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Abstract: - Machining of medium Brass alloy is very difficult. There are a number of parameters like cutting
speed, feed and depth of cut etc. which must be given consideration during the machining of medium Brass
alloy. This study investigates the effects of process parameters on Material Removal Rate (MRR) in turning
of C34000. The single response optimization problems i.e. optimization of MRR is solved by using Taguchi
method. The optimization of MRR is done using twenty seven experimental runs based on L’,; orthogonal
array of the Taguchi method are performed to derive objective functions to be optimized within the
experimental domain When the MRR is optimized alone the MRR comes out to be 8.91. The optimum levels
of process parameters for simultaneous optimization of MRR have been identified. Optimal results were
verified through confirmation experiments.
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1. Introduction Brass is an alloy of copper and zinc; the proportions of zinc and copper can be varied to create a
range of brasses with varying properties. In comparison, bronze is principally an alloy of copper and tin. Bronze
does not necessarily contain tin, and a variety of alloys of copper, including alloys with arsenic, phosphorus,
aluminum, manganese, and silicon, are commonly termed "bronze". The term is applied to a variety of brasses and
the distinction is largely historical and this material is widely used for Hose fitting, watch, clock and lock parts,
Bicycle spoke nipples, Plumbing valve components, screw products.

Leaded brasses are used for their high machinability and corrosion resistance. The machinability of brass is
increased by the addition of lead because it acts as a microscopic chip breaker and tool lubricant. The leaded brasses
are used for copper base screw machine material. The alloys have excellent machinability, good strength and
corrosion resistance. Lead can be added to any brass to increase machinability[1] and provide pressure tightness by
sealing the shrinkage pores. These are low, medium and high leaded brass with lead percentage up to 3.5%.The
leaded brass are used for architectural hardware, general purpose screw machine parts, screws, valves and fittings,
bearings and specialty fasteners. The wrought leaded brasses are designated by UNS C31200 to C38500.The
microstructure of leaded brasses is similar to unleaded brasses. The microstructures of the leaded brass contain
discrete lead particles primarily in the boundaries. Lead is practically insoluble in solid copper and is present in the
cast and wrought materials [2, 3] as discrete particles that appear dark in structure. The microstructure of the cast
lead brasses is a function of zinc content. The lower zinc containing alloys are single phase solid solution alpha
dendrites, with lead particle dispersed throughout the interdendritic regions. Those with higher zinc content have a
two phase structure, consisting of alpha and beta. The higher zinc containing alloys have a microstructure of all beta.
The higher zinc containing alloys have a microstructure of all beta. The lead appears as discrete particles, appearing
dark in the microstructure. The microstructure of wrought low zinc leaded brasses consists of twinned grains of
alpha and beta phases and lead particles.

The Investigation presents the use of Taguchi method for optimizing the material removal rate in turning medium
brass alloy (C34000).C34000is extensively used as a main engineering material in various industries such as screw
products, plumbing equipment, and hose fitting etc. These materials are considered as easy to machining and possess
superior machinability [4]. Taguchi’s orthogonal arrays are highly fractional designs, used to estimate main effects
using only few experimental runs. These designs are not only applicable to two level factorial experiments, but also
can investigate main effects when factors have more than two levels. Designs are also available to investigate main
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effects for certain mixed level experiments where the factors included do not have the same number of levels. For
example, a four-level full factorial design with five factors requires 1024 runs while the Taguchi orthogonal array
reduces the required number of runs to 16 only.

Feng. Cang-Xue (Jack) [5] studied the impact of turning parameters on surface roughness. He studied the impact of
Feed, Speed and Depth of Cut, Nose radius of tool and work material on the surface roughness of work material. He
found that the feed have most significant impact on the observed surface roughness and also observed that there
were strong interactions among different turning parameters.

Jafar Zare and Afsari Ahmad [6] the performance characteristics in turning operations of Df2 (1.2510) steel bars
using TiN coated tools. Three cutting parameters namely, cutting speed, feed rate, and depth of cut, will be
optimized with considerations of surface roughness.

The study shows that the Taguchi method is suitable to solve the stated within minimum number of trials as
compared with a full factorial design.

The main objective of this study was to demonstrate a systematic procedure of using Taguchi design method in
process control of turning process and to find a combination of turning parameters to achieve low material removal
rate.

Experiments were designed using Taguchi method so that effect of all the parameters could be studied with
minimum possible number of experiments. Using Taguchi method, Appropriate Orthogonal Array [7,8] has been
chosen and experiments have been performed as per the set of experiments designed in the orthogonal array. Signal
to Noise ratios are also calculated to analyze the effect of parameters more accurately.

Results of the experimentation were analyzed analytically as well as graphically using ANOVA. ANOVA has
determined the percentage contribution of all factors upon each response individually.

2. Taguchi method

Traditional experimental design methods are very complicated and difficult to use. Additionally, these methods
require a large number of experiments when the number of process parameters increases [16, 17, 18]. In order to
minimize the number of tests required, Taguchi experimental design method, a powerful tool for designing high-
quality system, was developed by Taguchi. This method uses a special design of orthogonal arrays to study the
entire parameter space with small number of experiments only.

Taguchi recommends analyzing the mean response for each run in the inner array, and he also suggests analyzing
variation using an appropriately chosen signal-to-noise ratio (S/N).

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

() SMALLER-THE-BETTER:

= Iyn 1
n=-10 Log(~ X 2
(I1) LARGER-THE-BETTER:
n =-10 Log;, [mean of sum squares of reciprocal of measured data]

(1) NOMINAL-THE-BEST:

n=10 Loglo Square of means

variance
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Larger the better for minimum material removal rate and surface roughness so,

Larger the better = s/n = -10 Log,, [mean of sum squares of reciprocal of measured data]

Regardless of category of the performance characteristics, the lower S/N ratio corresponds to a better performance.
Therefore, the optimal level of the process parameters is the level with the lowest S/N value. The statistical analysis
of the data was performed by analysis of variance (ANOVA) [9, 10] to study the contribution of the factor and
interactions and to explore the effects of each process on the observed value.

3. Design of experiment
In this study, three machining parameters were selected as control factors, and each parameter was designed to have
three levels, denoted 1, 2, and 3 (Table 1). The experimental design was according to an L27 array based on Taguchi
method, while using the Taguchi orthogonal array would markedly reduce the number of experiments.
A set of experiments designed using the Taguchi method was conducted to investigate the relation between the
process parameters and delamination factor. DESIGN EXPERT @ 16 minitab software was used for regression and
graphical analysis of the obtained data.

Table 1 Turning parameters and Levels

Symbol Turning Parameters Level 1 Level 2 Level 3
A Cutting speed, (mm/min) 55 75 95
B Feed rate, (rev/min) 0.15 0.25 0.35
g Depth of cut, (mm) 0.10 0.15 0.20

4. Experimental details

Medium brass alloy (C34000) of @: 19 mm, length: 280 mm were used for the turning experiments in the present
study. The chemical composition and mechanical and physical properties of C34000 can be seen in Tables 2 and 3,
respectively. The turning tests were carried out to determine the material removal rate under various turning
parameters. GC1035 coated carbide tool were used for experimental investigations.

Table 2 Chemical composition of C34000 (Medium brass alloy)

Element Percentage
Zinc, Zn 34% max
Lead, Pb 0.9% max
Iron, Fe 0.095% max
Copper, Cu Balance
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Table 3 Mechanical and physical properties of C34000 (Medium brass alloy)

Property Value
Density 8.47glcc
Hardness 68HRF

Electrical Resistivity

Melting Point

Thermal Conductivity
Modulus of Elasticity Tension
Yield Strength

Ultimate Tensile Strength
Elongation

Reduction of Area

39.9 microhm-cm
1630 oF

9.5

15.0

410 MPa

340 MPa

45%

30%

5. Results and discussion
5.1 Experiment results and Taguchi analysis

In machining operation, maximizing the material removal rate (MRR) is an important criterion. Leaded brasses are
used for their high machinability and corrosion resistance. The machinability of brass is increased by the addition of
lead because it acts as a microscopic chip breaker and tool lubricant. The leaded brasses are used for copper base
screw machine material. The alloys have excellent machinability, good strength and corrosion resistance. Lead can
be added to any brass to increase machinability and provide pressure tightness by sealing the shrinkage pores. [4].

A series of turning tests was conducted to assess the influence of turning parameters on material removal rate in
turning C34000. Experimental results of the material removal rate for turning of C34000 with various turning
parameters are shown in Table 4. Table 4 also gives S/N ratio for material removal rate. The S/N ratios for each
experiment of L27 (3713) was [15] calculated. The objective of using the S/N ratio as a performance measurement is
to develop products and process insensitive to noise factor. Table 5 shows average effect response table. Thus, by
utilizing experiment results and computed values of the S/N ratios (Table 5), average effect response value and
average SIN response ratios were calculated for material removal rate.

Table 4 EXPERIMENTAL RESULT AND CORRESPONDING S/N RATIO

Exp. SIN
No CS(mm/min) | FR(mm/rev) | DOC(mm) [ MRR(mm?*/min) Ratio
1 55 0.15 0.1 0.825 -1.67
2 55 0.25 0.15 1.237 1.85
3 55 0.35 0.2 1.64 4.296
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4 55 0.15 0.1 1.357 2.766
5 55 0.25 0.15 2.062 6.287
6 55 0.35 0.2 2.75 8.786
7 55 0.15 0.1 1.925 5.688
8 55 0.25 0.15 2.888 9.21

9 55 0.35 0.2 3.85 11.709
10 75 0.15 0.1 1.125 1.023
11 75 0.25 0.15 1.687 4.544
12 75 0.35 0.2 2.25 7.043
13 75 0.15 0.1 1.875 5.46

14 75 0.25 0.15 2.812 8.981
15 75 0.35 0.2 3.75 11.48
16 75 0.15 0.1 2.625 8.382
17 75 0.25 0.15 3.937 11.904
18 75 0.35 0.2 5.25 14.403
19 95 0.15 0.1 1.425 3.076
20 95 0.25 0.15 2.137 6.598
21 95 0.35 0.2 2.85 9.096
22 95 0.15 0.1 2.375 7.513
23 95 0.25 0.15 3.562 11.035
24 95 0.35 0.2 4.75 13.533
25 95 0.15 0.1 3.325 10.435
26 95 0.25 0.15 4.987 13.957
27 95 0.35 0.2 6.65 16.456

Table 5 ANOVA table for Material removal rate

Weriablg Designation DF SS \Y F P Contribution
Factors
Cigng A 2 | 10229 | 6542 | 1.239 | 0.354 17.67"
speed
Feed rate B 2 247.588 | 208.089 | 43.13 0 A7) 7/
Cutting A*B 4 | 22858 | 11214 | 232 | 017 7.75
speed*Feed
Depth of cut C 2 164.386 8.4 4518 | 0.006 28.40"
Cutting *
speed*DOC A*C 4 5.958 1.49 0.31 0.862 1.029
Feed B*C 4 | 13697 | 3424 | 071 | 0614 2.36
rate*DOC ' ' ' ' '
Error 8 272.172 | 176.436 0.021
Total 26 578.777
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Where DF-degree of freedom, SS-sum of squares, V-variance, F-a statistical parameter, P-percentage and the *** &
** represents most significant and significant parameters and * as less significant.

The regression equation is [11, 12]:
S/N Ratio of MRR =-8.51 +0.119 CS + 30.1 FR
S$=3.22619 R-Sq=51.4% R-Sq(adj) =47.4% PRESS =317.706 R-Sq(pred) =38.22%

Residual Plots for S/N Ratio of MRR
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Fig 1: Residual analysis of MRR of first degree polynomial equation

Main Effects Plot for S/N ratio(MRR)
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Fig 2: Effect of turning parameters on Material removal rate
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Interaction Plot for S/N ratio(MRR)
Data Means
0.15 0.25 0.35
16 1 1 1
cutting
- speed
-~ _ =
ad . - e — —— 55
cutting speed - _ —.— 75
-
- - 95
0 - 16
Feed
- —e— 0.15
[ ] —
- - —m— 0.25
L L L
—— Feed PR 8 0.35
://./. ://P/.
16 - 0
Depth
- of cut
[ | -
o -—— - —e— 0.10
7 — - P Depth of cut —m—  0.15
- 0.20
0 T T T T T T
55 75 95 0.10 0.15 0.20

Fig 3: Interaction Plot for S/N Ratios of MRR
From the ANOVA table it is clear that maximum contribution factor is feed rate having percentage contribution up
to 42.77%.After that second main Contribution is of depth of cut which means the combined effect of feed rate and
depth of cut. Hence the individual ranking of these three parameters on the average value of means of Material
removal rate:-

Table 6 Mean values of process parameters for material removal rate

Cutting Speed

Level (A) Feed Rate (B) Depth of cut (C)
1 5.78 4.12 493
2 8.14 8.20 8.12
3 10.04 11.85 11.24
Rank 4 1 3

5.2 Predictive Equation and Verification

The predicted value of MRR at the optimum levels [13, 14] is calculated by using the relation given as:

0
n= nm+2(nim—nm)

i=1

Applying this relation predicted value of MRR at the optimum conditions is obtained as:
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fiurr = 8.806 + [(11.71 — 8.806) + (11.48 — 8.806) + (11.90 — 8.806)]
fiurr = 8.91mm*/min

The experiment is conducted at the predicted optimum conditions and the average of the response is 8.91. The error
in the predicted and experimental value is only 1.2%, so good agreement between the actual and the predicted
results is observed. Since the percentage error is less than 5%, it confirms excellent reproducibility of the results.
The results show that using the optimal parameter setting (A;BsC,) a higher material removal rate is achieved. Table
shown below shows that optimal values of material removal rate lie between the optimal range.

Table 7 Optimum Levels of Process Parameters

Cutting Optimal Optimal | Predicted | Optimal Value .

Parameters Values Of Setting Optimal EXR‘;;'IT:SmaI
Parameters | Level Value Of Mrr

Cutting speed(A) | 55mm/min | A;BsC, 8.91 8.78<nmrr>8.91 8.78

Feed Rate(B) 0.35mm/rev

Depth of cut(C) 0.2mm

5.2 Results

The effect of parameters i.e Cutting speed, feed rate and depth of cut and some of their interactions were evaluated
using ANOVA analysis with the help of MINITAB 16 @ software. The purpose of the ANOVA was to identify the
important parameters in prediction of Material removal rate. Some results consolidated from ANOVA and plots are
given below:

5.2.1 Material removal rate

Feed rate is found to be the most significant factor & its contribution to material removal rate is 42.77 %. The
interaction between cutting speed and feed rate is found to be significant which contributes 7.75%.The best results
for Material removal rate (lower is better) would be achieved when C34000 workpiece is machined at cutting speed
of 55 mm/min, depth of cut of 0.2 mm, feed rate of 0.35 mm/rev. With 95% confidence interval, the feed rate
effects the material removal rate most significantly.

6. Conclusion
The present study was carried out to study the effect of input parameters on the material removal rate. The following
conclusions have been drawn from the study:

1. The Material removal rate is mainly affected by cutting speed and feed rate. With the increase in cutting
speed the material removal rate is increases & as the feed rate increases the material removal rate is
increases.

2. From ANOVA analysis, parameters making significant effect on material removal rate feed rate, and
interaction between feed rate & cutting speed were found to be significant to Material removal rate for
reducing the variation.

3. The parameters considered in the experiments are optimized to attain maximum material removal rate. The
best setting of input process parameters for defect free turning (maximum material removal rate) within the
selected range is as follows:

i) Cutting speed i.e. 55m/min.
i) Feed rate i.e. 0.35mm/rev.
iii) Depth of cut should be 0.2mm.
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