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On the

Editor's Bench

Back in theWorkshop
It seems like forever, but at lastmy
workshop is fully functional (although it
seems to be untidy already). Of course
as soon asmy latheswere properly set
up, a friend called roundwith a ‘little
job’. In this casemodifying the clamp
washer of a chop sawfor a skim off
the spigot, so that it canfit 25mmbore
saws instead of 1” ones; apparently the
cost differencewas nearly four times as
much for the imperial ones!
Admittedlymost ofmy recent
workshop activity has involved 3D
printing, however judging by the
amount ofworkshop projects I see
that use 3D printing alongwith other
more traditional tools, it has become
mainstreamnow.
I recentlydecided to ‘upgrade’ someold
microphones byconverting themtoXLR
sockets forbalanced leads. Of course
the irony is that even reasonable ones
are ridiculously cheap these days, but I
had three and twoofthemare usable
quality, so I thoughtwhynot?Asearch
forvarious types ofXLRmale connectors
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suitable forfitting at the endof a cylinder
was not productive, but I founddouble
endedmale connectors that looked like
theycould do the job.After cutting the
shells in half on the bandsawand tidying
it up, Iwas able tomake suitable holes in
the ends of themicrophones, ‘milling’’ a
stepped recesswithmytrustyDremel.
The half-shellswere glued in placewith a
high-viscosity superglue, and then itwas
just a case of rewiring them.
Incidentally, manymicrophones means
many cables that can be hard to keep
track of. A handy gadget I bought
recently is a ‘bluetooth label printer’. It
is charged fromUSB and holds reels of
thermal print labels, which it recognises
using an RFID tag! As well as simple
labels, I got a reel of ones specially
for cables with a thinner tag towrap
around the cable, then a larger section
that folds back to secure the tag. You
design the labels on a free app on your
phone, which can even generate QR
codes. An ideal solution for keeping
track ofwhich plug is which machine in
theworkshop!
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ARotaryTableFrom
AutomotiveFlywheels
Ken Loniemakes a large rotarytable using anunusual source ofmaterial.

I am a retired engineer from theSunshine Coast in Queensland,
Australia. However, myexperience

has always been inmanagement and
design in themining industry and I
have only acquired a lathe andmill since
retirement and enjoymetalwork and
restoration of old cars.
After purchasingmyBridgeportmill,

I also purchased aVertex indexing head
which I have used for cutting splines and
gears etc. However, at one stage I used it
tomill a semicircle on themill. Disaster! I
nowknowthat theVertex indexing head
is really only for indexing andmeant
to be lockedwhen actuallymachining.
When rotating itwhilemilling, I stripped
the threads that theworm engageswith.
They are only really slots cut into the
cast iron drum. Fortunately, I was able
to pack the rotating drumup so that
thewormmeshedwith an undamaged
portion of the drumgear.
I realisedaseparate robust rotatingtable

formillinganycircularpath,wasneeded.
Anyunits I lookedatonthe internetwere
expensive, so I contemplatedmaking
myown.As I am intoold cars andold
flywheels and ringgears are readily
available, Iwondered if I could rotateone
flywheel ontopofanother, possiblywitha
rowofball bearings separatingthem, and
then rotatethetopflywheelwithaworm
madetomesh inwiththe ringgearonthe
topflywheel. I could alsofitthe indexing
plates frommyVertextouse it as an
indexinghead.
I obtained two old flywheels from

1950 English Rileys and one ring gear
in reasonable condition. Themost
complex part of the project turned out
to be calculation of theworm angles
and pitch etc.

TheWormgear
The ring gear has an outside diameter of
13.25 inches and 104 teeth.
From Ivan Law’s excellent book on

Gears and Gear Cutting, diametral
pitch is DP = (N+2)/OD,where OD is the
outside diameter.
Hence the DPof the ring gear teeth is

8. I intend tomake aworm thatwill be
angled up at its helix angle tomeshwith
the ring gear.
Nowthe circular pitch is given by:
CP = PI/DP = 0.3927 inches.
The helix angle of theworm is given by:
Tan(HelixAngle) = CP/(PI*PCD)
Where PCD is pitch circle diameter of

theworm.
ForDP= 8, OD of theworm is given by:
W= PCD of theworm + 0.250 inches
(Assuming the same thread depth as

for a spur gear) as shown on page 88 of
Ivan Law’s book.
Therefore:
Tan(HelixAngle) = CP/(PI*(W-0.250))
However, the circular pitch of the

worm is less than that of the ring gear
because of the helix angle of theworm.
The circular pitch of theworm is equal to
the circular pitch of the ring gear, divided
byCos(HelixAngle).
The adjustedHelixAngle is therefore

given by:
Tan(HelixAngle) = 0.3927/(PI*(W-

0.250)*Cos(HelixAngle))
This reduces to:
Sin(HelixAngle) = 0.3927/

(PI*(W-0.250))
My lathe has a leadscrewof8 tpi and

thereforewith the standard changewheel
ratio of 1:1, (andwith the quickchange
gearbox set at 8tpi), the lead screw
advances one eighth or0.125 inches for
every revolution of themandrel.
From Ivan Law’s book page 92, the

required changewheel ratio for the lathe
to cut the appropriateworm thread, is
given by:
R = 0.125/(adjusted Circular Pitch)
R = 0.125*Cos(HelixAngle)/0.3927
These two equations can be solved

to provide:
R = (0.125/0.3927)*Square

Root((1+x)*(1-x))
Where:
x = 0.3927/(PI*(W-0.250))
We can now calculate R forvarious

values ofWuntil we end upwith a
practical value for thewormOD and an
achievable changewheel ratio for the
lathe.
We can then use:

Sin(HelixAngle) = 0.3927/(PI*(W-0.250))
to calculate the helix angle of theworm.
Practically, we need to end upwith a

wormODof around one inch.
I ended up selecting a changewheel

ratio of R = 0.312 and awormODofW=
0.881 inches. This results in a HelixAngle
of 11.43 degrees so thewormwill be
tilted at 11.43 degrees to the plane of the
flywheel.
The circular pitch of the worm is

given by:
CP(adjusted) = 0.3927/Cos(HelixAngle)

= 0.4006
This equates to awormthreadsper inch

of 1/CP(adjusted) = 2.496tpi, Say2.5 tpi.
Nowusing factoring as per Ivan

Law’s bookpage90, 0.312 = (26*30)/
(50*50)where thefirst twogears are
the driven gears and the two 50 tooth
gears are the drivers. This is also equal
to (26*48)/(80*50). However, these gear
combinationswill notfit on the lathe
with the existing banjo. I endedupusing
(26*96)/(80*50) and selecting 4 tpi on
the quick-changegearbox.This results
in the sameoverall ratio but enables a 96
tooth gear to be used instead of the 48
tooth and allows propermeshing of the
changewheelswithin the adjustment of
the banjo. The 50 tooth gear is the driving
input gearwhichmesheswith the 96
tooth gearwhich is jointlymounted on
the banjo shaftwith the 80 tooth gear.
This in turnmesheswith the 26 tooth
gearon the driven output shaft.
To achieve this combination, two new

changewheels had to bemade, the 96
tooth and the 50 tooth. I alreadyhad a
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Figure 1

26 tooth and an 80 tooth changewheel.
After setting up a test piece in the

lathe and lightly skimming the surface,
the screwthread of 2.5 tpiwas indeed
achieved. So nowtheworm could be
cutwith anOD of0.881 inches and 2.5
tpiwith a thread depth of 0.270 inches.
(thread depth = 2.157/DP = 0.270 from
Ivan Law’s book page 88). His book
also shows on page 88, that the tool for
cutting thewormneeds to have straight
sides angled at the pressure angle (20
degrees in this case) and should have a
tool tipwidth of 0.091 inches for a 20
degree pressure angle.

Thewormwas then cut as shown,
andmeshwith the ring gear, at the helix
angle, was checked.
Figure 1 shows thewormdrawn in

Alibrewith seating for a small deep
groove ball bearing on the bottom end
and a larger one on the upper end.

Base and Rotating Table
Theflywheel for the basewasmachined
flat on the upper surface and a bronze
bush bored out to 22mmwas pushed
into the base as the locating bush for the
upper rotatingflywheel. SeePhoto 1,
viewed from the underside.

An extension was also welded
onto each side of the base to provide
mounting points for the rotary table
and to locate the worm housing. The
worm housing hold down bolts were
recessed into the base so that they
did not foul when securing the rotary
table.
Therewas a recess in the centre of the

upper rotatingflywheel, which needed
to befilled in to provide a flat base for
mounting components on the table.
The 22mmdiameter centre shaftwas
machined up and some 6mmplate
welded onto the end, as shown inphoto

Shaft mounted to the table.

Plate welded to centre shaft.

21

3
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housing so that theworm is located in
the correct position in the housing.
The completedworm and its mating

with the ring gear, prior to installation
of both in the table is shown later in
photo 5.
The top bearing is retained in the

housing by the bearing end capwhich is
of such a length that it provides no axial
float on the top bearing. The bottom
bearing is free to float axially in its bore.
Three countersunk screws in the end
cap secure the end cap to the housing.
Photograph6 shows the housing. The

2. Thiswas thenmachined into a circular
disk and faced off in the lathe. The disk
and shaftweremounted in the table and
bolted in placewith two bolts, as shown
inphoto3.
Photograph4 shows the rotating

table from the topwith thefill in disk
fitted and a number of holes drilled and
tapped in the table surface for the fitting
of hold down clamps.
The end of the shaftwas drilled and

tapped to take a retaining screwwhich
secures the top table to the base using a
washer, once assembled.

WormHousing
The next part of the exercisewas to
manufacture thewormhousing and its
end plate. The barrel wasmachined to
49mmdiameter and 190mm long from
50mmbar I had scrounged from an
old trailer axle. Itwas bored out to suit
the outside diameter of the bearings at
each end of theworm shaft,with the top
bearing being a larger outside diameter
than thewormdiameter, to allow for
assembly. The top bearingwas a press fit
onto theworm shaft and the top bearing
is located on a step in the bore of the

Upper surface of table. Mesh of worm and wheel.

Worm housing.

4 5

6
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base for the housingwaswelded to the
housing at 11.43 degrees to the housing
axis and the basemachinedflat after
welding, as shown in photo 6. A slotwas
then cut in the housing bymounting
the housing base on themill andmilling
the slot at 11.43 degrees to the housing
access. This slot allows the ring gear to
meshwith theworm. Somefilingwas
required at each end of the slot to allow
free passage of the ring gear.

Assembly
The housingwas then offered up to
the assembled table andmoved in and
out ofmesh until acceptable back lash
was achieved. The assemblywas then
clamped and the locating holes drilled
through into the housing, and tapped
before bolting into position. Some
shimmingwas required.
Photograph7 shows theworm

housing components prior to assembly

andphoto8 shows the completed
assembly.
Figure2 shows anAlibre exploded

viewof the rotary table andfig3,
anAlibre drawing of the completed
assembly.
In practise, the table is a pleasure to

use. It is probably heavier than I had
anticipated and there is some backlash,
which I think is due tome overcutting
theworm (or due to somewear on the

Worm housing components

Completed rotary table.
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ring gear).When I have time, I might
cut anotherwormbut slightly oversize
to see if I can reduce the backlash.
Smearing of some grease on the rotating
faces during assembly is all that is
required for relatively easy operation.
The ball bearing idea between the faces
was not necessary.
In the meantime, my next project is

to make a sign for the outside of my
shed. Figure 4 shows the proposed
sign layout. �

Figure 2

Figure 3

Figure 4
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AngleSettingfor
BenchGrinder
AustinHughes explains howto easilyachieve accurate angles, particularlyfor
grinding lathe tools.

My bench grinder rest utilises
the cross-slide from an early
Unimat lathe, described

inMEW231. In addition to the fine
screw feeds towards and across the
wheel provided by the slide, it also
has two perpendicular tilt axes, height
adjustment, and it can be positioned in
front of, or perpendicular to, the wheel,
photo 1.

Like most home projects, it
has continued to evolve. Major
improvements include the use of
indexable handles instead of fixed
ones, and the fabrication of a new base
to allow the table to be lowered further
to accommodate bulky tools held in
newly-acquired ER collets. The three
M10 threaded pillars that support
the table have been replaced with

longer ones, and the original knurled
aluminium adjusting nuts have been
replaced with steel versions whose
extra inertia allows them to be spun
better, to speed up changes in table
height. I was afraid that the three
pillars might prove insufficiently rigid,
but they are fine.
Despite the rest having every

conceivable adjustment, I never found
it easy to set the grinding angle. Often,
I would wonder whether the table had
to be level; whether it or the edge of
the tool should be on the centreline of
the wheel; and how the curvature of
the wheel came into it.
Whatfinally spurredme on to sort

outmyproblemswaswhen I decided
to attempt to sharpen endmills. In
his excellent book ‘Tool and Cutter
Sharpening’, Harold Hall describes
sharpening theflutes as ‘almost certainly
themost demanding sharpening task to
surface in the average homeworkshop’,
so it’s hardly surprising that I am still
working on that challenge. But before
that, itwas themuch simpler task of
sharpening endmill teeth that really
promptedme to seek a straightforward
method for setting the cutting angle.
The result ofmy labours is shown in
photo2; it consists of somemodest
additions to the end shield of the
grindingwheel, and despite its simplicity,
itworks verywell.

Grinding angles
I had always believed that grinding
should take place on or near the
horizontal centreline of the wheel: after
all, that is where the rest is provided on
off-hand grinders, and texts dealing
with adjustable grinding rests tend
to imply that the table (or rather the
tool being ground) should initially
be along the centreline. Most booksImproved Grinding Rest
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2 recommend a set of templates (one for
each clearance angle, made from sheet
material) to aid setting the angle, but I
preferred to get bywith the help of an
old school protractor, albeit with only
moderate success.
From time to time I had sharpened

large awkwardly-shaped tools with
the rest well above the centre line
on the unguarded section of the
wheel, with the table angled steeply
downwards. This confirmed that there
is nothing magical about grinding on
the horizontal centreline: after all,
how could the wheel knowwhere on
its exposed periphery the cutting was
taking place?
It was uncertainties like these that

prompted me to investigate what
really matters. My findings are not
new, but they formed the basis for an
easymethod of angle setting which I
hope that others might find useful.
To keep things simple, the

discussion will be limited to the job
of creating a front clearance or relief
angle on a rectangular tool, or the
primary or secondary clearance of
end mill teeth, as these both require
the same approach. The angle of
twenty degrees chosen for illustrative
purposes is larger than usually
required, but it makes the sketches
easier to follow.
Figure 1 illustrates these methods.

The first approach is shown by the
upper row of sketches. The rest is
shaded light grey and the tool bit is
darker. We assume that we start, fig.
1(a), from a position where the table is
horizontal, and its height is such that

20°

10°

30°

20°

20°

20°

20°

(a) (b) (c)

(d) (e) (f)

Figure 1. Angle setting methods

Aligning the rest’s table using Ruler and Sector Plate. (This photo also shows the
perpendicular lengths of angle iron to which the base of the rest may be clamped so as
to face either the edge or the face of the wheel.)
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By lowering the table and moving
it to the left until the tip of the tool is
again on the centreline of the wheel fig.
1(c), the correct angle is obtained.
The second approach is shown in

the lower row of sketches, in which fig.
1(d) is the same as fig. 1(a). A twenty
degree ‘angle guide’ as recommend in
text books is placed on the table, and
a mark (red in fig. 1(e)) is made on the
wheel at the point where the guide
is tangential to the wheel. Judging
the true point at which the guide is
tangential to the wheel is not always
easy. The table is then raised and
moved horizontally to bring the tip of
the tool to the red mark, as shown in
fig. 1(f).
When we compare figs 1(c) and

1(f), we see that if fig. 1(c) is rotated
clockwise by twenty degrees, it
becomes identical to fig. 1(f). And
if either picture were to be rotated
by any arbitrary angle, it would still
represent an arrangement for grinding
the clearance angle that we want.
There is clearly nothing special about
the horizontal, nor the position from
which we start, so just what does
matter, and is there an easier way of
getting to it?
The essential requirements can

best be seen by picturing two
radial lines drawn from the centre
of the wheel, and spaced apart by
the desired clearance angle, δ. The
absolute angular position of both
lines is unimportant, but theymust be
separated by the angle δ.

δ

δ

(a) (b)

To set the desired clearance angle
(δ), the table must be parallel to one of
the lines (the black one in fig. 2); this
can be achieved either by adjusting
the tilt of the table to be parallel to the
line, or drawing the line so that it is
parallel to the table, see fig. 2(a). Note
that the initial position of the table is
unimportant, so long as it is parallel to
the black line.
The table must then be moved to

bring the tip of the tool to the point
where the second (red) line intersects
the periphery of the wheel: grinding in
this position will produce the correct
clearance angle.
The essential conditions for

achieving a specific angle are
remarkably simple if we use the two
radial lines approach. There is nothing
special about the angle of the table
(and it is not even necessary for it
to be able to tilt), and the method is
independent of the diameter of the
wheel. The table must however be
capable of vertical and horizontal
adjustment.
At this stage, it would not surprise

me if experienced MEW readers were
thinking ‘so what - that’s obvious to
me’, and to them all I can say is that it
certainly wasn’t to me, but I’m glad to
have joined the enlightened brethren!
Equally, there will be those that

think it’s all verywell ‘picturing two
radial lines drawn from the centre of
the wheel’, but the lines are purely
hypothetical, so how are we to make
use of this in practice?

Figure 2. Two-line method for setting clearance angle

the tip of the tool is on the centreline
of the wheel. This is a convenient
reference point fromwhich to begin
our discussion, though not of any
practical use as it gives no clearance at
the tip.
It’s perhaps worth mentioning here

that it is the angle at the tip of the
tool that determines howwell it cuts,
which is why we are focusing on the
top edge of the lathe tool: the line of
cut is tangential to the wheel at the
contact point.
We are aiming for an angle of twenty

degrees, so naturally we tilt the table
upwards by that angle and move the
table towards the wheel until contact is
made, as shown in fig. 1(b).
Unfortunately,we can see fromfig. 1(b)

that because the tilting has raised the
tip above the centreline, an additional
component of angle is introduced: the
larger the radius of thewheel, the less
significant this effect becomes.With the
particular proportions shown here the
added height results in an increase of ten
degrees, sowe get a clearance angle of
thirty degrees, not the twenty thatwe
expected.
The extra ten degrees represents

a 50% error in the final angle and is
unlikely to be acceptable. But before
we discuss what must be done, it
should be acknowledged that in order
to illustrate the principle, this example
has deliberately chosen a larger than
normal clearance angle: with a more
likely angle of say five degrees, the
‘error’ will be much less.
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(a) (b)

Theory into Practice -
Arrangement ofSetting Guides
At first I thought of putting lines on the
wheel, but that would be of limited use
because the lines need to project out
as far as the rest in order to line up the
table (or, more importantly, the tool).
Instead, a set of lines are engraved on
a sector plate, fig. 3), which in turn is
mounted on a stub shaft fixed to the
end cover of the grinding wheel, and
co-axial with the wheel, photo 2.
The stub shaft is actually an M10

screw, and the plate is secured with
a spring washer and nut tightened
just sufficiently to allow the plate to

be rotated with firm hand pressure,
such that it remains wherever it is
positioned.
The sector plate is made from 4mm

acrylic, and the arrangement of nine
lines defining eight sectors of 10° was
arrived at after various trials on pieces
of card. The lines were engraved with a
spot drill, and filled with white paint.
The centre line bisects the plate,

which spans 90° in total. My eyesight
is still good enough to interpolate to a
degree or so between adjacent lines at
10° intervals, Appendix). I found that
more lines became too busy, and fewer
made interpolation harder.

Next on the shaft come the
guideline ‘ruler(s)’, made from
transparent acrylic with an engraved
centreline. They are secured with
large, knurled nuts, and when setting
is completed, they can be loosened
to hang vertically out of harm’s way.
The rather clumsy looking addition
on the right-hand side of the wheel
guard (photo 2) is for setting the
ruler horizontal: it was added when
I realised that more often than
not I chose to start with the table
horizontal.
The table can set at any arbitrary

angle, but assuming that the table is

Figure 3. Sector plate

Figure 4. Stages in setting clearance angle
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initially to be set to the horizontal, the
procedure is as follows, see fig. 4.
1) Set the ruler horizontal with the aid
of the guide on the right, and rotate the
sector plate so that its bottom edge is
horizontal, as shown in fig. 4(a).
2) Adjust the tilt of the table (ormore
importantly the tool bit) so that it is
parallel to the ruler, fig. 4(a).
3) Rotate the ruler by the required
clearance angle (in this case twenty

Figure 5. Degrees of misalignment

degrees, as per the previous example),
interpolating between the graduations
on the sector plate, as shown in fig. 4(b).
4) Move the table vertically and
horizontally until the tip of the tool
touches the edge of thewheel at the
point indicated by the ruler, fig. 4(b).
In most cases I find that only one

ruler is needed, but occasionally a
second one is useful, especially if the
table is not horizontal.

Needless to say all this has to be
done by eye and given the spacing
between the wheel and rulers it is
important to view the setup along
the axis of the wheel in order to avoid
errors due to parallax.
Sharpening end mill teeth is now

a much quicker process. I use Harold
Hall’s method with a swivel base on
the table designed to restrict grinding
to the corner of the wheel, and I
prefer to set up with the table slightly
sloping downwards so that there is no
tendency for the fixture holding the
tools to slip off the table. Sharpening
the side flutes – well, that’s work still in
progress…

Appendix
For those who might be interested, the
three sketches in fig. 5 showwhat it
looks like when aligning the table and
ruler by eye. It is not difficult to get
within about a degree or so, which is
sufficient for most purposes, and I’m
sure that fewwould disagree with the
view that a sharp tool with a slightly
wrong angle is much better than a
blunt one with a perfect angle. �
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RoundingThingsOff
Howard Lewis reviewshis experiences ofusing the ‘Repton’ radius
turning attachment.

S ome time ago, a friend died and
leftme a small legacy. It seemed
appropriate to spend themoney

on something connectedwithModel
Engineering, so a Repton radius turning
attachmentwas purchased, since itwas
bound to be needed at some future time.
From time to time, it has.
The Repton radius turning

attachment is shown in photo 1. The
normally straight handle has been bent
upwards to clear the locking handle on
the front toolpost.
If a radius turning tool is to produce

a truly spherical surface, whether
convex or concave, it needs to be set
so that it rotates about the centre
line of the workpiece. I could not
properly understand and get on with
the instructions provided, to centre
the tool on the workpiece. Sometimes,
setting the tool by trial and error
methods in both the vertical and
horizontal planes can take longer than
the actual turning, once the correct
locations have been found.
As usual, one job spawns another,

and so a centering attachmentwas
needed to simplifymaking that setting.
Consequently, a centring attachment
was designed andmade up, to use
the centering aid normally used in a
drill chuck on theMill. Although this
example relates to a Repton tool,
maybe the design can bemodified to
suit other radius turning attachments.

Centring Tool
This replaces the tool holder in the
main bodyof the device, and carries a
commercially available centre indicating
tool to centre the tool, on theworkpiece,
as can be seen inphoto2.The device
is simplymade, consisting of pieces of,
in this case, aluminium, fixed together
to replace the actual cutting tool and
its holder, so that the radius turning
attachment can be centred on the
workpiece, and then the cross slide
locked in position

The only parts requiring any sort of
precision are the footwhich replaces
the holder for the cutting toolwhile
the attachment is being centred on the
workpiece. The foot needs to be a close
fit in the groove through the base of
the attachment, ensuring thatwhen

assembled, all the parts are at right
angles to each other.
The hole in the bracketwhich carries

the centre indicator is reamed to be on
the centreline of the bracket, and a close
fit on the stem of the centre indicator.
In this instance, for purely cosmetic

The ‘Repton’ radius
turning attachment

The centring attachment
on the Repton.

2

1
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photo3.The cross slide is then locked in
place, andmust remain undisturbedwhile
the tool is used.

Description
To prepare to turn a radius, the
centering device is removed from the
body, and replaced by the tool holder,
very lightly clamped into place and the
saddle moved to allow the tool to be
set against the OD of the workpiece.
The saddle is moved away from the
chuck so that the tip of the tool just
touches the corner of the workpiece
when the handle is used to rotate
the tool about its pivot. The top slide
should be set as if for turning parallel
to the lathe axis.
The handle is used to rotate the tool

to begin turning the radius. The cut is
applied, using theTop Slide to advance
the tool, until the desired radius or
sphere is produced.
The difficult bit, usually, is gaining

access to the grubscrews that clamp
the tool holderfirmly into the slot in the
main body, to tighten them, because of
everything being so close to the chuck.
Once this has been done, the radius
turning tool is ready for use -photo4.

reasons, the parts are secured together
withM4 button head screws, but there
is no reasonwhyordinary capscrews
cannot be used.
The horizontal bar is deliberatelymade

long, so that it can rest against the body
of the attachment to ensure that the tool
holder carrier is at right angles to the axis
of the lathe.

The cross slide and saddle aremoved
to bring the centre indicatorover the
material in the chuck. The cross slide is
then adjusted,with the horizontal bar
held against the bodyofthe attachment,
until the indicator shows that the radius
turning attachment is on the centreline
of theworkpiece. The attachment being
centred on theworkpiece is shown in

Centring about the workpiece

Setting the tool to the
O D of the work

3

4
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In use
Shortly afterarrival of theRepton, the
plastic knobon the biscuit tin broke. So,
howbetter to tryoutmynewtoythan to
make a replacement for the brokenplastic
knob?The end result, the newknob for
the biscuit tin is shown inphoto5.
Another jobwas to turn a small

aluminiumball intended to be the
obvious part of a small display item to
act as a “crowd puller”when the society
had a stand at local model shows. Itwas
inspired by “The Rolling Stone”, awater
feature in a street in Luxemburg. This is a
large granite ball supported, and rotated,

bywater pressure.
Themark on the aluminiumball,

photo6,was actually an error but
serves to showthat the ball is supported
by a lowpressure (5 psi) air supply, and
is rotating. The support started life as an
aluminium candle stick, but became raw
material waiting to “come in handy”, and
so this became its destiny.
The latest jobwas to make a

replacement for the plastic knobwhich
had broken off amotorised lawnmower,
leaving a rather jagged piece ofmetal
as the throttle lever. So a replacement
knobwas required, and the Repton

seemed an obvious means of producing
one. The end of turning the spherical
radius for the new throttle knob is
shown in photo 7.
Before parting offto length, two

tappingsweremade, ready for
grubscrews. Once parted off, themetal
was very carefully clamped in the vice
on themill and slotted to fit over the
throttle lever
The lawnmower can nowbe operated

without fear of a sore or cut hand.
In the end, theAttachment, although

infrequently used, has again, proved its
worth. �

The replacement
knob in place on the

biscuit tin.

“The Rolling Stone”
in miniature.

The embryo throttle knob.

5 6

7
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Beginners’Workshop

BEGINNERSWORKSHOP
These articles byGeometer (Ian Bradley)werewritten about half a century ago.While they containmuch good advice, they
also contain references to things thatmaybe out of date or describe practices ormaterials thatwewould not use today either
becausemuch betterways are available of for safety reasons. These articles are offered for their historic interest and because
theymay inspiremoremodern approaches aswell as reminding us howour hobbywas practiced in the past.
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1

TalesfromtheWorkshop
Nevil ShuteNorway

Many readerswill bemore
familiarwith Neville Shute
Norway,photo 1, byhis pen-

name ofNevil Shute, underwhich he
was a novelist. Hewrotemanyhighly
successful books, some ofwhichwere

turned intomovies, and example being
On the Beach, an apocalyptic story of
the aftermath of a thirdworldwar. His
writing brought himwealth to the extent
that he abandoned theUK andmoved to
Melbourne to escapewhat he feltwas an

oppressive tax burden. But therewas far
more to his life than just his novels, he
was an accomplished engineer – and a
model engineer.
Borne in 1899, in the FirstWorldWarhe

served in the SuffolkRegiment, having
beenunable to join theRoyal Flying Corps
– he felt thiswas because of a stammer.
Afterthewar, Norwaybeganhis career
withDeHaviland, but soonmoved to
Vickers,where he becamedeputychief
engineeron theR100Airship project
underBarnesWallis (the inventorof the
‘bouncing bomb’).Wallis leftandNorway
became chief engineer. R100was a
civilian project for a passenger carrying
airship developed alongside themore
notoriousR101whichwas designedby
a government team.Aside froma short
testflight, theR101’smaidenvoyage had
India as a destination, but it crashed in
northern France. In contrast R100made
a successful journeyto Canada butwas
scrapped in reaction to theR101 disaster.
In his biographyandotherwriting,
Norwaywas damning in his criticismof
the civil servants andmanagers involved
in theR101 project. He concluded
“government officials are totally
ineffective in engineering development”.
He then went on to co-found the

companyAirspeed Limited, who
built the Oxford bomber trainer
and the Horsa gliders used in the
D-Day invasion. By the time of the
SecondWorldWar he was becoming
a successful novelist but worked in
the Directorate ofMiscellaneous
Weapons Development. This top-secret
establishment worked on developing
unorthodoxweapons, somemore
successful than others (search for ‘The
Great Panjandrum’ online) One of his
inventions was cast iron headed missile
known as the ‘rocket spear’ which
performedwell and largely replace
torpedoes for anti-submarine aircraft.
After thewar heflewtoAustralia in

his Percival Proctor, whichwaswhen
hemade the decision to emigrate. In
Australia he continued his successful
career as awriter.Neville Shute Norway.
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Asmentioned,Nevil ShuteNorway
was not onlyan engineer and awriter,
but hewas also an accomplishedmodel
engineer. In fact he oftenmentioned the
hobby in his books. Following his death
in 1960,MEeditorial reported that there
was a shipmodeller in TheRainbowand
theRose, and the serial version ofTrustee
fromtheToolroom,photo2,explains how
protagonist Keith Stewart ‘hadmost of
the basement forhis owndomain. Here
hemademodels andwrote about them
weekly for theMiniatureMechanic.
At the time itwas clear the ‘Miniature

Mechanic’ could only be a reference to
Model Engineer. Several months later a
more involved linkwasmade to Edgar
T.Westbury, a prolificwriter inModel
Engineer on almost all topics, aside from
live steam. Hewas particularly interested
in tools and techniques, and though
he producedmany advanced internal
combustion engines – no doubt he
would have enjoyedModel Engineers’
Workshop. In 1960 the editor ofModel
Engineer, Vulcan,wrote:
“Mr E. T. Westbury like most of us

at Noel Street (the former offices
of Model Engineer), believed that
Keith Stewart, hero of Nevil Shute’s
Trustee from the Toolroom, was a
characterisation of himself.
“E.T.W. knewMrShuteWell, which

was probably one of the reasons that
persuaded the novelist to use him as the
basis for Keith”

Westbury himselfwrote a few
months later:
“I knewNevil Shute Norway for

several years and had a very high
opinion of his talents, not only as a
pioneer, in aircraft engineering, but also
as an enthusiastic model engineer. He
sharedwith me a profound admiration
of thework of craftsmen in every
branch of skilled work, and deplored
the fact that theywere too oftenmerely
taken for granted, and rarely received
either the remuneration or credit they
deserved.
“On the occasion of his last visit to

theME Exhibition Iwas able to have
a long discussionwith him onvarious
details of hismodel activities, and in the
course of it he expressed his ambition
to build one ofmySeal engines “if I am
clever enough!” I understand that this
enterprisewas begun but neverfinished.
Although in theworldly sense, his

successwasmost notably in the literary
field, nearly all of his books contained
evidence of his knowledge of, and
interest in, engineering and I have no
doubt that his heartwas always in the
world ofmodels; hewas a regular reader
ofModel Engineer.”
Norwayhas featured inmany issues

ofModel Engineer over the years, I have
focused on the contemporary articles
and those published soon after his
passing. Perhaps themost interesting
isModels and Fiction byDonald
Stevenson,minModel Engineervolume
100No. 2488. Stevenson visitedNorway
at his home on the south coast and
viewed his study, forty-foot schooner
and ‘luxurious pig staymade out of an
elaborate air-raid shelter. From our
perspective the real interest in the article
is hismodel engineering activity, awhole
buildingwith several rooms. The ‘dirty

room’ housed a forge, an electric grinder
and awoodworking vice, among other
related items. The largest roomwas the
‘metal shop’which had electrically run
shafting powering a lathe and drills,
with extra pulleys for drivingmodels. It
also contained a hand shaper, assembly
bench and ametalworking bench,with
extensive tool storage inwall-mounted
cupboards. The toolswere free of rust,
despite the coastal local, something
attributed to the substantial building
being light, well-ventilated andwarmed.
Norwaywas as obsessive in logging the
time spent on his hobbyprojects as his
professional ones, and the author found
that the engine depicted inphotos
3 and4, taken byMrsNorway, took
550 hours of effort. The enginewas a
modified Stuart Turner 1/8 horsepower
internal combustion enginemadewith
No. 800 castings. Onemodificationwas
adding an oil pump rather than using
oilers. Stevenson described it as veryfine
workmanship and that it started from
coldwithout trouble.
Readers of his bookswill note that

Norwayheld artisans and craftspeople
in high regard, feeling theywere
undervalued by society. Reflecting this,
hewas an active supporter andmember
of local model engineering societies
and clubs, and no doubt enjoyed the
companyof fellowhobbyists. �

The Trustee from the Toolroom.

The Stuart Turner petrol engine.

Another view of the engine.

2 3

4
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Scribe a line
YOUR CHANCE TO TALK TO US!

Readers!Wewant to hear from you! Drop us a line sharing your advice, questions
or opinions.Why not send us a picture of your latest workshop creation, or that
strange tool you found in a boot sale? Email your contributions to
meweditor@mortons.co.uk.

CNC Router Feedback – 2
DearNeil,
I am nearing the end of a Cad/Cam router build.
The router Kit was supplied by Ooznest –WorkBee
and the software byVectric – Aspire. There are free
downloads for the software and many training videos
for theWorkBee. Both companies have an excellent
technical department. But a good understanding of
computers is essential, I learnt it the hard way and I
am still learning.
Neil, you are absolutely right you have no recourse

if something goes wrong and it will!!

BryanMore, byemail

Young Engineers’
Recognised
Dear Neil, Thank you for including the item
in your magazine. It is good to publicise
new young incomers, and the Societies in
general.
There is, apparently, a good write up in the

FMES newsletter, and this has been passed
onto the local newspaper.
It is important that Societies publicise

themselves, to attract new, hopefully,
younger members to compensate for the
losses after Covid and lockdown .

Howard Lewis, Peterborough

Wifi Range
The writer of the article on resin printers suffered
from wifi range limitations to his workshop.
August 23 issue, MEW 330.
My house rambles with the router at one end.

Wifi not working in some rooms.
I use AV600 Powerline adaptors or similar.

These are mains plugs with an ethernet port
and come in pairs. One is plugged into a mains
socket near to the router and linked to it with an
ethernet cable. In the workshop the other plug
again plugged into a mains socket and linked to
your PC with an ethernet cable.
The technology uses the house ring main cable

and spurs to pass signals from plug to plug. Wifi
is not being used. I use two pairs to link a HD TV
and a PC.

Ian Richmond, by email.

CNC Router Feedback – 1
Inthe last issue JohnMacPheeaskedabout the
pros and consof importantmachinerydirect
fromChina.
Dear Neil, I bought one direct from China many
years ago, the company do not exist now, or rather
they have probably rebranded. A couple of points
I would like to make, the first may be obvious.
My unit was around £600 and I got hit with £100
import tax. Second, be prepared to replace the
electronics / control unit. If / when it fails it is
impossible to repair as the numbers were ground
off the main components.

Bob, byemail
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Readers Letters

Potential 3D
Test Piece
DearNeil, Iwonderwhether the
undernotedmight prove sufficient
of a challenge.As shown full size, it
iswithin the physical constraints of
theHalot-MagePro 3Dprinter and
togetherwith its internal voids and
interconnecting holes could probably
onlybe created ‘as-is’, using such a
machine. Currently Iwould only say
that itmayprove to be some form
ofmotor, but Iwill not knowuntil a
prototype has been tested.

PeterNapp, by email.

Hi Peter, I’m guessing this is some
form of engine cylinder? Bear
inmind that the resultwill be
made of resin andwon’t take high
temperatures. Someminor changes
to the external shapemight better
suit the printing process and
maximise strength and accuracy.
What I suggest is that I draw it

up in CAD and print off a 50% size
version at the show. That would
let you assess surface quality
and dimensional accuracy, and
consider if you wanted to take the
idea further.
Let me know a bit more about

it - howwould it be mounted and

DoreWestburyQuery
DearNeil, I am trying to find an edition ofmodel engineersworkshopwith information on the DoreWestburymk 2mill as it is
not in any copies I have at themoment andwould like your help if at all possible, many thanks

Geoff,byemail

Hi Geoff, Recent issues featuring the DWare: 274, 289,281,315. The index linked here should help you: https://www.model-
engineer.co.uk/forums/postings.asp?th=186202
If you have a digital subscription nearly all issues are in the digital archive. Hope that helps, Neil.

Component Tester
DearNeil, I gotmy component tester from JYETech and it is brilliant. Avoid copycat versions as I have heard of problems.
Incidentally JYETech alsomake a hand-held oscilloscope (yes hand held) and this too is great
One point, follow the build instructions to the letter no deviations and the kits are easy tomake.

VicWhittaker, Leyland

what sort of piston would be fitted. It’s
easy to add mounting lugs or flanges
in CAD, and it would be interesting to
see what sort of piston seal we could

achieve - I might be able to scale it to
suit o-rings I have handy as I doubt a
printed sliding fit will be close enough
to seal, Neil
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Boringfromthe
LatheTailstock
KeithKeenfinds an alternativewayto carryout hole boring in the lathe.

Alocal builder who knows that I
have a lathe, asked me to make
him a new plain bearing bush

for a rather old power tool that he had.
The tool had become unusable because
the bearing was completely worn
out. In order to bore the replacement
bush to be a nice sliding fit with the
shaft of the tool, using my lathe, I
wondered if I could use mymilling
machine boring head in the lathe
tailstock, instead of boring from the
cross slide. My boring head has a 2MT
morse taper, the same taper as in my
lathe tailstock barrel. I did this and it
worked verywell, although I was aware
that simply tapping the boring head
into the tailstock barrel with a rubber
hammerwas not really a good way

Boring head in the lathe tailstock with clamping collar.

to secure the borer - normally, when
used in the milling machine, the boring
head would be secured with an M10
threaded drawbar in the hollowmilling
machine spindle. But no such provision
is available on a lathe tailstock, so for
future use I devised another way to
secure the boring head to the tailstock
barrel, using the clamping collar shown
in photo 1.
The securing collar that I made is

shown in photo 2. It is basically a
thick disc with a concentric centreline
hole and recess for easy sliding fits
over the lathe tailstock barrel and
the boring head that I have. My
lathe is a Myford 254 plus and the
tailstock barrel OD (outer diameter)
is 28.3mm. My boring head (Arc Euro

Trade 060-290-00400 + 060-290-
00600) has an OD of 50mm. The
collar has a 1.6mm wide slot and two
M6 capscrews for tightening around
the tailstock barrel and the boring
head. Figure 1 shows the details
and dimensions of the collar that
I made for my particular lathe and
boring head dimensions. To make the
collar I had a choice of using either
aluminium alloy or Ertacetal C (which
is an engineering plastic similar to
Delrin). I initially went for the metal
collar, but as this is quite a big chunk
of metal, I included some extra Φ8
and Φ5 holes in the design, as can be
seen in fig.1 and photo 2, to make the
collar less rigid for tightening up with
the M6 capscrews.
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being a snug fit for an M10 set screw
in a simple work-holding mandrel.
Next I made the three items shown in
photo 3 - the simple stub mandrel in 1
inch diameter steel round rod with an

To secure the boring head onto the
tailstock barrel, the head assembly is
first tapped in place in the tailstock
barrel and then the two M6 capscrews
are tightened.

How itwasmade.
This is just an outline of how I made
the collar using the machine tools I
have, without going into too many
details. My vertical mill/drill has a DRO
but my lathe has not.
I started with a piece of 3.5 inch

diameter aluminium alloy round bar

roughly cut to a thickness of about
32mm. This was faced off both sides
in the lathe to a width of 28mm, and
still in the lathe, a 9.8mm hole was
drilled through the centre, this size

28

2
4

Ø
2
8
.3

Two Ø12 flats
& M6 tapped
holes

Eight Ø8 holes
on r32.5 at 25°
intervals

Clamping Collar
Mat’l: Aluminium alloy
Not all details shown

Eight Ø5 holes
on r20 at 25°
intervals

Two Ø12 flats
& Ø6.5 holes

Ø
5
0

3
1

3
0

80
6

7

The aluminium collar.

Parts for making the collar.

Figure 1. Clamping collar details.

2 3
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M10 setscrew, a hole position locator
made from half inch diameter brass
round rod and turned at one end to
9.8mm diameter, and a simple scriber
made from quarter inch diameter silver
steel round rod and turned to have a
conical pointed end.
Using the stub mandrel the

workpiece was turned in the lathe
to an OD of 80. It was then moved
to the mill and clamped flat with a
plywood support on the table, and
the centre position (0,0) was set on
the DRO using the brass rod locator. A
5mm hole was then drilled at position
(0,-30mm), and the silver steel scriber
was used to score a mark in the Y
axis direction to showwhere the slot
would go.
The workpiece then went back to

the lathe and drilling and boring was
carried out to make the through hole
and the concentric recess to give
sliding fits for the tailstock barrel and
the boring head.
Going back to the mill, the workpiece

was mounted in a milling vice, and the
slot was cut using a 100mm diameter

1.6mm thick slitting saw. The slitting
sawwas not quite large enough to cut
the entire slot, so this was finished off
with a hacksaw and needle files.
With the workpiece mounted in

other positions in the milling vice, four
‘flats’ were machined into the curved
sides of the workpiece, using a 12mm
slot drill, and then the cross holes
were drilled and tapped as shown in
fig.1.
Finally, the 8 Φ8 and 8 Φ5 face

holes were drilled with the workpiece
clamped flat on the milling table above
a plywood support piece.

Using the tailstock borer.
The boring head that I have has
three grubscrews (with a steel ball
underneath each) which are used to
tighten the moveable cross arm at its
setting, before boring. For convenience
I replaced the grubscrews with
capscrews (of different lengths) which
were easier to get at when being used
on the tailstock.
As an exercise to try out the tailstock

boring arrangement with the collar,

I made another collar, this time with
my other material choice option, the
ertacetal plastic, and (of course) boring
from the tailstock rather than the cross
slide. As the plastic material is more
flexible than aluminium, the 8mm and
5mm face holes were not needed and
were therefore not drilled.
The plastic collar was found to work

equally well in securing the boring
head to the tailstock. Photograph 4
shows the assemblywith the plastic
collar. It also shows another feature of
using the boring head in the tailstock.
The boring head that I have has two
position holes for inserting boring
tools, one central and the other offset.
When boring relatively small holes
with a tool in the central position, the
tool can be used the ‘right way up’ as
shown in photo1, for boring on the
near side of the hole being bored. But
for much larger holes, boring can be
carried out with the tool ‘upside down’
and in the offset boring head location,
for boring on the far side of the hole
being bored. This configuration is
shown in photo 4. �

Boring head in tailstock with the Ertacetal C collar.

4
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Two Ideas

The magazine rack.

Rack at right. And the rack at left showing the range of movement.

From the pen of GeoffTheasby, we have two interesting ideas for
keeping things organisedworkshop.

Aslidingmagazine/file rack
The rack is shown in photos 1,2 and 3.
I have always got half a dozen projects
on the go, and I keep all the relevant
notes and updates in separate plastic
folder. For some time it has been
increasingly difficult to find storage
space for them. I bought a magazine
rack, but I still couldn’t find space
for it.
Then I realised stacking books two

deep on a bookshelf is not practical,
but if a moveable rack were available...
It obscures part of myworking

library, but I never need access to all
the books all the time. A sliding rack
answers the problem. It can be moved
to obscure a section of shelving not
currently required, and if it really
proves to cause difficulties, it can
quickly be lifted off altogether. Ina my
case, no machining was required, just
two plastic pulleys, two M4 screws and
four locking nuts, with washers. The
running rail is a length of 1 cm x 1 cm
aluminium angle screwed to the edge
of a shelf.

1

2 3
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APistol (Grip Screwdriver)
Holster
My pistol-grip electric screwdriver
is always in use but takes up a lot of
space on the bench. I had thought
that a sort of ‘holster’ might help, but
eventually, I conceived the following;
a hole in a piece of wood, big enough
to poke the nose of the screwdriver
through, and screwed to the underside
of a drawer. The screwdriver is retained
easily, and yet is still to hand, photos
4 and 5.

Footnote
Not an original idea, but very
practical, a magnetic tool holder,
mounted on the wall to my left. No
longer is a jumble of tools, some not
used for the project of the moment,
congesting the bench, but they
are easily available nevertheless.
Duratool at B&Q are representative
suppliers. �

The screwdriver holder.

Screwdriver in storage.

4

5
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ArtfulDodge #11 –

Essential reading for beginners andvaluable to old hands, this series by the
late John Smith shares some of hiswealth of skill and experience fromover half
a century in hobbyengineering.

Positioning work on the
rotary table

Rounding off an expansion link. Precision square clamped to table.

Morse taper accessories and inserts.

T he rotary table is amost useful
accessory for the vertical mill.
Larger tables (6” or 8” in diameter)

generally feature a No. 2 orNo. 3Morse
Taper centre. Smaller tables (3” or 4”)
often just have a cylindrical central bore.
Big is not necessarily better; smaller
tables are better suited to the clamping
of small components such as eccentric
rods or lifting links,photo 1. Larger
tables are ideal formilling coupling rod
ends; they can also tackle themilling
of an expansion link clamped to a plate
bolted to the rotary table.
It’s a good idea to check the accuracy

ofyour table, bywhich I mean does the
table rotate truly about the centre, or
is there some eccentricity? I used a 6”
rotary table, badged forMyford, for
several years before I thought to check
this; I found that therewas some 0.015”

1

2

3
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Workpiece replaced, not sacrificial spacer.

Milling to the radius.

clamping awork-piece down onto the
surface of the table and the question is
always, “Howdo I position theworkpiece
accurately?”
The first step is to make an accessory

for the table which fits the ground
Morse Taper and features a 0.5” bored
hole intowhich a variety of turned
inserts can be fitted. A blankMT arbor
provides the basis for the accessory. A
tapped hole in the bottom of the 0.5”
bore provides themeans to extract
the accessorywithout the need to take
the table off themill. Photograph 2
showsMT2 andMT3 accessories and a
variety of inserts. Anyworkpiece which
features a reamed hole at the centre
of the radius to bemilled can now be
positioned accurately on the table.
But howdowe position awork-piece

when there is no hole in the centre of the
radius? One solution is to drill a hole, use
it to position theworkpiece on the rotary
table, mill the radius and thenfill the hole
with a rivet. Abetter approach is:
1. Position the rotary table on the table
of the mill so that the centre of the
rotary table is alignedwith themachine
spindle in the Y-axis; a½” dowel held in
a drill chuck facilitates this task. Clamp
the Y-axis.
2. Turn an insert of diameter twice the
radius you need tomill on theworkpiece,
with a 0.5” spigot to fit the hole in the
centre of the accessory. Place it on the
rotary table. If the radius to bemilled is
smaller than¼”, then you need tomake
a bushwith an outer diameter of½”
andwith a reamed hole of the required
diameter in the centre intowhich a
dowel can befitted.
3. Set the table to a convenient angle (0º,
90º, 180º, 270º).
4. Clamp a precision steel square
(without base) to the table so that it is
tight against the disc and alignedwith
the X andYaxes of themill,photo3.
5. Remove the insert/dowel and replace
itwith theworkpiece plus a sacrificial
spacer to protect the surface of the table
photo4.
6. Clamp theworkpiece down and
remove the square. You are now ready to
mill an accurate radius.
7. Mill theworkpiece, moving the table
of themill only along theX-axis until the
desired radius is reached,photo5.
A small V-block can be used in place of

the plain square. �

of eccentricity – far toomuch to enable
goodwork to be done. (I’m sure that it is
most unusual for aMyford rotary table
to exhibit this problem.)
You’ll need aMorse Taper adaptor

so that lathe chucks can bemounted.
Thiswill enable you tomill a square or
hexagon onto a cylindrical work-piece

held in the chuck. I have never felt the
need for dividing plates, finding that the
basic rotary table provides sufficient
angular precision formyneeds, as long
as I remember to always eliminate
backlash by rotating the table in one
direction only.
Much rotary tablework involves

4

5
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The dismantled cafetiere filter assembly

DowntheDrain
Laurie Leonard tackledwhat should have been aminor domestic
repair but found himself re-learning a valuable lesson about
stainless steels.

I likemy cup ofwell-earned coffeemade in a cafetiere and have to take
my share of the domestic chores

associatedwith it. I had dismantled the
cafetiere, photo 1, to give the parts a
good clean and poured thewashing up
water down the sink drain.When I came
to reassemble the cafetiere I found that
the bottomnut that holds thefilter
onto the plungerwasmissing. Nomajor
panic: empty the cupboard under the
sink, unscrewthe trap on the drain and
retrieve the nut. Panic: itwas not there.
Itmust have got carried outsidewith the
flowofwater. I was not going to putmy
hand down the outside drain in the vain
hope of it being there. Having a lathe in
myworkshop the problemwould soon
be resolved. I even had some suitable
stainless steel in stock.

Themanufacture
The length of stockwas gripped in the
3-jaw chuck (concentricity not an issue)
with sufficient protruding tomake the
nutwhich is shown inphoto2 to give
an idea of size.Photograph3 shows it
screwed onto the plunger indicating how
the outer diameter is constrained by the
end of the plunger. Machine the outer
diameter for a suitable length and then
drill tapping size for the length of the
nut plus thewidth of the sawblade to
cut it off. Do notwant towastematerial
(I am also not a fan of parting tools). Just
need to start tappingwhilst in the lathe
to prevent a drunken thread and then
cut the nut offthe stock andfinish the
tapping operationwith the nut held in
the vice. Job done.

Themoral
Not exactly. As expected, the job started
to turn in the chuck as the tap bottomed.
The nutwas removed from the stock
and the cut end faced. The jobwas then
gripped in the vice to finish the tapping.
Attempting to complete the tapping

resulted in it slipping in the vice jaws,
stainless is funny stuffand tends to pick
up. Tighten the vice up a bit, and then a
bitmore and a bitmore.
I should have givenmore thought to

themanufacturing operations. Initial

thoughtswere that it is onlya nut but
the thinwall, constrained by its design,
meant that itwas hard to grip. Gripping
it in thevice tofinish the tappingflexed
thewallwhichmade it harder to tap so it
slipped.Tightening thevice furthermade

1
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Down theDrain

The completed nut giving an idea of size

The reassembled filter assembly with the new nut.

The nut screwed onto the end of the plunger showing the outer
diameter constraint.

thematterworse andvisiblydistorted the
nut. I eventuallymanaged to reshape the
nut andfinished the tapping.
More thought before machining

should have identified these problems.
Not being somiserlywith the stock
and providing a longer tapping hole, at

the expense ofwaste, would probably
have resulted in it not having slipped
in the chuck and the complete tapping
operationmay have been possible
whilst held in the lathe chuck. Achieving
this would have prevented the
problems from gripping the stock in the

vice. Holding the nut in a collet, eg one
of the ER series, may also have provided
a far bettermachining operation by
giving the nut all round support.
I am pleased to say that the cafetiere

is nowfully functional again and the new
nut functions as it should,photo4. �

3
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Ten and one-hundred teeth gears.

“Filengrène”–Software
forGearDesignPart 1
To help youwith gear design, with neither calculations nor charts, Jacques
Maurel proposes you use this free software designed for industrial use.

F ilengrènewas designed by
a teacher (MrAndréMeyer)
specialising in gearmachining.

There is a video description of the
software, ref 1 at the end of the article.
The aim of the software is to design

any type of gear (with all the possible
refinements) and tomachine themwith
plainmilling cutters on afive axis CNC.
You payonly if youwant yourmachine
to be able to use the software results
with yourmachine.
The interest is that any type of gear

can bemachinedwith plain cutters,
so lowtooling cost, but of course the
cutting time is longer than the one of
dedicated gear cuttingmachines. This
is convenient for one off jobs or small
batches for gears having a bigmodule.
The interest formodel engineers is in

twoways:
For those using the hobbing process,

it’s easy to get all the figures needed
with no calculation formachining
cylindrical gear spur or helical ones.
For those having a 3D printer, it’s

possible to use the software results (“stl”
files) to print complex gears such as
spiral conical ones. I’ve seen a differential
made thisway ref2.
The software can be found here:

https://moodle.insa-rouen.fr/course/
view.php?id=700
There is an English version of the

software, but the tutorial videos are
in French. It’s possible to get French
subtitles fromYouTube, and to have
them translated in English. The
translation is not perfect, but sufficient
to understand if you knowthe gears
subject;Ref3 for these videos.
Download the software, unzip and

install it (launch it). The following
exampleswill be used as tutorials.
The following examples showwhat

can be achieved using Filengrène:

Removing undercut:
Making a 10 teeth gearmeshingwith a
100 teeth standard gear, to be used in
a quadrant for helical machining on a
millingmachine,photo 1.
Themain problem here is to remove

the undercut. The ratio of a 10-tooth
gear to onewith no undercut (17 teeth)
is calculated as x = (17-10)/17 = 0.411. I’ve
chosen to use 0.45. Look at the screen

shotphoto2.
In the Filengrène top leftmenu,

choose “design” and then “pinion”; fill
the table “gear definition”: m0 = 1.5 ; Z =
10 ; α0 = 20° ; x = 0.6 ; hf0 = 1(1m) ; ha0 =
1.25(1.25m) ; ρ = 0.6 (0.4m) ;
b = 20 (pinion thickness); hp0 =ha0

; ht0 = hf0 (refinements, see later) the
otherfigures are for conical and/orhelical
pinions, later). Left click then “calculation”

1



›

September 2023 39

Filengrène Software

Designing in Filengrène.

m0hf0

αt

α0

αp
ρ

m0ha0

m0ht0 m0π/2 m0π/2

m0hp0

in the “generate profile” table.
Most of the results can be seen in the

left table. Only one piece of information
is necessary for us, the head diameterda
= 19.35 formachining the gear blank.
Left click then “metrology” in

the top leftmenu, to get the “span
measurement”Wk=7.314, a dimension
necessary for the gear control. (An

explanation of thesemeasurements and
modifications to gearswill appear as the
third part of this short series – Ed.)
A left click on “?” in the bottommenu

showsyou the cutting rack definition
seefig. 1. The values ht0 and αt are used
for tooth head rounding. This is named
“topping” andmade on gears being
case hardened. The values hp0 and αp

are used tomake a “protuberance” for
gears that are to befinished bygrinding
(to avoid any ridge near the tooth foot).
These refinements are of no use for us.
A left click on “3D” in the bottommenu

showsyou the 3Dviewof the gear.
Go to “help” in the top leftmenu to

know all the display possibility using
the mouse.

Figure 1

2
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Ferguson’s Paradox

The Ferguson’s Paradox device. The device before and after four rotations. One gear pair ‘runs slow’ another is ‘fast’.

Figure 2

3 4
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Adjustment of the centre
distance:
Iwill explain howtomake “Ferguson’s
paradox”, (fig.2andphoto3).Wheels
1, 3 & 5 are free on axle 7.Wheels 2, 4, and
6 are locked on axle 8.Wheels 1, 2, 4 and
6have the samenumberof teeth (30).
Thewheel 3 has 29 teeth and thewheel 5
has 31 teeth. Indexes are set onwheels 1,
3, 5 to checktheir angularpositionThese
indexes are parallel before start.
Whenyou turn axle 8 byone turn the

index ofwheel 1 retrieves its starting
position,while the indexes of the
wheels 3 and 5 aremoving in opposite
directions,photo4 right shows the
indexes position after 4 turns of the
input shaft. This is surprising as the
wheels seem to be identical at first sight
ence the paradox. Have a look at the
video,Ref4 at the end of the article.
Wheels 1 and 3 are standard ones,

but all the others have a shifted profile
to copewith the centre distancewhich
must be the same for the 3 gear sets.
Look at the screen shotphoto 5

showing the gearset Z4/Z3 (the common
centre distance is known from the
standard gearset Z1/Z2 so 30mm):
In the top leftmenu, choose “design”

and then “gear”; fill the table “gear
definition” as already seen, but keep
the x boxes to “0”. Go then to the aside
table named “geometry”, double left
click the “a” box (centre distance, actually
29.5) andwrite 30, the “x” boxeswill be
filledwith the right values in the “gear
definition” table.
Theblankdiameterscanberead inthe

leftdowntable;da4=32.51andda3=31.54.
From the topmenu “metrology”you

can getWk4 = 10.93 andWk3 = 10.92 for
the gear control.
All the part dimensions are given in the

parts list ifyouwant tomachineyourown
gears. Be carefulwhen setting thewheels,
set the indexes parallel and then tighten
the grub screwsfixingwheels 2, 4, 6.
Details of all the partswill be given in

the next issue.

References
All these links are available atwww.
model-engineer.co.uk/filengrene
Ref 1: Printeddifferential: https://

www.usinages.com/threads/filengrene-
cfao-pour-les-engrenages.129655/
page-5
Ref2:Videofilengrenedescription:

https://youtu.be/sIbzPBEFFzg

Ref3: Filengrenetutorials:
Video gear concept 1: https://youtu.

be/d-VDn_Azlvk
video gear concept 2 : https://youtu.

be/LapzpOw9uXY
video 2D display : https://youtu.be/

sc7s_yv4rE4
Video 3D display : https://youtu.be/

kAk-kbN-qFc
video throatedwormwheels concept :

https://youtu.be/EWnm16BUyq4
video about tooth profilemodif

and crowning : https://youtu.be/
Og4PUE2scUE
video about protuberance : https://

youtu.be/PyLdse5ypug
video about gearsmachining 1 :

https://youtu.be/u8Og6jBajdc
video about gearsmachining 2 :

https://youtu.be/HTlv7VQlW0g
Ref4 : Ferguson’s paradox

video : https://www.youtube.com/
watch?v=wPXMDo1oLlw

Designing the Ferguson gears.
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Drill sharpening in 2015. The interlocking opposed vees
automatically centre the drill at the right height.

SMEE atMMEX
Celebrating its shared 125th
Anniversary with Model Engineer,
the Society of Model & Experimental
Engineers (SMEE) is preparing a
larger stand for the Midlands Model
Engineering Exhibition. Meridienne,
the exhibition organisers have kindly
allocated a 40’ x 8’ stand to allow
the society to mount a much larger

Maurice Fagg and Mark Noel with Mark’s Multigrind, as featured
in MEW issue 242 in 2015.

Model Engineers’Workshop
andModel Engineerat the
MidlandsModel Engineering
Exhibition
Morenews about the SocietyofModel an
Experimental Engineers at the forthcoming exhibition
atWarwickshire Event CentreThursday12th to Sunday
15th October2023

As regular readerswill be aware,
Model Engineers’Workshop
and its sister publicationModel

Engineer are teaming upwith the
Society ofModel and Experimental
Engineers to celebrate our joint 125th

birthday in 2023. Tomark the occasion
wewill be attending theMidlandsModel
Engineering Exhibition, organised by
Meridienne Exhibitions.
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Bob Reeves differential gear
demonstration in 2022.

A 3D printer in 2018. Prototype spark eroder in 2014.

Neal Read demonstrates hand scraping in 2015. An interesting demonstration of the spark eroder in 2016.

The SMEE stand at MMEX in 2022.

display covering its history, from
its foundation by Percival Marshall,
through to activities today. Ralph
Thompson, who has organised
SMEE presence at the Midlands
Show for some years, said “Trying to
compress 125 years of history whilst
also representing current members
work and our range of activities is

3

5

7

4

6

8

quite a challenge. We plan to include
many fine models from our collection
including some rarely seen examples
of work by Cherry Hill, James Crebbin,
and Bill Carter”. The stand will also
include a range of interesting work
from current members, including
PeterWardropper’s superb “River
Darenth”. Other parts of the stand

will include demonstrations of lathe
work and Neil Wyatt’s 3D resin
printer, and information about
training courses, the talks programme
which go out on Zoom (as well as
being ‘live’) and the facilities at the
Society’s HQ, Marshall House.
The accompanying photos show

various aspects of the SMEE display
stand at various exhibitions in
the past.
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Measuring a six-inch test piece to set a lathe to turn parallel without using a level. Note the centre section is relieved to speed up test
cuts of the two larger bands at the ends.

SetUpYourLathe
toTurnTrue
PeteBarkermakes afirmfoundation forhisMyford and installs the lathe
without using an expensive precision level.

Much ado is made of setting
lathes level to persuade them
to turn true with no taper

along the job. But the term “level” is a
misnomer and refers simply to using
an expensive precision level to make
sure both ends of the bed are aligned
in the same flat plane, within tenths of

1

a thou per foot, regardless of whether
truly level overall or not. It is indeed
possible, and quite easy, to set a lathe
up to turn parallel, photo 1,without
using a precision level at all.
First you need afirmbase towork

from.After the rebuild andwide-guide
conversion of ourMyfordML7, the time

came tomove it from the overhaul
bench to its permanent home. But, oh
dear, that benchwas aflexible piece
of 1/4” steel platewith a legwelded on
to each corner by a previous owner,
photo2. Strong enough for a general
work bench but very saggyunder the
weight of a lathe.
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Four stout legs, but the unsupported flat plate benchtop was not suitable for the weight of a lathe.

Welding steel angle support rails under the bench top.

2

3 4

Reinforcements required
The first stepwas to haul the bench out
into the daylight andweld
a 1-1/2” steel angle framework
under the benchtop. A ladder design
was used, with a lengthwise runner
front and backwith multiple cross-

members joining them, photo 3. Two
of these cross-members were set to
coincidewith the lathe’s mounting bolts
to provide maximum support from
lathe bed directly to the framework.
The steel angle was clamped to the
benchtop and tackwelded evenly to

get the plate as flat as possible before
final welding in a series of longer
stitchwelds. Braces were also welded
between the legs to stiffen up the
whole assembly, photo 4.
After a lick of paint, the bench was

moved into position and suitable

The completed bench with extra steady rail around the legs.
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anchor bolt holes drilled into the
concrete floor. Before bolting down,
a shimwas placed under the one foot
found to have a gap under it, photo 5.
This essential step ensures the bench
is sitting unstressed and not pulled
out of shape. I shimmed mine so that
a standard machinist’s level, photo 6,
which is about half as accurate as a full
precision level, showed the bench was
slightly low at the back, so that oil and

coolant in the drip traywould flow that
way. Just a personal preference. And
one day I might put a drain hole and
catch tank back there.
Afterfitting the homemade drip

tray and raising blocks to the bench
top,we slid the lathe offthe old bench
on to the newusing some blocks of
wood. Removing themotor, cross slide,
chuck and tailstockfirstmade it very
manageable. After reassembly, the

machinewas ready to be “levelled” and
set to turn true over the length of a
test piece.

Pleasemind the gap
This next stepwas the same aswhen
bolting down the bench: find any foot on
the lathe bedwith a gap under it andfit
a shim tofill it. Shimwas a simple square
of brass shim sheet the right thickness
with a slot cut in it to slide around the
mounting bolt. If your lathe has the
adjustable screwtype raising blocks,
adjust the nuts on all four up tomeet the
base of the lathe so it sits firmlywith no
gaps or rocking. In our case, a five thou
shimwas needed under one tailstock
foot to get all four feet sitting firmly
grounded. Nothing to be concerned
about. Structural steelwork like a bench
is lucky to be that close to flat. Ten,
fifteen, twenty thou ormorewould not
be surprising.
Next, we followed the suggestion

in theMyfordML7User’sManual for
setting up the lathe in the absence of
a precision level. A piece of 1” diameter
round barwas gripped in the chuck,
protruding about 12”. Adial indicator
was set to bear on the far end of the
bar, with the plunger set to indicate
anymovement in the horizontal plane
and the dial then set to zero,photo
7. The objectwas to tighten down all
fourmounting boltswithoutmoving
the needle. Anyvariation indicates the
bed is being twisted by the torque on
themounting bolt and a suitable shim
needs placing under that foot,photo8.
Inmy case, after adding the one shim,
I tightened down the two bolts at the
headstock endfirst,photo9, then
the two tailstock end bolts evenly. No
movement of the needle showedmy
shimmingwas all good. Thismeant the
lathe bedwas now sitting in its “natural”
unstressed state. Assuming that it has
not developed a twist of its own over the
years, the bed should be sitting straight
like this. Assuming.
Just out of interest, at this stage

I put the standardmachinists spirit
level across both ends of the bed and
checked it, photo 10. It confirmed,
roughly, that the lathewas consistent
from end to end, but angled slightly
to the rear alongwith the bench, so oil
and coolantwould run to the rear of the
drip tray. So far so good. Butwemust

Sheet metal shim placed under one wonky foot of the bench to take up the gap before
bolting downwith the concrete anchor bolt.

Standard machinists level used to set bench top to slope slightly backwards for oil
drainage in the drip tray.

5
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remember this is not a true precision
level, and that it is sitting on the bed
wayswith a small amount ofwear from
60 years of use, which could throw a
more sensitive level out of kilter.

Moment of truth
Then came the acid test: turning a test
piece. This is the onlyway to really tell
howyour lathe is performing under load
while taking a cut. Even lathes set up
to perfectionwith a precision level can
need this final adjustment to cater for
slightmovement andflex under load.
That’s another good reason to forget
the precision level and go straight to
the real-world turning test. The test
is very simple. Apiece of 1” diameter
bar is gripped in the chuckwith 4” to
6” protruding. The shorter option is

probably good enough for general work.
We opted for 6” just to see if it could be
done. The chuck should be known to
have good jaws, either freshly reground
likemine or use the four-jawwhich tends
to have lesswear and grips better by
nature.
Note that no tailstock is used for this

test.We are aligning the bed itselfwith
the headstock spindle here and are
assuming the headstock has not been
moved from its original factory setting.
Tailstock alignment is a separate
process, covered earlier in issue 290
before the lathewasmoved to its new
bench.
The test is to simply take a light cut

along the length, say one or two thou
deep, with a very sharp high-speed-
steel tool bit. The centre section can

be relievedwith a deeper roughing cut
first to speed things up if you like. The
two remaining narrow bands are then
cut at the same cross slide setting and
measured up, photo 1. Both should
ideallymeasure the same, orwithin
less than half a thou at most. Mine
measured up to have just over one
thou taper over the 6” cut. So a two
thou shim – the thinnest we had -- was
added under the front mounting bolt
pad on the tailstock end. Another cut
was made along the test piece and the
measured taperwas down to less than
half a thou. The two thou shimwas
replacedwith a three thou item. Final
cut along the test piece showed a taper
over 6” to be in the region of one or
two tenths of a thou, more than good
enough for this home hobbyworkshop.

Dial indicator bears on end of steel barwhile tightening down
mounting bolts to ensure no distortion of the bed in the process.

Tighten downmounting bolts evenly.

Anymovement of the needle while tightening down the bolts
shows a shim is needed under that foot of the lathe bed.

Standard machinists level roughly shows both ends of the lathe
bed are out of level, but by the same amount, so all is good.

7
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The rule for shimming is if the test
piece measures larger at the free
(right-hand, end, add shim to (or raise
the threaded adjuster, to raise the
front foot at the tailstock end. If the
test piece measures smaller at the
free end, shim or adjust to raise the
rear foot at the tailstock end. Shims
are cut with tin snips or even scissors,
with an open slot to go around the
bolt, photo 11. Tap any burred edge
down flat with a hammer on a steel
surface. Shims can be slid in under
the foot with the bolts loosened off
and then retightened, photo 12. You
can see that the amount of shimming
needed is minimal. Steady, steady is
the name of the game. Tip: Always cut
the corners off such shims as shown in
the picture. Corners left sharp can cut
unwary fingers to the bone, which is
very painful.

Conclusion
The lathe has since been pressed into
service on a number of jobs, photo
13, and has been found to continue to
turn parallel over the length of typical
jobs with no taper apparent. All done
with no expensive engineer’s precision
level, on a lathe sitting slightly off level
for the sake of oil drainage and set up

in almost less time than it has taken to
write about it.
The taper turning test has proved to

be an effective way, in conjunction with
the dial indicator method of bolting
down, of setting a lathe to turn
parallel under real-world conditions
with no need for an expensive
precision level. �

Shims cut from brass stockwith scissors or
tin snips. Shim slid in around mounting bolt.

Lathe turning jobs true. And oil running to rear of drip tray.

11 12
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FromtheModel EngineerArchive
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To celebrate 125 years of Model Engineer magazine and the Society of Model
and Experimental Engineers, each issue in 2023 features fascinating historic
content from Model Engineer relevant to workshops, tools or techniques.
These pages are ‘Workshop Notes’ articles from earlier Model Engineers.
The first, from Volume 9, No 128 – October 9 1903,
features an offsetable tailstock for taper turning
and an alternative to an emery wheel. The second is
from Volume L (50) No. 1184 – January 3 1924. I can
recommend the modified D-bit for flat bottomed
holes and countersinking tip, but the bell chuck could
present a hazard with all the protruding screws – if
you copy this, use a suitable guard.
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TheAirbrushCompanyCourses

On the
NEWS from theWorld of

Engineering
ChesterUKannouncetheirnextOpenWeek.

TheAirbrush Companyhas been
holding courses since 2006.They
are often told that there areveryfew
companieswho are offering airbrush
courses, sowehave students travelling
fromall over theUK, and even further
afield!
The courses are for thosewho are

strugglingwith their new airbrush,
thosewhowant to progress their
current skills, or thosewho simply
want to try airbrushing before they
commit to investing in equipment.
They are ideal for anyonewhowants

to get started in airbrushing, orwho
has problems getting startedwith their
They.
Weofferairbrush training taught by

expert tutors onnearlyeveryapplication,
frombeginners to advanced.These
include custompainting, art&graphics,
model painting and even cake decorating!
Students have the chance to get hands
on and tryoutvarious airbrushes,
learn howtomaster a huge range of
techniques, plus buyproducts at a
student discount.
Visitwww.airbrushes.comfordetails.

Chester Machine Tools are pleased
to announce their forthcoming
Open Week this September
18th-22nd at their Hawarden
showroom.
It’s the perfect opportunity to check

out their latest range of metalworking
machines including lathes, mills, and

drills. Alongside some great offers
throughout the week.
Why not come along and visit

Chester at Hawarden Industrial

Park, Clwyd Close, CH5 3PZ this
September 18th-22nd. For more
details contact sales@
chesterhobbystore.com



›

September 2023 55

Compound Angle

R. Finch explores themathematics behind setting up complex angles for
milling or sharpening.

Ihave been making a drill sharpeningjig which has a slide used to position
the drill at a suitable radius for

grinding the point. The drawing
for the slide has a pair of angles
making a compound angle. The
drawing is shown in fig. 1. The two
principle angles are 31°, which is the
complement of the 59° point angle of
a standard Jobber’s twist drill. In my
simplistic way, I mounted the slide on
an angle vice tilted at 31° and then
rotated it by 31° to set the two 31°
angles. This is shown in photo 1. As
an aside, my low cost angle vice did
not have anymachined datum on the
base casting at all, so first I set the vice
upside-down in the normal milling vice
and machine two datum faces parallel

SettingupforMilling
a CompoundAngle

31°

31°

31°

The angle vice tilted and rotated.

Figure 1. The two 31° angles as drawn.

1
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to the jaws on the base of the tilting
vice as shown in photo 2.
Just before I started the cut, I realised

that the scribed line at 31° on the slide
looked as if itwere not parallel to the
table on themillingmachine and so I
would notmachine the compound angle
correctly.Working on the principle that
if it doesn’t look right, then it probably
isn’t right, I decided towork outwhat
the correct angles should be for setting
the vice. Hands up all thosewhowould
have set the angles at 31° like I did – it
is an easymistake tomake. A real case
ofmeasure twice, cut once! (The angles
would have come out at around 35°
instead of 31° after calculating the
correct angles.) This leftmewith a
problem – howdo Imake sure that the
angles that I set for the tilt and rotation

of the vice giveme the correct 31° angles
as in the drawing? I decided to retreat
from theWorkshop to have a think. I
concluded that I should drawout exactly
what I had and then try to solve the
problem analytically using geometry.
Thosewith a 3-D CAD package could

easily draw it and determine the correct
angles. As I only have a 2-D drawing
package, I had to draw an isometric
sketch of the set-up shown infig. 2.
To understand this, the line AB is the
vertical line of the edge of the slide
when horizontal on themilling machine
table and represents the line of the end-
mill cutter.
Tilting the vice by the angle Tmoves

the line toAC. By rotating the vice by
angle R, itmoves the line of the slide to
AD. The length of the line BC is given by

AB � tan (T)where T is the angle of tilt of
the vice.
From this, the line BD is given by

BC / cos (R)where R is the angle of
rotation of the vice. The compound angle
whichmust be 31° is determined as tan-
1(BD / AB)
For those a little rusty on their

geometry, tan-1(X) is means “the angle
whose tangent is X”.
Since BD = BC / cos (R)

and BC = AB � tan (T), the
compound angle is given by
tan (31°) = AB tan (T) / AB cos (R).
AsAB can be cancelled from the top

and bottomof the equation, the result
is tan (31°) = tan (T) / cos (R)which is the
required equation to solve.
This immediately presents a problem

in that there is only one equation but
two unknowns – T and R – so it cannot
be solved directly. However, there are
twoways of dealingwith this problem.
Thefirst is to fix one variable, such as
T and then calculate R. This has the
problem that fixingTmaywell make
the resultant angle R impossible or the
equation indeterminate. The second
method is tomake the two angles equal,
such that T = R,which then reduces the
equation to tan (31°) = tan (T) / cos (T).
Using a pocket calculator determines

that tan (31°) = 0.60086, so the equation

becomes: 0.60086 = sinT
cosT

. However this

needs re-arranging so that the unknown
angle T is on the left-hand side and
fortunately, help is at hand.
There are two trigonometrical

identitieswhich are tanT = sinT
cosT

and

cos2T + sin2T = 1. Using thefirst identity

of tanT = sinT
cosT

results in the equation:

0.60086 = sinT
cos2T

.

Now since cos2T + sin2T = 1 it follows
that cos2T = 1 - sin2T and substituting in

the equation gives 0.60086 = sinT
1 - sin2T

which can be re-arranged as:

0.60086 × (1 - sin2T) = sinT.
Multiplying out the brackets gives:

0.60086 - 0.60086 sin2T = sinT. and
re-arranging gives: 0.60086 sin2T + sinT
- 0.60086 = 0.
This is a quadratic equation which

can be solved using the standard
formula:

Ready to machine one of the datum faces on the base of the angle vice.

2
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Compound Angle

A

Vice tilting angle
T = 28°

Vice rotation
angle, R = 28°

31°
Compound
angle

B

C

x = -b ± (b2 - 4 × a × c)
2a

whichmay stir up

the greymatter a bit if you remember
this algebraical equation from school
maths. In this case, a = 0.60086; b = 1.0;
and c = -0.60086. Substituting in the
equation gives the solution for sin T as:

sin T = -1 ± (12 - 4 × 0.60086 × -0.60086)
2 × 0.60086

which simplifies to: sin T = -1 ± 1.56337
1.20172

.

Since the value of a sinemust lie
between -1 and +1, by inspection, the
only possible solution is that of

sin T = -1 ± 1.56337
1.20172

= 0.46884 hence the

angle required is sin-1 0.46884 = 27.956°
Byboth tilting and turning the vice by
28° the correct 31° on both the required
angleswill be achieved.
Having set the slide up at the

calculated angles of 28° and then
machined the compound angle, the end
resultwas that both 31° angleswere
machined correctly, and a satisfactory
resultwas obtained. � Figure 2. The geometry of the compound angle resolved into two axes.
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The Next Issue of Model Engineer is August 25 2023

Pre-order your copy today!
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Dirty Tram
Ashley Best indulges in a little nostalgia
as he models a Bolton tram as it really
was – dirty.
IMLEC
Rob Speare reports on the first day of
the IMLEC event held at Bristol in the
beginning of July.
Schools Class
Robert Hobbs makes the valve gear and
connecting and coupling rods for his 3½
inch gauge Schools Class locomotive.
Planking
Dave Woolven finds a way of creating
realistic planking for the decks of model
boats.
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Readers Tips

Wehave£30 ingiftvouchers courtesyofengineering suppliers ChesterMachineTools foreachmonth’s ‘TopTip’.
Email yourworkshop tips to neil.wyatt@mytimemedia.commarking them ‘Readers Tips’, and you could be awinner. Try
to keep your tip to nomore than 600words and a picture or drawing. Don’t forget to include your address! Everymonth
we’ll choose awinner for theTip of theMonthwill win £30 in giftvouchers from ChesterMachine Tools. Visitwww.
chesterhobbystore.com to plan howto spendyours!
Please note that the first prize of ChesterVouchers is only available to UK readers. You canmakemultiple entries, butwe

reserve the right not to award repeat prizes to the same person in order to encourage newentrants. All prizes are at the
discretion of the Editor.

Thismonth’swinner is Derek Speddingwho found supplied fuel was too chunky for his steamwagon. Another nice
example of traditional skills matchedwith 3D printing aswell.
At a rally recently in place of the usual coal allowancewewere issuedwith briquettes, a variety calledNewburn,which I found to light
easily, burn cleanly, and give plentyof heat. The onlyproblemwas that the briquetteswere too big formy4½”FodenWagon. For

ABriquette Splitter for Live
Steamers

TIP OFTHE MONTHWINNER!

1
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Readers Tips

the duration of the show I copedwith
that by smashing the briquettes upwith
a club hammer, but thatwas amessy
businesswith a good deal ofwaste, and a
bettermethodwas required.
My solution, quickly knocked up

frommaterial to hand, is shown in the
attached photos. This was designed to
sit on an old builder’s bucket, photo 1,
with the jawsmade from 20mm angle

2

4 5 6

3

iron 80mm long, photo 2. They are
hinged so that the jaws are around
30mm apart when parallel, which
seems to be a good size, photo 3. The
guillotine is tacked onto a piece of
40mm square tube, and 3D-printed
caps hold everything in place on the
bucket, photo 4. A bit of old curtain
pole makes a comfortable handle. As
you can see the contraption splits the

briquettes in two very cleanly, with
negligible dust or otherwaste, photo 5.
After some use of the splitter I found

I needed to beef up the end caps,
photo 6. I’ve also clamped the whole
thing together with some allthread,
nuts, bolts, and washers.
I hope this may be of help to others

– the use of alternative fuels is only
going to increase from now on.
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Bob’sBetterBevels
–Postscript, part2
BobReevedives into thebig boxofbetterbevels that resulted from
his experiments. Continued from last issue.

E ach of the cylindrical bearing
housings held two ball races.
Each housingwould then be

clamped in a steel plate. The two steel
plates beingmounted at right angles to
each other. Themesh of the bevels was
intended to be adjusted by sliding the
cassette in its clamp.
Photograph 15 shows a single steel

plate alreadybored to take the two
cassettes, but not yet separated into
the two separate plates thatwould be
needed. The slitting sawmounted on
the vertical spindle of themill has cut
horizontal slots thatwere intended to
provide the clamping arrangement.
With the clamping arms drilled and

tappedM4, the plateswere separated,
and the edges cleaned up. Apair of
spacerswasmachined to locate the
motormounting plate. The plateswere
all fixed togetherwithmoreM4 screws.
The bearings andmotorwere then re-
positioned andfixed to the baseplate as
inphoto 16.
After some adjustments to themesh

of the bevel gears it all ran satisfactorily
at twice the speed of themotor.
The next stagewas to design ameans

of showing howthe differential gears
behave if onewheelwas rotating faster
than the other. In full size this occurs
when the vehicle negotiates a bend.
The intentionwas to use a rolling road

type of arrangementwherebyonewheel
was geared to the other so that the pair
would rotate at different speeds.
Photograph 17 shows a pair of

wooden rollers, cutwith a holesawand
left un-sanded to provide the necessary
friction for them to be driven by the
wheels on the differential.
The rollersweremounted on a

temporary axle to showthe aluminium
drive flanges.
These drive flangeswere turned and

bored to size then set up on a rotary
table to drill the countersunk screw
holes. There are quicker and easierways
to do this, but bywayof an experiment
I chose to use the rotary table that

forms the 4th axis frommyCNCX3mill,
togetherwith the control unit built to
allow the unit to be used independently
from themill, refs 1 and 2.
Photograph 18 shows the drive

Making cassette bearing holders.

15
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BetterBevels – Postscript

September 2023

flange being centred under the vertical
spindle ofmyThiel, with the control
unit sitting on the table to the right.
Note the rotary table is raised above the
table of themachine on parallels. This
allowed theMorse taper collet in the
centre of the table to be clamped and
unclampedwith the ratchet spanner
in the foreground,withoutmoving the
rotary table.
The set upworked just as it should,

but next time I’ll use theTheil’s DRO –
the step rate from the controllerwas
much too slow.
To demonstrate the differential

capability of the gears required that
the two roadwheels could both rotate,
but at different speeds. Preferablywith
the speeds sufficiently different to be
evident by a simple visual observation.
I chose a speed ratio of 2:1 so the
rolling road required a gearboxwith
that ratio between the two rollers. The
input and output shaftswould need
to be in-line and rotating in the same
direction.Which implied a three shaft
arrangementwith a two stage overall
ratio of 2:1. Tominimise the size the two

stageswould each need to be 1:√2.
Again to minimise the size, I chose 0.5

Mod. gears with a minimum number
of teeth. In this case 12 and 17 teeth
giving a ratio of 1: 1.417 – close enough!

Conveniently that also determined the
input shaft diameter since (no. teeth
+2)*module = (12+2)*0.5 = 7.0 mm dia..
The resulting gearbox is shown in
photo 19.

Working angle drive with speed step up. Wooden rollers.

Centring drive flange on mill.

Speed reduction gearbox.

16 17

1819



Model Engineers’Workshopwww.model-engineer.co.uk62

Rollers attached.

Cutting dovetail. Measuring dovetail, a useful technique.

Note that thiswas not intended to
be thefinal size – in the usualModel
Engineering tradition, I used the
materials thatwere lying around. The
gearboxwas attached to the rollers as
shown inphoto20.
With a 2:1 ratio and thewheels

driving the rollers, then onewheelwas
rotating at twice the speed of the other.

Avehiclewithwheels having the same
differential speedswould have been
travelling in a circle such that the faster
wheel circumnavigated a circle twice the
diameter of the slowerwheel. These two
circleswould have had a common centre,
the same distance from the vehicle as
the distance between thewheels and on
the side of the slowerwheel.

The next stepwas to attach the
gearbox andwheels to the baseplate
andprovide somemeans ofbringing the
wheels into contactwith the rolling road.
I chose a dovetail slide to do this,mainly
because itwas compact and required only
one additional component (plus screws)
providing therewas sufficient roomto
cut themating dovetail in the base of the

20

21 22
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Testing fit.

‘Rolling road’ fitted to test rig.

Catch and release cam.

gearbox;which fortunately, therewas.
The downsidewas that dovetails require
careful attention to tolerances if they
are towork as intended. In this case the
slidingmovementwas to be achievedby
means of a spring, so the dovetail slide
needed to be relatively free-moving.
Unlike the dovetail slides on amachine
tool.Photograph21 shows the initial
cutting of the dovetail.
The second cut completes the

dovetail form, but therewas then
the tricky business ofmeasuring the
result to ensure themating part fits.
Photograph22 showsmyapproach,
using small silver steel rollers to establish
awidth at a known point.
It required a bit of trigonometry to

calculate the relevant dimension on
themating part, but readerswho have
successfully negotiated the earlier parts
of this series should have no difficulty
with that.
Photograph23 shows themating

part fitted- after someworkwith a
hand scraper to get it tomove freely.
An end plate and guide rodwere added
to the dovetail slide in order to locate
the spring.Photograph24 shows
themechanism assembled onto the
prototype bedplate.
Amagnetic latch restrains the slide

until the leverwith the yellow handle

is actuated. The brass cam forces the
sliding carriage away from themagnets
until the spring takes over and pushes it
towards thewheels. Note the black lines
drawn on the rollers which are there
to emphasise the speed difference
between the rollers when running
under power.
Photograph25 shows themagnetic

catch and release cam in detail. This
worked as it should, but itwas soon
obvious that I should havemade
provision for the operating lever to latch

the rolling road on themagnets.
At about this stage I accepted an

invitation to display the Differential
Demonstrator at theWarwick show. So,
the scruffybaseplate had to go and a
fewother things needed tidying up.
The baseplate was not only scruffy

butwas also heavy. The all upweight
being over 11 kg. It was replaced by
muchmore presentable and portable
¼” aluminium plate.
Next up for improvement were the

parts in mild steel. I chose chemical

25

23 24
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blacking for some of the parts, but not
all. Some were leftwith their natural
finish to contrast with the blacked
components. The latching mechanism
reset was also added at this stage.
Photograph 26 shows some of the
chemically blacked parts including
an additional crankweb and link bar
added to the end of the operating
shaft. This was intended to move
the gear mechanism on the dovetail
slide until it was close enough for the
magnets to latch it in place. A torsion
spring was added at the opposite end
of the operating shaft to return the
operating lever (yellow handle) to the
upright position.
Unexpectedly, themechanism in

this form did not need the brass cam.
If the slot in the link barwas slightly
shorter than intended, it could be used
to dislodge the gearmechanism from
themagnets and allow it to return to its
original positionwith the rollers pressing
on the roadwheels. Thus rendering
the brass cam redundant. However, on
balance, including the cammechanism
was considered amore interesting
option and the camwas retained.
Therewas also a need to add an on-off

switch. Amomentary push-on switch
was selected as thiswould not allow
the demonstrator to be left running
unattended. The switch can be seen
protruding frombelowthemotor in
photograph27.
The sheet steel surround to themotor

was also chemically blacked, but not
without difficulty. The steel in question
was left over from an incinerator
project. Unbeknown tome thiswas
definitely notmild steel and refused to
be chemically blacked. A fewmoments
thought suggested a high nickel and/or
chromium content. A short dip in an acid
etch solved the problem and it blacked
as it should.
Photograph28 shows the

demonstrator ready for the party. In
addition, the bevel box now contained
significantly fewer bevels.

References.
1 MEWNo. 249. Dec 2016. CWilson. An
Arduino Controlled Indexer.
2 MEWNo. 261. Nov 2017. R ReeveAn
indexer control map
3 Northcote Parkinson, The Economist
1955 �
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Chemically blackened parts.

Motor and switch details.

The finished demonstrator
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Tools andMachinery
 MyfordML7R. Lathe in good
condition, 1/3 HPmotor, longX slide,
clutch, taper attachment, 6 chucks,
faceplate, vertical slide, vice, all gears and
reverser (not fitted). T.01914150181.
Washington,TyneandWear.

 Southbend4½x24flat belt lathe
on stand, good condition, 3 and4 Jaw
chucks, faceplates, collets, steadies,
tailstock chucks, tool holders, thread
cutting dial, knurling tool, changewheels,
needs novolt switch, £800.T.01432
354960.Hereford.

 Myford 7 single phase lathe,
accessories include fourway tool post,
tools, four jaw chuck. £800 ono. To be
collected. T.07394985730.Newbury.

 Hobbymatmd65 lathe +md bfe65
vertical milling drillingmachine £ 750
o.n.o plusmanyoptional extra tooling
buyer to collect. T.01594843380.
Lydney.

Models
 3½Collett 22XXscratchbuilt to scale,
well advancedbuild, slip eccentric air
runningboilerandfittingswith certificate,
all plateworktender95%completeexcept
pipework, £1,500. 5”MaxitrakDixiebuilt
fromkitCheddarboilersteamedonce,
£2,500. 5”Caledonian498 (Rob-Roy)
scratchbuilt detailedfinishNorthernboiler
certificatetrueto scale andair runningbut
neversteamed,£3,000.T.01902424164.
Wolverhampton.

 Foden 3inch scale steamwaggon
part builtmost parts but boiler
needed.£1600ono. T.07885345356.
Kirkbean.

 New3½”gauge Silvercrest Duchess
Class Locomotive, 1950’s BR green,water
test certificate, many refinements and
details added to this exhibition quality
model, accessories/documentation,
realistic oakframeddisplaytrack, transport
crate, buyercollects, £4,000ono.
T.01933663350.Northants.

Parts andMaterials
 Part built 3½GWilliamtankengine
drawings, construction book, castings to
complete running gear, somemachined,
coupling hooks, drain cocks, over£600
castings, needsworkon cylinders,
assembled frames on stand, photos
available, £350ono.T.01772673410.
Preston.

 MetreMaid 80% complete, super
engineering newBlackgates boilerwith
all fittings and certificates, all platework
to complete, £2,000. T.01902424164.
Wolverhampton.

Magazines, Books and Plans
 Engineering-in-Miniaturemagazines,
Jan ‘09 toNov ‘21. Free to collector. dah@
uwclub.net. T.01926624858,
Warwick.

Wanted
 DoreWestburyMill. Millermust be
in good useable condition. T.01246
277357. Chesterfield.
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