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Abstract: The effects of the processing parameters different base parameter of polymer extruder like temperature, speed and rpm.
Increasing temperature reduces the color deviation for these particular highly adjusted grades. Similar results were observed for
feed-rate, where increasing the feed-rate decreased the amount of color deviation. By increasing rpm, color deviation also
increases; however, the effect of rpm is not very significant as compared to temperature and feed-rate. In general, there are
hundreds of variables involved in color deviation, but a proper understanding of formulation on a given production line and
proper processing parameters leads to proper color production feed-rate.

By using Minitab software to optimization parameter in full factorial method and ANOVA then concluded the effect of different
parameters over other parameters and results seem useful to set in the machine concerning the quality of the final product. By
using Solid works 2020 which more user-friendly software check geometrical parameters of each product. In Solid works 2020
having a simulation module that having capabilities to the simulation of real practical data put and find out the result concerning
static and thermal analysis. There is a different product like a flat plate, circular plate, pocket plate, food plate, egg plate, bowl,
and fruit bowl check geometric and strength parameter each product and check the outcome of the parameter of simulation likes
Von mises Stress, Deformation, and Strain, also thermal analysis gives the result of temperature and thermal flux sustaining in the
product. The optimization data of all results of the simulation are satisfied concerning static analysis and thermal analysis.

Index Terms— ANOVA, Solid works 2020, Parameters, Feed rate, Speed, Temperature.

1. Introduction

Fig. 1 Different Types of Plastic Sheet Extrusion Machines

As shown in Figure 4.1 in which different extrusion machines which having capabilities different types of plastic sheets as per
thickness and sizes that useful for different applications. The company name is Essen Specially Films Pvt. Ltd is located at
Shapar, near Rajkot, Gujarat. The company had good capabilities and lead manufacturing of different types of extrusion
machinery as customer requirements from range application as per small or medium scale industries requirements

ESSFOARM disposable products are manufactured from highly compacted expanded polystyrene (XPS) foam by unique
extrusion technology designed and developed indigenously. ESSFOAM plates are designed comfortably to handle the heaviest
food serving. The special manufacturing process makes the material serve as a thermal barrier that allows hot-cold items to
maintain their temperatures for longer periods. Highly compacted foam polystyrene does not allow substances to travel through it
keeping bacteria from penetrating and proliferating in the contents thus preventing contamination of contents.
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1.1 Features

Highly compacted XPS results in strong and tough plates.
Strong enough to hold heavy food stuffing at one time.
Available in various colors and designs.

One time use hence eliminating washing and storing problems.
Made from FDA approved food-grade materials.

Hygienic and neat tableware for anytime use.

The multi-compartment helps food from mixing.

1.2 Application

Single-use disposable tableware.

Fruits, cut vegetables, and meat packaging trays.

All types of take away food containers.

All types of plates and bowls for regular use.

They have over 40 different product categories of tableware on the shelf to serve the customer requirement. (As shown
in Figure 2 and 3)

Oval Bowl Tiay

Fig. 2 Different Types of Product as per Customer requirements

Smart Cup 20 Tray

Fig. 3 Different Types of Product for the special application of industries

2. Experiment Design

Based on the historical data provided by Essen Speciality Films Pvt. Ltd and the properties of selected
grades, experiments were carried out to study the effects of the processing parameters on the tristimulus
values and the dE. Three processing parameters were chosen for the study, namely barrel zone temperatures
(measured in °C), rpm, and feed-rate (measured in kg/hr).
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Tables 1 to 3 shows the values of processing parameters on which experiments have been performed
according to general trends.

Table 1 Variation of Temperature (°C)

Sr. No. Temperature (°C) rpm Feed rate (kg/h)
1 230 750 25
2 240 750 25
3 255 750 25
4 270 750 25
5 280 750 25

Table 2 Variation of rpm

Sr. No. Temperature (°C) rpm Feed rate (kg/h)
1 255 750 25
2 255 725 25
3 255 750 25
4 255 775 25
5 255 800 25

Table 3 Variation of Feed rate (kg/h)

Sr. No. Temperature (°C) rpm Feed rate (kg/h)
1 255 750 25
2 255 750 23
3 255 750 25
4 255 750 27
5 255 750 30

Where set point. Actual values for temperatures were recorded within + 3 °C of the set point temperature, while the set point for

rpm and feed-rate matches perfectly.

3. Optimization Result of Full Factorial Method and ANOVA
Table 4 Coded Coefficients

Term Effect Coef SE Coef | T-Value | P-Value VIF
Constant 25.375 0.673 37.70 0.000
Temperature -2.750 -1.375 0.673 -2.04 0.111 1.00
rpm 0.250 0.125 0.673 0.19 0.862 1.00
Temperature*rpm 1.750 0.875 0.673 1.30 0.263 1.00

3.1 Model Summary
Table 5 Model Summary

S R-sq R-sq(adj) R-sq(pred)
1.90394 59.58% 29.27% 0.00%

3.2 Analysis of Variance

Table 6 Analysis of Variance

Source DF Adj SS Adj MS | F-Value P-Value
Model 3 21.3750 7.1250 1.97 0.261
Linear 2 15.2500 7.6250 2.10 0.238
Temperature 1 15.1250 15.1250 4.17 0.111
rpm 1 0.1250 0.1250 0.03 0.862
2-Way Interactions 1 6.1250 6.1250 1.69 0.263
Temperature*rpm 1 6.1250 6.1250 1.69 0.263
Error 4 14.5000 3.6250
Total 7 35.8750
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3.3 Regression Equation in Uncoded Units

Feedrate = 171 - 0.580 Temperature - 0.176 rpm + 0.000700 Temperature*rpm
3.4Alias Structure

Factor Name

A Temperature
B rpm
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Fig. 4 Residual Plots for Feed rate
3.5 One way ANOVA: Temperature, rpm, and Feed rate

Tukey Simultaneous 95% Cls

Difference of Means for Temperture, rpm
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Fig. 5 Difference of Means for Temperature, rpm, and feed rate
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Boxplot of Temperture, rpm, ...
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Fig. 6 Box plot of Temperature, rpm, and Feed rate
Residual Plots for Temperture, rpm, ...
Normal Probability Plot Versus Fits
99 .
. 40
20 N
20
v 504 °
E 8. é 0 ‘ L] :
L]
10 -20 .
L]
1 -40
-50 -25 0 25 50 0 200 400 600 800
Residual Fitted Value
Histogram
8
6
=
g
24
2
w
2
o [ [ T T 1
30 20 -0 0 10 20 30 40
Residual

Fig. 7 Residual Plots of Temperature, rpm and Feed rate

4. Conclusion

In general, there are hundreds of variables involved in color deviation, but a proper understanding of formulation on a given
production line and proper processing parameters leads to proper color production feed-rate.

By using Minitab software to optimization parameter in full factorial method and ANOVA then concluded the effect of different
parameters over other parameters and results seem useful to set in the machine concerning the quality of the final product.

By using Solid works 2020 which more user-friendly software check geometrical parameters of each product. In Solid works
2020 having a simulation module that having capabilities to the simulation of real practical data put and find out the result
concerning static and thermal analysis. There is a different product like a flat plate, circular plate, pocket plate, food plate, egg
plate, bowl, and fruit bowl check geometric and strength parameter each product and check the outcome of the parameter of
simulation likes Von mises Stress, Deformation, and Strain, also thermal analysis gives the result of temperature and thermal flux
sustaining in the product. The optimization data of all results of the simulation are satisfied concerning static analysis and thermal
analysis.

JETIR2009439 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 1061


http://www.jetir.org/

© 2020 JETIR September 2020, Volume 7, Issue 9 www.jetir.org (ISSN-2349-5162)

References

1 S.A. Oke, A.O. Johnson, O.E. Charles-Owaba, F.A. Oyawale and 1.0. Popoola (2006). A Neuro-Fuzzy Linguistic
Approach in Optimizing the Flow Rate of a Plastic Extruder Process. International Journal of Science & Technology,
1(2): 115-123.

2 S.Ravi, 2P.A.Balakrishnan (2011). Stable Self Tuning Genetic Fuzzy Temperature Controller For Plastic Extrusion
System. International Journal of Reviews in Computing, 2009(2011): 21-28.

3 Leong Ping Tan, Ahmad Lotfi, Eugene Lai, J.B. Hull (2004). Soft computing applications in dynamic model
identification of polymer extrusion process. Applied Soft Computing, 4(2004): 345-355.

4 Régis Barona, Peggy Vauchel, Raymond Kaas, Abdellah Arhaliass, Jack Legrand (2010). Dynamical modelling of a
reactive extrusion process: Focus on residence time distribution in a fully intermeshing co-rotating twin-screw
extruder and application to an alginate extraction process. Chemical Engineering Science, 65(10): 3313-3321.

5 Wu-Chung Su, Member, IEEE, and Ching-Chih Tsai (2001). Discrete-Time VSS Temperature Control for a Plastic
Extrusion Process with Water Cooling Systems. IEEE Transactions on Control Systems Technology, 9(4): 1063-6536.

6 S. A. Razavi Alavi, M. Torabi Angaji, and Z. Gholami (2009). Twin-Screw Extruder and Effective Parameters on the
HDPE Extrusion Process. World Academy of Science, Engineering and Technology, 19(2009): 204-207.

7 Rina Chokshi and Hossein Zia (2004), Hot-Melt Extrusion Technique: A Review Iranian Journal of Pharmaceutical
Research (2004) 3: 3-16.

8 J. Carl Pirkle Jr., Richard D. Braatz (2010). Instabilities and multiplicitiesinnon-isothermal blown film extrusion
including the effect so crystallization. Journal of Process Control, xxx (2010): 0959-1524.

9 Krzysztof Lewandowski, Stanistaw Zajchowski, Jacek Mirowski, Artur Kosciuszko (2011). Studies of processing
properties of P\VC/wood composites. CHEMIK nr, 4(2011): 333-336.

10 Senol Sahin, Pasa Yayla (2005). Effects of processing parameters on the mechanical properties of polypropylene
random copolymer. Polymer Testing, 24(2005): 1012-1021.

11 Patrick C. Lee, Jin Wang, and Chul B. Park (2010). Visualizing the expansion behavior of butane-blown foam.
Society of Plastic Engineers, Plastic Research Online, 10(1002).

12 Nils Toft and Mikael Rigdahl (2002). Influence of extrusion coating processing conditions on the structure and tensile
properties of some polyethylene grades. Annual Transactions of The Nordic Rheology Society, 10(2002): 75-82.

13 Vikash Agarwal, Jyoti Vimal, Vedansh Chaturvedi (2012). Optimization of Extrusion Blow Molding Process
Parameters by Grey Relational Analysis And Taguchi Method. International Journal of Research in Engineering &
Applied Sciences, 2(2): 407-417.

14 Junhui Cao, Wenzhi Fu, Mingzhe Li, and Heli Peng (2014). Research on the 15elastic cushion conditions in multi-
point thermoforming for polymer sheet. J Process Mechanical Engineering, 0(0): 1-13.

15 S. E. Barnes, E. C. Brown, M. G. Sibley, H. G. M. Edwards, I. J. Scowen, and P. D. Coates (2005). Vibrational
Spectroscopic and Ultrasound Analysis for In-Process Characterization of High-Density Polyethylene/Polypropylene
Blends During Melt Extrusion. Applied Spectroscopy, 59(5): 611-6109.

16 Chamil Abeykoon, Peter J. Martin, Kang Li, Adrian L. Kelly, Elaine C. Brown, and Phil D. Coates (2014). Melt
temperature consistency during polymer extrusion. Society of Plastic Engineers, Plastic Research Online, 10(2014): 0-
0.

17 Ryan Gosselin, Denis Rodrigue, Carl Duchesne, (2011). A hyper spectral imaging sensor for on-line quality control of
extruded polymer composite products. Computers & Chemical Engineering, 35(2): 296-306.

18 Jing Deng, Kang Li, Eileen Harkin-Jones, Mark Price, Nayeem Karnachi, Adrian Kelly, Javier Vera-Sorroche, Phil
Coates, Elaine Brown, Minrui Fei (2014). Energy monitoring and quality control of a single screw extruder. Applied
Energy, 113(2014): 1775-1785.

19 Santosh Kumar, Shashi Kant Prasad (2004). Feature-based design of the extrusion process using upper-bound and
finite element techniques for extrudable shapes. Proceedings of the International Conference on Advances in Materials
and Processing Technologies: Part 2, 155(156): 1365-1372.

20 Javier Vera-Sorroche, Adrian L. Kelly, Elaine C. Brown, Tim Gougha, Chamil Abeykoon, Phil D. Coates, Jing Deng,

Kang Li, Eileen Harkin-Jones, Mark Price (2014). The effect of melt viscosity on thermal efficiency for single-screw
extrusion of HDPE. Chemical Engineering Research and Design, 92(2014): 2404-2412.

JETIR2009439 ] Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 1062


http://www.jetir.org/

