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Abstract: This paper mainly deals with the machining operation like turning operation, Material Removal
Rate and Surface Roughness are the important parameter which is to be considered for quality product. The
material selected for the experiment is DELRIN 500. Turning is one of the important processes that is
widely used to create cylindrical components and it is also used for surface finish the product to make it
smooth. Nowadays, plastic materials are widely used for making variety of components. To make a
component with high dimensional accuracy, turning operation is used. The main concerns of turning are
tooling cost and the effect of process on machinability characteristics. It can be seen that the output
responses value has a minimum roughness average and a high degree of geometrical quality precision.
High degree surface finish is induced by medium speed, feed rate, and small nose radius. The coaxial error
was minimized by using medium speed, feed and larger nose radius. Experimentally found that third
specimen (RPM -750) (FEED -0.08 mm/Rev) and (NOSE RADIUS 0.8) obtained minimum geometrical
error along with minimum Surface roughness. Delrin is a crystalline plastic that offers an excellent balance
of properties that bridge the gap between metals and plastics. Delrin possesses high tensile strength, creep
resistance and toughness. It also exhibits low moisture absorption
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I. INTRODUCTION

Polymers (plastics) are organic materials having long chain car-bon molecules. Polymer molecule is formed by number
of monomers. As per intermolecular bonding, plastics can be classified as thermoplastics and thermosets.
Thermoplastics can be recycled by melting; hence, it is widely used. Polyethylene (PE), polystyrene, polypropylene
(PP), Polyvinylchloride (PVC), nylon (polyamide), Teflon is some examples of thermoplastic materials. Thermosets,
before moulding, are in partially polymerized state. Cross-linking of molecular chain takes place in polymerization
process. After polymerization, if thermosets are heated, it does not melt. Epoxies (EP), Phenolic (PF), Polyurethane
(PUR), unsaturated polyester are examples of thermosets. Generally, polymer and polymer composite materials are
used in production of plastic components. Plastics like Nylon, Teflon, and Polypropylene have good mechanical
properties. These polymer materials have increasing applications for specialty purposes where their toughness, rigidity,
abrasion resistance and heat resistance are important. Therefore, it is widely used in the ap-plications like gears, cams,
bearings, bushes, valve seats, etc. On the other hand, polymer materials have few limitations over bimetals. Such as
melting point of polymers is comparatively low, therefore applications of polymers in high working temperature are not
favorable. Thermal expansion of polymers is ten times as that of metals, hence it is one of the constraint need to be
consider in application. Polymers deformation occurs in plastic materials under heavy stresses.
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II. METHODOLOGY
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Fig 1: Schematic view of processes of turning in CNC

III. LITERATURE REVIEW
TITLE: Determination of optimum parameters for multi-performance characteristics in turning by using grey relational
analysis
Kereszteset.al [3] studied machinability of polymers such as PA 6 (Mg), PA 6 (Na), POM C (Polyoximethylene), HD
1000 (UHMWPE). It is found that PA 6 (Mg) is toughest material in the view of cutting force and the cutting
resistance. Cutting force decreases substantially by increasing feed rate and depth of cut. With increase in feed rate and
depth of cut, amount of decrease in cutting force for remaining polymers are stated in descending order: PA 6 (Na),
POM C, HD 1000.
Salles et.al [4]studied effects of machining on surface quality of Ultra High Molecular Weight Polyethylene
(UHMWPE). 1t is found that as higher the feed rate then higher the surface roughness. Cutting speed doesn’t affect
much on surface roughness

TITLE: Optimization of Machining Parameters for Nylon 6 Composite in CNC Lathe Using PCA-Based TOPSIS

Pawade [5] studied effects of machining on surface flatness of Nylon and Polypropylene (PP) during precision turning.
For lower values of surface flatness, surface quality is considered as better. It is found that, for both polymers, feed rate
is an effective parameter in precision turning for both polymers. With increase in feed, cutting speed and depth of cut,

degree insert clearance angle. 7 1ssN
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IV. EXPERIMENTAL SETUP
TAGUCHI DESIGN
Basically, experimental design methods were developed original fisher. However experimental design methods are too
complex and not easy to use. Furthermore, a large number of experiments have to be carried out when the number of
the process parameters increases, to solve this problem, the Taguchi method uses a special design of orthogonal arrays
to study the entire parameter space with a small number of experiments only. The experimental results are then
transformed into a signal — to — noise (S/N) ratio to measure the quality characteristics deviating from the desired
values. Usually, there are three categories of quality characteristics in the analysis of the S/N ratio, i.e., the — lower —
better, the — higher — better, and the — nominal — better. The S/N ratio for each level of process parameter is compared
based on the S/N analysis. Regardless of the category of the quality characteristic, a greater S/N ratio corresponds to
better quality characteristics.
Therefore, the optimal level of the process parameters is the level with the greatest S/N ratio Furthermore, a statistically
significant with the S/N and ANOVA analyses, the optimal combination of the process parameters can be predicted.
Finally, a confirmation experiment is conducted to verify the optimal process parameters obtained from the parameter
design. There are 3 Signal-to-Noise ratios of common interest for optimization of Static Problems. The formulae for
signal to noise ratio are designed so that an experimenter can always select the largest factor level setting to optimize
the quality characteristic of an experiment. Therefore, a method of calculating the Signal-To-Noise ratio we had gone
for quality characteristic.

V. EXPERIMENTAL ARRANGEMENT AND PROCESS PARAMETERS LEVELS
Machine Tool: Batliboismarturn CNC lathe.
Work specimen material: DELRIN
Size of material: ®25mm X 100 mm.
Tool material: Carbide-TAEGUTEC-TT-5100-0.2,0.4& 0.8 inserts.
CNMG 120404-HACNM6431 PC9030
Environment: Coolant not used.

Metal removal rate calculation: Through weight.
Machining time measurement: From CNC machine is shown in figure 4.3.

Brand Batliboi
Model Name/Number Sprint 16 TC
Swing Over Bed 400 mm
Turning Dia 225 mm
Turning Length 300 mm
Power Chuck 165mm c
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VI.OPTIMIZATION TECHNIQUE

In this paper, Taguchi method is used to determine the machining parameters with optimal machining performance in
the high speed vertical milling process
Orthogonal array experiment
Signal-to-noise ratio
Single characteristic optimization
Investigating the process parameters by ANOVA

TABLE 1: PROCESS PARAMETERS AND THEIR LEVELS

LEVELS SPINDLE SPEE
() (RPM)

750
1000
1250

TABLE 2: EXPERIMENTAL DATA INPUT&OUTPUT

i 750 0.04 0499 0.036 0.16
R 750 0.06 04 155 0.523  0.046 0.18
B 7s0 0.08 0.8 137 0429  0.048 0.15
[ 1000 0.04 04 159 0442  0.052 0.20
[S5 1000 0.06 0.8 133 0408  0.059 0.14
@ 1000 0.08 02 121 1.066  0.058 0.17
1250 0.04 0.8 143 0445  0.050 0.18
B 1250 0.06 02 124 0.684  0.058 0.20
o 1250 0.08 04 113 0816  0.070 0.19

TABLE 3: OPTIMAL CONTROL FACTOR ANOVA-CO-AXIAL ERROR

LEVEL SPEED FEED MR
Rl 1576 14.93 15.10
Bl 548 15.32 14.43
[ | LR 15.43 16.15
foeiany 133 0.50 1.72
Rank | 2 ; 1
TABLE :4
‘Source  DF AdjSS  AdjMS F-Value P-Value % OF CONTRIBUTION
[SPEED]] > 0001156 0.000578 1.86 0350 32
FEEEDN) >  0.000156 0.000078 0.25 0.800 4
INRI 2 0001689 0.000844 2.71 0269 47
FERorll 2 0.000622 0.000311 17
[iotallfl 8 0.003622 100
7 1SSN W)
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VII. RESULT

OPTIMAL CONTROL FACTOR FOR TURNING PROCESS

1. Machining Timing- A, (RPM -1000) B, (Feed -0.04 mm/Rev) C; (NR-0.8)
2. Surface roughness- A; (RPM -1250) B, (Feed -0.06 mm/Rev) C; (NR-0.2)
3. MRR- A, (RPM -1000) B (Feed -0.04 mm/Rev) C; (NR-0.8)

4. Co-Axial Error - A, (RPM -1000) B; (Feed -0.08 mm/Rev) C; (NR-0.2)

PERCENTAGE CONTRIBUTION OF PROCESS PARAMETER

1. Machining Timing - Feed-63 %

2. Surface roughness -NR -40%
3. MRR-Feed-74 %
4. Co-Axial Error -NR -47%

VIII. SN RATIO GRAPHS FOR MATERIAL REMOVAL RATE
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FIG:2 GRAPHICAL REPRESENTATION OF SPEED VS MEAN VALUE

16.25

16.00

1.5

15.50

Mean of SN ratios

15.00

1475

1525 |

Main Effects Plot for SN ratios

Data Means
SPE:D FEED
‘x
. -
\ i N
Y
\ ]
\ N
) [ 4
y
L
Y
Y
2
A
®
750 1000 1250 004 006 008 02

Sigra! to noise: Smaller is bet ter

FIG:3 GRAPHICAL REPRESENTATION OF SPEED VS SN RATIO
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IX. CERTIFICATE

FIGURE:9.1 ROUGHNEES
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FIGURE:9.1 COAXIAL ERROR

X. CONCLUSION
Based on this above tabulation the result it is concluded that the effects of turning parameters on the surface roughness
and geometrical precision on delrin by using carbide ceramic inserts surface roughness gf determanin,The spindle

as responds. The
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Taguchi Design was used to develop the model of this experiment and the analysis of the result was performed by using
ANOVA. It can be seen that the output responses value has a minimum roughness average and a high degree of
geometrical quality precision. High degree surface finish is induced by medium speed, feed rate, and small nose radius.
The coaxial error was minimized by using medium speed, feed and larger nose radius. Experimentally found that the
third specimen (RPM -750) (FEED -0.08 mm/Rev) and (NOSE RADIUS 0.8) obtained minimum geometrical error
along with minimum Surface roughness.
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