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Ball bearing necklace 

Design brief

A friend of mine was delighted when he discovered an online source of ball bearings - (http://www.atlasball.co.uk/)  – available in various sizes and metals. In due cause several different samples arrived in the house. This gave me the idea to create a design which incorporated semi-precious silver with the humble ball bearing.

Research

Initially I planned to create a silver pendant with tube set ball bearings (a new process for me to attempt) on a chain which I had made. I then spent a month experimenting with chain making, using Classical Loop-in-loop Chains and Their Derivatives by Jean Reist Stark and Josephine R. Smith as a source of information. However, even using fine silver wire, this proved to be much trickier than I expected from the apparently simple instructions. 

Whilst my attempts at basic single loop-in-loop and basic pinched loop chain produced usable  output, the fact that others described it as ‘dog chain’ (basic single loop-in-loop) or ‘plug chain’ (basic pinched loop chain) did not inspire me to use it for this particular project; additionally these two chains did not complement the kind of pendant design I had in mind. I wanted to produce chain which was more cylindrical; my attempts at basic double loop-in-loop produced chain which was not very flexible and therefore not viable. Finally I made an attempt at multidirectional chain, but even with Adele’s help this proved to be beyond my basic silversmithing skills. I have included my attempts at making chain in Appendix 1, simply because it took up so much of my time!

Thus the ‘ball bearing pendant’ became a ‘ball bearing necklace’. I had access to various sizes of steel and phosphor bronze ball bearings, but my choice of bearing size was restricted by the sizes of tube sold by Cooksons; I was willing to make a tube for the large (6mm) phosphor bronze ball, but did not want to make tube for anything smaller – thus 4.5mm/3.5mm (outside/inside diameter) tube was available for 4mm bearings and 3mm balls could be accommodated by 3.5mm/2.6mm tube.

The design of the pendant was based on the idea of different sized bubbles touching each other – as in an Aero bar for example:
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The use of steel ball bearings meant that that they could be used in their shiny form, or heated until they oxidised to create a matt dark colour. Both these surface finishes provided colour contrast with the brown phosphor bronze balls.  

Whilst it is unusual to see ball bearings in silver jewellery, I did find some examples of jewellery which incorporated a similar use of tubes. For example in the July 2007 issue of Art Jewelry the work of Vina Rust was showcased. Here is her ‘Stamen Series Ring #2’: 
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In addition MOMA in San Francisco are currently displaying the work of Susan Kinzig who uses tubes and enamel to produce very similar shapes to my pendant – these offer the possibility of infinite ranges of colour, but the enamel can only ever be flat, whereas ball bearings offer additional three-dimensional possibilities. Here is one of her necklaces:
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I didn't come across Kinzig's work until after I had completed my design, but I was happy to see it as a validation of the basic idea. 

When designing the pendant I also had to remember that each setting had to be accessible to tools (e.g. burnishers and pushers) for the balls to be set. This affected the relative heights of the tubes and necessitated the use of small ‘spacer’ tubes. In turn this idea influenced the chain design, with the small spacer tubes being used in conjunction with full/empty tube. The circular theme was also carried through on to the links themselves which were textured with a ball pein hammer to make circular marks. Even the chain clasp includes silver balls to maintain the bubble/circular theme. 

In practice the choice of which tube/ball to use, and in which position, was determined by experiment; the chosen design was then either stored as a photo (such as the pendant tube design as discussed later) or on paper (choice of ball bearing). The latter sketches can be seen in Appendix 2 along with other drawings (and my notes, which are largely illegible to anyone else!).

Time estimate

Manufacture tube for 6mm phosphor bronze ball: 1 hour

Cut segments of tube from bought stock (including drilling out a bezel mounting where appropriate: 3 hours

Setting up and soldering of pendant: 1 hour

Soldering of tube link connectors: 2 hours

Manufacture of peined links: 3 hours

Construction of toggle clasp: 1 hour

Construction of chain: 2 hours

Cleaning/polishing: 1 hour

Setting of ball bearings: 2 hours

Estimated total time: 16 hours 

Processes involved in making necklace

· Making tube from silver sheet

· Cutting tube

· Drilling out bezels using appropriately sized drill bits

· Sawing using piercing saw

· Hammering with ball pein hammer to provide texture

· Bending wire

· Soldering – solder paste (medium/hard) was used throughout because it suits the very small pieces being soldered together. It also helps ‘stick’ pieces when positioning them.

· Polishing individual links/chain/pendant with wet & dry papers/Dremel

· Re-polishing the entire piece after the final pickling using 0000 wire wool and Silvo wadding

· Production of oxidised steel ball bearings

· Setting ball bearings using pusher/burnisher

Tools/Equipment list

	Tools
	Purpose

	1mm silver sheet
	Manufacture 6.5mm/5.5mm tube to take 6mm ball

	1mm square silver wire
	Make links and clasp

	Silver tube (4.5mm/3.5mm) 
	For 4mm ball bearing and link connectors

	Silver tube (3.5mm/2.6mm) 
	For 3mm ball bearing and link connectors

	Silver tube (2.8mm/2.0mm)
	Spacer in pendant and part of link connectors

	Fine silver 1mm wire
	Make 2 silver balls for clasp

	Devcon 5 minute epoxy glue
	Needed to hold 6mm ball in place (see later discussion)

	Piercing saw
	Cutting silver sheet and tube

	3mm steel former (manufactured specially)
	Forming chain links

	Charcoal block
	Flat surface for soldering tubes together, but soft enough to take positioning ‘pins’. Also used to create silver balls from fine silver wire

	Methylated spirits
	Clean ball bearings

	Gas torch
	Soldering metal to metal

	Small ball pein hammer
	Making circular indentations on links

	Piece of wood
	Use of cross grain as a soft surface when bending sheet into tube or squaring ends of link. Alternative to a lead block

	Dividers
	Marking out length on tube prior to sawing

	Dremel with various accessories
	Polishing silver

	Power drill and drill bits
	Drill out tube setting to form bezel for ball bearing

	Wet & Dry paper (240 to 1000 grits)
	Removing file marks, smoothing rough edges, removing scratches prior to polishing

	0000 wire wool
	Polishing silver after final pickling

	Silvo wadding
	Polishing silver after final pickling

	Cocktail sticks
	Used in conjunction with wool/wadding to clean inside tubes

	Rawhide mallet
	Used to shape/bend silver without marking it

	Hand files
	Removal of material before finishing with needle files 

	Needle files
	Smoothing edges

	Pickle solution
	Remove firestain from soldered item

	Solder paste – hard/medium
	Soldering tubes/links/clasp

	Stainless steel binding wire
	Used to secure pieces during soldering process

	Parallel pliers
	Used to help shape link into rectangle

	Round-nosed pliers
	Used to hold small tubes when filing/polishing ends

	Work hammer and piece of 6mm steel rod
	Used to bend silver strip into tube for 6mm ball bearing

	Round bezel mandrel
	Used to ensure that the tube was round in shape

	Sparrowhawk anvil
	Small anvil used for shaping metal


Procedure

1. The tube to hold the 6mm phosphor bronze ball was made by cutting out a rectangle of 1mm silver sheet measuring 19mm x 5mm. The strip was annealed and then curved by bending round a 6mm steel bar on the cross-grain end of a piece of wood.    
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2. The ends were then soldered together using hard solder to form a tube which was 6.5mm/5.5mm and 5mm high. A round bezel mandrel was used with a rawhide hammer to ensure the tube was circular and the tube was then polished using papers and the Dremel. A 6mm drill bit was then used to create a bezel by drilling into the tube until the bezel was deep enough to hold the 6mm ball bearing. This was determined by eye.


3. Some of the steel ball bearings were oxidised to provide balls of a different colour. This was done by heating in an enamelling oven set to 277°C for 5 minutes – the resultant balls were blue as can be seen in the picture, although over the weeks further oxidation has occurred and the balls are now a much darker colour (presumably because the oxide layer has thickened over time - heat colours on steel are a diffraction effect, with the colour depending on the film thickness).
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4. In order to design the pendant, jump rings of the appropriate size were used in conjunction with the ball bearings and moved around on a flat surface until the final design was decided. Although this was not as three dimensional as using the actual tubes, the birds-eye view was similar and so this technique was useful. 

In the end this design was changed further when the soldering stage was reached, but the theory is still valid!
5. In order to manufacture the pendant, 5mm bezel tubes were created, four from the 4.5mm/3.5mm tube and three from the 3.5/2.6mm tube. In each case the following procedure was followed. Firstly the end of the tube was squared with a file and then polished with papers to remove any file marks. An appropriate sized drill was then used to form the bezel – 4mm for the 4.5mm/3.5mm tube and 3.2mm for the 3.5/2.6mm tube. The drill needed to go deep enough so that the ball bearing would drop into the tube and have slightly less then half its diameter remaining above the rim of the tube. This was determined by eye.
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6. The tube was then marked 5mm from the bezel edge using a divider and sawn off with a piercing saw. It was important to rotate the tube slowly as the sawing progressed to avoid breaking the blade and to create as even a cut edge as possible. This cut end of the tube was then held carefully in a pair of round-nosed pliers and cleaned up with a file and then polished with papers. Finally each tube was gently polished with a Dremel using coarse/medium/fine radial abrasive discs in turn.
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7. A range of heights of 2.8mm/2.0mm silver tube were cut using the same method as above (excluding the drilling part) – many of these were lost on the floor due to their extreme smallness!


8. The pendant was now ready to be set up and soldered. The tubes were placed on a charcoal block, initially in the pattern recorded in step 4. However the design was changed somewhat and another picture taken (note the large ball bearing is only in the tube for design decision purposes):
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9. Now that a design had been decided upon, this image was used to recreate the pendant on another part of the charcoal block, but with blobs of hard solder paste where tubes touched. In addition, some tubes were ‘pinned’ to the block using small bent lengths of stainless steel wire as pins. The pins also served to raise the two outer tubes slightly to attempt to compensate for the weight of the finished pendant and to prevent it falling forward when worn. Given the unsymmetrical nature of the pendant and the different weights of the ball bearings this could only ever be done by guesswork. The entire ensemble was then heated with a torch until all the solder blobs had melted. After pickling I was stunned when it appeared all of the tubes had soldered as planned!
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     Sample solder pin    [image: image9.jpg]


               

10. The pendant was then polished gently with the Dremel and the fine radial abrasive brush to remove the white silver oxide layer. In addition wire wool was used to clean the hard-to-reach areas between the tubes. It was at this point I realised that I should have filed the top edge of the large tube before constructing the pendant so that it would be thin enough to set the large 6mm ball (rather than the 0.5mm thick edge it now was). A safe-backed file was used carefully to reduce the silver along the edge, but it was awkward to do.  


11. It was decided that the ball bearings should continue randomly into the chain and a trial link was made to see how peined square wire ‘worked’ with link connectors made from a large tube and two small ones. See Appendix 3 for a sample link. As for the pendant, the decision was made to place the outer small tubes some way up the side of the bigger tube so that the connecting links would not raise the pendant off the skin.

12. I wanted to produce a chain of about 40cm which meant I needed links which were 2cm in length. I also wanted some of the link connectors to have balls in, but others to remain open. The resultant original plan for the chain can be found in Appendix 2; therefore I needed to produce six 4.5mm/3.5mm tubes (four of these with bezels) and eight 3.5/2.6mm tubes (four of these with bezels). Each tube was 5mm long and prepared as for the pendant. The side tubes were 3mm pieces of 2.8mm/2.0mm silver tube – 28 in all. Each triplet was then soldered using hard solder paste, with the side tubes raised about 1mm from the solder board with small pieces of cut charcoal block. After pickling each triplet was polished with the Dremel/radial abrasive brush.
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13. A steel former was manufactured in order to make it easier to produce links of the same size/shape. A piece of 3mm steel was cut into a rectangle using a bandsaw and the corners at one end tapered using a coarse file. The bandsaw was also used to cut a groove up the middle to facilitate the cutting of links and subsequent link shaping. The bandsaw was operated by my husband as my balance problems would make using the equipment rather dangerous. The final steel former can be found in Appendix 4.

14. In order to make the links, about 30cm of 1mm square silver wire was peined on one side with a small ball pein hammer. The wire was annealed and then wrapped around the former. Before sawing the links off with a piercing saw, a line was drawn with marker pen – if the links changed position as the sawing progressed, then this line represented the actual cutting line. Although only 16 links were needed, several additional ones were cut at this stage in case they were subsequently needed. 
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15. A toggle clasp was manufactured next. This design had been chosen because it could use a link the same size/shape as the other necklace links. One of the spare links was soldered shut using hard solder. Any excess solder was removed with a file and the join was then gently peined on a sparrowhawk anvil before the link was then shaped into the final rectangle using the former it had been wound on. Parallel pliers were used to gently shape the long edges of the link and the short sides were shaped using a rawhide hammer applied along the short side of the former whilst resting on the soft cross-grain of piece of wood (to minimise damage to the peined surface of the other side of the link). A 3mm length of 2.8mm/2.0mm silver tube was then soldered to one end. Finally the opposite end of the link was bent up at 90° to eventually take the other end of the chain.
16. The toggle section of the clasp was originally made as indicated in the book on chain making I had been using. Two 1cm lengths of fine silver wire were melted into balls by melting on a charcoal block. These were then soldered using hard solder to each end of a 1.5cm length of peined 1mm square silver wire. A 3mm length of 2.8mm/2.0mm silver tube was then soldered using medium solder paste at the mid point of this end of the clasp. However during initial handling of the finished chain this joint broke and although I repaired it, it seemed that there would always be a lot of strain placed on that joint when the necklace was in use. See Appendix 5 for this repaired toggle clasp. So I changed the design and inserted a small piece of wire between the tube and the horizontal bell bar – this meant that the circle/flat join was now replaced by a flat/flat and curved/circle join which should be stronger (in theory!). 

17. Now the chain could be constructed. After playing with links and the prepared tube triplets I changed the design again and decided that the small and large triplets should be in a different order. See Appendix 2 for the final layout. 
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18. The chain was then put together in a piecemeal fashion. First the links between adjacent tubes were soldered up to produce 8 separate tube-link-tube pieces. The link connected the small tube on each triplet and was soldered shut using medium solder. A small piece of steel served to protect the soldered tube triplets and can be found in Appendix 6.
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19. After the solder join had been cleaned up using a file and papers if necessary, it was gently peined on a sparrowhawk anvil before being shaped into the final rectangular shape using the steel former (in the same way as the clasp link had been done). The groove up the middle was used to accommodate the small tubes when attempting to flatten the link with the parallel pliers: 

[image: image15.jpg]



20. Then each of these tube-link-tube groups were joined to their neighbour to produce 4 separate tube-link-tube-link-tube-link-tube. 
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21. Once the final four links had been soldered up, the chain construction was complete. The chain was pickled thoroughly and polished with 0000 wire wool and Silvo wadding. 
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22. It was now that the final design decisions were made about which colour/kind of ball bearings would be used and this can be found in Appendix 2. The ball bearings were then set in turn starting on the chain. The ball bearing was pushed into place and a pusher was used to push the bezel lip over the ball bearing, working from opposite sides in turn. Finally a burnisher was used to complete the process, leaving a shiny, smooth setting for the ball bearing. Each setting was tested by poking the back of the ball with a wooden cocktail stick; in the two cases where the ball fell out, a file was used to drop the bezel step slightly and the setting process repeated. 

23. Once the chain had been completed, the ball bearings in the pendant could be set. First I tried setting the large 6mm phosphor bronze ball in the central setting; however it would not pass the cocktail stick test because I was unable to get the pusher into a decent position to push over the bezel edge. I also suspect the bezel edge was still too thick to do this with. After Adele had also tried to set this ball without success, I reluctantly accepted that it would need to be additionally set in place using adhesive. A thin layer of Devcon 5 minute epoxy glue was applied to the back of the setting and left in a 50°C oven for 10 minutes; this allowed the glue to run and stick between the bezel and the circumference of the ball bearing and should hold it. Now that this ball was in place I could set the remaining ball bearings in the pendant. These were less easy to set than in the chain for the same reason, but as they were not entirely surrounded by other bezels (as the large one was) and the top edge was thin enough, I found it easier to set these using the traditional non-adhesive methods – and they all passed the cocktail stick test successfully. The final necklace can be found in the container which accompanies this folder. 
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Evaluation
Overall I like the look of the necklace; the different combinations of metal – colour and degree of shine, as well as sizes – have worked well. I also like the smooth operation of the clasp and the weight of the piece. The pendant sits well on my throat although care needs to be taken not to get a twist in the chain when fastening, as this affects how well the tube triplets then sit on the skin. Although there was a lot of extra work involved making a chain which used tube triplets rather than jump rings to join the peined links, this has added to the overall design as the ball bearings are extended out randomly from the pendant into the chain – like escaped bubbles. Using a chain which intermixes empty triplets with those containing a ball bearing has also worked well – it mirrors the spacing in the pendant and stops the chain being repetitive.

Whilst there were lots of pieces involved in the manufacture, once I got my manufacturing process sorted out, the chain part was surprisingly easy. It was also very satisfying watching it grow as the links were finally soldered in place. However I have learnt to make sure that all tube settings have their top edges thinned ready for the final pushing/burnishing before being soldered to other parts of the project. Therefore if I made this piece again, I would file the top edge of the tube for the 6mm bearing immediately after the tube had been constructed! I do not know how robust the surface of the oxidised steel balls is, but so far no scratches have been detected. If the ball surfaces do become damaged then they could be polished back to shiny steel using a Dremel – this possibility was taken into account in the final design stage to ensure that even in this eventuality, shiny steel balls and phosphor bronze balls were intermingled. 

Additionally I acknowledge that more polishing should have been done overall as there are still the odd file/saw marks on parts of the chain/pendant which I have not cleaned up properly. This was due to a lack of time and also the problems associated with using papers/Dremel on such small pieces. I have also learnt the hard way about the sheer amount of accidental scratching that occurs when using tools on other parts of the necklace e.g. the steel link former should have been more highly polished to avoid accidental damage. 

I would not change the design significantly as I think it has largely worked and I have been able to successfully mix jewellery metal with ball bearings typically used in industrial machinery to produce an unusual and interesting piece. I also plan to make more pieces in this style – particularly using the phosphor bronze ball bearings which have such an unusual gold colour.

Costings

1mm silver sheet (2cm x 0.5cm)





£1.50

1mm diameter fine silver wire (2cm)




£0.20

1mm square silver wire (100cm)





£5.00

4.5mm/3.5mm silver tube (7.5cm)




£5.00

3.5mm/2.6mm silver tube (7.5cm)




£3.75

2.8mm/2.0mm silver tube (12cm)




£5.50

6mm phosphor bronze ball bearing




£0.60

4mm phosphor bronze ball bearing (4)




£1.60

4mm steel ball bearing (3)





£0.25

3mm steel ball bearing (7)





£0.50

Total cost







£23.90

Health & Safety

· Wear an apron or overall to provide adequate protection e.g. from pickle splashes.

· Wear sensible footwear which offers protection to the toes i.e. not sandals.

· Tie back hair, ensure ties or any other loose clothing is tied up or tucked out of the way. 

· Always wear goggles when soldering, pickling, quenching hot metal in water, operating a Dremel.

· When mixing pickle solution always add the acid to water (and not the other way around).

· Rinse pickled pieces in water before handling.

· Do not eat or drink in the workshop.

· Put tools away after use – do not leave where they could be a danger to self or others.

· Use tools safely and care for them appropriately.

· Avoid inhaling fumes of epoxy glue and avoid getting excess glue on to the skin or in the eyes. 

· Take care when using methylated spirits as it is poisonous and highly flammable.

When transporting work between the class and home, each part was protected in its own Ziploc bag which were then all placed in a small rigid plastic box with a clip-on lid. 

Diary sheet

· Manufacture tube for 6mm phosphor bronze ball: 1.5 hours

· Cut segments of tube from bought stock (including drilling out a bezel mounting where appropriate: 6 hours

· Setting up and soldering of pendant: 1 hour

· Soldering of tube link connectors: 2.5 hours

· Manufacture of peined links (including making former): 4 hours

· Construction of toggle clasp: 2 hours

· Construction of chain: 2 hours

· Final cleaning/polishing: 1 hour

· Setting of ball bearings: 2 hours

Actual total time: 22 hours 

	Date/location
	Work carried out
	Tutor signature
	Time taken

	26/5/07 (home)
	Making tube for large ball bearing
	
	1.5 hours

	27/5/07 (home)
	Cutting tube segments and drilling out bezel mountings (pendant)
	
	3 hours

	27/5/07 (home)
	Manufacture of pendant (excl setting)
	
	1 hour

	30/5/07 (home)
	Cutting tube segments and drilling out bezel mountings (chain)
	
	3 hours

	30/5/07 (home)
	Soldering of tube link connectors
	
	2.5 hours

	16/6/07 (home)
	Make former for link manufacture
	
	1 hour

	16/6/07 (home)
	Manufacture of peined links
	
	3 hours

	17/6/07 (home)
	Construction of toggle clasp (including designing new version)
	
	2 hours

	17/6/07 (home)
	Construction of chain
	
	2 hours

	17/6/07 (home)
	Cleaning/polishing
	
	1 hour

	19/6/07 (home)
	Setting of ball bearings in pendant/chain
	
	1 hour

	20/6/07 (class)
	Setting of large ball bearing in pendant
	
	1 hour

	21/6/07 (home)
	Gluing large bearing in place (additional support)
	
	5 mins

	
	
	
	

	Actual total time


	
	
	22 hours


NOTE: I missed a lot of classes this term due to other commitments so made up the time working at home.

Appendix 1

Attempts at making silver chain

Appendix 2

Sample design sketches and notes

	Appendix 3

Trial chain link and rejected bezel tube


	Appendix 4

Steel former used to manufacture chain links

	Appendix 5

Original (failed) toggle clasp
	Appendix 6

Steel protector used when soldering links closed
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