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Abstract.  Based on the theory of contact non-linear finite element analysis, the analysis for stress 
and strain of the connection thread of centralizer is carried out by ANSYS software. The structural 
weak part was identified. The method of simulation experiment is adopted. The simulation results 
are compared through changing the some parameters of thread structure to obtain the relation 
between parameters and the stress and strain of the connection thread. In order to improve the 
mechanical properties of weak part of connecting thread about the centralizer, some parameters 
which produced larger influence on its mechanical properties were selected. It provides a theoretical 
analysis method for improving the mechanical properties.  

Introduction  
Centralizer as an important kind of cementing tool is installed on the external oil coring drilling 

tools [1] [2]. It can improve the stability and prevent deviation when the outer cylinder and drill are 
working. As the working condition of oil coring drilling tools is very bad and the stress situation is 
very complicated, the damage of centralizer outside tube is quite serious, and most failure parts of 
the tube are on the connection thread. Select the reasonable structure parameters of the connection 
thread of centralizer to improve the mechanical properties of connection thread, which has 
important research significance and application value [3] [4]. 

Finite Element Analysis 
As the helix angle of the connection thread of centralizer will have little impact on the load 

distribution along the thread, it can be regarded as axi-symmetric structure in processing [5]. The 
model can be simplified as a two-dimensional model for the simulation analysis. The thread 
structure of centralizer is a special kind of non-standard trapezoidal thread. On the basis of thread 
structure CAD drawings, accurately calculate the coordinates of each point in the model, write the 
corresponding APDL language, and then establish the two-dimension geometry model of a 
connection thread, as is shown in figure 1. 

 

Fig. 1 Geometry model of connecting thread 

 
Fig. 2 Finite element model of connecting thread 
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The material of the centralizer is 45CrNiMoVA, which is isotropy elastic-plastic material. Its 
modulus of elasticity is 2.14 x 105 Mpa; poisson's ratio is 0.29; the material yield limit is 1330 Mpa; 
material friction coefficient is 0.1. The unit type is 8 node plane axisymmetric element PLANE82, 
CONTA171 (unit type reference number). The grid of the model is smartly divided. The length of 
unit is 1 mm; node number is 5944; unit number is 5944. The finite element model of connection 
thread is shown in figure 2. 

The thread connector bears the 10 KN/M work torque and 70 KN axial load pressure. The above 
two kinds of loads are converted to uniformly distributed loads on the finite element model by using 
the method of calculation and analysis. Fixed displacement constraints are imposed on the centre-
left end of the model and distributed loads calculated are applied on the right end of the model in 
ANSYS software. Contact pairs are set. There are 2 contact pairs on the shoulder, 15 contact pairs 
on the thread interface. There are a total of 17 contact pairs. The loads applied of the finite element 
model are shown in figure 3. 

 
Fig. 3 Diagram about loads applied  

The nonlinear contact finite element analysis was carried out on the connecting thread structure 
by using ANSYS [6]. The displacement and Von Mises stress contour map of the threaded 
connector are shown in figure 4 and 5. 

        
Fig. 4 Resultant displacement contour map                 Fig. 5 Von Mises stress contour map 

The biggest resultant displacement appears at the right end the female thread connector (right 
shoulder area) and the numerical value is 1.303 mm, which is shown in figure 4. From the overall 
deformation situation, the deformation of the male thread connector has slightly greater than the 
female connector. The maximum equivalent stress is 1052 Mpa, appearing in the left shoulder with 
MX area figure 5, which is mainly caused by the stress concentration. From the stress of the overall 
thread connector, Compared with other parts of the thread, the equivalent stress of thread root part 
is larger, and it is more likely to occur fracture failure phenomenon at the right end of the first 
thread. 

In the case of the known load stress, the deformation and stress of connector is relatively large, 
as can be seen from the figure 4 and 5.So its mechanical performance (seal and bearing 
performance was poor. In the poor working conditions, the failure probability of thread connector is 
larger. The instructions from the side, the design defects exist in the original thread structure. It is 
necessary to optimize the structural parameters of the original thread, select some parameters larger 
effect on the mechanical properties. 

Parameter Analysis for the Infrastructure of the Thread 
The method of simulation experiment is adopted [7] [8]. The simulation results are compared 

through changing the some parameters of thread structure to obtain the relation between parameters 
and the stress and strain of the connection thread. 

Mainly the following seven parameters were changed: teeth number, teeth angle, teeth height, 
thread pitch, thread taper, left and right basal spacing and thread diameter. As the thread connector 
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is a special kind of non-standard structure of trapezoidal thread, the above values of seven 
parameters change under the premise of the machining process of thread structure. 

From the above finite element analysis results, we can know that the maximum displacement of 
the original thread connector is 1.303 mm and the maximum equivalent stress is 1052 Mpa. The 
foundation structure parameters of the original thread are shown in table 1.  

Table 1 Foundation structural parameters of original thread 

Teeth number Teeth angle Teeth height Thread taper Thread pitch 

7 270 2.24 1：32 8.466 

 

Table 2 The simulation results comparison about the change of thread number 

Parameter value 6 8 9 10 

Maximum displacement 1.151 1.684 2.27 2.849 

Maximum equivalent stress 1010 1198 1471 1678 

Table 3 The simulation results comparison about the change of thread tooth height 

Parameter value 1.4 1.8 2.7 3 

Maximum displacement 1.051 1.195 1.392 1.416 

Maximum equivalent stress 914.8 959.4 1384 1088 

Table 4 The simulation results comparison of about the change of thread tooth type angle 

Parameter value 220 320 370 400 

Maximum displacement 1.223 0.955 0.9781 1.453 

Maximum equivalent stress 974.3 1117 993.63 914.214 

Table 5 The simulation results comparison of about the change of thread taper 

Parameter value 1:8 1:16 1:24 1:32 

Maximum displacement 1.448 0.9603 1.441 1.303 

Maximum equivalent stress 1637 882.49 1114 1052 

Table 6 The simulation results comparison of about the change of pitch 

Parameter value 7.466 8.466 9.466 10.466 

Maximum displacement 1.054 1.303 1.419 1.8 

Maximum equivalent stress 820.2 1052 1045 1562 
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Table 7 The simulation results comparison of about the change of thread diameter 

Variable quantity -2mm -1mm 0mm +1mm 

Maximum displacement 1.098 0.9299 1.303 1.202 

Maximum equivalent stress 908.1 868.72 1052 1033 

Table 8 The simulation results comparison of about the change of the left and right basal spacing 

Variable quantity -3mm -2mm -1mm +1mm 

Maximum displacement 0.888 0.955 0.9781 1.453 

Maximum equivalent stress 790.3 857.7 934 1168 

Note: the involved length unit in table1-8 is mm; the equivalent stress unit is MPa. The "-" or 
"+"show that the new structural parameters decrease or increase compared with the original 
parameters in table 7 and 8. The thread diameter changed refers to change the value of the large 
diameter, intermediate diameter and minor diameter of the thread at the same time in table 7.  

From the table 1 to 8, the larger factors impacting mechanical properties of the thread connector 
(seal and bearing performance): thread taper, pitch, diameter and basal spacing. 

Summary 
A nonlinear finite element analysis of centralizer special connection thread is made to identify 

the defect of the original thread structure in ANSYS software. The method of simulation experiment 
is adopted. The simulation results are compared through changing the some parameters of thread 
structure to obtain the relation between parameters and the stress and strain of the connection thread. 
Some parameters which produced larger influence on its mechanical properties were selected. It 
provides a theoretical analysis method for improving the mechanical properties. 
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