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[bookmark: _Toc512609214]Task 1
[bookmark: _Toc512609215]Introduction including problem statement. 
Plastic is a popular engineering material because of its properties, and relatively low cost of processing. However, increasing scale of applications of the material become an environmental and human health issue. The consequences is devastating for our planet as the waste plastic can be found everywhere in the forests, on the beaches, even inside the food. Disposed wastes by landfill is not a solving the problem as plastic still have a negative impact on environment and people’s health. 
They are many organisation on the world which try to fight with the plastic pollution problem, one of them is Precious Plastic. Their main philosophy is to share the ideas of how to recycle, reuse the material and force people to work together.  Also it can provide the source of income as well as it can promote worldwide the involvement in ‘save the world’ actions.
The main purpose of the project is to optimize compression moulding machine design with concentration on; process productivity and capability, Health and Safety, energy usage and reliability. In addition, that kind action organized by small society can be a good promotion for the society and haw they try to protect their health and piece of land. Also it has an educational aspect for young generation. 

[bookmark: _Toc512609216]
Plastic – properties of material. 
Plastic also called polymers, are materials made from a number of smaller molecules called monomers. Monomers ale link together to form a long chains of polymers with useful properties. (Creese, Introducing to Manyfacturing Process and Materials, 1999)
Depending on specific material chemistry, plastic is classified as;
a) Thermosetting – kind of plastic that chemically react during process of forming cross-linked polymers, and the process is irreversible. That mean the thermosetting cannot be recycle. For that reason Precious Plastic recycle only thermoplastic. 
b) Thermoplastic soften when heated and harden again to their original state when cooled. For these reason it is easy to recycle and moulded to complex shape. However the temperature has a significant impact on properties of a material as it is likely to chemical changes. The consequence are that the properties of recycled material cannot be equal with virgin polymer. (Malloy, 1994)
[bookmark: _Toc512590340]Figure 1 Different type of thermoplastic (Plastic)





[bookmark: _Toc512609217]Industrial compression moulding process. 
[bookmark: _Toc512609218]Compression moulding machines – industrial design.
[image: ]The example of real industrial compression moulding machines.

Figure 3 An example of hydraulic plastic compression moulding machine. An example of machine where the press is operated with guard closed. (IndiaMart, n.d.) (Polymer Pishrafteh Dana, n.d.)[bookmark: _Toc512590342]Figure 2 Single Body Oil hydraulic compression moulding machine. An example of machine where there is no safety guard. (Polymer Pishrafteh Dana, n.d.)


[bookmark: _Toc512590343]Figure 4 The sketch of Compression moulding machine with the description of the parts. (htt)
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[bookmark: _Toc512590344]Figure 5 The sketch of the mould. (htt)


[bookmark: _Toc512609219]  3.2    Compression moulding process in the industry.
The most important requirements for industrial operation of the machine are appropriate Personal Protective Equipment (PPE), inspection of the machine before work and properly trained operator of the machine.
The mould (Figure 4 & 5) is assembled in a hydraulic or mechanical moulding press, then heated. Maintaining a correct temperature is essential to quality of the part, also it depend on the properties of the material. It is important to control the surface temperature, as too high temperature in one place can burn the material or when the temperature is too low, the material will not melt.  
Generally industries use compression process for thermosetting plastic. The measurement of weight per volume describe the weight of charge needed to fill the cavity of the mould. When the charge is placed two halves of mould are brought together under a high pressure. The mould is heated, the temperature is checked using pyrometer. The two moulds remain closed so the gas will no escape (called breathe cycle). During the process the mould might be open to check mould for uniform flask, the weight of the mould can be controlled. Control the curing cycle is important as over curing can produce defects. (George F Schrader, 2000)
[image: C:\Users\p151294\AppData\Local\Microsoft\Windows\INetCache\Content.Word\WP_20180305_17_02_33_Pro.jpg]
[bookmark: _Toc512590345]               Figure 6 Tree types of compression moulding for plastic. (George F Schrader, 2000)
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[bookmark: _Toc512590346]Figure 7 Compression moulding cycle. The graphical interpretation of relation between closing mould force (Y- axis)      and time (X- axis).
 
[bookmark: _Toc512609220]3.3   Health and safety requirements in industry. 
Industrial Compression moulding machine and procedure which need to be follow during work.
a) The company need to make sure that the machine has been installed properly. It must be maintained and documented regularly.
b) Introducing Control of substances Hazardous to Health (COSH) – for instance ventilation system. Operator of the machine need to be properly trained. Also must have an updated Personal file with training history.
c) The machine need to have an instruction available for all employees
d) Operator of the machine must wear appropriate Personal Protective Equipment (PPE) when handling hot materials.
e) The company need to follow Provisional and Use of Work Equipment Regulations (PUWER). The company need to identify the most frequent risk the company can provide the right procedure to follow. (HSE, n.d.) For instance, provide an instant checklist, where is described what kind of hazard need to be checked, instant action and long term solutions.
f) European Standards BS EN 289:1994 describe acceptable and practicable safeguards for significant hazards on the machine. Some industries has machine with an interlock guard interrupts a dangerous movement or just simple emergency stop push buttons.
g) The companies must control exposure to plastic fumes. Also provides safety data check with information needed on
- Correct processing temperature,
- Degradation products;
- Any additives and their possible effects on fume production (HSE, n.d.)
[bookmark: _Toc512609221]3.4   Energy usage
Nowadays a major concern of many industries is a tax ‘Climate Change Levy ‘which state increase the electricity cost by 0.43p/KWh. (HM Revenue & Customs, n.d.)  For instance one of the biggest compression moulding company in America – ‘Bemis ‘ , according to the published data,  consumed nearly 47 million kWh of electricity and about 96,000 MMBTU (1BTU = 1,055.06 joules) of natural gas annually, for a total energy cost of approximately $2.6 million in the facility assessed. 
The example can give a picture of how much energy is needed in industry where the compression moulding is the main process and why companies try to find a way to reduce energy cost.
[image: ]Based on approximation for the company where main material used is a plastic with a turnover of £10 million per year and a net profit of 10% then the profit will be £1 million. The average electricity bill will be approximately £200,000 (between 1 and 3% of turnover). (Technology)
[bookmark: _Toc512590347]Figure 8 Energy usage in plastic processing. (Technology)
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[bookmark: _Toc512590348]Figure 9 The difference in energy usage between electric and hydraulic moulding machine. (Technology)




[bookmark: _Toc512609222]3.5   Reliability 
For the process based on repetitive production, reliability and validity are very important aspects. Companies improve their reliability by using standards and regulations, follow the instructions, introducing a lean toolbox and make production more efficient. For instance by using multi-cavity moulds, what can improve the quality control and increase the number of produced parts using the same amount of energy. 
Another aspect worth to consider is less waste material produced during that process compering to other moulding processes. For that reason companies use thermosetting plastic for the process, as that material cannot be recycled. 
[bookmark: _Toc512609223]Precious Plastic – compression moulding.
[bookmark: _Toc512609224]Compression moulding machine – Precious Plastic design.
[image: ]The main idea of the project is to recycle plastic. However the idea include more than that, Precious plastic machine designs consider mainly recycled components. The machine parts are recycled oven, round bars, square tubes and metal sheet, carjack and electronics. Electronics is an important part of the machine considering safety during the process, for that reason most of the parts are new. The total cost of the machine is +/- £87 ($120). (Appendix 1)
[bookmark: _Toc512590349]Figure 10 Precious Plastic Model of Compression moulding machine. 1st version – on the left, improved version – on the right. (Plastic)
[bookmark: _Toc512609225]Compression moulding process
Compression moulding machine is operated by one operator during the process. Precious Plastic for recycling process use only thermoplastic materials as they can be melted multiple times. First step is to prepare the machine for the process by increasing the temperature in the oven what takes (+/-) 20 minutes, depending on the mechanical properties of the material. The next step, a production of the product start from preparing the mould, which consist male and female parts. The charge is weighted, placed between two parts of the mould and that kept in the oven for 30 – 40 min. When the plastic is soft enough a bottom mould is pressed against top mould by turning carjack, which is assembled under the oven. Finally the mould is cooled and removed from the mould. The final time for producing a one component during compression takes +/- 60 min. (Manual)
[bookmark: _Toc512609226]Health and Safety 
Health and Safety Requirements during the process conducted by Precious Plastic include using appropriate Personal Protective Equipment (PPE) such as carbon mask to protect from plastic fumes, gloves, as the operator need to deal with a hot metal. Also indicate importance of controlling the melting temperature of the plastic as the burn plastic is harmful for the human body. The solution for that problem can be installing a ventilation system appropriate for the whole recycling process. Especially if the workspace is built in a 40 ft (67.5m³) container.  
Despite the fact the Precious Plastic consider some safety requirements, they are very general and very often just ‘spoken words’. Compering to the industrial process that are of the process need to be improved. For instance, Figure 10 represent the external appearance of the machine and the design does not include any warning signs, emergency stop push button.
[bookmark: _Toc512609227]Energy usage
The Precious Plastic organisation does not provide any information regarding, how much energy compression moulding machine consume during the process. It t is difficult to estimate the total energy consumption as the amount depend on, frequency of usage and the condition of recycled appliance. Some assumption are made based on the energy usage of electric ovens existed on the market just to have an indicator. (Electricity usage, n.d.). 
The electric oven;
· hourly consumption (KWh/h) form 0.70 to 1.56
· annual total cost  from £28 to £31

[bookmark: _Toc512609228][image: ]Reliability 
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[bookmark: _Toc512590332][image: ]Table 1 FMEA for Compression moulding process

	Potential failure cause for
recycled electric oven
	SEV
	OCC
	DET
	RPN

	heating elements overused
	5
	5
	8
	200

	faulty temperature sensor
	8
	2
	8
	148

	faulty power supply
	8
	6
	2
	95

	faulty oven elements
	2
	5
	9
	90

	temperature controller does not work
	8
	5
	2
	80

	dirty surface inside the oven
	9
	8
	1
	72

	faulty Solid State relay
	8
	1
	8
	64

	faulty oven thermostat
	2
	4
	7
	56

	faulty oven fan motor
	2
	3
	3
	18


[bookmark: _Toc512590333]Table 2 Potential failure cause for recycle electric oven (Information from Table 1)
	Potential failure cause for moulding defect
	SEV
	OCC
	DET
	RPN

	closing speed of press too low - molding cures before mould closed
	4
	8
	6
	192

	malfunction of the heater
	4
	6
	3
	72

	too low mould temperature
	4
	6
	3
	72

	lack of pressure on mould due to use of insufficient amount of charge
	4
	8
	3
	96

	too short curing  time
	4
	5
	2
	40

	mould overloaded
	3
	6
	2
	36

	material flow too easy
	3
	4
	2
	24

	material distributed unevenly in the mould
	4
	2
	3
	24

	material flow too stiff
	3
	2
	1
	6


[bookmark: _Toc512590334]Table 3 Potential failure cause moulding defect (Information form Table 1
 
	Potential failure cause for pressure system construction
	SEV
	OCC
	DET
	RPN

	the speed of the plates depends on operator ability
	6
	8
	6
	288

	poor assembly of the oven and pressure system
	6
	9
	4
	216

	Not stable the construction of the bottom plate and the tube 
	6
	10
	3
	180


[bookmark: _Toc512590335]Table 4 Potential failure cause for pressure system construction. (Information form Table 1)

[image: ]
[bookmark: _Toc512590350]Figure 11 Pareto distribution diagram for potential cause of failure of compression moulding.


In Tables 2, 3, 5 RPN number is in descending order. RPN (S x O x D) is a subjective indicator of risk, it recognizes the relation between occurrence and detection
· The ‘red’ group define not acceptable failure when RPN is high from 
192 to 288
· The ‘yellow’ group define still not acceptable failure, but not so serious failure when RPN is equal 148,180  
· The ‘green’ group define acceptable failure but still need attention when RPN <140.
FMEA indicate the cause of potential failure that need to be solved firstly. As it can be seen in Table 2. the fault in electric system is more difficult to detect, so that should be a major concern during the process of building an electric system in the machine. Most of the electric parts are new, however still need to be inspected before are assembled, or used different way of preventing part form over-heating, for instance by applying a heat sink (Figure 14).
The Pareto Chart (Figure 11) represent the rule 80/20 what can be interpret in two ways. Firstly that a significant improvement can be made by focusing on 80% of problems causing the failure for instance; heating elements overused, poor design of pressure system. Secondly, that 20 % of causes are responsible for over 80% of failure, for instance represented by ‘green’ group that are acceptable failure but steel need to be improved. 
[bookmark: _Toc512609229]Industrial process vs Precious Plastic process
[bookmark: _Toc512609230]Process productivity
Industrial compression moulding machine is much more efficient, however much more energy is used. Also the final product does not need additional machining, as the industries use a very high quality level of the mould which create an almost perfect shape. Namely Precious Plastic admitted that their moulds need to be improved, so why the final product require additional machining and elongate the time needed to finalize the product.
[bookmark: _Toc512609231]Process capability
Capability of the processes is a repeatability and consistency of manufacturing process to meet customer requirements. That is one of the main rule in industrial environment. Industrial compression machine work constantly, multi-cavity moulds are used to increase the quantity and quality of the product. 
Process capability in Precious Plastic ‘company’ very much differ from industrial one. The ability to maintain the level of production depends on the supplier of the material. The main supplier for Precious Plastic are local people, so the plastic collection is not regular. 
[bookmark: _Toc512609232]Health and Safety requirements 
Health and safety in every work- space is a significant factor. Health and Safety Executive creates regulations which are compulsory in every company. Although the procedure to introduce these regulations are expensive, it can be a beneficial for the company. Precious Plastic definitely need to work more on that area. Despite the fact on their website is some information about safety procedure during process, the workshop area does not have any safety warning. 
[bookmark: _Toc512609233]Energy usage
Precious Plastic does not provide information about energy usage during the process. It should be obvious that industrial companies use much more energy, as the scale production much higher. Although these difference some improvements of the design of the machine could reduce the energy usage. 











[bookmark: _Toc512609234]Task 2
[bookmark: _Toc512609235]Design specification.
Product design specification outlines the customers demand and documents all-important procedure and constraints the new design needs to follow. Design specification for compression moulding machine.
1. Performance 
Compression moulding machine is one of four moulding machine in Precious Plastic workshop. The main task for the machine is to melt the plastic in the mould, by applying pressure create the shape of the mould, and finally, desired product. 
Approximately the time needed to produce one part is 60 min. 
What factors need to be optimized?
· Decrease the time to produce one product.  
· Increase an hourly target.
How? 
· Introducing multi -cavity mould.
· Create a list of the most appropriate thermoplastic for that process
· Create simple shape product for further processing, for instance plastic sheet for vacuum moulding machine. 

2. Economy
The cost of the materials needed to build the machine is not high, as the design consists mainly recycled parts (Appendix 1) Also material used for production is plastic waste, which is supplied by local people. However the design indicate a few areas where possible is heat lost during the process what in consequence of increasing the energy usage. 
What factors need to be optimized?
· Reduce heat lost during the process.
How?
· By identifying the features of the machine and investigate the assembly process of the machine, considering the dimensions of used parts and procedure used to build the machine. For instance, how hand – operated cutting process could affect the dimensions and the design. Finlay proposing of the solution for the improvement.
3. Service life
Life cycle of the machine depend on the parts used for the assembly. As all parts are recycled before usage important is inspection and deep cleaning. With the regular inspection and cleaning the machine can work for a few years. However it is difficult to approximate. 
4. Customers 
Customer expectation form the new design is promotion for the small community and their involvement in reducing of waste, specifically plastic. Also educational aspect such as introducing children to engineering world by possibility of being involved in the process. In addition it can create an awareness of how the Earth is heavily polluted. For these reason simplicity of the design and possibility for children to see the moulding process thorough are important factors to consider for the designer.
5. Environment
Material used for the compression moulding is thermoplastic. In general that material can be melted more than ones (Task 1, Figure1) so it can be assumed that wasted material is equal zero. 
6. Size 
All machine used for the production including workspace are hold in the portable, 40 ft container (12m x 2.33m x 2.35m). The limited space imposes constrains such as dimensions of the machine and required workspace considering Health and Safety. Also, the recycled oven’s dimension will determinate the final size of the compression machine. 
Dimension of the machine designed by Precious Plastic (Manual);
· Framework –500mm x 570mm x 973 mm
· The oven -  590mm x 560mm x 500 mm 

7. Maintenance
Current maintenance is based on first inspection of the parts and regular cleaning after the process. 
What factors need to be optimized?
Maintenance and cleaning processes. 
How?
· Introducing Equipment Maintenance log-sheet (Appendix 2)
· Regular cleaning, important is to not use strong chemicals as they can change the chemistry of the plastic during the process.
· Regular 100% quality inspection of the final product as it can refer to any problem with the machine. For instance, problems with the temperature control, moulds defects, etc.

8. Material
Materials used for the design frame work are recycled steel tubes. The design consist recycled parts as whole, such as oven and carjack for pressure system. 
Material used for the production – thermoplastic (Task 1. Figure 1)
What factors need to be optimized?
The purpose of the project is to keep the idea of using recycled materials. For that reason improvement will be focused on changes in the design and propose different practical application of the machine.
9. Appearance
The main part of the machine is the electric oven and that define the external appearance of the machine.
What factors need to be optimized?
· External appearance, considering the educational aspect (if possible).
How?
· External appearance compatible with other machines in the workshop. 
· Implementing the light inside from increasing the visibility from outside.
10. Safety 
Safety information can be found on the Precious Plastic official website, however the requirements are very basic and general for the workshop.  
What factors need to be optimized?
· Introduce visible Health and Safety requirements
· Underline the importance of designing ergonomic machine
How?
· Implementing safety, warning signs on the machine (COSHH)
· Appropriate PPE
· Considering safety guard
· Instruction for the process
· Improve fume exhaust system, considering regulations (Fume Exhaust System, n.d.)
· Implementing Ergonomics to reduce discomfort of working in stand position by designing a machine for standing worker and manual handling. 
[bookmark: _Toc512609236]Quality House Deployment (QFD) 
QFD promotes better understanding of customer demands also helps to understand correlation between users’ requirements and engineers’ requirements. (Appendix 3 Figure 2&3)
QFD helps do build the hierarchy of important functional requirement to improvements the compression moulding machine (Table 5).
	Quality Characteristics
	Weight / importance

	1
	Improve the design
	666.0

	2
	Reduce cost
	568.1

	3
	Compression moulding machine as a supplementation  for vacuum moulding machine
	476.6

	4
	Number of tools required
	472.3

	5
	Target
	459.6

	6
	The quality of the mould
	412.8

	7
	Control cure cycle ( how fast material is formed into a part)
	402.1

	8
	Fume Exhaust System
	351.1

	9
	available thermoplastic properties in workshop
	306.4

	10
	chart with  measurement of weight per volume - charge weight
	287.3

	11
	implementing HSE requirements
	223.4

	12
	time required to finalize the product
	221.3

	13
	control of opening and closing mould to allow escape of gas (breathe cycle)
	153.2

	14
	control the time to complete loading and close of mould
	89.4


[bookmark: _Toc512590336]Table 5 Function Requirements for compression moulding in descending order regarding to importance.
As it can be seen form the Table 5 the most important requirements for the improvement of the process and the machine are the quality characteristic with the highest indicator of importance. The improvement should start form quite obvious aspect – improvement of the design. The next two are reduce cost and consideration of the compression moulding machine as a supplementation for vacuum moulding machine by producing a plastic sheet. 

[bookmark: _Toc512609237]Task 3
[bookmark: _Toc512609238]Heat transfer
Heating elements in the oven will utilise following methods for transferring heat into a work piece (Figure 12.)  
1) Radiation
2) Convection (natural or forced)
3) Conduction
[image: ]


[bookmark: _Toc512590351]Figure 12 Heat transfer inside the oven. (Marcotte, 2007)
[bookmark: _Toc512609239]Radiation 
Radiation is transfer energy by electromagnetic waves.  It is an exchange of energy between two surfaces at two different temperatures without contact.  
The rate of heat transfer will depend on;
· Temperature of the heating and receiving materials;
· The properties of the surface of the material;
· The nature of the surface, is it clean and polish (low emissivity) or rough and oxidised (high emissivity).

Thermal radiation depends on emissivity (Ɛ) of the object. It range from 0 to 1
· Ɛ = 0 for perfect reflector
· Ɛ = 1 for perfect emitter (black body)
[bookmark: _Toc512590326]Equation 1
= ε σ A () 

Where:
Heat loss due radiation, [J]
ε – Emissivity (from 0 to 1) (Emisivity for materials, n.d.)
σ – Stefan-Boltzmann constant – 5.67 x   [W/ 
 – Temperature of emitting body surface
 – Temperature of receiving body 
A – Cross section area of emitting body []

Assumptions; 
a) the oven consist only one heating element on the bottom wall with dimension
 (590 mm x 560 mm),
b)  The oven does not have a fan.

A = 0.59 m x 0.56 = 0.33 
Emissivity of stainless steel, ε = 0.75
 = 200° C
 = 20° C
t= time needed to produce one part by Precious Plastic, 55 min = (55x60) = 3300 s
 = 0.75 x 5.67 x  x 0.33 x () 
 = 22.45J
Heat loss due radiation is 22.45 Joules. 
 Power required for radiation; 
[bookmark: _Toc512590327]Equation 2
P = /t
P = 22.45J / 3300s
P = 0.68 W
Power lost due radiation for producing one part is 0.68 W. Having information that one part is finished in 60 min, power required for 8 hours shift would be 5.44 W = 0.68 W x 8h.
It can be seen, the energy lost during the radiation is not significant. So it can be said that radiation is not a major problem for the energy lost. 
In addition, if the design considered the oven with the fan the energy loss due radiation would decrease.
[bookmark: _Toc512609240]Convection 
Convection is the heat carried moving gas or liquid. It is a result of the movement of molecules by density gradient measured by temperature difference or by forced movement of molecules. 
Heat transfer by natural convection cause natural circulating of air and a heat transfer. In this case, radiation is considered. 
Heat transfer by forced convection helps to distribute evenly the hot air for instance by implementing a fan inside the oven. (Turns, 2006)
[bookmark: _Toc512590328]Equation 3
= h A ( -)
 – Heat transfer by convection [J]
h – Heat transfer coefficient W/°K
 - Hot surface temperature [°K]
  - Ambient temperature [°K]
A – Heated surface area [ 
Inside the oven heated surface area (with heating elements) is 0.33 (0.59 m x 0.56m), having desired temperature  = 200 °C, and  = 20°C the initial temperature of the air inside.  The convection heat transfer with coefficient for stainless steel 200 W/K. The time needed to reach 200°C is 15 min (15x60 = 900s) – time is measured by Precious Plastic (Manual)
 = 200 x 0.33 x (200 – 20)
 = 11 880 J
Heat loss due convection is 11 880 Joules.

Power requirement for the process, P = /t
P= 11,880/900
P = 13.2 W
Power required for convection is 13.2 W.
Inside the oven during the process the heated air will have lower density what makes the air to rise, and cold air with higher density will sink. That circulation process describe the convection. As the air is moved around important is for the process to create an isolated space, to keep the energy inside the system. Precious Plastic design consider a hand cutting process to create the hole throughout the bottom wall of the oven to assembly it with the pressure system.  
Assumption made on that stage are;
· The cut figure does not represent a perfect circle, what potentially will create the space through which the heat can be lost from the oven. That can extend the time needed to produce one part, and decrease the number of part produced. 
· The difference in dimensions of radiuses can cause unstable pressure system what in consequence will create a poor quality of final product. 
Precious Plastic did not provide the measurements for ‘R’ and ‘r’ what is necessary to calculate the area throughout the heat can be lost, for that reason an assumption was made that to estimate the scale of heat lost. [bookmark: _Toc512590352]Figure 13 An example of construction stainless steel pipe with the radius ‘r’ and cut the hole with the radius ‘R’ (Quora, n.d.)


Outer radius, R = 50 mm = 0.050 m
Inner radius, r = 45 mm = 0.045 m
Difference in surface area of two circuit, A = π() - π()
A = π x () - π()
A = 1.49 x 
Time to produce one part, T = 55 min = 3300
Calculation for heat lost due convection using ‘h’ coefficient for (Lytron, n.d.)
a) Free convection in air, h = 25 W/°C 
 = 25 x 1.49 x x (200 – 20)
 = 6.7 J
= /t
P = 6.7/3300
 = 0.002 W
b) Forced convection in air h = 500 W/°C
 = 500 x 1.49 x x (200 – 20)
 = 134.1 J
= /t
 = 134.1 /3300

From calculations it can be seen that less heat is lost due free convection, but it does not mean that free convection is a better choice. In general, fan assembled inside the oven, generate forced convection which is more efficient and economic. That is to say the design need to be improved to create more insulated and stable system with consideration of implementing the fan. 
[bookmark: _Toc512609241]Conduction 
Thermal energy can be transformed form one material to another when they are in direct contact. (Turns, 2006)
[bookmark: _Toc512590329]Equation 4
= 
Where;
- is the rate at which energy is generated (Q/t) [J/s]
 Thermal conductivity constant for the material (W/m°C)
 – Temperature of hot surface [°C]
 – Temperature of cold surface [°C]
A - Surface area normal to the direction of the heat flow 
x- Thickness of the material [m]

The main concept of the oven’s design is to decrease the heat loss during the process. For that, reason an insulation is placed between two stainless steel walls what is an example of composite wall (Figure14). The a wall is build from three different materials with different thermal conductivity k1, k2, k3 .The middle layer (B) is an insulation and in that scenario thermodynamic calculation assumes that heat transfer, or heat lost through that layer is equal zero (Q = 0). Figure 14 Conduction thorough composite wall

Thermal conductivity is an important property of the material in the process of heat transfer.  For most polymers is around 0.2 W/m °C that is roughly 200 times smaller than steel. What does it mean? Low conductivity of the plastic gain and lose the temperature very slowly. Also conduction depends on the thickness of the material. Thinner material in the same time will transfer much more energy. (caple, n.d.)
Heat transfer due conduction in the compression moulding machine occur between pressure plate and the mould. The plate loses its energy that is gained by the mould. For that reason very often the thermal conductivity determinate the choice of the material for the mould.
Power of the oven. 
An electric oven is a common kitchen appliance in most homes. The average power consumption of the oven is 2400 Watts. Precious Plastic used an oven for the main part of the compression-moulding machine. The main indicators for their choice where; use waste disposal site as a main supplier and using build-in insulation inside the walls. 
As Precious Plastic does not provided information on how much energy is used during the process for that reason further calculations are made to approximate the amount of energy needed. In average, the amount energy used per 7 hours is 13. 65 kW per hour and the cost is £2.46 (energy consumption , n.d.)
Considering the 8 hours as a working day, the time needed to produce one part by Precious Plastic - 55 min the maximum target will be 7 completed parts. 
Factors that need to be consider to calculate the amount energy required to;
a) increase thermal energy of the air inside the oven to the desired temperature
b) Increase the thermal energy of the mould with the plastic to the required temperature. 
A. Calculating heat required to raise temperature of  thermoplastic for instance PP (polypropylene) 
Having data for thermoplastic – PP (propylene). (Appendix 4);
Specific heat capacity, = 2100 J/ (kg °C)
Mass of the charge (shredded plastic), m - 0.425 kg (measurements provided by Precious plastic) 
Temperature for the oven,  - 200°C
Temperature of the material (initial) °C
Time required to raise the temperature from  to , t = 15 min = 15 x 60 sec = 900 s
[bookmark: _Toc512590330]Equation 5
Q = 
Q = 2100 x 0.425 x (200-20)
Q = 160.7 kJ    - The energy required to change the temperature from 20°C to 200°C
Power as a rate of energy required, can be calculate from Formula 2.
P = 160.7 kJ/900 s
P = 178.6 W  -  power required to reach 200°C
B. Thermal energy required to change the plastic from solid to liquid phase (melting) called heat of fusion (H)
Heat of fusion for PP, H = 260 kJ/kg
Mass of charge (shredded plastic), m = 0.425 kg
Time required to melt PP, t = 40 min = 40 x 60 s= 2400 s 
[bookmark: _Toc512590331]Equation 6
Q = H x m
Q = 260 kJ/kg x 0.425 kg
Q = 110.5 kJ – the energy required to melt PP
Power required to melt the PP from Formula 2. 
Q = 110.5 kJ/2400
Q = 46.04 W - Power required to melt the PP 
Total power required for the process;
178.6 W + 46.04 W = 224.64 W
[bookmark: _Toc512609242]Electronics
The electronics system contain switch to turn the electricity on/off. A measuring temperature element – thermocouple, inside the oven will ‘send’ the feedback (is the temperature too high or too low) to the control device. The system is called a closed loop control system. (stenmech, n.d.)
 IMPROVMENT 

	Electronics used by Precious Plastic 
	
	The proposal 

	Temperature controller, thermocouple and Sold State Relay (SSR) 
	
	SmartPID controller, waterproof temperature sensor (equivalent to thermocouple) , SSR with a heat sink, stainless steel front panel (optional)

	
	
	

	The price from £11 to 30 
	
	+/- £80



[bookmark: _Toc512590353]Figure 14 Improvement for temperature control system. (PID)
	[image: ]
	Benefits from assembly Smart PID Controller:
- SSR heat up during operating, for that reason is mounted together with Heat sink, to cool down the part

- Wi-Fi connectivity and remote control, by android smartphone app application. It allows remote control of heating and cooling thermostatic also configuration parameter can be changed 

- Considering an educational aspect it could very beneficial and inspirational for children, possible future engineers. 


[bookmark: _Toc512590354]Figure 15 Evaluation of the design for the Compression Moulding Machine. (PID)
[bookmark: _Toc512609244]Design proposals 
The sketch of compression moulding machine designed by Precious Plastic. (Figure 17)[bookmark: _Toc512590355]Figure 16 The sketch of compression moulding machine designed by Precious Plastic. (The drawing not in scale)























DESIGN 1

[bookmark: _Toc512590356][image: ]Figure 17 First proposal for the design for the compression machine (The drawing not in scale)

Improvements;
- implementing Smart PID temperature controller
- applying additional tube for the stability of the pressure system. 



DESIGN 2
[image: ]
[bookmark: _Toc512590357]Figure 18 Second proposal for the design for the compression machine (The drawing not in scale)

Improvements;
- implementing Smart PID temperature controller
- The bottom pressure plate is supported by four stainless steel, recycled tubes. The diameter of each tube will be approximately 4 times smaller than in the original design. The propose system will increase stability and finally create a better quality mould.

DESIGN 3Additional tube to increase stability of the system 

[bookmark: _Toc512590358][image: ]Figure 19 Third proposal for the design for the compression machine (The drawing not in scale)
Improvements;
- The pressure system is assembled above the oven what means the top pressure plate’s direction is downwards, opposite to the original design. The top plate will compress the two parts of the mould positioned on the fixed bottom pressure plate. The assembly change for the pressure system and the oven provide a better quality product as the mould is positioned on the fixed bottom plate.
- The heating elements are positioned on the bottom wall of the oven. The heat is transferred directly to bottom plate and finally, due conduction to the mould.

The scale used in the process of choosing the design was from 1 to 7 where ‘1’ is strongly disagree,  ‘7’ strongly agree (Appendix 6)
	Feature
	Weighting 
	Design 1
	Design 2
	Design 3

	Performance 
	3
	5
	5
	7

	Reliability 
	3
	2
	3
	6

	Service life
	2
	4
	4
	4

	Ease of maintenance 
	3
	6
	6
	6

	Efficiency of the process
	3
	1
	3
	7

	Ergonomics 
	2
	2
	2
	5

	Low cost 
	3
	7
	7
	7


[bookmark: _Toc512590337]                     Table 6 Design feature ratings. (Manufacturing design – hand-outs form lecture)

	Feature
	Weighting 
	Design 1
	Design 2
	Design 3

	Performance 
	3
	15
	15
	21

	Reliability 
	3
	6
	9
	18

	Service life
	2
	8
	8
	8

	Ease of maintenance 
	3
	6
	18
	18

	Efficiency of the process
	3
	3
	9
	21

	Ergonomics 
	2
	4
	4
	10

	Low cost 
	3
	21
	21
	21

	Design total weighted ratings
	
	63
	84
	117


[bookmark: _Toc512590338]Table 7 Design feature criteria - applying weightings to the selected criteria. (Manufacturing design – hand-outs     form lecture)





The DESIGN 3 (Figure 19) has the higher rating (table 7) form proposed designs.  The main concerns about the Precious plastic design were;
1. Heat transfer and energy lost during the process;
2. The force applied to move bottom press towards top press and compress the mould
3. The quality of the mould design and final product
4. Health and safety requirements
5. Material of choice
Finally the proposed design to improve the compression machine and the process is the design 3. 
Another solution for energy lost in the system can be applying a second layer of the insulation. Thermal conductivity of the material can be manipulated by changing the density and thickens of the material (figure 21). That is to say more dense material reduce thermal conductivity, what create a good insulation for the system (Appendix 5). Energy lost and heat transfer are explained more in details in the first part of the Task[bookmark: _Toc512590359]Figure 20 An example of insulation material – SuperwoolPlus (Morgan Thermo ceramics, n.d.)


[bookmark: _Toc512609245]Task 4
[bookmark: _Toc512609246]Final design solution 
[bookmark: _Toc512609247]Solid models and technical drawings
Assumption made
· The temperature controller in the recycled oven does not work, so it need to be rebuild as a part of electronics. In this case proposed is smart device. 
· Heating elements placed on the bottom side of the oven. Different designs on the market consider different solution, but for the purpose of the proposed design, heating elements are situated on the bottom wall of the oven. 

[bookmark: _Toc512590360][image: ]Figure 21 Proposal of the design for compression moulding machine. Technical drawing



[image: ]
[bookmark: _Toc512590361]Figure 22 Proposal of the design for compression moulding machine. Technical drawing

[bookmark: _Toc512590362]Figure 23 Compression moulding machine. The top press is moved upwards.

















[bookmark: _Toc512590363]Figure 24 Compression moulding machine. The top press is moved downwards.
[bookmark: _Toc512609248][image: ]Design specification 

[bookmark: _Toc512590364]Figure 25 Compression moulding machine design specification.


The main concept of the Precious Plastic ‘organisation’ is not only to recycle plastic but also to build machines from recycled parts. Only one part of the machine is new – an electronic system (figure 14), for safety purposes during the operation.
Design specification of the machine are described above on figure 25. 
· Material used for the framework construction is stainless steel, the weight of steel will create more stable construction and beneficial is that steel easily can be found on scrapyard. 
· The top and bottom press will be also a stainless steel mainly for a very good thermal conductivity. The idea is to decrees the time for plastic to be melt inside the cavity of the mould. 
· Carjack as part of the pressure system will remain the same. 
· The electric system will be rebuild and the parts will be exchanged. (Figure 16. Task 3.)
The propose system of compression moulding has a similar concept as an industrial process. That is to say the top of the press moves downward to press the mould with the charge inside.  
The bottom press of the system will be situated just above the heating elements. The plate will remain stationary. Also the dimensions of the plate will cover the heating elements, this way by convection heat transfer the plate will gain the energy much quicker and less heat will be lost. In addition the mould with the charge will be placed on the stationary plate so these way the melted charge will cover the mould evenly. 
Compering with the original design the bottom press is moving upwards top press, the weight of the mould cause that the metal stud of pressing system was slightly moving around its axis. What cause poor quality of the product. For instance considering the vacuum moulding machine as one part of the plastic recycle system the quality of the plastic sheet is a key for the quality of the product. 
[image: ]Operating principles. [bookmark: _Toc512590365]Figure 26 Control and automation system for the oven. (stenmech, n.d.)




The oven operates represent a closed loop system, so input is given in the form of temperature needs for the operating process. Then the ‘command’ is read by the control system and processed. Measuring element sent a feedback to confirm that the oven has reached the desired temperature, to start the moulding process. Prepared bottom part of the mould with the chart is placed on the bottom press plate, after when the charge stars to melt two parts of the mould are compressed.  
[image: ]
[bookmark: _Toc512590366]Figure 27 Manual handling. Required shoulder height during operating the machine. (HSE, n.d.)

The compression system it is a manual process so the process require the present of the operator. The operator control the angular force which need to be applied to carjack. Also working conditions require standing position during operating.  That stage of the process it is significant for the quality of the product and require more time. For that reason the proposal is to move carjack above the oven these way body will be in a straight line for the most of the time during production, as HSE required. 








[bookmark: _Toc512609250]Task 5
[bookmark: _Toc512609251]Conclusion 
Safety during the process as well as final product is a key for every design. The thermoplastic used in the process does not have the same properties as the virgin plastic. For that reason advisable would be to produce items which are not going to be used as a food containers. 
Precious Plastic admit that they are not a specialist in mould design. Also it is not an easy process as it requires to involve skill jobs such as creating a design in CAD, operating CNC machine and materials, for instance aluminium. That part of the process mainly depend on the volunteers offers from all over the world.
The solution for that problem can be DESIGN 3 where the stability of the bottom press is improved. The force and pressure in Precious Plastic system are dependent variable. What does it mean? The machine is manual and the magnitude of the force depend on strength of the operator. 
Also it is important to localize the position of the heating element.  That information will indicate the localization of the pressure plate.  Also important is hot air flow distribution. The hot air will move in straight line from the hot object (natural convection) and more energy will be needed. Mechanical solutions in that case could be to choose the oven with the installed fan which purpose is to force the hot air to move more evenly, what will decrease the time of the process and consequently reduce of energy usage 
Finally, as the bottom press is more stable and has bigger surface area could be beneficial for the process. The project include building the vacuum moulding machine, the machine to produce moulds need to be supplied with the plastic sheets. The answer for that problem could be compression-moulding machine. The ‘integration of these two machine can improve the efficiency of the production; more complex shape can be create. The promotion of the project, and an interesting educational aspect can be a very beneficial for a small society. 
The proposal for future development is to automatize the process by simply modification. The idea is to replace handle in the carjack by a combination of socket, flexible joint and adapter and mounted to the electric drill. The electric drill is used on a lowest seed to not over torque the other motor. Benefits of the improvement are; decrease the time needed to produce a one part and it will make the operator’s work much lighter. 

[bookmark: _Toc512609252]Appendix 1
[image: ]
[bookmark: _Toc512590339]Table 8 Total cost the compression moulding machine parts. (Manual)
Appendix 2 [bookmark: _Toc512590367]Figure 28 An example of template Equipment Maintenance. (Template of equipment Maintenance, n.d.)












[bookmark: _Toc512609254]Appendix 3

[bookmark: _Toc512590368]Figure 29 Quality House Deployment for compression moulding machine. PART 1[image: ]
[image: ]
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[bookmark: _Toc512590369]Figure 30 Quality House Deployment for compression moulding machine. PART 2
[bookmark: _Toc512609255]Appendix 4
[image: ]
[bookmark: _Toc512590370]Figure 31 Basic heat transfer ad some applications in polymer processing (John Valchoppilos)









[bookmark: _Toc512609256]Appendix 5
[image: ]
[bookmark: _Toc512590371]Figure 32 Technical information determining energy requirements.
[bookmark: _Toc512609257]Appendix 6 
 [bookmark: _Toc512590372]Figure 33 An example designs feature ratings scale.. (Manufacturing design – hand-outs form lecture)
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Low cost energy efficiency
measures can improve profits
significantly

The initial site energy survey
“The objective of an energy survey is to
gain an overview of the general site
energy use. Itis a walk around the site
with an energy manager's hat on. This
wilidentify some rapid no-cost or low-
cost improvements that can be made
10 save money.
‘The survey should be carried out as
Soon as possible - i energy s being
‘wasted now, tis costing money now.
‘The diagram shows the main areas of
energy use in plastics processing. Use
this as a guide during your walk-around
10 ook for areas of high or
unnecessary energy usage.

How do you do a site survey?

“Take an unannounced walk around
the site at around mid-shif.If there is
o night shift it can also be profitable to
take a walk around the factory when
there is no production being carried
out

nergy%

20Worksh

ets9%20(f

kmarks bar
~Are mere-any gooa reasons wy
‘machines need to be kept idiing to be
ready for the next production run?

Which motors are left running when
not doing productive work?

Why are the motors the size they are
and would a smaller motor be more
efficient?

‘Which cooling water pumps (and
chillers) and vacuum pumps are il
running?

Is the airflow from fans being throttied
back with dampers and could variable
speed drives be used instead?

Lok for areas of energy use where
o productive work is being carried out
and yet machines are running and
using energy.

Lok for water, air or steam leaks.

Where can you hear steam and
compressed air leaks? The hissing
noise you hear from leaks is costing
real money. f there is no production
being carried out then why is the
‘compressed air system stil running?

Is compressed air being used for
expensive appiications where other
cheaper methods can be used? g
cleaning or drying.

‘Does the compressed air pressure
need to be so high, o the vacuum so
low?

20-%20Tangram.

gs energy needs

Energy Energy Energy
L2 v v

Polymer [ Transport [»[  Heat [»  Form
Product |¢| Transport |«/PostProcess|«]  Cool
T 3 3

Energy Energy Energy

Energy uses in plastics processing

x

“AITINIATSTE SUrVey 1S 7 Key
starting point for energy saving

Asite energy survey is useless unless
action is taken as a result of the
findings. Use the survey to estimate
the excess energy usage of the site
and arrange for an electrician to
measure the factory electrical load and
calculate the costs involved. Use the
survey to identiy operating practices
that cost money and need to be
changed. The resuls of the survey
should be sentto the Managing
Director and Production Director with
full recommendations and costs for
carrying them out.

Raising energy awareness

‘The cost savings possible from energy
efficiency will only be achieved if there
is amanagement commitment to
actually carry out the work necessary
and save the money. This is best
ensured by having an energy policy
thatis as much a part of the overall
company operations as the quality
policy. The energy policy should ideally
be part of a broader company
environmental policy and, at the very
least, should be formally adopted with
top-level management commitment
‘The policy should be the responsibilty
of a designated Energy Manager who
has clear responsibily for energy
matters. There needs to be regular
formal and informal communication
with major users who are held
accountable for their energy usage
‘which should be monitored and
targeted. The quantified savings from
the implemented energy policy should
be promoted within the company and
used to create a favourable climate for
investment treatment of other energy
saving programmes

Energy efficiency is a competitive
advantage in any market and an iniial
site survey i the start of gaining the
advantage for your company.

Energy efficiency in plastics processing





image13.png
UWTSD MyDsy - myday % | £ Improving Energy Eficie x / %, Tangram

@

C Y | ® www.tangram.co.uk/

For quick access, place your bookmarks here on the

nergy

Apps kmarks bar.

Energy efficiency can be the
difference between profit and
loss for a company.

Energy savings

Allelectric injection moulding machines
have the potentil to reduce the energy
costs for a moulding by between 30
and 60%, depending on the moulding
and the machine. Similar savings are
possible across a broad range of
materials and material grades, and can
be achieved even if the cycie time is
kept a that required for conventional
machines. However, in many cases,
shorter cycle times are also possible by
using parallel operations (e.g. opening
and ejection at the same time) to
further reduce energy consumption and
increase productivty.

Allelectric machines also eliminate the
need for cooling the hydraulic system,
together with the associated equipment
requirements and energy use
Operational benefits

Removing the hydraulic system is one
of the major benefits with all-electric
machines. It brings many benefits,
including

~There is no hydraulic oil to be
stocked, provided, filtered, changed
or disposed of

~There s no hydraulic oil to
contaminate the product, the
operations area or the general
environment

~There is no start-up time delay while
‘waiting for the temperature of the
hydraulic oi to stabilise

Energy efficiency in

‘movement reduces the system inertia
(there are no valves to open or close)
and makes the process quicker, more
direct and more controllable. This can
lead to significant cycle time reductions
(up to 30%) without any loss of product
qualty

Maintenance
Allelectric machines generally require
‘much less maintenance; hydraulic
systems account for a high proportion
of the maintenance needs of
conventional machines. Removing the
hydrauiic system means:

There are no consumables such as oil
and fiers to carry

“There is no need for cleaning and
senvicing, or fixing oi leaks

“The smaller number of parts means
fewer to service and replace

Tosts
Allelectric machines bring significant
energy and cost benefits. Energy
savings of 30% are typical, but can rise
10.60% f cycle time reductions are
considered

Allelectric machines use less water;
depending on the product, water
‘consumption can be reduced by up to
65%.

Improved cycle times and increased
precision gives improved productivity,
‘while the reduced need for production
capacity can lead to significant cost
reductions overall

Allelectric machines offer a chance for
the UK moulding industry to save
energy and carbon, while also reducing
costs. Overseas compeitors are
already doing it

Injection Plasticising Opening

~ _Clamping Holding pressure Cooling
S
5. . Hydraulic )
2 -
E All-electric
in | / ) i
z
§
H
56
3
H
&

o

0 5 10 15 Time (520

‘Opportunities for energy savings through investment are everywhere.
‘Technology makes it possible to re-equip a factory for lower operating
costs.

plastics processing

Extrusion
Extrusion s not only a final forming
process but is also an intermediate

process for other processing
Sachnicaies suich s ilardio: mouddinn

design conditions.
Tip: Set the extruder to run at ts most
efficient speed (usually maximum
design speed) and control the screw
speed to give an extrusion rate as

of the machine condition and the need
for maintenance

Tip: Increasing the frequency of
maintenance costs time and money but
can lead to significant energy savings.
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Figure 4: Heat and mass transfer phenomena.
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2.1 General description
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What SmartPid can do?

Compared to simple on/off thermostat @
SmartPID controller can collect
temperature from multiple sensors,
apply a custom and programmable
control logic and drive different load
(heater, cooler, valve, fan..) with PID
precision algorithm

You can easily replace your @
thermostat and add full process
control to your application, data log
and remote management

In one word make your temperature @
process control SMART

Smart Thermostat

General purpose temperature

@® SmartPID Controller is a must device
for Do-It- Yourself Enthusiasts.
Software geeks, Makers, but also
professionals that need affordable
process controller

@® From homebrewing or wine making to
aquarium or refolow oven temperature
control SmartPID can add precision,
power, flexibility programmability

@® Via smartphone or web application
you can easily monitor your remote
process and mange all configuration
parameters

Smart Homebrewing
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25
Table 3
Selected Thermal Properties.
Polymer Solid Glass | Melting Point | Usual Melt |  Melt Thermal Heat Heat of Fusion
Density* | Transition Ta Processing | Density* | Conductivity | Capacity AH (1/kg)
p (glem’) T Range | p(kg/m) | k(Wm°C) | Cp(kg°C) (B/lb)
(Bwh ft°F) | Bulba°F)
HDPE | 0.941-0.967 | -130°C 130-137°C_ | 160-240°C 780 025 22002400 | 210,000-300,000
202F | 266278°F | 320464°F 0145 052:0.57 90-130
LDPE | 0915-0.935  -130°C 106-112°C 160-240°C 760 0.20 2200-2400 [ 190,000-240,000
200F | 223234°F | 320464F 0115 052:0.57 80-100
LLDPE | 09100925 | -130°C 125°C 160-240°C 760 020 22002400 | 190,000-240,000
202°F 257°F 320464°F 0115 052:0.57 80-100
PP | 08900910 | -20°C 165°C 180-240°C 730 018 20002200 | 210,000-260,000
4 329°F 356-464°F 010 048-0.52 90-110
PVC 130-158 80°C 175°C 165205°C | 1250 017 1000-1700 | 170,000-190,000
(Rigid) 176°F 34T°F 329-401°F 0.10 0.24-041 70-80
S T04-1.10 100°C | amorphous™ | 180-240°C | 1000 015 13002000 | amorphous™
212°F 356-464°F 009 031-048
PMMA | L17-120 105°C | amorphous™ | 180-230°C | 1050 019 14002400 | amorphous**
21°F 356-446°F oll 033057
PET 134139 80°C 265°C 275290°C | 1160 018 1800-2000 | 120,000-140,000
176°F 509°F 527-554°F 0.10 043048 50-60
ABS TOI-104 | 105-115°C | amorphous™ | 200-290°C 990 025 1300-1700 | amorphous™
21239°F 392-554°F 0145 031041
Nylon-66 | 113-115 90°C 265°C 275290°C 980 020 24002600 | 190,000-205,000
194°F 509°F 527-554°F, 0115 057-0.62 80-88
PC 12 140°C | amorphous™ | 250-305°C | 1050 022 13002200 | amorphous™
284°F 482-581°F 013 031052

'Melt densities have been estimated for roughly the mid-temperature of the processing range. See Mark [9] for expressions in the
form p = A-BT + CT.

Amorphous resin does not possess crystallinity and consequently no melting point or heat of fusion (i.¢. heat to break down crystal
strueture) can be determined.

" heat_transfer_revis..pdf ~ | B to measure the s..doc A Showall | X
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