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KEYWORDS ABSTRACT

Sensitivity analysis, Today, the drilling process is one of the most fundamental machining processes among industrial
statistical E-Fast methods, processes, which is moving towards machining with high speed and accuracy to improve
drilling process, productivity and production. The tools used in this process play a key and important role and can
Surface roughness. increase the surface quality of the holes in question. In the drilling process, increasing the spindle

rotation speed, on the one hand, increases the machining speed and, on the other hand, causes the
tool to erode faster. Also, reducing the advancement rate on the one hand increases the surface
quality and on the other hand reduces the chipping rate. Therefore, accurate selection of different
parameters in drilling operations is necessary to achieve the desired surface smoothness. In this
paper, first, by performing experimental experiments, a second-order linear regression
mathematical model is presented to predict the surface roughness during brass metal drilling
operations in terms of spindle rotation speed, advance rate, tool diameter and their effective
interactions. Then, using the e-Fast statistical sensitivity analysis method, the effect of the studied
parameters on the surface roughness of the product is investigated. The results obtained from the e-
Fast statistical sensitivity analysis method show that among the three input parameters, the
progress rate parameter with 62% effect on surface roughness as the most effective parameter,
spindle rotation speed with 34% effect as the second parameter affecting surface roughness Finally,
tool diameter with only 4% effect is known as the least effective parameter on surface roughness in
drilling process.

Extended Abstract

1. Introduction

various mechanical parts and equipment. The tools used in this process play a key and important role and can
increase the surface quality of the holes. About 25 to 30% of the machining time of various parts is related to
drilling.

In the milling process, based on the shear parameters, geometry and tool path, pleats are produced along the edges of the
workpiece, but in the drilling process, pleats are created at the inlet and outlet surfaces of the workpiece. Inlet folds form
when the workpiece is subjected to severe plastic deformation near the cutting tool and on the inlet surface. Also, when folds
are spread on the output surface of the workpiece, output folds are formed. Because output folders are much larger than input
folders, most industrial problems focus on output folders.

In this paper, first, a general study of the drilling process of brass metal has been performed and according to the results
of experimental experiments, the surface roughness model has been obtained coded according to the input variables of the
drilling process using the surface response method. Then different methods of sensitivity analysis have been studied. Then,

T he drilling process is one of the most basic machining processes that has wide applications in the manufacture of
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the method of statistical sensitivity analysis of E-Fast has been investigated and using this method, the effect of different
input parameters on the output parameter of surface roughness has been investigated.

2. Modeling and formulation

The response level method is one of the mathematical and statistical methods that is used to model and analyze the
problems that the response is affected by several variables, and its purpose is to model and optimize this response. The
drilling process is one of the most basic machining processes that has wide applications in the manufacture of various
mechanical parts and equipment. Chipping rate is one of the most important outputs during the drilling process and is very
important. The response level is based on experimental design and statistical optimization.

Table 1 shows the values of the different levels of the test parameters. Table 2 also lists the tests and the results of the
sampling rate.

According to the results obtained from experimental experiments, the cut-off rate (MRR) model will be coded in terms of
input variables in the drilling process as relation (2)

Table 1. values Level Different Parameters the Table 2. Table Do experiments And Results rate
experiment Shavings Vector
1 0 -1 Factors entrance the experiment Rate E’cr:c))gress Rot?tjieo?\d(B) diaml:;rtlell (A) Test number

1 0.8 0.6 ( mm) diameter Drill A -1 -1 -1 1
3000 2000 1000 (rpm ) speed Rotation Spindle B -1 -1 1 2
10 5 1 (mm /rev) rate Progress C -1 1 -1 3
-1 1 1 4

1 -1 -1 5

1 -1 1 6

1 1 -1 7

1 1 1 8

0 0 -1 9

0 0 1 10

0 -1 0 11

0 1 0 12

-1 0 0 13

1 0 0 14

0 0 0 15

2-1 E-Fast analysis method

The e-offset method was proposed by Cocker et al. and Saltley et al. improved this method. E-Fast method is one of
the methods of statistical sensitivity analysis and model-independent, which is based on analysis of variance. This method
can be used for nonlinear and non-uniform functions and models. The application of the e-fast method is presented in several
stages. This method, like the Sobel method, is based on variance and is independent of any assumptions (linear and uniform)
between inputs and outputs (s). This method, unlike the Sobel method, which uses multidimensional integrals to obtain total
variance and partial variances, defines the transfer function, converts multidimensional integrals to one-dimensional integrals,
and simplifies the process of calculating sensitivity indices. Explores input factors (K ” n) using a search curve defined by a
set of parametric equations

1 1
X =5+ Earcsin(sin((uis + ;) 2

®_i(i=1,2, -, n) The frequency of the factor x i and s is a variable that changes in the range n- to = and ¢_i specifies
the starting point of the curve. The output variance of the model is approximated using Fourier analysis:

o N
1 (" 1 (™ 2
V) = f SHs)ds = [ﬂ j nf(S)dS] ~ Z (A? +B?) — (A5 + BY) ~ 2 E(Af +B) 3)
- - j=—c0 j=1

f(s) = f(G1(sin( w15)), Gy (sin( w;S)),..., Gy(sin(wy,s))) G Transfer functions, A_j and B_j are Fourier
coefficients As shown in Equations 4 and 5.

Aj= %J:f(s) cos(js)ds ()]
Bj = %f:{f(s) sin(js)ds (5)

By calculating the Fourier coefficients for the base frequency ® i and its higher harmonics pw_i, the partial variance of
the first-order input x_i can be obtained.

® (6)
Vi = Z (A?)a)i + ngi) =2 Z(Al%wi + Bg“’i)
p=1

peZ°

We also use the ratio of first-order partial variance to total variance to calculate the main sensitivity index, such as the
Sobel method. The overall sensitivity index is also obtained from Equation 7
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V_.
ST, =1-— 7‘ (7

The variance V _ (- i) is obtained by changing all the parameters except the parameter x_i.

The Sobel method uses the Mint Carlo integral to obtain any partial variance. The Sobel method does not use the transfer
function compared to the E-fest method, therefore it has a low computational efficiency. The e-Fast method is a cheap
method for calculating the Sobel indicators. Because in the e-fast method, a sample is made, but the subel method requires
the construction of several different samples

2-2- Sensitivity analysis of parameters

In this section, the effect of different parameters of the drilling process on the surface roughness in this type of process
is investigated. Figures 1 to 3 show the scatter of points of surface roughness with simultaneous changes of three input
parameters. The scatter points in these shapes were extracted using Simlab software by e-Fast method.

The statistical method of E-Fast sensitivity analysis has the advantage over analysis of variance that in addition to
observing the qualitative effect of input parameters on the output parameter, the quantitative and accurate effect of these
parameters can be obtained simultaneously and important parameters with high impact and low parameters Accurately
identified the effect. Also in the diagrams related to this method, the result can be seen graphically at the same time.
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3. Summarizing and concluding

In this paper, the e-Fast statistical method was used to analyze the sensitivity of the obtained results, which is a fast
method. In the e-Fast method, unlike graphical methods, in which all inputs except one are fixed inputs, all parameters are
changed simultaneously using a special algorithm, and as a result, the effective parameters in the process are obtained more
accurately. Figure 8 shows the general results of the E-Fast sensitivity analysis method. In this figure, it is observed that
among the three input parameters studied, the progress rate parameter with 62% effect on surface roughness is known as the
most important effective parameter. Figure 8 also shows that the spindle rotation speed with 34% effect as the second
parameter affecting the final surface roughness of the drilling process and the tool diameter parameter with only 4% effect as
the least effective parameter on the surface roughness is among the existing parameters.

In the process of drilling metals, achieving a suitable surface roughness is essential. Extensive research on this process,
including the study of spindle rotation speed, advance rate and tool diameter, as well as the effect of various parameters on
this process, can be significantly improved. The studies done in this paper show that the progress rate is known as an
important and effective parameter in the drilling process that will have a great impact on the surface roughness, so according
to the type of process, accurate selection of the progress rate is very important and necessary. The obtained results also
indicate that the diameter of the tool has a very small and minor effect on the surface roughness of the drilling process and
can be ignored.
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