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Abstract: The push system of the microsphere focusing logging tool is an important moving mechanism of this type of logging 
tool. The push system will periodically bear large loads under working conditions and is prone to stress concentration. Its 
structural strength and reliability are related to the logging accuracy. and even the success or failure of the logging mission.  
Based on ANSYS workbench software, this paper first conducts modeling and static simulation of the microsphere focusing 
logging tool push system under working conditions, and secondly conducts uncertainty analysis on the maximum equivalent 
stress of the push system based on the simulation results. , Finally, based on the analysis results, the six sigma module was used 
to conduct a reliability analysis of the pushing system, and the structural strength reliability of the microsphere focusing logging 
tool pushing system was given through the probability distribution table obtained from the analysis. The analysis results show 
that the maximum equivalent stress occurs on the link arm of the pushing system under working conditions. Under the current 
working condition, the link arm strength of the pushing system is highly reliable and can meet daily logging needs. 
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1. Introduction 
The microsphere focusing logging tool is a very important 

petroleum logging equipment in the field of petroleum 
logging. Its push system is installed on the microsphere 
focusing logging tool to assist the microsphere focusing 
logging tool in completing downhole logging tasks.  The key 
system [1]. The push system will be subject to periodic loads 
during operation, and the load is relatively large, which is 
prone to stress concentration, leading to failure and damage. 

At present, the research on the microsphere focusing 
logging tool push system is mostly focused on the design 
optimization of the push system, the wear resistance design of 
the push plate and the application of new materials. Dou Jinai 
is based on the current push pole of the microsphere focusing 
logging tool.  In order to solve the problem of poor wear 
resistance of the plate, the material and manufacturing 
process of the original plate have been improved, so that the 
wear resistance and insulation of the plate are better than the 
conventional rubber plate [2].  Ren Tao aimed at minimizing 
the root mean square fluctuation of the transmission angle of 
the main transmission mechanism of the pushing system and 
the expected transmission angle, and optimized the 
transmission performance of the pushing system and the 
motion smoothness of the pushing system [3]. 

The microsphere focusing logging tool pushing system will 
be subject to large periodic loads during the working process, 
and it is easy to produce stress concentration, leading to 
system failure and damage. The failure mode is usually that 
the structural strength of the link arm is insufficient, so the 
microsphere focusing is required.  The logging tool push 
system performs structural strength reliability analysis.  At 
present, there are few studies on this type of analysis. Yang 
Baiqing discussed and analyzed the mechanical properties of 
the single-arm pusher. He analyzed the working conditions of 
the pusher and the action of each robotic arm to design high-
quality the pusher has established a theoretical basis [4].  
Zhang Guangzhou conducted a detailed study on the 
reliability design methods of logging instruments from 

multiple angles in view of the reliability of logging 
instruments in the petroleum development process, and 
proposed that attention should be paid to the instrument frame 
strength and impact resistance reliability in the design [5]. 

In this paper, through the static analysis of the microsphere 
focusing logging tool push system under working conditions, 
the position where the maximum equivalent stress occurs in 
the system is obtained, and the Six Sigma analysis module is 
used to conduct reliability analysis of the push system, and 
provide the basis for the push system.  Provide reference for 
further optimization of the system. 

2. Introduction to Microsphere 
Focusing Logging Tool Push System 

The microsphere focusing logging tool push system mainly 
includes: motor, transmission system self- locking device, 
radial ball bearing group, push upper arm, push inner wall, 
push plate, link arm, push body, push system works the state 
structure diagram is shown in Figure 1. 
 

 
Fig 1. Structural diagram of the working state of the microsphere 

focusing logging tool pushing system 
 
Note: 1. motor; 2. self-locking device of transmission 

system; 3. radial ball bearing group; 4. push against upper arm; 
5. push against inner wall; 6. push against pole plate; 7. link 
arm; 8. push against main body. 

When logging, the motor drives the thrust rod and thrust 
plate to move forward in a straight line through the screw, 
thereby compressing the spring and opening the push arm, 
thereby driving the push plate to move until the plate fits the 



 

33 

well wall [6]. When the pole plate completely fits the well 
wall, the motor is powered off, and the spring provides the 
pushing force of the pole plate. 

3. Static Analysis of Microsphere 
Focusing Logging Tool Pushing 
System 

3.1. Model Import and Settings 
Based on the actual working conditions, the microsphere 

focusing logging tool pushing system is modeled and 
assembled in CREO modeling software. To reduce the 
amount of calculation, this article only studies the single-
sided pushing upper arm, pushing against the inner wall, 
pushing against the pole plate and the link arm is modeled, 
and the simulation model is imported into ANSYS workbench 
simulation software. The simulation model of the 
microsphere focusing logging tool pushing system is shown 
in Figure 2. 

 
Fig 2. Microsphere focusing logging tool pushing system 

simulation model 

3.2. Meshing 
The tetrahedral method is used to divide the mesh of the 

pushing system, and the overall mesh size is set to 2mm. The 
entire model is refined through Body Sizing. The number of 
mesh units, the number of nodes, and the mesh quality of the 
model after processing are as follows:  As shown in Table 1. 

 
Table 1. Number of model mesh units, number of nodes and mesh 

quality 

Name 
Number of 
elements 

Number of 
nodes 

Mesh 
quality

push against upper 
arm 

79128 122432 0.8341 

push against inner 
arm 

98426 147887 0.8391 

push against plate 202911 295535 0.8474
link arm 7789 12756 0.8259

3.3. Add Contacts and Loads 
Table 2. Microsphere focusing logging tool push system motion 

pair connection information 

Number 
Kinematic pair 

type 
Part 1 Part 2 

1 Moving pair Link arm ground

2 Rotating pair Link arm 
Push against 

inner arm

3 Rotating pair 
Push against 

inner arm 
ground 

4 Moving pair 
Push against 

inner arm 
Push against 

plate

5 Rotating pair 
Push against 

plate 
Push against 
upper arm

6 Rotating pair 
Push against 
upper arm 

ground 

 

The connection methods of the kinematic pairs between the 
various parts of the pushing system are consistent with the 
actual connection methods, as shown in Table 2. Based on the 
actual working conditions and literature 7, the load added to 
the push system is as follows: the driving force on the pin hole 
at the lower part of the link arm is 225N, and the well wall 
pressure on the upper surface of the plate is 240N. 

3.4. Analysis of Simulation Results 
The maximum equivalent stress and deformation cloud 

diagrams of each part of the static simulation of the 
microsphere focusing logging tool pushing system under the 
load-bearing working state are shown in Figure 3 (a)-(d). 

 
(a)Maximum equivalent stress cloud diagram of push against plate 

 
(b) Maximum equivalent stress cloud diagram of push against 

Inner arm 

 
(c) Maximum equivalent stress cloud diagram of push against 

upper arm 

 
(d) Maximum equivalent stress cloud diagram of link arm 

Fig 3. The maximum equivalent stress and deformation cloud map 
of each part 

 
The simulation results of each component of the pushing system 

are shown in Table 3. 
 

Table 3. Maximum equivalent stress of each component of the 
microsphere focused logging tool push-back system 

Name Maximum equivalent stress (MPa)

push against upper arm 66.548 

push against inner arm 74.118 
push against plate 15.593 

link arm 163.51 

 
It can be concluded from Table 3 that under working 
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conditions, the equivalent stress on the link arm is the largest, 
which is 163.51MPa. The equivalent stress on other parts is 
much smaller than that on the link arm. Among them, the 
equivalent stress on the upper arm is the smallest, which is 
15.593.  MPa.  Therefore, when designing the microsphere 
focusing logging tool push system, the strength of the link 
arm should be considered, and the strength reliability of the 
link arm should be analyzed. 

4. Reliability Analysis of Link Arm 
Strength Considering Uncertainty 

4.1. Link Arm Strength Reliability Analysis 
Process 

The link arm strength reliability analysis steps are divided 
into the following two points: 

1) Uncertainty analysis 
In the strength reliability analysis, due to the existence of 

part processing errors, assembly errors, and the load under 
working conditions, there will be a certain deviation from the 
design value.  Therefore, uncertainty analysis is performed 
on the basis of static simulation[8].  The input variables of 
the uncertainty analysis are set to (part rod length, pin hole 
diameter, load), and the output variables are set to the 
maximum equivalent stress on the link arm.  Through 
analysis, it can be seen that each input variable obeys the 
normal distribution. 

For the selection of random variables, this article uses the 
Latin hypercube sampling method.  The Latin hypercube 
sampling method is a method of approximately random 
sampling from a multivariate parameter distribution. It is a 
stratified sampling technology and is often used in computer 
experiments or Monte Carlo integration[9].  Suppose there 
are k variables and N samples are taken from the specified 
interval. Then the cumulative distribution of each variable is 
divided into the same N small intervals. A value is randomly 
selected from each interval. The N values of each variable are 
summed.  The values of other variables are randomly 
combined.  Compared with the simple random sampling 
method and the stratified sampling method, the Latin 
hypercube sampling method does not have complex 
mathematical concepts, is easy to operate and use, can save a 
lot of computing resources, generates samples with higher 
spatial coverage, and the data obtained by sampling have high 
Good balance [10]. 

2) Reliability analysis 
The calculation of strength reliability is usually based on 

the stress-strength interference model [11], and its schematic 
diagram is shown in Figure 4: 

 

 
Fig 4. Principle diagram of interference model 

 
Its functional functions are: 

Gሺzሻ ൌ ݂ሺݔሻ െ ݃ሺݕሻ ൐ 0             (1) 
Where f(x) is the strength of the part, and g(y) is the stress 

on the part. If f(x) and g(y) both follow a normal distribution, 

then: 
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In formula: 
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In the formula, β is the strength reliability index, ߤ௨ and 
௨ߪ  are the mean and standard deviation of input variables, 
and ߤ଴  and ߪ଴   are the mean and standard deviation of 
output variables. 

4.2. Uncertainty Analysis 
The rod length, pin hole diameter and load of the link arm 

were selected as input variables, the distribution mode was set 
as normal distribution [12] and the coefficient of load 
variation was set as 0.02. The maximum equivalent stress of 
the link arm is taken as the output variable. The distribution 
characteristics of input variables for uncertainty analysis are 
shown in Table 4 

 
Table 4. Characteristics of input variables for uncertainty analysis 

Code 
name

variable name mean 
standard 
deviation

P1 Link arm length 84.4mm 0.1

P2 
Link arm lower pin 

hole diameter
10mm 0.07 

P3 
Diameter of upper 

pin hole of link 
arm

6.4mm 0.06 

P4 
Lower pin hole X 

axial force
225N 4.5 

P5 
Lower pin hole Y 

axial force
420N 8.4 

 
Latin hypercube sampling of input variables was carried 

out in the set distribution interval, and the number of samples 
was 10,000. After simulation, the average value of the 
maximum equivalent stress of the link arm was 166.44MPa 
and the coefficient of variation was 0.005, and the maximum 
equivalent stress distribution function of the link arm was 
obtained by fitting, as shown in Figure 5. 

 

 
Fig 5. Maximum equivalent stress distribution function of the link 

arm 

4.3. Reliability Analysis 
In the Six Sigma module of ANSYS Workbench, the 

probability value corresponding to a certain fixed value can 
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be intuitively obtained by analyzing the probability 
distribution table. The probability distribution table of the 
maximum equivalent stress of the link arm is shown in Figure 
6. 

 
Fig 6. Table of maximum equivalent stress distribution of link arm 

 
It can be seen from Figure 6 that the probability that the 

maximum equivalent stress of the link arm is less than 
177.83MPa is 0.99993. According to the experience, the 
design maximum allowable stress of the link arm is 175MPa, 
and the strength reliability of the link arm is 0.9981. Take the 
variation coefficient of the maximum equivalent stress of the 
link arm as 0.02, and bring it into equation (4) and (5) to 
calculate β=1.946, R=0.99813, which is basically consistent 
with the corresponding probabilities in the probability sub-
table, indicating that the simulation results are correct. 

5. Closing Remarks 
Aiming at the microsphere focused logging tool push-pull 

system, this paper conducts static analysis of the push-pull 
system under working conditions, and on this basis carries out 
uncertainty analysis. Based on the analysis results, reliability 
analysis is carried out and the maximum equivalent stress 
probability distribution table of the link arm of the push-pull 
system is obtained. The research shows that: 

1. The maximum equivalent stress occurs in the link arm of 
the microsphere focused logging tool push-back system under 
working condition; 

2. When the maximum allowable stress is 175MPa, the 
strength reliability of the link arm is 0.9981, indicating that 
the strength reliability of the link arm is high and can meet the 
current logging requirements. 
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