦 +  𝐼(𝛼𝑐𝑏1𝑦
2 + 𝛼𝑡𝑏1𝑥𝑦 + 𝛼𝑐𝑏2𝑥

2) + 𝐹𝑑𝑙𝑦
3 +

 2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 (−�̇�2

𝑐𝑏1𝑦
2 + �̇�2

𝑡𝑏1𝑥𝑦 − �̇�2
𝑐𝑏2𝑥

2) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦
2  + 𝑥𝑦 + 𝑥2))} +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎  �̇�

2
𝑡𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)   

Multiply through the above equation by 
𝑥3

𝑥3 gives 

𝐹4 =
1

𝑥4 (𝐼𝛼𝑡𝑏2𝑥
3 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥

3 + {𝑦(−𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑥𝑦 +  𝐼(𝛼𝑐𝑏1𝑦
2 + 𝛼𝑡𝑏1𝑥𝑦 + 𝛼𝑐𝑏2𝑥

2) +

𝐹𝑑𝑙𝑦
3 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑦

2 + �̇�2
𝑡𝑏1𝑥𝑦 − �̇�2

𝑐𝑏2𝑥
2) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦

2  + 𝑥𝑦 + 𝑥2))} +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎  �̇�

2
𝑡𝑏2𝑥

3 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑥
3)  

𝐹4 =
1

𝑥4 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎(𝑥𝑦2 + 𝑥3) +  𝐼(𝛼𝑐𝑏1𝑦
3 + 𝛼𝑡𝑏1𝑥𝑦2 + 𝛼𝑐𝑏2𝑥

2𝑦 + 𝛼𝑡𝑏2𝑥
3) + 𝐹𝑑𝑙𝑦

4 +

 2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎 (−�̇�2

𝑐𝑏1𝑦
3 + �̇�2

𝑡𝑏1𝑥𝑦
2 − �̇�2

𝑐𝑏2𝑥
2𝑦 + �̇�2

𝑡𝑏2𝑥
3) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑦

3  + 𝑥𝑦2 +

𝑥2𝑦 + 𝑥3))                                                                                                 [γ-4C] 

Hence for “n” number of lines between the crown block and the travelling 

block, the general relation for the increase in the line tension from the dead 

line (𝐹𝑑𝑙) towards the fast line (𝐹𝑓𝑙) during hoisting is given by 

𝐹𝑛 = (
−1

𝑥
)
𝑛

 (−𝑚𝑝𝑎𝜇𝑎𝑟𝑎(∑ 𝑥2𝑘−1𝑟
𝑘=1 𝑦𝑛−2𝑘) + 𝐼(∑ 𝛼1+𝑘𝑦

𝑞−𝑘𝑥𝑘𝑞=𝑛−1
𝑘=0 ) + 𝐹𝑑𝑙𝑦

𝑛 +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑦𝑞−𝑘𝑥𝑘𝑞=𝑛−1
𝑘=0 ) +  2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎{∑ (−1)𝑘+1�̇�2
(𝑘+1)𝑦

𝑞−𝑘𝑥𝑘𝑞=𝑛−1
𝑘=0 })              [γ-5A] 
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where  

q = n-1 (i.e. the number of supporting lines minus 1) 

r = the number of travelling block sheave between the dead line and the line of 

interest. 

�̇�(𝑘+1) 𝑎𝑛𝑑 𝛼(1+𝑘) are the numbering of the angular velocity and the angular 

acceleration of each sheave from the dead line sheave in the crown block 

through the travelling block sheave as illustrated in figure (27) 

 
  

LOWERING 

During lowering, the line tension decreases from the dead line towards the fast 

line.  

Considering the dead line sheave (sheave A) in the crown block, the net the 

torque is given by Eqn [H-3C1] as 

𝐹𝑜𝑟  𝐹𝑑𝑙 > 𝐹1 

𝑟𝑏 (𝐹𝑑𝑙 − 𝐹1 ) + 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑐𝑏1 − 𝐹𝑑𝑙 − 𝐹1) =  −𝐼𝛼𝑐𝑏1 

𝑟𝑏 𝐹𝑑𝑙 − 𝑟𝑏 𝐹1−𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏1 − 𝐹𝑑𝑙𝜇𝑎𝑟𝑎 − 𝐹1𝜇𝑎𝑟𝑎 = −𝐼𝛼𝑐𝑏1 

−𝐹1(𝜇𝑎𝑟𝑎 + 𝑟𝑏 )−𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏1 − 𝐹𝑑𝑙(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) =  −𝐼𝛼𝑐𝑏1 

𝐹1 =
−1

(𝜇𝑎𝑟𝑎+𝑟𝑏 )
(−𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)             [δ-1A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

𝐹1 =
−1

𝑦
(−𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙𝑥 − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                   [δ-1B] 

Similarly considering the net torque in the next sheave (sheave B) in the 

travelling block is given by Eqn [H-4C] as 

𝐹𝑜𝑟  𝐹1 > 𝐹2 

𝑟𝑏 (𝐹1 − 𝐹2) − 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑎 − (𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑡𝑏1 − 𝐹1 − 𝐹2)) = + 𝐼𝛼𝑡𝑏1 

𝑟𝑏 𝐹1 − 𝑟𝑏𝐹2 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎�̇�

2
𝑡𝑏1 − 𝐹1𝜇𝑎𝑟𝑎 − 𝐹2𝜇𝑎𝑟𝑎 =  𝐼𝛼𝑡𝑏1 

−𝐹2𝜇𝑎𝑟𝑎 − 𝑟𝑏𝐹2 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎�̇�

2
𝑡𝑏1 + 𝑟𝑏 𝐹1 − 𝐹1𝜇𝑎𝑟𝑎 =  𝐼𝛼𝑡𝑏1 

−𝐹2(𝜇𝑎𝑟𝑎 + 𝑟𝑏) =  𝐼𝛼𝑡𝑏1 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝐹1(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) − 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 −  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎�̇�

2
𝑡𝑏1 

𝐹2 =
−1

(𝜇𝑎𝑟𝑎+ 𝑟𝑏)
(𝐼𝛼𝑡𝑏1 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝐹1(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) − 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 −  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎�̇�
2
𝑡𝑏1)  
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𝐹2 =
1

(𝜇𝑎𝑟𝑎+ 𝑟𝑏)
(− 𝐼𝛼𝑡𝑏1 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹1(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎�̇�
2
𝑡𝑏1)  

[δ-2A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

𝐹2 =
1

𝑦
(− 𝐼𝛼𝑡𝑏1 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹1𝑥 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏

2 𝜇𝑎𝑟𝑎�̇�
2
𝑡𝑏1)                      [δ-2B] 

Substituting Eqn [δ-1B] into Eqn [δ-2B] gives  

𝐹2 =
1

𝑦
(− 𝐼𝛼𝑡𝑏1 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + {

𝑥

𝑦
(−𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙𝑥 − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)} +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎�̇�

2
𝑡𝑏1)  

Multiply through the above equation by 
𝑦

𝑦
 gives 

𝐹2 =
1

𝑦
(− 𝐼𝛼𝑡𝑏1𝑦 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦 + 𝑥(−𝐼𝛼𝑐𝑏1 + 𝐹𝑑𝑙𝑥 − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎) +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑦 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎�̇�

2
𝑡𝑏1𝑦)  

𝐹2 =
1

𝑦2 (− 𝐼𝛼𝑡𝑏1𝑦 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦 − 𝐼𝛼𝑐𝑏1𝑥 + 𝐹𝑑𝑙𝑥
2 − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏1𝑥 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑥 +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑦 +  2�̅�𝑚𝑟𝑏
2 𝜇𝑎𝑟𝑎�̇�

2
𝑡𝑏1𝑦)  

𝐹2 =
1

𝑦2 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦 − 𝐼(𝛼𝑐𝑏1𝑥 + 𝛼𝑡𝑏1𝑦) + 𝐹𝑑𝑙𝑥
2 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑥 + �̇�2

𝑡𝑏1𝑦) +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥 + 𝑦))                                                                                        [δ-2C]                                                                                              

Similarly considering the net torque in the next sheave (sheave C) in the crown 

block is given by Eqn [H-3C1] as 

𝐹𝑜𝑟  𝐹2 > 𝐹3 

𝑟𝑏 (𝐹2 − 𝐹3 ) + 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑐𝑏2 − 𝐹2 − 𝐹3) =  −𝐼𝛼𝑐𝑏2 

𝑟𝑏 𝐹2 − 𝑟𝑏 𝐹3−𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏2 − 𝐹2𝜇𝑎𝑟𝑎 − 𝐹3𝜇𝑎𝑟𝑎 = −𝐼𝛼𝑐𝑏2 

−𝐹3(𝜇𝑎𝑟𝑎 + 𝑟𝑏 )−𝑚𝑝𝑔𝜇𝑎𝑟𝑎 +  2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑐𝑏2 + 𝐹2(𝑟𝑏 − 𝜇𝑎𝑟𝑎) = −𝐼𝛼𝑐𝑏2 

𝐹3 =
−1

(𝜇𝑎𝑟𝑎+𝑟𝑏 )
(−𝐼𝛼𝑐𝑏2 + 𝐹2(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) −  2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)             [δ-3A] 

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

𝐹3 =
−1

𝑦
(−𝐼𝛼𝑐𝑏2 + 𝐹2𝑥 −  2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                                   [δ-3B] 

Substitute Eqn [δ-2C] into Eqn [δ-3B] gives 
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𝐹3 =
−1

𝑦
(−𝐼𝛼𝑐𝑏2 + {

𝑥

𝑦2 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦 − 𝐼(𝛼𝑐𝑏1𝑥 + 𝛼𝑡𝑏1𝑦) + 𝐹𝑑𝑙𝑥
2 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑥 +

�̇�2
𝑡𝑏1𝑦) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥 + 𝑦))} −  2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)  

Multiply through the above equation by 
𝑦2

𝑦2
 gives 

𝐹3 =
−1

𝑦3
(−𝐼𝛼𝑐𝑏2𝑦

2 + {𝑥(𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦 − 𝐼(𝛼𝑐𝑏1𝑥 + 𝛼𝑡𝑏1𝑦) + 𝐹𝑑𝑙𝑥
2 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑥 +

�̇�2
𝑡𝑏1𝑦) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥 + 𝑦))} −  2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑐𝑏2𝑦

2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑦
2)  

𝐹3 =
−1

𝑦3 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦𝑥 − 𝐼(𝛼𝑐𝑏1𝑥
2 + 𝛼𝑡𝑏1𝑦𝑥 + 𝛼𝑐𝑏2𝑦

2) + 𝐹𝑑𝑙𝑥
3 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑥

2 +

�̇�2
𝑡𝑏1𝑦𝑥 − �̇�2

𝑐𝑏2𝑦
2) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥

2 + 𝑥𝑦 + 𝑦2))                                              [δ-3C] 

 

Considering the net torque in the next sheave (sheave D) in the travelling block, 

Eqn [H-4C] becomes 

𝐹𝑜𝑟  𝐹3 > 𝐹4 

𝑟𝑏 (𝐹3 − 𝐹2) − 𝜇𝑎𝑟𝑎(−𝑚𝑝𝑎 − (𝑚𝑝𝑔 +  2�̅�𝑚𝑟𝑏
2 �̇�2

𝑡𝑏2 − 𝐹3 − 𝐹4)) = + 𝐼𝛼𝑡𝑏2 

𝑟𝑏 𝐹3 − 𝑟𝑏𝐹4 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏2 − 𝜇𝑎𝑟𝑎𝐹3 − 𝜇𝑎𝑟𝑎𝐹4 =  𝐼𝛼𝑡𝑏2 

−𝐹4(𝜇𝑎𝑟𝑎 + 𝑟𝑏) + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎 + 2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏2 + 𝐹3(𝑟𝑏 − 𝜇𝑎𝑟𝑎) =  𝐼𝛼𝑡𝑏2 

𝐹4 =
−1

(𝜇𝑎𝑟𝑎 + 𝑟𝑏)
( 𝐼𝛼𝑡𝑏2 − 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + 𝐹3(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) − 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏2 − 𝑚𝑝𝑔𝜇𝑎𝑟𝑎) 

𝐹4 =
1

(𝜇𝑎𝑟𝑎+ 𝑟𝑏)
(− 𝐼𝛼𝑡𝑏2 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹3(𝜇𝑎𝑟𝑎 − 𝑟𝑏 ) + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)  

[δ-4A]       

For simplicity, let 𝑥 = 𝜇𝑎𝑟𝑎 − 𝑟𝑏 𝑎𝑛𝑑  𝑦 = 𝜇𝑎𝑟𝑎 + 𝑟𝑏  

𝐹4 =
1

𝑦
(− 𝐼𝛼𝑡𝑏2 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 − 𝐹3𝑥 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 �̇�
2
𝑡𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)                   [δ-4B]                            

Substitute Eqn [δ-3C] into Eqn [δ-4B] gives 

𝐹4 =
1

𝑦
(− 𝐼𝛼𝑡𝑏2 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎 + {

𝑥

𝑦3 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦𝑥 − 𝐼(𝛼𝑐𝑏1𝑥
2 + 𝛼𝑡𝑏1𝑦𝑥 + 𝛼𝑐𝑏2𝑦

2) + 𝐹𝑑𝑙𝑥
3 +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 (−�̇�2

𝑐𝑏1𝑥
2 + �̇�2

𝑡𝑏1𝑦𝑥 − �̇�2
𝑐𝑏2𝑦

2) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥
2 + 𝑥𝑦 + 𝑦2))} +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏2 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎)  

Multiply through the above equation by  
𝑦3

𝑦3
 gives 
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𝐹4 =
1

𝑦4 (− 𝐼𝛼𝑡𝑏2𝑦
3 + 𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦

3 + 𝑥 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎𝑦𝑥 − 𝐼(𝛼𝑐𝑏1𝑥
2 + 𝛼𝑡𝑏1𝑦𝑥 + 𝛼𝑐𝑏2𝑦

2) +

𝐹𝑑𝑙𝑥
3 + 2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎 (−�̇�2
𝑐𝑏1𝑥

2 + �̇�2
𝑡𝑏1𝑦𝑥 − �̇�2

𝑐𝑏2𝑦
2) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥

2 + 𝑥𝑦 + 𝑦2)) +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 �̇�

2
𝑡𝑏2𝑦

3 + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎𝑦
3)  

 

𝐹4 =
1

𝑦4 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎(𝑦𝑥2 + 𝑦3) − 𝐼(𝛼𝑐𝑏1𝑥
3 + 𝛼𝑡𝑏1𝑦𝑥2 + 𝛼𝑐𝑏2𝑦

2𝑥 + 𝛼𝑡𝑏2𝑦
3) + 𝐹𝑑𝑙𝑥

4 +

2�̅�𝑚𝑟𝑏
2𝜇𝑎𝑟𝑎 (−�̇�2

𝑐𝑏1𝑥
3 + �̇�2

𝑡𝑏1𝑦𝑥2 − �̇�2
𝑐𝑏2𝑦

2𝑥 + �̇�2
𝑡𝑏2𝑦

3) + 𝑚𝑝𝑔𝜇𝑎𝑟𝑎(𝑥
3 + 𝑥2𝑦 + 𝑥𝑦2 +

𝑦3))                                                                                                        [δ-4C] 

 

Hence for “n” number of lines between the crown block and the travelling 

block, the general relation for the line tension reduction is given by 

𝐹𝑛 =

(
−1

𝑦
)
𝑛

 (𝑚𝑝𝑎𝜇𝑎𝑟𝑎(∑ 𝑦2𝑘−1𝑟
𝑘=1 𝑥𝑛−2𝑘) − 𝐼(∑ 𝛼1+𝑘𝑥

𝑞−𝑘𝑦𝑘𝑞=𝑛−1
𝑘=0 ) + 𝐹𝑑𝑙𝑥

𝑛 +

𝑚𝑝𝑔𝜇𝑎𝑟𝑎(∑ 𝑥𝑞−𝑘𝑦𝑘𝑞=𝑛−1
𝑘=0 ) +  2�̅�𝑚𝑟𝑏

2𝜇𝑎𝑟𝑎{∑ (−1)𝑘+1�̇�2
(𝑘+1)𝑥

𝑞−𝑘𝑦𝑘𝑞=𝑛−1
𝑘=0 })             [δ-5A] 

Where  

q = n-1 (i.e. the number of supporting lines minus 1) 

r = the number of travelling block sheave between the fast line and the line of 

interest 

�̇�(𝑘+1) 𝑎𝑛𝑑 𝛼(1+𝑘) represent the numbering of the angular velocity and the 

angular acceleration of each sheave from the dead line sheave in the crown 

block through the travelling block sheave as illustrated in figure (29). 
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APPENDIX D 

Below are some of the calculations performed during hoisting for some of the 

extended models. 

 

Table 2: Shows the hook load calculation during hoisting with non-uniform movement of the 
travelling equipment base on the extended Cayeux et al hook load prediction model. 

 

Table 3: Shows the hook load calculation during hoisting with non-uniform movement of the 
travelling equipment base on the extended Industry accepted hook load prediction model. 
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Below are some of the calculations performed during lowering for some of the 

extended models. 

 

Table 4: Shows the hook load calculation during lowering with non-uniform movement of the 
travelling equipment base on the extended Cayeux et al hook load prediction model. 

 
Table 5: Shows the hook load calculation during lowering with non-uniform movement of the 
travelling equipment base on the extended Industry accepted hook load prediction model. 


