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I have decided that I will investigate manufacturing methods used to produce the frames of eyeglasses. I will find an additive that offers the user greater personalisation and intricacy of design whilst ensuring the materials are durable enough to resist wear from general use. 




In this Project, I will look at an existing manufacturing system used to produce a product and provide the justification to why a different additive would be better. 
Introduction
The Component

A typical process used to manufacture metal wire frame glasses follow the listed actions:
Firstly, the frames for the lenses are made with a three-axis eye winding machine and a spool of metal wire. Metal rollers feed the wire into the machine, it is bent and cut into shape using a pre-programmed code. The wire has pre-cut grooves along the edge of the material, this is used to align and hold the lenses in the frame.
Inserts are placed between the two ends of the freshly cut frame. The inserts are held in a vice and the frame is held above in place. Both parts are cleaned using a fluid called flux which cleans and acts as an oxidation prevention for the metal. Next, a filler wire is heated with an electrical current which fuses the metal pieces together; this process is known as brazing.
The brazing process is repeated on the screw hinge which is used to connect the arms to the eye frame later.
The bridge of the frame is created using a small piece of metal which is cut to length and inserted into a press. The press creates the arc shape which will sit on the wearers nose.
These parts are now placed into a Jig which holds all the pieces into place, ensuring they are aligned straight. Once secured, all the pieces are then brazed together.
The brow bar is created using an automated machine which cuts into a length of metal, creating grooves which will sit on top of the lens frame. The bar is then pressed to create the shape required for it to sit in place properly. Again, this piece is the held into place and brazed. 
The hooks used to house the pads are brazed onto the underside of the bridge, these are used to rest frame on the user’s nose.
A strip of metal is stamped with the company/brand label on its length. The strip then has a hinge brazed onto one end and a plastic sleeve is placed onto the other. This will produce one of the arms for the frame. This process is repeated for the other side.
The lenses are now placed into the frame and a machine is then used to hold and insert screws that will hold the frame and the arms together.
Once completed, the arms are then inserted into a mechanical CAM where the arms are then bent to a 45 angle.

The Current Process 
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Hardware Requirements
Reel of metal Wire – The consumable raw material, pre-cut grooves are required.

Hinges, hooks and sleeves - Consumables

Specialised Jig and clamps – These need to be specially made to the correct shape and size of the finished product, essentially a mould. These would need to be maintained or replaced regularly to ensure that the finished products are manufactured accurately.

3-axis winding machine – This would need to be routinely maintained/calibrated. 

Brazing equipment – This will include: 	1 x oxygen regulator
1 x acetylene regulator
1 x brazing torch and mixer
Filler wire
The user will need to be properly trained and will require a high level of PPE to ensure safety.

Mechanical Press – Minor maintenance required, would need to be calibrated routinely.

Automated Drill – The user will need to be suitably trained to use the equipment.

Mechanical CAM – Appropriate training would be required to use.

Software Requirements
The CNC coding software designed to be used in conjunction with the 3-axis winding machine – This would require the user to be able to read and write CNC programs to gain the maximum potential out of the software.

Materials 
The materials used to make wire frame glasses can be one of many metals/alloys including: titanium, beryllium, flexon and aluminium. Each material has its own benefits. Such benefits can include: Flexibility, Strength and if they are resistant to any corrosion. Appendix 3 
Monel frames are another type of metal that unfortunately comes with a side effect of being hypoallergenic. This means for some individuals it may cause irritation and other reactions.
The metal frames are a sleek choice and preferable to some. This is adequate for those with lower prescriptions; however, it leaves those with higher prescriptions and thicker lenses without the option. 




The Current Process 



I have decided that 3D printing will be the additive I will use to manufacture eyeglass frames. Also using a different type of material to combat some of the short comings of metal frames.
The Process
Initially, the user will be able to scan a 3D image of their face. This could be done on a simple app on a mobile phone. Using current facial recognition software and the high-quality cameras available to modern mobile technology, a high quality rendered 3D image of the face could be created. This 3D image can be sent digitally to the manufacturer who can then use the 3D image to develop a design that will ensure the frame can sit on the users face comfortably and align on the face straight. The design will provide the user with an augmented personalised frame for their face.
The designer can produce their 3D model onto one of the many 3D printer friendly software (including Solidworks, Sketchup, Blender.. etc). The 3D software can allow for further personalisation by allowing greater aesthetic choices for the frames and the arms. The finished 3D model can then be sent to a 3D printer.
The designer will need to design the lens frame and the arms. The hinges can be attached to each part by fitting a screw through holes pre-designed into the frame and arms. 


The Additive
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Image Sourced from:
 https://www.cadtutor.net/forum/topic/23204-glasses-modeling/
Hardware Requirements
Camera – This requirement is negligible because the end user can digitally send the images over.
3D Printer – This would need to be maintained with spare nozzles, operator must be trained. 
SILASTIC™ 3D 3335 Liquid Silicone Rubber – The consumable raw material
Hinges - Consumables
Hand tools – 	Screwdriver for fitting the hinges 
Deburring kit for any burrs left from the 3D printer

Image Sourced from: https://www.bellus3d.com/



Software Requirements
Camera Software – looking into existing brands, external mobile apps can be used to generate a 3D image of an individual’s head. This image can then be exported to a 3D printer friendly software.
3D software – Someone who is trained to use 3D software will be required to design the frames to specification. They will also need to be able to operate the 3D printer. One of many compatible software exist and are relatively affordable.

Materials
One of the potential materials I researched was to use an elastic filament to 3D print frames. From researching different potential materials, I found that the flexible filament produced by eSUN provided a material that was flexible and returned to normal shape after pressure had been applied to it. The material would meet most criteria; however, it would need to be sturdier as it may not be able to hold the lenses without requiring becoming a thicker size to hold the weight. This is not desirable as the typical user would prefer a sleeker design. Also, looking at the data sheet, it does not match up compared to the next material’s Elongation factor. Appendix 1

The next material I looked at was silicone rubbers. The technology to use liquid silicone rubber (LSR) to 3D print already exist. The material is already ideal for making prototypes and complex parts and is produced at a promptly rate. Dow silicones has produced its own SILASTIC™ 3D 3335 Liquid Silicone Rubber which comes in clear but can also be dyed to different colours. This is ideal for aiding the personalisation of the eyeglass frames. The materials accomplishments under tests shows it to be a viable option. Appendix 2
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Speed
This method takes a moderate amount of time to complete a single product, mostly due to the need for many parts to be individual manufactured. On the other hand, mass production lines using this method can produce great quantities in a similar time.
This can be a lengthier process in the design stage. This is due to the requirement of getting the design to fit properly for the individual. Outside this, the other stages can be done with great speed.
Accuracy
The current process allows the product to be produced to a pre-set specification. The accuracy of the equipment will remain great for as long as all equipment for each stage has been calibrated efficiently. CNC coding will need to be used to produce the frames on the winding machine. The code will need to be tested with prototypes to ensure accuracy. There is room for error when manually brazing the parts. 
The 3D printer itself replicates the model in the software highly accurately. The potential inaccuracies come with the designer.  However, using the 3D model of the customers head should minimise such mistakes from forming. Care should be taken when fitting the hinges onto the frame and arms.

Potential intricacy
There is opportunity for different styles to be produced. Unfortunately, this method is limited due to the frame being made of a single wire and the arms are made of a single length of metal.

The 3D printer has a near limitless potential when it comes to intricacy. If it can be developed in the software, it can be printed. The only limits are due to any structural concerns the design produces. 
Waste
With accurate preparation, this method can produce very little waste, although there will be small amounts of metal waste when cutting the bridges and brow bars.
The only waste materials produced in this method is any burrs they require removing from the printed parts.
Safety
There are far greater risks with this method, specifically when it comes to brazing. The majority of the production process requires manual labour to complete the product. This means the operator of the process will be in the line of fire often.
There are very few safety risks. Care should be taken when setting up and using the 3D printer. There should also be care taken when deburring the material.
Efficiency
The automated system will make certain manual tasks run quickly and with accuracy. Efficiency is dependable on how the operator conducts the manual tasks in the process.
The overall process is slower per product, but it will ensure higher quality. Whilst waiting for the 3D model to complete printing, the designer can move onto the next frame design. Minimal machinery is involved in the process.

Customer Potential
This process will produce batch products that are designed for generic audiences.
This process will produce single high-quality products tailored to the individual. It also allows those with thicker lenses to have more options over todays current selection.


The Comparison





The new additive’s aim is to produce a higher quality product that will be personalised specifically for each customer. 
It succeeds over the other method by: 
· Ensuring it produces less waste. 
· Allowing greater design possibilities with more freedom to create superior levels of intricacies. 
· Using a material that will not rust, corrode and will remain flexible but will still return to its original shape under everyday stress.
· Personalising the product so that it can work at its most efficiently for the end user.
· Allowing people with all sight abilities to have frames that suit them.
· Ensuring the product is created to a higher level of accuracy.
· Making the production style safer by eliminating health and safety risks in the workplace.
Overall, the additive improves over the other methods weaknesses and builds upon its strengths.
The Conclusion
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@.SUN%&L Data Sheet of eSUN 3D Filament

Item Unit ABS HIPS PLA PETG Flexible

Density kg/m’ 1.01 1.02-1.06 1.20-1.25 - 123 1.15 1.1

Melt Point C 220-260 220-260 190-220 180-200 230-250 220-260 190-220

Melt Flow Index | /10 min 143 6.68 78 16.28 20 3

Tensile Yield
Strength

ElongationatBreak % 20.86 443 40-50

Mpa 40.96 26.5 62.63 49 50-55

FlexuralStrength Mpa 4544 65.02 85-90

FlexuralModulus Mpa 1948.45 2504.4 2000-2400

Impact Strength ? 211 428 75 354

Accuracy 3mm:2.9-3.0mm/1.75mm: 1.7 - 1.8 mm

Tel: 86-755-26031978 Tel: 86-755-26031980 bright@brightcn.net esunchina.net
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Typical Properties
Specification Writers: These values are not intended for use in preparing specifications.

Test Property Unit Result? Result®
ASTM! D2240 Durometer Hardness' Shore A “ 46
ASTMD412 Elongation % 480 410
ASTM D412 Tensie Strength MPa 95 10
ASTM D624 B Tear Strength Nm 45 40
ASTM D792 ‘Specifc Gravity 112
CTME 1094 Viscosity Part A (10s-1) Pas 158

Viscosity Part B (10s-1) Pas 159

TASTM: American Sociey or Tesiing and Materials

23D printed (Nozzle diameter 0.4 mm), varatons in prnting conditons may occur
53D printed (as in 3) and post-cured; Post-cure condions: 4 hours at 200°C
“For 3D printed parts hardness measurement taken on 3 x 2 mm thick laes.
“CTM: Corporate Test Method, copies of CTM' are available on request.
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