
 

Journal of Computing and Electronic Information Management 
 

ISSN: 2413-1660 

 

17 

 

Orthogonal experiment of 13Cr-L80 tubing wear in high-yield 

gas well 

 
Ziqiang Liu, Qiuying Li, Bo Ning, Yu Wang, Xinyu Kang, Yang Ran, Xiaoqiang Guo* 

School of Mechatronic Engineering, Southwest Petroleum University, Chengdu, 

610500, China. 

*Corresponding author, Xiaoqiang Guo 

 

Abstract: In view of the wear failure caused by the vibration of tubing string induced 

by high fluid in gas wells, the 13Cr-L80 tubing wear orthogonal experiment was carried 

out by using UMT-TRIBOLAB reciprocating friction-wear tester, and the influence of 

positive pressure, friction frequency, wear time, completion fluid density and 

reciprocating stroke on tubing wear characteristics were effectively analyzed by using 

range analysis and variance analysis. The analysis shows that the influence order of 

factors on tubing wear is positive pressure > reciprocating stroke > friction frequency > 

completion fluid density > wear time. The significant order of influence is positive 

pressure (especially significant) > reciprocating stroke (significant) > friction 

frequency (influential) > completion fluid density (insignificant) > wear time 

(insignificant). That is to say, the priority is to reduce the positive pressure, and then 

to reduce the relative sliding stroke of tubing-casing in the field design of reducing the 

wear of tubing string. Moreover, the influence order of factors on the friction 

coefficient of tubing is reciprocating stroke > completion fluid density > friction 

frequency > wear time > positive pressure. The significant order of influence is 

reciprocating stroke (significant) > completion fluid density (influential) > friction 

frequency (insignificant) > positive pressure (insignificant) > wear time (insignificant). 

Therefore, in the field design of reducing the friction coefficient of tubing, the priority 

should be given to reducing the reciprocating stroke, followed by improving the density 

of completion fluid and increasing its lubrication degree. The results will lay a 

theoretical design foundation for reducing tubing wear of high-yield gas wells in South 

China Sea, and can effectively improve the safety of tubing string. 

 

Keywords: High-yield gas well, 13Cr-L80 tubing string, Wear characteristics, 

Orthogonal experiment, Range and variance analysis. 
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1. Introduction 

With the dwindling of shallow oil&gas resources, the well drilling and completion 

processes have continued to develop towards deep formations with HPHT and complex 

structures. Moreover, the current demands can only be satisfied with high-yield 

exploitation methods. Compared with conventional oil&gas well tubing strings, the 

HPHT oil&gas well tubing string is subjected to greater risks which are mainly caused 

by the severe non-periodic vibrations of the tubing string induced by the internal high-

speed fluid flow [1-3]. Such vibrations can increase the axial load on the tubing string 

and lead to its buckling deformation (Fig.1(a)), thereby making the oil tubes more 

susceptible to friction-wear failure (Fig.1(b) and Fig.1(c)). When the tubing string fails, 

downhole operations need to be carried out, or even the wellbore would be required 

to be scrapped, resulting in significant economic losses. 

 

   

(a) (b) (c) 

Fig. 1. Vibration-induced failure of completion tubing string (a) buckling deformation, 

(b) wear crack and (c) friction perforation. 

The friction-wear of tubular column is a complex and random process. As early as the 

1960s, a large number of scholars introduced the theory of tribology into the study of 

casing wear, but the progress was very slow, mainly through some small test 

instruments to explore the wear rule of casing. Until the 1970s, Russcll [4] preliminarily 

revealed the main causes of casing wear in oil&gas well through experiments, which 

pointed out the direction for the follow-up scholars. After that, some scholars [5-7] 

further revealed the main causes of the wear of the casing, found that the abrasive 

wear of the casing occurred under the action of low contact force, mainly adhesive 

wear under the action of high contact force, and gave the range of the changed 

contact force, which enriched the wear theory of the tubular column in oil&gas well, 

and largely revealed the wear mechanism of the tubular column. At the beginning of 

the 21st century, Yu and Dong [9, 10] clarified that the research in the future will focus 

on the HPHT and ultra-deep well, and the rod pipe impact sliding coupling effect needs 

to be considered. Therefore, some scholars [11-20] have carried out the research on 

the parameter influence law according to the wear problem of the tubular column in 
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oil&gas well under different well types, different working conditions and different 

string materials, and found the reciprocating frequency, force, wear medium and 

contact surface the accumulation has a great influence on the wear behavior of the 

string, and it is found that the wear is the most serious at the maximum dogleg in 

directional and horizontal wells. Thus, the existing research on the wear test of the 

tubular column can be divided into two categories. First, the material parameters 

(friction coefficient and wear coefficient) of the friction pair of the casing-tubing were 

measured through the wear test to provide the material parameters for the theoretical 

calculation model of the tubing string. Second, the influence of the parameters on the 

wear characteristics of the tubing string were explored through the control variable 

test, which cannot find the optimal combination of factors to reduce the wear of the 

tubing string and the influence of the factors on the wear characteristics of the string 

is significant. Moreover, with the development of high-yield gas wells, the high-speed 

fluid intensifies the vertical vibration of the tubing string, which leads to the 

reciprocating friction movement of 13Cr-L80 tubing-casing, which is more prone to 

wear failure.  

Therefore, in order to enhance the pertinence of tubing string wear reduction design 

of high-yield gas wells, in this paper, the range analysis method and variance analysis 

method were adopted to explore the influence degree of positive pressure, friction 

frequency, wear time , completion fluid density and reciprocating length on 13Cr-L80 

tubing wear characteristics through the orthogonal experiment of tubing wear, and 

find out the optimal combination of factors and determine the significant sequence of 

factors affecting the wear characteristics of tubing string, which lay a foundation for 

reducing the wear of tubing string in high-yield gas wells. 

 

2. Orthogonal experiment scheme 

2.1 Basic theory of orthogonal experiment 

Orthogonal experiment is an efficient test technology to explore the law of influence 

of multiple factors, and through the design of standardized orthogonal test table, more 

accurate and reliable optimization conclusions can be obtained with less test times 

[21,22]. Thus, in this paper, the orthogonal experiment design mainly completes the 

two purposes, firstly find out the primary and secondary order of the influence of 

various factors on the wear characteristics of 13Cr-L80 tubing and the optimal 

combination of factors, and secondly determine the significant order of the influence 

of each factor on the tubing wear characteristics. The main steps of orthogonal 

experiment include test design, test implementation, test data statistics, test result 

analysis and obtaining test conclusion, and the specific process is shown in Fig.2. 
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Fig.2. Flow chart of orthogonal test of tubing string wear 

In this paper, the range analysis method (R method) and variance analysis method (F 

test) are used to analyze the results of orthogonal experiment. The range analysis 

method is simple and easy to understand, and by compared with the range of different 

factors, the optimal level and the optimal combination of factors are determined. The 

range calculation method can be expressed as follows [23]: 

1 2 1 2max( , ,..., ) min( , ,..., )j j j jm j j jmR k k k k k k                      (1) 

Where jR the range of factor in column j , jmk is the average value of the sum of the 

test indexes corresponding to the factor m level in column j . 

Because range analysis cannot distinguish whether the fluctuation of test results is 

caused by the change of test factor level or test error, and variance analysis can 

effectively solve this problem, estimate the influence of various factors and errors on 

the test results, and determine the significance of the effect of the investigated factors. 

Therefore, on the basis of range analysis, the variance analysis was used to 

comprehensively reveal the influence of various factors on the wear characteristics of 

13Cr-L80 tubing string. In the process of range analysis, it is necessary to determine 

several parameter calculation methods [24], including the sum of square deviation, 

factor freedom, factor mean square deviation, error mean square deviation, F-test 

value and factor contribution. The specific calculation methods can be expressed as 

follows: 
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Where jS  is the sum of square deviation of the factor in the column j , jmy is the test 

result corresponding to the factor m level in column j , n is the total number of test, 

jf , ef are the freedoms of the factor in the column j and test error, jb is the level 

number of factor in column j , jMS , eMS  are the mean square deviation of the factor 

in the column j and test error, jF  is the F-test value of the factor in the column j , j

is the factor contribution in the column j , e is the factor contribution of test error. 

2.2 Experimental equipment and materials 

(1) Experimental equipment 

In this paper, the UMT-TRIBOLAB high-performance wear tester, which is 

independently purchased by the school of Mechatronic Engineering, Southwest 

Petroleum University, is used to carry out the orthogonal test of tubing string friction-

wear. The testing machine is a frame structure (as shown in Fig.3(a)) which is loaded 

by DC motor control lever and easy to operate, accurate and reliable in experimental 

reading by setting the experimental parameters in units. Also, the testing machine is 

easy to control the parameters by computer, and that can display the friction time and 

friction system number time curves in real time, and record, save and print the 

experimental curves. The specific parameters and functions are shown in Table 1. In 

order to accurately record the amount of friction-wear, ultrasonic cleaner (as shown in 

Fig.3(b)) and absolute ethanol were used to clean the surface dirt and electronic 

balance (as shown in Fig.3(c), with an accuracy of 0.0001g) to measure the weight of 

the test piece before and after the test. 

Table 1. Parameters and functions of UMT friction-wear tester 

Type Parameter 

Basic 

parameters 

(1) Load range: 0-2000N. 

(2) Set temperature range: 0-150℃. 

(3) Speed range: 0.1-2000rpm. 

(4) Reciprocating frequency: 0-60Hz. 
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Major 

function 

(1) Friction and lubrication performance test of materials to realize in-

situ signal detection, including load, torque, friction, friction 

coefficient, bonding strength, micro-hardness, surface roughness, 

wear, etc. 

(2) The test function adopts modular design, which can realize 

multiple inspection standards. 

(3) Simulate the friction conditions of pin-disk and ball bowl, and carry 

out linear reciprocating and rotary motion mode. 

 

 

(a) UMT friction-wear 

testing machine 

(b) Ultrasonic cleaner (c) Electronic balance 

Fig.3. Friction-wear orthogonal test instrument  

 (2) Experimental material 

The standard samples are processed by the field tubing (outer diameter 114.3mm, 

inner diameter 100.3mm) and casing (outer diameter 177.8mm, inner diameter 

165.8mm) of high-yield gas well in South China Sea. The materials both of tubing and 

casing are 13Cr-L80 which is shown in Table 2. According to the requirements of the 

wear testing machine, the casing is processed into 30mm×43.3mm×6.09mm circular 

arc test piece, and the tubing is processed into 16.6mm×6.35mm×7.69mm circular 

arc test piece (as shown in Fig.4). The original contact surface of the tubing-casing is 

retained during the processing of the test piece, and the annulus completion fluid on 

site (composition is pyro-phosphoric acid) is used as the abrasive medium for the wear 

test, so as to ensure the friction pair of test in accordance with that of the real work, 

and the surface morphology of tubing-casing before and after wear were shown in Fig. 

5. 
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Table 2. Mechanical properties of experimental materials 

Material Yield limit/MPa Hardness/HV Tensile strength/MPa 

13Cr-L80 599.6 263.1 771.15 

 

Tubing string

Casing

Specimen of 

tubing string

Specimen 

of casing

 

(a) Dimension drawing (b) Structure diagram (c) Physical picture 

Fig.4. Test piece of tubing and casing 

 

  

(a)Surface morphology of tubing 

before test 

(b)Surface morphology of tubing after 

test 

  

(c)Surface morphology of casing 

before test 

(d)Surface morphology of casing after 

test 

Fig.5. Surface morphology of tubing-casing 
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2.3 Factor design of orthogonal experiment 

In this paper, through the wear orthogonal test of 13Cr-L80 tubing-casing in high-

yield gas well, the test data of wear amount of tubing and friction coefficient under 

different factors configuration are measured, and the influence of positive pressure, 

friction frequency, wear time, completion fluid density (lubrication effect) and 

reciprocating stroke on tubing wear characteristics was determined by range and 

variance analysis, and the optimal combination of factors was selected which lay the 

experimental foundation for the optimization design of the tubing string in the field. 

Based on the analysis of the field operation of high-yield gas wells in the South China 

Sea, five levels of each factor are selected for the test, so the horizontal distribution 

of the influencing factors of the orthogonal test was designed as shown in Table 3. 

Table 3. Allocation table of influence factors in orthogonal test 

    Factors 

Levels 

Positive 

pressure 

(A) /N 

Friction 

frequency 

(B)/Hz 

Wear 

time 

(C)/min 

Completion 

fluid density 

(D)/(g/cm3) 

Reciprocating 

stroke 

(E)/mm 

1 50 0.6 20 1.0 2 

2 100 0.9 30 1.1 4 

3 150 1.2 40 1.2 6 

4 200 1.5 50 1.3 8 

5 250 1.8 60 1.4 10 

 

3. Analysis of orthogonal experiment results 

3.1 Orthogonal experiment results 

According to the horizontal distribution table of influencing factors, combined with the 

theory and requirements of orthogonal test design [24], L25(56) orthogonal table is 

selected to arrange the test, as shown in Table 4. Therefore, the specific tests are 

carried out by using the processed test piece and wear testing machine and the wear 

amount and friction coefficient of tubing string are recorded. Also, the range data of 

wear amount and friction coefficient under various factors were obtained by using the 

formula (1) which was shown in Table 5 and Table 6. 

Table 4. Orthogonal test scheme and test results 

Order 

Factors Test results 

A B C D E Wear amount/g 
Friction 

coefficient 

1 1 1 1 1 1 0.0011  0.3420  
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2 1 2 2 2 4 0.0019  0.3191  

3 1 3 3 3 2 0.0016  0.2932  

4 1 4 4 4 5 0.0014  0.3036  

5 1 5 5 5 3 0.0025  0.2658  

6 2 2 5 1 2 0.0035  0.3126  

7 2 1 4 5 4 0.0020  0.2840  

8 2 5 3 4 1 0.0010  0.3586  

9 2 4 2 3 3 0.0024  0.2852  

10 2 3 1 2 5 0.0010  0.3092  

11 3 4 5 2 1 0.0014  0.3480  

12 3 2 3 5 5 0.0014  0.2646  

13 3 1 2 4 2 0.0037  0.2912  

14 3 3 4 1 3 0.0021  0.3301  

15 3 5 1 3 4 0.0027  0.2569  

16 4 1 5 3 5 0.0051  0.3009  

17 4 2 1 4 3 0.0047  0.3284  

18 4 4 3 1 4 0.0052  0.3309  

19 4 3 2 5 1 0.0027  0.3366  

20 4 5 4 2 2 0.0067  0.2922  

21 5 5 2 1 5 0.0079  0.2673  

22 5 2 4 3 1 0.0010  0.3467  

23 5 3 5 4 4 0.0040  0.2457  

24 5 1 3 2 3 0.0045  0.3354  

25 5 4 1 5 2 0.0029  0.2854  

 

Table 5. Range analysis of wear of tubing string 

Level A B C D E 

1jk  0.0017 0.00328 0.00248 0.00396 0.00144 

2jk  0.00198 0.0025 0.00372 0.0031 0.00368 

3jk  0.00226 0.00228 0.00274 0.00256 0.00324 

4jk  0.00488 0.00266 0.00264 0.00296 0.00316 
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5jk  0.00406 0.00416 0.0033 0.0023 0.00366 

jR  0.00318 0.00188 0.00124 0.00166 0.00224 

 

Table 6. Range analysis of friction coefficient of tubing string 

Level A B C D E 

1jk  0.3047 0.3107 0.3044 0.3166 0.3464 

2jk  0.3099 0.3143 0.2999 0.3208 0.2949 

3jk  0.2982 0.3030 0.3165 0.2966 0.3090 

4jk  0.3178 0.3106 0.3113 0.3055 0.2873 

5jk  0.2961 0.2882 0.2946 0.2873 0.2891 

jR  0.0217 0.0261 0.0219 0.0335 0.0591 

 

3.2 Range analysis of 13Cr-L80 tubing wear characteristics in high-yield gas well 

This section, the primary and secondary order of the influence of each factor on the 

wear performance index was determined by the range analysis of 13Cr-L80 tubing 

string wear test results in previous section, and the optimal combination of factors 

level also can be obtained. 

(1) Range analysis of tubing string wear 

The range value of tubing wear under the action of different factors is calculated in 

the table 5. It is found that the positive pressure has the greatest influence on tubing 

wear ( jR is the largest), followed by reciprocating stroke, friction frequency, 

completion fluid density, and wear time has the smallest influence on tubing wear. 

Therefore, the priority is to reduce the positive pressure, and then to reduce the 

relative sliding stroke of tubing-casing in the field design of reducing the wear of tubing 

string that can effectively protect the safety of oil pipe. 

According to the mean values of tubing string wear in the different influence factors 

in the Table 5, the relationship between the corresponding factor level and the wear 

index was shown in Fig.6. It can be observed from the figure that the optimal 

combination to minimize the wear of 13Cr-L80 tubing string is A1B3C4D5E1. Through 

direct analysis of the tubing string wear under different combinations of factors from 

the Table 4, it is found that the groups with the least wear are A2B5C3D4E1 and 

A5B2C4D3E1, and the wear amount is 0.001g. The main reason for the difference in the 

optimal combination between the two methods is that the orthogonal test cannot 

cover all combinations of factors (55 kinds), which shows that in order to get a better 
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level combination of factors, according to the range analysis of index, it can find a 

better level combination than the direct analysis result to make sure that the average 

value of tubing wear index under each factor is the smallest level combination. 

(2) Range analysis of friction coefficient 
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Fig.6. Relationship between factor level and wear of tubing string 
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Fig.7. Relationship between factor level and friction coefficient of tubing string 

According the range value of tubing friction coefficient under the action of different 

factors from Table 6 and the range analysis standard that larger the range, the more 

important the influence of factors is, it can be seen that the reciprocating stroke has 

the greatest influence on the friction coefficient of the string, followed by the 

completion fluid density, and finally the positive pressure by comparing the range 

value of different factors ( E D B C AR R R R R    ). That is to say, in the field design of 

reducing the friction coefficient of tubing, the priority should be given to reducing the 

reciprocating stroke, followed by improving the density of completion fluid and 

increasing its lubrication degree. It can be observed from the Fig.7 that the optimal 

combination to minimize the friction coefficient of 13Cr-L80 tubing string is A5B5C5D5E4. 

3.3 Variance analysis of 13Cr-L80 tubing wear characteristics in high-yield gas well 

In previous section, through the range analysis of 13Cr-L80 tubing wear characteristics, 

the primary and secondary order of the influence of various factors on tubing string 
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wear and friction coefficient is determined, and the optimal combination of 

corresponding factor levels is given. Because the range analysis cannot distinguish 

whether the fluctuation of test results is caused by the change of test factor level or 

test error, and the variance analysis can effectively solve this problem, also can 

estimate the influence of various factors and errors on the test results to determine 

the significance of the effect of the investigated factors. Therefore, on the basis of 

range analysis, further carry out variance analysis of 13Cr-L80 tubing wear 

characteristics in this section. According to the results in Table 4 and formula (2) - (8), 

the variance analysis data of tubing wear and friction coefficient were calculated and 

as shown in Table 7 and Table 8. According to the theory of variance analysis, it can 

be seen that the criterion of significance of orthogonal test as follows [25]: 

If 0.01(4, 4)jF F , it shows that this factor has a particularly significant effect on the 

test results and mark as **. 

If 0.05 0.01(4,4) (4,4)jF F F  , it shows that this factor has a significant effect on the test 

results and mark as *. 

If 0.1 0.05(4, 4) (4, 4)jF F F  , it shows that this factor has influence on the test results 

and mark as (*). 

If 0.1(4,4)jF F , it shows that this factor has no significant effect on the test results 

and do not mark. 

Where 0.01(4,4)F , 0.05 (4,4)F  and 0.1(4,4)F are the F-test values of 99%, 95% and 90% 

confidence respectively.  

Table 7. Variance analysis of wear of tubing string 

Variance 

source 
jS / -510  jf  

jMS / -510  jF  
Significa

nce 
j /% 

A 4.27 4 1.07 16.37 ** 46.56 

B 1.11 4 0.28 4.24 (*) 9.68 

C 0.67 4 0.17 2.55  4.55 

D 0.61 4 0.15 2.34  3.85 

E 1.91 4 0.48 7.33 * 19.02 

e 0.26 4 0.07   16.34 

Total 8.82 24  0.1 4 4 =4.11F ，   0.05 4 4 =6.39F ，  0.01 4 4 =16.0F ，  
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Table 8. Variance analysis of friction coefficient of tubing string 

Variance 

source 
jS / -310  jf  

jMS / -310  jF  
Significa

nce 
j /% 

A 1.57 4 0.3925 2.18  4.45 

B 2.19 4 0.5457 3.03  7.69 

C 1.54 4 0.385 2.14  4.29 

D 4.84 4 1.21 6.72 (*) 21.56 

E 8.97 4 2.2425 12.46 * 43.17 

e 0.72 4 0.18   18.84 

Total 8.82 24  0.1 4 4 =4.11F ，   0.05 4 4 =6.39F ，  0.01 4 4 =16.0F ，  

(1) Variance analysis of tubing string wear 

According to the data of variance analysis of tubing string wear in Table 7, the effect 

of positive pressure on the wear of 13Cr-L80 tubing is particularly significant, with a 

contribution of 46.56%. The reciprocating stroke has a significant impact on the wear 

of tubing, and the friction frequency has an impact on the wear of tubing, while the 

completion fluid density and wear time have no significant influence on the tubing 

wear, which are in accordance with the influence degree of the factors obtained by 

range analysis. Therefore, it shows that in the field design of reducing the wear of 

tubing string, reducing the positive pressure is the priority, then reducing the relative 

sliding stroke of tubing-casing, then reducing the friction frequency, finally reducing 

the wear time and completion fluid density. 

(2) Variance analysis of friction coefficient 

It can be seen from the variance analysis data of friction coefficient in Table 8 that the 

influence of factors on friction coefficient of 13Cr-L80 tubing string is not particularly 

significant, and the influence of reciprocating stroke on tubing friction coefficient is 

significant because of the difference of reciprocating stroke causes the change of wear 

pattern of tubing-casing friction pair, from abrasive wear to adhesive wear, and the 

contribution degree is 43.17%. The density of completion fluid has an effect on the 

friction coefficient of tubing. The main reason is that different completion fluid affects 

the lubrication degree of tubing-casing friction pair. The influence of positive pressure, 

friction frequency and wear time on the friction coefficient of tubing is not significant. 

Thus, the results show that in the design of reducing the friction coefficient of tubing, 

reducing the reciprocating stroke is the priority, secondly increasing the density of 

completion fluid, and finally reducing the positive pressure, friction frequency and 

wear time. 
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4. Conclusions 

(1)In view of the wear failure caused by the vibration of tubing string induced by high 

fluid in high-yield gas wells, based on the 13Cr-L80 tubing material on site, the 

orthogonal test of friction-wear of tubing string was designed by introduced L25(56) 

orthogonal test table. Moreover, the range analysis method and variance analysis 

method were used to effectively analyze the influence on the wear characteristics of 

tubing by the positive pressure, friction frequency, wear time, completion fluid density 

and reciprocating stroke. 

(2)By using the range analysis method, the influences of different factors on wear and 

friction coefficient of 13Cr-L80 tubing are explored. It is found that the positive 

pressure has the greatest influence on tubing wear, followed by the reciprocating 

stroke, the friction frequency, the completion fluid density, and the wear time has the 

least influence on tubing wear. The optimal combination of factors level to minimize 

the field tubing wear is A1B3C4D5E1 (positive pressure 50N, friction frequency 1.2Hz, 

wear time 50min, completion fluid density 1.4g/cm3, reciprocating stroke 2mm). Also, 

the reciprocating stroke has the greatest influence on the friction coefficient of the 

string, followed by the density of the completion fluid, and finally the positive pressure. 

The optimal combination of factors level of the friction coefficient is A5B5C5D5E4 

(positive pressure 250N, friction frequency 1.8Hz, wear time 60min, completion fluid 

density 1.4g/cm3, reciprocating stroke 8mm). In order to reduce the friction coefficient 

of the friction pair of the tubing-casing and improve the wear life of the tubing string, 

it is necessary to focus on controlling relative slip stroke of the tubing-casing and 

completion fluid density. 

(3)Variance analysis method is used to explore the significance of different factors on 

wear and friction coefficient of 13Cr-L80 tubing string. The results show that firstly 

positive pressure has a particularly significant impact on 13Cr-L80 tubing wear, 

reciprocating stroke has a significant impact, and friction frequency has an impact, 

while completion fluid density and wear time have no significant impact. Therefore, in 

the field design of reducing the wear of tubing string, the priority is to reduce the 

positive pressure, and then to reduce the relative sliding stroke of oil casing. Secondly, 

the influence of reciprocating stroke on the friction coefficient of tubing is significant, 

the completion fluid density has an effect on the friction coefficient of tubing, and the 

influence of positive pressure, friction frequency and wear time on the friction 

coefficient of tubing is not significant. It shows that in the scheme design of reducing 

the friction coefficient of tubing, the priority should be given to reducing the 

reciprocating stroke, followed by increasing the density of completion fluid, increasing 

its lubrication degree, and finally reducing the friction coefficient, positive pressure, 

friction frequency and wear time. 
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