Journal of Chemical and Pharmaceutical SciencesISSN: 0974-2115
Experimental Studies and Optimization of Abrasive Water Jet Machining

Process for Granite
Vijayakumar S.R*, Gajendran S
Department of Production Technology, Anna University, MIT campus, Chennai, T.N.
*Corresponding author: E-Mail: visakal2@gmail.com
ABSTRACT

Rough water plane machining is a flighty machining process which is equipped for slicing extensive
variety of hard-to-delicate materials by effect disintegration of high weight, high speed of water and entrained high
speed of grating particles on the work piece. The procedure variables that to be considered are water weight, stand-
off separation (SOD) and nature of cut. Test examination will be led to evaluate the impact of grating water plane
machining (AWJM) process parameters on Material Removal Rate (MRR), surface harshness (Ra) and kerf Angle
(Ka). Here methodology depends on Taguchi's strategy and investigation of fluctuation (ANOVA) to streamline
the grating water plane machining process parameters for successful machining and to foresee the ideal decision
for each AWJM parameters, for example, water weight, SOD and nature of cut of stone, which are utilized for a
few common applications. For every blend of orthogonal exhibit, trials are led. With the assistance of ANOVA,
ideal procedure parameters (that impact the machining qualities) are resolved utilizing Taguchi Weight age
technique and main part examination.

KEY WORDS: Abrasive Water Jet Machining, Taguchi’s Method, Weightage Method, Principal Component
Analysis.

1. INTRODUCTION AND LITERATURE SURVEY

Non-customary assembling procedures is characterized as a gathering of procedures that expel abundance
material by different methods which includes mechanical, warm, electrical or concoction vitality or mixes of these
energies yet don't utilize sharp cutting instruments. Rough water plane cutting is a capricious machining process in
which the water plane contains grating particles, for example, silicon carbide, aluminum oxide or garnet. Any sort
of material running from hard weak materials, for example, earthenware production, metals and glass to great
degree delicate materials, for example, froth and rubbers can be cut by rough water plane cutting.

The high speed stream of rough is created by changing over the weight vitality of the high weight water to
its dynamic vitality and thus high speed plane. The spout coordinates the rough stream in a controlled way onto the
work material, so that the separation between the spout and the work piece and the impingement edge can be set
alluringly. The high speed rough particles expel the material by small scale cutting activity and in addition fragile
break of the work material. There are many studies investigating the cutting performances of abrasive water jets for
several kinds of materials such as steel, brass, aluminium, inconel and there are also few studies on granite cutting
in the literature. Granite used in various civil applications has led to investigations of the various machining and
processing technologies to improve the productivity and to reduce the costs.

This work focuses on the experimental studies and optimization of AWJM process for granite. Here the
approach is based on Taguchi’s method and ANOVA to optimize the AWIM parameters.

2. EXPERIMENTAL WORK

Material: Granite is selected for parametric analysis of abrasive water jet machining. The AWJM used in this

research is OMAX (Manufacture’s name) water jet systems. The dimension of work piece is 300 mm x 300 mm X

10 mm. The OMAX water jet system uses pneumatic system to control its motion axis as shown in the Figure.l.
Table.1. Specification of AWJM

Parameters Range

Max. Pressure 3800 bar

Min. Pressure 1800 bar

Stand-off Distance 1.5mm

Quiality of Cut Q1lto Q5

Max. Power 30hp Direct Drive
Max. Transverse Speed | 9m/min

Accuracy +0.025
Repeatability 0.05

XY Travel 1575mm X 1575mm
Table Size 2337mm X 2752mm
Orifice Diameter 0.35mm
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Figre.l. Abrasive Water Jet Machine
Table.2. Constant machining parameters

Parameters Range

Abrasive type Garnet

Abrasive size 80 Grit size
Orifice diameter 0.35mm

Material & Thickness | Granite of 10mm

The nature of AWJ Cutting procedure is essentially influenced by the procedure tuning parameters which
is shown in the Figure.2.

HYDRAULIC ABRASIVE TARGET WORK MATERIAL

‘Waterjet Orifice size Abrasive Grit Size Composition
Waterjet Pressure Abrasive Material Hardness
Abrasive Flow Rate 5
=’Dopm of Cut
Quality
Bore Diameter Traverse Speed
Tube Length Stand-off Distance
Angle of Attack

FOCUSING TUBE CUTTING
Figure.2. Parameters influencing AWJM
Three process parameters namely water jet pressure, quality of cut and Stand-off distance each at three
levels were used as shown in Table 3. The initial setting of parameters was: Water jet pressure—15000psi, Quality
of cut-3, and Stand-off distance—1.5 mm as per the Taguchi Orthogonal Array (TOA) settings.
Table.3. Process control parameters and levels

Parameter Level1l | Level 2 | Level 3
Pressure (MPa) 100 120 140
Quality of cut Q3 Q4 Q5
Stand-off distance (mm) | 1.5 2.5 3.5

For each experiment, the machining parameters were set to the pre-defined levels according to the
orthogonal array. To select an appropriate TOA for the experiments, the total degree of freedom (dof) needs to be
computed as follows: dof = [(number of levels - 1) for each process parameter + (number of levels - 1)? for each
interaction + 1]

Thus, dof = (3-1) *3 +1 = 7 (Assuming no interaction).

Hence, a standard L9 OA is used for carrying out present experimental work is shown in the Table.4.

Table.4. L9 OA

Water pressure | Quality of cut | Sod
A B C
100 Q3 15
100 Q4 25
100 Q5 35
120 Q3 25
120 Q4 3.5
120 Q5 15
140 Q3 35
140 Q4 15
140 Q5 2.5

Surface harshness is a standout amongst the most essential quality control parameter for surveying a
creation procedure are imperative on controlling the procedure yields, for example, MRR, Ra and Ka as appeared
in Table.5.
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Table.5. Output Responses for LOOA

A |B |C | MRR(g/s) | Ra(um) | Ka(degree)
100 | Q3| 1.5 | 5.375849 | 4.711 0.813057
100 | Q4 | 2.5 | 4.069372 | 3.818 0.569427
100 | Q5| 3.5 | 3.565512 | 4.799 0.777707
120 | Q3 | 2.5 | 7.35652 6.315 0.977389
120 | Q4 | 3.5 | 6.278336 | 4.625 0.92293
120 | Q5| 1.5 | 3.766977 | 4.682 0.942038
140 | Q3 | 3.5 | 6.908778 | 3.888 0.882803
140 | Q4 | 1.5 5.393566 | 5.529 1.166561
140 [ Q5| 2.5 | 4.176025 | 4.108 1.11879
Signal-to-noise (S/N) ratio: Taguchi method recommends signal-to-noise (S/N) ratio as the objective function for
matrix experiments. Here, the ‘signal’ represents the desirable value and the ‘noise’ represents the undesirable
value and S/N ratio expresses the scatter of quality characteristics from the desired value. The larger S/N ratio will
be an indication of better quality characteristics and less scatter from the desired value. Generally, there are three
categories of quality characteristic for S/N ratio, i.e. larger-the-better, smaller-the-better and nominal-the-better.

S/N=-10 log ((1/n) ((1/y?)); SIN=-10 log (y/s?y); SIN=-10 log ((1/n) (= (y?))

Where y is average of observed data, s?y is variance of y, and n is number of observations.

In the present experimental design, the larger-the-better quality characteristic for MRR as we intend to
maximize it and smaller-the-better quality characteristic is used for both R, and K as we intend to minimize both
of them. Table.6 gives S/N ratio for output responses.

Table.6. S/N ratio for Output Responses

MRR- Larger the better | Ra - Smaller the better | Ka-Smaller the better
14.6089 -13.4623 1.79758
12.1905 -11.6367 4.89124
11.0424 -13.623 2.18368
17.3334 -16.0075 0.19866
15.9569 -13.3022 0.69663
11.5199 -13.4086 0.51863
16.788 -11.7945 1.08273
14.6375 -14.8529 -1.33815
12.4153 -12.2726 -0.97497

Taguchi Multi Response Method: Taguchi method is not suitable enough to be used as such to optimize the
multi-response problems. However, we can collect the observed data for each response using Taguchi’s designs
and the data can be analyzed by different methods developed by various researchers.

Most of the literature published on Taguchi method application deals with single response. In multi

response problems if we try to determine optimum levels for the factors based on one response at a time, we may
get different set of optimal levels for each response. Usually the general approach in these problems is to combine
the multi responses into single statistic (response) and then obtain the optimal levels. The assignment of weights
and principal component method is used to find the optimum parameters for machining granite in order to
minimize R, and K, and to maximize MRR.
Assignment of Weights: In assignment of weights, the multi-response problem is converted into single response
problem. Suppose we have two responses in a problem, Let W1 be the weight assigned to, say the first response R1
and W2 be the weight assigned to the second response R2. The sum of the weighted response (W) will be single
response, where W = W1 + W2,

This W is termed as multi response performance index (MRPI) as shown in the Table.7. Using this MRPI,
the problem is solved as a single response problem. In the multi response problem, each response can be original
observed data or its transformation such as S/N ratio. In this approach is the method of determining of weights.
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Table.7. Determination of MRPI

l. No. Wwumrr | WRa Wka MRPI
0.1146 | 0.1087 | 0.1191 | 1.2254
0.0868 | 0.1342 | 0.1701 | 0.9623
0.076 | 0.1067 | 0.1245 | 0.8802
0.1569 | 0.0811 | 0.0991 | 1.7632
0.1339 | 0.1108 | 0.105 | 1.4497
0.0803 | 0.1094 | 0.1028 | 0.9117
0.1473 | 0.1317 | 0.1097 | 1.627

0.115 | 0.0926 | 0.083 | 1.2295
0.0891 | 0.1247 | 0.0866 | 0.981

Principal Component Analysis: Principal Component Analysis (PCA) is the general name for a technique which
uses sophisticated underlying mathematical principles to transform a number of possibly correlated variables into a
smaller number of variables called principal components. The origins of PCA lie in multivariate data analysis;
however, it has a wide range of other applications, as shown in the due course. PCA has been called one of the
most important results from applied linear algebra and perhaps its most common use is as the first step in trying to
analyze large data sets. Some of the other common applications include; de-noising signals, blind source
separation, and data compression.

All in all terms, PCA utilizes a vector space change to decrease the dimensionality of extensive
information sets. Utilizing scientific projection, the first information set, which may have included numerous
variables, can frequently be translated in only a couple of variables (the vital parts). It is in this way frequently the
case that an examination of the lessened measurement information set will permit the client to spot patterns,
examples and anomalies in the information, much more effortlessly than would have been conceivable without
playing out the central part investigation.

The aggregate vital segment record (TPCI or pi) comparing to the ith exploratory run is figured as follows
and given in the Table.8.

OO |INOOTBAWIN|FL, W]

P — > Pi(k) = 2 (k)

k=1

ACK)
> Ak
k=1

Table.8. Determination of TPCI
PC1 PC2 PC3 TPCI
-0.3623 | 0.8626 | 0.19655 | 0.6968
-1.1134 | 0.8814 | 0.13009 | -0.1019
-0.6708 | 0.4067 | 0.04309 | -0.2211
0.37345 | 0.9599 | -0.0078 | 1.3255
-0.1689 | 0.9665 | 0.37056 | 1.1682
-0.5034 | 0.3537 | 0.26392 | 0.1142
-0.3495 | 1.1923 | 0.60867 | 1.4515
0.13411 | 0.5455 | 0.28426 | 0.9639
-0.4477 | 0.4217 | 0.63483 | 0.6088

The TPCI for each experimental run is used to find out the average factor effect at each level. The
parameter levels corresponding to the maximum TPCI value was also found.

3. RESULTS AND DISCUSSIONS
MRPI is obtained from assignment of weights. Analysis of variance for MRPI is given in the Table 9 and
Figure 4 gives effect of Process parameters on MPRI.
Table.9. ANOVA for MRPI

A (kD =

Factor DF | Adj. SS | Adj. MS | F-Value | P-Value | PC (%)
Pressure 2 ]0.19906 | 0.09953 | 8.56 0.105 23.49
Quality of cut | 2 | 0.56656 | 0.28328 | 24.35 0.039 66.86
SOD 2 10.05853 | 0.02926 | 2.52 0.284 6.91
Error 2 |0.02327 | 0.01163 | - - 2.74
Total 8 10.84742 | - - - 100
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Figure.4. Effect of Process Parameters on MRPI

From Assignment of Weights the optimized response for maximized MRR, minimized R, and K, is

A2B1C3.
TPCI is obtained from principal component analysis and Analysis of variance for TPCI is given in the
Table 10.
Table.10. ANOVA for TPCI
Factor DF | Adj SS | Adj MS | F-Value | P-Value | PC (%)
Pressure 2 1.3542 | 0.6771 | 7.86 0.113 44.00
Quality of cut | 2 1.4724 | 0.7362 | 8.55 0.105 47.84
SOD 2 10.0791 | 0.0396 | 0.46 0.685 2.57
Error 2 10.1722 | 0.0861 | - - 5.59
Total 8 13.0780 | - - - 100

Figure.5 gives the effect of Process parameters on Total Principal Component Index (TPCI). From

Principal component analysis, the optimized response for maximized MRR, minimized R, and K, is A3B1C3.

Main Effects Plot for Means
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Figure.5. Effect of Process Parameters on TPCI

4. CONCLUSION

In Taguchi multi response method analysis of various parameters using Weightage method and principal

component analysis on the basis of experimental results, analysis of variance (ANOVA), F-test; the following
conclusions AWJM process as follows

Quality of cut and pressure are the most significant control factors on MRPI and standoff distance is the
sub- significant parameter on MRPI. Hence the optimum recommended parametric combination for
optimum MRR and R, was A2B1C3.

Quality of cut and pressure are the most significant control factors on TPCI and standoff distance has no
significant effect on TPCI. Hence the optimum recommended parametric combination for optimum MRR
and surface roughness was A3B1C3.

MRR decreases with increase in Quality of cut since as quality of cut increases transverse feed rate
decreases. The surface roughness increases with increase in quality of cut. So the optimum value for MRR,
Ra and K, was normalized by multi response method.

The confirmation test was carried out and result obtained for responses were shown in the Table 11.

Table.11. Confirmation test
Technique MRR(g/s) | Ra(um) | Ka(degree)
Initial settings 5.37585 4711 | 0.813057
Assignment of weights | 7.51166 5.177 0.88397
PCA 6.90878 3.888 | 0.882803

was also found that R, was reduced by 17.46% by PCA.
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It was found that MRR has been improved by 39.72% and 28.52% by assignment of weight and PCA. It
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