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2. [bookmark: _Toc497495163]Introduction
Precious plastics was started by Dave Hakkens in 2013 as part of a graduation project organisations on a low budget the opportunity to get involved in all aspects of recycling plastics. (ThisIsEindahoven.com, 2017). The initiative is an open souse project that is designed to give people from all over the world the opportunity to recycle plastic from their community and make new products of their own.[image: ]
Figure 1 – Precious plastics adapted 40ft container (Image used is from  https://preciousplastic.com/images/Thumb-workspace.jpg)

The precious plastic website allows the user to download everything needed to plan and build four machines that fit into a 40ft container. It consists of a shredding machine, extrusion machine, an injection moulding machine and compression unit as well as all of the materials necessary to give users a good understanding of sorting, cleaning and melting of commonly recycled plastics.[image: ]
Figure 2 – Image consists of all four machines designed by Precious plastics, starting with the shredding, Extrusion, Injection moulding and compression machines. (This image was found at www.revistacodigo.com/wp-content/uploads/2016/04/machines.png)

[bookmark: _GoBack]Of the four machines, the shredding machine is used to break up the plastics into smaller pieces, this allows the other three machines to reform the material. The extrusion and extraction machines both melt the shredded material in a barrel and push it out of a small opening at the end of the barrel, with just one difference, the extrusion machine creates a two-dimensional linear shape where as the injection moulding machine produces three-dimensional shapes using a pre-moulded cast which attached to the end of the barrel.The compression machine is a little different as it heats the material in an oven and uses a jack to create pressure that closes two sides of a mould to form the desired shape.
As the purpose of this report is to choose one machine to redesign for educational purposes, a number of design features must be carefully considered, such as, the health and safety aspects of potentially having young children within touching distance of the machines, safety guards must be added but these features can’t hinder the raw design, so that components can be identifiable.



3. [bookmark: _Toc497495164]Findings
3.1 Task 1 – Initial Analysis & Critical appraisals 
The job of an injection moulding machine is to heat up a chosen thermoplastic polymer to the appropriate temperature as to liquify the material so that it can be injected into a mould tool, where it can be left to cool and solidify into its preferred shape.[image: ]
(Figure 3 – common Industrial Injection Moulding machine (image found at http://ptfe-machinery.com/wp-content/uploads/2017/02/injection-moulding.png)

Figure 3 shows the basic process of how injection moulding is carried out in an industrial setting. 
The plastic pellets are poured into a hopper which feeds a barrel which contains a reciprocating helical shaped screw. The barrel is heated using thermo-couplings and that is carefully designed to heat the plastic to its melting point and the screw is used to mix the material to produce a uniformed consistency, the screw consists of three zones; 
	Feed Zone
	Constant flight depth and width
	used to remove air from material


	Melt Zone
	decreasing flight depth and consistent width
	forces the molecules together and plasticises the material


	Metering Zone
	constant flight depth and width
	uniforms the consistency of the material


[image: ]Figure 4 (found at http://www.dc.engr.scu.edu/cmdoc/dg_doc/images/process/control/b1000002/03zones/zones.gif)
While the screw rotates to force the material past the series of thermo-couplers which melts the plastic, it also retracts to allow a build-up of material in front of the screw. At this point a hydraulic pump forces the screw forward, injecting the material through the nozzle into a mould tool and quickly solidifies, the split mould then parts and ejection pins push the newly formed part out of the mould.
3.1.1 Advantages and disadvantages of injection moulding
Injection moulding is the most common manufacturing process in the world, it allows engineers to mould numerous materials including polymers and metals into complex shapes with ease. This means that saleable items can be redesigned via ‘Design for Manufacture’ and ‘Design for Assembly’ to contain less parts, which reduces production times and lowers cost. 
The main disadvantage of injection moulding is the initial out lay of the machine and tooling. The for this is because a prototype must be made using in either a CNC or a 3D printer, then a prototype of the injection moulding tool which is used for testing and analysis and finally after rigours testing your able to start producing injection moulded parts. This phase needs to be carried out by specialist engineers due to the complications that can take place. 
Other disadvantages include:
· Parts aren’t easily changed or redesigned after manufacturing has started. This is because the tools are commonly made of harder materials such as steel or aluminium. This means that material from the tools can be removed but it’s more difficult to add because it would need to be welded in and a CNC would need to re-machine the part. This is very time consuming and expensive.
· Large and more complex items are more difficult to produce using injection moulding due to the mechanical properties of the materials used and the size of the injection moulding machines. 


3.1.2 Possible defects
There a number of defects that can occur when injection moulding. 
	Process Problems

	Flow lines
	A result of uneven cooling of material.
Can occur when material flows in different directions or through different wall thicknesses throughout the mould.

	Round off corners in mould. 
Increase temp, injection speed and pressure

	Burn marks
	Caused by trapped air in the mould.
Poor resin quality.
Overheating the mould cavity
	Lower temp of mould and/or melt.
Shorten the mould cycle time.
include gas vents.

	warping
	Mould cooling to fast, 
gets worse in excessive temperature.
Poor thermal conductive properties of plastic.
	Slow down cooling process
Lower temperature.
Choose a more suited material.
Redesign mould tool to be more symmetrical and uniformed wall thickness.

	Vacuum voids/air pockets
	Low moulding pressure.
Material cools too quickly.
Poor material selection.
More often found in thicker parts of a mould.
	Raise injection pressure. Choose high grade materials.
Include gates near the thickest parts of the mould.

	Sink marks
	Cooling time too slow
Non-uniformed mould wall thickness
Material to thick.
	Increase holding pressure and cooling time.
Redesign mould to have thinner, more uniformed wall thicknesses

	Weld lines
	Material cooling during injection and meeting other fronts causing inefficient bonding.
	Raise material temperature, injection spend and pressure.
Redesign mould.
Choose material with lower melting temperature

	jetting
	Excessive injection pressure.
	Reduce injection pressure.
Increase material and mould temperature.
Redesign mould so that gate is parallel with the mould.

	Caused by material storage

	discolouration
	Inclusion of material leftover from other moulds. 
Low grade material, related to thermal stability of dye. 
Poor mixing of batch.
	Clean and clear the hopper barrel and nozzle before changing colours.
Choose good quality material.
Thoroughly mix material before use.

	delamination
	Contamination of base material of an incompatible material or excess release agent.
Excess moisture on material due to inadequate drying before use.
	Increase pre-drying time or temperature of material before use.
Ensure proper sorting and storage.

	Mould design and Maintenance

	Short shot
	Poor mould design (Slow flow rate due to narrow channels or blocked gates).
Low injection pressure or mould temperature.

	Widen channels and/or gates.
Increase injection speed and pressure as well as mould temperature.
Include extra vent for good air flow.

	Flash
	Poorly designed, worn or degraded moulds.
Excessive mould temperature or injection pressure.
Poor clamping force.
	Replace or redesign mould tool.
Decrease material temperature and/or injection pressure.
Increase clamping force.


 

3.1.3 Commercial machines
Commercial machines are used by many businesses all around the world to produce high quality parts in large quantities. A large range of materials can be used in the injection moulding process and most industries take advantage of the versatility and speed of the process. Below is an illustration of todays commercial injection moulding machines.
[image: ]

3.1.4 Benchtop machines 
Bench top machines are more commonly used by smaller companies that need to replicate small parts when needed and DIY enthusiasts for lower quantity parts. These machines are usually capable machines that can produce repeatable plastic parts in good time and at low cost.
These machines enjoy most of the common features of a commercial machine but non-essential features such as the reciprocal screw, hydraulic pumps and the sophisticated electronics that allow the commercial machines to work autonomously. They are removed to save weight, space and money. The loss of these feature can have a negative impact on the quality of the parts being produced.
Commercial machines are usually categorised in tonnage, which referred to a tonnage.  
3.1.5 Precious plastics injection moulding machine[image: ]
Figure 5 – Precious plastic Injection moulding machine (Image from https://preciousplastic.com/images/machine-injection.png)

The precious plastic design is a stripped back version of the injection moulding machines of today, the hopper is filled with material which is gravity fed into an extruded barrel, which is heated using four heating elements, a lever is then used to create the pressure necessary to fill the mould. This design is an extremely primitive design that resembles the designs of old whereby there is no reciprocating screw and uneven pressure/speeds. This will increase the probability of imperfections in the mould due to uneven heating and mixing of the material (Rapid, 2017). 
The maximum quantity of material that can be injected is 193.7ml of recycled material. The mass of maximum size of the mould would depend on the size and shape of the shredded materials. This value was derived from this calculation;
193789mm³
365mm is the length of the barrel from the bottom of the hopper opening to the end of the barrel and the pipe used in their design has an id of 26mm. And to convert mm³ to ml one would need to x10¯³, therefore a value of 193.7ml is found.
3.1.6 Modular design and standardised components
There are many reasons to uphold the modular characteristic of the precious plastics design. The main reasons are flexibility, cost effective and predictability of the parts. 
Flexibility - parts can be changed to suit the needs of the user easily without the need of re-engineering new ones, as most ‘off the shelf’ components have variations to suit different individual’s needs. 
Cost Effectiveness – most standardised components are mass produced and have competitors, making them very cheap in comparison to tailor made parts.
Predictability – parts are pre-tested for performance which simplifies planning and engineering.
Sustainability – using a modular design ensures that the machine will be serviceable for years to come.
http://www.rosebt.com/uploads/8/1/8/1/8181762/pros_and_cons_of_modular_systems.pdf 
The cons of modular design emanate around patenting and competition replicating products and selling at a lower cost, they are able to do this because they don’t need to spend as much money on the research, design and testing. Competitors are able to duplicate modular designs much easier than none standardised designs.
As this machine will not be sold but instead used as an educational tool to promote recycling and how industry uses the machines to recycle plastics, the end user may encourage the replication of the design.
Standard sizes for barrel https://www.steeltube.sk/zelpo/vyrobky.nsf/Tab13UK?OpenPage 




3.1.7 Health and safety 
A risk assessment was constructed to identify potential hazards that my cause future issues.
	What are the hazards?
	Who might be harmed and how?
	What are you already doing?
	Do you need to do anything else to control this risk?

	
	
	
	

	Trip over base
	Staff and visitors may be injured if they trip over the base of the machine.
	No current measures being taken
	Mount machine to a different surface or more stable base

	
	
	
	Make base more eye catching, remove altogether 

	Burns
	Staff or visitors may touch heating element of machine
	No current measures being taken
	Signage

	
	
	
	

	
	
	
	Guards added

	
	
	
	

	Entanglement
	Staff and visitors may be injured if loose clothing or fingers get into the hopper while in operation 
	Small hopper
	Hopper could be placed higher     

	
	
	
	

	
	
	
	Lid could be added to hopper   

	
	
	
	

	
	
	
	



The main health and safety issues when using an injection moulding machine are burns and smoke inhalation (HSE, 2015)
3.1.8 QFD – Quality Function Deployment
QFD was developed in japan during the 1960’s by Yoji Akao to comparable characteristics against the customer demands and current products against other products to determine which features are more valued by customers and whether characteristics of some features influence other features within the design. In this instance a QFD was completed to compare a typical injection moulding machine, the original precious plastic machine, the upgraded version and a typical benchtop machine. 
It was derived that the key quality demands for any injection moulding machine where;
	Visibility,
Ability to fill mould tool
Stability
Ease of use
Fast production

	Ease of filling hopper
Safe to use
Ability to melt material
Low cost
High material volume





3.1.9 Findings
	
	Typical Industrial machine
	Precious Plastic main design
	Precious Plastic Up-graded Design
	Typical Bench top Machine

	Educational visibility
	0
	3
	5
	4

	Able to fill mould tool
	5
	3
	2
	4

	Stability
	5
	2
	4
	3

	Easily filled hopper
	2
	5
	5
	3

	Safe to use
	5
	1
	0
	3

	Ability to melt plastic
	5
	2
	2
	3

	Low cost
	0
	4
	5
	2

	Ease of use
	0
	2
	3
	5

	Fast production
	5
	0
	1
	3

	High material volume
	5
	3
	2
	0

	
	32
	25
	28
	28



By adding up the points of the QFDs Competitive Analysis it is obvious that the Typical Commercial Machine is the more desirable option with a total of 32 points for injection moulding but consumers see it as very expensive, difficult to operate and offers very little visibility for learners. 
In joint second, with 28 points, are the Precious Plastics Upgraded Design and the Typical Bench Top Machine, this is actually due to the fact that there is no weighting to the customer demands. Below shows the resulted when the weighing is applied. It clearly shows that the Typical Bench Top Machine is the better machine. 
Both offer a high degree of Educational Visibility meaning learners are able to see what is happening at each stage of the injection process and they are both have a fair ability to heat the material.
	
	Weight
	Typical Industrial machine
	Precious Plastic main design 
	Precious Plastic Up-graded Design 
	Typical Bench top Machine

	Educational visibility
	1.0
	0
	0
	3
	3
	5
	5
	4
	4

	Able to fill mould tool
	4.0
	5
	20
	3
	12
	2
	8
	4
	16

	Stability
	3.0
	5
	15
	2
	6
	4
	12
	3
	9

	Easily filled hopper
	3.5
	2
	7
	5
	18
	5
	18
	3
	10.5

	Safe to use
	5.0
	5
	25
	1
	5
	0
	0
	3
	15

	Ability to melt plastic
	4.5
	5
	23
	2
	9
	2
	9
	3
	13.5

	Low cost
	4.0
	0
	0
	4
	16
	5
	20
	2
	8

	Ease of use
	5.0
	0
	0
	2
	10
	3
	15
	5
	25

	Fast production
	2.5
	5
	13
	0
	0
	1
	3
	3
	7.5

	High material volume 
	3.5
	5
	18
	3
	11
	2
	7
	0
	0

	
	
	32
	120
	25
	89
	29
	96
	30
	109



There are some discrepancies with the data, this may be due to public perception as the Precious Plastics Upgraded Design uses the same hopper, heating system, barrel and ram as their Main machine. 
The only real difference between the precious plastics machines is the presents of a stand, the upgraded design is fixed to the wall of the container but the original is a stand-alone unit.  Other areas where public perception may be a factor for these machines are High material volume, Faster production, Ease of use, Safe to use, Stability and Ability to fill mould. In some cases, the data seems contradictive. It shows that the public perceive that the main design which is on a stand is safer to use but the upgraded, wall mounted, design is the more stable yet all other features are identical.
The table below is a re-calculation of the values given above, but the values which are perceived to be different of the although the parts remained the same (e.g. Easily filled hopper), have been altered so that they are equal. The results show that the redesign can now be deemed as a more desirable machine than the Typical Bench top Machine.
	
	Typical Industrial machine
	Precious Plastic main design
	Precious Plastic Up-graded Design
	Typical Bench top Machine

	Educational visibility
	0
	3
	5
	4

	Able to fill mould tool
	5
	3
	3
	4

	Stability
	5
	2
	4
	3

	Easily filled hopper
	2
	5
	5
	3

	Safe to use
	5
	1
	0
	3

	Ability to melt plastic
	5
	2
	2
	3

	Low cost
	0
	4
	5
	2

	Ease of use
	0
	2
	2
	5

	Fast production
	5
	0
	0
	3

	High material volume
	5
	3
	3
	0

	
	32
	23
	29
	28



3.2 Design Specification 
The final design should achieve the following goals.
Must:
· Must come into a budget of £2000
· Must facilitate learning for all ages
· Viewable components
· Perspex on hopper
· High level of safety
· Guards
· ventilation
· Modular design
Preferred: 
·  Resemble current industry standard machines
· Include mixing drill bit
· Run autonomously using electronics and/or hydraulics 
· Low energy/wattage if motors are used
· Low maintenance 

3.3 Appraisal of Design Solutions 
For this project I have chosen to stick to a modular design, the main advantages of this are:
· Components can be upgraded or changed easily without needing to dismantle the rest of the machine.
· Components that breakdown don’t need to be a specific type therefore easy to sources broken parts.
The machine will be broken down into five Sections.
	Ram
	Used to apply the force necessary to inject the material into the mould.


	Hopper
	Container that holds material before it reaches the barrel


	Barrel
	Area where the material is heated before being transferred into the mould.


	Shaft
	The part that pushes the material through the barrel 


	Moulding area
	The area where the mouldings will be held in position



3.3.1 Injection Ram
Manual press 
[image: ]
Very basic design that is taken from the precious plastic design, very easy to use and cheap to build but this design may not produce the pressure necessary to fill the tool with material causing poor parts. 






Rack and pinion 
[image: ]
User rotates a lever which is attached to a pinion/sprocket, which moves a splined rack in the desired direction.
The rack and pinion method would allow the user full control over the pressure and speed applied. Very easy to use, low risk of failure and very little maintenance. Slow application of pressure

Manual hydraulic press
[image: ]
The operator uses a lever to pump which applies pressure to a small cylinder filled with oil, which in turn pushes a piston out. 
Again, very easy to use but more expensive than the manual press, piston is slow moving, which could mean the material could harden before it reaches its preferred destination and the piston would be slow to return to the starting position, therefore only good for smaller moulded parts. 
Electronic hydraulic press[image: ]Electric hydraulic press


Easiest to operate very high pressure can be applied from the touch of a button, very expensive can be slow, needs regular maintenance, failure can be very dangerous due to the high pressures.
Pneumatic systems[image: ]State of the are pneumatic control system for applying variable speed and pressure during injection.

A pneumatic system would be the perfect answer if it wasn’t so expensive to buy and maintain. It is typically used in commercial machines and it can offer variable speed and pressure. 
3.3.2 Hopper
The hopper is a type of fixed funnel that allows the user to pour more than enough material into the machine before it is switched on. It is an important safety feature as it reduces the risk of clothing or body parts getting caught in the machine, which can be very dangerous.  
An open hopper is exactly how it sounds, a hopper that has no lid therefore open for contaminates. Open hoppers can be designed so that reaching hands aren’t able to get close enough to the barrel to cause injury.  An enclosed hopper is one in which has a lid or cover, that could also incorporate further safety features such as an automatic shut off switch. This would shut off the power supply to the machine if/when the hopper lid is opened. 
3.3.3 Barrel
There only two-real options for barrel orientation, they are horizontal and vertical. The horizontal orientation allows for a steady feed of material into the hopper but takes up the most space. 
Vertical barrel orientation takes up less space therefore less material is needed to build a table for the machine to be rested upon.
In precious plastics extrusion video, they talk about the two types of pipe, extruded pipe and welded pipe, it is very important that an extruded pipe is used as it does not have a weld line running down the inside of the pipe. Using a welded pipe would cause premature ware on the shaft or screw. 
3.3.4 Shaft
The are two main groups of ram or shaft, they are a solid bar/shaft which are mostly used in benchtop machine and the are screw shafts.
A solid shaft is quite literally a solid bar. This is by far the cheapest option as this option but would require more heat to penetrate into the centre of the barrel. This increases the possibility of the outer edges of the material to overheat and possibly burn, while the material in the centre of the barrel remains solidified.  this can cause voids, delamination and burning of the material. 
However, the screw shaft combines pressure and heat to mix the material evenly, built the can be very expensive as they are a specialist part and it is very like it will need to be machined as its wasn’t possible to source an “off the shelf” part for this project. It also requires a motor, cogs or pullies, 

3.3.5 Moulding tool clampDrill Press vice[image: ]Image found at  
https://www.ebay.com/itm/3-INCH-DRILL-PRESS-VISE-CLAMP-/121397740063 


Due to the fact there are literally hundreds of types of clamping systems on the marked, this report will only look at two of the most common clamps found on bench top injection moulding machines because commercial machines use very expensive, sophisticated hydraulic clamps and precious plastics us a screw to hold their mould therefore it was not deemed necessary to compare them.
From what can be seen when comparing benchtop injection moulding machines, the mould tool is usually clamped down using either a toggle lever clamp or a small vice much like a drill press vice.Toggle Lever clamp 
[image: ]This image was found at http://www.toggle-clamp.eu/adjustable-straight-line-clamping-lever.asphttp://www.toggle-clamp.eu/adjustable-straight-line-clamping-lever.asp


Both are fairly cheap, reliable easy to use and they both offer more than enough clamping force to do the job of holding the mould tool in position.
The only real difference is the toggle a little simpler to use as all is need to push the handle from 90⁰ to 0⁰.





3.4 Final Design Solution
All assemblies and parts will be send via turn it in. 
3.4.1 General 
For the final design solution, it would be most suited to stick as close to the industrial design as it provides a better visual aid for educational purposes, therefore a horizontal design, with a screw would give the learners a better understanding of what happens. This is a more expensive and design, therefore it is recommended to use the injection moulding machine as an extrusion machine also. The tips of the machine can be replaced to suite various extrusion or injection moulding preferences.
To switch the machine from injection to extrusion two very slight adjustments need to be made
· the mechanism that controls the injection of material can be locked into position and the moulding tool can be replaced with the barrel tip necessary for the extrusion process.
· to change from extrusion to injection moulding, simply remove the tip and replace it with a twin male reducer, so that the moulding tool can be screwed on and locked into position with the drill press clamp.
3.4.2 Barrel
For this design a vertical barrel orientation has been used so that a feed screw can be used. This design provides a better educational experience for learners as it is a better representation of a modern commercial machine, it also provides a more consistent mixture of material which reduces the risk of mould defects such as material deterioration which can cause uneven drying. This means that a feed screw, motor, pullies and belt will need to be sourced. The barrel that has been used is has a 30mm ID and 150mm injection capability which allows a mould capacity of approx. 106028mm³ per mould which is approx. 100ml of material.
3.4.3 Pulleys and belt
The pullies and belt are an important part of the machine there fore it would be important to get the right configuration when choosing the right belt, due to the nature of this assignment it will be impossible to ensure the motor that is found runs to the exact specification. Therefore, the pullies and belt could not be specified. 
The length of the belt would need to be found using this equation;
 + + 2 times the distance from the centre of A and B
1.1.1 Motor
The motor will need to be a slow running motor with a fair amount of power to turn the screw, 230v 60-80RPM. This may be an issue because front looking at used 220-240v motors on Ebay.co.uk and Gumtree, the lowest RPM that was found was 1400RPM. This would require 2 step down pulleys, first a 10:1 then a 2:1 to get to the required speed.
1.1.2 Injector 
A bottle jack press is used to create the force necessary to push the molten material into the mould tool, the reason this was chosen was because it’s fairly cheap at £9.95 for the bottle jack and a small section of plate welded together, it’s very easy to use and would allow the younger people to be more interactive. The main downside to using this type of injector is there is no automatic retraction, therefore the actuator rod must to rely on the force caused by the build-up of plastic being feed through the feed screw to reset it, this may slow down production time as the screw may jam and need to be rest manually. It would provide a much more steady stroke and at a faster rate but it would mean that moulds would not be as intricate because of the fairly low force created and is more expensive at $85 from china plus shipping and taxes.
3.4.5 Tool clamp  
The tool camp that has been chosen is the toggle type clamp, this method provides a high adjustable clamping force, which reduces the risk of flashing and is very easy and quick to use, allowing the user to enjoy fast production times and ease of use. The clamp will be fastened down using toggle fasteners so that it can be easily removed when switching from injection moulding to extrusion.
3.4.6 Safety, Guarding and ventilation 
Due to the hazards associated with this type of machine the main safety feature will be a key start, this will mean that no power will be able to flow through it until the trained operator is at the machine and ready to monitor the learners while the machine is running.
For guarding and ventilation it has been deemed that enclosing the entire barrel and motor in a transparent Perspex box with the ventilation system drawing and fumes out of the rear side as to not hinder the area in which the learners can watch how the machine works. It will be clipped down using toggle clips for ease of use. 
3.4.7 Cleaning and maintenance 
before using the machine, it must be checked over thoroughly using the HSE check list found from the document, Safety at injection moulding machines, (HSE, 2015). 
After use the machine barrel, feed screw, hopper and injection tip must be cleaned using a wire brush and release agent to remove any remnants of plastic as it could cause defect in future mould or cause premature ware of the machine.
3.4.8 Disclaimer 
To save on cost where possible as much of the material can be found from salvage yards or second hand. This would mean that the figures and materials used in this design may need to be reassessed during the building process (e.g. the motor found may not be the right speed and/or power that’s needed for the screw to run at its optimum efficiency, therefore, the ratios of the jockey wheels will need to be altered).


4 [bookmark: _Toc497495167]Conclusion 
This machine has been designed to provide a good tool so that it can be used to make plastic items for the community, to offer people the opportunity to learn about how plastic is recycled and reused as well as to show people how a commercial machine is used in industry. This machine ticks all of those boxes so to that end it has succeeded. There are a few issues that may need to be resolved during the testing phase, such as which pullies will be needed to run the feed screw at the optimum speed. 
The testers will need to look at whether the bottle jack can be pumped fast enough to fill some of the bigger moulds.
The main possible downfall of this machine is the bottle jack press, this design may cause flashing, jetting and weld lines if the it isn’t pumped quick enough. This issue can be overcome by installing either an electric hydraulic actuator. This would expensive as it would mean a lot of new components which will need regular testing and servicing. A better option for the would be to use a pneumatic actuator run off an electronic system.
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Bottle Jack https://www.screwfix.com/p/hilka-pro-craft-2-tonne-bottle-jack/54957?kpid=54957&ds_kid=92700031520411472&utm_source=bing&utm_medium=cpc&utm_campaign=PX%20%7C%20Shopping%20%7C%20Auto%20%26%20Cleaning&utm_term=4584001416253231&utm_content=G%20-%20Garage%20Equipment&ds_rl=1245250&gclid=CIHNhOO87dsCFUPmGwodFvYJdw&gclsrc=ds&dclid=CNfbjeO87dsCFVYi0wodoCsPNA £9.99 new

Electric actuator https://www.aliexpress.com/item/100mm-Linear-actuator-12V-DC-50mm-s-fast-shipping/32864986977.html?spm=2114.search0104.3.51.a94036d3uecfNl&ws_ab_test=searchweb0_0,searchweb201602_5_10152_10065_10151_10344_10068_10130_5722815_10324_10342_10547_10325_10343_10340_5722915_10548_10341_5722615_10696_10192_10190_10084_10083_10618_10307_10820_10301_10821_10303_5722715_10059_306_100031_10103_10624_10623_10622_5722515_10621_10620,searchweb201603_25,ppcSwitch_5&algo_expid=0bac8404-d658-4a36-8686-a1b8c6bd4588-8&algo_pvid=0bac8404-d658-4a36-8686-a1b8c6bd4588&transAbTest=ae803_2&priceBeautifyAB=0
11

image2.jpg




image3.png




image4.png
Injection Molding

Split mold

Ejector

A e pins

Screw motions Screw Heaters Barrel Nozzle Sprue





image5.gif
Feed Transition Metering
zone Zone | zone





image6.jpg
Hydraulic Press
Clarping Chain Ejector Pin
Clarnping Motor Drive Mold Core
Mold Cavity
Stationary Support Plate
Stationary Platen

lieBar Raw Material

Hooper

Screw Motor Drive
Hydraulic Press

Reciprocating Screw

Heaters — volten Plastic

Copyright©2009 www.vulcanmold.com




image7.png




image8.jpg




image9.jpg




image10.jpeg




image11.png




image12.jpg




image13.jpeg




image14.jpeg




image1.png




image2.png




