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Abstract. In view of the complex factors affecting the reliability of the main shaft of a nuclear
power CNC wheel milling machine, a finite element analysis model is established by using the
ANSYS parametric modeling technique and the finite element analysis model of the machine tool
spindle, which will affect the reliability of the main shaft of the machine tool, and the Carlo
Monte simulation method is used to calculate the reliability. Get in the confidence probability of
95%, three random variables of design variables histogram, failure probability distribution
function, cumulative distribution curve and sensitivity analysis. The method proposed a new way
of thinking for the reliability analysis and design of machine tool spindle, which has a great
application prospect.

Introduction

With the continuous development of China's manufacturing industry, the research and
development of ultra large equipment and the national attention, the domestic production of
nuclear power CNC wheel groove milling machine, for China's power generation equipment
independent manufacturing technology to promote and support role, and the spindle is the key
part of the nuclear power plant, the reliability of the high level of nuclear power, so that only the
machine tool spindle has high reliability, can guarantee the processing quality of the machine.

Because of the complex metal material and material characteristics of the main shaft of the
machine tool spindle, the spindle power and torque are not the same. Therefore, it must take into
account that the spindle head diameter, the elastic modulus and the torque of three random
variables must be considered in the analysis. Aiming at this characteristic, the reliability analysis
of the main shaft of the nuclear power wheel groove milling machine is proposed based on the
probability finite element method.

The finite element model of the main shaft

The main shaft of the nuclear power CNC wheel groove milling machine is under the action of
large torque. The torque of the main shaft is 8000N.m. Therefore, the reliability of the rotor is
considered in the design of the main shaft. The principal axis of the material is a composite metal
material, the elastic modulus 200GP, the density is (6.24 ~ 6.15) * 103kg/m3, the Poisson's
ratio is 0.57, the other main shaft key parts of the geometric parameters are shown in tabl.
Table.1 Geometric parameters of key parts of the spindle
Parameter ~ Dimension parameter ~ Mean /mm Deviation /mm Under deviation /mm

variable description
1 Inner diameter of 580 0 -0.012
bearing inner ring
2 Bearing inner ring 880 0 -0.015
outer diameter
3 Bearing width 710 0 -0.12
4 Shaft length 1100 +0.001 -0.001
5 The inner diameter of 320 +0.001 -0.001
the shaft
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6 The outer diameter of 500 +0.001 -0.001
the shaft

7 The outer diameter of 430 +0.001 -0.001
the shaft

According to the basic size of the spindle, ignoring the impact of the main axis of the main axis
of the main characteristics, the use of ANSYS/APDL to establish the parameters of the spindle
model, the main axis of the whole grid using MESH200 and SOLIDA45 eight node solid element
by multiple sweeping, the spindle and bearing of the wheel groove milling machine simplified,
its finite element model is shown in fig 1.

Fig.1 Finite element model of the spindle of the nuclear power wheel groove milling machine

Monte Carlo simulation theory

Monte Carlo simulation theory is the most common method in finite element analysis, which can
clearly simulate the real behavior of the real problem. The basic idea of Monte Carlo simulation is
as follows: the establishment of a random model corresponding to the research object, the
formation of a random variable, it's a number of features (such as probability, expectation,
etc.), and then in accordance with the random model of a large number of random experiments to
obtain a large number of random variables, the use of statistical characteristics of the estimated
value of the number of features. Based on this idea, the objective function is set up
Z =9g(X,, X,---,X,), which X; is a random variable with a certain distribution..

X;(i=12,---,N)group was obtained by random sampling of X/(j=12,---,n).The group J
values X/ into the objective function, get the value Z;(j=12,---,N) . If there is a N
valueZ,;(Z; <0), the probability of the structure failure is:

N f
N
Type : N is the total number of samples; N, is the number of failures.

Assuming that the relationship between the Z and the random parameter vector of the spindle
structure X = (X,, X,,---, X, )can be described by the two functions of the cross terms, such as

the type (2).

P, =

(1)

N N
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i=1 j=1
Type jay o ;(i=12--,N;i=j,--- N)-undetermined coefficient, a total of n+1+n(n+1)/2.

The failure of the main shaft of the nuclear power CNC wheel groove milling machine can be
considered as the maximum bending deformation of the machine tool, which affects the
machining accuracy of the milling machine. Assuming that the maximum bending deformation of
the main shaft of the design requirements is L the limit state function is:

Max !
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h(X)=2—LMaX=a0+iaixi+iiaijxixj—% 3)

i=1 i=1 j=1
This type represents the two states of the structure: h(X) <O0the failure state, h(X) > Othe
security state. (3) the random parameters are independent of each other, the mean matrix and the
matrix of the variance are matriX = (245 4,0+, 14y), D=(D,y D,,---,D,)and then the:
E(Xiz) = EZ(Xi)+ D(X;) = :uiz +D;
E(Xixj) = E(Xi)E(Xj) = HiHj
D(Xiz):4:ui2Di +2D, (4)

D(X;X;)=u!D;+uiD, +D,D,
E[h(X)]= sy (uy, 11y, 11y, Dy, Dy, DY)
D[h(X)]: Dy (s ttgs-+- s D1, Dy, oo~ Dy )
Reliability index is defined as:

p=— (5)

Type : B - contact factor; u, - Mean value of state function; D, - Variance of state function;
It can be obtained from reliability by h(X) the normal distribution.
R=®(p) (6)
Type : ¢ (e)standard normal distribution function.
Using Monte Carlo simulation theory to calculate the reliability of the principal axis, the
sensitivity of the mean matrix x and covariance matrix D of the basic random parameter vector is:

oR :@{aﬂ Oy, O 6Dg]

ou'  op O, ou' oD, ou' )
R _R[ 9B ouy .o oD,
oD" 0B\ ou, D' oD, oD’
Type :

R

ﬁ—l//(ﬂ)

R__1

OH, /Dg

%:_ﬂD—l-f’

oD, 2 ¢

Oty _ (Mg OHy My 1

ou' O O, Oy,

OHg :(6,ug Optg Optg )

oD" oD, oD, oD,

oD, D, oD, D, y

ou' o om,Ouy,

oD, =(aDg oD, oD, N

oD" oD, oD, oD, (8)

Reliability analysis of the finite element of the principal axis
The reliability analysis of the main shaft of the nuclear power plant was carried out by using
the finite element design module of PDS, the basic flow chart of the ANSY'S is shown in Figure 2.
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Mainly divided into the following three steps: first generate the analysis file, and then enter the
reliability analysis phase, again to analyze the results of post processing.
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R -——

Fig 2 PDS calculation process

(1) Generate analysis file. Analysis file is a critical part of the reliability analysis. The file needs
to be written in APDL language, including preprocessing, solving module, result extraction
and so on. Structural analysis program through the repeated execution of the analysis to complete
the reliability analysis of the cycle. All the parameters that affect the behavior of the structure are
specified as the input variables, and the random parameters are shown in Table 3. Parameters
corresponding to the analysis of the structural behavior (maximum stress or maximum deformation,
etc.) are formulated as the output results.

Tab 3 random parameter list

Parameter name Distribution type Mean value Standard deviation
Modulus of elasticity
(EX1) GAUSS 200GPa 10GPa
Torque (T) GAUSS 15000N 300
Diameter (D) GAUSS 0.22m 0.008m

(2) Reliability analysis stage. This phase mainly includes: to enter the reliability analysis file,
select the correlation coefficient between the input variables and the input variables, determine the
distribution type, the distribution function and the parameters of the input variables, and specify
the output variables, the selection of the analysis tools and methods, and the reliability cycle.

(3) Results of post processing. Display, drawing a histogram of the design variables, drawing
failure probability distribution function, to determine the correlation coefficient matrix and
sensitivity analysis of structure reliability analysis of input and output variables between the
sampling process.

Through the above, according to the failure criterion of the spindle rigidity, the maximum
deformation of the wheel groove milling machine is not allowed to exceed the allowable
deformation, then the limit state function is defined as:

Z(x) =[L]- s (9)
If Z (x) >0, system security, otherwise failure. Here set [L]=0.12mm, the use of Monte
Carlo method, sampling 500 times, after calculation can get the Z value of the sample. The
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reliability analysis of the main shaft of a nuclear power plant with the finite element method is as
follows. The probability distribution function of the 3 parameters is obtained:
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Fig 5 Probability distribution function of | Fig 6 The output results Z the sample
elastic modulus value
The histogram of the elastic modulus, the diameter and the torque are calculated respectively,
which can test the number of cycles. From the histogram can be seen, the curve is smooth,
sampling enough.
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Fig 9 Histogram of torque

Fig 10 Output results Z statistical histogram

For the Monte Carlo method, the cumulative distribution curves of the three parameter
variables and the output results are obtained by setting the confidence probability of 95%.
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Through the above analysis, we can get the influence of the torque, the diameter, the elastic

modulus on the main shaft deformation,

S0 as to obtain their sensitivity.

555



Fig 15 Sensitivity distribution of each parameter

Summary

From Figure 15, we can see that the main factors affecting the deformation of the main factors are
the diameter, the ratio of 62%, the second is the elastic modulus, the last is the torque, the
deformation of the spindle is very small relative to the three factors. This is mainly due to the small
change of the torque. Finally, in the case of the confidence level is 95%, the sample value of the
Z from the output results can be seen that the reliability of the main shaft is 100%, the value of the
sample is greater than zero, that is qualified.
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