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Parts List

	Item
	Component Description
	Base material
	Length in mm
	Qty.

	1
	Focuser Base
	76,20 x 38,10 x 6,30mm Al Channel
	76
	1

	2
	Roller Bearing Support
	38,10 x 38,10 x 6,30mm Al Angle
	50
	1

	3
	Roller Bearings
	SKF 623 3,00 x 10,00mm
	4,00 wide
	4

	4
	Roller Bearing Fasteners
	3mm Cap Screws
	10
	4

	5
	Roller Bearing Washers
	3mm x 5mm
	-
	4

	6
	Spindle Bearing Support
	38,10 x 38,10 x 6,30mm Al Angle
	50
	1

	7
	Drive Shaft
	3,00mm Silver Steel Shaft
	65
	1

	8
	Drive Shaft Knobs
	35,00mm Al Round
	22
	2

	9
	Drive Shaft Bearings
	8mm Brass Rod
	12
	2

	10
	Bearing Support Fasteners
	4mm Cap Screws
	15
	2

	11
	Bearing Support Fasteners
	3mm Cap Screws
	15
	2

	12
	Drive Shaft Bearing Plate
	38,10 x 38,10 x 6,30mm Al Angle
	Offcut
	1

	13
	Focuser Tube
	38,10 x 31,74mm Al Tube
	110
	1

	14
	Eyepiece Lock Screw
	4mm Cap Screw
	15
	1

	15
	Spindle Washers
	13mm x 3mm Nylon
	-
	2

	16
	Pressure washers
	8mm x 3mm Dished Spring Washers
	-
	2


Tooling required

· Drills

· 2,4mm (to suit 3mm tap)

· 3,25mm (to suit 4mm Tap)

· 4,1mm

· 8mm

· Taps

· 3mm

· 4mm

· Hole Saw 40mm diameter

· Assorted hand tools

· Vise (should accommodate focuser Base and Draw Tube)

· Marking out tools (Centre punches, scribers, Vernier callipers, steel ruler, callipers)

· Hacksaws

· Files

· Allen Keys

· Tap handle

· Emery paper

· Cutting Lubricants (i.e. Paraffin, for Aluminium)

· Machine tools (Optional, but highly recommended)

· Drill Press (1-23mm drill capacity, preferably with depth stop)

· Drill Vise (should accommodate focuser Base)

· Small metal turning lathe & tools

· Parting tool

· 45 degree faced tool

· Knurling tool (optional)

· Boring bar

· Access to small milling machine (luxury)

Comments on tooling

It is possible to build the focuser purely with simple hand tools.

The 40mm hole saw can be dispensed with. If you have a 4-jaw chuck for the lathe, you can cut the hole on the lathe. Alternatively, mark out the hole, punch a circle of centre marks just inside the hole’s circumference, drill a series of small holes, knock/cut out the centre waste portion and dress the hole with a file.

The base can be sawed and filed, and the drawtube flat can be filed. Both of these would be more easily made accurate with a milling machine, or milled on the lathe, but it is certainly possible to accomplish these tasks by hand with care.

Comments on materials

The design is based on standard aluminium extrusions, fasteners and bearings, but lends itself to adaptation if you wish to incorporate materials already to hand. If you do so, make sure you adjust the dimensions accordingly, to keep the clearances and positions correct.

The bearings were chosen according to the optimum price within a sensible size range. You may substitute other bearings if you have them to hand, but remember to accommodate any variation in size, particularly diameter, to ensure the drawtube lines up with the base plate hole. Good sources of small bearings are computer fans, small motors, computer disk drives, etc. Used bearings are OK if they are in reasonable condition. They will last forever as they hardly get any load or wear compared to their intended application, but they must not be notchy.

The spindle's material and diameter were carefully chosen to: 

· Keep the construction firmly together with sensible pressure from the pressure plate screws

· Effect a spring that would accommodate small imperfections in the draw-tube

· Produce a sensible rate of travel as you turn the knob, for proper focusing sensitivity and control, without requiring too many turns for long travel.

If you choose to substitute different material (e.g. stainless steel to prevent rusting), bear the above in mind.

The dished washers are to provide an additional modicum of give in the spindle assembly, to accommodate slight imperfections in the drawtube flat. They can be dispensed with if the drawtube has been accurately machined, or replaced with other types of spring washers.

The brass spindle bearing material was chosen for its self-lubricating non-rusting properties. The earth pins from common 15Amp domestic electrical plugs work well in this application and are readily available at low cost. This is a good option if you are only making one focuser, and wish to avoid a minimum length purchase of the recommended brass stock.

The spindle washers are to avoid chafing of the knobs against the support. You can substitute whatever is to hand, e.g. fibre, brass, plastic, etc. A short sleeve on the spindle will work as well.

Allen Cap Screws are recommended, but you can substitute as desired. Brass, stainless, nickel coated or black oxide are fine.

Cautionary notes

Although the design concept is very tolerant, it is still necessary to be very careful when marking out and drilling the holes. As with all other aspects of telescope construction, care at every step will be richly rewarded in terms of final quality. Ensure that: 

· Everything lines up properly 

· The drawtube does not bind, and 

· The drawtube travel is properly at 90º to the tube.

It is particularly important to make sure that the flat on the drawtube is absolutely parallel to the tube wall, to avoid binding or sloppiness in movement. It is entirely feasible for experience handymen to file this, but if you can have it machined that would be preferable. The purpose of the flat is to

· Reduce the point of pressure that the round spindle riding on the round tube would produce, and translate this to a line of pressure. This prevents dents from forming when the focuser is left predominantly in one position. It also improves friction between the two components, preventing slippage.

· Act as an end-stop, preventing the drawtube from parting company with the assembly. You would not want this falling onto your mirror!

· Prevent the drawtube from rotating.

Some variants with which you may wish to experiment

· Replace the pressure plate mounting screws with longer ones, and the dished washers with proper (stiff!) compression springs. It may not look quite as good, but makes the design more tolerant of imperfections in the drawtube. 

· Should you be considering the construction of a version suitable for 2-inch eyepieces, you will be pleased to hear that the design has been proven to scale well. 

· Use of a larger diameter drawtube with a reducing bush at the eyepiece end would be beneficial in "fast" telescopes, to reduce vignetting. 

· Blackening the assembly inside and out (e.g. by anodising or painting) pays dividends in controlling stray reflections that reduce image contrast. 

· Knobs can be found everywhere. Kiddies’ toys often have excellent rubber-tread wheels that can be pressed into service. This gives a lightweight, visually appealing finish, which is easy to grasp with cold fingers. Even if you make a metal knob, the rubber tyre tread from a kid’s toy can give a nice finish, without the need to knurl or file the edge of the knob of grip. Electronic equipment is also a good source of quality knobs – the collet variety are particularly recommended.

· Stepped knobs having two different diameters can be useful, or you can put a large-diameter knob on one end of the spindle and a small knob on the other. The larger diameter gives more feel and the ability to control the focus to a greater level of precision, while the smaller one allows for faster movement over long travels.

· The design lends itself to motorisation. Replace one of the knobs with a pulley and use an O-ring as a belt. That way, you can still turn the other knob by hand to focus, merely allowing the belt to slip. Small, geared electric motors can be found at hobby shops. The stackable planetary gearboxes are particularly nice and compact. Once geared down to sensible rotation speeds, even very small motors have enormous torque. The base plate can be lengthened to accommodate a motor mount if required.

· A stainless steel strip can be affixed to the drawtube flat to improve longevity on this wearing surface. (Brass slips too easily.) Alternatively, a shallow channel section can be attached with screws to provide the flat, thereby obviating the need for machining; useful if you only have access to hand tools. Remember that you will need to file a clearance profile in the base plate hole, and adjust the relative positions of the spindle mount and bearing mount to suit the modification. In either case, the attachment screws can prevent the spindle running off the ends of the flat. 

· The design deliberately puts the spindle across the telescope tube, rather than parallel to it. This is to ensure a square-on intersection of the drawtube with the telescopes main optical axis, and to give that extra little finger clearance between the knobs and the scope tube. If you wish to rotate the design so that the spindle is parallel to the main tube, remember to adjust the design so that the drawtube will be properly centred on the base plate, to ensure the proper intersection of the focuser drawtube axis with main tube optical axis.

· The base plate U-section dimensions were designed to mate well with typical tube diameters of 6” & 8” telescopes. For smaller telescope tubes, you may need to lengthen the side pieces to avoid the curvature of the scope tube from fouling the centre of the base plate, which would make it rock or cause distortion when the system is screwed together. For larger scopes, you can reduce the width of the channel sidepieces. In any case, take care to make the edge that touches the scope tube parallel with the flat area of the base plate, to ensure proper mechanical alignment. The bevel is a nice touch that adds class and finish. You can cut the sidepieces off square if you prefer, in which case the inner edges of the base plate sidepieces will mate with the scope tube; this might make it slightly higher above the tube than you like.

· If you intend mounting the focuser on a flat area of the telescope tube (e.g. if you have a square tube), then the base plate can be flat instead of channel. Makers of minimalist truss-tube scopes may choose to use an L-section base plate, to attach to the tube top ring.

· Instead of extruded channel, you can merely screw sections of angle section to the edges of a flat plate to create a channel of arbitrary dimensions.

· In the event that you have an odd-shaped telescope tube, or did not manage to build the focuser to desired tolerances, you will probably have some run-out on the drawtube and its axis will not properly intersect the optical axis of the main tube. Don’t despair. You can drill & tap extra screw holes in the base plate, next to the mounting holes and in line with the channel edge. Put allen grub-screws in them to press against the scope tube, thereby effecting a “push-pull” attachment mechanism. That way you can tweak the grub-screws to align the focuser, and clamp the system down as usual with the normal screws.

· You can adjust the length of the drawtube to taste, to accommodate longer travel (for photography, long focus eyepieces, etc.) or make a low-profile focuser. (What we presented is a good compromise.) Remember that if the drawtube projects into the incoming light path, it will damage the final image. You can choose to live with this, many do. Also, if the drawtube is too long, the inner edge will cut into the cone of light from the main mirror, effectively reducing the mirror’s useful area through vignetting. This will be more noticeable on photographs or when viewing extended scenes in daylight. The bottom line is that shorter is better than longer optically. It also makes for greater mechanical stability.

· The spindle mount can accept another screw, for locking the focus. Select a suitable position, avoiding interference with the spindle itself, as central as possible between the bearings, and put in a thumbscrew. An allen cap screw will be fine, but to avoid marring the spindle bearing surface (the flat on the drawtube) it would be better to use a Nylon screw. Or, introduce a slip shoe as an intermediary between the focus lock screw and the drawtube. The inventive among you will identify other ways of locking the drawtube.

· The brass spindle bearings have a small half-round notch in one end, to capture the spindle. If you don’t get this right, the spindle will sit at an odd angle, at a small diagonal to the tube. This is mechanically acceptable but aesthetically displeasing. If you get it really wrong, the spindle will jump out of position, which is potentially disastrous: visualise the whole assembly come apart, with metal pieces falling on your telescope mirror! We clamped the two bearing pieces together end-to-end in a toolmakers’ vise, punched a little dimple at their interface to locate the drill bit, and drilled it in a press. There are other ways. You can merely file a V, using a square or triangular file. If you put the pieces side-by-side in a vise and file across the two of them, you may get an off-centre V, but as long as the two pieces are pretty much the same the spindle can still be nicely positioned. If you chose to use electrical plug earth pins, things become simpler – they already have a hole drilled through for the wire to be clamped in. Merely cut the pin carefully at the hole and dress the two bearings with a file to match (obviously you need two earth pins).

· Note that the spindle bearing pressure plate is made from the offcut of the bearing support bracket. Don’t accidentally discard the offcut!

The list goes on endlessly; this design is a versatile starting point for inventiveness. Use your imagination and have fun! We would like feedback on what you come up with.

--- Chris Stewart

