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Abstract 
PVC window profile is most widely used in now days in home applyences because of its light weight, low cost and 

corrosion resistance properties. Window profile (hollow sheet) is made from polycarbonate material through extrusion 

process. The above mainted window sheet has low strength. So in this paper researcher has measure the strength of the 

sheet by using destructive test. And then change the design of the sheet that have more strength by using FEA method 

and optimize the window sheet(extrude) by using taghchi method, therefore to understand the plastic extrusion process, 

to understand its process parameter researcher study various research paper related to extrusion process. And present the 

brief review of thus paper. 
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     1.Introduction

Extrusion is a high volume manufacturing process. The plastic material is melted with the 

application of heat and extruded through die into a desired shape. A cylindrical rotating screw is 

placed inside the barrel which forces out molten plastic material through a die. The extruded material 

takes shape according to the cross-section of die. The schematic of extrusion process is shown in 

figure. 

figure: extrusion machine 

1.2Working Principle: In this process, plastic material in the form of pellets or granules is gravity 

fed from a top mounted hopper into the barrel. Additives such as colorants and ultraviolet inhibitors 

(liquid or pellet form) can be mixed in the hopper. The plastic material enters through the feed throat 

and comes into contact with the rotating screw. The rotating screw pushes the plastic beads forward 

into the barrel. The barrel is heated using the heating elements up to the melting temperature of the 

plastic. The heating elements are used in such ways that gradually increase the temperature of the 

barrel from the rear to the front. There are three possible zones in a rotating screw i.e. Feed zone, 
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melting zone, and metering zone. In the feed zone, the plastic beads melt gradually as they are 

pushed through the barrel. The plastic material is completely melted in the melting zone. A 

thermostat is used to maintain the inside temperature of the barrel. The overheating of plastics should 

be minimized which may cause degradation in the material properties. A cooling fan or water 

cooling system is used to maintain the temperature of the barrel during the process. At the front of 

the barrel, the molten plastic leaves the screw and travels through a screen pack to remove any 

contaminants in the molten plastic. The screens are reinforced by a breaker plate. The breaker plate 

assembly also serves to create back pressure in the barrel. The back pressure gives uniform melting 

and proper mixing of the molten plastic material into the barrel. After passing through the breaker 

plate, molten plastic enters into die. The die gives the desired shape of plastic product. An uneven 

flow of molten plastic would produce unwanted stresses in the plastic product. These stresses can 

cause warping after solidification of molten plastic. Plastics are very good thermal insulators and 

therefore it is very difficult to cool quickly. The plastic product is cooled by pulling through a set of 

cooling rolls. 

1.3Types of Extrusion Process  

The extrusion process is broadly classified into six different types depending upon the specific 

applications.  

(a) Sheet/Film Extrusion 

 In this extrusion process, the molten plastic material is extruded through a flat die. The cooling rolls 

are used to determine the thickness of sheet/film and its surface texture. The thickness of sheet can 

be obtained in the range of 0.2 to 15 mm. The thin flat sheet or film of plastic material can be made. 

Generally, polystyrene plastic is used as a raw material in the sheet extrusion process.   

(b) Blown Film Extrusion  

In the blown film process, the die is like a vertical cylinder with a circular profile. The molten plastic 

is pulled upwards from the die by a pair of nip rollers.  The compressed air is used to inflating the 

tube. Around the die, an air-ring is fitted. The purpose of an air-ring is to cool the film as it travel 

upwards. In the center of the die, there is an air inlet from which compressed air can be forced into 

the centre of the circular profile, and creating a bubble. The extruded circular cross section may be 

increased 2-3 times of the die diameter. The bubbles are collapsed with the help of collapsing plate. 

The nip rolls flatten the bubble into double layer of film which is called lay flat. The wall thickness 

of the film can be controlled by changing the speed of the nip rollers. The lay flat can be spooled in 

the form of roll or cut into desired shapes. Bottom side of the lay flat is sealed with the application of 

heat, and cut across further up to form opening; hence it can be used to make a plastic bag. The die 

diameter may vary from 1 to 300 centimeters. Generally, polyurethane plastic is used in this process. 

(c) Tubing Extrusion 

 In this process, the molten plastic is extruded through a die and hollow cross sections are formed by 

placing a mandrel inside the die. Tube with multiple holes can also be made for specific applications, 

by placing a number of mandrels in the center of the die.   
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(d) Co extrusion 

Co extrusion is the extrusion process of making multiple layers of material simultaneously. It is used 

to apply one or more layers on top of base material to obtain specific properties such as ultraviolet 

absorption, grip, matte surface, and energy reflection, while base material is more suitable for other 

applications, e.g. Impact resistance and structural performance. It may be used on any of the 

processes such as blown film, over jacketing, tubing, sheet/film extrusion. In this process, two or 

more extruders are used to deliver materials which are combined into a single die that extrudes the 

materials in the desired shape. The layer thickness is controlled by the speed and size of the 

individual extruders delivering the materials.   

(e) Extrusion Coating  

Extrusion coating is used to make an additional layer onto an existing roll stock of paper, foil or film. 

For example, to improve the water resistant of paper polyethylene coating is used. The applications 

of extrusion coating are liquid packaging, photographic paper, envelopes, sacks lining for fertilizers 

packaging and medical packaging. Generally, polyethylene and polypropylene are used. 

2. Applications  

The extrusion process is used for manufacturing rods, plates and tubes, wire and cable coating, hose 

liners, hose mandrels, filaments, sheet, multilayer film, medical packaging and food packaging, etc 

3. Materials Used  

The different types of plastic materials that can be used in extrusion process are  

 Polyethylene 

 Polypropylene(PP) 

 Acetal  

 Acrylic  

 Nylon (Polyamides) 

 Polystyrene 

 Polyvinyl Chloride (PVC) 

 Acrylonitrile Butadiene Styrene (ABS)  

 Polycarbonate. 

.4. Advantages  

 High production volumes  

 Relatively low cost as compared with other molding process  

 Design flexibility  

 Short lead times  

 Coating of wire can be done to achieves desired properties  

 Continuous part can be produced  

  

5. Disadvantages 
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 Limited complexity of parts  

 Uniform cross section can only be produced 

 

6. Related studies on extrusion process 

 

Fem numerical method is used to modelize the behavior of the processed material for different 

conditions of the dimensions and shapes of the extrusion dies and detect critical zone in the material 

during process by taking process parameter such as die dimension, extrusion ratio, die angle, number 

of nodes and elements.( alto et al.1991) [1]. The design of traditional die flow correctors used in flat-

faced aluminum extrusion dies. The numerical model uses the finite-element method combined with 

techniques of mathematical programming and aim of this research is to design die with minimize 

ram force or extrusion power, result show that die design depends upon process parameter ram speed 

and type of alloy used.(patrick ulysses,2001)[2].to investigate complex material flow of al alloys 

steady three-dimensional finite element analysis of the flat-die hot extrusion process are done  from 

the analysis results, the deformed shape of the work piece, its temperature and effective strain 

distributions were investigated by taking process parameter such as extrusion load , flow 

characteristic and temperature , effective strain distribution and the difference in the exit velocity 

depended on the cross-sectional thicknesses throughout the exit , the design of appropriate bearing 

lengths is very important to obtain high quality extruded products without having deflection(guen-an 

lee.et a,2002)[3]. Analyzed results of the extrusion process of three-dimensional complicated 

profiles.useful information for designing the die and modifying the parameter of the extrusion 

process is obtained for more uniform velocity distribution and the material properties can be properly 

controlled to produce improved profile products. Result show that modified design is more uniformly 

distributed and dimensionally accurate and of improved quality. (D.y. Yang. Et al, 2007) [4]. 

Optimization strategies for use within an automated optimization framework for PVC parole 

extrusion dies are presented. The complex three dimensional die geometry will be represented 

through a series of two-dimensional so-called ‘die-slices’. The purpose of the presented optimization 

cycle is to find the optimal shape of the die cross-section of the die-slices. It has been shown that a 

computerized die design methodology can be successfully used to optimize the die geometry using 

an FE analysis to simulate the polymer flow through that die. (h.j. Ettinger. Et al, 2004) [5]. The 

taguchi method was used to determine the optimal screw geometry and processing conditions for the 

extrusion of pmma sheet and/or film. To get the high quality of sheet and/or film. Optimal process 

parameter such as feeding zone length, feeding zone depth, melting zone length, screw speed, barrel 

temperature. Result show that to get good quality of sheet and film, perfect melting, adequate 

melting temperature , enough metering pressure are required, this optimal design procedure of two 

stage screw extruder would help to manufacturing more easily final sheet or film.( hanchul lee. Et al, 

2013) [6]. Process parameters on the uniformity of metal flow and on the extrusion force were 

investigated with the signal to noise ratio and the analysis of variance. Process parameter affects 

velocity relative distribution and extrusion force. Result show that in the same way, the extent of the 
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impact of process parameters on extrusion force has been analyzed. With billet diameter, ram speed, 

die temperature, billet preheated temperature, container temperature and the minimum required 

extrusion force was obtained. (Cunsheng zhang. Et al, 2011)[7]. The research of the determination of 

process parameters and die design for plastic extrusion. Research based on various approaches, 

including taguchi technique, artificial neural networks (ann), fuzzy logic, genetic algorithms (ga), 

non-linear modeling, and response surface methodology are discussed. And process parameters such 

as vacuum pressure, temperature, take-off speed, screw speed of the extrusion process and raw 

material properties were identified and Minitab 15 software was used to analyze the result of the 

experiment. Result show that taguchi method is a robust design technique taguchi approach has 

helped in reducing the experimental time and cost of product or process development and quality 

improvement (geo raju. Et al, 2014) [8]. Simulate forward extrusion process of titanium alloy by 

using finite element software to study influence of process variables on product to determine effect 

of process parameter, deform 3d software used. Optimal parameter such as semi cone angel , 

diameter of prick hole , velocity of ram , temperature of billet(dyi-cheng chen,et al,2011)[9] 

7. Finding from literature review 

In above paper Finite element analysis of die, designing the die to obtain uniform velocity 

distribution, optimizing exit velocity distribution, optimization of process condition, prediction of 

temperature distribution and study the effect of process parameter are done, FEA of extrude product 

and die has been carried out by using various software  i.e. Hyper extrude, deform 3d, ploysim etc 

8. result and discussion 

In above research article researcher carried out finite element analysis of extrusion die to obtain the 

uniform velocity distribution of material flow and obtain the optimum Process parameter of 

extrusion process such as Melting temperature, Screw speed, Extrusion pressure, Extrusion ratio, Die 

angle etc. 

 

9. Conclusion 

From this review, it has been concluded that, a finite element analysis of extrude product is very 

useful to study the effects of various parameters like Melting temperature, Screw speed, Extrusion 

pressure, Extrusion ratio, Die angle which are difficult to measure during process and all these 

parameters have significant effects on microstructure, extrude quality, material flow behavior and 

strength of the extrude. So these parameters need to be analyzed and according to this modeled the 

extrude product. 
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