Making Simple Good Looking Buggy Weights

Below is the method I used to make a set of stainless steel buggy weights with stud fixings.

Warning
Molten lead is very hot and can cause serious burns. Lead is also poisonous – work outside. Do NOT work in damp conditions – all equipment and materials must be bone dry otherwise explosion of molten lead can occur if it contacts with moisture! Do not work near combustible materials. Ensure that you wear appropriate protection at all times. Lead is poisonous, don’t breathe the fumes and wash you hands regularly. The following is a description of what I did. If you copy this procedure or use it as a guide, you do so at your own risk!
Materials

Stainless Steel Tube – see below for size
Lead – more than you need!
Stainless steel Bolts
Stainless Steel Nylocks
Stainless Steel Washers
Cheap Steel Nuts
Window putty
Aluminium baking Foil
Copper Wire
PVC Tape
Tools

Hacksaw
Vernier Calliper
Steel Rule
Crucible – I used a good quality galvanised steel paint kettle.
(Note that you need a substantial handle as the crucible will be very hot and heavy!)
Heat Source – I used a single ring camping stove
Round File
Flat File
Electric drill – Pillar drill is preferred.
Pilot drill
Drill bit to fit Bolt
Vice
Wire Brush
A tray to work on – I used a non-stick oven tray – this is used to catch spilt lead
Some bricks or similar to hold the tube while pouring the lead.
Spanners to suit Nuts & Bolts
A wedge to hold the bolts in place while they are tightened
Metal letter punches
Something to rake off the lead slag.

Sizes

Stainless Steel Tube [SST]: 
The Length of the SST will depend upon the diameter of the SST and the required weight.
Make your tube too long! The lead will contract as it cools causing a substantial reduction in level and dimpling at the end of the tube. This looks bad and spoils your weight calculation.

See the appendix below for a formula to work out final length of the weight from a known diameter and wall thickness. Bear in mind that the weight of SST can vary depending upon grade and so the final weight may vary from your calculation.
Stainless Steel Bolts [SSB]:

The diameter will depend upon the fixing points (bear in mind that drilling more than a 10mm hole may be a problem e.g. drill bit size etc.) The length of the SSB will depend upon the internal diameter of the SST! The maximum length of the Bolt from the top of the head to the tip of the shank can not be greater than the internal diameter of the SST unless the fixing point is to be very close to the end of the tube – indeed this value is slightly less due to the curvature of the tube! Otherwise it will not be possible to insert the bolt into the hole from inside the tube.
Warning Again

Molten lead is very hot and can cause serious burns. Lead is also poisonous – work outside. Do NOT work in damp conditions – all equipment and materials must be bone dry otherwise explosion of molten lead can occur if it contacts with moisture! Do not work near combustible materials. Ensure that you wear appropriate protection at all times. Lead is poisonous, don’t breathe the fumes and wash you hands regularly. The following is a description of what I did. If you copy this procedure or use it as a guide, you do so at your own risk!

Method

Note: if making pairs of weights, then make the weight twice the length and cut it in half when finished, but consider the amount of lead that you will be pouring.

Using the formula below, cut the tube to length – Allow an extra couple of centimetres for shrinkage and trim when finished – I did not do this because I had not considered the shrinkage!
Mark the position of your stud fixings and drill holes as appropriate. You need a slow turning drill, a belt driven pillar drill is best suited to this. If you do not wish to have a stud fixing, then clearly you will need to drill fixing holes after the lead has been added, or you may use plastic electrical wire clamps etc.
Using a file, remove any burs and ensure that at least one end of the tube is square and smooth.

Insert the bolts and apply a ring of putty to the outer face of the tube around the bolt and tighten using a washer and steel nut (do not use your Nylocks for this as the heat will ruin them!) You may need to slide a wedge into the tube to stop the bolt from spinning if a spanner will not fit. I used the handle of a 6” adjustable spanner and a cold chisel. The putty will prevent lead from seeping out of the bolt hole and filling the thread while it is still molten. This method works very well and allows the nut to be removed easily.
Probably a good point at which to start heating the lead – I put a 4kg block into a paint kettle and set it on a 1.2Kw gas ring. The lead was a counter balance from a technical drawing board. Other sources might be a scrap yard or builders merchant. I ensured that I had a good wind break and covered the top of the kettle to retain heat. The lead will suddenly melt once a good heat transfer is achieved by melting a little of the lead at the base – leave it alone. I have read somewhere that you should not add solid lead to molten. I assume that this is because of the possibility of adding moisture to the mix!

Once the bolts are in place, one end of the tube (the best end) needs to be temporarily sealed to prevent the lead from escaping. I folded a piece of aluminium kitchen foil twice (four layers thick) and then wrapped it over the end of the tube and secured with several wraps of copper wire. I then tightly wound a couple of layers of PVC tape over the wire just to be sure! The tape will melt but will hold for long enough. In retrospect I should then have also fixed a layer of foil over the whole tube, since any spillage will adhere to the tube, this sticking will be worse on brushed rather than polished stainless steel. On polished tube this can be teased off with a thumb nail or Stanley blade.
I then stood the tube up, open end uppermost and supported it with bricks on top of a baking tray to catch drips. Note: This setup must be stable as the tube must not be able to fall – it’s going to get very heavy. In future I may use the studs to secure the tube as this would be more elegant and probably much safer! Again, in retrospect, the bricks ought to have been covered in foil to help recover any spilt lead – using the studs will negate this problem.

Next step assumes that you are wearing safety equipment – gloves, boots, eyewear etc. Don’t look down the tube as you pour, you may get splashed! It also assumes that your lead is molten!
The lead may have a skin of oxides and dirt floating on it, this can be scraped off before carefully lifting the crucible and smoothly pouring the lead into the tube in one continuous pour. Fill to the top and note that as the lead cools it will shrink back so add a little more lead to fill the void.
Leave the tube to cool! It’s going to be about 325 °C! Oven gloves at this temperature will probably burn! I know that my wife’s did!
Once cool, the foil can be removed and the nuts & washers undone so that the putty can be scrapped away leaving the studs sticking out of the tube. 

Saw off the extra length (used for shrinkage) and then if you were making two weights at the same time, cut the tube in half. The ends can now be filed smooth and de-burred, the tube can be polished once any surplus lead has been cleaned away that may have adhered to the sides of the tube – I didn’t have the extra length and had to keep topping up the shrinkage causing a lot of lead to run down the sides of the tube. Once the weights have been weighed with the Nylocks and washers, the weight (for future reference) and your name can be stamped or scratched into the end of the weight before the end is protected with paint or varnish. 
You now have a very professional looking set of weights for your buggy.
I’ll add some photos when I get around to it but for now a rendered picture from my CAD. This was one of a pair of 1.25Kg weights for the front of a Libre Super Truck although only one fixing is used.
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Appendix
Useful data…

Melting point of lead
327.46 °C (621.43 °F) 


Specific gravity of lead
11340 Kg per Cubic Meter 


Specific Gravity of Stainless Steel
7480 – 8000 Kg per Cubic Meter


Approximate value of Pi
3.141592

Useful equations…

Volume of a rod:

Pi r squared x length = Pi x (diameter/2) x (diameter/2) x length

Volume of a tube (approximated to an oblong by opening the tube and flattening it):

Pi x Diameter x Length x Wall thickness

Area of right angled triangle:

0.5 x Base x Height

Volume of Hexagonal prism knowing distance across the flats “AF” & Height “H” and assuming that a Hexagon is made of 6 equilateral triangles:
Tan(30) x AF/2 x AF/2 x 6 x H

Degrees to Radians (required for XL) when working with angles in degrees:
180/Pi*Degrees = Radians

Estimating the final weight is relatively simple and can be easily achieved with a spreadsheet (see below), or 3D modelling program so that the length can be adjusted until the required weight it reached.  Spreadsheets can be set to find goals, so it’s quite simple to define the weight and have it calculate the length by iteration. Probably not necessary for one off calculations.
So, to find the final weight, we take the volume of the Stainless Steel for a given diameter/length and subtract the holes for the studs. Then we find the volume of lead that will fill the tube and subtract the volume of the bolt heads from this. Each of these volumes needs to be multiplied by the relevant specific gravity; finally we add in the weight of the bolts, Nylocks and washers! Probably overkill, but once the spread-sheet is written there is no additional work and with the new 5Kg weight limit it’s probably worth getting the weights as accurate as possible.
To use the spreadsheet below, start by double clicking it, this will place it in spreadsheet mode.

Note:

· The sheet is protected (no password), only allowing you to change user changeable values in blue
· The maximum length of bolt is calculated and a warning is given if too long

· Let me know if you find any errors or ideas for improvement
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Specific Gravity of Lead 11.34

Specific Gravity of Stainless 7.7

7480 to 8000 !

Tube diameter 48mm

wall thickness 1.1mm

Tube length 146mm 5.75inches

Bolt Head AF 19mm

Bolt Head Thickness 5.65mm

Bolt Diameter 12mm e.g. M8 = aprox 8mm etc.

Bolt Length 35mm Max Total Bolt Length45.8 mm

Number of Bolts 2

Total Bolt, Nut, Washer Weight 0.122Kg

Vol cu mm Weight Kg

Stainless Steel 24217.904 0.1865 Values for Bolt Head

Lead 240532.410 2.7276 Base 5.484826

Bolt Head Volume 1766.388 0.0200(Lead) Area 312.6351

Values for Bolt hole

Volume 124.407

Calculated Weight

2.995Kg

weight 0.000958
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				Value for Pi		3.141592

				Specific Gravity of Lead		11.34

				Specific Gravity of Stainless		7.7				7480 to 8000 !

				Tube diameter		48		mm

				wall thickness		1.1		mm

				Tube length		146		mm		5.75		inches

				Bolt Head AF		19		mm

				Bolt Head Thickness		5.65		mm

				Bolt Diameter		12		mm		e.g. M8 = aprox 8mm etc.

				Bolt Length		35		mm		Max Total Bolt Length		45.8		mm

				Number of Bolts		2

				Total Bolt, Nut, Washer Weight		0.122		Kg

						Vol cu mm		Weight Kg

				Stainless Steel		24217.904		0.1865				Values for Bolt Head

				Lead		240532.410		2.7276				Base		5.4848261775

				Bolt Head Volume		1766.388		0.0200		(Lead)		Area		312.6350921175

												Values for Bolt hole

												Volume		124.4070432

				Calculated Weight		2.995		Kg				weight		0.0009579342
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