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7.2 Constructing the components
7.2.1 Therotor system

This consists of the shaft assembly and the compressor and turbine wheels. The
wheels can-not be made accurately unless the finished shaft is available. You will
need the following measuring equipment: good vernier callipers, a dia gauge
graduated to /100 mm and a screw micrometer. Vernier callipers with /100 mm
digital readout can be used instead of a micrometer.

The complete rotor,ready to install
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7.2.1.1 The shaft

This consists of the central shaft and the two bearing spigots. Turn down the
central shaft to a diameter of about 14.5 mm, and leave it about 0.5 mm overlength.
Bore the 10 mm holes and cut the M6 threads to take the bearing spigots. To avoid
imbalance in the finished shaft | recommend that you check that the workpiece runs
true using the dial gauge every time you have to re-chuck it. Adjust the centration of
the chuck if necessary.

The permanent connections consist of M6 screwed joints and 10 mm nominal
diameter bores, in which the bearing spigots are an interference fit. Measure the actua
dimension and add 0. 1 mm for the diameter of the spigot. Turn it down to this
dimension, then chamfer the edge facing the central shaft. With the workpiece held in
the chuck, attempt to screw the bearing spigot into the central shaft. It should be
possible to screw the spigot into place as far as the 12 mm diameter flange using
moderate force. If thisis not possible, carefully grind down the diameter. Once you
have success-fully completed the screwed joint to the central shaft, pilot-drill the front
face of the front bearing spigot (compressor wheel) using a 60° centre drill, and bore
the 3.2 mm diameter hole for the M4 thread.

Turn down both ballrace journas 0.5 mm oversize. Do the same with the spigot
for the M6 thread-ed section which accepts the turbine wheel. With both bearing
spigots screwed to the central shaft, clamp the (uncompleted) turbine end of the
workpiece in the chuck, and locate the other end on the live centre. It is extremely
important that the follow-ing processes are completed without unchucking the shaft;
this should ensure that the shaft, and thus the whole rotor, will run absolutely true.
This s the sequence of operations: turn the tapered section at both ends, turn down the
centre section to the nomina 14 mm diameter, then turn down the ballrace journals.
The ballrace journals should be left 0.01 mm oversize. The ball-races should be alight
force fit on the journals; this is achieved by polishing the bearing journals with the
central shaft in the chuck. | recommend that you use the dial gauge to check that the
bear-ing spigot is running true at the start of this process, and adjust the centring if
necessary. Finish the job by cutting the M4 and M6 threads.

Note: it is also possible to machine the shaft from a single piece of stedl. In this
case the maximum diameter can be reduced from 14 to 12 mm without loss of
bending strength.

7.2.1.2 The compressor wheel

This component is the most difficult part of the turbo-jet to make. The process is
illustrated with photographs as well as drawings. In addition to the lathe you will need
a small, precision pillar drill with a maximum speed of at least 6000 rpm, and a
miniature hand-held grinder. If your lathe chuck cannot accommodate a blank of at
least 50 mm diameter, you will need a 10 mm diameter mandrel and support flange to
machine the inside of the cover plate.

The first step here is to make the bushes which are fitted to the base disc later. It
is important that the bore (nominal diameter 8 mm) of the rear bush is alight force fit
on the front 8 mm diameter bearing journal, to ensure that the complete wheel is
accurately centred on the shaft. It is also important that the front face of the 10 mm
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diameter flange, which rests against the inner ring of the ballrace, is exactly
perpendicular to the bore. The front bush is not machined to final shape until both
bushes have been glued to the base disc.

Cut the blanks for the base disc and the cover plate from 6 mm aircraft-grade
plywood, and turn them down to an outside diameter of 80 mm. Bore the centre 10
mm diameter. Cut an additional 50 mm diameter blank from the same material for the
cover plate.

Marking out the
blank and
pilot-drilling the
holes for the blade
slots. The base disc
. and coverplateare
drilled through in
one operation

~ between di and da.
"~ Thebasedisc
, aloneisthen

- drilled between di
and do.

Cutting the blade slots

Mark the centrelines of the curved blade slots on the rear face of the base disc.
The easiest way to do thisis to draw them on paper, then stick the drawing to the rear
face of the base disc. Caution: the direction of rotation appears reversed when you
look at the rear of the wheel. To alow for this you must draw the curvature on the
template as a mirror-image. The angular division is 360° / 11 = 32.72°, but for our
purposes it is sufficient to round the figure to the nearest 0.5° using a protractor, i.e.
32.5°, 65.5°,98° ... etc.

Place the two 80 mm diameter blanks together concentrically and join them by
gluing a few strips of wood across them around the outside diameter. Mark the front
face of the cover plate and draw alignment marks across the edges with a pencil to
establish the position of the discs relative to each other. The first step in cutting the
slotsisto drill achain of 1 mm diameter holes spaced about 2 mm apart through both
discs. The first holes should be drilled exactly at the inner diameter of 32 mm.
Continue drilling until about 2 mm beyond the outside diameter of 66 mm. Separate
the discs, then drill the 1 mm holesin the areafrom 26 to 32 mm in the base disc only.
Connect the chains of holes using a fretsaw. On no account continue these cuts right
out to the 80 mm outside diameter. Using a 1 mm bit in the pillar drill, machine out
the slots using a high speed setting on the drill.

Installing the bushesin the base disc
The bushes can now be glued to the base disc. They must be a snug fit, and they
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should be fixed in place using heat-curable epoxy, e.g. UHU endfest 300. It should go
without saying that the joint surfaces should be cleaned and keyed (roughened) before
you apply the resin. Be careful not to apply excess glue. Fit a machine screw through
both bushes and tighten a nut on the other side to hold the parts together under light
pressure. Cure the epoxy at a temperature of 120°C, then let the assembly cool down.
Fit the blank on the shaft with the ballrace in place, clamp it in the lathe chuck,
centred on the ballrace journal, and tighten the retaining screw. Y ou can now machine
the bush to final shape, and machine out the stepped section to an internal diameter of
64 mm on the front face of the base disc. Machine out the curved face of the bush in
small stages at first, then smooth it to a radius of about 17 mm using a mini-grinding
disc. The actual radius is not crucial to the correct working of the compressor whes!.
The only important point is that there should be a smooth, flowing transition from
metal to wood, and that the worked surfaces should exhibit no wobble. It is essential
to main-tam the outer step as shown in the drawing, as it locates the car-bon fibre
reinforcement. It is sanded away when the compressor wheel is finished. Mark the
position of the disc relative to the shaft, and always screw the parts together in the
same position during the later stages of construction, and when you assemble the
engine before running it. Leave the disc 80 mm in outside diameter for the present.
Glue the 50 mm diameter blank con-centrically to the front face of the cover plate
blank using cyanoacrylate adhesive. The grain direction at the joint surfaces should
cross at right-angles. Before applying the glue check on

__' Milling out the slots.

The machined inside surfaces after gluing the
bushesinto

the base disc and joining the cover plate to the 50
mm diameter disc.

scrap material that it forms a strong joint with timber. When the joint has cured,
clamp this assembly in the chuck at the 50 mm diameter. If your chuck can-not cope
with this, screw it to the mandrel. Now you can machine out the inside shape of the
cover plate as shown in the drawing. As

21



The three discs after gluing the bladesin place.

‘1 L] The outer channelsfor the
]

carbon fibre reinforcement are cut after the discs have
been turned down to nominal

diameter. The width of the

inner flange of the channel on both discs is the edge
"

with the base disc the 0.5 mm shoulder is important.
Leave the outside diameter at 80 mm. Bore a central 33
mm diameter hole in the cover plate.

Preparing the blade blanks is simply a matter of
cutting them to the size shown in the drawing. They
should be left oversize in length and width. The stated
material — beech 3-ply, nominal thickness 0.8 mm (= 0.88 mm) has proved an
excellent choice for this purpose. Note that the grain direction of the outer plies must
run paralel to the axis of rotation. Please don't try experimenting with different
materials or thinner plywood — you have been warned!

Assembling the blades, the base disc and the cover plate

The important point here is that the two discs are plano-parallet and concentric to
each other. Screw the base disc to the shaft with a ballrace in place, and clamp the
shaft in the lathe chuck. Glue three small spacers exactly 6.5 mm thick to the internal
edge of the cover plate, spaced apart by about 120°. Push three blade blanks into the
dlots in the cover plate which are adjacent to the spacers. Don't glue the blades to the
plate yet. Push the other end of the blades into the corresponding slots in the base disc.
Check that the alignment marks at the edge of the two discs are lined up correctly.
The blades have to be curved to take up the Camber of the sots. Since the blades are
"sprung"” in this shape, they stay firmly in place in their dots, with the result that, at
this stage of Construction, the whole assembly can be

..
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plugged together "dry" and dismantled at any time. Gently press the cover plate
onto the assembly using the tailstock and a soft buffer, and check that both discs make
contact with all three spacers. Y ou are now in a position to adjust the concentricity of
the cover plate relative to the base disc. Take your time, and be as accurate as you can.
An eccentricity of 0. 1 mm is satisfactory. Once you are confident that alignment is
correct, glue the blades into the slots using cyano-acrylate adhesive. It is very
important here to use a type of cyano which is expressly recommended for wood.
Alternatively a slow-setting epoxy resin can be used. Once you have decided on the
type of glue, keep to it when fitting the remaining blades. Once the joints have set
hard, release the workpiece from the shaft and fit the
remaining blades, working from the rear face of the
base disc. Push them through until they rest against
the 50 mm diameter disc on the front face of the
cover plate. Glue them in place as described above.

Reinfor cing the compressor wheel

Fix the compressor wheel to the shaft again, and
turn it down to final outside diameter. The
reinforcement consists of three annular windings of
carbon fibre on each disc. Slow-setting epoxy resinis
a suitable binding material, or you can use a specialy
formulated cyano-acrylate adhesive. In either case
the important factor, as far as maximum strength is
concerned, is that the carbon fibres are arranged very
densely, are aligned accurately

Winding the carbon fibre reinforcement. The channel for the next smaller diameter should not be cut, and the

carbon fibre wound into it, until after the first winding has cured.

along the periphery of the wheel, and are saturated completely with the binding
material. Fast-setting bonding materials, especially "instant” glues, do not meet this
requirement. Glass fibres and aramid fibres are not a suitable alternative for carbon
fibres. Aramid fibres are very strong, but at the same time they expand much more
than carbon fibre, and their modulus of elasticity is much lower. The result would be
that the reinforcing rings would expand considerably under centrifugal load, and the
wooden component would fracture. Glass fibres also have alow modulus of elasticity
and expand more than carbon fibres, and they are aso more difficult to wind. We
recommend that you practise the winding technique on atest disc of the same material
and diameter. For the practice piece you don't need to cut the slots and machine the
internal shape.

Now we come to applying the reinforcements: first turn the channels using afine,
sharp parting-off tool, then smoothe them using the finest grade of abrasive paper.
The next step is to prepare the carbon fibres. The carbon fibre rovings generally
avail-able in model shops are too thick for our purpose, as the cross-sectiona areais
about 1 mm2. A roving of this type should be divided into about five strands, each of
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approximately the same thickness. If possible they should all be longer than 1 m.
Splice the start and finish of each strand using a sharp balsa knife. This ensures that
the individual fibres of each strand do not end at the same point. All strands must be
free of knots and tangles.

Clamp the workpiece in the lathe chuck and wind the fibres onto the wheel by
manually rotating the chuck, holding the car-bon fibre strand taut, and guiding it by
hand. Check that the start of the strand rests snugly in the bottom of the channel. Y ou
can achieve this by smoothing it down with a narrow strip of soft balsa. When the
start of the strand is correctly positioned, apply a drop of adhesive. Apply glue
successively at approximately each quarter-rotation. Smooth the end of the strand into
the channel in the same way, and start winding the next strand at a point offset by
around 1g0p from the end. Continue this process until the channel is completely filled
with carbon fibres. Leave the bonding agent to cure for several hours before starting
on the next stage, even if you are using cyano-acrylate adhesive. The next step is to
cut the channels for the rings of the next smaller diameter.

Once you have completed the test piece, let the bonding agent cure then separate the
carbon fibre ring from the wood on the lathe. You can now test the quality of the
winding by carrying out a fracture test. Study the fracture point with a powerful
magnifier, and you will clearly be able to see whether the fibres are fully saturated
with binding agent as described above. If fair-ly large areas seem to be unsaturated,
the adhesive or epoxy is not suitable. In my experience, UHU Endfest 300 and
Simprop Blitzkleber "extra duenn" (ultralow viscosity cyano) have proved
outstandingly good. Although the Simprop adhesive is termed "Blitzkleber" (instant
glue) it is sufficiently slow in response when applied to the carbon fibre windings
using the method stat-ed above, and permeates the fibres very well. | always recom-
mend making an experimental winding in any caseif you are

™ Thefinished compressor wheel.

using cyano-acrylate, since the adhesive
characteristics of all cyanos vary markedly depending
on their age. One of my compressor wheels
' constructed using this technique has survived
rotational speeds of more than 90,000 rpm
undamaged.

A little trick is required to pro-duce the channel
for the smallest ring on the rear face of the base disc.
Turn the step at the smallest diameter, then glue a thin ply-wood disc, 4 mm larger in
diameter than the step, on the rear face. This produces the channel for the winding.

Finishing the compressor wheel

Part off the temporary plywood disc used for the final channel, then machine the
outside of the cover plate and base disc to final shape. At this point al the surfaces,
including those of the blades, should be impregnated with the adhesive you last used.
When this has cured, sharpen the inlet edges of the blades using a fine grinding wheel
in amini hand-drill, and seal the worked surfaces with adhesive to complete the job.
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The transition areas where the blades meet the discs must be left unworked. Cut away
the plywood at the outside diameter on the internal face of both discs, taking greater
care to avoid damaging the blades and the carhon fibre windings. Ideally athin layer
of wood should remain between the carbon winding and inside face. Smoothe the
worked edges using afine emery board.

Thefinal process on the lathe is to machine out and round off the inlet throat. The
internal shape has to match the outside diameter of the inlet nozzle, and this cannot be
done until the nozzle has been made. For this reason it makes sense to leave this stage
until all the internal components and the cover have been completed. The actual
process is completed in two stages: first bore out the inlet to the point where the inlet
nozzleisatight fit in it. Once the rotor and all the other parts have been installed, and
the housing trimmed to fit, it is possible to centre the nozzle, the cover and the
compressor wheel very accurately (see section 7.2.8). Once the parts have been
centred, you can increase the diameter and depth of the opening by 0.2 mm. The
worked surfaces must be impregnated with adhesive in the usual way.

Balancing the compr essor wheel
This is best left until all the processes described above have been completed in
full. Screw the

The blank after sawing out and marking the position of
. theflange.

compressor wheel to the shaft with a ballrace in place. Hold
the outer ring of the ballrace between thumb and index finger to sup-port the assembly,
and run it up to a speed of about 10,000 rpm by playing the starter fan or compressed
air on the compressor wheel. At quite alow rotational speed you will usually feel a
distinct vibration through your fingertips — an indication of imbalance. Now apply a
strip of fabric tape about | cm2 in size at any point on the outside of the cover plate,
and repeat the test. Y our fingertips will immediately tell you whether you have, by
chance, found the right position, as the vibration will be noticeably weaker. Alter the
position and size of the piece of tape and repeat the test until the vibrationisat a
minimum. This does not take long. Now remove the balance weight (the tape) and
apply adrop of glue to the cover plate at that point, wiping it out to form athin layer.
Repeat the testing procedure as necessary. Y our fingertips are quite accurate enough
to balance the compressor wheel adequately. This method is so sensitive that your
fingertips can easily detect a difference in mass of afew milligrammes at the edge of
the compressor wheel, just by sensing the change in vibration. Once the balancing act
is over, the compressor wheel isready for use.
7.2.1.3 Theturbine wheel

To construct this component you will need MIG (Metal Inert Gas) welding
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apparatus and a small, robust, high-speed hand-held grinder in addition to the lathe.
Mark out the blade division on drafting paper using a root diameter of 41.5 mm and
an outside diameter of 65 mm, and glue the template to the blank (2.5 mm thick
stainless steel sheet). Mark the diameter of the mounting flange on the template. The
stated outside diameter is about 1.5 mm larger than the diameter of the finished
turbine whesl.

Mark both ends of the blade division slots on the metal at the inside and outside
diameters using a centre punch. Mark the points on the outside diameter deeply, but
those at the root diameter very delicately. Punch four points lightly around the hub
flange diameter, spaced out at 90° to each other. Remove the paper template and
mark the blade divisions from each punched point at the root diameter out to the
corresponding point on the outside diameter, using a scriber. Don’t scribe lines right
across the disc, as this produces a serrated effect.

Making the blank

Drill 2.5 mm diameter holes at the outside point of each division. Y ou will need
to use a HSS drill in conjunction with a lubricant designed for stainless steel. In an
emergency lubricating oil forms an adequate lubricant. Remove rough edges from the
drilled holes. Y ou can now cut out the prepared blank from the sheet material. Using a
good hacksaw this takes about 30 minutes. Guide the saw blade from the centre of one
hole to the centre of its neighbour, leaving half of each hole visible on the blank. Cut
along the dividing lines between the blades, again using the fretsaw. Start from the
half-holes and cut along the scribed line to the punched point at the root diameter.
Twisting the blades

Twisting the blades with the help of a claw tool.
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Flange screwed to shaft and centred up with the blank prior to welding.

The next process is much easier if you first annea the blank at about 700°C.
Allow the workpiece to cool down fully. Clamp the blank in a vice between two 41
mm diameter steel rings. The front face of the blank, bearing the hub diameter marks,
should be facing you. Locate the blade which is pointing vertically upward, and grip it
in the claw tool as shown in the photograph. Twist the tool through 37°, Please be
sure to twist the blade in the correct direction: looking at the blade from above, the
twist should be anti-clockwise. To check the angle of twist use a protractor or an
adjustable square set to 37°, Rest one shank of the adjustable square against the
outside edge of the blade. If the angleis correct, the other shank will lie parallel to the
vice jaws. Rotate the blank between the two rings until the next blade points vertically
up, then repeat the procedure.

When twisting the blades please note that they should be twisted around their
vertical axis only. They must not be bent in the direction of the axis of rotation. This
can easily happen if you use pliers instead of the claw tool shown. It is a simple
matter to
twist the blades with an accuracy of better than +/- 1% using this method.

Making the hub

Clamp the hub blank in the lathe chuck and bore right through for an M6 thread.
Bore the 6.5 mm mating hole, and turn the other dimensions leaving the workpiece
0.5 mm oversize. Cut the M6 thread and part off the hub. The corresponding shaft
spigot can now be turned down to achieve the correct fit in the hub. The parts should
be a light forcefit. Screw the two parts together, clamp the shaft in the lathe chuck,
and turn the hub down to final size. Don't forget to check the centring of the ballrace
journal beforehand, using the dial gauge.

Welding the hub to the turbine blank

Leave the shaft and hub chucked in the lathe. Press the turbine blank against the
flange using the tailstock live centre and a cylindrical spacer, and check its alignment
with the outside diameter of the hub flange. The four punched points on the blank are
your reference points. The blank can now be attached to the flange by eight
spot-welds. Use Cr-Ni wire of 0.6 mm diameter as a welding rod, using the MIG
welder, of course. The spot welds should be exactly opposed to each other, i.e. offset
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by 180°. Cover the lathe under the joint area with metal sheet to avoid blobs of hot
welding rod burning the machine. Turn down the blank to within 0.5 mm of its final
outside diameter.

Grinding the turbine blades

For this process you will need a high-speed
miniature hand-held grinder, protective goggles and a
dust mask. If you are new to this process, start by
practising on a piece of spare sheet metal -- the same
material used for the turbine blank. The grinder
should be set to a speed where plenty of sparks fly
when grinding.

The blades should be ground down to a shape
which  corresponds  approximately to  the
cross-sections shown in the drawing. Exact fidelity to
the profile shown is not absolutely essential. The
profiles drawn in the cross-sections are designed with
adequate blade stiffness and strength as the main
priority. With this in mind, it is important that the
blade root cross-section should be The first step in the
grinding process is to open up the gap at the blade
root to form a channel about 2 mm wide at an angle of
40', measured relative to the axis of rotation. At the
same time grind away any traces of the sawcut at the
blade root. The diameter on which the base of these
channels lies is 41.5 mm, as shown in the drawing.
Grind the rounded area of the rear face of the blade to
the radii shown in the drawing. The next step is to
profile the front face. Note that the profile thickness
reduces constantly from the blade root outward. The
profile thickness at the outer part of the blade should
Plan view and side elevation of the finished turbine whesl.

Be about 1 mm. Grind the front edge of the blades to a point, but leave the rear
edge about 0.2 mm thick. Rounding off the front edge is not advantageous in terms of
airflow. Finally grind down the tip of the blades to a width of 10.5 mm, finish off the
taper at the front edge and, if necessary, adjust the blade thickness at the rear edge.
Balancing the turbine wheel

Before balancing the turbine wheel, turn it down to its final diameter of 63.5 mm.
To do this screw it to the shaft again and clamp the shaft in the lathe chuck. Balance
the wheel using the method described for the compressor wheel. However, in this case
any imbalance can only be corrected by grinding material from the turbine wheel. It is
usually the case that one blade or other has been left too thick, or too little material
has been ground away at the blade root. It is a very quick matter to achieve an
accurately balanced turbine wheel in this way, using the fingertip method. Do not
under any circumstances attempt to balance the wheel by drilling into the disc or by
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grinding material away from the turbine disc itself. A turbine wheel with aholein it,
even if the hole is only part-way through, is completely unsuitable for high rotational
speeds, and will certainly fail in use.

7.2.2 Jigs

Jigs are required to centre the housing component 14 relative to parts 15 — 18,
and to the internal structure, parts 7 — 13. Thefirst jig is aflanged disc similar to the
turbine wheel, with the same diameter as the internal diameter of part 18 (jig A). You
will aso need two discs with the same diameter as the internal diameter of the
housing, and a central bore matching the shaft diameter. Link these two discs together
using three studs, spaced about 70 mm apart. Y ou can turn the discs from 4 — 5 mm
thick plywood. The two large discs with the studs form jig B. Jig C is used to aign
parts 15, 16 and 18.

7.2.3 Theinternal structure

Theinternal structure consists of parts 7 to 13. It’ s purpose is to locate and centre
the rotor bearings in the housing, and it simultaneously forms the diffusor system for
the compressor wheel at the front end.

We will begin with the shaft sleeve, part 7, which includes the bearing sockets at
either end. The rear bearing socket is an easy diding fit. The front bearing socket
forms afixed bearing, and provides the axial location of the rotor, in conjunction with
the base plate, part 10. The bearing centres up parts 7 and 10 relative to each other.

The easiest method of making the bearing sockets is to turn them from bar stock
initially, fit them in the tubular shaft sleeve, and hard-solder the parts together. Turn
the shaft sleeve to length, then attach the front mounting flange to it using about 6
spot welds. The struts between flange and shaft sleeve can now be welded in place.
Clamp the workpiece in the lathe chuck, true up the front face of the flange perfectly
flat, and turn the front bearing sleeve as shown in the drawing. The position of the
vent hole on the periphery of the shaft sleeveisnot crucial, but it must be the correct
distance from the front face, and the inlet point for the oil pipe, part 35, should be
offset to the hole by 180". Hard-solder part 35 to part 7, and attach it to one of the
struts by wrapping with wire. Hard solder the joint.

Cut out the base plate, part 10, oversize. Don’t use thinner material to save
weight — that would be a false economy! The base plate forms a very rigid assembly
in conjunction with the shaft sleeve, the housing and the link pieces, part 11. This
rigidity is afundamental necessity if the engineis to function correct-
ly.

First drill through the centre bore in the plate and turn the ballrace seating. If your
lathe does not allow you to chuck the base plate directly, screw it to asimple
flat-faced flange for machining. The screw holes can be sealed later with countersunk
aluminium rivets.

Make the link pieces, part 11, leaving them overlength, so that they can be cut
down to suit the exact diameter of the housing. The threaded holes for the retaining
screws, part 8, should not be drilled until the internal structure has been completed,
and isready for fitting in the housing. Rivet the link pieces to the base plate, using
countersunk rivets on the front face of the base plate.
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Saw out the compressor diffusor blade holder, part 12, to approximate size, and
dlot it to take the diffusor blades, part 13. Use the template method to mark out the
slots, as described in chapter 7.2. 1. Glue parts 10 and 12 together at this stage using
heat-curable epoxy, e.g. UHU Endfest 300, and cure the joint at 120°C. Offer up this
assembly to the assembly consisting of parts 7, 8 and 9, using a ballrace to aid
location. The screw holes can now be drilled in the following sequence:

Drill the 2.5 mm through holes in the positions shown. Drill out these holesin
part 8to 3. 1 mm diameter. Tap an M3 thread in parts 10 and 12. Harden the threaded
holesin part 12 by applying cyano-acrylate glue. This produces a self-locking thread
which holds quite well. For the next stage the two sub-assemhues need to be screwed
together. Clamp the shaft sleeve in the lathe chuck, and centre up the other end on the
ballrace using the live centre. This ballrace should only be used for the following
machining process. Don't use it when running the rotor. Turn the diameter of parts 10
and 12 to final size. Machine the radiused edge and turn the front face of part 12 to
size.

The next step isto install the diffusor blades, parts 13, in the
The completed internal structure. The tube
projecting at top left isthe oil pipe. The fuel and
supplementary gas pipes are routed through the
same area between the diffusor vanes. Three 3 mm
diameter holes are provided at the corresponding
pointsin the front housing. This pipe arrangement
saves a lot of work with pipe sockets

e

Therotor installed in the internal structure. In this
stateit is possible to check the quality of the
bearings before final assembly.

slots, but you will need to remove excess adhesive
from the slots beforehand. Use aminiature | mm
diameter mill for this, or a1 mm drill bit and a
miniature hand-held drill. Position the threaded holes (for the bolts, part 23) so that
their centres intersect the centreline of the adjacent blades.

Cut the diffusor blades, parts 13, to approximate size, sharpen their front edge (the
edge which meets the airflow), and glue them to part 12. Use UHU Endfest 300 again,
cured at 100°C. It is important not to use a higher curing temperature this time,
otherwise the diffusor blade holder may become detached from the base plate.

Parts 11 and 13 have to be finished on the lathe, but this can only be done if the
housing, part 14, and the cover, part 25, have aready been prepared. The first step is
to turn the outside diameter of parts 11 and 13 to match the internal diameter of the
housing, part 14. Round off the machined outside edges of parts 11 and 13 with afile,
to make insertion easier. The parts should be a close sliding fit in the internal diameter
of part 14, so that the interna structure can be pushed into the housing without
requiring great force. Machine the 67 mm internal diameter of part
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12, and chamfer the edges. Impregnate all the worked surfaces of the wooden
component with fuel-proof lacquer. Machine the outside shape of the diffusor blades
13 to match the shape of the cover. Machining the blades is easier if you set up the
lathe to rotate in the direction opposite to normal, and clamp the turning tool with the
cutting edge at the bottom.
7.24Thehousing

The housing is made from an empty Camping Gas International gas cartridge,
type CV 470. The first step is to mark the 79 mm diameter on the valve end and cut
along the line using a miniature cutting disc. Cut off the bottom section leaving the
housing 108 mm long, measured from the rear opening. The best tool is again a
miniature disc cutter. Sand or carefully burn off all the paint on the inside and outside
of the car-tridge. The painted finish on the inside and outside surfaces is now replaced
with aluminium spray paint, available from many car accessory shops. When the
On the left, the housing
blank. In itsfinal stageit
istransformed into a
component fitted with
integral diffusor vanes,
turbine housing,
mounting brackets and
oil pipe (bottom right).

sprayed coating has dried, burn it on using a gas torch. At this point the mounting
brackets, parts 36 and 37, the connecting nipple, part 42, and the reinforcements, part
39, can be hard-soldered to the housing. The best solder to use for these jointsis low
melting point silver solder.

7.2.5 Turbinediffusor blade system and turbine housing

This assembly consists of the diffusor blade holder, part 15, the diffusor blades,
part 16, the central body, part 17 and the turbine housing, part 18. The first step is to
make part 17 as shown in the drawing. You can save on work by making the outer
cylindrical ring from tubing, cut the inner disc from 0.8 mm thick steel sheet, and
weld it to the outer ring. Apply aluminium spray to part 17 and heat-treat it when it is
dry. Alternatively this part can be welded up from nickel-chrome steel sheet, in which
case no surface treatment is required. The radius at the front edge is non-critical.

Cut parts 15 and 18 to size from 0.8 mm thick sheet steel as shown in the
illustration, and bend them to form a cylinder and truncated cone respectively. A
piece of wood turned to the inside shape makes a useful former for shaping these parts.
When the shaping stage is completed, weld parts 15 and 18 together using the MIG
welder. Thisis the procedure: hold the parts together on the jig, tack-weld the parts at
afew points along the seam, then remove the jig and weld the seam compl etely on the
outside. Clean up the inside of the joint between the two parts using a miniature
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hand-held grinder. Apply the usual surface treatment to this component: aluminium
spray fixed by burning on.

Cut the diffusor blade slotsin part 15 working from the out-side, using a miniature
disc cutter and hand-held drill. Mark the slot positions using the paper template
method. Glue the paper template in place securely and cut the slots using a grinder or
drill, cutting along the marked centrelines. Make the wooden jig C as shown in the
sketch before installing the blades. It isimportant that the 64 mm diameter of thejigis
a press-fit in part 18. The jig forms a stop for the inside edge of the diffusor blades,
part 16. The diameter of the stop should be approximately 1 mm smaller than the
outside diameter of part 17 at this point. The result is a pre-defined excess at the
inside edge of the diffusor blades, ready for final working.

The first step in making the diffusor blades is to cut a pattern from 0.5 mm sheet
brass. This blade should fit as accurately as possible against the cylindrical part of the
jig, and project by about 2 mm beyond the outside edge of part 15. The curvature of
the outside edge of the blade is dictated by the shape of the slotsin part 15. The radius
of the curve should become steadily smaller towards the cylindrical part of the jig,
although exact adherence to the stated radii is not a pre-requisite for the correct
functioning of the system. Once this template is completed, you can make the actual
diffusor blades using it as a pattern. The blades are installed as follows: fit the blade
through the slot and tack in place on the outside using the welder, then adjust it if
necessary. The blades should be radially symmetrical when viewed from the front and
rear, but aligning them by eye is quite accurate enough. When you are satisfied, weld
the blades to part 15 along the length of the joints, using the MI1G welder. Use 0.6 mm
diameter steel wire as welding rod.

Press out the jig, and clamp the diameter of part 18 in the lathe. The inside length
of the diffusor blades can now be ground down to fina size using the miniature
grinder. Part 17 should fit inside the diffusor blades with about 0.2 mm clearance.
7.2.6 Attaching the diffusor blade system to the housing

Push jig B into the housing. Screw jig A to the shaft instead of the turbine. Place
the sub-assembly consisting of parts 15 to 18 on the rear face of part 14, and slide the
shaft in from the rear using jig A to centre up the parts. The sub-assembly can now be
hard-soldered to part 14. Alternatively, if you are confident of your ability to weld
very thin sheet metal you can weld the joint instead. Remove the jigs and clean up the
hard soldered or weld-ed seam on the inside of the joint. Use brass-based hard solder
for thisjoint.

7.2.7 Centring the internal structure

Fit the front bearing in the internal structure by pushing it into the housing from
the front. Fit a ballrace on the turbine end of the shaft, then screw jig A in place again.
Slide this assembly into the shaft sleeve from the rear. This process accurately centres
the shaft sleeve relative to the turbine housing. Measure the dimensions carefully, and
drill the retaining screw holes through part 14 and the link pieces, part 11. Drill 3.2
mm pilot holes for
the M4 thread first, then remove the internal structure from the housing. Drill out the
holes in the housing to 4 mm diameter, and tap an M4 thread in the holes in parts 11.
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7.2.8 Making the front section

This consists of the cover, part 25, the reinforcing ring, part 26, the connecting
ring, part 28, and the inlet nozzle, part 27. Parts 25 and 27 are pressed out of | mm
thick pure aluminium sheet. This technique is very easy to learn. | suggest that you
start with the ssmpler component: part 27. Y ou will need a hardwood former turned to
shape; alternatively you could assemble the former from a stack of plywood discs.
The out-side shape of the former should be the same shape as the inside of the
component to be pressed, but should be dlightly longer, as shown in the drawing.
Clamp the former in the lathe chuck. The workpiece blank is now pressed over the flat
front face of the for-men The live centre is used for this, in conjunction with a
pressing disc whose diameter is slightly smaller than the front face of the former. The
blank is aflat disc of sheet metal with the diameter stated in the drawing. It must be
annealed at around 300" C before being shaped. Instead of a turning tool, a pressure
tool is used for the next step. For our purposes this consists of a length of hardwood
about 10 x 10 mm in cross-section, with the front face rounded off. For this ssimple
type of pressing alubricant is needed, e.g. grease. The principle of the processis this:
the former rotates, and the sheet metal, in its soft state, is pressed against the former
using the pressure tool. The first step is to guide the pressing tool as if you wanted to
create a shape half-way between the final form and the flat plate. Y ou then continue
pressing with the pressure tool, until finally the formed metal rests against the former.
This process does demand alittle prac tice. If the material becomestoo brittle
Rear view ofthe combustion
chamber. This component presents no technical or
constructional problems. The position and size ofthe
holes and openings are crucial to the quality
ofeombustion. The hole sizes ofthe version shown here
are not exactly as described in the building instructions.
The pipe projecting at the bottom is the supplementary
gasline.

The same combustion
front.

chamber seen from the

while you are working it,
have to start again, this
again after the second
process is completed, you
length while it is still on
parts can then be separated.
part, moderate heating

- it may tear, and you will
~ time annealing the metal
~ stage. Once the pressing
. can cut the workpiece to
| the pressing former. The
I it they are reluctant to
| with a flame will help.
Parts 25 and 27 can - usually be made without
being annealed a second S time.
Once part 25 has been formed, you can glue the reinforcing ring, part 26, to it
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using UHU Endfest 300. Cure the epoxy with heat. When the glued joint is hard, saw
out the central hole to accommodate part 27. It does not matter if this opening is not
exactly central. Drill holesin parts 25 and 26 for the retaining screws, part 41, in line
with the holes in the internal structure. You can now screw the cover, the internal
structure and the housing together, and centre up parts 27, 28 and 25 using the
compressor wheel itself. The machined curve in the compressor wheel cover plate
serves to locate part 27 accurately. Parts 25, 28 and 27 can now be glued together in a
single operation, with part 27 engaging in the opening in the compressor wheel. For
once fast-setting epoxy is adequate for the job, athough the metal joint surfaces
should still be cleaned carefully and keyed with coarse abrasive paper. Take care that
no resin gets between part 27 and the compressor wheel. When the resin has cured,
separate the parts again (in so far as you have not glued them together). The opening
in the compressor wheel can now be turned down on the lathe to produce 0.3 mm
clearance between the nozzle and the cover plate both axially and radialy. Apply
sealing lacquer to the machined opening. It is a good idea to re-check the balance of
the compressor wheel after completing this stage.

7.2.9 The combustion chamber

The combustion chamber consists of the inner cone, part 29, the front section 30
and the outer jacket 31. Mark out these parts as shown in the drawing, and drill the
holes in part 29. Place a sheet of hardwood under the thin sheet metal before applying
the drill. It is important to use the right type of drill with this material. HSS drill bits,
in conjunction with stainless steel cutting paste, have proved excellent. Remove rough
edges from the holes using a miniature hand-held grinder.

All the sheet metal parts can be cut accurately from the sheet material, without
distorting the panels, using a miniature hand-held grinder and fine cutting discs. Part
29 can then be bent to the correct conical shape. One method is to machine a conical
wooden former and bend the metal round it. Alternatively, with a little skill it is
possible to do the job using a length of dowel about 15 mm in diameter as a former.
Clamp the dowel in the vice, and bend the part round it segment by segment, until you
achieve the correct conical shape. Weld the seam using the MIG welder and 0.6 mm
diameter nickel-chrome wire. Weld part 29 to the front section, part 30, as just
described, then weld part 30 to part 31. It is a good idea to make a plywood locating
ring to help centre up part 29 relative to part 31 at the rear end. Cut out the air inlet
flapsin part 31 using the miniature disc cutter, and bend them inward as shown in the
drawing. It is important that the flaps are cut so that they point in the direction of
rotation. Cut the cooling ar slots as shown in the drawing, using a 1 mm thick
grinding disc. The last part of the combustion chamber is the spacers, which are
tack-welded in place using the M1G welder, and the supplementary gasinlet tube, part
43, which should be fixed to part 30. The tube can be soldered in place using high
melting point silver solder. The inlet tube should only just project into the combustion
chamber, otherwise thereisarisk that it will melt when the engine is running.

If you wish to install an internal ignition system, fit athreaded glowplug sleeve on
the front face, offset by about 60' relative to the inlet pipe, and hard-solder it in place.
If you fit the sleeve, remember to check at the final assembly stage that the projecting



glowplug head does not foul any of the internal structure components. A cable duct
must also be provided for the glowplug cable. The duct can be fitted at any point in
the housing in the area between parts 10 and 30. Thick-walled silicone tubing has
proved an ideal insulating material for the cable. Make a spring clip from brass sheet
for the glowplug con-tact. Bend the spacer 32 so that it presses lightly against the
inner wall when the combustion chamber isfitted into the housing, part 14.
7.2.10 The vaporiser

The vaporiser consists of a 1300 mm length of 5 mm O.D. stainless steel tube
with awall thickness of 0.3 mm. Squash one end of the tube flat and fold the end over
in the manner of a toothpaste tube. Seal the end. The next step is to bend it to shape,
but it is essential to anneal it beforehand by heating it to red-hot using a gas torch. Let
it cool down, then fill it with the finest grade of quartz sand. Tap along the length of
the tube with a metallic object to ensure that the sand collects densely in the tube.
When the tube is completely full, push a wooden plug into the open end. Now wind
the tube into a coil, as shown in the drawing, using a 70 mm O.D. cylinder as a
winding former. The direction of winding is important: from the crimped end of the
coil, it must wind in the direction of rotation. Bend the first turn of the coil into aring
of 66 mm internal diameter, and position it approximately central relative to the coil.
Bend the other end of the coil inward. Remove the wooden plug and tap the sand out
of the tube

Drill five 0.8 mm diameter jet holes in the tube, spaced out at 72'. at right-angles
to the plane of the front ring. These jets should then point exactly in the axial
direction, towards the compressor end. To improve the mixing effect, bend the holes
outward to form cowls, using a piece of 0.8 mm diameter spring steel wire. When
using this tool, hold the wire with its end in the plane of the ring, its outside tangent
running a an angle of about 20° outwards. With the wire in this position, crimp the
tube lightly at a point immediately adjacent to the hole, using a pair of pliers. This
results in the vaporised fuel flowing out in a spiral pattern, which helps to ensure
thorough mixing of the fuel and air. Hard-solder the fuel feed tube, part 34, to the free
end of the vaporiser tube via an adaptor. Adjust the curvature of the tube so that the
solder joint islocated in one of the openingsin part 29.

The vaporiser coil, showing the fuel feedpipe and
exitjets. The direction ofrotation ofthe cail isthe
opposite of the version described in the building
instructions.
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» Vaporiser installed in the combustion chamber.

To improve the mixing effect, the holes in the
vaporiser should be angled as shown. Thisiseasily
done after drilling with apiece of 0.8mmwire.

If you cannot obtain 5 mm diameter stainless stedl tubing of the stated length, you
can hard-solder a length of 4 mm stainless steel tube into the main tube to make up
the length, although the main tube must be at least 1 m long. The additional solder
joint should be located in contact with the outer wall of the combustion chamber. This
minimises the danger of the solder joint melting when the engine is running. High
melting point hard solder must be used here.

7.2.1 1 Installing the vaporiser in the combustion chamber

Fit the vaporiser into the corn-bustion chamber from the rear, at the same time
dlipping the connecting tube forward through the corresponding hole in the inside
section. The front ring of the vaporiser is fixed in place with three wire clips made of
0.6 mm diameter nickel-chrome wire (welding rod). Bend the feed pipe so that it runs
forward between the blades, between the base plate and the housing wall. Drill a 3
mm diameter hole in the cover at this point. Pass the tube through the hole, and cut it
off at a sensible length. Solder a union olive about 3 mm in diameter to the end. Bend
the supplementary gas inlet tube to shape in a similar way, and run it to the outside.
The combustion chamber and vaporiser are now finished.

7.2.12 Annular jet

This consists of the externa jet, part 19, the flow stabiliser, part 20, and the
connecting struts, part 21. The fixing straps, parts 22, are also required to fix the jet to
the housing. Part 19 consists of a short truncated cone whose outside diameter is
exactly the same as the outside diameter of part 18. Part 19 is used to cover this buitt
joint, and its short cylindrical section should be an accurate fit over the joint. Bend
this external part to shape from a strip of sheet metal, tie it tightly round part 18 using
wire, and fix it to the tapered part using about 20 spot-welds. Three connecting lugs
can now be welded to part 19 and three to part 18, spaced out at 120°Cut slots in the
conical end of part 19 to take the fixing lugs, parts 22, using a rotary cutter. Bend the
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deflector cone to approximate shape round a length of 12 mm diameter dowel prior to
welding the joint. Clean up the weld seam inside and out using the miniature grinder.
Make a hardwood cone with a gslightly rounded base, and drive the truncated metal
cone onto it. If the wooden cone is now clamped in the lathe using a suitable mandrel,
you can press the deflector cone to final shape and clean it up. Parts 20, 19 and 21 are
assembled as follows:. place part 19 on part 18, and wrap nickel-chrome wire round
the lugs. With the turbine wheel in position, place part 20 on the turbine disc, using a
locating ring and a spacer disc. The struts, part 21, can now be fitted, and parts 19 and
20 joined by means of afew spot welds. Remove the spacer disc and the locating ring,
and the annular jet is ready to use. You may find that the fatter end of the deflector
cone distorts into a slightly triangular shape, but this has no effect on the annular jet's
effectiveness.

The turbo-jet engine has been thoroughly tested with the annular jet held in place
by the fixing lugs and wire clips shown, and the system is completely reliable. A
gastight joint between jet and housing is not necessary.

7.3 Final assembly

Screw three studs in the M4 threaded holes in the central structure, and fit
locknuts on the rear face to secure them, Flatten the studs dightly in the air duct area
on the front face, using the disc grinder. Fit the springs which press against the
combustion chamber onto the end of the bolts which project on the rear side. Y ou can
bend the springs dlightly so that they do not dlip off the bolts by themselves. There
must be at least 1 mm clearance between the projecting end of the studs facing the
combustion chamber, and the front face of the combustion chamber itself, to avoid
serious stress or distortion occurring when heat causes the combustion chamber to
expand.

The front end of the studsis used to secure the cover. Three M4 nuts are sufficient
for this. Alternatively you can use two of the studs as a method of mounting the
turbo-jet: in this case replace two of the M4 nuts with 7 mm diameter pillars with an
internal M4 thread. Fit these pillars through a former at the tail end of the fuselage,
and the engine only then requires to be screwed to a suitable support at the rear, by
means of the rear front mounting bracket, part 37. If you select this method of
mounting, the mounting bracket, part 36, is not required.

Before finally assembling the motor prior to running it, check that all the
pipework is unobstructed, and mark each pipe to identify it. Remove any traces of
dust and swarf from all the engine's components. Install the front and rear ballraces,
and fix the central structure in place using three M3 screws. Clamp the shaft in the
lathe chuck and screw the turbine wheel into place by hand, using a cloth to avoid
injury. Screw the wheel in place as far as it will go, without using force. Further
assembly is completed in the following sequence:

Push part 17 in as far as it will go. Slide the combustion chamher into place and
rotate it until the three pipes line up with the holes in the cover. Fit the central
structure and line up the threaded holes in parts 11 with the corresponding holes in
part 14. Fit the retaining screws but do not tighten them fully. Slide the shaft and
turbine wheel into the shaft sleeve from the rear, as far as it will go. The clearance
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between the turbine wheel and part 18 should now be adjusted by placing three strips
of metal 0,3 mm thick between the turbine wheel and part 18, spaced out at 120°.
Lightly tighten the retaining screws, part 38. Withdraw the metal strips and check that
the turbine wheel rotates freely. | recommend using a feeler gauge, 0.2 to 0.3 mm
thick. If the blade can be dlipped into place equally easily at al points, then the
turbine wheedl is correctly centred. Otherwise you will need to make a slight further
adjustment, as follows: undo the retaining screw which is closest to the area with the
tightest clearance —two of the screws, if necessary — and fit a 0.4 mm feeler gauge
at the point with least clearance. Tighten all the screws and with-draw the feeler
gauge. If you find it impossible to centre the turbine in this way you will have to make
acareful adjustment to the holesin part 14.

Once you have successfully carried out this adjustment, you can fit the
compressor wheel and screw it to the shaft using the retaining screw, part 40. Check
again that the rotor spins freely. The bearings should be so free that a light puff on the
compressor wheel sets it spinning. If the system passes this test satisfactorily, the
front section can be fitted and screwed in place. Now repest the freewheel test again,
and re-check the centration of the turbine, as under certain circumstances the housing
may change shape when the cover is screwed to it. This may occur if the cover is
pressed too tightly against the edge of the housing. If this is the case, grind back the
cover dightly where it makes con-tact with the housing. With the front section
screwed in place and the turbine centred perfectly, blow on the rotor with the electric
fan, then switch the fan off and hold the engine with the inlet opening facing down.
Listen carefully, and you should hear no sounds of rubbing at al. The rotor should
slow down gradually not abruptly. Assuming that any fouling is not due to dirt or
excess glue at the edge of the inlet nozzle, the machined opening in the compressor
whesel cover plate will need further adjustment.

For the first test runs seal the gap between parts 15 and 14 with a double layer of
narrow textile tape, wrapped tightly round over the gap. Temporarily seal the
openings between the feed pipes and the cover with thin hose. The engine is now
ready for itsfirst run. Don't install the annular jet at this stage.

Carry out test runs of the engine as described in sections 9.3 and 9.4. When you
are satisfied that everything works correctly, seal the cover and the feed pipe openings
with silicone sealant, using this procedure: remove all traces of oil from the inside of
the cover and the edge of the housing. Place . cover on the engine and tighten the
retaining nuts lightly, so that the components are in their final position. Now loosen
the three retaining nuts by one complete turn, and push the cover forward as far as the
nuts allow. Apply a thin line of silicone sealant around the annular gap, and tighten
the retaining nuts fully. Seal the pipe openings in the cover with silicone sealant.
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