Wheels

This is a recipe for scratch-building WW-I British-style asymmetric  48-spoke wheels. Though the subject is a medium size (700 mm) wheel in 1:48 scale, it can be easily extended to other larger scales, wheel sizes and a different number of spokes.

The main challenge of the wheels is the asymmetry; if the tension on the spokes is not adjusted correctly, the wheel may tend towards symmetry.

The process I have described here is laborious but easy, and will yield satisfactory and consistent results.  Further, it does not require too many specialized tools.

Overview

Each wheel consists of a hub, a 3-ply tyre, and nylon filament spokes.  The tire is made from 3 sheets of styrene glued together and sanded to a circular cross-section.  The hub is made from brass tube to which are soldered brass flanges to anchor the spokes.  The spokes are attached by strecthing the filament across the hub to the tyre.

The following diagram (figure 1) is a very rough illustartion of what the wheel looks like in cross section.

Broadly, the steps are :

1- First we build the hub.  You should make all the hubs before proceeding to the next step, so that you can match them for uniform dimensions.

2- construct a simple jig for attaching the spokes to the wire.

3- Attach the spokes to the hub and the centre-ply of the tyre, this is the most labrious step in the whole process

4- add the outer plies of the tire

5- fill, sand, and finish the surface of the tire

The hub assembly

The hub is cut from 0.060” brass tube.  Do not cut the tube yet.  Instead assemble the flanges on a 2” long piece of tubing.

Punch out 2 discs of approx 0.120” from .003” brass sheet stock. Mark the centre of each disc, and drill a starter hole.  Use a diamond reamer to open up the hole.

 Test the disc often as you proceed until you have a hole that is just big enough for a snug fit on the tube.  You can file the end of the tube to a slight taper to make the test-fitting easy.   Opening up the hole also gives you an opportunity to try to correct an off-centre hole. The reaming process also causes the brass to build up a shoulder on one side – this is good, it gives a firmer fit, but be sure to turn the shoulder inwards on the hub.

You might go through a few attempts before you have flanges that fit well and and are properly centred.

Slide the flanges onto the tube, shoulders inward, and adjust the gap between them.  On my RE.8 wheels, the distance bbetween the outside of the  flanges is approximately 0.150”, but I think it is too high – maybe 0.140 or less is more correct.  Besides, how far the hub sticks out is governed mostly by the difference of tension on the spokes.

Solder the flanges to the tube.  Take care to limit the solder to the inside faces.  If some solder does flow out to the outer face of the flange, remove it completely with a dressing file.

Chuck the tube in a power drill and use a file and sandpaper to reduce the flange diameter to approx 0.090 inch or less.  Taper and bevel the outer edges of the flanges, but not excessively or else the spokes will slip off. The flange must provide enough space for 3 to 4 runs of filament.  Cut, square and smooth one end of the tube only, leaving about 0.010 inch of hub jutting out beyond the flanges.  Cut the rest of the tube off only in the final step.

The hub can probably be assembled from styrene just as easily – it just so happens that I am more adept at working with brass than styrene.

Spoke material

I used .003” mono-filament line for the spokes (made by Dai-riki).  I used a permanent ink marker to stain the line before attaching it.  A thicker line is okay, though .006” is probably off-scale.  The thinner the line, the weaker it is, while if the wire is too thick, it will look too clunky at the hub.

Jig

The jig is a simple affair whose purpose is to hold the hub and the tyre disc in place while attaching the spokes.

Take a flat piece of wooden board, atleast 4” sqaure, preferably more than 6”.  Insert a steel or brass wire in the centre to hold the hub.  The wire must be thick enough so that the hub fits somewhat snugly on it but is held perfectly normal to the surface of the board.

On a sheet of paper draw 6 lines through a centre-point extending atleast 4” from the center.  Pierce the center with the steel wire and tape the paper sheet down onto the board.  The purpose of the lines is to help with alignment.  

Attaching the spokes

Start with a piece of 0.020” styrene sheet.  Use a protractor to draw 6 lines through a centre point spaced at an angle of 30 degrees.  Number the radial lines clock-wise 1 through 12.  The numbers are for reference only. You may also substitute a 0.030” sheet.

In the following description, the two faces of the sheet is referred as the upper- and the under-side. 

  Use a compass to draw a circle of atleast 6” diameter about the centre point, a bit more for larger scales.

Use a compass-cutter to scribe and cut out a hole, the size of the inner diameter.  Paint the inside edge of the hole now, as it will be difficult later.

At the circumference where each radial line meets the 6” circle, make a small slit in the sheet with a blade.

First set of spokes

Take an 8” (approx) length of filament.  Use a small bit of masking tape to anchor one end firmly to the upper face on line #1, take it around to the under-side, snagging it in the slit at the circumference at line#1, draw it up through the centre hole and anchor the other end loosely over line 1.  The reason for anchoring the other end is to keep the line out of the way until later.  We will refer to this length of filament as filament #1.  Repeat for the remaining 11 radial points.

Place the styrene sheet on the jig.  Line up 12 radial lines on the jig and on the styrene sheet at the circumference, in order to center the hole.  Tape the styrene sheet firmly to the jig with some masking tape.  Note that the larger the styrene disc is, the easier it is to centre it accurately.

Push the hub onto the centre post.  Seat it firmly against the board.  If you leave a gap, the spoke wire might slip off the hub.

Free the loosely taped end of filament #1.  With line #1 pointing away from you, take the filament around the right side of the hub, under the lower flange (ie, on the outer face of the lower flange of the hub.  Bring it around and tape it over line #8 – not #7, which is diametrically opposite to #1.  The filament should be taut but not too taut.  Check that the filament is seated properly on the hub and has not slipped off onto the post.  Align the spoke roughly at this point.  Correctly alignement is deferred to a later step.  Notice also that the one end of the filament passes under the tyre disc, while the other end passes above it.

Repeat for the remaining 11 filaments, moving clockwise through filaments 2 through 12.  Note that after the 6th filaments must be threaded under 1 spoke, and the last 5 must each be threaded under 2 spokes. The diagram in Figure 2 illustrates this after 2 filaments have been positioned.

After all filaments have been positioned correctly, check to make sure that they are properly seated.  Carefully check also that they are correctly threaded under or over each other.  You will need a magnifying lens for the latter.

Now, holding the end of it taut, free the lower end of filament #1 (which was positioned over line # 8) and now position it correctly, that is parallel to and in line with the upper end of filament #2, or in other words, the spoke passing over the disc  towards point #7 must be in-line with the spoke passing under the disc to slit at point #1.  In this step, pull the end of the filament as taut as you dare, and tape it down firmly.

Repeat for the remaining 11 filaments.  Take care to apply the same amount of tension to each filament.  At the end of this, every alternate spoke will be parallel.  Re-adjust as necessary.  The diagram in figure 3 illustrates roughly what the assembly should look like.  Note that the diagram is not drawn to proportion, and the hub is actually smaller in proportion to the hole, and therefore the parallel spokes are drawn too far apart.

Run some thin CA glue along the edge of the hub’s flange.  This will attach the filaments to the hub.  Run some thin CA along the filaments lying on the upper face on the disc.  Let dry, and gently pull the assembly off the jig – mis-handling might tear the spokes off the hub.  Run thin CA along the filaments on the under face of the disc.  Let dry.  The hub is now firmly attached to one set of spokes.

Second set

These are the spokes that form the ‘cone’.

Turn the disc over and lay it upside down.  Place it on a raised surface with room for the hub to stick out.  Notice the spokes are positioned 2 pokes close together with a larger gap between spoke pairs.  Mark a point on the disc at the edge of the hole, in the large gap, about ¼ to 1/3  of the way over going clockwise.  The point should be about 1/32” from the edge of the hole.  See figure 4.  Mark the 11 more points.

Using a 0.008” or smaller drill, drill a hole at an angle towards the centre so that it breaks through on the other side just at the edge of the hole.  I use guitar-string for drill bits. Drill all 12 holes.

Cut a length of about 8” monofilament.  Anchor one end on the upper surface over line#1, bring it down to the under side, snagging it in the slit for line#1, draw it through the drilled hole.  Draw it taut and touch some thin CA at the drill hole.  Finally, anchor the loose end back loosely over  line#1 to keep it out of the way.  Repeat for all 12 positions.

Free the loosely anchored end of filament #1. Pass it to the right of the hub, and over the upper flange, thread it down through the larger gap between line#7 and line#8.  Draw the filament through gently under the disc and over the outside edge, and anchor it loosely to the upper surface between line #7 and #8.  See figure 4 for reference, noting that figure 4 shows the disc as viewed from the under side. The filament should be taut enough that it does not slip off the hub, but not so taut as to tilt the hub over.

Repeat for the rest of the 11 filaments progressing from #2 through 12.  Again, note that the last few filaments have to be threaded under other spokes.

Gently replace the disc back onto the jig.  This is to ensure that the hub is held normal while we adjust the filaments.

Free the loosely-anchored end of filament #1.  Draw it taut and align its angle so that it is in-line with its opposite member.  Use a small pin to move the filament around inside the hole.  Tape the loose end down firmly again.  The tension in the filament should be kept to a minimum.  Draw it taut enough so that the filament bend sharply over the edge of the hub flange, but with too much tension, you run the risk of reducing the height of the spoke cone.

 Repeat for the remaining 11 filaments.  Sequence should be staggered so that opposite ends are done in pairs, eg  1,7,  4,10, 3,9,  6,12, 2,8, 5,11.  It is very important to get apply uniform tension on all filaments.  Adjust the filaments and double-check that they have been threaded correctly.

Run some thin CA on the upper flange.  Let dry. The hub is now securely anchored to the outer spokes.

Remove the assembly from the jig, and run some thin CA along the filaments on the undersurface of the disc.

Cut off the excess tube from the hub and file it square and smooth,

The spoke assembly is now complete.

Tyre assembly

The rings that form the outer plies of the tyre, are made from .030” styrene.  You need 2 rings per wheel.  The total thickness of the tyre will exceed .090”.   You may need to sand them down later. 

Using a compass-cutter,  deeply scribe the outer diameter and fully cut out the inner diameter.  The scribed outer circle will serve as an guide later.

Sand the edge of the hole to a circular cross section.

Paint the tyre.

Cut 1/32” wide strip of masking tape to simulate the wheel rim and paint it.  Lay down the strip along the inside of the hole.

Cut out the ring from the sheet and place it over the spoke assembly on the upper face.  Use epoxy or CA to glue the assembly. Because of the filaments sandwiched in between, a lot of pressure is needed to compress the two plies together.   Repeat with the ring on the other face.

Cut out the wheel from the styrene disc.

Fill and sand the outer face of tyre to a circular cross-section.  I had to use epoxy filler to fill the seam between the plies, and bury the filament ends.

Mask the spokes and paint the rest of the tyre.

