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Reliability Analysis of Hydrodynamic System for Robot Configuration
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Abstract: The failure tree and J-M model method are lack of analysis of the importance of each component
model, which leads to the low reliability of the analysis results. In view of this problem, a Monte Carlo
method based on the shape of the English long-distance robot is proposed. In view of the configuration of the
robot, the realization process of the robot shape fluid dynamics system is analyzed. The frequency of accident
is determined by Monte Carlo simulation, which is used as the reliability index of the system. In MATLAB,
the reliability of the shape fluid dynamic system of robot is analyzed by Monte Carlo method. The system
importance name and parameters are determined. The parameter conforms to the statistical function of random
variables of each corresponding probability distribution function. According to the parameters, the function of
the structure is established. The system is divided into reliable state, failure state and limit state with 0 as the
dividing point, and the actual failure probability of the system is calculated. The numerical solution of log
domain is simulated by the method of statistical calculation of random variables, and the actual failure
probability is expressed by normal distribution function. The experimental results show that the actual failure
probability of the method is lower than 5% under any working load, and the reliability of the analysis results
is high.
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1. Introduction

Robot can promote the effect of language courses. implementation phase. Using the J-M model, it is
Domestic robot design generally pays more attention to assumed that the number of errors inherent in the
the research of robot performance index ™, but ignores software is an unknown constant, that the errors in the
the prediction of its reliability, which makes the robot software are independent of each other, that the
unreliable in the use process [@. It can be seen that the probability of system failure caused by each error is
research on the reliability of robot is a very important roughly the same, and that the time interval between
development direction. However, if the reliability of robot failures is also independent of each other. All the errors
system is completely attributed to the reliability of detected in the test are eliminated, and only one error is
components and the level of manufacturing technology;, excluded at a time. Although the elimination time can be
and the effect of system design on reliability is not ignored, new errors are constantly introduced in the
considered, this method is not very perfect. In the case of process of debugging, resulting in unsatisfactory analysis
increasingly complex robot system, it can not solve its results. In view of this situation, a Monte Carlo method is
reliability problem well. At present, the fault tree model is proposed to analyze the reliability of the fluid dynamic
applied to the reliability analysis of the fluid power system of the robot.
system of robot. The fault tree method comes from the
design of hardware. Its principle is to refine the software
errors according to the tree structure until the cause of the
error is found. Although this method can be used in the

2. Analysis of fluid dynamic system for

the shape of robot

design phase, it lacks detailed research in the In the environment, users and robots constitute a
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human-computer interaction system, and the interaction
goal is defined as the transmission of English content.
The way to achieve this goal is voice dialogue. The
behaviors involved in the dialogue between robot and
users include listening, speaking and body expression.
Make judgment on the feedback of users and plan the
next step behavior to form a closed-loop system until the
users actively interrupt the interaction (the robot will
enter the sleep state until it is awakened again) ©1.

Robot is a tool for signal reception, preprocessing,
distribution and result display. The robot directly receives
the users' speech signals, and uses the speech recognition
function inside the robot to convert the speech signals
into text signals that can be understood by the program.
According to the input signal, call the corresponding
server interface to achieve different functions. When the
server returns the result of interface call, the result is
displayed to the users by using the voice synthesis
function and body action function inside the robot 1,
The configuration of robot is shown in Figure 1.
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Figure 1 Configuration of robot

The realization of speech function of robot mainly
depends on the running environment and server
environment of robot. In the environment of robot,
Python language is used to realize the basic processing of
speech signal and interface call function, using Python
version 2.7 1, In the server environment, Java language
is used to realize the core function of robot, including the

different feedback of different quality word pronunciation
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in the word practice function. In the role-playing dialogue,
the role switching of users in the dialogue, the feedback
of users' different speech content in the free dialogue
function, etc. The server program adopts springboot
framework, and the program is published on nginx web
server (1012 robot and server program communicate
through restful style interface. robot and server are in the
same LAN [13 141,

For the shape fluid design of robot, the topological
information of the optimal shape is often unknown before
shape
optimization method is no longer effective. Topology

optimization, which leads to the traditional
optimization is to optimize the size, shape and topological
structure of the optimization target at the same time. It is
a more advanced optimization method than ordinary
shape optimization. It can guide the direction of

optimization by setting constraints and objective
functions, so that researchers can get rid of the problems
of empirical design %1 The flow chart of the robot shape

fluid dynamic system is shown in Figure 2.
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Figure 2 Flow chart of robot shape fluid dynamic

End

system
The fluid dynamic system of robot shape mainly
depends on three parts. (1) MATLAB calls CFX solver to
simulate fluid automatically. (2) The dynamic link library
is established to enable applications to call functions that
do not belong to their executable code, which solves the

Volume 20, 2021



WSEAS TRANSACTIONS on SYSTEMS
DOI: 10.37394/23202.2021.20.33

problem that Fortran programs cannot be directly
recognized by CFX, and the source information can be
smoothly transferred to CFX. (3) MATLAB calls CFX
post-processing module to export the calculation results
in the specified format and path for MATLAB to read and
carry out subsequent calculation [l The invention
combines two commonly used softwares MATLAB and
CFX, MATLAB controls the topology optimization
algorithm, CFX solves the flow field, establishes an
interface, and creates a joint solution platform, so that the
two can call each other and transfer data. Taking two
advantages of each software can not only solve the
multi-objective optimization, but also greatly reduce the
optimization time 171,

3. Reliability analysis of fluid dynamic

system for robot configuration

Monte Carlo method is a reliability calculation
method based on the principle of mathematical statistics,
which is also called statistical experiment method or
random simulation method. Its basic principle is to
establish a probability model according to the problem,
get the sample through some kind of false experiment
with numbers, then carry out statistical processing, and
take the result as the solution of the problem.

3.1 Simulation method based on Monte Carlo

The basic principle of Monte Carlo method is as
follows: let q,,q,,...,q, be n independent variables

with the same distribution law, and q and p°

represent the same finite mean value and variance
respectively, then any ¢ >0 has:

lhig=e)=°

If R is set as the failure event of the fluid power

limw

n—o

)

system of the robot, the probability of the eventis P(R).

After n tests, the frequency of fault events R in the
fluid dynamic system of the robot shape in English
distance is m, and the frequency of the accidents is
obtained as follows:

P(R):%xloo%

@
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According to the Formula (2), for any ¢ >0, there

s

The application of Monte Carlo method is as follows:

are:

limw

n—o

T_P(R) 3)

n

in this paper, the reliability of fluid power system which
affects the shape of robot is analyzed by random stratified
sampling. Random stratified sampling is to divide the
population into several subpopulations according to one
or several characteristics, and each subpopulation is
called a layer. Then a sub sample is randomly selected
from each layer, and these sub samples together are the
total sample. The sample number of each layer is
determined by non proportional distribution method.
When the proportion of the number of cases in a certain
level is too small, the proportion of the number of cases
in the total sample can be increased artificially in order to
make the characteristics of that level adequately reflected
in the sample. But doing so increases the complexity of
inference. In general, the variables that are used for
stratification are hierarchical variables, and the ideal
hierarchical variables are the fault events to be detected or
the variables related to them.

According to the principle of random sampling, that
is, to ensure that each unit in the population has the same
chance to be selected, the method of sampling. When
inferring the population according to the sample data, one
group by one is substituted into the structure to determine
whether the failure occurs, so as to obtain the reliability
[18, 19]_

3.2 Reliability simulation program block
diagram

According to the statistical function of random
variables that obey the corresponding probability
distribution function, the m’xn’ random variable array
is generated by using the corresponding random number
instruction, and is substituted into the function function
one by one to get the result array. Count the number x
of elements greater than 0 in the array to determine the
system reliability %251, Matlab is a matrix factory, which
mainly faces the computing environment of interactive
programming. To a great extent, it can get rid of the
the
programming language. It can process and analyze the

editing mode of traditional non interactive
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digital image, has a friendly user interface and is close to
the natural language of mathematical expression. It
provides a large number of convenient and practical
processing tools for simulation research. Therefore, in
MATLAB, Monte Carlo method is used to analyze the
reliability of the shape fluid dynamic system of robot.
Figure 3 is the program block diagram.
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—]

The number of bottom event |
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 Z
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Statistic and cal culate the system |
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End

Figure 3 Block diagram of reliability simulation
program

According to Figure 3, the relationship between
function function and basic random variable is implicit in
reliability analysis. From the perspective of reliability
calculation, the value of given sample point is analyzed
by CAE tool, and then the reliability is calculated by
statistics. The following two problems must be solved
when the CAE tool is used for reliability simulation
calculation:

(1) The reliability calculation program package and
call CAE software to realize the calculation of the
operating load of the hydrodynamic system with the
shape of the robot;

(2) The gradient calculation can be used to
determine whether the load is within the specified load
range by using the finite difference method on the basis
of obtaining the operating load of the hydrodynamic
system with the shape of the robot.

After initializing the hydrodynamic system of robot,
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the initial number of failures is determined to be zero, and
then the failure events are randomly selected from the
historical database and arranged from the minimum to the
maximum probability. When scanning the fault tree,
according to the probability of the selected failure event,
the time interval of the probability decline after the
system failure is judged, so as to end the simulation
operation.
3.3 Actual failure probability analysis

The purpose of the reliability verification of the fluid
power system of the robot is to test whether the fluid
power system structure of the robot meets the specified
reliability under the specified load. In the reliability
analysis, the influencing factors should be considered first,
as shown in Table 1.

Table 1 System importance name and parameters

Probability Mode
Number . . Event name
importance importance
Power
#1 0.035 1.000 .
failure
X-axis
#2 0.051 1.000
motor
Y-axis
#3 0.052 1.000
motor
Z-axis
#4 0.063 1.000
motor
Computer
#5 0.015 1.000 .
failure
Control card
#6 0.029 1.000

hardware

It can be seen from Table 1 that the mode importance
of each component is the same, which indicates that a
failure of each component in the system will cause a
system failure. The greater the value of probability
importance, the greater the probability of failure of the
component, which is the weak link of the system.
Therefore, according to this table, we can judge the weak
links of the system and determine the maintenance
sequence when the system fails.

According to Table 1, the structure function is

established as follows:
f:g(Yl,Yz,Yg,YMYS,YG) (4)

In Formula (4): Y,Y,,Y,,Y,, Y, Ys respectively
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represent the power failure, X-axis motor, Y-axis motor,
Z-axis motor, computer failure and control card hardware
factors that affect the reliability of the fluid power system

of the robot; g(Y) represents the function.

The function divides the system into three different
states with O as the dividing point:

(1) If f>0, the system is reliable, which is
represented by P, ;

(2) If f <0, the system fails, which is represented
by P;

(3) If =0, the system is in the limit state.

The actual failure probability of the fluid dynamic
system of the robot is as follows:

P,=1-R
Carlo

©)

Using Monte method and statistical
calculation of random variables, the numerical solution in
mathematical field is simulated and solved, which is
expressed by normal distribution function. Normal
distribution, also known as "habitus distribution”, is a
very important probability distribution. The area between
the curve and the horizontal axis is always equal to 1.
This is the probability of integrating the function of
probability density from positive infinity to negative
infinite function is 1. That is to say, the sum of
frequencies is 100%. The normal distribution function is

shown in Figure 4.

f(R

time >

Figure 4 Normal distribution function
It can be seen from Figure 4 that y is inversely

proportional to the actual failure probability. The smaller
y is, the higher the actual failure probability is, and the

lower the reliability is; on the contrary, the higher.

4. Experiment

In order to verify the rationality of the reliability
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analysis of the fluid power system of the robot, the
experimental verification analysis is carried out.
4.1 Fluid dynamics simulation of robot shape
Grid is the basis of model construction and
expression in CFD simulation, and it is the bearing
element of numerical simulation. Its quality plays a
decisive role in the accuracy and efficiency of numerical
simulation. ANSYS ICEM CFD software is used for
mesh generation, which has powerful ability of
hexahedral structured mesh generation, and can divide
hexahedral mesh in any shape model. Considering the
distance between distance learning and the size of air
flow space, the air fluid area is set within 50 m around the

robot. Import the fluid model into the software, as shown

<

in Figure 5.

I

50000

50000)

Figure 5 Fluid model
It can be seen from Figure 5 that when meshing, the
fluid profile is first outlined in the whole block, and the
outer O-Block is established, so as to generate the

N

QQ
o

boundary layer mesh near the wall. The total number of
nodes is 4541832, and the total number of cells is
4658339. The quality of the grid is above 0.3.
4.2 Parameter setting

Boundary conditions refer to the variation of the
variables or their first derivatives on the boundary of the
solution domain with time and place. The basic boundary
conditions include flow inlet and outlet boundary, given
pressure boundary, wall boundary, symmetric boundary
and periodic boundary. The external flow field of the
robot is solved in a steady state, and the boundary
conditions are set as shown in Figure 6.
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Figure 6 Boundary condition setting
> As can be seen from Figure 6, the details of the
— boundary setting of the inlet IN, outlet OUT, bottom
N <P WALL, robot RO and AIR are as follows:
~ Y (1) Inlet IN
_ Inlet boundary type is selected as inlet, and the fluid
— sl T can not be entered or out,

and the direction is
perpendicular to the surface, and the turbulence intensity

~ — is set to medium. As shown in the grid area in Figure 6(a).
{2 i (2) Outlet OUT

Outlet boundary type is selected as outlet, and the

(@ IN fluid can not be input, and the static pressure is set to 0.1
- MPa. As shown in the grid area in Figure 6(b).
S \\\ (3) Bottom WALL and robot RO
4™ \\ For the bottom boundary type, the smooth wall
| ;g;f< C boundary condition without sliding is selected as the

— adiabatic condition. The type of robot boundary is W all,
and the smooth wall boundary condition without sliding

= is selected. As shown in the grid area in Figure 6(c).
. (4) AIR

S @x’ - The air boundary type is Opening, the fluid can enter
~
and exit, the opening pressure is 0.1 MPa, and the
(b) OUT turbulence intensity is medium. As shown in the grid area
in Figure 6(d).
>IN . .
< N 4.3 Experimental results and analysis
N Sy (1) Normal working load
= R Under normal working load, the actual failure
| — probability based on fault tree, J-M model and Monte
= > T B Carlo analysis method is analyzed, as shown in Figure 7.
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Figure 7 Actual failure probability of three methods
(d) AIR under normal working load
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It can be seen from Figure 7 that the actual failure
probability of the three methods is less than 40%, and the
actual failure probability of the fault tree reliability
analysis method is between 20%-40%; the reliability
analysis method of J-M model is between 15%-25%; the
actual failure probability of the reliability analysis method
based on Monte Carlo method is between 0-5%.
Therefore, the reliability analysis method based on Monte
Carlo method is more reliable under normal working
load.

(2) Abnormal working overload

Under the abnormal working probability, the actual
failure probability of the three methods is analyzed, as
shown in Table 2.

Table 2 Actual failure probability of three methods
under abnormal working overload

J-M Monte Carlo
Load /KN/m?  Fault tree
model method
05 21% 9% 1%
1.0 37% 23% 2%
1.2 45% 42% 2%
15 62% 45% 5%
2.0 76% 56% 4%
2.5 78% 65% 4%

It can be seen from Table 2 that when the load is
0.5/kn/m?, the actual failure probability of the three
methods is relatively low. As the load increases, the actual
failure probability of the three methods increases. When
the load is 1.5/kn/m?, the probability of failure of the
three methods is higher; when the load is 2.5/kn/m?, the
probability of failure of the three methods is 78%. The
actual failure probability of Monte Carlo method is 5%.
Therefore, the reliability of reliability analysis method
based on Monte Carlo method is relatively high under
abnormal working load.

5. Conclusion

According to the working mode of the fluid power
system of the robot, the reliability theory is applied to the
system reliability analysis. In MATLAB, the Monte Carlo
method is used to analyze the reliability of the system,
and the relevant data are obtained. The experimental
results show that the method has high reliability. The
process of Monte Carlo digital simulation actually reflects
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the essential process of system life development. Through
the simulation, the staff can gain insight into how the
system failure is caused by the failure of the internal unit
of the system, understand the failure mode and weak link
of the system, and increase the operation experience and
This
use,

test maintenance experience. is
the design,

maintenance of the system.

of special

significance for detection and

The Monte Carlo method provides a feasible strategy
and thought in technology for the weak link of robot in
the use process or in some specific environment, which
has a certain practical significance. Taking this as the
future research direction, combined with fault tree, the
fluid

out

simulation  calculation  of power  system

programming is carried through  computer

programming, which provides reference for its reliability

prediction.
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