MEACS2015 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 124 (2016) 012053 doi:10.1088/1757-899X/124/1/012053

Determination of parametric reliability of machining
technological systems by simulation technique

V P Fyodorov, M N Nagorkin and A V Totai
Bryansk State Technical University, 7, 50 years of October st., Bryansk,
241035, Russia

E-mail: nagorkin@tu-bryansk.ru

Abstract. The article deals with the problem of determining parametric reliability of
technological systems for machining parts. The paper describes the methodology of defining
the probability of task implementation by quality factors for technological systems by means of
simulation technique.

1. Introduction

Current technological systems, aimed at technological processes and operations for machining
components, represent a set of interconnected technological equipment, production tools and
executives. The fact that technological systems have various interconnections and handling factors
which are of probabilistic nature makes it difficult to provide product quality regulated by many
factors. Thus, provision of required quality factors and service properties of components mainly
depends on reliability of metal working technological systems [1, 2].

The reliability of the technological process (operation) is its property to provide production work-
order quantity retaining its quality and permanent parameters of this process.

It is typical of technological systems as any other systems to have different kinds of failures.
According to State Standard 27.004-85 technological systems can have parametric failures when they
keep their functioning, but run one or more perfection factors of working surfaces away from the
limits of the normative document.

So, the product quality depends on the parametric reliability of a technological system, which is
characterised by the probability of this system no-failure operation, according to the parameter of the
component quality.

Randomness of technological system processes stresses the reasons for applying a simulation
technique to determine reliability factors. This paper contains the results of using this technique to
estimate the parametric reliability of the technological system for antifrictional treatment of shaft
journals.

2. Results and Discussion
In general case, the probability of task implementation according to a product quality factor provided
by the technological process (operation) is:

Pi(t) =P{Xi < xi(t) < Xui}, )
where x;(t), Xy, X;; — are respectively actual, upper and low acceptable values of i-controlled parameter.
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The methodology of defining the probability of task implementation for technological systems by
means of simulation technique is based on determination of polynomial (2) and multiplicative (3)
models of processes for forming component quality factors:

Yi=fot rXot+ .o+ B X+ L+ BXy, 2

Yy =bg - X{t - X2 XX, (3)

where Y; — i-quality factor of the surface after working; X, — k-working environment factor; by, by, ...,

by — regression coefficient values which are allocated in accordance with the normal law of
expectation M{b} and average quadratic deviation S(b).

Probability P of task implementation by quality factor Y in a specified interval is taken as a

parametric reliability factor:

P{Y e(Y-6Y;Y +5Y),
where Y — an average value of the specified quality factor; & — a relative acceptable value of its
changing (0 < §<1). Values (\7— 5\7) and (\7+ 5\7) correspond to values X, X,i (1).

To calculate this factor it is necessary to know expectation Y;, and average quadratic deviation o
of the component quality factor under study. Simulation techniques of forming parameters Y; represent
so-called “black box models” and are of a statistical nature. It is advisable to use Monte-Carlo method
to predict quality factors Y; and their attributes A{Y;} and S{Y;}, which are value estimations Y;, and
Oio-

The use of Monte-Carlo method is reasonable for systems whose models are described by
complicated stochastic equations. In such cases when it is impossible to make a model because of the
lack of data or the complexity of analytical model, Monte-Carlo method is often the only way to
obtain related data.

If the only random variables in simulation models (2) and (3) are coefficients S, and £, and taking
into account the properties of expectation and a random variable we can obtain the following
expressions for estimations M{Y;} and S*{Yio}:

— for additive models:

k k k
M{Y;o }= M{ﬁo}+ZXiM{ﬂi }=b, +inbi ) SZ{Yio}: Sz{ﬂo}+zxi2 Sz{ﬂi b
i=1 i=1 i=1
— for multiplicative models:

M{Yo}=ep(nM{ 5, }+ X InX,M{5 ) =exp(inb, + b InX,).

Kk
$*{Yio}=exp(In(S*{ 5} + Z(ln Xi)?S*{ Y.

If models (2) and (3) have one or two working factors X; as random ones, then it is not possible to
find analytical expression for estimations M{Y;o} and S*{Y;o}. Their determination is connected with
data array processing Yy, obtained as a result of the computer experiment by N executions of
simulation models in Monte-Carlo method.

The results of simulation models show that some engineering and technological constraints are
used as input data.

There are determined rated values of technological factors X;, which allow obtaining the desired
value of parameter Y,. At the same time some simulation models use coefficients b; = M{f}. When
calculating the machining conditions which provide obtaining value Y in the specified interval [Y nin,
Ymax] We make an obligatory analysis of implementing the requirements for dimensional accuracy and
form defects of the working component.

One of the main problems is to choose the number of model executions N during the computer
experiment. The number of executions N should satisfy the specified accuracy of value estimates
M{Y;} and S*{Y;} according to the results of computer experiments.

Let the requirements to the expectation estimate be the following:



MEACS2015 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 124 (2016) 012053 doi:10.1088/1757-899X/124/1/012053

P{Yio—-d<sM{Y}<Yp+d}=1-¢, 4)
where (1 — «) is the probability that interval (Y;, = d) contains estimate M{Y;}.
Assuming the normal allocation of value Y; obtained as a result of the computer experiment, we
assume that the number of executions, which provides dependence (4), can be expressed as follows:

Ciol,

l:( IOdZ/Z)Z’ (5)
where z,, — is two-way standard normal statistics; oip — is an average quadratic deviation of quality
factor Y;; d — is allowable difference between the estimate and the true value of the expectation for
parameter Y;.

Thus, the use of correlation (5) is difficult, as it includes unknown value ;. Let us express value d
as a fraction of aip: d = aip / a. Now let us put it into (5) and we obtain:

N _(O'iOZa/Z)z: 2 2

1= 2 Loy
(24)
a

Here for estimate N; we have known values and we can use it successfully.
The problem of defining the number of model executions N, with the specified accuracy for
dispersion estimate can be solved in the following way:

P{l-d)ol <SH{Y} =<1 +d)oi}=1-a

Here o is the number defining the degree of estimate proximity S*{Y;} to true dispersion o-izo (0<
d<1).

A transducer of pseudorandom variables is used during the computer experiment to generate
random variables Xi, £, By, &i, & At first, there are generated and uniformly distributed values in
interval (0, 1), then a normally distributed random variable with parameters M{f} = b; and S{f5} is
formed.

For parameter Y; a simulation model like (3) has the following problem definition for the computer
program: “Calculate N values of the function

Yi :f(Xl, . Xj, . Xk; bo, bl, . bj, . bk; S{ﬂo}, S{ﬂl}, . S{ﬂj}, ey S{ﬂk})
so that

k
Y. =h, -] x RNONioSTAD
i 0 lj:! j
where Xy, X», ..., X, — are values of input parameters of the technological process;
— b, by, ..., by — are expectations for model coefficients;
= S{f}, {1}, ..., S{f} — are their standard deviations;
— RNDN; (b;, S{4}) — is a normally distributed random variable with distribution parameters b; and
S{5}.

After calculating N values of parameter Y; there is a check of statistical hypotheses and estimation
of distribution parameters. For this purpose it is necessary to calculate M{Y; }and SZ{Yi }:

Y _ .
MEzy == sl -V
-1

where Y;; — values of i-parameter obtained in j-execution; Y, — average value of the quality factor of
component Y;, obtained in calculations during the computer experiment.
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According to obtained data \7, distribution bar charts are made, and there are checked hypotheses
on the distribution law by means of criterion 4 (Weibull distribution, normal distribution and log-
normal distribution are considered). Value 2. is determined by the following expression

5t =9.)
?
where ¢ — is observed frequency for each bar chart interval; g, — is theoretical frequency for each
interval.
If 72 < xiue Tor this level of importance « and a number of freedoms, then there are no reasons

to reject null hypothesis, and the distribution law corresponding to this hypothesis is accepted.
After these calculations there is a determined probability of task implementation according to
dependences:

2 _
Kcale =

P{Yimin < Yi < Yimax} = @[MJ _ @(MJ , (6)
S{V:} S{Y;}
P{Y;< Y, }:05+@M. )
1 I max 1] S{YI}

Dependence (6) is applied in case of two-way limitation of parameter Y;, and (7) — in case of one-
way limitation.

Taking into account that state parameters of a surface layer are often specified with a symmetrical
tolerance variability interval as

Yi=M {Y.} +oM {Yi},
where §is a relative variability interval width (specified in design documentation), then the estimation
of probability of task implementation by the technological system for quality factor Y; is carried out
depending on value 6.

When studying reliability factors of the technological system by means of the simulation technique
on statistical models, one should take into account that it is possible to simulate only “past”, i.e. data
obtained experimentally at the stage of getting simulation models. Thus, to confirm the prediction of
the simulation model it is necessary to assume that the basic form of distribution of technological
process parameters remains unchanged and its features relevant to a certain time interval will repeat.
These assumptions should be made for a normally operating technological process.

Let us take an example of using this method for determination of reliability of tribotechnical
characteristics and roughness parameters in the technological system of antifrictional treatment of
shaft journals for plain bearings.

The technological process includes finish-turning operations by polycrystalline cbn (cubic boron
nitride) cutting tool, layering soft copper-bearing break-in film and diamond burnishing.

Finish turning was made by standard cartridge toolholders of geksanit at cutting speed V; = 65 —
200 m/min; at feed S; = 0.05 — 0.15 mm/rotation; at cutting depth t = 0.1 — 0.25 mm; at rigidity j = 2.6
—16.2 kN/mm.

The soft break-in film was layered by means of the frictional brass coating or chemical copper
plating.

Diamond burnishing was carried out by the diamond indenter with tip radius r = 3.5 mm;
burnishing power Qpg = 100 — 300 N; processing speed Vpg = 65 — 100 m/min; feed Spg = 0.075 —
0.15 mm/rotation.

Tribotechnical characteristics of samples were tested at a special test bench with friction slide
bearings working with lubricant at dynamic loads — relative interfacial slip speed V,,, = 10 — 50
m/min; average linear joint load P,,, =30 —50 N/mm; relative change of the average load at dynamic
aging Ap =+ (15 — 25) %.
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We studied the following tribotechnical joint characteristics under the conditions of sliding friction:
friction coefficient at the beginning f; and at the end f, of aging; initial wear values hg,, hg,, aging ways
Lo1, Lo and wear rates 1y, I, for shafts and bushes, respectively.

For the tested system the corresponding simulation models were made:

Y; = by Ky KoV S t™ ™ Q%B S%B VIZt))BB Vi P At;y” ;
where Y; — i-tribotechnical characteristics; K;, K, — coefficients in view of break-in film type M, and
bush material respectively Mysn; by — regression coefficient.

The reliability of formation of operational parameters was determined by simulation modelling
according to the suggested plan.

The results of computer experiments of models showed that tribotechnical characteristics under
study can be controlled by changing the factors of the tribotechnological system within wide limits
with a great level of reliability (Figure 1).

A statistical data manipulation also showed the possibility to control tribotechnical characteristics
(f1, fo, (host hgo), 11, 1) in the following sequence beginning with the most effective factor: Ap — Vi,
— My — Spg = St = Qps = ] > Vi = Myyh > t — Prun — Vpe.
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Figure 1. Diagram of changing () tribotechnical characteristics and reliability (b) of their providing
P (Yi € (Vi J_raY_i)) depending on value &in the technological system under study

3. Conclusion

The developed methodology of defining parametric reliability of technological systems by quality
factors for working components helps to choose the best optimal technological process of working
which has the maximum value of reliability as an optimality criterion that in consequence provides a
high quality of working components.
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