
© 2019 JETIR June 2019, Volume 6, Issue 6                                                           www.jetir.org (ISSN-2349-5162) 

JETIR1907C41 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 539 
 

Prediction of Temperature Measurement Methods 

during Rotary Drilling Operations - A Review 

Vijay Kumar. S1, , Shivasharanayya swamy2, Lakshmindevamma M. M3, Harish.H1 

1Research Scholar, National Institute of Technology Karnataka, Surathkal, Mangalore 

 2Department of Mechanical Engineering, REVA University, Bangalore, Karnataka  
3Department of Mechanical Engineering, Govt. Engg. College, Kushalnagara, Karnataka. 

 

Abstract 

 

The temperature generated during deep hole drilling operations is due to the heat generated between the interface 

of work piece surface and the tool surface. Several research study have been conducted to predict the 

temperature involved while drilling process as a predominant functions of many parameters like feed rate, 

torque, depth of cut etc. Similarly many experimental procedures have been conducted by several researches to 

measure temperature directly by using thermocouples, infrared measurement, pyrometer, and thermisters etc. 

There is no precise experimental method is available to measure analytical value of energy, power, heat flux 

etc, while drilling process. The temperature rigma depends on material compositions and physical properties. 

This paper presents a review of various experimental and analytical methods for measurement of temperature 

during drilling operations.  
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1. Introduction 

Thermal interaction between the drill hole and the surface of rock is of precise interest in a drilling operation 

[1]. The drilling process with the carbide tools with MQL is under development in the automobile, mining, 

petroleum industries etc, due to its high available and its environmental benefits [2]. In general approximately 

8 percent of the total energy supplied to the drilling is useful (more than 85 percent) goes into losses due to the 

frictional heat, as a main consequence of this excessive wearing and fracturing of the drilling bit is observed in 

the field and laboratory investigations, the main aim for fracturing the rock during drilling operations using 

drilling tool leads to a excessive temperature development at the interface of the tool and the workpiece [3]. The 

workpiece thermal deformation is significant in dry or wear-dry machining at low speeds or of high torque and 

a feed rate, such as the deep hole drilling. The problems developed by work piece thermal expansion are more 

predominant in MQL drilling of deep holes [4]. Temperature measurement and heat flux estimation are always 

a difficult task in drilling processes that the heat flux and temperature into the cutting zone during drilling and 

tapping process are estimated. An analytical methodology based on inverse heat conduction process was applied 

to find the heat flux. The temperatures were measured in the workpiece using embedded thermocouple 
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technique, with an MQL condition. Finally, the cutting zone temperature can also be considered as a good initial 

estimation [5]. [17] developed a model to predict the drilling temperatures of limestone, by using RTD 

(Resistance temperature detector). [12] developed a mathematical model, for the heating process of diamond 

drill bit. The difference between experimental and calculated data temperature of the diamond drill bit was more 

than 12%. [13] conducted drilling experiment under Martian condition; the results found that the drilling 

efficiency is much greater than under terrestrial pressures and temperature. [19] derived a predicted model for 

temperature for hard rock and could be applied to rocks which have uniaxial compressive strength in the range 

of 85-150 MPa. [14] found that the time response of thermocouple to be generally a limiting factor for the 

transient temperature to assess in solids. The embedded thermocouple method used as a tool, the response time 

of the thermocouple of the order of 10 microseconds. [15] measured the temperature by using thermocouple 

method, standard welded thermocouple, and the insulated wires were embedded in the work piece, it would 

form a hot junction with the drill zone. They found that measured temperatures are reasonable and concluded 

that the thermal inertia of welded thermocouple is high, with a better time response insulated thin-wire thermal 

junction measurements to obtain transient can data also considered. [16] used contact measurement techniques 

such as K-type thermocouple with 1mm diameter. They also used non-contact type measurement of the 

temperature of the tool and the surface of the hole by using FLIR E60 infrared thermal image camera with 

different operating parameters such as spindle speed and feed rate conditions. It was concluded that operational 

parameters increase, the temperature range from 660C-1350C. [18] developed a prediction model by considering 

the effects of radiation, drill bit configuration, and non-constant heat source. Radiation can be calculated only 

for a certain distance from the drill head.  

2. Temperature measurements 

The effect of temperature in underground mines as well as opencast mines is related to the geothermal gradients 

of rocks overlying the mining excavation. This may exceed the standards of comfort for human beings to work 

in an underground environment thus causing thermal discomforts and associated risk.[6] The thermal resistivity 

of a medium material can be determined with the help of the thermal probe and the pyrometer, which is working 

on the principle of “transient heat method”. The thermal probe, which has been fabricated for determining 

thermal resistivity of various materials.[7]. ISOMAT 2104, the conductivity and the volumetric heat capacity 

were measured and the commercial device applies a dynamic measurement method, so that the time of 

measurement reduces. This method gives a special etalons values of thermal conductivity. This verification of 

measuring ability had been performed before the actual measurement started. In this methods also probe are 

used called needle probes [8]. When a borehole is drilled, the temperature in the borehole and in the neighboring 

rocks gets disturbed, depending on the amplitude and duration of the disturbance, on the distance of the rocks 

from the hole and on the hydrological conditions. When the drilling operations stop, the source of the thermal 

disturbance is switched off and, if the thermal transport is purely conductive, the existing disturbance fades 

away by transient diffusion propagating in space and time. In order to study this thermal restoration process, we 
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ran several temperature logs directly after shut in of the mud circulation. As the temporal variations of 

temperature are the largest directly after shut in, the logs should provide the best data on the in situ thermal 

diffusivity and related rock properties. [9] 

3. Effects of temperature  

When drilling the deep resources, the surrounding rock readily undergoes the hole opening fracture, borehole 

collapse, and loss of circulation under high temperature and high pressure. Deep resources such as oil, gas, and 

solid mineral have drawn more interest. Generally, the deeper drill is characterized by higher pressure and 

temperature, which make the drilling and borehole stability harder[20]. But in some conditions some physical 

properties will effects will changes due to increase in temperature during drilling process. The link between 

temperature and uniaxial compressive strength. It shows that the threshold temperature with external heating, 

in accordance with the observations, the sample mainly undergoes brittle fracture, specially divided into 

compacting and linear elastic phases. When it reaches with constant increase in temperature, the sample mainly 

undergoes the shear and tensile fractures. The damaged under uniaxial pressure in three ways one under room 

temperature, the sample undergoes the brittle fractures developing along the axial direction. (II) Under 

intermediate temperature, the sample undergoes the shear fracture. If loaded, the softer part would be damaged 

without losing its bearing capacity. (III) maximum (saturation temperature), being sheared and tensioned, the 

sample undergoes the column fractures.[10] 

4. Methods of temperature measurement 

Many methods are implemented to measure temperature during drilling operations. The thermocouple and 

the infrared methods are the predominant methods to evaluate the thermal response. Embedded thermocouple 

methods has been used for materials to measure but for the rock of high strength minerals this methods has not 

been used because of the high heat generated while drilling operations. Similarly novel technology used to 

fracturing of the surface and it acts like a drilling tool. Flaws on mineral boundaries, intensely heated jet creates 

high stress on rock surface form heat. But many researches had implements thermocouple and the thermister to 

measure the temperature difference while drilling of rock in suit and the laboratory measurements. 
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Figure 1.  Different methods to measure temperature and novel methods in rock drilling process 

 

 

Conclusion 

 

During drilling process temperature produced is fairly effects on drilling operation, when it observed in micro 

scale investigation. For the present study most of the work is predicted while drilling operations is the 

temperature. The physical properties like porosity, micro structural cracks, and flaws are the predominant effect 

due to the change in temperature while drilling operations. This paper reviews the effects of temperature, when 

it comes to surface phenomenon infrared methods were used predominantly, similarly for the hole wall and the 

hole bottom surface embedded thermocouples methods as predominant role to observe the drilling performance 

of the rocks. When we have compared with the infrared radiation method with thermocouple method, maximum 

temperature can be predicted using thermocouple will give a better performance compare with the infrared 

method, because of the dust distribution during drilling operation will disturb to measure the temperature in case 

of infrared techniques. 

 

Reference 
[1] S. Fomin, T. Hashida, V. Chugunov, A.V. Kuznetsov, “A borehole temperature during drilling in a fractured 

rock formation”, Internaltional journal of heat and mass transfer, . 48 (2005) 385–394. 
[2] Gruescu, C., & Giraud, A. (2007). Effective thermal conductivity of partially saturated porous rocks, 44, 

811–833. 

[3] P. John Loui, K. U. M. Rao., “Experimental investigation of pick-rock interface temperature in drag-pick 

cutting”, Indian journal of Engineering and Materials Sciences, Vol.4, April     

     1997, pp 63-66. 

[4] Bruce  L. Tai, Andrew J. Jessop, David.A. Stephenson, Albert. J. Shih., “Workpiece distortion in minimum 

quality lubrication deep hole drilling-Finite element modeling and experimental validation”, Journal of 

manufacturing science and engineering, vol. 134,  February (2012). 

[5] Lincoln Cardoso Brandao, Reginaldo Teixeira Coelho, Alessandro Roger  Rodrigues.,      

     “Evaluation of temperature and heat flux during high-speed tapping., International cogress of        

      mechanical engineering, November 5-9,(2007). 

http://www.jetir.org/


© 2019 JETIR June 2019, Volume 6, Issue 6                                                           www.jetir.org (ISSN-2349-5162) 

JETIR1907C41 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 543 
 

[6] Vidal F. Navarro Torres, C. Dinis Da Gama, Raghu N. Singh, “Mathematical modelling of thermal state in 

underground mining”, Vol. 5, No. 4 (152), 341–349, 2008. 

 [7] Dana Konakova, Eva Vejmelkova, Robert Cerny., “Thermal Properties of selected sandstones” , advance 

in modern Mechnaical Engineering, pp100-104. 

[8] Beno,T., & Hulling,U. (2012). Measurement of cutting edge temperature in drilling, 3, 531– 536. 

[9] H. Wilhelm, P. Heidinger, J. Safanda, V.Ermák, H. Burkhardt, Yu. Popov, “High resolution temperature 

measurements in the borehole Yaxcopoil-1, Mexico”, Meteoritics & Planetary Science 39, Nr 6, 813–819 

(2004). 

[10] Wang Yu, Liu Bao-lin, Zhu Hai-yan, Yan Chuan-liang, Li Zhi-jun, andWang Zhi-qiao,      “Thermophysical 

and Mechanical Properties of Granite and Its Effects on Borehole Stability in High Temperature and Three-

Dimensional Stress”, The Scientific World Journal, Volume 2014.  

 

[11] Demeng Che, Han P, Guo P, and Ehmann K (2012). Issues in polycrystalline diamond      Compact Cutter–

Rock Interaction From a Metal Machining Point of View—Part I:       temperature, stresses, and forces. Journal 

of Manufacturing Science and Engineering 134:       64001 

[12] Dreus A, Kozhevnikov A, Lysenko K, Sudakov A (2016). Investigation of heating of the        drilling bits 

and definition of the energy efficient drilling modes. Eastern-European              Journal of Enterprise 

Technologies 3: 41–4 

 

[13] Zacny K A, Quayle M C, and Cooper G A (2004). Laboratory Drilling under Martian Conditions Yields 

Unexpected Results. Journal of Geophysical Research 109:E7. 

 

[14] Rittle D (1998). Transient Temperature Measurement Using Embedded Thermocouples.       Experimental 

Mechanics 38: 73-78. 

[15] Agapiou J S, Stephenson D A (1994). Analytical and Experimental Studies of Drill  Temperatures. 

Transaction of American Society of Mechanical Engineering Journal of      Engineering for Industry 116: 54–

54. 

[16] Samy G S and Thirumalai  Kumaran (2017). Measurement and Analysis of Temperature, thrust force and 

surface roughness in drilling of AA (6351)-B4C composite. Measurement   103: 1-9. 

 

[17] Szwarc T, Aggarwal A, Hubbard S, Cantwell B, and Zacny K (2012). A Thermal Model for Analysis and 

Control of Drilling in Icy Formations on Mars. Planetary and Space Science 73: 214–220. 

[18] Jinsheng CUI, Xuyan HOU, Zongquan DENG, Wanjing PAN and Qiquan QUAN (2017). Prediction of 

the temperature of a drill in drilling lunar rock stimulant in a vacuum, Thermal Science 21: 989-1002. 

 

[19] Gunes Yilmaz.N  (2007). “Prediction of radial bit cutting force in hith strength rocks using multiple linear 

regression analysis”, International journal of rock mechanics and mining sciences. (44), 964-970. 

 

[20] Shankar V K, Kunar B M and Murthy C H (2018) “Experimental investigation and statistical analysis of 

operational parameters on temperature rise in rock drilling”, International journal of heat and technology. 36 

(4), 1176-1180. 

 
 

http://www.jetir.org/

