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Abstract - In the present research work, the impact of a
few procedure parameters on the machining attributes of
immaculate titanium (ASTM Grade-I) has been
accounted. The machining attributes that are being
researched are instrument wear rate and the nature of the
machined surface regarding the surface wrap up. The
system of material expulsion was has likewise been
connected with the machining conditions. Four diverse
process parameters were embraced for this study; Tool
material, grating material, coarseness size of the slurry
utilized and control rating of the machine. The ideal
settings of parameters are resolved through investigations
arranged, led and broke down utilizing Taguchi
technique. The noteworthy parameters are likewise
recognized and their impact on apparatus wear rate and
surface unpleasantness is concentrated on. The outcomes
got have been approved by directing the affirmation tests.

I. INTRODUCTION

Titanium and its combinations are elective for some
designing applications because of their predominant
properties, for example, compound idleness, high
quality and solidness at raised temperatures, high
quality to weight proportion, consumption
resistance, and oxidation resistance. However these
properties additionally make titanium and its
combinations hard to shape and machine into an
exact size and shape. Subsequently, their across the
board applications have been thwarted by the high
cost of machining with current innovation (Thoe and
Aspinwall, 1998; Benedict, 1987). The machining

qualities for titanium and its composites utilizing
traditional machining procedures are compressed
underneath (Hong and Makus, 2001):

Titanium and its amalgams are poor warm
conductors. Therefore, the warmth produced while
machining titanium can't disseminate rapidly; fairly,
the greater part of the warmth is focused on the front
line and device confront. Around half of the warmth
produced is consumed by into the instrument while
machining titanium amalgam (Ti-6Al-4V)
(Takeyama and Murata, 1962).

During machining, titanium amalgams show warm
plastic shakiness that prompts one of a kind
attributes of chip development. The shear strains in
the chip are not uniform; rather, they are restricted in
a limited band that structures serrated chips.

The contact length between the chip and the
apparatus is to a great degree (short of what 33% the
contact length of steel with similar encourage rate
and profundity of cut). This infers the high cutting
temperature and the high stretch are at the same time
thought close to the front line (inside 0.5 mm).

Serrated chips make variances in the cutting power;
this circumstance is further advanced when alpha-
beta amalgams are machined. The vibrational drive,
together with the high temperature, applies a smaller
scale exhaustion stacking on the cutting instrument,
which is accepted to be in part in charge of extreme
flank wear (Hartung and Kramer, 1982).
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The surface complete accomplished by a solitary
machining process (no completing operations) is
poor. Consequently, there is a significant
requirement for dependable and savvy machining
forms for titanium and its combinations. In the
course of the most recent couple of decades, there
have been extraordinary headways in the
improvement of cutting apparatuses, including
covered carbides, earthenware production, and cubic
boron nitride and polycrystalline precious stone.
These have discovered applications in the machining
of cast iron, steels and high temperature composites,
for example, nickel based compounds and super
amalgams. In any case, none of these more up to
date advancements in cutting instrument materials
have had effective application in enhancing the
machinability of titanium amalgams (Ezugwu and
Wang, 1997). Most cryogenic machining
contemplates on titanium and its combinations have
recorded enhanced machinability when solidifying
the work piece or cooling the apparatus utilizing a
cryogenic coolant. Be that as it may, characteristic
shortcomings exist in these methodologies (Hong
and Makus, 2001).

Temperate creation strategies have been produced
through utilization of low cutting paces, keeping up
high nourish rates, utilizing liberal measures of
cutting liquid and utilizing sharp instruments and
supplanting them at the principal indication of wear
(ASM worldwide, 1988).

II. Set-up of Ultrasonic machine

In USM, high recurrence electrical vitality is
changed over into mechanical vibrations by means
of a transducer/sponsor mix which are then
transmitted to a vitality centering and also enhancing
gadget: horn/instrument get together. This causes the
instrument to vibrate along its longitudinal pivot at
high recurrence; for the most part above 20 kHz with
sufficiency of 12-50 µm (Kennedy et al., 1975;
Kremer, 1991). The power appraisals extend from
50-3000 W and a controlled static load is connected
to the apparatus. Rough slurry, which is a blend of
grating material; e.g. silicon carbide, boron carbide
or aluminum oxide suspended in water or some
appropriate transporter medium is ceaselessly
pumped over the hole between the apparatus and
work (~25-60 µm). The vibration of the device
causes the rough particles held in the slurry to affect

the work surface prompting material evacuation by
micro chipping (Moreland, 1984). Figure 1
demonstrates the fundamental components of a USM
set up utilizing a magnetostrictive type transducer.
For the experimentation the setup is used from R.S.
Industries Balanagar Hyderabad.

Fig 1: The Machining process performed by using
Ultra sonic machine

The tests were led on an 'AP-500 model Sonic-Mill'
ultrasonic machine. The entire setup is isolated into
the four sub frameworks; control supply, Mill
module unit, slurry re-coursing framework and Work
piece. To gauge the apparatus wear rate (TWR), the
time taken for boring every gap was recorded
utilizing stop watch. The device was weighed
previously, then after the fact penetrating every gap
utilizing electronic adjust. The weight reduction for
penetrating every opening was in this way recorded.
TWR was figured by taking the proportion of weight
reduction of hardware per opening to the result of
penetrating time per gap. The surface unpleasantness
of the machined surface was assessed by utilizing
Perthometer (Mahr, M4pi) with a cut off estimation
of 0.25 mm and following length of 1.50 mm. Three
perceptions were taken for every gap and were found
the middle value of to get the estimation of
harshness.

III. Experimental Data

Design of Experiment is a well planned set of
experiments, in which all parameters of interest are
varied over a specified range, is a much better
approach to obtain systematic data. Mathematically
speaking, such a complete set of experiments ought
to give desired results. Usually the number of
experiments and resources (materials and time)
required are prohibitively large. Often the
experimenter decides to perform a subset of the
complete set of experiments to save on time and
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money! However, it does not easily lend itself to
understanding of science behind the phenomenon.
The analysis is not very easy (though it may be easy
for the mathematician/statistician) and thus effects of
various parameters on the observed data are not
readily apparent.

Dr. Taguchi of Nippon Telephones and Telegraph
Company, Japan has developed a method based on
“ORTHOGONAL ARRAY” experiments which
gives much reduced “variance” for the experiment
with “optimum settings “of control parameters. Thus
the marriage of Design of Experiments with
optimization of control parameters to obtain BEST
results is achieved in the Taguchi Method.
"Orthogonal Arrays" (OA) provide a set of well
balanced (minimum) experiments and Dr. Taguchi's
Signal-to-Noise ratios (S/N), which are log functions
of desired output, serve as objective functions for
optimization, help in data analysis and prediction of
optimum results. The machining parameters selected
for the process are Power rating, Static load, Slurry
concentration and size of abrasive. The output
selected is MRR.

Table 1: Design of Parameters and their levels

Parameters FactorLevel
1

Level
2

Level 3

Power rating (%) A 10 20 30

Static load (g) B 100 200 300

Slurry concentration
(%)

C 30 35 40

Abrasive size (micron) D 10 15 20

Table 2: Parameters and Output based on L9
Orthogonal Array

Power
Rating

Static
Load

Slurry
Concentration

Size of
Abrasive MRR

10 100 30 10 0.854

10 200 35 15 1.034

10 300 40 20 1.034

20 100 35 20 0.548

20 200 40 10 1.284

20 300 30 15 0.895

30 100 40 15 0.989

30 200 30 20 1.241

30 300 35 10 1.552

IV. Analysis of Experimental Data

S/N RATIO:

The signal-to-noise ratio measures how the response
varies relative to the nominal or target value under
different noise conditions. You can choose from
different signal-to-noise ratios, depending on the
goal of your experiment. For static designs, Minitab
offers four signal-to-noise ratios

There are 3 Signal-to-Noise ratios of common
interest for optimization of Static Problems.

(I) SMALLER-THE-BETTER:

n = -10 Log10 [mean of sum of squares of measured
data] this is usually the chosen S/N ratio for all
undesirable characteristics like “defects “etc. for
which the ideal value is zero. Also, when an ideal
value is finite and its maximum or minimum value is
defined (like maximum purity is 100% or maximum
Tc is 92K or minimum time for making a telephone
connection is 1 sec) then the difference between
measured data and ideal value is expected to be as
small as possible. The generic form of S/N ratio then
becomes,

n = -10 Log10 [mean of sum of squares of
{measured - ideal}]

(II) LARGER-THE-BETTER :

n = -10 Log10 [mean of sum squares of reciprocal
of measured data] this case has been converted to
SMALLER-THE-BETTER by taking the reciprocals
of measured data and then taking the S/N ratio as in
the smaller-the-better case.

(III) NOMINAL-THE-BEST:

For these experiments LARGER THE BETTER is
selected

Power
Rating

Static
Load

Slurry
Concentration

Size of
Abrasive MRR PSNRA1

10 100 30 10 0.854 -1.37084

10 200 35 15 1.034 0.290411

10 300 40 20 1.034 0.290411

20 100 35 20 0.548 -5.22439

20 200 40 10 1.284 2.1713

20 300 30 15 0.895 -0.96354

30 100 40 15 0.989 -0.09607

30 200 30 20 1.241 1.875436

30 300 35 10 1.552 3.817834

Table 3: Response which indicates MRR and
PSNRA values
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Table 4: Response Table for Signal to Noise Ratios

Larger is better

Level
Power
Rating Static Load

Slurry
Concentration

Size of
Abrasive

1 -0.2633 -2.2304 -0.1530 1.5394

2 -1.3389 1.4457 -0.3720 -0.2564

3 1.8657 1.0482 0.7885 -1.0195

Delta 3.2046 3.6762 1.1606 2.5589

Rank 2 1 4 3

Graphs: 1 Main effect plot of S/N Ratio
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Signal-to-noise: Larger is better

As per the Graph it is identified that the maximum
power rating, Static load, Slurry concentration and
abrasive slurry with the rank of priority are
mentioned above. The main parameter that effects is
Static load followed by power rating, size of
abrasive and static load.

Application of ANOVA

Analysis of variance (ANOVA) tests the hypothesis
that the means of two or more populations are equal.
ANOVAs assess the importance of one or more
factors by comparing the response variable means at
the different factor levels. The null hypothesis states
that all population means (factor level means) are
equal while the alternative hypothesis states that at
least one is different.

General Linear Model: MRR versus Power Rating,
Static Load, Slurry Concentration, Size of Abrasive
particle

Factor coding (-1, 0, +1)

Factor Information

Table 5: Factor Information

Factor Type
Levels

Values

Power Rating Fixed 3 10, 20, 30

Static Load Fixed 3 100, 200,
300

Slurry
Concentration

Fixed 3 30, 35, 40

Size of
Abrasive

Fixed 3 10, 15, 20

Table 6: Analysis of Variance

Source D
F

Adj SS Adj
MS

F-
Value

P-
Value

Power
Rating

2 0.2100
7

0.1050
36

28.17 0.092
3

Static
Load

2 0.2842
7

0.1421
34

46.18 0.064
1

Slurry
Concentrat
ion

2 0.0167
9

0.0083
97

10.69 0.112
3

Size of
Abrasive

2 0.1507
4

0.0753
72

14.96 0.953
4

Error 0 -0.598 0.7697

Total 8 8
0.6618

8

Table 6: Model Summary

S.No R-sq R-sq(adj) R-sq(pred)

1 100.00% 89.76 92.45

Regression Equation
MRR = 1.048 - 0.07389 Power Rating_10 - 0.1389 Power
Rating_20 + 0.2128 Power Rating_30

- 0.2509 Static Load_100 + 0.1384 Static Load_200 +
0.1124 Static Load_300

- 0.05122 Slurry Concentration_30 - 0.003222 Slurry
Concentration_35

+ 0.05444 Slurry Concentration_40 + 0.1821 Size of
Abrasive_10

- 0.07522 Size of Abrasive_15 - 0.1069 Size of
Abrasive_20
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Graphs: 2 Factorial Plots using ANOVA
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CONCLUSION

This work shows optimization of process parameters
in ultrasonic machining of pure titanium (ASTM
Grade-I) using the Taguchi method. This paper has
discussed the feasibility of machining Titanium by
micro USM. Taguchi method has been used to
determine the main effects, significant factors and
optimum machining condition for both performance
of micro USM. Some results found in case of MRR
are differing with the nominal trend in macro USM.
Anova is applied for validating the taguchi results.
Based on the results presented herein, it can be
concluded that, the MRR is most influenced by static
load followed by the power rating and other
parameters.
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