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Abstract. The paper describes the experimental research of hydrocarbon drilling mud 

impact on engineering parameters of mud motor elastomer samples. It is believed to be 

urgent due to an increase in using mud motors in oil and gas well construction now, and 

the issue of intense exploitation is currently topical. The test results of elastomer IRP-

1226 dependent on the temperature are shown in the paper. It is proved that the 

hydrocarbon drilling muds have a significant impact on wearing of mud motors 

elastomers under the condition of a temperature increase. 

 

Introduction 

Mud motors have been widely used in the process of oil and gas wells drilling since the middle of the 

20
th
 century. This was connected with the development of directional and horizontal drilling, renewal of 

production by sidetracking. Besides, mud motors are used for workover and well service [1]. 

Long-term operation of mud motors under various geological conditions has revealed low service life 

of elastomer (rubber component of stator). This is confirmed by a rate of mud motors accident 

encountered by contractors. On average mud motors breakdown cause 12 equipment downtime per a 

year, which increases drill time by that to 5-10 %. In Western Siberia, it increases the total cost of up to 3 

million rubles per one well. According to the experience of various drilling intervals, the key factor of 

mud motors service life is a type of drilling mud. For instance, when hydrocarbon drilling mud is used, 

mud motors wearing increases by 250 – 350 % [2-3]. 

Mud Motors Manuals emphasize the impact of high temperature in bottom-hole zone on elastomer 

durability and it consequently decreases service life of a motor. Drilling mud comprising hydrocarbon-

based reagents causes swelling of a rubber component (elastomer) of the stator and leads to premature 

motor’s breakdown. The differential pressure increasing the recommended working value of mud motor’s 

gear, decreases service life of the stator [4]. 

According to the information mentioned-above, it was decided to carry out experimental research of 

the impact of diesel fuel as one of the types of hydrocarbon drilling mud on durability of IRP-1226 rubber 

samples used as a material for rubber components of mud motors stator; and to identify the dependence of 

the size on temperature.  

 

1. Materials and Methods 

The impact of different mud types on rubber samples IRP-1226, which is oil-resistant rubber with 

improved wear-resistance and a temperature range from - 20 to +100
0 

C, has been studied. Its nominal 

strength is equal to 9.8 MPa, failure elongation is 125% and Shore A hardness number is 65 – 95. 

The samples were made in the form of cylinders with a diameter up to 43 mm and a thickness up to 

11.5 mm. They were kept in plastic containers throughout the experiment with total immersion in the mud 

under atmospheric pressure. To verify the experimental results, 3-5 samples were analyzed for each type 

of the drilling mud. The first batch of samples was kept in the diesel fuel under temperature of 25
0
С 

(room temperature), while the other three subsequent batches of samples were fully immersed in the muds 
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in a cabinet dryer under temperature 50
0
C, 75

0
C and 90

0
C, respectively. The time of the experiment was 

20 days for each batch. This is due to the fact that the mud motor operation time is equal to 200 – 600 

hours, with 240-300 hours on average [5-6]. 

It is necessary to note that the previous experiments made by researchers clearly showed elastomer 

instability in the drilling mud causing swelling or a decrease in the sizes [1,7 - 9].Therefore, the 

evaluation was made based on geometric dimensions of the rubber sample.  

 

2. Results and discussion  

According to the experimental data, the hypotheses about elastomers instability in regard to drilling 

muds causing swelling or the decrease in the sizes [10] were proved. Therefore, the experimental results 

were divided into two categories according to elastomers instability: 1 – a decrease in sizes (fig. 1 – 2); 2 

– sample swelling (fig. 3 – 4). 

At temperature 25
0
 – 50

0
C, a decrease in the size of the rubber sample was observed. Furthermore, the 

diameter of the sample reduced by 1.41 mm per 480 hours at temperature 25
0
C, while at temperature 

50
0
C this parameter was 1.59 mm. At temperature 50

0
C within the period of 0-48 hours, a decrease in the 

sample sizes is more intense than at room temperature. At the same time, throughout 100 – 480 hours at 

room temperature a decrease in a sample size is more intense than at temperature 50
0
C. This is due to the 

high volatility of diesel fuel with the increase in temperature. 

During the experiment splitting of samples in diesel fuel was observed in all batches after 24 hours 

(fig.2). Mud gets insignificantly dark at temperature 50
0
C, which confirms indirectly the possibility of 

drilling mud impact on elastomer wearing even without dynamic loading.  

Intense change of the sample parameters in the form of swelling was observed at temperatures 75
0
 and 

90
0
C. The following results were registered: at temperature 75

0 
C diameter of the sample increased by 

1.42 mm, while at temperature 90
0
C swelling of the sample is 1.3 mm per 480 hours.  

 

 

 

 

 

 
 

 

 

 

 

 
 

Figure 1.  The impact of diesel fuel on the samples 

at  25
0
 and 50 

0
С 

Figure 2. The samples and diesel fuel 

throughout 24 hours (left) and 480 hours 

(right), a) at 25 
0
С; b)at 50 

0
С  

 

It should be noted that the degree of mud impact to the sample is determined not only by the 

temperature but also the duration of the experiment. At temperature 90
0
C throughout 0-72 hours swelling 

a) 

b) 
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of the sample is more intense than at temperature 75
0
C. At the same time, throughout 144 – 148 hours 

more intense swelling is registered at temperature 75
0
C.  

When studying the temperature range of 75
0
 – 90

0
C, an increase in sample size was obvious even 

within the first days of the experiment. This is opposite to the experimental data registered in the 

temperature range of 25
0
 – 50

0
C. Splitting of samples was less intense but it mainly occurred at 

temperature 75
0
 C (fig.4). The color of diesel fuel rapidly darkened (within 24 hours), and at temperature 

90
0
C it became close to black.  

 

 

 

 

 

 
 

 

 

 

 

 
 

Figure 3. The impact of diesel fuel on the samples at 

75
0
 and 90

0
С  

 

Figure 4.  Figure 2.  The samples and 

diesel fuel throughout 24 hours (left) and 

480 hours (right), a) at 75 
0
С; b)at 90 

0
С  

 

Conclusions 

Evaluating the results of the research, it can be noted that the impact of diesel fuel as a type of drilling 

mud on elastomers’ parameters is confirmed. In all studied temperature ranges intense deformation and 

splitting of the samples were observed. In further research it is necessary to pay particular attention to the 

temperature range of 75
0
 – 90

0
C, since according to the experimental data; it is within this range, where 

more intense elastomers deformation is registered.   

 

Acknowledgement 

We gratefully acknowledge the financial support given by The Russian Foundation for Basic Research 

(RFBR), project №16-38-00701 m_a). 

 

References 

[1] Korotaev Yu A 2003 Ph.D. thesis in Engineering Science. Perm. Study and design the multiple-thread 

set screw gerotor mechanisms downhole motors production. pp. 386.  

[2] Anyanwu O N, Klotz C, Labrecque D, Ulrich C 2012 Society of Petroleum Engineers - Coiled Tubing 

and Well Intervention Conference and Exhibition. Optimized downhole mud motor delivers outstanding 

performance improvement in Alaska coiled tubing drilling. pp. 88-100. 

a) 

b) 

PGON2016 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 43 (2016) 012070 doi:10.1088/1755-1315/43/1/012070

3



[3] Herbig C, Hohl A, Oueslati H, Reckmann H, Heuermann-Kühn L, Baumann J, Heinisch D 2014 

SPE/IADC Drilling Conference, Proceedings. Data-driven drilling optimization: Using historical data to 

improve future performance. Vol. 1 pp. 83-94. 

[4] Design and operation of mud motors (in Russian) [Electronic resource] URL: 

http://www.gazpb.ru/ekspluatatsiya-turbinnoj-tekhniki/105-ustrojstvo-i-rabota-vintovyx-zabojnyx-

dvigatelej.html. 

[5] Ignatov D N 2012 Youth and Science 7th Russian scientific and technical conference of students, 

under graduates and young scientists, proceedings (Krasnoyarsk) Siberian Federal University. 

Reliability indexes of mud motors. URL: http://conf.sfu-kras.ru/sites/mn2012/section18.html. 

[6] Yadav A, Ali A 2014 Society of Petroleum Engineers - SPE Bergen One Day Seminar. Drilling 

technology taking drilling operations to new frontiers. pp. 210-217. 

[7] Varela R, Guzman F, Cruz D, Atencio N, Iturrizaga F, May R, Solano R, Perez R 2015 Oil Gas 

European Magazine. First application of turbodrill and hybrid bit to optimize drilling times in cretaceous 

formations with high chert content in Mexico South Region Vol. 41 (1) pp. 32-33. 

[8] Baldenko D, Korotaev Yu 2012 Journal “Burenie i neft” The current status and Russian PDM 

perspectives of development [Electronic resource] URL: http://burneft.ru/archive/issues/2012-03/1. 

[9] Baldenko D, Baldenko F, Gnoevyh A 2007 Downhole drilling motor. Moscow. Screw hydraulic 

engine. Vol. 2 pp. 470  

[10] Epikhin A V, Ushakov A V, Barztaikin V V, Melnikov V V, Ulyanova O S IOP Conference Series: 

Earth and Environmental Science 2015 Experimental research of drilling mud influence on mud motor 

mechanical rubber components Vol. 27 (1) pp. 012051. 

 

PGON2016 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 43 (2016) 012070 doi:10.1088/1755-1315/43/1/012070

4

http://www.gazpb.ru/ekspluatatsiya-turbinnoj-tekhniki/105-ustrojstvo-i-rabota-vintovyx-zabojnyx-dvigatelej.html
http://www.gazpb.ru/ekspluatatsiya-turbinnoj-tekhniki/105-ustrojstvo-i-rabota-vintovyx-zabojnyx-dvigatelej.html
http://conf.sfu-kras.ru/sites/mn2012/section18.html
http://burneft.ru/archive/issues/2012-03/1



