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Optimization of Abrasive Water Jet
Machining Parameters for a-8 brass
using Taguchi Methodology

The usages of nonferrous alloys in industries are rapidly increasing due to
their excellent properties such as strength, ductility, malleability, tough—
ness and corrosion resistance. Brass is one of the nonferrous alloy which
is used in many applications such as automobile, aerospace medical and
electrical fields. In this experimental investigation, o-f brass was
formulated by stir casting technique and the material characterization is
examined with the Scanning Electron Microscope and Energy Dispersive
Analysis of X-rays. The process parameters of Abrasive Water Jet
Machining such as water pressure, traverse speed and mass flow rate are
considered to study the machining of o-f brass using the Taguchi
methodology. The effect of these process parameters on the responses such
as Surface Roughness and Material Removal Rate were studied by varying
the control process parameters. The optimum permutation of the process
parameters were identified for maximum MRR and minimum SR. The most
prominent parameters were found out by Analysis of Variance.

Keywords: Abrasive Water Jet Machining, o-f Brass, Material Removal

Rate, Surface Roughness, Taguchi methodology, Analysis of Variance..

1. INTRODUCTION

Abrasive water jet machining (AWJM) is one of the
economical unconventional machining processes and it
gives better accuracy and surface finish. The main
advantages of AWIM process are the higher amount of
material removed, high flexibility, least amount of cutting
force and thermal stresses are developed during
machining of materials [1]. Surface quality variations and
machining behaviors were analyzed during the water jet
machining process [2]. AWIM is one of the cost effective
methods and it is used to cut hard mate-rials. Brass and
its alloys play a vital role in industries due to its excellent
properties such as strength, hardness, higher plasticity
and corrosion resistance [3,4]. The experiment was
designed by the Taguchi technique which offers a simple,
capable and systematic advance to conclude optimal
contribution parameters [5]. Minimization and maximi—
zation quality characteristics were depending upon the
signal to noise ratio [6,7]. The phase behavior and grain
refinement were studied in Cu-Zn alloy [8]. The process
parameters, namely traverse speed, abrasive mass flow
rate, standoff distance and water pressure and its effect on
surface quality were studied [9-11]. Taguchi technique
and analysis of variance (ANOVA) were used during
abrasive water jet machining of graphite/epoxy laminates,
and it conc—luded that standoff distance has the most
significant influence on surface roughness [12]. By using
Taguchi method the optimized cutting parameters were
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found in hard turning of steels with ceramic tools [13]. In
Taguchi method, for three control parameters Lo
orthogonal array was considered [14]. Taguchi based
parametric optimization was carried out using abrasive
water jet machining of different materials such as
Stainless Steel [15], 6063-T6 aluminum alloy [16] Mild
Steel [17], polyester hybrid composite [18], Inconel 718
[19], Inconel 8O0H [20].

In this paper, stir casting technique is used for fabri—
cated work material such as o-f brass and the material
characterization is investigated with the Scanning Elec—
tron Microscope (SEM) and Energy Dispersive Analysis
of X-rays (EDAX). The stir casted a-f3 brass is machi—
ned by abrasive water jet machining process. The
material removal rate and surface roughness are consi—
dered as the important performance measures in various
industrial applications. Parametric optimization and the
effects of water pressure, traverse speed, abrasive flow
rate on material removal rate and surface roughness are
analyzed by Taguchi method.

2. MATERIALS FABRICATION AND
CHARACTERIZATION

The work material a-p brass was fabricated through stir
casting technique. The billet of copper and zinc is
placed into the graphite crucible and it was preheated at
480°C for 45 minutes before melting to formulate their
surfaces oxidized. By diffusing 40 weight percentage of
zinc in 60 weight percentage of copper melted at 1200
°C. The muddle is stirred continuously. The uniform
mixing was ensured by stirring system with 700 rpm
speed. The slurry was poured in a cast iron mould to
obtain standard specimens of size 100 x 50 x 10 mm.
The composition and content was ensured by Energy
Dispersive Analysis of X-rays which is shown in Fig.1.
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Figure 1. EDAX image of a-B brass

From Fig. 1, Copper and Zinc elements are the
major compositions of a-f brass. Lead, tin and nickel
elements are minor compositions of o-f3 brass.

Figure 2. SEM image of a-B brass

The morphology of the a-f brass was studied with
the SEM shown in Fig. 2. From the image it is obvious
that o and B phases are produced by stir casting method.
It is examined that the zinc was dissolved in the copper
during stir casting process. The distribution of zinc in
the copper is consistent and it was attained by the
uniform of stirring process.

3. EXPERIMENTAL DETAILS

Parameters were selected based on the literature review.
These three parameters only have provided maximum
contribution effect while machining of a-f brass The

sured. The surface roughness is measured by Mitutoyo
Talysurf-SJ-201 surface tester. The properties of a-f
brass is evaluated and listed in the Table 2.

Table 2. Material properties of the a- brass

S.No. Properties Results
1 Hardness (BHN) 120BHN
2 Tensile strength (MPa) 510Mpa
3 Impact strength (J) 11)
4 Percentage of elongation 12
5 Density (g/cc) 8.32

Brinell hardness testing machine, Universal testing
machine and Charpy testing machine are used to find
the material properties. Archimedes principle is used to
find the density of the material.

4. RESULTS AND DISCUSSION

The responses such as MRR and SR of the holes were
evaluated by varying the control parameters. These two
responses are very important for machining of any ma—
terials [21]. The drilling operation was completed acc—
ording to Lo orthogonal array [22]. Table 3 shows the
abrasive water jet machining experimental layout and its
results.

Table 3. The abrasive water jet machining experimental
results

A:Water | B:Traverse | C:Abrasive SR MRR
S.No. | Pressure |  Speed Flow rate .
(bar) | (mm/min) | (gm/mm) | (#™) | (gm/min)

1 2000 35 100 1.99 6.61
2 2000 70 150 2.01 7.43
3 2000 100 200 2.11| 10.23
4 2500 35 150 3.32 | 13.65
5 2500 70 200 213 | 12.34
6 2500 100 100 356 | 1043
7 3000 35 200 433 | 14.75
8 3000 70 100 1.45 11.25
9 3000 100 150 1.67 17.31

The loss of mass is measured before and after each
machining operation which provides net MRR.

3.1 Taguchi parametric optimization

levels of parameters are represented in Table 1.

The machining (drill 6 mm diameter holes) opera—
tion was performed by using AWIM. Three input para—
meters were selected, namely water pressure, traverse

speed and mass flow rate.

Table 1. Level of control parameters

Water Traverse Abrasive
Levels Pressure Speed Flow rate
(bar) (mm/min) | (gm/mm)

1 2000 35 100

2 2500 70 150

3 3000 100 200

The response parameters such as Material Removal
Rate (MRR) and Surface Roughness (SR) were mea—
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The Ly orthogonal array is used to offer the improved
features, and decrease the number of experimentations.
In this experiment, three control parameters were used
with three levels, namely low, medium and high.
Taguchi technique is extensively used to attain the
quality optimization in many industries. The assessment
of quality characteristics is completed through S/N ratio.

3.2 S/N ratio analysis for MRR

The signal to noise ratio (S/N ratio) is the most signi—
ficant factor to forecast the optimal outcome. The
essential output characteristics were considered by S/N
ratio whether it must be minimum or maximum as per
their experimentation [6].

In this experimentation, maximum MRR and mini—
mum SR of the holes were considered. Hence, larger the
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better criteria is selected for MRR and smaller the better
criteria is selected for surface roughness of the holes.

Mean of S/N ratio for MRR is listed in the Table 4.
Table 4. Mean of S/N ratio for MRR

Water Pressure (bar) ™~ t2 -

Water Traverse Abrasive
Level pressure Speed flow rate
(bar) (mm/min) (gm/mm)
1 8.090 11.670 9.430
2 12.140 10.340 12.797
3 14.437 12.657 12.440
Delta 6.347 2.317 3.367
Rank 1 3 2

Figure 3 shows that the main effects plot for various
levels of the parameters for MRR. To attain highest
MRR, larger the better criterion was chosen. Hence the
optimal level of parameter A; B; C; was selected from
the S/N ratio graph as shown in Fig.3.

Water Pressure (bar) Traverse Speed (mm/min) | Abrasive Aow rate(gm/mm)
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Figure 3. Signal to Noise ratio graph for MRR

The optimal combination values for material remo—
val rate are water pressure of 3000 bar, Traverse speed
of 100 mm/min and abrasive flow rate of 200 gm/mm.

In the present study ANOVA is used to find out the
influence of contribution process parameters such water
pressure, traverse speed and mass flow rate on the
responses such as material removal rate and surface
roughness during machining of a-f brass which was
produced through stir casting technique.

Table 5. ANOVA table for the MRR

Adj | Adj | F- | P-
Source | DF | ‘¢¢ MS | Value | Value
Water 2 | 61.96 | 30.98 | 26.62 | 0.036
pressure
Traverse | 5 |\ ¢ 11 | 406 | 348 | 022
speed
Abrasive 2 120521026 | 882 0.10
flow rate
Error 2 2328 | 1.164
Total 8 19291

S=1.0788; R-sq=97.49 %; R-sq (adj)=90 %

Table 5 shows the results of ANOVA for MRR. It
is consummated that, the water pressure is the leading
contributing factor of influence on the material removal
rate.

Figure 4 shows that interaction of water pressure,
traverse speed and mass flow rate for the response
material removal rate. It is observed that, water pressure
is most contributory factor which affects the material
removal rate.
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Figure 4. Interaction of water pressure, traverse speed and
mass flow rate with MRR

3.3 S/N ratio analysis for surface roughness

Since require minimum surface roughness of the holes,
smaller the better characteristic is considered. Signal to
noise ratio was computed for minimization quality cha—
racteristics of output response such as surface roug—
hness. Response values for S/N ratio are given in Table 6.

Table 6. Response values for S/N ratio of surface

roughness
Traverse Abrasive
Level Water Speed flow rate
pressure(bar) (mm/min) (gm/mm)
1 -18.01 -20.83 -19.26
2 -21.63 -20.09 -21.63
3 -23.05 -21.78 -21.80
Delta 5.05 1.69 2.54
Rank 1 3 2

To accomplished minimum surface roughness of the
holes, smaller the better condition was chosen. Hence
the optimal level of parameter A3 B3 C3 was selected
from the graph as shown in Fig. 5.

Water Pressure (bar) Traverse Speed (mm/min) | Abrasive How rate(gm/mm)
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Signal-to-noise: Smaller is better

Figure 5. S/N ratio graph for surface roughness of the holes

The optimal values for circularity of the holes are
water pressure of 3000 bar, Traverse speed of 100 mm
/min and abrasive flow rate of 200 gm/mm. Table 7
shows the results of ANOVA for surface roughness of the
holes. It is consummated that, the water pressure is the
leading factor for influence on the response such as
surface roughness with R-squared values greater than 90.

Figure 6 shows the interaction of traverse speed,
mass flow rate and water pressure for the response as
surface roughness of the holes. It is perceived that the
most governing factor is water pressure among all cont—
rol factors, and water pressure has a more interaction
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effect on surface roughness of the holes. A mathema-—
tical model was generated for abrasive water jet machi—
ning of a-f brass and it is used to forecast the responses
such as material removal rate and surface roughness.

Table 7. ANOVA for surface roughness of the holes

Source | DF | AdjSS | AdjMS| F-Value | P-Value
Water |5 | 35747 | 17873 | o2 0.583
pressure

Traverse |\ 1 008 | 0.8014 | 0.32 0.757
speed

Abrasive | | 0074 | 04537 | 0.18 0.846
flow rate

Error | 2 | 4.9930 | 2.4965

Total | 8 | 11.0778

S=1.581; R-sq=96.25 %; R-sq (adj)=89.19 %

MRR(ﬂj =11.556—3.4464-2000+0.5844—250+2.8814~
min

~3000+0.1148-35—-1216B-70+1.101B—100— (1)
~2.126C—100+1.241C—150 +0.884C — 200

SR(,um) =2.648-0.8884—-2000+0.5124—-2500+0.324
—3000+0.4368-35-0.5718-70+0.1365-100 (2)
—-0.434C-150+0.316C—-200
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Figure 6. Interaction of water pressure, traverse speed and
mass flow rate with SR

5. CONTOUR PLOT ANALYSIS

Figure 7 shows the contour plots for MRR. Figure 7(a)
shows the higher MRR has been achieved when the
range of water pressure is 2800 - 3000 bar and abrasive
flow rate is 140-180 gm/min. Figure 7(b) shows the
higher MRR has been achieved when the abrasive flow
rate is 160-200 gm/min. Figure 7(c) shows the higher
MRR has been achieved when the traverse speed is
100mm/min and water pressure is 3000 bar. The higher
amount of material removal rate is attained by increase
the water pressure.

Figure 8 shows the contour plots for surface rough—
ness of the holes. Figure 8(a) shows the minimum
surface roughness of the holes has been obtained when
the range of the water pressure is 2000-2200 bar. Figure
8(b) shows the minimum surface roughness of the holes
has been achieved when the range of abrasive flow rate
is 100-200 gm/min. Figure 8(c) shows that the mini—
mum surface roughness of the holes can be achieved
with the gradual difference between traverse speed and
abrasive flow rate.
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Figure 8(a-c). Contour plots for Surface Roughness (um) of
the holes (a) water pressure vs traverse speed (b) water
pressure vs abrasive flow rate (c) traverse speed vs
abrasive flow rate

6. CONCLUSIONS

After successful completion of all experimental analy—
ses, the following conclusions were drafted

e The work material o-f brass was successfully fabri—
cated by stir casting technique.

e The morphology of the a-f brass was deliberated
through SEM and composition was confirmed
through EDAX.

e The stir casted a-PB brass was successfully machined
by AWJIM process.

e The Taguchi methodology applied was it feasible.
The optimal solutions were found out and proven by
Taguchi method and its listed below;

(i) Water pressure = 3000 bar,
(ii) Traverse speed = 100 mm/min,
(iii) Abrasive flow rate = 200 gm/mm.

e From analysis of variance, the water pressure is the
foremost factor to affect the responses such as MRR
and surface roughness of the holes.

e The interaction between control parameters and res—
ponse parameters were studied through contour plot
analysis.

e The results proved that the Taguchi analysis is accu—
rate and the developed mathematical model will be
used in any industrial environment.
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OIITUMU3ALINJA ITIAPAMETAPA ITPOLHECA
OBPAJIE ABPAZUBHUM BOJAEHUM MJIA30M
KOJ AJI®A-BETA MECHUHI'A TPUMEHOM
TAI'YYAJEBE METOJOJIOTI'NJE

C.Mapuxamu, M.PaBuxagpan, b.Cranun, b.C.bady

Jlerype 00ojeHnXx Merasa MMajy cBe Behy NpuMeHy y
WHIyCTPUjU 300T M3BAaHPETHHX CBOjCTaBa Kao IITO Cy
yBpcToha, *kminaBocT, TBpAoha M OTHOPHOCT Ha KOpO—
3ujy. MecwHr cmajga y Jerype Koje WMajy IIHPOKY
MPUMEHY Y ayTOMOOWJICKO] WHAYCTPHjH, Ba3IyXo—
IUIOBCTBY, MEIULINHU U EIEKTPOTCXHULHU. Y OBOM EKC—
NepuMeHTy KkopuinheH je anda-0era MecuHr J00ujeH
TEXHUKOM JINBEHa MEIIambeM a 0COOMHE MaTepHjaia cy
HCIHUTAaHE CKEHHPajyhuM eNeKTPOHCKHUM MHKPOCKO—
IOM M aHAJIM30M EHEepPreTcke Iucrep3uje Xx-3paka. Y
UJbY MpoydyaBama o0pane anda-oera Mecunra momohy
TaryuujeBe MeTomOJIOTHjE Y3€TH Cy y 003up cienchu
rapameTpu Ipoieca o0paje: MPUTHCAK BOAE, YHAKPCHA
Op3uHa ¥ Op3MHAa MAcEHOT MPOTOKa. YTHUIIA] OBHX Mapa—
MeTapa Ha XpamaBOCT MOBPLIMHE M Op3UHY CKHIOama
MaTepHjalia je u3y4aBaH BapupameM KOHTPOJIHHX Iapa—
MeTapa mporeca. OnTIMaIHa IepMyTanrja mapaMerapa
je nmoOujeHa 3a MakCHMalHE BPEJHOCTH XpalaBOCTH
MOBPIIMHE M Op3WHE CKUAama MaTepujana. AHaIH30M
BapujaHce cy yTBpl)eHN HajBaXHUjU MTapa—MeTpH.
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