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1.0 Executive Summary 

 

The intention of this report is to select a machine from the Precious Plastics Initiative, research 

relevant academic books, journal articles and websites to provide an understanding to critically 

analysis the selected machine against an industrial or commercial version. The critical analysis 

provides a starting point to design and develop a better version of the machine which is documented 

throughout this project. 

The machine selected was the Extruder and the design transitioned through the research, planning, 

analysis, conceptualisation and 3D modelling stages to establish an effective design. The report 

concluded that the design provided flexibility and adaptability which through commissioning and 

testing would meet all polymer extrusion needs. However, stainless steels in a hardened condition or 

Nickle alloys are generally the materials selected for industry. To manufacture the machine with these 

suitable materials would spiral costs and over complicate the manufacture of the components. The 

decision was ultimately left with the customer and no material selection was given within the design. 
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2.0 Introduction  
 

The Government Office for Science estimates around 70 per cent of all the litter in the oceans is made 

of plastic. Plastic pollution is becoming a major concern with production of plastics globally 

exceeding three hundred million tonnes per annum. Ocean pollution with plastic waste is becoming a 

major problem and can be attributed to design, use and disposal of plastic items, particularly single-

use packaging. Waste plastic becomes trapped within ocean currents, worn into smaller pieces, but 

never breakdown. Fish often mistake the plastic waste for food, which leads to contamination of the 

food chain. ‘Plastic pollution may even be disrupting the biophysical systems that that keep the 

oceans stable and therefore, contributing to climate change’ (Thompson, 2017). To combat this 

growing problem a paradigm shift of society’s stewardship is needed in regard to generating waste 

and recycling.  A number of volunteer groups have started to meet the challenges from plastic waste 

in creative ways.  

 
‘Precious Plastic is a global community of people who are working together towards a 

solution to plastic pollution. This has been achieved by developing and sharing open 

source designs for basic polymer processing machinery. It is intended that individuals or 

small groups can use these designs, along with readily available components and 

materials to facilitate their own, miniaturised polymer processing and manufacturing 

plant capable of transforming waste plastic into useful, saleable products’ 

(Preciousplastic.com, 2018). 

 

Cwmavan Council has chosen to react to this significant problem. The Council has been inspired by 

the Precious Plastics initiative and approached the University of Wales Trinity Saint David (UWTSD) 

for help to design their own miniature polymer processing plant. The University has actioned the 

Engineering Students to select one of the four Precious Plastics machines, research relevant academic 

books, journal articles and websites to provide an understanding to critically analysis the selected 

machine against an industrial or commercial version. The critical analysis provides a starting point to 

design and develop a better version of the machine for consideration by Cwmavan Council. The four 

Precious Plastics machines underwent high-level scoping based on their attributes for this project. 

From this high-level appraisal, the Extruder was chosen as the focus for this conceptual design 

project. The extruder was selected mainly based on the design challenges it presented. 
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3.0 Introduction to Polymer Extrusion 
 

Extrusion is a process for shaping metals, ceramics and polymers. Extrusion uses compression to force 

material to flow through a die or orifice to produce a continuous cross-sectional shape, which is 

determined by the shape on the orifice. When used for polymer processing, it is predominantly utilised 

for thermoplastics and elastomers. A polymer extruder machine is capable of mass production of 

structural shapes, tube, pipe, sheet and film, continuous filament and electrical cable insulation. The 

process is normally continuous and the extrudate is subsequently cut to size after extrusion 

(Mechscience.com, 2018). 

The process of polymer extrusion involves pellet or powder being gravity fed from a hopper into an 

extruder barrel, to which heat is applied from electrical heaters. The feedstock falls down into the 

rotating screw channels and frictional forces develop in the polymer during ‘plasticizing’. 

‘Plasticating’ refers to the conversion of plastic granules to flowable melt. It is the process inside the 

screw barrel assembly of an injection moulding or plastic extrusion machine, which moves the melt 

forward towards the die as illustrated bellow (Pitfallsinmolding.com).. This force pushing the melt 

through the passages to the die provides two essential mixing actions. The cross flow in the screw 

channel provides distributive mixing and the shearing action causes dispersive mixing. This mixing 

and mechanical working of the polymer generates supplementary heat, which maintains the melt in 

larger extruders. In some instances, enough heat can be applied through the mixing and shearing 

action that external heating is not required. In other applications it is necessary not only to heat the 

barrel but also provide cooling to prevent overheating of the polymer. (Rosaro, 1998; 

Mechscience.com, 2018).  

 

 

 
The main two components of an extruder machine can be considered as the barrel and the screw 

(further research, theory and design calculations are described later into the project during Screw and 

Barrel Design). The die is not generally regarded as a component of the extruder and is manufactured 

separately dependant on the profile of the application. The internal diameter of an extruder barrel can 
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vary specific to the application from 25 to 150 mm. The barrel is long relative to its diameter, with 

L=D ratios usually between 10 and 30. The higher ratios are used for thermoplastic materials, whereas 

lower L=D values are for elastomers. (Mechscience.com, 2018). 

 

4.0 Precious Plastics Extruder Critical Analysis 
 
Precious Plastics’ fundamental design concept of developing a basic Extruder machine for polymer 

processing, with the intent to inspire or motivate people into creating or using these designs to build 

their own recycling machines, was fundamentally successful. This is evident from the popularity and 

feedback Precious Plastics have received on their website from their supporters and ‘global 

community’ (Preciousplastic.com, 2018). However, Precious Plastics design concept involved using 

readily available components and materials, simple designs and strived to maintain low manufacturing 

costs. These design factors have all had a detrimental effect on the build quality, which will have a 

direct impact on machine reliability, life in-service and productivity. Also, no attention has been given 

to the Health and Safety Executive’s guidance and Approved Codes of Practice for the Health and 

Safety at Work etc Act (Hse.gov.uk, 2018). 

 

4.1 Health and Safety  
 
The Health and Safety Executive (HSE) provides guidance and Approved Codes of Practice 

(ACOPs), which describe preferred or recommended methods of following legislation and the 

standards to be met. It helps organisations understand how to follow legislation and comply with their 

legal duties imposed by the Health and Safety at Work etc Act (Hse.gov.uk, 2018).  

‘Following the guidance is not compulsory, unless specifically stated, and you are free to 

take other action. But if you do not follow the guidance you will normally not be doing 

enough to comply with the law. Health and safety inspectors seek to secure compliance 

with the law and may refer to this guidance’ (Hse.gov.uk, 2018). 

 
Essential (health and safety) requirements (EHSRs) - The HSE provides guidelines on the essential 

health and safety requirements for machine or product designers. Manufacturers also have a duty to 

construct applicable products for safety and compliance. (Hse.gov.uk, 2018).  

‘Hse.gov.uk 2018 state that before any product is placed on the market, or brought into use for 

the first-time, designers and manufacturers must meet, to the state of the art, all essential 

requirements relevant to the particular product. In most cases these requirements set broad 

objectives for securing:’ 

• ‘The health and safety of the user of the product’ 
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• ‘Others who may be affected, such as consumers of materials processed on certain types 

of machinery (eg food, cosmetics and pharmaceuticals) and in some cases the safety of 

domestic animals and the environment’ (Hse.gov.uk, 2018).’ 

 

Section 6 of the Health and Safety at Work Act 1974 states: 

 ‘…any person who designs, manufactures, imports or supplies any article for use at work...to 

ensure, so far as is reasonably practicable, that the article is so designed and constructed that it 

will be safe and without risks to health...’ (Hse.gov.uk, 2018). 

 

Precious Plastic Extruder:      

  

 

(Preciousplastic.com, 2018). 
 
 
Through observation it is evident that the Precious Plastic Extruder is missing vital components which 

would prevent harm or injury being sustained through operation. The above picture of the extruder 

highlights the hazards identified through the HSE guidelines on Safety at Extruder Lines. The table 

below highlights the hazards and recommended safeguards. 
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(Hse.gov.uk, 2018). 

 

Other hazards not specified in the table include: 

 
• Risk Related to Moving Parts: 

Moving parts on machinery must be design in such a way as to prevent contact which could 

lead to harm or injury, if there is any risk of exposure, fixed barrier guarding must be utilised. 

The fixed guarding must be secured by a system that requires tooling to remove. 

 
• Controlling Fume During Plastic Processing: 

The HSE provide guidance that will help you control the respiratory and other toxic hazards 

that plastics processing can produce. These can include respiratory sensitisers, irritants and 

carcinogens. The control mainly focuses on melt temperatures and cycle times, also 

ventilation, extraction and regular maintenance and cleaning of equipment limits risk factors 

(Hse.gov.uk, 2018).  

 

• Provision and Use of Work Equipment Regulations 1998 (PUWER): 

Based on observation the electrical system does not have an Emergency Stop device. PUWER 

requires that equipment provided for use at work is: 

‘accompanied by suitable health and safety measures, such as protective devices and controls. 

These will normally include emergency stop devices, adequate means of isolation from sources 

of energy, clearly visible markings and warning devices’ (Hse.gov.uk, 2018). 
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4.2 Precious Plastic Design Features 
 

The Precious Plastics Extruder has many questionable design features: 

• The Extruder design involves directly coupling the motor gearbox assembly to the screw. This 

method does not offer the bearings within the gearbox any protection from thrust or axial loading 

and may lead to premature bearing failure within the gearbox. The fundamental extruder screw 

operation does not involve any directional axial movement, and any axial forces are balanced 

from rotation. However, based on Newton’s principle, the push or compression force acting on 

the polymer from the screw will cause an opposite and equal reaction.  To counter this backward 

force, industrial extruder machines often use thrust bearings behind the feed entry or throat 

(Plasticstoday.com, 2018). Unfortunately, Precious plastics are reliant on the unknown or 

unspecified bearings within the gearbox to absorb these thrust forces. Not all bearings are 

designed with the same properties and the basic comparison chart below illustrates common 

bearing load characteristics. 

 

 

 (Machinedesign.com, 2018). 

 

• The Precious Plastic design consists of welded bracketry to mount and secure the hopper to the 

barrel and to secure the barrel to the main framework. Welding involves highly localised heat to 

the joint edges to enable the material to fuse together. Stress is setup within the component 

because of the expansion and contraction of the heated material and added stock (Twi-global.com, 

2018). This process would have introduced distortion to the barrel and would have caused 

misalignment between the barrel and the screw. Through the research and benchmarking required 

for this design project there has been a consistent strong emphasis placed on extruder alignment 

within industrial/commercial machines.  

 

‘Extruder barrel alignment is one of the most important aspects of a properly and 

efficiently operating plastics extrusion process.  Whether it’s a blown film line, injection 
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moulding or extruded sheet process, the relationship between the rotational center of the 

thrust shaft in the gearbox and the rotational center of the screw are vital’ (Henry, 2018).    

 
The Precious Plastic design has provided a very basic fabricated angle section framework 

to secure and align the extruders components. This is mounted on a plywood base, coupled 

with the suspected weld distortion, this setup would provide a very poor platform that 

would prevent any type of accurate alignment of the machine. This misalignment would 

impact efficiency, life in-service and reliability. The parts would prematurely wear and lead 

to breakdown and high repair costs. 

 

• The Precious plastic Extruder has been predominantly manufactured from mild steel. No 

consideration has been given to material selection and the properties required for the 

process. An injector barrel and screw are subjected to corrosive wear resultant from acids 

and other chemicals that are generated in plastic processing. Also, the material for the 

barrel and screw must be wear resistant. Failure to provide these properties during 

manufacture will result in abrasion and wear at a much quicker rate. Stainless steels in a 

hardened condition or Nickle alloys are generally the materials selected for industrial 

machines.  

 

On reflection, to correct all of these negative aspects to the Precious Plastics design, the result 

would have had a major impact on the material cost and provided problems to the average 

hobbyist during manufacture from the added complexity of the components. Therefore, the 

Precious Plastics Extruder design is a fun, educational and a socially engaging design, which 

has successfully achieved its primary function. 

 

5.0 Design and Development 
 
A problem statement was generated which was an important part of the design process to define the 

design with a meaningful and actionable statement. A problem statement helps to guide and provide 

focus on the specific needs of the design (Interaction-design.org).   

 

5.1 Problem Statement 
 
Design and develop a polymer extruder machine, that can be housed along with three other machines 

into a large (40ft x 8ft x 8.5ft) shipping container. The machine will be functional, socially engaging 
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and educational. The machine will demonstrate polymer processing and manufacturing to transform 

waste plastic into useful saleable products.  

The design will be shared through open sources with the intent to inspire or provide plans for 

individuals or small groups to build their own miniaturised polymer processing plant. The materials 

and components utilised must be easily accessible for purchase. 

The design must consider and optimise the voice of the customers’ demanded quality: 

• Process Productivity (throughput)  

• Process capability  

• Health and Safety (machine operators / end users / observers)  

• Social Engagement and Education  

• Energy usage  

• Reliability  

The design must consider the voice of the engineers’ following factors:  

• Design for manufacture 

• Cost of manufacture  

• Life in-service 

• Running Costs 

• Design for maintainability 

 

5.2 Quality Functional Development 
 
Quality Functional Development (QFD) is a focused methodology for understanding the voice of the 

customer and effectively reacting with solutions to their needs and requirements. These needs can 

then be translated into specific plans in order to produce products. QFD is sometimes referred to by 

other names, including decision matrices, matrix product planning and customer driven engineering. 

The methodology was pioneered in Japan in the late 1960s as a type of cause and effect analysis and 

gained popularity as a result of its success in the automotive industry (Asq.org, 2018). 

NPD-solutions.com (2018) states that there is a numder of different ways the voice of the customer 

can be captured which include direct communication or interviews, surveys, customer specifications, 

and observation. The customer needs can then be summarized in a product planning matrix or House 

of Quality (HoQ). The matrices transfom higher level ‘what’s’ or needs into lower level ‘how’s or 

product requirements and technical characteristics. In addition to the stated or spoken customer needs, 

unstated or unspoken needs or opportunities must be identified. Many needs may be assumed by the 
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(Qfdonline.com, 2018). 

customer and therefore, not communicated. However, it is important to present and include exciting 

opportunities or new capabilities. The unstated or unspoken needs are identified through the voice of 

the engineer, or from recognising opportunities for improvement. 

 

5.2.1 House of Quality 
 
The voice of the customer or customer needs were captured for the extruder machine design through 

an outlined project brief and a direct communication in the form of a presentation. An affinity 

diagram was utilised to understand, group and summarise the customer needs.  These customer needs 

were then entered into a HoQ matrix to establish the relationships with the product requirements. On 

this occasion the HoQ was concluded after two phases. However, NPD-solutions.com (2018) suggests 

that a normal ‘Quality Function Deployment methodology involves four basic phases that occur over 

the course of the product development process’. 

• Phase One – Product Planning 

• Phase Two – Assembly/Part Deployment 

• Phase Three – Process Planning 

• Phase Four = Process Quality Control 

 

Unfortunately, the customer did not communicate or specify any process target values to continue the 

HoQ after the second phase. This can be attributed to that the primary function of the machine is to 

raise awareness, educate and demonstrate as opposed to manufacture.  

 

5.1.2 House of Quality Two Phase Flow 

 

 

  



MANUFACTURING DESIGN & TECHNOLOGY (M5X02070) 04/13/2018 

  
 

13 
Andrew Curtis 1706668 

(Qfdonline.com, 2018). 

5.2.3 Phase One House of Quality Analysis - Product Planning  

 
Phase One details customer requirements, competing or comparable product measures, and the 

difficulty to accomplish each customer requirement. ‘Getting good data from the customer in Phase 

One is critical to the success of the entire QFD process’ (Asq.org, 2018; Fme.aegean, 2018). 

 

  

 

 

 

 

 

 

 

• The product requirement in Column 2 (Design for Manufacture) does not appear to be a 

valuable requirement as it has no bearing on customers’ needs, this is evident from the HoQ 
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highlighting this value for concern. The reason this requirement is not applicable for the 

design of the Extruder Machine could be that Design of Manufacture is more associated with 

large production numbers, it is a methodology to reduce assembly costs. The added 

conceptual design and tooling costs associated with design for manufacture would be 

counterproductive to a one-off design such as the extruder machine.  

 

• As evident from the HoQ there is a strong correlation between Reliability, Life in Service and 

Design for Maintainability. This relationship can be further explained by the need for an 

extensive maintenance plan to maintain machine optimisation and capability. Both of which 

would affect Reliability (less breakdowns) and Life in Service (prolong component life), 

which could all be potentially facilitated by Design for Maintainability (making maintenance 

quicker and easier). However, this could potentially add to the Cost of Manufacture which has 

resulted in a slight negative correlation. 

 
• Running Costs and Cost of Manufacture are weighted the two highest product requirements 

within the matrix and special attention should be focused in this area. However, Reliability 

has also been weighted highly and can affect the two other requirements. If design principles 

are not rigorously adhered to and cheap or inexpensive parts are used, this could potentially 

lead to more frequent failures resulting in expensive repair costs 

 

 

• To further facilitate understanding on the customer’s needs, a comparison was made between 

the Precious Plastics extruder design and an industrial or commercial extruder. This clearly 

illustrated that an industrial machine has the advantage on Productivity, Capability and 

Safety, although Precious Plastics design appealed more to Social Engagement and education 

and was more size appropriate. 
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(Qfdonline.com, 2018). 

5.2.4 Phase Two House of Quality Analysis - Product Design 

 

Phase two of the HoQ evaluates the design requirements and involves creativity and innovation 

(Asq.org, 2018; Fme.aegean, 2018). Potential product concepts components are generated and 

considered during this phase. Parts are evaluated for their importance to the meet the customer’s 

needs and then deployed into early concept design.  
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• Phase Two helps to establish more detailed design requirements and from the matrix it is 

evident that variable screw speed has been weighted higher than fixed speed. Variable speed 

and control would provide more process flexibility for different polymers with different melt 

temperatures.  

 

• A single screw design has been weighted higher than a double screw. The reasoning for this 

evaluation can be contributed to cost. Using a single screw would drive manufacturing, 

running and maintenance costs down on comparison to a double screw design. However, if 

the machines primary function was manufacturing and output, the double screw would be 

favoured.   

 

• The basic metering screw provides more efficiency, reliability and life in-service than a 

convenient drill bit. 

 

• Thrust bearings within the design have been weighted higher than reliance on a gearbox. The 

axial load generated from the extrusion process could cause premature bearing failure within 

the gearbox. There is also a strong positive correlation with the basic metering screw and 

thrust bearings. This design feature could also be related back to HoQ one and the products 

requirements, not utilising these bearings could result in premature bearing failure within the 

gearbox which would impact Reliability and Life in-service. 
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5.3 Design Specification 
 
Once the product planning was completed, a more detailed specification was prepared to list the 

product requirements, technical characteristics and essential parts to include in the design. The design 

specification can then be used for developing design concepts.  

 

 

 
Once the product planning stage had been completed, basic product design concepts were drafted. 

Information was gathered from benchmarking, product research and development to provide three 

conceptual designs. These concepts were then all analysed and evaluated within a concept selection or 

design isolation matrix.  

Description: Extruder Machine

1
Function

2
Construction/build cost

3
Safety

4
Asthetics

5
Customer/Market

6
Materials

7
Manufacture

8
Environment

9
Maintenance

10
Size

11
Ergonomics

12
Documentation

13
Commissioning/Testing

14
Life in service

15
Productivity

16
Capability

17
Reliability

19
Running cost

20
Features

Single screw design/type, motor driven with variable speed control, variable temperature control, basic metering screw 

utilised within the design and thrust bearings arrangement on extruder screw.

Standard operating procedure, FMEA, Risk Assessment, Maintenance Schedule & Guide

Factory Acceptance Testing and Commissioning

Ten year asset life expectancy

Productive and abled to maximise throughput to make the initiative cost effective

Produce a continuous uniform profile dependant on the die profile, plasticate,  mix and compress  polymer to prevent 

porosity.

Consistant in application and utilisation

Date: 06/05/18

Design Requirements

Melt polymer and form into a continuous profile

Maximum permissible spend £16,000

Must comply with HSE Guidelines

Primarily a demonstration machine and must be socially engaging and educational 

Economical running costs, potentially powered by solar panels.

Housed within a standard shipping container

Easily maintainable with design considerations to facilitate a comprehensive maintenance program. Easily cleaned.

To be housed and transported within a shipping container shared with three other machines

The design must be stable and easily accessible for operation.

The customer's target market will be communities, schools, universities, etc

Readily available components and materials, although must be durable and fit for purpose.

The manufacturing process will involve a multitude of engineering disciplines

Specification Criteria 

Design Specification
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5.4 Design Concept A. 
 

 

 

• Design Concept A. is a vertically arranged extruder.  

The advantage of this orientation is that the machine has a smaller footprint and takes 

up less valuable space. 

The disadvantages surround the design are the ergonomic factors involved in feeding 

the machine and a long straight run out is not possible. 

 

• This design has a one-piece Barrel with flange connections which can slowdown maintenance 

and cleaning.  
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• The design incorporates a motor gearbox that couples directly to the screw.   Direct coupling 

of motor gearbox eliminates the need for mechanical transmission elements such as timing 

belts, speed reducers and worm gear drives. Fewer mechanical parts minimises maintenance 

and reduces the system cost.  

 

5.5 Design Concept B. 
 

 

 

• Design Concept B. is a horizontally arrange extruder machine. 

 

• The design once again incorporates a motor gearbox that couples directly to the screw. 

 

• The Barrel is sectional and is easily removable for cleaning, clearing blockages and 

maintenance. The design has a neat clamping system to lock the sections together and the 

clamp at the end of the barrel also provides addition support and alignment. 
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5.6 Design Concept C. 
 

 

 

• Design Concept C. is a horizontally arrange extruder machine. 

 

• The design incorporates a motor gearbox coupled through a belt and pulley arrangement. 

Torque and speed can be adjusted by altering the pulley ratio. Any shock loading is also 

absorbed into the belt and prevented from transferring to the motor gearbox, 

 

• This design has the same one-piece Barrel with flange connections which can slowdown 

maintenance and cleaning as in Design Concept A.  
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5.7 Design Isolation – Concept Selection Matrix 
 

The concept selection matrix shown below lists desired design feature or technical characteristics 

down the left side of the matrix. An importance weighting has been applied based on a scale of 1 – 5, 

1 being of little importance and 5 being very important. The concepts have then been evaluated 

against the design features and points can be allocated with a range of 1 – 10. Each design feature has 

its own key/guide to determine the correct values are added to the points system.     

 

 

 

 
 
 
Based on the information gained from the concept selection matrix and other evaluation steps, Design 

Concept B. was selected. The design concept was further developed with critical components, design 

features and parts. The concept was modelled and critically evaluated on performance, reliability, and 

quality. Techniques such as failure modes and effects analysis (FMEA) have be used to determine 

concept reliability. 

 
 

 

 

 

 

Weighting Design Concept A Design Concept B Design Concept C

1
Ease of Manufacture 3 7 5 7 1 = Difficult 10 = Easy

2
Ease or operation 5 4 8 8 1 = Difficult 10 = Easy

3
Life in-service 3 7 7 7 1 = Poor 10 = Excellent

4
Ease of Maintenance 4 6 10 6 1 = Easy 10 = Difficult

5
Cost of Manufacture 

(low cost desirable)
5 6 8 7 1 = Low 10 = High

6
Efficiency of operation 4 9 9 9 1 = Poor 10 = Excellent

7
Function 5 10 10 10 1 = Poor 10 = Excellent

Total 49 57 54

Weighted Total 202 242 227

Concept Selection Matrix

Date: 06/05/18

Key

Description: Extruder Machine

Design Feature

1 = Little Importance 5 = Very Important

Concept Selection Matrix Key

Date: 06/05/18

Importance weighting    1 - 5

Description: Extruder Machine
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5.8 Extruder Machine Final Design 
 

General Arrangement 3D Model: 

 

 

 

General Arrangement Third Angle Projection: 
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6.0 Extruder Design Features 
 

6.1 Screw and Barrel design 

 

6.1.1 Extruder Screw 

 
The fundamental mechanics of an extruder screw are simply that it revolves within a heated barrel or 

tube with the function to homogenise and convey polymer to the extrusion die. The screw has three 

resistances or forces to overcome:  

• Friction of solids between the barrel wall and each other in the feed zone 

• Adhesion of the melt to the barrel wall  

• Resistance to flow within the melt as it is pushed forward (Plasticstoday.com, 2018).  

 
The screw does not move in an axial direction and any axial forces are balanced from rotation. 

However, from Newton’s principle the push force acting on the screw from the polymer compression 

will cause an opposite and equal reaction in the other direction. Thrust bearings are often utilised 

behind the feed entry to absorb the backward force (Plasticstoday.com, 2018). 

 

6.1.2 Basic Metering Three-Zone Screw 

 
The extruder screw of a standard plasticating extruder has three different zones, whose functions 
can be described as follows:  
 

• Feed zone: Transport and preheating of the solid material  

• Transition zone: Compression and plastication of the polymer (trapped air is also forced from 

the melt).  

Metering zone: Melt conveying, melt mixing and pumping of the melt to the die. These processes 

often overlap and continue or occur in the corresponding zones also.  
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6.1.3 Screw Geometry 

 
Below is an illustration of a general purpose solid conveying screw used in ‘plasticating’. The design 

illustrates a screw from an injection moulding machine, as is evident from the non-return valve on the 

nose of the screw. However, the plasticating principle remains the same within an extruder machine. 

To design a screw capable for an extrusion process, the mathematical description of the screw 

geometry must be understood (Hanserpublications.com, 2018). 

 

 

 
The following equations apply to three-zone screws, they can be used segment wise for designing 

screws of other geometries as well: 

Screw diameter (D)  = 25mm   

Total length (20D)  = 500mm    

Pitch (1D)   = 25mm 

Metering zone (5D)  = 125mm 

Feed zone (10D)  = 250mm 

Metering zone depth (H) = 2.5mm 

Feed zone depth (2H)  = 5mm 

 

Womer 2000 states as a general rule of thumb typically on smooth bore extruders, the feed section 

of an extrusion screw should not be deeper than: 

Fdmax = 0.2 (Screw Diameter) 

Where Fdmax equates to maximum depth of feed zone. This is to prevent extruders with a 2.5-inch 

diameter screw or smaller from sustaining damage from torque. 
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6.1.4 Extrusion Machine Definition Calculations 

 
L/D Ratio 

 
Many manufactures define their extrusion screws with 

L/D Ratio (length per diameter ratio). 

 

Screw diameter (D) = 25mm  

Total Length (20D) = 500mm  

 

L/D Ratio  = FL/D 

= 500/25  

   = 20:1 

An original equipment manufacturer would classify an extruder machine with this screw as a 20:1 

L/D Extruder (Womer, 2000). 

 

Compression Ratio 

 
The ratio of the feed zone channel depth to the meter zone channel depth is referred to as compression 

ratio, typical ranges are 1.5:1 to 4.5:1 for most thermoplastic materials. Most extrusion screws 

classified as general purpose have a compression ratio of 2:1 to 3.:1. Thermoset screws have a 1:1 

ratio. The higher the compression ratio, the greater the: 

• Shear heat imparted to the resin; 

• Heat uniformity of the melt; 

• Potential for creating stresses in some resins; 

• Energy consumption. 

 

Compression Ratio = hf / hm 

 = 5 / 2.5 

 = 2:1 

  

(Womer, 2000). 

(Womer, 2000). 
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6.1.5 Extruder Screw Geometry and Size Summary 

 

 

 

 

 

 

 

 

 

 

 
 

Description Value

Screw Diameter 25

Total length (flighted Length) 500

Feed Length 250

Compression Length 125

Metering Length 125

Pitch 25

Feed Depth 5

Metering Depth 2.5

L/D Ratio 20.1

Compression Ration 2:1

Screw Geometry Summary
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6.2 Bearing Selection and Housing Design 
 

6.2.1 Bearing Selection  

 
Angular contact ball bearings were chosen for this design as these bearings have inner and outer ring 

raceways that are displaced relative to each other in the direction of the bearing axis. This enables 

these bearings to accommodate combined loads, i.e. simultaneously acting radial and axial loads 

(SKF.com, 2018). The extrusion process creates axial forces when conveying polymer through the 

barrel. The characteristics of these bearings will provide the fundamental design requirements for the 

process and also protect the gearbox from these forces. 

The single row angular contact ball bearing selected can accommodate axial loads in 

one direction only. The typical arrangement for this type of bearing is to provide 

adjustment against a second bearing. The bearing is non-separable and have rings with 

an upper and a lower shoulder (SKF.com, 2018). 

 

 

6.2.2 Bearing arrangement 

 
Single row angular contact bearings can be arranged in different ways to meet different design 

applications. The possible two set bearing arrangements are shown below (SKF.com, 2018). 

 

 

The back-to-back bearing arrangement was selected for the Extruder design to provide a rigid bearing 

arrangement. This bearing arrangement is often used on ball screw bearing mounts to provide fixed 

rigid support to both axial and radial load forces as illustrated bellow (Rockfordballscrew.com, 2018).  
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Fixed Angular Bearing Mount (Rockford Ball Screw)  

 

(Rockfordballscrew.com, 2018). 

6.2.3 Bearing Pre-Load 

 
Single row angular contact bearings require pre-loading during installation. The pre-load is achieved 

when two bearings are fitted in the face to face or back to back arrangement and one bearing ring is 

displaced axially relative to the other (SKF.com, 2018). 

 

 

 
The standard pre-load is determined by the bearing manufacturer and the standout is precision ground 

for when two bearings are mounted adjacent to each other, a given pre-load is obtained without 

further adjustment. However, if further pre-loading of the bearing is required to meet a design 

requirement, the inner and outer spacer rings can be altered as illustrated below (SKF.com, 2018). 

 

 

 

SKF.com (2018) recommend that unless preload is to be adjusted, the overall width of the inner and 

outer spacer rings should be identical. The most accurate way to do this is to process the width of the 

concentric inner and outer spacer rings in one operation.  
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6.2.4 Bearing Assembly 

 

 

 

 

6.2.5 Bearing Assembly Exploded View 

 

 

 

 

6.3 Bearing Seals 
 
The drive side of the extruder bearing housing is sealed with a single lip rotational shaft seal to 

prevent ingress of contaminants and egress of the lubrication. However, the free side of the screw 

required extra consideration because of the additional heat and potential of contaminates from 

extruding. The sealing arrangement chosen was to utilise Dupont Kalrez Spectrum 7090 

perfluoroelastomer o rings in a dynamic o ring arrangement and sizing. These o rings have excellent 

mechanical properties and can continue service in temperatures of 325’C (Dupont.com, 2018). 

Appendix E. O ring Data Sheets provides further information. 



MANUFACTURING DESIGN & TECHNOLOGY (M5X02070) 04/13/2018 

  
 

30 
Andrew Curtis 1706668 

6.4 Bearing housing Maintenance 
 
The bearing housing has a design feature to assist with bearing removal on failure or maintenance. 

Jacking points have been added to allow M5 bolts to drive the bearings out of the housing. In normal 

operation the jacking holes are plugged with M5 countersunk bolts.  

 

 

 

6.5 Bearing Lubrication 

 
Lubrication of the bearings can be provided through a grease point located to the rear of the housing. 

The grease can be applied via a manual grease gun which is directed via a grease way machined into 

the outer bearing spacer. The grease way will deliver the grease to both bearings.  

 

 

 

The primary grease application on assembly should involve complete fill of the free space in the 

bearing. Also, the free space in the housing should be filled to 20 to 40% of its volume. A 20% grease 

fill is required when bearings have to be re-lubricated via the lubrication point (SKF.com, 2018).  
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6.5.1 Lubrication Selection 

 
The recommended lubrication provided by SKF is ELGET 2, primarily for the high temperature 

application and the potential thermal conduction from the extruder screw. The Extruder Machine will 

operate at temperatures of 230 ℃ and will require a lubricant designed for this application.  

  

 

SKF LGET 2 is a synthetic fluorinated oil-based grease, using a PTFE thickener. It is especially 

suitable for applications at extremely high temperatures from 200 °C (390 °F) up to 260 °C (500 °F). 

• Long life in aggressive environments such as very reactive areas with a presence of high 

purity gaseous oxygen and hexane  

• Excellent oxidation resistance  

• Good corrosion resistance  

• Excellent water and steam resistance  

• Typical applications:   

Bakery equipment (ovens)      Kiln truck wheels  

Load rollers in copying machines     Wafer baking machines  

Textile dryers       Film stretching tenders  

Electric motors running at extreme temperatures   Emergency / hot fans  

Vacuum pumps        

(SKF.com, 2018) 
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7.0 Die and Breaker Plate  
 

 

• The Die is locked in place using a holder and nut.  

 

• The Die, Holder and Nut have chamfered faces for alignment, sealing and seating. 

 

• The breaker plate is housed in a recess between the barrel and die holder. 

 

• The breaker plate provides the following functions: 

 

• It helps to further increase back pressure. 

• It turns rotational flow of the melt into floe parallel to the screw axis. 

• It holds back impurities. 

• It holds back unplasticised material (Pifallsinmoulding.com, 2018). 

 

• The barrel clamp provides alignment of the barrel and screw through the dowelled 

arrangement, support and quick access to the breaker plate. 
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8.0 Machine Alignment 
 

 

 

• The Design includes alignment feature to ensure after maintenance or cleaning accurate 

geometry and alignment is maintained. 

• The feet are multifunctional and provide the correct height, anchor the machine to the base 

and act as dowels for alignment.    

 

 

9.0 Design for Safety 
 
Extruder Machine Safety Features: 
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The Extruder Machine has been designed to conform to the HSE’s guidelines to include section 6 of 

the Health and Safety at Work Act 1974 which states: 

 ‘…any person who designs, manufactures, imports or supplies any article for use at work...to 

ensure, so far as is reasonably practicable, that the article is so designed and constructed that it 

will be safe and without risks to health...’ (Hse.gov.uk, 2018). 

 

9.1 Guarding 
 

9.1.1 Hopper 

 
The Extruder Machine Hopper fundamentally provides two functions for the machine, the first is to 

funnel polymer granules to the feed screw and the second is to provide a point-of-operation guard (also 

known as feed guarding). Hand-feeding equipment usually presents the highest risk of injury to a 

worker. Feed guards must be carefully designed to ensure that an operators hand cannot access the 

danger point (HSEwebsite.com (2018). 

The Hopper could not be designed to provide a safe distance that complies with BS EN ISO 13857. The 

permisable safe distance stated by HSEwebsite.com (2018) for a slot or opening of greater than 49 mm 

is 915 mm. Ergonomic factors would have prevented the practicality of feeding the extruder with such 

a long and high hopper. Alternatively, the hopper has been designed to incorporate an angled 

approach to the feed zone to prevent any access to the rotating screw. HSEwebsite.com (2018) also 

stipulate ‘that if the hopper and/or the feed throat is removable, then these should either be interlocked 

with the screw drive, or access to the screw should be prevented by a fixed grille’.  

HSEwebsite.com (2018) - horizontal slotted opening permissible distance illustration: 

 

 



MANUFACTURING DESIGN & TECHNOLOGY (M5X02070) 04/13/2018 

  
 

35 
Andrew Curtis 1706668 

The Hopper has also been designed with edge protection - 5 mm diameter round bar is to be tack 

welded around the opening of the Hopper to prevent any harm from sharp edges from the 1 mm mild 

steel sheet that the Hopper would be manufactured from. 

 

9.1.2 Coupling Guard 

 
To safeguard the operator from any hazards associated with revolving parts, a fixed power 

transmission guard has been designed. The guard is a type of barrier guard which is the preferred 

method of safeguarding when access is not required during normal operation. 

 Rotating Motion or exposed mechanisms are dangerous unless guarded. A slow rotating shaft or 

coupling can grasp clothing or hair and force an arm or hand into a dangerous location. Fixed or 

hinged guard enclosure protects against this exposure. 

HSEwebsite.com 2018 state that a Fixed barrier guards must: 

• Prevent access to the danger area from all directions (AUTO: around, under, through, over) 

• Not create additional pinch points or other hazards. 

• Safely contain broken parts (such as belts and chains). 

• Be secured by at least one fastener requiring a tool for removal, unless properly interlocked with 

the machine control system. 

• Allow for safe lubrication and minor adjustments. 

Fixed barrier guards should: 

• Offer good visibility to feed points. 

• Stand up to normal wear and tear. 

• Meet normal production and quality needs. 

• Be difficult to modify or defeat. 

The coupling guard designed on the Extruder Machine consists of heat resistant polycarbonate sheet 

(Makrolon), which fit into machined recesses along the motor support shafts. The design is simple 

but functional and also provides visibility of the rotational parts. 
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9.1.3 Barrel Guard 

 

The barrel guard is a barrier type guard with a simple sheet metal design. HSE states that hot 

parts/surfaces above 80 °C require guarding or insulation against accidental contact. Where hot 

surfaces are necessarily exposed warning signs are required (Hse.gov.uk, 2018). The Barrel 

Guard design is illustrated below along with a recommended signage which can be bonded to the 

guard. 
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9.2 Electrical Safety 
 
The Extruder Machine design concept includes two emergency stop buttons either end of the 

machine. Regardless to which end of the machine an operator is focusing his efforts, the machine 

can be stopped safely. 

 

 

 

Motor and Drive: 

The Design incorporates a motor gearbox and speed controller which can be purchased as a package 

to ensure there are no compatibility issues. The speed controller provides start/stop, directional control 

and overload features. All functions are provided from the control interface which has been mounted 

onto the side of the electrical enclosure. All control and operation of the screw is possible without any 

other systems. However, included within the design are two estops which need to be entered into the 

circuit. Also, additional lights and switches may be added to the system to add more appeal. 
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10.0 Failure Mode and Effects Analysis 
 

 
 
Key (Pqi.org, 2018). 
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11.0 Conclusion 
 

The Extruder design has offered many solutions to the voice of the customer and the design 

requirements established through planning, benchmarking, research and development. The machine 

has interesting aesthetics to appeal and socially engage members of society and can also be visually 

likened to a toy by design. The guarding does not only provide the essential safety aspect that 

conforms to the HSE’s guidelines, but provides interesting angles, curves and shapes. Where possible 

transparent materials have been utilised to enable visualisation of the rotational components of the 

machine. Aesthetically, the social engagement and educational aspect of this machine is far more 

appealing than the Precious Plastics design.  

Polymer processing and industrial extrusion machines were extensively researched to provide the 

necessary theory and engineering principals required to prepare an effective extruder design. Screw 

geometry was calculated on current technologies to design and specify the extruder screw and barrel 

to ensure machine capability and maximise productivity. The design focused specifically in these 

areas to maximise efficiency and to lower running costs when in production. The design provides 

flexibility and adaptability through its use of variable speed control on the screw. This feature will 

assist setup for different polymer types with different melt temperatures. The barrel has been designed 

to provide enough capacity for five band heaters, one of which can be fitted directly to the die if 

required. The control for the barrel heating has not been specified within the design. Further 

development is needed to evaluate which system would be most applicable and cost effective for this 

application. However, the electrical enclosure has the capacity to mount five standard sized 

temperature controllers, which would be visually and ergonomically practical in regard to the 

machine’s build orientation. All cable management has been considered within the design, to include 

the electrical enclosure and cable routing through pre-drilled/slotted holes within the machine base. 

Careful consideration has been given to the design for ease and speed of maintenance. Throughout the 

research required for this project, high emphasis has been constantly placed on the requirement of an 

intensive maintenance program, to include regular cleaning operations which are needed to sustain 

optimum running conditions. The machine barrel and die are easily removable with the integrated 

clamping feature. This quick clamping feature also provides easy access to the breaker plate when 

blockages occur. Re-alignment of the machine after maintenance has also been considered, two of the 

feet on the bearing housing also provide alignment from close tolerance fits between the machine base 

and the housing. The barrel clamp design is also dowelled to the machine base to provide quick and 

accurate alignment.  

One other factor which has not been specified within the design is material selection. As previously 

described within the Precious Plastics Extruder Critical Analysis, the extruder barrel and screw are 
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subjected to corrosive wear from acids and other chemicals that are generated in plastic processing. 

Also, the material for the barrel and screw must be wear resistant. Failure to provide these properties 

during manufacture will result in abrasion and wear at a much quicker rate. Stainless steels in a 

hardened condition or Nickle alloys are generally the materials selected for industrial machines. 

However, these materials are very expensive and difficult to work with.  The total costs for the 

components involved in manufacturing this Extruder are low, although manufacturing costs and costs 

for materials could be potentially high if the correct materials were used. Predominantly it would be 

the customer choice as the design provides flexibility and adaptability which through commissioning 

and testing would meet all polymer extrusion needs and could be a profitable machine. 

During the commissioning and testing phase of this machine it would be necessary to develop a 

standard operating procedure to comply with the HSE’s legislation guideline. The maintenance 

program would also have to be built around the material selection to factor in component wear. 
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Appendix A: Locking Nut and Washer Data Sheet 
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Appendix B. Motor and Drive Package Data Sheet 
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Appendix C: Flexible Coupling Data Sheet 
 

 

 

 

https://www.oriental-motor.co.uk/Products/Ac_motors/Accessories/Couplings/?arid=5921 

  



MANUFACTURING DESIGN & TECHNOLOGY (M5X02070) 04/13/2018 

  
 

50 
Andrew Curtis 1706668 

Appendix D. SKF Angular Contact Bearing Data Sheet 
 

 

http://www.dexis-iberica.com/ficheros/2.pdf 

 

 

http://www.dexis-iberica.com/ficheros/2.pdf
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Appendix E. O ring Data Sheet 
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Appendix F. Rotary Shaft Seal Data Sheet 
 

 

 

http://www.wychbearings.co.uk/20x52x7-r21-fpm_oil_seal.html 

 

 

 

 

 

http://www.wychbearings.co.uk/20x52x7-r21-fpm_oil_seal.html
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Appendix G. Band Heater Data Sheet 
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Appendix H. Materials/Components Price List 
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