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Abstract: 

The conventional process of mechanical power trans mission system of existing rotary drive system of deep drillingis complicated, 

involves different mechanis ms, consume lot of input power due to various transmission losses in the systems.  The type of oil rig 

modified is BHEL E1400 model. E1400 is a electrically driven AC draw-work with input speed of 1400 rpm. The life cycle cost 

of the existing system is high due to wear and tear, spares consumption, maintenance.  The existing system not only reduces the 

life of the machine but also increases the operating cost of the machine due to various losses. The main objective is  to increase the 

efficiency and also to reduce the power loss and the operating cost of the machine, the existing system is modified by 

implementing the torque converter. 
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I. INTRODUCTION 

 

The first oil wells were d rilled about thousand years ago. In 

modern era, the exp loration and production of oil is known as 

upstream sector. An oil rig is a large plant equipped with 

machinery to extricate oil from subterranean water body for oil 

and natural gas. It can be a land based structure or a marine 

based structure. The first rotary type oil rig was developed in 

1902 which was powered by steam engine used cable 

equipment for drilling.  

 

The oil rig built on land is called onshore drilling and oil 

platform built on water is called offshore drilling. Drilling rigs 

is the best equipment for drilling oil with high efficiency. 

Drilling rigs can be used for ext raction of minerals from sub 

terrestrial surface for geological studies and installation of 

underground tunnels and utilities. There are basically three 

types of oil rigs that are small, medium and large sized. Small 

and medium sized are mobile and used mainly fo r geological 

researches. Large sized rig is for drilling ground through 

thousands of metres using casing annulus for re moving the 

cuttings of sediment particles . 

 

 The main components of a drilling rig are mast & 

substructure, hoisting system, diesel, power system, rotating 

system and circulation equipment.  Hoisting system of a drill 

rig are derrick, block system and draw works. Derrick is the 

base structure which holds all components of a rig
[3]

.  

 

The power for the whole rig is supplied by the diesel engine 

which is coupled to the alternator for converting mechanical 

energy into electrical energy. Rotary system consists of rotary 

table or turn table which is a mechanical device in drilling rig  

used for providing rotational force to the drill bit. In circulat ion 

system, mud pump is a component whose purpose is to 

disperse fluid down to the drill string and then back to the 

annulus under high pressure
 [2]

.  

 

The E1400 type of rig is contemporary equipment is built by 

pioneer BHEL with drill depth capacity up to 4900 metres. 

 
 

Figure.1. Drilling Rig 

 

II.DRILLING PROCESS 

 

Initially the surface is drilled down to 200m depth where the 

oil is located and the casing is inserted in the hole. The cement 

is moulded between the outer casings and bore hole to prevent 

the sliding of mud inside the drilling hole. The draw line from 

the draw works are wounded on the pulleys of the travelling 

block. 

 

The travelling block holds the swivel and Kelly which can be 

lifted and lowered with the help of draw works. Kelly is a 

hexagonal cross sectional pipe through which the mud fluids 

are passed.  

 

When power supplied to the rotary table the torque is 

transmitted from the rotating table to the Kelly bushing. It 

gives pressure on the drill bit to penetrate through the rocks. 

The fragments that present inside the drilling hole is taken to 

the surface by mud flu ids
 [1]

.  
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Figure.2. Drilling Process 

 

III. EXIS TING S YSTEM  
 

The mechanical energy produced by the diesel engine is given 

to the alternator. Alternator converts  mechanical energy into 

electrical energy and supplied to the motor. The power from 

the motor is transmitted to the motor shaft. From the motor 

shaft, the rotary motion is transferred to the input shaft with the 

help of chain and sprocket drive. In the input shaft three 

sprockets are present with the varying teeth profile. Clutches 

are engaged with the sprocket to achieve different speeds. 

Then the power can be transmitted from the input shaft to the 

output shaft. The output shaft has two clutches (low clutch and 

high clutch). These clutches can be engaged depending upon 

the torque required. From the output shaft the power is 

transmitted to the drum shaft. Finally, the required torque can 

be transmitted to the rotary table through rotary counter shaft. 

At the time of drilling process, the drum can be idle. During 

the time of lift ing and lowering of drill string the clutch can be 

engaged with the drum, so that the drum rotates. At the same 

time the clutch present in the rotary counter shaft is 

disengaged. Due to its continuous operation, the power loss is 

more and also increases the maintenance cost. 

 
Figure.3. Existing System 

IV. PROPOS ED S YS TEM 

 

In the proposed system, a new component called torque 

converter is connected. 
[5], [6] 

a torque converter is basically a 

flu id coupling between motor and transmission. There is no 

direct mechanical link between motor and transmission until 

the torque converter is in lockup mode. The pump assembly of 

the torque converter is directly connected to the motor shaft. 

Inside of torque converter it has three fins: impeller, turbine 

and stator. When the oil is pumped to move the impeller, it  

pushes the impeller to rotate at a higher rate. Impeller is 

connected to the engine shaft. Due to centrifugal force, the oil 

gets splattered to the turbine and rotates at a relatively lesser 

than impeller speed. The impeller and the turbine rotates at 

same direction. Flu id exits the turbine at the centre, flowing in  

a direction that it entered. From the turbine, the oil flows 

through the stator which reverses the opposite direction 

produced by the turbine. Stator increases the efficiency of fluid  

flow and the torque mult iplication. Since the impeller rotates 

faster than the turbine, the resulting flow hits the turbine from 

the engine to the input shaft of the transmission. A 

characteristic of torque converter is that it multiplies torque, by 

a factor as much as 2-2.5 t imes or even more, depending on the 

design. The turbine output shaft is coupled to the rotary table 

shaft. so the motion can be from the torque converter to rotary 

table. 

  
Figure.4. Proposed System  

 
CALCULATION 

POWER LOSS IN EXIS TING TRANS MISSION S YS TEM 

Motor power = 750kW 

Input Speed = 1400 rpm 

Efficiency of the chain drive = 93%(Industrial                         

value) 

Friction loss = 100% - 93% 

                     = 7%  (per shaft) 

 

The power is transmitted from motor shaft to input shaft, so 

Loss in motor shaft = 750000 x 0.07 

                                = 52.5 kW 

 

Input shaft power = 750 – 52.5 

= 697.5 kW 

 

Next power is transmitted to output shaft   

Power loss in input shaft = 0.07 x input shaft power 

            = 0.07 x 697.5 

                                         = 48.825 kW 

 

Output shaft power = 697 – 48.825  

                                = 648.175 kW  
 

Output shaft power is transmitted to drum shaft  

Power loss output shaft = 0.07 x output shaft power 



International Journal of Engineering Science  and Computing, April  2017         9984                                                                  http://ijesc.org/ 
 

     = 0.07 x 648.175  

                = 45.372 kW 

 

Drum shaft power = 648.175 – 45.372 

                              = 602.8 kW 

 

Drum shaft power is transmitted to rotary counter shaft 

Power loss in drum shaft = 0.07x602.8 

            = 42.196kW 

 

Rotary counter shaft power = 602.8 - 42.196         

   = 560.04kW 

 

Rotary counter shaft power is transmitted to rotary table 

Power loss = 0.07x560.04 = 39.02kW  

Rotary turn table power = 560.04-39.02  

  =521.02kW 

 

Total energy losses = (Motor power – Rotary counter shaft 

power) 

      = 750 – 521.02 

                                   =228.98 kW 

 

 
Figure.5. Shafts vs Power Loss 

 

From the above chart, it clearly shows that the losses occurred 

in each shaft by transmitt ing the motion to the rotary table. 

 

POWER LOSS CALCULATION IN PROPOS ED 

SYSTEM 

Motor power = 665 kW  

Efficiency of torque converter transmission system = 95% 

       {Value is taken from OEM manual} 

Power loss in torque converter = 665 x 0.05 

          = 33.25kW 

 

Power loss due to frict ion in chain drives = 85.15kW 

 

Total energy loss in proposed system = 119.75 kW 

 

 Total Power saving = (Loss of power in the e xisting method) – 

(Loss of power in proposed method) 

     = 228.98 – 119.75 

                           = 109.24 kW 

 

TABLE.1 . COMPARISON 

 

 

V.RES ULT AND DISCUSSION 

 

The efficiency of the draw works is increased from 93% to 

94.8% by implementing the torque converter in the system. 

The power loss also be reduced to 109.24 kW by eliminating 

most of the chain drive transmission system. In chain drive 

transmission system, the frictional loss is the major factor for 

the power loss. The various shafts (motor shaft, input shaft, 

output shaft, drum shaft, rotary counter shaft) involved in the 

existing system increases the power loss due to the motion 

transmission. In torque converter, the loss is due to the 

slippage between turbine and the impeller. So that the losses is 

minimum in the proposed system.  

 

VI. CONCLUS ION 

 

The design modificat ion of some of the features in existing E-

1400 draw works has been modified. The power fo r the rotary 

table is direct ly provided by torque converter thereby removing 

unnecessary chain drives. The comparison between the two 

systems summarises that the new system proposes higher 

efficiency by minimizing the effective parameters such as 

power consumption, maintenance cost and more compact . The 

modified design and the final analysis shows that the AC draw 

works is within the designed limits .  Overall, the new system 

carried out for E-1400 Oil Rig with the required features has 

been evaluated. 
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S.NO DES CRIPTION EXIS TING 

SYSTEM 

PROPOS ED 

SYSTEM 

1. Efficiency  93% 94.8% 

2. Power Loss 228kW 119.75kW  


