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ABSTRACT

In this study, Taguchi method was applied to find optimal process parameters for cutting 100
mm thick (HDPE) polyethylene sheet material with AWJ. This experimental study examines
the effect of the process parameters on the material removal rate and average surface roughness
values of polyethylene workpieces. For the optimizing the cutting process parameters with AWJ
is to optimize the cutting efficiency and the standoff distance, the abrasive flow rate and traverse
speed with the Taguchi method. Also used the ANOVA and signal-to-noise ratio (SN Ratio) to
determine the optimal parameters. The L9 orthogonal array was used for parameters and
response results were assigned. For each combination, a single experiment was performed and
optimal results were obtained for the AWJ cutting with SN ratio. It has been verified that the
specified optimal AWJ cutting process parameters meet the actual needs for processing of
polyethylene in practice.
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1. INTRODUCTION

The abrasive water jet (AWJ) machining method is a non-conventional machining process
which has gained widespread use in the recent years [1-3]. A high-pressure water jet and the
abrasive material are used for machining as part of this technology [1-3]. Due to a number of
advantages this technology offers, it has gained widespread use in the industry [4-6]. There are
two types of water jets: the abrasive jet and pure waterjet. In the process of pure waterjet cutting,
only pressurized water is used in order to cut work pieces [5-8]. Such a cutting method is
commonly used in order to cut soft material such as cardboards, leather, textiles, fiber plastics,
food or thin aluminum sheets [1-5]. In the process of the abrasive jet machining, on the other
hand, the abrasive particles are accelerated with the water flow and then applied to the work
piece passing through a nozzle (or focusing tube) [8,9]. AWJ cutting is commonly used to
machine materials such as stainless steel, glass, ceramics, titanium alloys, composites, etc.
AWJ system commonly consists of four main parts. These are water hopper, pressure generator,
jet generator and the abrasive feed systems [1-10].

Polyethylene is a material commonly used in the modern times. The use of plastics with superior
properties has become widespread in many fields, including precision tools, electronics and
optics. Due to the requirement of higher dimensional precision and a better surface machining,
plastic materials used in these fields necessitate the use of machining processes instead of
casting processes [10, 11].

The main purpose of this study is to analyze the effects of machining parameters on the surface
roughness and the material removal rate of Polyethylene material using AWJ cutting methods.
A limited number of authors have analyzed Polyethylene plastic material in combination with
the abrasive waterjet machining. Therefore, the Taguchi experimental design was used in this
study.

2. EXPERIMENTAL STUDY
2.1. Material

Polyethylene (PE) is a widely used plastic material offering a wide range of areas of use in
film packaging and insulated electrical container and piping systems with its customizable
properties depending on its molecular compatibility [10,11]. A high density polyethylene
(HDPE) work piece (see Fig. 1) with the properties as listed in Table 1 was used in this study.

Figure 1. HDPE polyethylene 100 mm thick sheet.



Table 1. Mechanical properties of Polyethylene.

Material Density Tensile Elongation at Hardness,
(kg/m?3) strength (MPa) Yield (%) Shore D
LDPE 920 24 10 59

2.2. Designs of Experiments

An experimental design which uses a Taguchi L9 orthogonal array was preferred for the cutting
parameters analyzed in this study. This experimental design involves three control parameters
and three levels as shown in Table 2. The best results to be obtained for the study were defined
as the minimal SR value and the maximal material removal rate. The experiment was run for
each value defined in three replications. The optimization of observed values was performed
using standard ANOVA comparisons and in accordance with the Taguchi method.

Table 2. AWJ proses control parameters and their levels

Factor ColumniLevel 1Level 2|Level 3
Traverse Speed (mm/min) | A 70 110 | 150
Abrasive Flow Rate (g/min) B 100 | 200 | 300

Stand of Distance (nun) C 2 5 8

2.3. Constant parameters

All the material removal procedures involved a single pass cutting. Feed pressure, nozzle
traverse speed and the standoff distance were controlled using the operator control panel.
Surface roughness, an output parameter used in defining the surface quality, was calculated in
terms of the arithmetic mean of roughness (Ra). Taylor-Hobson (Surtronic 3+) surface
roughness measuring device was used for this part of the study. Surface roughness were
measured at the center of the cut for each sample. Each Ra measurement replicated for 3 times
and the arithmetic mean of these three values was used in order to minimize the deviation. The
other cutting parameters were constant and the parts of the lathe were replaced by new parts
frequently in order to minimize the effects of wear. Table 3 shows the relevant information for
these constant parameters. As shown in Table 2, this study involves three control parameters
and three levels and Table 4 shows the experimental design and results obtained. Observed
according to Taguchi method, the values are calculated using ‘larger the better’ approach for
material removal rate and ‘smaller the better’ approach for surface roughness. The pressure was
held constant at 350MPa. Thus, the observed maximum and minimum values for MRR and SR
were defined. Then, the experiment was replicated three times for each parameter. The
optimization of observed values was performed using ANOVA and S/N ratio comparisons with
regards to the Taguchi method.

Table 3. Constant parameters and their values

Parameters Orifice Focusing tube Water jet Abrasive  Abrasive size
diameter diameter pressure type
Value 0.20 mm 0.762 nun 350 MPa Garnet 80 mesh




Table 4. L9 orthogonal array experimental order and results

Exp. |Traverse speed abrasive flow rate | standoff distance | MRR Ra
No (mm/min) (g/min) (mm) (mm3/min) | (um)
1 70 100 2 30 5

2 70 200 5 31 4,5
3 70 300 8 31,2 4.7
4 110 100 5 29 58
5 110 200 8 30 6

6 110 300 2 31,3 55
7 150 100 8 28 8

8 150 200 2 25 7,5
9 150 300 5 27 7,2

3. RESULTS AND DISCUSSIONS

The main effects plot for machining parameters on the surface roughness is shown in Fig. 2.
This diagram shows the effect of each factor for all three levels. The lowest Ra value was
obtained statistically from the experimental design involving nozzle traverse speed of 1, level
70mm/min, the abrasive flow rate of 3 and the standoff distance of 5mm in the experimental
conditions defined in the polyethylene material of 100mm thickness. Thus, the optimal
parameter selection for the surface roughness was found to be Al, B3, and C2. According to
the ANOVA performed, it was found that all the parameters explored had statistically
insignificant effects, however, these parameters directly affected the numerical and visual

outcome.

Main Effects Plot for SN ratios of Ra
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Figure 2. Main effect plots for Ra
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The main effects plot for machining parameters on the material removal rate is shown in Fig.
3. The highest MRR value was obtained statistically from the experimental design involving
nozzle traverse speed of 1, level 70mm/min, the abrasive flow rate of 3 and the standoff distance




of 8 mm. Thus, the optimal parameter selection for the surface roughness was found to be Al,
B3, and C3; however, as the standoff distance of 8mm has an adverse impact on the surface
roughness, the standoff distance of 5mm is believed to be a better option. Nevertheless,
according to the ANOVA performed, it was found that all the parameters explored had
statistically insignificant effects, however, these parameters directly affected the numerical and

visual outcome.

Main Effects Plot for SN ratios of MRR
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Figure 3. Main effect plot for MRR.

Fig. 4 shows the surface images of the workpiece of 100mm thickness machined using nozzle
traverse speeds of 70, 110, and 150mm/min. It is possible to observe in Fig. 4 the deformation
of the surface when the nozzle traverse speed is increased by 100%.




Figure 4 Specimens after Machining for polyethylene

3.1. CONFIRMATION TEST

Confirmation tests were conducted using the optimal combinations obtained for the process
parameters in Taguchi analysis. These confirmation tests were used to estimate and confirm the
improvement in quality for machining of polyethylene material. The estimated process
combination was found to be A1B3C2 for SR, while it was A1B3C3 for MRR, however, it is
recommended to use C2 instead as the use of C3 will increase the surface roughness. The MRR
value was found to be 31.40 mm3/min and SR value was found to be 4.7 um when the surface
roughness is not the primary concern and the workpiece is merely required to be cut.

4. CONCLUSIONS

This study reports an analysis of the machining parameters used in the machining of
polyethylene material using the abrasive waterjet in term of their effects on the surface
roughness and material removal rate. According to the results obtained, the following
conclusions can be drawn for the efficient machining of polyethylene material using the
abrasive waterjet:

e Nozzle traverse speed is found to be the most significant factor for MRR and SR during
the abrasive waterjet cutting. Experimental results show that nozzle traverse speed has
a governing effect on the roughness criteria.

e The optimal stand-off distance was found to be 5mm fir surface roughness and 8mm for
material removal rate; however, it can be taken 5mm also for material removal rate
depending on the surface roughness requirements for the output.

e Lower the abrasive feed rate or increased stand-off distance lead to deformation of the
surface of polyethylene material being machined. This deformation may involve helical
dents on the surface.

e The optimal parameter combination for minimum surface roughness and maximum
material removal rate is recommended to be at A (70), B (300) and D (5).

e It is also recommended to use increased amounts of the abrasive particles in order to
reduce the surface roughness.
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