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Abstract

Deep hole drilling is a high
quality, high value-added hole making
technology essential to the aviation,
automobile and defense industries.
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Past researches revealed that the long
shaft of deep hole drilling has its own
dynamics which may influence the
hole quality in a negative way. This
study conducts precision suppression
of shaft vibration with an aim to
further improve hole making quality.
A Magnetorheological fluid damper is
designed and instaled with the
knowledge of position and shape of
vibration modes to perform precision
suppression of shaft vibration. In
addition to that, An air-lubricant
mixing adapter is designed to study
minimum quantity lubrication (MQL)
for deep hole drilling process. Taguchi
method is adopted to plan the
experiments and neural network
anaysis is performed on the
experimental results. The studies
conducted in this project further
advance the quality and the value of
deep hole drilling technology.
Keywords: deep hole drilling, precision
vibration suppression,
Magnetorheological fluid damper,
minimum quantity lubrication, neural
network analysis
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MANUFACTURING QUALITY IMPROVEMENT BY NEURAL NETWORKS
UPON TAGUCHI METHOD
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ABSTRACT

In developing new manufacturing and material handling
process the influence of process parameters upon the
target object need to be evaluated in order to find the
adequate operation settings. An efficient method is the
Taguchi method which reduces the number of
experiments and has the capability of finding the optimal
setting of process parameters. This paper proposes the
construction of neura network upon Taguchi results to
further advance the quality of a new deep hole drilling
process. It is shown that neural network produces process
parameter setting better than the “optima setting”
obtained by Taguchi method.

KEY WORDS
Neural networks, simulation optimization, Taguchi
method, deep hole drilling, manufacturing quality

1. Introduction

In dealing with dynamic systems great efforts are usually
devoted to the investigation and modeling of the systems.
Purpose of such efforts is to understand the systems more
accurately so that better system design and control are
possible. However, highly non-linear systems are often
highly opague and accurate modeling is often difficult.
The emergence of non-traditional techniques such as soft
computing offers a convenient approach in deding with
difficult dynamic systems without getting involved in the
deep insight of the system dynamics.

The so-called soft computing is meant, among others, for
neural networks, fuzzy logic and genetic agorithms. A
natural evolution is to combine components of soft
computing to form new intelligent agorithms, for
example neura networks combined with fuzzy logic or
fuzzy logic combined with genetic algorithms.

While soft computing can unfold power of new
performance by mutual integration and interweaving
between components, it also has the potentia to unfold
new ability by combining with conventional problem-
solution means [1, 2].

The purpose of this study is to investigate an approach by
combining one component of soft computing, the neura

networks, with one of the most efficient planning
techniques in manufacturing: Taguchi method. Taguchi
method not only reduces the necessity of large number of
experiments but also discloses the best (so-called optimal)
parameter setting that produces the best production
quality. Yet this paper shows that by constructing neural
network upon the proven Taguchi optima results the
“optimal” quality obtained by Taguchi method can be
further improved.

2. Neural Networks Optimization of the New
Deep Hole Drilling Process

2.1 A new deep holedrilling process

This study is a part of a bigger project in which a new
manufacturing process, a magnetorheologica fluid (MR-
fluid) damped and minimum-quantity-lubricated (MQL)
deep holedrilling, is devel oped.

Deep-hole drilling is an important process for the
production of high-precision workpiece with high-quaity
holes[3]. Its main areas of application arein the defense,
aircraft and automobile industries. Since theratio of hole
depth to hole diameter exceeds ten, along tool shaft is
needed which claims its own dynamics when machining.

In order to influence the shaft dynamics and upgrade the
process with the environmenta-friendly feature of less
lubricant consumption, a magnetorheological fluid
damper and a MQL rig were designed to create a MR-
fluid damped and minimum-quantity-lubricated deep hole
drilling process.

= Infed fiit Dl tube
Chuck Workpieos  Steadyrsst Seal  cutting fiuid -support Golantseal  Chip box

/
Orll bushing  Pregeura Dl tube Dl slcls
head

Figure 1 BTA Deep hole drilling process [4]

Figure 1isthe BTA (Boring and Trepanning Association)
deep hole drilling process[4]. InaBTA deep hole drilling
process the compressed cutting fluid isintroduced in the



fore part of drilling shaft and, after passing the cutting
edge, flushes backwards within the internal of the shaft
carrying away the cutting chips.

In order to suppress the shaft vibration in a manipulative
way the MR-fluid is chosen in view of its capability of
changing damping capacity.

A MR-fluid damper (shown in figure 2) is designed and
fabricated. The MR-fluid damper and the minimum-
quantity-lubricated deep holedrilling machineis set up as
shown in figure 3. Since the design of MR-fluid damper
and the MQL rig are not topics of this paper so the
corresponding details are omitted.

-

~

gure 3 Thetesting machine for the new deep hole
drilling process

2.2 Taguchi method and neural networks

For the sake of compl eteness the Taguchi method and the
neural networks are briefed as follows.

Taguchi methods [5] enable studies of the entire factor
space with only asmall number of experiments by using a
special design of orthogonal arrays.

The signal-to-noise (S/N) ratio instead of the averageis
used in the Taguchi method to convert the experimental
datainto avalue for the determination of the optimum

setting analysis.
There are three different types of SIN ratio [5] among
which the STB (smaller-the-best) SIN ratio is chosen

because the surface roughness is chosen as the quality
criterion in the subsequent experiments:

1<
Ny =—10I0910hzi=1yf}

Figure 4 isthe flow chart of Taguchi method.

Start

Control
factors /
levels

Orthogonal
arrays

Modify

. Experiments
experiments

Variance
analysis

reasonable
2

End

Figure 4 Fow chart of Taguchi method

Neural networks are artificial instruments inspired by
biologica nervous systems. Figure 5 shows an
elementary neuron with R inputs. The neural network
shown in figure 5 is seen as one layer, multiple layers
each contains many neurons may form neural networks
capable of simulating highly non-linear system dynamics

Input General neuron output
Py
P, f
Ps a=T (wp+b)
—-

Pr

Figure 5 An elementary neuron

2.3 Experiments
Experimenta equipment and setup are as follows:

Machine: SAN SHING SK 26120 lathe (retrofitted)
Drill head: diameter 24.11mm



Drill shaft: length 1600 mm
Workpiece: AlSI 1020

Hydraulic aggregate: pressure Skg/cm?

Air compressor: pressure 16kg/cm?

Table 1 Control factors and experimenta levelsfor the

new BTA drilling process

Control factor Levell | Level2 | Level 3
A | Tool speedN 390 585 855
(rpm)
g | ToolfeedS 0.05 0.07 0.10
(mm/rev)
c MR-Damper 400 800 1200
location L (mm)
p | MR-Damper 0 05 1
current | (amp)
E Air pressure P 7 10 12
(kg/em?)

Five control factors each with three levels will require
3°=243 experiments, however, by using a modified

Taguchi orthogonal array L, (3) asshownintable 2
the number of experiments reducesto 18.

Table 2 Taguchi orthogonal array L, (3)

A B C D E
1 1 1 1 1 1
2 1 2 2 2 2
3 1 3 3 3 3
4 2 1 1 2 2
5 2 2 2 3 3
6 2 3 3 1 1
7 3 1 2 1 3
8 3 2 3 2 1
9 3 3 1 3 2
10 1 1 3 3 2
11 1 2 1 1 3
12 1 3 2 2 1
13 2 1 2 3 1
14 2 2 3 1 2
15 2 3 1 2 3
16 3 1 3 2 3
17 3 2 1 3 1
18 3 3 2 1 2

Table 3 isthereal layout of experiments according to
Taguchi orthogonal array L, (35) as shown in table 2.

Table 3 Layout of experimental design

exp | N(rpm) | S(mm/rev) | H(mm) | 1(A) | P(kg/cn)
1 390 0.05 400 0 7
2 390 0.07 800 0.5 10
3 390 0.10 1200 1 12
4 585 0.05 400 0.5 10

5 585 0.07 800 1 12

6 585 0.10 1200 0 7

7 855 0.05 800 0 12

8 855 0.07 1200 | 05 7

9 855 0.10 400 1 10

10 390 0.05 1200 1 10

11 390 0.07 400 0 12

12 390 0.10 800 0.5 7

13 585 0.05 800 1 7

14 585 0.07 1200 0 10

15 585 0.10 400 0.5 12

16 855 0.05 1200 | 05 12

17 855 0.07 400 1 7

18 855 0.10 800 0 10
Table 4 Experimenta results performed according to the
layout of table 3

no Roughness Ra (um)

ep ] Y> Y3 Ya average SN
1 251 267 243 264 2.56 -8.18
2 237 245 226 2.60 242 -7.69
3 225 230 229 228 2.28 -7.16
4 308 326 317 329 3.20 -10.11
5 209 206 215 224 214 -6.59
6 237 241 222 223 231 -7.27
7 218 214 221 222 2.19 -6.80
8 283 295 299 278 2.89 -9.21
9 388 379 402 39 391 -11.84
10 214 207 213 205 2.10 -6.44
11 409 427 415 425 4.19 -12.45
12 283 262 254 273 2.68 -8.57
13 251 249 237 242 2.45 -7.78
14 263 242 219 240 241 -7.66
15 327 29 314 323 3.15 -9.97
16 263 256 283 272 2.69 -8.59
17 396 444 398 429 417 -12.41
18 305 327 316 342 3.23 -10.18

6 S/N
ratio

-10

-11

-10.83

7.98
87, 8.76 8789 59
9.17
9
902 -89

-12

AlA2A3B1B2B3C1C2C3D1D2D3EL1E2E3
control factor and level

Figure 6 Overview of S/N ratios of control factors




Figure 6 shows the average SIN ratios of each individual
control factor. Since bigger S/N ratio means better quality,
the best combination can be read from figure 6 as

ABC,D,E,. That means the parameter combination

listed in table 5 will produce the optimal hole quaity with
the least roughness.

Table 5 optima setting predicted by Taguchi method

Control factor settings
A, | Tool speed N 585 (rpm)
B, | Tool feed S 0.05 (mm/rev)
C MR-Damper 1200 (mm)
3 location L
D, MR-Damper 1 (amp)
current |
E, | AirpressureP 12 (kg/lem’)

Table 6 Results of confirmatory tests for Taguchi method

no Roughness Ra (um)

&Py oy, A Y, average  SIN
19 197 211 197 198 201 —6.06
20 202 195 190 202 197 —5.90

The S/N ratios in table 6 are better than that in table 4
which confirms that the optimum setting has indeed
produced the best possible quality of manufacturing.

The results in table 6 are the best that traditiona
experiment design can possibly reach.

2.4 Neural Networ ks Optimization
Starting from the results brought about by Taguchi

method, a backpropagation neura network will be
designed to further the quality improvement.

Figure 7 A backpropagation neural network constructed
by using Matlab [6]

A 5-7-1 backpropagation neural network is designed and
trained by using Matlab [6] (figure 7). Taking over the

optimal setting A B C_D,E, produced by Taguchi method,

3733
the neurad network optimizes the control factors one by
one, starting from the least significant factor gradualy
proceeds to the most significant factor.

The neural network simulation proceeds from damper
current, air pressure, tool feed, tool speed to damper
location. Figure 8 shows the results of simulation
optimization by the neura network with respect to tool
speed from which 585 rpm is optimal.

2.2
Ra
2.15

2.1

2.05

1.95

215 390 585 855 1200
Tool speed (rpm)

Figure 8 Simulation done by neura network w.r.t. tool
speed (Rain um)

Starting from the best parameter setting A BC,D,E, the

neural network reaches the following (Table 7) setting
which is better than the “optimal” from Taguchi method.

Table 7 Setting optimized by neura network

Control factor settings
Tool speed N 585 (rpm)
B | Tool feedS 0.05 (mm/rev)
c | MR-Damper 1000 (mm)
location L
p | MR-Damper 0.8 (amp)
current |
E | AirpressureP 11 (kg/em?’)

A confirmatory experiment using the setting in table 7 is
conducted and the results are listed in table 8.

Table 8 Confirmatory tests for the setting optimized by
neural network

no Roughness Ra (um)
&Py oy, A Y, average  SIN
21 160 166 188 210 181 —5.20

The SIN ratio -5.20 in table 8 by neura network is
obvioudly better than that (-6.06 and -5.90) in table 6 by
Taguchi method.



It is thus proven that the neural network further advanced
the quality that is supposed to be the optimal given by the
already efficient Taguchi method.

3. Conclusion

In the development of a new manufacturing process, the
BTA deep hole drilling, new techniques of
magnetorheological fluid damping and minimum-
quantity-lubrication are added to the conventiona process.
New process features and new process parameters require
thorough investigation to establish knowledge about the
new manufacturing process.

This paper takes advantage of one component of soft
computing, neural networks, to further advance the
optimal results produced by the proven Taguchi method.
An optimal parameter setting is first obtained by
experiments using Taguchi orthogonal array, and upon
that parameter setting a backpropagation neural network
is constructed, trained and eventually experimentally
examined.

The finad experimental examination confirms that the
neural network has further advanced the manufacturing
quality found and seen by Taguchi method as the optimal.
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