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Model Engineer Competition 2020
Following the great success of holding the 2019 ME competition 
at the Doncaster exhibition this year, I’m delighted to pass on the 
following announcement from Diane Carney, Deputy Editor of our sister 
magazine, Model Engineer:

The MODEL ENGINEER COMPETITION 2020  - featuring at the 
National Model Engineering Exhibition, Doncaster
The 'benchmark' Model Engineer 
Competition featured, for the fi rst time, 
at the National Model Engineering 
Exhibition held at Doncaster in April 
2019. Just as in previous competitions, 
Gold, Silver and Bronze Medals were 
awarded, as were certifi cates for Very 
Highly Commended, Highly Commended 
and Commended entries. A selection of 
the usual trophies was also awarded.

The re-establishment of the 
competition is good news for Model 
Engineer, for the hobby and for the 
Doncaster show so NOW IS THE TIME 
to consider your entries for the 2020 
Competition!

This year’s exhibition featured a much larger range of shop-made 
tooling than I have seen in recent years, much of it of very good quality. 
The photo shows a screwcutting clutch gearbox by D. Watts that was 
exhibited this year. I’d encourage any reader who makes their own 
tooling to consider entering it in the 2020 ME competition.
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there are Forum Topics specially 
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Tailstock Tapper

Tailstock Tapping 
Device

A number of years ago at er reading 
George H Thomas book “The Model 
Engineers Workshop Manual” I 

decided to make his tailstock tapping tools.
The idea of having the individual button 

dies mounted in a holder and set to give the 
correct size thread seemed to have value, 
reducing wasted time and possibly material, 
trying to get the thread size right.

Material was cut and a large number 
of die holders in both 1” and 13/16” sizes 
made. The sliding die holder was made and 
the ease and convenience of having preset 
dies proved well worth the time and eff ort, 
photo 1.

At the same time, I made the arbor for 
the tap holder, but interest dwindled as 
happens on occasions. I continued to use 
the time-honoured method of holding the 
tap in the tailstock and sliding it along the 
bed, winding the chuck with a mandrel 
handle. This works well with larger taps, but 
you lose some feel with small ones.

The original drawings showed the taps 
being held in a series of adaptors drilled to 
match the shanks of diff erent size taps. The 
taps were then secured with grub screws.

A recent project renewed interest in the 
sliding tap holder with thoughts of bringing 
the design into the new millennium, not 
that GHT’s classic designs really need it. 

That project was a fl oating reamer 
holder photo 2 and the Manson Reamers 
design originally used a similar bush and 
grub screw arrangement to hold the 
shanks of the reamers. This is excellent for 
great accuracy as required for its original 

use. Having used ER collets in the lathe 
headstock and on other tooling, I thought 
they would be a better proposition for 
holding the larger variety of reamer shank 
sizes I had on hand. 

ER collets are becoming more popular 
with many available sizes and chuck designs 
also the characteristics are better able to 
cope with variations in shank sizes. 

The fl oating reamer used aluminium 

for the main body of the holder to reduce 
weight and I knew this would not hold up to 
use as a collet seat and closing thread. I did 
consider using the same method as I had 
previously on an ER32 cast iron collet chuck 
for the lathe and shrink fi t a steel sleeve 
onto the nose of the chuck, then machine 
the closing thread. The other option was to 
machine a collet holder in steel from scratch 
to insert into the aluminium body.

Brett Meacle makes a sliding tailstock tap holder. 

1

Floating reamer holder. Motor Shat  ER16 Chuck, tapping collet front and rear and M style Nut.

Geo Thomas Die holders 1” and 13/16”.

2 3
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While looking at tooling catalogues and 
the internet I noticed something called a 
motor shat  ER collet chuck. It looked just 
the thing for the job.

All that was needed was to turn the shank 
to be a nice shrink fi t into the aluminium 
body. The steel turned nicely to a beautiful 
fi nish. Subsequently the two parts were 
married together, and the fl oating reamer 
holder completed.

Returning to the tailstock tap holder 
I started thinking the same collet 
arrangement might be good to hold the 
variety of different sized tap shanks. I was 
considering using ER11 size as I was only 
looking at using the tool for the smaller 
size taps.

I didn’t have a set of collets in that size 
but on searching the internet for normal 
ER11 collets, I came across a series of ERG 16 
tapping collets, photo 3, that not only hold 
the shank of the tap but also the square 
section. Not overly cheap and I’m sure 
normal ER series collets would hold a tap 
securely enough, but I thought they would 
be worth a go.

Another thing I noticed with the motor 
mount collet holders, even though they 
come with the normal looking A style closing 
nut, they actually have the fi ne thread to suit 
the ERM style closing nuts. These make a 
more compact neater looking arrangement 
in my opinion, although it is a little harder to 
insert and remove the collets from the nut 
because of the smaller thread diameter.

As they were ER16 size I decided 
to upscale the tap holder slightly and 
incorporate a tommy bar hole into the 
knurled section of the holder similar to the 
die holder.

The whole tap holder body could be 
machined from the one piece of steel 
including machining the collet seat and 
closing thread, but I decided again to use 
the shrink fi t/motor shat  collet chuck 
method, fi g. 1.

One reason is it saves a fair bit of work 
machining the collet seat and closing 
thread. It also demonstrates that even 

without a screw cutting lathe, a lacking 
of confi dence to screw cut or turning 
accurate tapers, the job could still be 
done accurately. It allows the novice an 
alternative until they have more experience 
screwcutting and fi ne boring, but the choice 
is yours.

Machining
The sliding body was made from some 
FCMS (free cutting mild steel, e.g. 
EN1aPb), cut to length.

First hold in the chuck to machine 
most of the material from the shank and 
finish with a nice surface finish, photo 
4. To get a good finish and machine the 
fillet, I replaced the square toolbit in the 
Diamond Toolholder with a round section 
piece of HSS, although getting a good 
surface finish is never a problem with the 
square tool steel.

Reverse the body in the chuck, 
protecting the machined surface from 
damage with copper or tin plate shims. 
Reduce the diameter of the nose to 
allow a knurled gripping surface to be 
produced. Set up a knurling tool to 
produce a medium knurl to the raised 
section of the body, photo 5. 

The knurling tool is an adaptation of 
Jacques Maurel’s cut knurling tools. He 
described these knurling tools in Model 

Engineer issues 4543 and 4545 Vol 217. 
I just incorporated the straight knurling 
tool and diamond tools into a toolpost 
block to fit my lathe topslide. The knurls 
I purchased are just normal sharp corner 
ones. They cut shiny knurls well as 
received but I assume will cut better with 
a proper sharpening. A normal clamp 
style crush knurl setup will also produce a 
suitable knurled surface.

Face the end and start the hole with a 
spotting drill. Drill through the full length 
of the shank. On long holes standard 
jobber drill bits can run off centre the 
deeper they go. If you are worried about 
this, set up a boring tool to true up the 
hole to ensure the next drill or the reamer 
starts true. Drill to leave the hole about 
0.15 - 0.2mm undersize so the reamer has 
material to cut and remove. 

Ream the hole to produce a nice sliding 
fit to match the MT arbor. Depending 
on what size bore your reamer cuts, you 
can machine the arbor after making the 
body to ensure this fit. I have found since 
making the floating reamer holder, photo 
6, reamed holes are now a little tighter 
compared to just holding the reamer in 
the tailstock.

While the job is still in the chuck, to 
ensure concentricity with the reamed hole, 
bore the recess in the front to be a shrink fi t 

Material in chuck machining shank. Cut Knurling the body.

4 5

Outline of Tap Holder

Fig.1
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Tailstock Tapper

size on the modifi ed motor mount holder. 
Usually one thousandth interference per 
inch size is the fi t you are looking for.

If possible, I machine the hole first 
to a set size using a home made plug 
gauge, photo 7, then machine the mating 
component oversize. Depending on the 
job, the shaft may be already to size and 
you will have to bore the hole undersize, 
then a plug gauge will also come in handy.

When making a plug gauge, reduce 
a short section at the front a known 
amount, such as 0.05 or 0.1mm, so that 
you have a warning you are nearly on size. 

Complete the final details on the body, 
finish the turning of the nose section and 
chamfer the knurling to your tastes as 
well as chamfer the recess.

The only other job on the tap holder 
body at this point is to drill a tommy bar 
hole either in a drill press or set up in 
your mill vice. This hole with a tommy bar 
inserted allows holding the tap holder 
when tightening the collet. It also gives 
something to grip when tapping larger 
sizes, as holding the knurled surface will 
become uncomfortable at er a certain 
point.

Collet Holder
To machine the shank of the collet holder, 
I set up some stock in a chuck and turned 
an accurate surface for the collet to clamp 
to. Insert one of the larger sized collets into 
the nut and clamp the collet holder to the 
machined section.

The motor mount shank may need 
shortening to suit so use light cuts and 
you will get a feel for how rigid the setup is. 
Photograph 8 shows using a sharp tool 
and light cuts, to turn the diameter to the 
required size for the shrink fi t. The steel is 
not hardened but, although tough, cuts well 
with a sharp tool and suitable speed.

When you are ready to assemble the 
parts, photo 9, together. Pop the collet 

Checking the hole size with Plug Gauge. Machining shank of motor mount ER Chuck.

Reaming the body with the fl oating reamer holder.

6

7 8
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holder into the freezer for a period of time 
to make it smaller and heat the sliding 
body to enlarge the hole. The two parts 
should just slip together quickly when 
assembled and on cooling become a 
permanent bond. If you are unlucky, they 
might get stuck halfway with an ensuing 
round of you releasing some colourful 
cartoon language.

The Morse taper shank could be 
made before or after the sliding body is 
complete, depending on how confident 

you are knowing the size bore your 
reamer will cut. The shank was fabricated 
from a purchased blank end 2MT arbor 
with a shaft inserted into the end. If 
you haven’t done so already mount the 
MT arbor in the headstock taper and 
machine the spigot a nice sliding fit in 
the tap holder body. You could also turn 
the complete shank including the Morse 
taper between centres like GHT, but 
that is something that I have not even 
attempted so far. Everyone has things to 

learn and master, the important thing is 
to keep learning and improving your skills. 

I have not included dimensions in the 
drawing as you can design it to suit your 
particular application. If you wish to 
follow the works as described by GHT, the 
complete drawings are in his book and 
I do recommend getting a copy of both 
George Thomas books.

The completed tap holder is now fi nished, 
photo 10 and compliments the rest of the 
threading kit. ■

Components ready to assemble. Completed sliding tap holder.

9 10

z  Nottingham Club
John Arrowsmith visits the 
Nottingham Society of Model and 
Experimental Engineers.

z  Wenford Tank
Chris Rayward continues the story of 
the construction of his 7¼ inch gauge 
2-4-0 Beattie well tank.

z  Midlands Competition
John Arrowsmith reports on the 
results of the Midlands Model Engine 
Exhibition competition classes.

z  Bird Automaton
John Moorhouse reveals the inner 
working of his violin shaped bird 
automaton.
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Roller Box

A Micrometer 
Roller Box

A roller box is usually used on a 
capstan or turret lathe.  Capstan and 
turret lathes serve the same purpose 

but diff er slightly, both can carry a selection 
of tools on a turret which is a substitute for 
the tailstock of the centre lathe.

In both cases, the turret indexes 
automatically, to bring the next tool into 
operation, as the turret is racked to and fro. 

The capstan lathe is usually smaller 
and lighter, and better suited to lighter 
repetitive work, and carries the turret on a 
saddle which can be fixed at a point along 
the lathe bed. In addition, the four way 
toolpost on the cross slide, a rear toolpost 
is often carried there. (this is often used 
for a combined chamfer and part off tool).

The turret lathe is a larger machine, 
intended for heavier work. Here, the 
turret moves along the lathe bed, under 
the action of the capstan handle, again 
indexing a fresh tool into position with 
each movement.

As an instance of this, a Herbert no 7 
Preoptive turret lathe is about twice as 
large and heavy as a Ward 2D capstan lathe.

Both are intended for semi-automated, 
high volume, production, with unskilled or 
semi-skilled operators. The machine will 
have been prepared by a skilled setter. 

They were the forerunners of automatic 
lathes and cnc machines.

Roller boxes (and the model engineer’s 
running down tool) are intended to 
overcome the problem of producing a 
taper when reducing the diameter of a 

long workpiece. Here, the outer end tends 
to deflect under the cutting pressure, 
leaving the outer end oversize, so that 
only the inner end, close to the chuck or 
collet will be at the required diameter.

The model engineer’s running down 
tool is a light duty version, using a vee 
shaped steady to prevent the material 
deflecting under the cutting load. They 
are all, in effect, a travelling steady with a 
cutting tool attached.

Roller boxes normally come in two 
versions, arranged for the rollers to lead, 

or to trail, the cutting tool. The roller 
leading type is suitable for reducing the 
diameter of round bar. The roller trailing 
type is used to change the size and 
section of non round material, such as 
hexagon bar.

The usual way of setting up a roller box 
is to turn, near the chuck, a short section 
of material to the required size, and then 
to set the rollers and cutting tool, to that 
size. This should be followed by another 
short trial cut to allow final adjustment, 
before setting the length stops for 

Howard Lewis makes a tool for ‘running down’ long thin workpieces

1

The Rollers used as raw material.

Drilling the carriers for the Rollers. A fi nished Roller carrier.

2 3
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volume manufacture.
Making a reversible roller box had 

exercised my mind for some time, but the 
fi nal inspiration of a means of doing it came 
from an illustration of a 3D printed steady 
on a lathe. 

The plan was to have the rollers off set 
from the centreline of the roller carrier, so 
that depending which way it is fi tted to the 
frame; the rollers would either lead or trail 
the cutting tool.

What follows is how it was made, using 
material that just happened to be waiting 
“to come in handy”. Because of this, in 
typical fashion, the design was more or 
less made up as it went along. The work 
was done from sketches and calculations 
on various scraps of paper, instead of 
drawings. Consequently, dimensions are 
contained within the text.

In any case, those reading this will be 
likely to have materials, facilities and 
machines which diff er from mine, and so 
materials, sizes and methods may well have 
to be amended to produce a “bespoke” 
device for a particular workshop.

Some of the operations were not 
perfectly done, and possibly not even 
carried out in the best order!

Method and materials 
The parts were made to imperial 
dimensions, but where possible, the 
metric equivalent is quoted, so that an 
approximation can be made, should anyone 
wish to produce a metric or a scaled down 
version. Having said that, the hardware is 
metric (including the 2BA fi xings which are 
actually based on metric dimensions). The 
M5 grubscrews were chosen so that the 
same allen key could be used for them and 
for the button head M4 screws for the roller 
carriers. 

Rollers
These had been salvaged from something, 
a long time ago. The spindles were 0.250 
inch (6.354mm) diameter and were splined 
to improve retention but would require 
shortening at er fi tting to the roller 
carriers, photo 1.

Roller carriers
These were made from 0.500 inch (12mm) 
square steel bar, cut to 2 inches (50mm) 
long. They were milled down to a depth of 
0.125 inch (3.3mm) to clear the rollers which 
were 0.6875 inch (17.5mm diameter) when 
sited with their centreline 0.250 (6.354mm) 
from the inner end, and on the centreline 
of the carrier. In this way, the rollers 
protruded past the end of the carrier. The 
second carrier was used as a packing piece 
at the other end of the vice whilst the hole 
for the roller spindle was being drilled, 
photo 2.

At er the rollers had been pressed into 
place, the excess spindles were milled back 
to fl ush with the carrier. Unfortunately, I 
did not make a perfect job of it, photo 3.

M4 tappings for the screw to clamp the 
carrier to the frame were placed on the 
centreline, the inner one being 1.25 inches 
(31.75mm) from the inner end of the carrier.

Frame
The original frame for the tool was a 
piece of aluminium, a little over ½ inch 
thick, but battered on one side. (I am an 
unreconstructed Luddite, and so work 
mostly in imperial units, but will quote 
what seems to be the nearest metric 
approximation). The battered side was 
skimmed to clean it up.

Unfortunately, having interrupted the 
work, with much of the work done, on 
restarting, without thinking, I drilled and 
tapped the fi xing holes for the tool carrier, 
symmetrically about the centreline of the 
frame. Too late, I realised that this was an 
error that would place the cutting edge of 
the toolbit above the centreline, resulting in 
a scrapper! 

Not enough plate remained to make a 
new frame 4.3125 inches (110mm) diameter, 
like the original, but some 4 inch diameter 
(102mm) aluminium was, so this became the 
raw material for the remake of the frame. 

Milling the slots for the Roller carriers. Tapping the holes for the Tool carrier / adjuster.

4 5

6

Checking slot depth in the tool carrier.
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Roller Box

The HV6 rotary table was centred under 
the spindle of the mill/drill and fitted with 
an ER25 collet chuck.

An arbor, with a flange, had been 
turned in the 3 jaw chuck, drilled and 
tapped m8, ready to take the frame 
blank, but not removed from the lathe 
or disturbed in any way), to turn the o.d. 
(outside diameter).

Once clamped in the collet chuck, a M8 
setscrew was used to clamp the frame 
to the arbor. For ease of use, the rotary 
table was set to zero, and the first slot 
in the frame, to locate the roller carriers, 
was machined, followed by the slot for the 
M4 retaining screw. The table was then 
indexed 120 degrees and the procedure 
repeated, with the table being clamped 
for each machining operation, photo 4.

Indexing a further 120 degrees 
aligned the frame ready for drilling 
and counterboring for the capscrews 
to clamp the frame to the carrier. By 
offsetting the milling machine table in 
both x and y planes, holes were drilled 
and tapped to clamp the adjuster body 
to the frame. Because the new frame was 
smaller than the original, only two of the 
originally intended four tappings would 
be used. Photograph 5 actually shows 
the original frame with the bodge of the 
misplaced tappings!

The frame was then reversed on the 
arbor, and aligned (using a 4mm drill in 
one of the slots for the clamp screws for a 
roller carrier), before indexing 120 degrees 
to mill the slot which would locate the 
shank in the carrier to carry the whole 
device in the toolpost of the lathe. 

The frame was then temporarily put 
aside while the vice replaced the rotary 
table, for milling the tool shank, and the 
adjuster body.

Tool shank
The shank for the tool was simply a piece 
of ½” x 1” (12 x 25mm)  bms (bright mild 
steel) 3 inches, (75mm) long, to match the 
toolpost on my lathe. There were two m5 
tappings, on the centre line, of the narrow 
side, on the same centre distance as the 
counterbored holes in the frame. The inner 
tapping was placed ¼” (6mm) from the end, 
so that the shank would not protrude into 
the central bore.

Adjuster
The body was fi rst set up to mill a central 
slot to take ¼ inch square toolbits. 
Photograph 6 shows a check to ensure 
that the slot depth was correct. An M5 
tapping, destined to take a grubscrew 
to clamp the toolbit in place, once it had 
been set, was made on the centreline of 
the slot. Two clearance holes were drilled, 
symmetrically about the centreline, for 
the 2 BA screws that would clamp it to the 
frame.

The adjuster body was then reoriented 
to take two M5 tappings on one end, which 
would carry the adjuster. Photograph 7 
shows a wiggler as used to set up for this.

7

8

9

Parts awaiting assembly.

Tool Adjuster and its holder.

Posed set up for the Tappings in the Tool carrier.
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The adjuster itself, is a vast overkill. It 
is shown in photo 8, before the adjuster 
body was shortened to suit the new smaller 
diameter frame. It was originally intended 
to be a knurled knob on a Model Engineer 
40 tpi thread, but hearing of this intent, 
someone gave me the barrel of a new 
imperial digital micrometer. It had been 
rejected for its original purpose, because of 
a slight “catch” every revolution, but would 
be quite satisfactory for this device. 

The adaptor between the micrometer 
barrel and the adjuster carrier was a simple 
turning job, with two counterbored 8mm 
holes for the M5 clamp screws, on the end, 
and a M5 tapping for a grubscrew to retain 
the micrometer barrel.

All four M5 capscrews had their heads 
turned down to ensure clearance in the 
8mm diameter counterbores.

Final assembly
Photograph 9 shows the parts ready for 
assembly, with a preground toolbit, and 
including the two m5 grubscrews to clamp 
the micrometer barrel and the toolbit. The 
small brass pad prevents the micrometer 
barrel being damaged by the grubscrew.

In the top right hand corner is the 
centralising fixture, described below.

Photograph 10 shows the fi nished 
assembly, with the rollers in the leading 
position. 

Removing the M4 clamp screws and 
reversing the roller carriers to place the 
rollers within the bore before reclamping 
would ready it for work with the rollers 
trailing.

Centralising the frame
For this purpose, the fi xture shown in 
photo 11 was fabricated.

Since the reversible roller box is intended 
to be used in a centre lathe it is necessary 
for it to be set on the centreline, in both 

planes. (on a capstan or turret lathe it 
would be carried on the turret, and so 
automatically be on the centreline).

Photograph 12 shows the frame, in 
the lathe, being trepanned with a 1¾ inch 
(45mm) holesaw, to rough out the central 
bore. The job of boring to finished size, 
from a small hole, would have lived up to 
its name, in all senses of the word! 

The holesaw was lubricated, and 
withdrawn frequently, to clear the swarf. 
The hole was then finish bored out to 2 
inches diameter (50mm).

The od was turned to be a very snug fi t 
in the bore of the frame, and the central 
stub milled away to its centreline; to act as 
a setting gauge for the cutting tool. The 1 
stamped on the fi xture ensures that when 
put into the 3 jaw chuck, it can be aligned 
with no. 1 jaw, to minimise eccentricity. 

The roller carriers and toolbit are 
removed, and the cross slide is adjusted, 
and the shank of the roller box is adjusted 
or shimmed so that, when clamped in the 
toolpost, the fixture enters the bore. This 
will place the roller box concentric with 
the horizontal centreline, and the cutting 
tool aligned with the centre line of the 
lathe, in the vertical plane. 

Once this has been completed, the roller 
carriers and toolbit can be replaced and 
set to produce the desired size.

Tool sharpening
The tool is ground as a knife tool, but with 
no top rake. This is so that when the tool is 
sharpened, the height of the cutting edge 
does not change.

Hopefully, this device should allow 
longer lengths of small diameter work to be 
produced more easily. ■

10

11

12

The completed Reversible Roller Box.

Centring tool, Note marking for No.1 Chuck 
jaw.

Trepanning the central hole, with a hole saw.





18 www.model-engineer.co.uk Model Engineers’ Workshop

…he asked me if I 
could machine one 

of them to make the 
platen, and for my 

trouble I could keep 
the spare blank…

A Faceplate
Sometimes the opportunity for a 

new piece of equipment can come 
from the most unexpected places, I 

have a friend who is a very skilled leather 
worker, and his workshop is full of all 
sorts of interesting bits of leather making 
kit. He has a Victorian era foot operated 
stamping press used to stamp out leather 
shapes, photo 1. When he first got this 
press he needed a flat platen making 
for it, for which he obtained a couple of 
150mm diameter by 25mm thick steel 
blanks, he asked me if I could machine 
one of them to make the platen, and for 
my trouble I could keep the spare blank, 
I took one look at the blank and realised 
that it would make a small faceplate to 
compliment the much larger faceplate 
that came with my lathe.

I have a large four jaw chuck that the 
plates just fitted on, so the first job was 
to set it up true in the chuck and to 
skim up the diameter and to face it off 
flat, photo 2. I then bored out a 72mm 

Stew Hart makes a new compact faceplate for his lathe.
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diameter recess to register on my lathe 
head stock, the plate was then centred 
on my mill and using the DRO function 
the three clamping holes were drilled 
and counter bored. Pic 100-2266. I could 
now mount the plate straight onto the 
lathe head stock using the register and 
the clamping holes, the diameter was 
then skimmed off and faced off nice and 
true. A series of concentric circles were 
added to aid setting up, photo 3. Before 
removing the plate, I marked the rim with 
a centre pop so that I could mount it back 
on the head stock in the same orientation 
as it had been machined. Finally, to finish 
off  it was centred back on the mill and using 
the DRO function an array of M5 clamping 
holes were added, photo 4 and fi g. 1.

As a bonus by using an MT2 mandrel 
and a matching register in the faceplate 
for accurate location, it could be 
mounted on my rotary table to increase 
its capacity, photos 5 & 6. As a double 
bonus, it fits on my spin indexers chuck 
adaptor plate, photo 7. ■

Before removing the 
plate, I marked the rim 

with a centre pop so 
that I could mount it 

back on the headstock 
in the same orientation 
as it had been machined.
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Mill RPM Display

As a newcomer to our hobby and with 
little practical engineering experience 
I was fi lled with both trepidation 

and eagerness in equal measure to jump 
in and get started. One of the challenges 
to setting up a workshop is identifying 
suitable machinery and I soon found myself 
hankering at er a milling machine. Without 
wishing to spend a fortune, my options 
are limited to the pre-owned market which 
brings its own challenges.

I had the good fortune to fi nd a Tom 
Senior M1 in well cared for condition and as 
far as I can tell, light previous use. As is the 
case with older machinery, some of the “bells 
and whistles” we rely upon are not available. 
Unfortunately, experience is acquired over 
time and having broken several cutters, it 
was suggested by a retired toolmaker friend 
that I may be running the mill too slowly. 
Hence this project was born, to set correct 
rotation speed according to size of cutter 
and material being machined

Photograph 1 shows the finished 
display clip mounted on the Digital 
Readout (DRO). I also wanted the end 
result to be aesthetically pleasing and 
in-keeping with the DRO I am installing 
(which may be the subject of another 
article) but at the same time be easily 
differentiated so I chose the Blue display 
to contrast with the Red DRO display.

This modification is inexpensive, is 
a quick project to build and delivers 
valuable information to the operator. Only 
basic soldering skills and a few readily 
available parts from either your spares 
bin or online are required, the display case 
can be made from offcuts, or if available, 
3D printed which is the route I took.

The project can be re-purposed to any 
other machinery where rotation speed 
needs to be determined.

Spindle rotation speed can be 
determined by several means such as 
hand-held laser device pointing at the 

rotating cutter, a geared mechanism 
driving a dial or a sensor arrangement 
linked to a digital display. Clearly picking 
up a handheld tool is at best inconvenient, 
and a geared mechanism could be prone 

Andrew Carruthers fi ts a speed readout to his Tom Senior mill

1

2

The Display

Display and Sensor Dimensions 
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to swarf ingestion so the best option is a 
sealed sensor with digital display, a little 
bit of research online quickly identified a 
device which meets the requirement with 
dimensions shown in photo 2.

Having identified the main component, 
a few ancillary, but essential, parts are 
required, electrical connectors used 
on this project are specified DC power 
supply capable of delivering between 
8v and 24v @40mA, I re-purposed an 
old unused power supply delivering 12v 
at 1A. A quick search for “12v 1A Power 
Supply” will provide plenty of options – 
mine has barrel plug diameter of 5.5mm / 

2.1mm. Other parts are:
z  Barrel jack socket 5.5mm / 2.1mm 

matched to the power supply plug and 
rated according to the power supply 
output chosen.

z  Case mounted switch rated according 
to the power supply output chosen, this 
can be toggle or push type according to 
preference.

z  Small veroboard strip or similar of at least 
5 strips wide and 5 holes long.

z  50mm of each Red and Black 7/0.2 wire.
z  Small tie-wraps to secure cables.
z  A means to mount the sensor as 

described below.

In addition to the above parts, you will 
need a small soldering iron, wire snips, knife 
and voltmeter.

With the sensor and display unit in-hand 
I was able to design the display enclosure 
and mounting bracket, the mounting 
bracket clips onto the top of the DRO and 
is secured to the display case by an M3 bolt 
and screw. The back cover can be glued 
or otherwise secured but in my case is 
interference fi t. Photograph 3 shows the 
back of the display case, on the top let  
can be seen the push on / off  switch and 
bottom let  is the 12v DC power supply plug. 
The cable to the right of the power supply 

3 4

Mounted Display Case Case and Sensor Mount

Wiring Schematic
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plug is for the sensor.
Photograph 4 shows the four 3D 

printed parts with power switch shown for 
reference only. The display case was created 
using Tinkercad, a free to use 3D design tool 
available at www.tinkercad.com and printed 
using a Robox 3D printer, www.cel-uk.
com.The STL fi les will be available at www.
model-engineer.co.uk/rpm

If 3D printing your own parts, please be 
aware the fi lament may swell slightly, and 
the resultant parts may not fi t perfectly 
therefore experimentation and fettling may 
be required particularly to the fi rst layer 
on a heated bed. Alternatively, I can supply 
the 3D printed cases as shown, fi nish is 
PLA carbon fi bre and other materials are 
available, email enquiries@repliclity.com.

The sensor is 12mm diameter with sealed 
end and of Hall eff ect type detecting 
the presence of a magnet which must be 
within 10mm. Note the magnet polarity 
is important, if the sensor fails to work 
try turning the magnet around, for bench 
testing I stuck the magnet to a battery drill 
chuck and encountered this problem.

Photograph 5 shows the sensor 
arrangement using a spare Magnetic base 
Dial Test Indicator (DTI) stand, 3mm rod 
was used to mount the sensor. From my 
scrap metal I found some slightly bent 3mm 
rod and 3D printed a 20mm long collar to 
slide along for proximity adjustment to the 
magnet. Using this setup the sensor can 
easily be moved to allow access to the draw 
bar nut then repositioned.

Construction is a matter of satisfying 
the desired aesthetics for both the sensor 
mount and display box mount along with 

correctly soldering everything 
together. Unfortunately, the 
display supplier has not made 
the wiring entirely clear, fig. 1 
clarifies the wiring schematic 
to correctly identify the 
connections

The display unit has a 5-way 
white ribbon cable from which 
Pins 1 to 5 are clearly marked on 
the back of the case. Using the 
small strip of Veroboard, solder 
the unplugged white ribbon 
cable to one end of each track

Using black 7/0.2 wire solder 
a wire between Veroboard pin 
2 to the outside case pin of the 
barrel jack socket mounted on 
the display case

Using red 7/0.2 wire solder 
a wire between Veroboard 
pin 1 and the switch. Solder a 
second red 7/0.2 wire from the 
switch terminal to the centre 
pin of the barrel jack socket. 
Check resistance across Veroboard pins 1 
and 2 to ensure there is an open circuit. 
Optionally, some switches are lit when 
made (as illustrated on photographs), this 
requires an additional wire between earth 
and the switch, not shown on the wiring 
diagram.

Prepare the sensor wire ends and solder 
the blue wire to Veroboard pin 3, solder 
the black wire to Veroboard pin 5, solder 
the brown wire to veroboard pin 1.

With the display unplugged, connect 
the power supply and check voltages 
appear on the correct Veroboard pins. 

When satisfied wiring is correct, switch 
off power then plug display unit in, after 
which reapply power – display should 
read 0000

Test using a cordless drill with magnet 
stuck to the chuck and sensor less than 
10mm away, the display should read 
greater than 000, if not, reverse the 
magnet polarity and retry

Installation is a matter of figuring out 
the correct geometry for the sensor to 
safely read the magnet stuck to the draw 
bar head. ■

DTI Sensor Mount

5
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To fi nish the plates, they were drilled, 
again on the bench mill, photo 62

Next part I made was the plate that 
fi xes the saw cutting blade, this I call “scroll 
saw arm”, fi g. 12.

This part was made from 3.0mm mild 
steel sheet and the first job was to mark 
out the outer shape according to the 
figure, photo 64.

Next, the part was roughly cut out using 

my band saw, photo 65.
Finally, the edge was fi led smooth, photo 

66 to fi nish the arm.
The 4.5mm holes where drilled in the 

bench drill, photo 67 and the oblong 4.5 x 
8.5 slot was made using a round fi le.

Next part I made was the bracket that 
should hold the saw cutting blade at the 
upper end, fi g 13.

This part was made from a piece of 

14 x 14mm hot rolled steel, and at er 
cutting a blank a little over size according 
to the fi gure, all sides was milled to fi nal 
dimension as per the fi gure, photo 68.

Next the M4 holes were drilled and 
tapped, photo 69.

As the idea with this tool is that it can be 
used as a scroll saw and a fi ling machine, 
I’ve designed it with interchangeable 
support for the work pieces that are to be 

54

A Combined Scroll 
Saw and File 
Attachment for Your Lathe
Mogens Kilde gives a step by step guide to aid beginners and the more 
experienced in making this useful attachment. - Part 3.

55 56
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worked on. Therefore, the next part I made 
was a support button for the scroll saw 
application, fi g 14.

In fact, I made a set of buttons so these 
later could be adapted to appropriate jobs.

The buttons were made from 40mm 
mild steel, and at er cutting the discs a little 
wider than the fi nal measure, photo 73, they 
where faced off  to fi nal thickness of 5mm, 
photo 75.

Next the discs were placed onto the 
bench mill and the two 2.5mm counter 
bored holes were made, photo 76.

This way I had a set of discs for future 
applications, photo 77, for the scroll saw 
setup I drilled a 2.5mm hole in the centre of 
one disc.

Now it was time to assemble the 
completed tool and see if it could do the job 
of sawing my fl y wheel, photo 71.

Everything was just super, in fact you can 
see in photo 72 a comparison of the cut 
quality as the other spokes have been cut 
with my handheld piercing saw.

To fi nish up this project I also made 
the tool capable of doing the fi ling of the 
fl ywheel, therefore the next part I made 
was the fi xture for fi les, fi g. 15.

This part was made from of chunk of 
40mm shat  steel and at er facing off  in 
the lathe, the lower section of 14/13mm 
diameter was turned in the lathe, photo 80.

Next the work piece was marked out so 
that I could cut off  most of the material to 
obtain the 40 x 24.5mm face with my band 
saw, and then setup on the bench mill and 
the face was milled to fi nal dimensions, 
photo 81.

As my 12mm end mill was in the bench 
mill, I decide to make the fi le holding plate 
before I fi nished the fi xture, (part no. 1028-
52 in fi g. 13).

This part was made from 4.0mm mild 
steel and at er cutting the blank, photo 
82, with the band saw, the work piece was 
milled to fi nal outer dimensions according 
to the fi gure, photo 83.

Fig.11

57
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Next job was drilling and tapping the M4 
holes in the fi xture, photo 84.

Then drilling the 4.5mm holes in the fi le 
holding plate, photo 85.

The fi rst fi le I wanted to use on my 
new tool, was the half-round type and 
therefore I marked out another one of 
the support buttons, and at er drilling a 
piercing hole, I sawed out the contour for 
the fi le, photo 86.

I was ready to fi le my fl ywheel, photos 
87 and 88.

At er using the tool for a little while, 
I found that the work piece had a nasty 
tendency to be lit ed when the cutting 
blade was jamming, and on the down stroke 
the work piece really squeezes ones fi ngers 
– makes you feel alive, but not in a nice 
way – I therefore made an additional work 
holding arm for the tool.

For the bracket for the work holding 
arm, fi g. 16, I do unfortunately not have 
any photos of the build process, but it is a 
straightforward milling, drilling and tapping 
job.

Also for the work holding arm, fi g. 17, I 
do not have any photo to show the making, 
but at er marking out the outer shape as 
per the fi gure on a piece of 3mm mild steel, 
the out line was cut on my band saw and 
the two slotted 4x25 holes were made on 
the bench mill.

So, the fi nal tool does now include an 
arm for holding the work piece down to the 
worktable, photo 89.

I must say that my reaction at er fi nishing 
this tool was a “Why on earth haven’t I 
made this tool years ago” – hope you enjoy 
my project description and are motivated to 
make a similar tool. ■

62

64

Fig.13
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Brazing of Steel

It is a common comment that some 
model engineers, although happy to 
braze copper, have difficulties when it 

comes to joining steel. The key to success 
for any brazing, or indeed soldering 
operation, is to embrace the basic 
principle – that of capillary flow. Let us 
be clear about one thing from the outset, 
brazing is a metal joining process which 
depends on capillary flow of molten metal 
between two closely adjacent surfaces. It 
has nothing to do with the filler metal. If 
you are not using capillary flow, you are 
not brazing.

Brazing is brazing whether you are 
using a silver solder or a brass rod. 

The same principles that apply to 
joining copper with a silver solder are 
identical to those joining steel with a 
brass rod. The principles are independent 
of the material being used to make that 
joint. Any reader that fails to acknowledge 
this might just as well turn the page now!

However, it is fair to say that there 
are slightly different practicalities to 
be considered if you are to achieve the 
necessary capillary flow when brazing 
steel compared to copper.

The main difference lies in the heating 
technique when brazing steel.

Steels, and all ferrous materials, be they 
stainless, mild steel or cast iron, have a 
higher specific heat than copper. It takes 
more energy (heat) to raise 1gm of steel 
by 1°C than it does to achieve the same 

effect for copper. The values for copper 
and steel are shown below.

Copper   0.38J/gm-°C
Steel   0.51J/gm-°C
This means that for any given torch, 

it requires 25% more heat and will take 
nearly 25% longer to achieve the brazing 
temperature. So be patient!

Dependent on the size of component, 
the fl ux being used may become exhausted 
and stop working. The surface re-oxidizes 
and the fi ller will not fl ow so no joint is 
made. If you experience this, simply change 
your fl ux to one that will accommodate the 
longer heating time. HT5 is a suitable fl ux.

Most model engineers will recognize 
another option and move to increase the 
heat input. If you are using a propane/air 
torch, fi t a bigger burner or increase the 
gas pressure by adjusting your regulator 
to increase the gas fl ow. More heat is 
generated simply by burning more gas. 
Double the fl ow rate of propane through 
the burner and you will double the heating 
eff ect. If you want more water to fl ow 
through a pipe, you would increase the 
pressure. Right?

However, a common solution taken 
up by the model engineer is in the belief 
that hotter fl ames produce more heat. 
While this may be true, it is not the whole 
story. Consider the eff ect on the skin of a 
spoonful of hot water, at say 95°C, to that 
of a steel spark at 1300°C! One involves a 
visit to the local A&E, the other is a minor 

irritation.
There is a lot more heating capacity in the 

water at the lower temperature.
There is the temptation to opt for oxy-

propane or oxy-acetylene heating. There 
is certainly a dramatic increase in fl ame 
temperature. 

Propane in air burns at 1925°C and 
acetylene at 2500°C. Replace the air with 
oxygen and the temperatures rise to 
2530°C and 3480°C respectively, photos 1 
and 2.

There is also an equally dramatic change 
in the fl ame profi le. An oxygen fed fl ame 
becomes more focussed and intense. Care 
should be taken because If the component 
cannot dissipate the heat, it is extremely 
easy to melt the parent material. This is 
particularly relevant when brazing threaded 

Keith Hale entered the brazing industry in 1969. His previous employers include 
Johnson Matthey Metals, and Engelhard Ind (Sheffi  eld Smelting). He formed CuP 
Alloys in 1982 and since retiring in 2012 they retain him as a consultant

1

2

A Propane/Air fl ame

Oxy-acetylene fl ame
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Steel Brazing

components. 
This intense localized heat brings 

another problem that can undermine 
the eff ect of capillary fl ow and this basic 
principle of brazing. To achieve the best 
and strongest joints, the fi ller metal must 
penetrate the joint. By defi nition, that 
means that the whole of the joint has to be 
at a temperature above the liquidus of the 
fi ller metal. If it is not, the alloy will freeze 
and stop fl owing. 

The heat from the torch must reach 
the furthest extremes of the joint. That 
presents little or no diffi  culty if the parent 
material is a good conductor of heat 
e.g. copper. Steel does not have that 
property. It takes time for the joint to get to 
temperature. But if you dwell too long with 
an oxy-gas fl ame, to ensure that all the 
joint is up to temperature, you run the risk 
of melting the components. The torch has 
to be kept moving. 

There is another risk; that of no “through 
heating” that will get the whole joint hot. 
You will not generate the heat pattern to 
encourage the fi ller metal to penetrate 
the joint. You will only see the alloy 
fl ow along the natural capillary path 
on the surface. In eff ect, you have 
just built a crack into the back of your 
assembly that can cause premature 
failure. The joint strength is now 
dependent entirely on the eff ect of a 
stress raiser and the strength of the 
fi ller metal. Your joint strength should 
be dependent on the strength of the 
interatomic bonding between fi ller 
and parent material. In most cases 
involving sound joints the steel will 
fail fi rst!

A recent post on the forum 
suggested that silver solder fl ows 
better than a brass alloy. Somebody’s 
experience might lead them to 
think that but that is not true. If the 
criteria for capillary fl ow are met, the 
joint design is right, properly fl uxed 
and heated correctly, then brass will 
fl ow as well as a silver solder. 

I suspect there was an oxy-gas 
fl ame involved that led to this 
impression. Propane is a far more 
forgiving heat source. An oxy-
acetylene torch in the hands of 
an amateur model engineer can 
cause more problems than it 
solves. An appreciation of what 
you are trying to do and why will reap 
more benefi ts. Remember, you are trying to 

promote capillary fl ow - not simply melt a 
brass or silver solder rod.

A brass rod used with Sib ronze fl ux or 
borax is probably the “go to” combination 
when brazing steel. So why should I use a 
silver solder instead of the much cheaper 
brass alloys?
1)   Do you have the facilities to heat the 

joint to a temperature in excess of 
850°C?

2)   Have you established that the brazing 
temperature will not cause any 
metallurgical upset or distortion? 

3)   Will the brass give me the corrosion 
resistance in the joint that I require?

4)   Will a brass joint satisfy all the 
operating conditions?

5)   Does the physical appearance of the 
joint meet my requirements?

6)   Do I accept the diff erences in the 
thermal properties between copper 
and steel and can modify my heating 
technique accordingly.

If the answer to any of the above points is 
“No” then use a silver solder and HT5 fl ux. 

If brass cannot meet your technical 

requirements that is the time to consider a 
brass alloy loaded with silver - silver solder! 
You will achieve equally strong joints. It is 
very unlikely that joint strength is an issue 
with properly brazed joints. 

Your selection of which silver solder to 
adopt will be decided at er considering it’s 
melting range, it’s corrosion resistance, 
it’s colour or it’s price. The easiest to use 
probably contains 55% silver.

Special Considerations
Ferrous materials have a lower rate of 
expansion than copper alloys. When 
heated, the two materials expand at 
diff erent rates. This diff erence becomes 
more pronounced at higher temperatures.

It is important that this fact is 
acknowledged when heating. For metal 
fl ow to occur, there must be a gap. But 
importantly, it is the gap present at brazing 
temperature. The joint design at room 
temperature must refl ect what is going to 
happen during heating. Wherever possible 
the steel should be the male component 
of the joint. On heating the gap expands, 
but more importantly, the joint is put under 
compression as it cools and removes any 
danger of the fi ller metal cracking.

Stainless steel is stainless because of 
the chromium content. This element has 
a stable oxide that must be removed to 
achieve the capillary fl ow. Use a more 
active, high temperature fl ux e.g. HT5.

If the brazed joint is immersed in, or 
carries, water, there is a risk of crevice 
corrosion and the joint simply falls apart. 
The answer is to have nickel present at the 
interface of the fi ller and the steel. There 
are two ways of achieving this.

Firstly, put the nickel in the fi ller metal. 
But this ot en involves increasing 
the manufacturing charges of the 
silver solder and increasing the silver 
content (and hence the price of the 
fi ller metal) in order to maintain 
good fl ow characteristics. A cheaper 
and more practical answer is to use a 
stainless steel that already contains 
nickel. These are readily available. They 
form the basis of the 300 series of 
alloys. Not sure of your steel? - They 
are non-magnetic!

Cast iron has graphite in the surface 
that prevents capillary fl ow. Remove 
it by heating the casting in air, with no 
fl ux, to a bright red heat for a couple of 
minutes. Allow to cool naturally. Clean 
the components with a stiff  wire brush, 
fl ux them and proceed normally.

Free machining mild steel e.g. 
EN2A contains lead that exists as free 
lead. It is not alloyed. The lead on the 
surface melts and is absorbed by the 
molten silver solder. Lead makes the 
solder sluggish and inhibits the fl ow 
characteristics. Reduce the eff ect by 
increasing the joint gap so using a little 
more fi ller. 

More information is available via www.
cupalloys.co.uk and The Guide to Brazing 
and Soldering, photo 3. ■

Sievert Burner Size mm Heat Output kw Gas Usage gm/hr 
   2 bar 4 bar  2 bar 4 bar

 3940 17 1.2 90

 2941 28 7.7  14600 – 1200

 2942 32  13 26  1200 – 2000

 2943 35 22 44  1700 – 3350

 2944 50 43 86 3300 – 6600

 3525 25 10 800

3

Guide to Brazing and Soldering
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Readers’ Tips

Readers’ Tips

We have £30 in git  vouchers courtesy of engineering suppliers Chester Machine Tools for each month’s ‘Top Tip’. Email your 
workshop tips to neil.wyatt@mytimemedia.com marking them ‘Readers Tips’, and you could be a winner. Try to keep your tip to no 
more than 400 words and a picture or drawing. Don’t forget to include your address! Every month I’ll chose a selection for publication 
and the one chosen as Tip of the Month will win £30 in git  vouchers from Chester Machine Tools. Visit www.chesterhobbystore.com to 
plan how to spend yours!

Please note that the fi rst prize of Chester Vouchers is only available to UK readers. You can make multiple entries, but we reserve the 
right not to award repeat prizes to the same person in order to encourage new entrants. All prizes are at the discretion of the Editor.

Long Piece Vice 
TIP OF THE MONTH

WINNER!

This month our lucky winner of £30 in Chester git  vouchers is 
Geoff  Harding with a neat solution to holding large work that 
is so obvious when you see the picture, yet I have never come 
across it before!

There is always a time when we get a job that is a little larger 
than we can hold on our machines. The milling machine vice on my 
machine will only open to four inches and I need to face a block 
much larger. Using strap clamps would mean facing the surface 
in more than one pass so that the clamps can be repositioned.  
Looking out in the big wide world there are some very good 

examples of such a device but a bit expensive for the infrequent use 
that I would need.

Looking at the problem I have come up with the idea of taking a 
reasonable quality drill vice and cutting it in half. The two halves can 
the be clamped to the milling table as far apart as required.  Now 
in practice I can clamp work up to 12 inches. This solution is not as 
rigid as the expensive vice but with the light cuts that I plan to take 
should not be a problem.

Geoff  Harding
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For encoder compatibility please check compatibility chart datasheet
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Signal N/C OV N/C Screen N/C A +5V B Z

A Digital Source 
Select Switch for 
a DRO Console

A few years ago I decided to fi t linear 
encoders to my Myford ML7 using 
the excellent kit from Machine DRO. 

The encoders connect to a digital readout 
console and have greatly simplifi ed the use 
of the lathe, especially as my ML7 is imperial 
and I prefer to work in metric.

At a recent model engineering exhibition, 
I noticed that Machine DRO had introduced 
a kit to fi t encoders to a Chester Champion 
milling machine. As I had bought this model 
of mill, I decided I could aff ord the X and 
Y encoders but my budget would not run 
to a second DRO console. It also seemed a 
waste of money to buy a separate console 
as my lathe and milling machine are next to 
each other and I would never use both at 
the same time. I could swap the cables over 

Andy Prior has designed a switching module to allow a single digital readout 
(DRO) console to select encoder signals from either a milling machine or 
lathe at the fl ick of a switch, avoiding the need for two consoles

Fig.1

Fig.2
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each time I switched between machines, 
but this would be quite inconvenient and 
repeatedly changing electrical connectors is 
not generally a good idea.

What was really needed was a way 
to route the signals from either the mill 
encoders or the lathe encoders to the DRO 
console with a switch. Figure 1 shows 
the function that such a switch needed to 
perform.

Solution
The encoder waveforms and pin 
connections that need to be switched are 
shown in fi g. 2 which is taken from the 
Machine DRO Technical Information sheet 
for the SDS6-3V console. My fi rst thought 
was to use an electrical 2-way switch with 
enough poles to be able to switch all the 
signals. Each encoder cable has a 9-way 

‘D-Type’ connector and uses a total of 
six connections - three encoder signals 
plus power, ground (0V) and screen. The 
switch would require at least 18 signals 
to be switched plus up to 12 for power 
and ground. That seemed like a lot of 
wiring to do!

On closer inspection I noticed from the 
technical information supplied by Machine 
DRO that the encoders use standard 
5 volt ‘logic’ signals. This opened the 
possibility of being able to use a standard 
logic integrated circuit (IC) chip to do the 
switching, photo 1. For those not familiar 
with digital logic, the following is a brief 
primer.

Digital switching
Logic signals are in one of two states: 
‘0’ and ‘1’. For 5-volt logic these states 
correspond to nominal voltage levels 
of 0V and 5V. Logic chips are designed 
to allow for a margin of error so, for 
example any voltage above about 3V will 
be interpreted as a ‘1’. This means that 
the encoder signals can have some ‘noise’ 
(random voltage fluctuations) on them 
and still be interpreted correctly.

There is a standard chip called a ‘quad 
2-input multiplexer’ - part number 
74HC157 - that will accept two sets of four 
logic inputs and ‘route’ one set or the 
other to four outputs depending on the 
logic state of one ‘select’ input (table 1). 

This meant that with one toggle 
switch to control the ‘select’ input 
I could switch all twelve encoder 
inputs to the six outputs to cover 
X and Y with just two chips. 

The type of chips used require 
very little power so the design 
could be powered by the DRO 
console directly, eliminating the 
need for a separate power supply.

Testing the idea
A common way to test small 

electronic circuits is through use of a 
breadboard. This is a module with a 
matrix of sockets on a 0.1inch pitch 
with particular rows and columns 
interconnected. Components such as 
resistors, capacitors and integrated 
circuits can be pushed into the sockets 
and further interconnected with small 
leads. I wired up the breadboard using 
one chip to select either the saddle or 

cross slide encoder of the lathe. The 
output from the chip was connected to 
one of the DRO console inputs, photo 2. 

The first test was to check that I could 
get the console to display either the 
saddle or cross slide encoder output by 
changing the switch. I was pleased to see 
that by using the toggle switch I could 
display movement from either encoder. 
Having established that the basic 
selection function worked, I then tested 
for any unwanted side-effects such as 
missing or spurious pulses. To check for 
that I set the saddle against the saddle 
stop and zeroed the DRO console display. 
I then traversed the saddle as fast as 
I could towards the tailstock and then 
back again until I reached the saddle 
stop. If the circuit missed any pulses, or 
false pulses were added, then the display 
would not read zero. I was reassured to 
see that it re-zeroed to an accuracy that 
was no worse than when the encoder was 

1

2

Experimental breadboard under construction

The PCB module mounted on the console
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directly connected.
The next test was to check for ‘cross-

talk’ - pulses from one encoder channel 
‘leaking’ into the other. To do this I 
used the switch to select the cross slide 
channel and zeroed the DRO console. I 
then repeated the rapid saddle movement 
as before and checked that the DRO 
display remained at zero - which I was 
pleased to see it did! 

With the idea proven, I drew up a full 
circuit that would handle the X and Y 
signals from the mill and the lathe and 
route route them through two ICs to the 
DRO console connectors.

Circuit operation
Figure 3 shows the complete module 
circuit which operates as follows. The 
main elements are: encoder connectors 
on the let , signal switching ICs in middle 
and connectors to the DRO console on the 
right. The toggle switch to select either mill 
or lathe encoders (S1) is shown between 
the two ICs. 

The design was to be powered directly 

from the DRO console, and not having 
access to the DRO console circuit, I tried to 
avoid loading the 5V power out from the 
console with more than it was expecting. 
By using a double-pole toggle switch it 
performs the dual purpose of only loading 
each DRO channel with about one encoder 
load and controlling the IC ‘select’ logic. 
Note that the term ‘VCC” is standard 
terminology in the logic IC world for 
‘supply voltage’.

The X axis signals from either the mill 
or the lathe are selected as follows. With 
switch S1 in the position shown, the 5V 
(VCC) signal from DRO connector X5 is 
routed through S1 to pin 7 of encoder 
connector X2(Mill-X), supplying power 
to just that encoder. This 5V signal is also 
connected to the ‘select’ (marked A/B) 
input of the IC. This puts a logic ‘1’ on this 
input telling the IC to duplicate the signals 
on the ‘B’ inputs - i.e. the mill - to outputs 
1Y, 2Y and 3Y, which are connected to the 
DRO ‘X’ console connector. Although this 
signal is also connected to one of the 100k 
pull-down resistors, the high resistance 

means it has little eff ect on the 5V signal.
When S1 is changed to the other 

position, the 5V VCC is then routed to pin 
7 of encoder X1 (Lathe-X) supplying power 
to just that encoder. The select (A/B) input 
of the IC (pin1) is now no longer connected 
to the 5V line but by connecting the pin to 
0v through the 100k resistor in RN1, the 
input is ‘pulled’ down to a logic ‘0’. As a 
result, the IC duplicates the signals on the 
‘A’ inputs - i.e. the lathe - to the IC outputs. 

The Y axis operates identically, using the 
other pole of S1.

Resistor pack RN1 also ensures any 
unconnected IC inputs are ‘pulled-down’ 
to a logic ‘0’, rather than ‘fl oating’ to an 
indeterminate level. The two capacitors 
prevent any noise spikes on the 5V supply 
adversely aff ecting the IC.

The PCB design
With the circuit design completed, my 
thoughts turned to the best way to 
assemble the circuit. Copper stripboard, 
which has strips of copper drilled with holes 
on a 0.1inch pitch was one possibility but 

Fig.3
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mounting the 9-way D-Type connectors 
would be problematic. A custom double-
sided printed circuit board (PCB) seemed a 
better choice as it would allow the X and Y 
connectors to be mounted on one side and 
the four encoder connectors to be mounted 
on the other. With an edge-mounted toggle 
switch on the board the PCB could plug 
directly on to the DRO X and Y inputs and 
the switch could be easily accessed from 
the front.

In order to make the design fl exible I 
added the option for an externally mounted 
switch and separate PCB mounting holes. 
This would allow the board to be mounted 
as a separate module if direct connection 
to the DRO was not possible. Two cables to 
carry the X and Y signals from the module 
to the DRO console would then be required.

 
PCB manufacture
Having opted to produce a 
custom PCB I then had to 
decide whether to produce 
the PCB myself or get it 
manufactured. There are 
some very good methods 
of producing one-off 
PCBs although double-
sided versions can be a bit 
tricky. There are plenty of 

PCB manufacturers, but they are quite 
expensive at the minimum order quantity 
level. However, one particular on-line 
supplier based in Australia - Breadboard 
Killer (ref. 1) - are aimed at the hobbyist 
market and their quote engine showed I 
could get five high quality PCBs for £25 
including shipping.

There are some excellent free electronic 
design programs available and my 
personal favourite is Eagle (ref. 2). This 
package allows you create your circuit 

3

4

Cardboard mock-up of PCB

The set of pcbs as delivered
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diagram and then lay out a PCB based 
on the circuit, so it checks that all the 
connections are correctly made. There 
is even an auto-router included that 
will lay out the PCB for you! Most PCB 
layout packages allow ‘Design Rules’ to 
be specified. These define minimum track 
widths and spacing, minimum hole sizes 
etc. Breadboard Killer have a design rules 
file that can be downloaded and imported 
into Eagle to ensure the design meets 
their manufacturability rules. The free 
version of Eagle restricts the maximum 
PCB size to 100mm x 80mm but this was 
adequate for my design.

Once I had laid out the PCB on 
the computer it was just a case of 
submitting the relevant files to the PCB 
manufacturing site. Breadboard Killer 
have a very nice feature which produces 
a computer rendering of both sides of 
the PCB based on the data file. I decided 
to de-risk the project by printing out the 
rendered PCB images at a 1:1 scale and 
sticking them to thick card to simulate the 
final PCB, photo 3. I then used this mock-
up to check the board for fit and offer up 
the components to check orientation. I’m 

glad I did this as I realised I had forgotten 
to ‘mirror’ the two 9-way D-Type pinouts 
that I mounted on the reverse of the 
board! With this fixed I re-submitted the 
files, ordered the boards and a couple of 
weeks later five beautiful PCB’s, photo 4, 
dropped through my letterbox!

PCB components
While the PCB was being manufactured, 
I proceeded to component ordering. A 
full parts list is shown in table 2, which 
includes the suppliers I used and an on-
line search will find others. I have also 
shown indicative cost but note that this 
is shown for the quantity required for the 
PCB, in some cases a minimum quantity 
pack has to be purchased. I have chosen 
a high-quality toggle switch as this is 
the only moving part, but it is relatively 
expensive. However, an alternative 
switch could be connected using the 
provision for an external switch labelled 
‘Ext - Sw’.

Breadboard Killer gives designers the 
option of making their design public, 
which I have done. Readers wishing 
to buy the PCB can obtain it by going 
to www.breadboardkiller.com, clicking 
‘Designs’ and typing in the name of the 
zip file shown in the parts list into the 
search box. Note that unfortunately 
there is a minimum order quantity of five 
PCBs, although this would be fine for a 
club wishing to purchase a set.

I deliberately avoided use of surface 
mount components since these can be 

5

6

DB9 connectors ready for soldering

Rear view of PCB showing DRO Console connectors
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Caphead screw
4-40 UNC x 12mm

Spacer
6mm long

Body length
6mm

Internal thread
4-40

Encoder connector
shell & 4-40 locking
screw

DRO Standoff Assembly

difficult to mount without specialist 
equipment. This means that although 
the usual component suppliers will list 
the IC as ‘obsolete’ they can readily be 
found on eBay. I prefer to use a socket 
for ICs since it is much easier to change 
them if something goes wrong or - more 
commonly - they get fitted the wrong 
way around.

PCB Assembly 
Assembly of the electronic components 
on to the board was very straightforward, 
in this case assisted by my PCB assembly 
holder, photo 5, made during my 
apprenticeship!

The 9-way D-Type required more care 
since it is important that the mechanical 
load of the encoder connectors is taken 
by the locking screws and standoff s and 
not the soldered pins. The four encoder 
connectors use 4-40 UNC threads so the 
ideal part would be a 0.25 inch long 4-40 
male - female standoff  for both the locking 
screw and the connector spacer, however 
I found these diffi  cult to obtain. The 
alternative I used was 6mm long M3 male-
female standoff s, with the female thread 
re-cut with a 4-40 plug tap to take the 
encoder connector housing screws, fi g. 4.

For the two connectors that plug directly 
on to the DRO console all that was required 
was two 6mm spacers with the connector 
held in position for soldering with a nut and 
bolt, photo 6.

Mounting the PCB on the DRO console
The DRO console sockets are spaced at 

25.4mm and the PCB is designed to plug 
directly onto these X and Y connectors 
and is secured using the DRO connector 
standoff s normally provided for the 
encoder locking shell. These standoff s are 
threaded 4-40 UNC so I used 12mm long 
4-40 cap head screws through the PCB and 
spacer, fi g. 4.

Testing the PCB
Testing a PCB layout for the first time 
is always a bit nerve-wracking since 
mistakes will normally require cutting and 
strapping tracks or, for significant errors, 
a PCB re-make. As the board is normally 
powered by the 5V from the DRO console 
I made up special cables so I could power 
the board from a separate power supply 
unit for testing. This allowed me to check 
that there was no 5V to 0V short (not 
uncommon!) and the supply appeared on 
all the correct pins. The use of IC sockets 
meant I could perform these checks 
before plugging the chips in.

For readers who decide to buy the PCB 
these layout checks are, of course, not 
required however it is still important to 
check that there are no accidental solder 
‘bridges’ and that the ICs are fitted the 
correct way round. 

With these preliminary checks in place 
and a final check with the ICs fitted, I 
plugged the PCB on to the DRO console 
and secured it using the cap-head 
screws. I then plugged in the encoders 

from the mill and lathe, secured them 
and switched the DRO console on. The 
display reassuringly lit up as normal 
and movement of the lathe carriage and 
cross-slide indicated correctly on the DRO 
console. I then flipped the toggle switch 
and movement of the milling machine 
table in X and Y also showed the expected 
indication. It worked!

Following this initial elation (new PCBs 
often don’t work first time) I repeated 
the tests described above to check there 
was no crosstalk or missing pulses and 
everything worked as expected. 

Conclusion
The use of a custom PCB made for a very 
neat module and the self-powered design 
avoided the need for a mains adaptor and 
additional cable. Even though the toggle 
switch was not visible from the front it 
proved easy to reach the switch to operate 
it without needing to rotate the console.

The module is now in regular use in my 
workshop and has made swapping the 
DRO console between machines a breeze. ■

References: 
Ref 1: https://www.breadboardkiller.
com.au/

Ref 2: https://www.autodesk.com/
products/eagle/overview

Ref 3: https://www.breadboardkiller.
com.au/designs/919-dro-switch2018-
03-25zip

Fig.4
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The Lathework for Beginner’s series is 
drawing to a close. I hope that new 
recruits to our marvellous hobby have 

found it useful and that more experienced 
readers will have found some useful 
ideas as we have gone along. In this fi nal 
instalment, I would like to fi nish with some 
more advice of a more general nature that 
may be useful to new lathe owners who are 
starting to build up their workshop.

Cutting Fluids
Almost all cutting operations are improved 
by the use of some sort of cutting fl uid. In 
industry fl oods of coolant are used which 
not only lubricates the cut but washes away 
chips and reduces the cutting temperature, 
all of which greatly improves tool life and 
fi nish at the expense of complexity and 
the need to keep coolant where you want 
it. In addition, the coolant (normally ‘suds’ 
a mixture of emulsifi ed oils and water) 
can cause both corrosion and even health 
problems if let  standing, although more 
modern formulations tend to be better 
in these respects. Most, but by no means 
all, users of smaller machine tools tend to 
consider fl ood coolant too much bother.

More usual, is the use of neat cutting 

oils, generally applied by brush or drip feed. 
While these do not wash away chips or 
off er much cooling, they do lubricate and 
will improve tool life and fi nish, especially 
on tougher materials. I’m a user of neat 
cutting oils, photo 1, and a little goes a long 
way- half a litre will last most of us at least a 
year. Use cheap pound-shop paint brushes 
to apply the oil, and don’t worry if the odd 
bristle gets chopped off ! I keep a pot of oil 
with a brush in it at the back of my lathe at 
all times, photo 2.

Don’t just use these oils on the lathe (or 
mill) – they will work with all cutting tools 
including bench and hand drills, taps and 
dies and bandsaws. Pop a bit on the blade 
of your hacksaw and you will suddenly 
discover your blades cut faster and last 
much longer!

There are exceptions – cast iron tends 
to self-lubricate because the free carbon 
in it takes the form of flakes of graphite. 
Using cutting oil on cast iron can produce 
a horrible black gunge that some have 
compared to a grinding paste, and it is 
generally better cut dry. Many brasses 
freely produce tiny, crumbly, swarf and do 
not show any better results with the use 
of a lubricant.

1

Lathework for 
Beginners
Part 14 -  So long and 

thanks for 
the fish

To conclude this series Neil Wyatt looks at some fi nal advice for those 
developing their turning skills.

Maxsyn SLF, a neat cutting oil.

Using brush applied cutting oil. Engineers’ Blue

2 3
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Marking Blue and 
Engineers’ Blue
Although both these dark-blue (traditionally 
Prussian Blue) compounds look similar they 
have diff erent uses. Marking blue, applied 
by brush, cloth or spray is intended to dry 
rapidly and provide a high-contrast layer 
that you can scratch through with a scriber 
or sharp edge to mark off  measurements 
on parts. A cheap alternative is a chunky 
‘magic marker’ or even a Sharpies, however, 
they do tend to rub off  or be dissolved by 
cutting oils rather easier than the ‘real thing’. 
For dark metals, like cast iron, you may fi nd 
a bit of chalk rubbed on is more eff ective. 
And old timer’s trick is to put a few drops 
of copper sulphate solution on steel – in 
second this will create a super-thin coating 
of copper that resists oils but will show up 
any scratched in markings well.

Engineers’ blue or ‘micrometer paste’ 
doesn’t dry quickly, it’s more akin to artists’ 
oil paint, and alittle tub will last many years 
in the average workshop, photo 3. It is used 
to check parts for fi t or fl atness by applying 
a very thin layer to a reference surface and 
rubbing it against the surface to be tested. 
The blue will create ‘spots’ on the high 
points. Recently, turning an MT2 taper, I 
used an alternative but similar approach – I 
‘blued up’ my embryo taper with a line of 
magic marker then fi tted an MT2 socket to 
it and turned it. Done quickly, the blue line 
smeared where the fi t was best, this allowed 
me to quickly judge whether to increase or 
decrease the taper of the cut, and by how 
much, photos 4 and 5.

Grinders
At er many years of using only high speed 
steel (HSS) tooling, I was a late convert to 
carbide tipped tooling. With the CCGT inserts 
we looked at earlier, even much smaller 
lathes than the SC4 can benefi t from these 
tools. As I explained last time, HSS still 
comes into its own in the area of creating 
your own custom tools. I recommend that 
every workshop should have at least some 
sort of basic cutter-grinder. This need not 
be expensive or complicated, and ideal 
solution for many people is a double-ended 

bench grinder together with a nice solid 
support for tools (grinding rest) that off ers 
a combination of a tilting table and some 
sort of angular guide – the basic sheet metal 
guides that come with most grinding wheels 
are of minimal use. A rightly popular design 
is Harold Hall’s grinding rest, which is easily 
made using stock materials, photos 6 and 7.

Such a grinding rest will make producing 
knife tools from square HSS easy, but it 
isn’t much harder to grind up D-bits, boring 
tools and even small parting and grooving 
tools. It does take a bit more skill to produce 
rounded shapes, but it isn’t hard to put 
a, say, 2mm round nose on a knife tool. 
This gives you something suitable for fi ne 
fi nishing and also allows you to turn neat 
fi llets on inside corners.

Having a grinder and few pieces of square 
HSS to suit your lathe is a great way of 
ensuring you will never be let  in the lurch 
because you don’t have a suitable tool, or 
you have broken your last carbide insert! 
Just for the record, photo 8 shows my own, 
rather peculiar, tool and cutter grinder.

Setting Up Change Wheels 
for Screw Cutting
A lot of people get concerned about 
setting up change wheels for screw cutting. 
One worry is getting the gears to mesh 
correctly. In practice, involute gears are 
remarkably tolerant of errors in their centre 
spacing and as you always screwcut with 
the lathe rotating in the same direction 
backlash is not anything to worry about. 
What you should avoid is the gears being 
in too close contact, as this will cause rapid 
wear. The easiest solution is just to place a 
slip of paper between each pair of gears as 
you set them in place, this will give a small 
but defi nite gap that should suit any lathe’s 
change gears – and give reasonably quiet 
running, photo 9.

Another worry is the accuracy of screw 
threads, especially if cutting metric threads 
on an imperial lathe or vice versa. The SC4 
has a 127-tooth gear which allows exact 
conversion; the 63-tooth gear used with 
many other lathes is good enough for all 
practical purposes (except things like long, 
accurate leadscrews). But for ordinary 
fastenings it is perfectly acceptable to use 

Using an MT adaptor sleeve to test a taper.
Almost there - the sharpie mark is smeared where the taper makes 
good contact.

Harold Hall’s grinding rest fi rst appeared in 
MEW 89.

A selection of accessories help with more 
advanced grinding.

4 5

6

7
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‘near miss’ gear ratios, as long as you are 
within a few percent; MEW contributor 
Brian Wood did a few tests and found 
a 3% error for fi ne pitch fasteners (e.g. 
BA threads) and a 1.5% error for coarser 
threads gave perfectly serviceable results. 
My experience is that these are comparable 
to, or better than, cutting threads by 
hand with a die. So, by all means use the 
best ratio you can fi nd, but in practice for 
fasteners getting the thread diameter and 
form right is more important than being 
spot on with the pitch.

Clearing Swarf
One of the biggest temptations when 
turning lengthy job is to pull swarf away 
from the work. Most of the time you will 
get away with it, but one day it will catch 
on the chuck jaws or the work and if you 
are unlucky enough for it to wrap around a 

fi nger the results can be very nasty indeed. 
My own ever-so-simple solution is a length 
of TIG welding wire (but any thin rod will do) 
with 20-mm bent over at the end. I use this 
as a simple rake to pull swarf clear without 
any risk to my fi ngers. Being relatively sot  
metal, it also bends out of the way rather 
than jamming things up if it does get drawn 
out of my grip.

Shims
Shim materials have many uses around the 
lathe. I have a collection of all sorts of odd 
bits of material for packing up tooling to the 
best working height, photo 10. Off cuts of 
aluminium sheet in various thicknesses are 
particularly useful, but I also have steel and 
copper packers in thicknesses up to about 
3mm to suit various tools. Some disciplined 
workers use a rubber band to keep each 
tool paired with its ideal shim(s).

Sheet cut from aluminium 
drinks cans is usually thinner than 
you need for packing up tools 
but is ideal for protecting fi nished 
surfaces from damage if you have 
to reverse part-turned work in the 
lathe chuck. Just cut a strip and 
wrap it around the work so the 
ends don’t quite overlap. A slip of 
aluminium use like this can also 
help with gripping very hard work 
that otherwise tends to slip even 
if the chuck is done up really tight. 
I have also used this trick to get 
a decent grip on screw threads 
without damaging them.

Obviously if you set up parts 
in jigs or on the cross-slide or 
faceplate you may well need 
packing to ensure the work is 
correctly positioned. Always 
make sure that doing so doesn’t 
compromise the security of the 

parts, as the cost of something shit ing may 

be more than just a scrap part. One way to 
help reduce the chance of parts clamped 
metal to metal shit ing is to interpose a 
sheet of paper.

A related tip applies if you are boring 
right through something held in a chuck 
or on the faceplate. In these cases there 
is the danger that when the boring tool 
passes right through it will contact and 
damage the chuck or faceplate. A layer of 
sacrifi cial material such as aluminium sheet 
or even card or plywood for the tool to run 
into can help avoid such damage. It’s also 
worth marking the shank of the boring tool 
(Tippex works well on dark-shanked tools) 
to give a visual guide to when the tool has 
run to depth. This approach can also give 
remarkably consistent results when boring 
a fl at bottomed hole, usually good enough 
that a fi nal skimming cut by advancing the 
boring tool slightly then running it across 
the centre of the work, is enough to give an 
excellent fi nish to the bottom of the hole.

Shine a Light
Something I have learned is the value of 
plenty of good, bright work lights – bright 
light allows the pupils of our eyes to 
contract, which improves our visual acuity, 
or in plain English – lets us see better! 
I have found that modern LED based 
lights work well and have four diff erent 
positionable lamps situated around my 
lathes. One is the legendary Ikea Jansjo, 
photo 11, a small low-voltage LED with 
a plug in power supply and a bendy neck 
that is safe to use very close to rotating 
machinery. I have it’s weighted base sat on 
the headstock and bends the swan neck 
right round to illuminate small work.

At a more respectable distance I have a 
12V desk lamp retrofi tted with an LED bulb 
which is much more robust than the original 
halogen one, an old Anglepoise lamp, again 
fi tted with an LED bulb, and a heavy duty 

The author’s curious ‘Trent’ tool and cutter grinder, without guard in place.

Using a slips of paper to space gears will 
help keep a train of metal gears like these 
reasonably quiet.

A selection of aluminium packers. The drinks 
can material is astonishingly thin.

8 9
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Arc Euro Trade
The various accessories featured in 
this series including a wide range 
of toolposts for mini lathes and 
the featured Arc SC4-500 lathe are 
available from Arc Euro Trade.

clamp light that is essentially a beefed up 
mains version of the Jansjo. This last one is 
clipped to the shelf above the SC4 and can 
be positioned to illuminate any part of the 
working area.

Parting Small Work
Few things are as annoying as parting off  
small parts and losing them in the swarf 
under the lathe bed. Regular cleaning of 
the swarf tray is only a partial solution. For 
work with a hole in it, a small bar or rod 
held in a tailstock chuck and poking inside 
the end of the workpiece can be used to 
collect multiple parts safely and easily. For 
small parts with no central hole a simple 
makeshit  solution is a take-away container 
placed under the work on the lathe bed. 
Nine times out of ten this will catch small 
parts as they are parted off .

Cleaning Things
I have never ceased to be amazed by how 
tiny bits of swarf can spoil your results. I 
am lucky to have some very accurate self-
centring chucks, but every so ot en I will 
see the work visibly wobbling, or at least 
fi nd the tool only contacting one side of 
the work when advanced to just touch it. 
Almost every time this happens, removing 
the work and cleaning the chuck jaws 
and the chuck body (obviously with the 
lathe switched off ) will result in a massive 
improvement, photo 12. Very rarely no 
amount of ‘fi nger-pokeren’ or brushing 
will cure the situation. In these case careful 
dis-assembly, cleaning, greasing, and 
reassembly of the chuck has brought back 
its performance as good as new. Obviously, 
chucks do wear eventually, but cleaning 
once a year or so should extend their useful 
life. Be sure to mark everything so it goes 
back in the correct place and order – this 
is essential to ensure you really do achieve 
best accuracy.

I did mention greasing – some chucks 
(like the 3-jaw supplied with the SC4) have 
an oil nipple in their front face, and should 
be regularly oiled with the same slideway 
oil as used on the rest of the lathe, rather 
than greased.

Trust Your Senses, 
Build Your Skills
For those of us who have been using a lathe 
for twenty years or more, sometimes much 
longer, can develop enough familiarity to 
know things like feedrates and turning 
speeds almost instinctively, photo 13. We 
will compensate by speeding things up or 
slowing them down to get better results, 
usually this is in response to tiny changes in 
how the lathe sounds or vibrates.

In the early days of model engineering, 
you might have been working with a treadle 
lathe, let  hand leant against the headstock 
for stability. Having to put in the power 
with your own legs would have taught you 
the importance of sharp tools; fi nding a 
good balance of speed and depth of cut 
would be a rapidly learned skill because 
the feedback was instant and clear! With 
modern lathes, it’s not so easy, but it is by 
no means impossible to get a feel for your 
machine and how it is working.

Beginners will, almost certainly, start off  

using slower speeds and smaller cuts than 
more experienced users. This is rarely a 
problem, except with parting off  where a 
degree of blasé confi dence is a major asset 
– a too tentative approach to parting can 
lead to rubbing, which blunts the tool and 
sets everything up for a failure.

Once you have your lathe cutting 
comfortably, place one hand on the 
headstock; listen and feel the working of 
the machine as well as watching it. If all is 
well, don’t be shy to try a slightly deeper cut 
or faster speed next time; with little practice 
you should be able to detect the machine 
‘complaining’ long before you get anywhere 
near problems like stalling a tool. Don’t 
expect things to change overnight, but over 
a few months you will fi nd your confi dence 
increasing, you will be successfully selecting 
better and more effi  cient settings to suit 
the materials and the job in hand. You’ll 
be relying less and less on tables of feeds 
and speeds and more on experience. You 
will certainly pay less attention to any RPM 
readout as you learn to judge the speed of 
the lathe by its sounds. When things do go 
wrong, you’ll be better able to understand 
why and what to do about it.

The day will come when you notice 
the lathe working a little to hard, and the 
fi nish is not as good as you expect –you 
inspect the tool, but know it is chipped 
or worn before you look at it. Whether 
your lathe is a tiny benchtop model or big 
industrial machine, you will get to know 
its capabilities and its quirks, and in doing 
so you will see the quality and accuracy of 
the parts you make improve and get ever 
more pleasure out of your hobby. I hope 
this series has helped and inspired you on 
your journey to become experienced turner. 
Work safely, and have fun! ■

A cheap paintbrush is useful for cleaning the innards of lathe chucks.

A tachometer is a great aid when you are starting out, but as 
experience grows many of us will start to judge the lathe’s speed by 
the sound it makes.

The low-voltage Ikea Jansjo lamp runs off  a 
‘wall wart’ and makes a good detail light.

11
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Don’t Fence Me In
The Magnifi cent ML7

True Grit

Broken Arrow

 

Scribe a line
YOUR CHANCE TO TALK TO US!

Drop us a line and share your advice, questions and opinions with other readers.

Dear Neil, what a surprise to see what is presumably a 
long-past ad for an obscure hand tool.

My example was discovered fi t y fi ve years ago in the 
back room what was originally a butcher shop that was 
servicing employees of a limestone industry long since 
closed, being located on the northern end of  an Island off  
the east coast of Tasmania.

It was lying in a bath along with a roll of black powder 
safety fuse used in blasting, although the tool would 
facilitate the use of cutting the fuse and crimping the 
detonator, one would suggest a steel tool is not ideal for 
use in conjunction with black powder. However, the tool 
has lost most of the nickel/chrome plating otherwise in 
perfect working order although its current use now is 
simply for conversational purpose.

I wonder how many others have survived the time? May 
I ask if any other readers have similar, just for interest’s 
sake to see what’s out there?

Richard Cains, Australia.

To me, the tool bears more than a passing resemblance 
to fencing pliers – Neil.

Dear Neil, I was very interested in Pete Barker’s article in the latest 
MEW (No.287). Some 55 years ago I had the same problem with 
my Super7B. J.A. Radford went to very complicated and diffi  cult to 
achieve lengths to overcome the same problem.

The ‘narrow guide’ principle was reckoned to be the best way 
of guiding the saddle, but Myford tripped up with their design by 
making the inside saddle guide only half the length of the outside 
one carrying the adjustable gib strip.This made it very easy to twist 
the saddle when adjusting the gib, causing pronounced wear on the 
shorter inner face of the saddle.

I decided that the simple solution was to use the outside shears 
of the bed and did this by simply removing part of the original short 
inside guide on the saddle by milling it away. This proved to be 
so easy and worked really well that I modifi ed a couple of friends’ 
Myford lathes.

I wrote about the modifi cations in an article published in Model 
Engineer 1st November 1974 issue, pages 1063/4. I did make one 
mistake when writing the article by stating that a trial facing cut 
over the faceplate resulted in a slightly convex surface - of course, it 
should have read concave.

I have attached a PDF fi le of my 1974 article to save you the 
trouble of having to search the archives.

Dick Ganderton, by email

Dear Neil, I wonder if you could persuade someone to write an 
article on abrasive blasting to appear in MEW. I’m sure such an 
article would appeal to vehicle restorers like myself. Compressor 
capacity always seems to be a problem for home blasters and any 
information on suitable compressors would be welcome.

Barry Robinson , by email.

We have an article on this subject by Graham Meek in the 
pipeline, which will hopefully appear early in the New Year - Neil.

Dear Neil, from what I read in “Scribe a Line”, stud extractors are 
a controversial topic. Which corresponds to my own experiences. 
As Peter King writes in MEW 286, the extractors tend to “expand” 
the stud and thus jam themselves in de hole and the thread. Which 
makes the removal more diffi  cult, if not impossible. What we 
sometimes used with some success, was a square fi le with ground 
off  teeth. So that the corners remained sharp. Then the fi le was 
pushed with some force into the bore and a tap wrench was placed 
on the square. Preferably as close as possible to the surface of the 
workpiece. By turning counterclockwise, the sharp edges “bite” into 
the material of the stud without expanding it too much. Worth a try, 
I think, when everything else has failed.

Michel Christiaens, Belgium
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Readers’ Letters

The Professionals
Ramrod

The Good, the Bad and the Ugly

Dear Neil, I worked for a small company in Coventry. It 
was all aircraft related components – and piecework. 
Materials were issued with each job from our “Aircraft 
Inspection Directorate Bonded Stores” – with 
paperwork ensuring the material was up to the correct 
specification – and heat-treated if required. 

I was issued with a length of chrome-cobalt steel – 
sufficient for 50 off – NO spare material permitted.

As it was piecework you devised ways of speeding 
the job up. By using the cut-off saw with a minimum 
of clean-up allowance – then finishing the blank to 
size was a little easier and quicker. I progressed around 
the workshop, setting up each machine in turn. This 
was some very tough material to work with. The final 
operation was a 7/8” hole drilled through the centre.

I had done about 40, and the end was in sight. Then 
the drill seized and sheared off flush with the top face. 
One look was enough to see there was no way that 
would ever come out. This was no Easy-out job.

A visit back to the cut-off saw – the odd end was 
JUST enough to make a 51st part, if I was careful.

The benefits of my frugality had paid dividends for 
once.

This alas meant re-setting every machine for a one-
off, and drastic loss of piecework bonus – but I was 
spared the hassle of reporting a scrapped component.

The 51st component completed – I picked up the 
offending item, threw it on the floor in disgust.

The seized and sheared-off drill fell out!

Brian Howett

Dear Neil, Like Laurie Leonard, I have a Vertex HV6 and have also 
had the central bush come out, so his separator will be a useful tool. 
The problem that assails me more ot en is removing a 2MT arbor, 
from that central bush.

If the table is vertical with the arbor horizontal, a simple, but 
brutal, method is to insert a longer screw into the back of the arbor 
and apply a mallet. When the table is horizontal, on the table of the 
mill, this is not possible.  My method is to use a simple extractor.

The word here is “Simple” It is merely a piece of angle iron 
with a central slot, milled to just clear the OD of the arbor, with 
two nuts welded on.  (The angle iron would not provide enough 
thread engagement for my peace of mind, but the nuts rely on 
my minimal expertise as a welder) Angle iron is used to provide 
extra stiff ness, albeit at a little distance from the line of action, and 
because it was to hand!

The closest approach to engineering elegance is that the two 
pressure screws (M8 in this case) have had their tips drilled, and 
a brass pad pressed in, to minimise any danger of marking the 
surface of the table.

Howard Lewis, Peterborough

Dear Neil, I’ve no desire to steal Michael Cox’s ‘thunder’, though I suspect 
that he and others, including myself, gained the idea for a ring light (MEW 
No. 287) from a photograph of a similar one that appeared in MEW some 
years past, probably before you ‘took the helm and steadied the ship’. 

My own aim, as illustrated in the attached photographs, was an easy to 
attach/detach self-contained light unit easily transferable from machine 
to machine with no need for trailing wires. I fi rst established that a 9v 
dry cell provides adequate power for a 12v angel’s eye LED ring light then 
purchased a switched battery box to suit (very inexpensively available 
online). I then turned from a scrap of 6-inch diameter aluminium-alloy 
bar a ring to snugly fi t the spindle collar of my Warco geared-head 
universal milling machine, to be held there by a single knurled-headed 
clamping screw. The base provides the base for the light ring held in place 
by a screwed-on cover of pleasantly green-tinted 1/8” thick Perspex. A 
fl at was milled on the periphery of the alloy ring to enable the screwed 
attachment of a fi tting machined from aluminium-alloy bar (also from the 
‘scrap’ box) to snugly accommodate the battery box, this being a light-
pressed fi t into it.

The wholly-self-contained, switched unit can be removed in seconds by 
simply backing off  its single clamping screw. Semi-permanently attached 

‘collars’ fi tted to my pillar drill and Warco WM14 milling machine enable speedy transfer if, as and when desired.

Bill Colson, Isfi eld

The idea of using these as machine lights goes back a decade or more, the interesting bit is making neat convenient mounts, as you 
and Mike have shown – Neil.
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There are a number of occasions when 
the ability to turn the lathe spindle by 
hand, rather than using the motor, is 

very useful. 
A good example is turning to a shoulder 

with the fi ne feed activated. Here the slow 
speed and the ability to stop at exactly the 
right point are important. If this is done 
under power, then there is always a risk of 
crashing the tool into the shoulder.

Another example is when cutting screw 
threads where it is important to stop the 
tool in a run out groove. Again, the slow 
feed, the ability to stop quickly and the 
tactile feedback when the tool enters the 
run out groove are all helpful. 

If cutting coarse threads on a small hobby 
lathe the torque requirement may be too 
much for the motor/controller to handle. In 
this case turning by hand usually provides 
plenty of torque. The same problem can 
arise when using broad form tools and 
when using taps and dies on the lathe.

My fi rst spindle handle, photo 1, was 
constructed soon at er I bought the lathe 
mainly to cope with the high torque/slow 
speed situations described above. This 
consisted of a piece of tube that was a close 
fi t in the bore. There are four longitudinal 
slits at the right hand end of the tube. Also, 
on the right hand side is a cone that can be 
drawn into the tube to expand it so that it 
grips the bore of the spindle. The cone is 
drawn into the tube by a threaded rod that 
emerges on the let  hand side of the tube 
where it can be tightened against the boss. 
This method of gripping the spindle was 

1

Mike Cox introduces a disc-based mandrel handle

Mike’sMike’s

Mini-lathe spindle 
handle

If cutting coarse threads 
on a small hobby lathe 
the torque requirement 

may be too much for the  
motor/controller 

to handle.

2

My fi rst spindle handle

The new spindle handle. Note the two positions for the detachable handle
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Lightly knurl

described by Stan Bray in one of his books.
My original intention was to screw four 

50 mm tommy bars into the boss and use 
these to turn the spindle. However, it was 
hard work turning the spindle with such 
short handles and I replaced the four short 
handles with one long, 200 mm, handle 
as shown in the photo. This arrangement 
worked well but one day I inadvertently 
switched the lathe on with the handle 
locked to the spindle. The whole lathe 
vibrated violently due to the unbalanced 
handle and several items were knocked 
over. Fortunately, no real damage was done 
but the potential for serious damage to the 
lathe and the operator was clear. I decided 
that the best course of action was to design 
a new spindle handle.

Design considerations
There were a number of features I wanted 
to include in the design:
1.  The handle should be much better 

balanced than the fi rst version with 
the weight more uniformly distributed 
radially. I liked the large diameter disc 
idea that Ted Hanson published in Home 
Shop Machinist magazine.

2.  The gripped part of the handle that 
turned the disc ideally should be 
lightweight and removable.

3.  Also desirable would be the facility to 
place the gripped part of the handle at 
diff erent radii in the wheel so that if near 
the outside edge of the disc then the 
torque is maximised but if placed close 
to the axis of the disc then the speed 
of rotation could be faster. This would 
facilitate screw cutting where maximum 
torque and control is used during the 

Fig.1

cutting pass but the carriage could move 
rapidly during the return pass.

4.  The expanding tube gripper into the 
lathe spindle bore worked very well and 
was simple to make and I wanted to use 
it in the new design.
Photograph 2 shows the fi nished 

spindle handle. This shows the plywood 
disc with two sets of radial holes. The 
black handle can be inserted in either 
of the outer holes for maximum torque 
or the inner ones for maximum speed. 
The knurled knob in the centre pulls in 

the cone and locks the handle onto the 
lathe spindle. Finger pressure is all that is 
required. To release the handle the knob 
is undone and a gentle tap with a brass 
hammer releases the cone and the disc 
can be removed. Photograph 3 shows 
the handle removed from the lathe. The 
expanding tube and cone are clearly 
visible. The tube fi ts into a fl ange boss 
attached to the wheel.

The disc
The 250 mm diameter disc, fig. 1, was 

My original intention 
was to screw four 

50mm tommy bars 
into the boss and use 

these to turn 
the spindle

3

Fig.2
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cut from a piece of 19 mm birch plywood 
using a small woodworking bandsaw. 
An alternative might be to cut the disc 
with a jigsaw. A 6.5 mm hole was drilled 
in the centre of the disc and two sets of 
radial holes, 12 mm diameter, were drilled 
at radii of 105 mm and 50 mm along a 
diameter. A 12 mm flat bit was used to 
make the holes and they were drilled 
halfway through the disc, from both sides 
to avoid splintering of the face ply.

Four steel inserts, fig.2, were made 
from 12 mm diameter round bar. The bar 
was lightly knurled before drilling out 6 
mm and parting off at 19 mm. The four 
inserts were pressed into the disc using 
using the bench vice. The disc was then 
sanded down on all sides and the edges to 
give a good smooth surface with no sharp 
edges. It was then painted with primer 
and gloss to match the lathe.

The gripper mechanism
The tube, fi g.3, is a short length of 20 mm 
OD tube with a wall thickness of 1.5 mm. 
In the UK this material is readily available 
from major DIY retailers such as B&Q. It is 
a free sliding fi t in the bore of my Clarke 
mini-lathe. The tube was chucked in the 
4 jaw chuck of the mini lathe and roughly 
centred. The end of the tube was faced. 
Using a pointed lathe tool, a circular mark 
was scribed around the tube 25 mm from 
the end. A short length of wooden dowel 
about 75 mm long was placed between one 
of the chuck jaws and the lathe bed and the 
chuck rotated and held to hold the dowel in 
position a line was scribed, using the lathe 
tool, along the tube from the circular mark 
to the end of the tube. This procedure was 
repeated on each of the four chuck jaws to 
create roughly equally spaced scribed lines 
running from the circular mark to the end 
of the tube. The tube was removed from 
the lathe and the intersection of each line 
with the circular mark was lightly centred 
punched. A 6 mm hole was then drilled at 
each centre punch mark on the drill press. 
Slits were then cut along the scribed lines 
from the end of the tube to the drilled 
holes. This was done using a hacksaw with 
the tube held in the bench vice. Two blades 
were fi tted top the hacksaw in order to cut 
a wide slot.

The cone, fi g.4, was made from 20 mm 
mild steel round stock. This was chucked 

in the 3 jaw chuck and faced. With the top 
slide set over by 5 degrees a cone was cut 
for length of 12 mm. The cone was drilled 
out 5 mm for a depth of 10 mm. A M6 tap, 
held in the tailstock chuck, was started in 
the hole. The cone was parted off  12 mm 
from the end. The cone was gripped in the 
bench vice and tapped through with an M6 
tap. The cone was cleaned with solvent and 
the thread coated with a little epoxy resin. 
The end of a a mm length of M6 studding 
was similarly cleaned and coated with 
epoxy resin and the two were then screwed 

together and let  for the resin to cure.
The nut, fi g.5, to tighten the cone with 

was made from a piece of 30 mm round 
bar. This was faced and drilled through 
5 mm. The piece was then knurled and 
a M6 tap started in the hole. A short 
shoulder was cut at the end. The piece 
was parted off . The piece was gripped 
in the bench vice and tapped through 
M6. It was mounted on piece of M6 
studding between two nuts and chucked 
in the lathe. Both sides of the nut were 
chamfered to remove the sharp edges.

The boss and washer
The boss, fi g.6, was a simple turning and 
boring job on a short length of 50 mm 
mild steel bar. Once the turning and boring 
were done the fl ange was marked out with 
four equally spaced holes using the same 

The disc was then 
sanded down on all 

sides and the edges to 
give a good smooth 

surface with no 
sharp edges.

The boss and the tube of 
the gripper mechanism 

were carefully 
degreased using white 

spirit followed by 
lighter fl uid.

Fig.3

Fig.4

Fig.5
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technique used to mark out the gripper 
tube. The four holes were drilled out 3.3 mm 
and tapped M4.

The washer, fi g.7, was made from a 50 
mm square of 3 mm steel sheet. This was 
marked out and the corners cut off  to make 
an octagon. The centre hole was drilled out 
6 mm and the piece mounted on an M6 bolt 
and nut. This was mounted in the three jaw 
chuck of the lathe by gripping the nut. The 
outside was then turned down until the 
octagon became a circle. The piece was then 
marked out for the four holes. These were 
centre punched and drilled out 4.5 mm and 
countersunk for M4 screws.

The detachable handle
The handle, fi g.8 and photo 4, was made 
from a piece of 16 mm wooden dowel. This 
was chucked in the lathe and drilled 5.5 
mm for a depth of 50 mm. A 70 mm length 
of 6 mm round stock was threaded M6 for 
about 50 mm. A 6 mm nut was run on the 
threaded section. A little PVA adhesive was 
spread on the thread and into the dowel 
hole and the two pieces were screwed 
together. At er the adhesive has set the 
handle was sanded and primed and painted.

Assembly
The boss and the tube of the gripper 
mechanism were carefully degreased 
using white spirit followed by lighter fluid. 
The inside of the boss and the outside 
of the end of the tube were coated with 
epoxy resin and then pushed together. 
Excess adhesive was removed, and the 
assembly left for the adhesive to cure. 
When the adhesive had set the tube was 
masked off with masking tape and the 
boss and the washer were primed and 
painted black.

When the paint had dried a 6.5 mm 
drill was inserted into the hole in the 
plywood disc and the washer placed on 
the drill shank. This lines up the centre 
holes in the washer and the disc. Using a 
4.5 mm transfer punch the peripheral hole 
positions on the washer were marked into 
the wood. The holes were then drilled 4.5 
mm at each indent. The boss and gripper 
tube were then fixed to the disc using 25 
mm M4 countersunk screws.

The cone assembly was inserted into 

If the lathe is accidently 
turned on and run 

under power there is 
almost no vibration if 
the detachable handle 

is not inserted.

the tube and the knurled nut screwed 
onto the protruding thread. This 
completes the assembly.

Use
With the handwheel inserted into the lathe 
spindle it is easy to turn the spindle. 

If the lathe is accidentally turned on 
and run under power there is almost no 
vibration if the detachable handle is not 
inserted. With the handle inserted there is 
some vibration, but it is not excessive, but 
obviously this is not something to make a 
habit of doing as the handle itself becomes 
a hazard.

Having the removable handle also means 
that the handwheel can be easily hung up 
on a wall through one of the handle holes 
so that storage is straight forward. ■

4

Fig.6

Fig.7

Fig.8
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Drilling a Panel

I had to drill holes in a panel sitting in a 
recess. It is held by M3 screws in blind, 
tapped holes. Front view, photo 1, rear 

view in photo 2. The screws middle and 
right were drilled using a template, holes on 
let  were by coordinates! 

Drilling the panel holes in the right place 
is problematic, even using coordinates. 

However, by using a bit of rigid Perspex 
or polycarbonate, positively located to 
another hole or a corner, or by using 
alignment marks. With the makeshit  clear 

template in photo 3, I can see where I need 
to drill, mark it accordingly, drill, transfer to 
the panel, spot through and Robert’s your 
aged relative! ■

Geoff  Theasby, G8BMI, shows how even a basic template can simplify an 
awkward task.

1

The Theasby HF Transceiver.

Inside the panel. The sophisticated drilling template

2 3

Theasby’s Wrinkles
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Hobby Engineering News

Wire
On the

NEWS
Hobby Engineering

from the World of

Promoting our Young 
Model Engineers

The Southern Federation of Model Engineering Societies is delighted 
to be associated with Polly Model Engineering Ltd. as sponsors of an 
award for young model engineers. Anyone less than 24 years of age and 
a member of a Club or Society affi  liated to the Southern Federation MES 
at the time of nomination is eligible for an annual award presented at 
the Southern Federation AGM held in March. The successful nominee 
will receive a voucher for Polly Model Engineering Ltd products together 
with a cash prize and an engraved glass trophy.

Application forms are available from the Federation Secretary 
who may be contacted by e-mail: petersquire@sfmes.co.uk or by 
telephone: 01327 342 167. The closing date for receipt of this year’s 
completed application forms is 31 December 2019.

Lifecolour British 
Railways Acrylic 
Paints
Any readers wishing to 
use an acrylic finish on 
their models of British 
Railways locomotives 
should take a look at 
these new sets from 
Lifecolour. The three 
sets cover the periods 
1948/59 (includes freight 
wagon colours), 1960/70 
(include BR Maroon 
for carriages and DMU 
green) and 1970/1990 
(includes colours for 
carriages and multiple 
units) and have a satin 
gloss finish ideal for 
smaller gauge models. 
The sets include These 
are really nice paints 
suitable for application 
by brush or airbrush with 
suitable thinners.

These paints and 
others in the Lifecolour 
range are available from 
www.airbrushes.com.

INTERNATIONAL MODEL BOAT SHOW 2019
The recent International Model Boat Show hosted thousands of 
visitors, treating them to an extensive display of the wonders 
that marine modelling can off er. The variety of models, from early 
warships to modern power boats and ships, was magnifi ed by the 
seeing them on the water with a large indoor pool available for 
those feeling brave enough to take to the helm!

Over 600 models from a variety of clubs and societies, were 
in attendance, with their makers at hand eager to answer any 
questions. It was Worcester Model Boat Club who managed to net 
the 1st prize trophy! Specialist suppliers were present to provide 
visitors with everything they could need for their own builds.

The International Model Boat Show 2020 will be held on Saturday 
7th & Sunday 8th November at the Warwickshire Event Centre. 
The next major event for marine modellers is the London Model 
Engineering Exhibition which takes place at Alexandra Palace from 

the 17 to 19 January 2020. The exhibition showcases a vast range 
of models from across the spectrum including marine vessels.  See 
www.londonmodelengineering.co.uk for further details.

Previous award winners Daniel Bell and Matthew Kenington are members 
of Hereford Society of Model Engineers. Photo: John Arrowsmith.
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WM16 Mill 
Spindle Hold

Introduction
I was starting to make a drill sharpening 
jig which required a slot to be milled 
at a precise angle, so I set up a pair of 
toolmaker’s buttons on the mill table to 
use a sine-bar to set the angle. When I 
came to use the dial indicator to set the 
buttons parallel to the table, I realised 
that holding the dial indicator in the 
spindle required that the spindle had to 
be prevented from rotating in order to 
be able to obtain a satisfactory reading. 
This required a lot of head scratching and 
thinking as to how I could build a spindle 
hold without altering the machine itself.

I hesitated to call this a spindle lock, as 
that would suggest that the spindle was 
well and truly locked and should allow 
quite a bit of torque to be used. This is 
not the case – it merely serves to hold the 
spindle from rotating whilst the DTI is used. 
Similarly, I did not call it a spindle brake, as 
this might imply a method of bringing the 
spindle to a stop whilst it is rotating, so I 
decided to call it a spindle hold. 

My first and primary objective was 
to make it such that no alterations 
were made to the milling machine at 
all. I found that I could not achieve this 
objective fully, as I did end up having 
to drill an access hole for the screw to 
operate the spindle hold. I considered 
that a single 7mm diameter hole in the 
plastic cover over the motor and spindle 

was acceptable. Otherwise, there are 
no irreversible alterations to the milling 
machine.

Although the dimensions given for the 
items for this spindle hold are sized to fi t 
the Warco WM16 milling machine, I am 
sure that there are clones of this machine 

onto which it would fi t directly. If you have 
a larger or smaller machine of the same 
general design, then a quick look under 
the motor/spindle cover will allow a check 
to be made whether it is feasible to fit 
it to your machine, photo 1. If it looks 
like photo 1, then your machine should 

R. Finch describes a simple method of holding the spindle still on the Warco 
WM16 milling machine (and similar machines) when using a dial indicator

1

2 3

The motor/spindle cover removed showing the tachometer ring.

The only visible sign of the addition. The completed spindle hold in position, without the cover.
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be suitable. The spindle hold will be 
fitted to bear on the vertical part of the 
tachometer ring (just below the part with 
lots of small holes in it).

This design is for light duties only – the 
ring on which the friction pad operates is 
held on to the spindle by two M3 screws 
– so if you screw the locking star knob 
down too hard, you may well displace 
or damage the tachometer ring which 
will cost you a lot in spare parts! As can 

be seen from photo 2, the only visible 
alteration to the machine is the star knob 
used to press the friction pad against 
the tachometer ring. The tachometer 
ring is directly attached to the spindle 
with the M3 cap head screws and can be 
used with a small friction pad curved to 
fit the recess under the perforated disc 
to hold the spindle. The finished spindle 
hold is shown in photo 3, with the cover 
removed to show the details.

The baseplate
The usual place to start is with the largest 
item, the baseplate, fi g. 1. I used 1.6mm 
thick sheet as I happened to have some of 
this in the off cuts box. You could use 2mm 
sheet, but any thicker and you will run out 
of room for the brake pad. The dimensions 
fi t my machine, but I would make sure that 
your machine has the holes that you will 
use drilled in the same places as mine. The 
main securing bolts are M6 x 30 cap head 

Fig.1

4 5

Measuring the hole centres using the external jaws. Measuring the hole centres using the internal jaws.

The base plate
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screws which replace the existing M6 x 20 
screws used to secure the motor mounting 
plate to the top of the head casting. These 
holes are on 98mm centres. As the holes are 
deeply counter-bored to allow the cap head 
screws to enter the motor mounting plate it 
was diffi  cult to measure the hole centres, so 
I used my dial calliper to measure the inside 
and outside dimensions. For beginners (like 
me), I fi nd it a reliable way of measuring 
the centres of holes, even if the holes are 
diff erent diameters. In photos 4 and 5, 
the calliper is shown using the outside 
and inside jaws respectively. Add the two 
dimensions together and divide by 2 to get 
the hole centres. In my case the dimensions 
are 87.28 and 108.82, giving a mean of 
(87.28+108.82)/2 = 98.05mm. The small cut-
out at the side is for the screw-plate to fi t, 
so can either be milled out or cut out using 
a hacksaw and fi les. I used the hacksaw 
and fi les as it was quicker than setting it 
up to mill the cut-out. The two screw holes 
adjacent to the cut-out are countersunk 
on the underside so that the M3 hex 
socket countersunk screws do not lit  the 
baseplate off  the motor mounting plate. 
The hole marked ‘A’ on the drawing has to 
drilled at er the rest of the parts have been 
made, unless when you have looked at the 
drawings you are more expert than I am at 
calculating where holes should go – which 
would not be diffi  cult.

The screw-plate
The screw-plate, fi g. 2, can be made next. If 
you are using 2mm plate for the baseplate, 
then the M6 tapped hole will have to be 
made very slightly further from the bottom 
edge of the plate otherwise the thread 
of the star knob will foul the baseplate. I 
drilled the holes for the mounting screws 
in the base by spotting through from the 
baseplate. You might want to drill the two 
holes on the fl at top by spotting through 
from the microswitch mount as I did (my 
marking out and drilling precision is usually 
not that spot on).

The brake
The next part to make is the brake, fi g. 3, 

from 6mm x 15mm bright drawn mild steel 
bar. I called it that as it will have a ‘friction’ 
pad put on the inside to press against the 
cylindrical surface of the tachometer disc. 
I used 3mm thick nitrile rubber bonded 
cork gasket or jointing material for the 
friction pad. This is available online at 
very reasonable prices unless you already 
have some. You could also use some thick 
leather, such as from an old belt (have you 
noticed that leather belts tend to shrink 
as you get older?). If you use a different 
thickness, then the radius of the curve 
will have to be changed to maintain the 
radius of the surface of the pad at 25mm. 
Make sure that you drill and tap the M3 
hole and drill the 4mm holes before you 
set up for machining the curve (don’t 

6

Fig.2

Fig.3

The ‘Myford’ nose spindle adaptor.

The screw plate

The brake
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ask!). I set it up by using the faceplate and 
setting the distance from the centre by 
using a ‘Myford’ nose adaptor, photo 6, 
screwed into the faceplate thread. As the 
adaptor has an outside diameter of 1⅝ 
inches, it has a radius of 20.64mm, say 
20.6. As the internal surface of the of the 
brake has a radius of 28mm and a depth 
of 3mm to allow for the thickness of the 
friction material, I used a 4.4mm diameter 
drill to set the flat surface of the brake to 
a radius of 25mm, photo 7. As the centre 
of the curved surface of the brake has to 
be 12.6mm from the end, I used an 8mm 
drill and the square to set it to the correct 
point. The correct depth can then be 
machined off, photo 8.

There are three ways to check how 
much has been machined off: using the 
cross-slide feed dials to remove 3mm 
of material; measuring the width of 
material left (which should be 12mm); and 
measuring the width of the depression 
machined into the bar. Using the 

Intersecting Chords Theorem gives the 
width as 2 √(53 x 3) which is 25.22mm. 
You could use the cross-slide movement 
to machine it, and then measure it by 
the other two methods and congratulate 
yourself that it is correct (or mutter a few 
naughty words if the measurement is 
wrong…)

Now is the time to put the gasket 
material on. I used a standard rubber-based 
impact adhesive, but any sort of metal-to-
rubber adhesive will do. When the adhesive 
has stuck the piece on, it can be trimmed 
to suit, photo 9. Now fi t the baseplate and 
the screw-plate together, add the star knob 
and gently trap the brake between the star 
knob screw and the tachometer disc. This is 
to locate the hole ‘A’ in the baseplate. When 
the straight side of the brake is parallel 
with the side of the machine, use a 4mm 
twist drill in your fi ngers and gently mark 
the position of the hole for the pivot pin 
to go in, photo 10. Remove it all from the 
machine, dismantle it and then drill the hole 
just marked at 3mm and counter-sink the 
underside.

7

8 9

10

Setting the correct distances before machining the radius.

Machining in progress. The brake pad glued in place and trimmed.

Marking the position of the hole for the pivot pin.
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Pivot Pins
Make the two pivot pins from mild steel, 
fi g. 4, and fasten them to the baseplate 
using M3 x 6 countersunk screws. You can 
use either hexagon socket screws or even 
plain slotted ones, depending on what you 
have. I used Phillips head screws salvaged 
from an old computer. The pin on its own 
in the last hole in the plate is for anchoring 
the spring used to ensure that the brake 

pad is away from the tachometer disc and 
operates the microswitch when the spindle 
hold is released.

The microswitch mount
I added a microswitch to wire into the 
same circuit as the guard interlock and in 
order to fit it in, I used a type V4 switch. 
This has industry standard dimensions 

and they can be sourced from many 
suppliers worldwide (just search for “V4 
lever microswitch”). There are two types 
of lever switch – a plain flat lever and a 
roller lever. You will need the plain type, 
which looks like the one in photo 11. This 
type of microswitch is not suitable for 
direct connection to the milling machine 
motor, as the switch is designed for 
alternating current only and the milling 
machine motor is a direct current one.

The microswitch mount can be made 
from part of the material cut out of the 
sheet used for the baseplate, fig. 5. The 
two 3mm holes allow pan head screws 
to fasten it to the screw-plate. I made 
this plate before I drilled the holes in the 
screw-plate for the screws to attach the 
microswitch mount – it makes sure that 
it fits together! (See photo 10 where the 
switch plate has yet to have its holes 
drilled). The two M2.5 tapped holes are for 
mounting the microswitch.

Table 1 – Parts List

Item Description Quantity

M2 x 10 pan head screws c/w washers 2

M3 x 6 pan head screw 3

M3 x 12 pan head screw 1

M3 full nut  1

M3 x 10 countersunk screws 4

M4 washers if required to adjust brake height. as required

‘E’ Clip to fi t pins  2

M6 x 30 hex socket cap head screws 2

Star knob M6 x 30 (Axminster Order Code 953481) 1

Piece 3mm thick nitrile rubber bonded cork 16 x 30mm

V4 Microswitch  1

2-core 240 volt 0.5mm² sheathed cable 500mm

1/4” Insulated red crimp connector 1

1/4” Insulated piggy-back red crimp connector 1

1.6mm steel sheet  105mm x 112mm

4mm dia BMS  50mm

6mm x 15mm BMS 50mm

6mm x 25mm BMS 36mm

 zTo be continued
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Fig.4

Fig.5

A V4 lever microswitch.

The pivot pins

The microswitch mount
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FREE PRIVATE ADVERTS

Machines and Tools Off ered
■ Broomwade PS3XM spray gun as new, 
Walmec PA-PS sandblast gun as new, both 
boxed. Ex-WD compressor unit, air vacuum 
F.W.O. requires motor and tank for compressed 
air £25 the lot. Call at er 5:30 please. 
T. 01453 843394. Wotton-under-Edge.

■ Victoria universal milling machine £1150. 
Alba 8” shaper £325. Air turbine starters, 
MOD £325. Air feed drill heads. 
T. 07808 369 669 (I’m part deaf!) Bath.

■ Chester Mercury Mill 3/PH table size 
820x240 4MT variable speed £1100. Elliot 
10M shaper 3/PH. £350. Both machines in 
excellent condition. Large machine vice, 
swivel base, 9 inch wide jaws. £40. 
T. 01766 540542. Blaenau Ffestiniog.

■ X3 milling machine, needs new motor 
and/or control panel, otherwise good 
condition, £50 ONO, buyer collects. 
T. 01642 582903. Teeside.

■ Beam compass extended 1 metre hex 
aluminium fi tted case £10. Jacobs chuck No. 

YOUR FREE ADVERTISEMENT (Max 36 words plus phone & town - please write clearly) 

Town: 
Please use nearest well known town

Date: Phone:

NO MOBILE PHONES, LAND LINES ONLY

Adverts will be published in Model Engineer and Model Engineers’ Workshop.

The information below will not appear in the advert.

Name  ......................................................................................................................

Address  ..................................................................................................................

...................................................................................................................................

...................................................................................................................................

................................................................ Postcode ................................................

Mobile ....................................................... D.O.B. .................................................

Email address. .......................................................................................................

Do you subscribe to Model Engineer ❑ Model Engineers’ Workshop ❑

Please post to: 
ME/MEW FREE ADS, c/o Neil Wyatt, MyTimeMedia Ltd,
Enterprise House, Enterprise Way, Edenbridge, Kent TN8 6HF
Or email to: neil.wyatt@mytimemedia.com
Photocopies of this form are acceptable. 
Adverts will be placed as soon as space is available. 
Terms and Conditions:
PLEASE NOTE: this page is for private advertisers only. Do not submit this form if you 
are a trade advertiser. If you wish to place a trade advert please contact David Holden 
on 07718 64 86 89 or email david.holden@mytimemedia.com

By supplying your email/ address/ telephone/ mobile number you agree to 
receive communications via email/ telephone/ post from MyTimeMedia Ltd. 
and other relevant 3rd parties. Please tick here if you DO NOT wish to receive 
communications from 
MyTimeMedia Ltd: Email ❑ Phone ❑ Post ❑ 
or other relevant 3rd parties: Email ❑ Phone ❑ Post ❑

❑ WANTED ❑ FOR SALE

Did You Know? You can now place your classifi ed ads by email. Just send the text of your ad, maximum 35 words, to neil.wyatt@mytimemedia.com, together with your full 
name and address, a landline telephone number, whether it’s a for sale or wanted and stating that you accept the terms and conditions for placing classifi ed ads – see below. 
Please note, we do not publish full addresses to protect your security.

■ Reluctant Sale, Aceira  F3 milling 
machine with Converter. With DRO, 
vertical and horizontal heads, collets and 
tooling.  Robust, quality machine £1000. 
T 01609 881584, N.Yorks.

Ad of the Month

34 0-1/2” fi tted with 2MT tang nearly new, 
£5 all plus postage at cost. Phone at er 7pm 
please. T. 01643 732753. Minehead.

■ Tom Senior vert/horiz with dro and 
invertor (3ph), exe surface grinder (3ph), 
Chester Eagle 1ph with drp/laser/stabilizer. 
downsizing - OIR of £2000/£1200/£1000 
or £3000 for all 3. T. 01423 325162 York.

■ Elektra Beckum Hobbymaster bs230 
band saw and operating manual. £100. 
Wood turning lathe and stand £75. Both in 
excellent condition. Buyer to collect. 
T. 01283 711818. Burton on Trent. Staff s.

Models
■ Ruston Hornsby 28” diesel loco. 
T. 07808 369 669 (I’m part deaf!) Bath.

Parts and Materials
■ Chimney casting pannier tank 5” G, £8. Phone 
at er 7pm please. T. 01643 732753. Minehead.

Magazines, Books and Plans
■ Model Engineers’ Workshop magazines 
in good clean condition. Over 150- copies 
dated from November 2006 to July 2019. 
Collect only. £10. T. 02088 454563. Ruislip.

Wanted
■ Recently acquired BTM watchmaker’s 
lathe WW2 vintage, however some parts 
missing notably tee-rest holder and small 
and large tee-rest. Any help would be 
appreciated. T. 02892 682512. Belfast.

■ Issues 261, 263, 265 of Model Engineers’ 
Workshop with parts one, two and three 
of Milling for Beginners. Costs will be 
reimbursed. T. 01769 574 743. Sth Molton.

■ Castings for SR Schools 3 ½” gauge, three 
cylinder loco. Wheels, cylinders, axleboxes, 
hornblocks, cast springs, bogie items, etc., etc., 
what have you? Unfi nished project considered. 
T. 01803 329075. Torquay.
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›

Lowmex Exhibition

Lowmex 2018
The fi t h Lowestot  Model Engineering 

Exhibition (Lowmex) took place in 
October; organised by a sub-committee 

of the Halesworth and District Model 
Engineering Society (H.D.M.E.S.). Within the 
fi ve years, the event has become the biggest 
exhibition of its kind in East Anglia. 

It had all the things that you would expect 
to fi nd at a model engineering exhibition (and 
more) and there were several things that would 
be of interest to workshop enthusiasts.

Andy Lockwood brought a collection 
of workshop items to display, including a 
miniature turret turning attachment, which is 
used by replacing the compound slide on the 
lathe, photo 1. 

Bernie Towers, from Phoenix Model 
Engineers, had made a host of useful workshop 
tooling, a small selection is shown in photo 
2. Two items in particular that caused a lot of 
interest, were his rotary broaching tool with 
several tools and demonstration pieces, Bernie 
spent a lot of time explaining how this tool 
works to broach regular shaped holes. Also on 
display was his fl oating reaming attachment, 
which removes any misalignment between a 
reamer and the workpiece. 

There was a small exhibit showing the 
construction of a small copper boiler – ‘Making 
a Copper Boiler and Forming the End Plates’, 
photo 3 - made and exhibited by Andy Belcher. 
It is a boiler for a gas fi red 16mm Cracker 
oscillating loco.

Then there was a small lathe, photo 4, again 
exhibited by Andy Belcher. It was made from a 
WWII German Anti-Aircrat  Predictor (known as 
a ‘height and range fi nder’ by the British army) 
by Staff  Sergeant John Edgar Davis R.E.M.E. 

Billeted in Mohne, John Davis’ task, at the 
time, was to recover and repair equipment 
from the front line – which was getting further 
away as the Allies advanced. Bored, he made 
himself the lathe. He got it back to the UK 
by dismantling it and packing it round with 
an old uniform. He then put it into a German 
ammunition box, labelled it “Deceased Offi  cer’s 
Kit” and sent it to his wife (he had thought to 
inform her beforehand!).

Back in the UK, he used the lathe to make 
various things and then passed it on to his son 
who also made his fi rst models using it.

Lowmex has made a small profi t each year, 
including this year, which has been donated to 
the local charity S.O.L.D. (Special Objectives for 
Local Disabled) This year another local charity 
provided the snacks, teas and coff ees; The 
Lowestot  Thursday Club, which provides social 
activities for adults with learning disabilities.

More photos and information on the 
exhibition may be found at 
www.lowmex.co.uk  ■

Julie Williams reports on workshop-related exhibits at this popular regional 
model engineering exhibition.

1

Turret turning attachment (Photo by Brian Sinfi eld)

2

Some of 
Bernie 
Towers 
exhibits
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3

4

Making a 16mm copper boiler

WWll Lathe made from a gunsight.
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Angle Tightening

Improving an 
Angle Tightening 
Attachment

How it works
We ot en want to measure a tightening 
angle at er the contact of the screw head 
with its mating part, a common way of 
applying a suitable screw tension without 
using a torque wrench. The accessory 
shown in photo 1 is readily available, but of 
cheap construction.

The attachment body (1) is basically a 
standard male/female 1/2” square junction, 
photos 2 & 3. 

A socket is set on the male square to 
suit the tightened screw head, the driving 
“T” handle is set in the female square. A 
Perspex fl ange (3) carrying an index is 
linked to the body but with a moderate 
friction lock (due to a o-ring (2) so that it 
can be set to “0”. A protractor is drawn on 
a fl ange (4) being free to turn around the 
body. A stop rod 5 is set on this fl ange that 
must be fi xed for angle measuring. 

For measuring the tightening angle, the 
stopping rod must be set in contact with 

Jacques Maurel 
improves an 
inexpensive but 
unreliable angle gauge

1

The device following modifi cation

Top and bottom views of the device

2
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New hub

Detail B

A

B

A

the machine body (to stop the protractor 
fl ange) the index of the Perspex fl ange is 
set to “0” on the protractor. The torque 
is then applied to the socket to get the 
desired angle.

The problem
At the fi rst use of this attachment, I 
discovered that the protractor fl ange was 
not free, this was bending the stopping rod 
so accurate measurement was impossible. 
This was because the o-ring was acting 
axially on the Perspex fl ange, photo 4, 
the contact force being given by a “wavy” 
spring washer (7) that was also acting axially 
on the protractor fl ange, so giving a friction 
torque on it.

The solution
The solution, fi g. 1 and shown in photo 1, 
was making a hub set between the body 
and the Perspex fl ange to lodge the “O” 
ring in radial contact. Remove the wavy 
washer - that will be replaced by a spacer.

The new hub dimensions are shown on 
fi g 2, it’s made of Dural, a plain shoulder 
is machined to hold the o-ring which is 
pushed in place with a screwdriver. The 
o-ring was too small to sit in a groove 
machined in the hub and a shoulder is 
easier to machine than a groove.

The Perspex fl ange bore is turned to 
28mm in diameter, photo 5, be careful 
not to over tighten the chuck jaws. This 
fl ange is then stuck to the hub with epoxy 
adhesive.

Set the new fl ange on the body, set the 
o-ring (as explained), set the protractor 
fl ange and the circlip. Measure the axial 
play with a feeler gauge and machine a 
washer accordingly for almost no play.

The modifi ed device should now be 
reliable and accurate. ■

3

4

Parts of the device – part numbers relate to those in the text

Position of the o-ring

Fig.1
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Angle Tightening

A

A

3.5
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Parts list:

N° Name Material

1 Body Steel

2 “O” ring Rubber

3 Perspex fl ange Perspex

4 Protractor fl ange Plastic

5 Stopping rod Mild steel

6 Washer Mild steel

7 Wavy spring washer Steel

8 Circlip Steel

5

Boring the Perspex cover

Fig.2
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All advertisements will be inserted in the first available issue.
There are no reimbursement for cancellations. All advertisement must be pre-paid.
The Business Advertisements (Disclosure) Order 1977 - Requires all advertisements
by people who sell goods in the course of business to make that fact clear.
Consequently all trade ads in Model Engineers’ Workshop carry this ‘T’ symbol

and want it handled in a quick 
professional no fuss manner? 

Contact Dave Anchell, 
Quillstar (Nottingham)

Tel: 0115 9206123  
Mob: 07779432060 

Email: david@quillstar.co.uk

THINKING OF SELLING YOUR 
LATHE, MILL OR COMPLETE 

WORKSHOP?

Looking to sell? Send photos to

to see what we would pay. 
Or call us on 0115 677 0347

webuyanyworkshop.com
Looking to sell? Send photos to 
value@webuyanyworkshop.com

to see what we would pay

Or call us on 
0115 677 0347

value@webuyanysteam.com

Ɣ Need a part for your loco or model CNC machined ?
Ɣ Need fine engraving done onto metal ?
Ɣ We have lathes, mills, plasma cutters, laser engravers.
Ɣ CNC Machine conversions (both lathes and mills).
Ɣ Custom PCB design.

Tel: 01664 454795
NO job too small give us a ring today for a chat !jjjjjj

www.routoutcnc.com

To advertiseTo advertise
please emailplease email

david.holden@david.holden@
mytimemedia.commytimemedia.com
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www.model-engineer.co.uk

Meccano Spares 

New Reproduction and 
Pre-owned Original 

Meccano Parts. 
www.meccanospares.com 
sales@meccanospares.com 

Tel: 01299 660 097  

p



Supplier of quality preowned engineering equipment from all types of cutting tools,  
measuring equipment, work and tool holding. From top brands including Dormer, Titex,  

Moore & Wright,  Mitutoyo, Seco, etc. New stock added daily. 

www.jeadon.com

www.jeadon.com | enquiries@jeadon.com | 07966553497



144 Maidstone Road, Foots Cray, Sidcup, Kent DA14 5HS
Tel: 0208 300 9070 - Evenings: 01959 532199 - Fax: 0208 309 6311

www.homeandworkshop.co.uk  •  sales@homeandworkshop.co.uk
Opening Times: Monday-Friday 9am-5.30pm • Saturday Morning 9am-1pm

10 minutes from M25 - Junction 3 and South Circular - A205

Angle plates +
surface plates

Special
5 for £20

Myford ML7/ 
Super 7 Rifl e/ 

Bridge bed felts
Tripus (German)
on/off switch 

£90

>

Myford
   non
standard wheels

various!various!

>

£20
     each

Tap/Die holders

Just a small selection of our current stock photographed! 
We are currently seeking late `Myford Super 7B´ & `Super 7 large bore´ model lathes!

Please PHONE 0208 300 9070 to check availability or to obtain our list
DISTANCE NO PROBLEM!  •  DEFINITELY WORTH A VISIT  •  ALL PRICES EXCLUSIVE OF VAT

DP / MOD gears

£1150 £10-£49

£1750

£375

£8750

>

£1225

£45

MYFORD GENUINE PARTS
Running out fast!

Purchased from Nottingham
Check the web site for full list!

£1475

£3950

£525

£70

Cora 'neat cut'

HOME AND WORKSHOP MACHINERY

£845

>

Various!Various!
Micrometers

0-16"/ 300mmMyford Speed 10£1575

>

Myford Super 7B 
lathe hardened bed

Aluminium!Aluminium!

Myford MB4
bench drill

Burnerd LO collet 
chuck + collets

£2250

MEP Shark bandsaw 280 x 200mm

£845

Colchester steadies to fi t Colchester steadies to fi t 
Student, Master, Bantam Student, Master, Bantam 
2000, Triumph, Mastiff!2000, Triumph, Mastiff!

£625>

£4950

Startrite 24-S-5 metal Startrite 24-S-5 metal 
cutting/wood bandsaw cutting/wood bandsaw 
(not steel)(not steel)

Bench grinders 
from £25 each

Guillotine 51" x 16g

Crefco 52" x 
1.5mm box and 
pan folder

Myford Super 7 Connoisseur lathe
still NEW from Nottingham' 26-3000rpm

£375

Colchester Triumph 2000
lathe (60" centres)

  WD-40  

Union buffer

Clarkson tool and
cutter grinder

£345 >

JM Wild 
milling spindle

Myford VME Vari-speed 
R8 x 7" 40-3000rpm

Baileigh 5 TON 
arbor press

Startrite EF1 drillStartrite EF1 drill

£425

Harrison lathe 
vertical slide

£4250

£425

£425

>240V240V

Union buffer Union buffer ++
built in extractorbuilt in extractor

Denford Turn 
270 Pro CNC

£475

£10

£345

SHIPPING 
WORLDWIDE

EachEach

Sedgewick TA315 12" 
sawbench

Colchester Mascot 
lathe + tailstock!

RJh buffer

Union 10" pedestal 
grinder

Union 12" pedestal 
grinder

£4500

original as new!original as new!

Burnerd D13 8" 
4 jaw chuck

Tom Senior Mill

£950Ajax universal mill (missing 
arbor and support only)

£1250

Bridgeport coolant trays

Rapidor late 6" hacksaw

Tipped tools + tips

Taps and Dies
£1450

MEP Falcon 352 
cut off saw

>

EachEach

30, 32, 50 DP30, 32, 50 DP +1/8" +1/8" 
CP gear cutter setsCP gear cutter sets

Very nice!Very nice!

Clarke 917 vacuum 
forming machine

  Just  arrived!  Just  arrived!

Worden tool 
grinder

Last One!Last One!

Blacksmith 
tooling

Crown granite surface 
plate 12" x 12"

Saupe (Hobbymat) lathe
£575

looked after!looked after!

Never usedNever used

£1750

Must buy!Must buy!

£14000

Still NEW!Still NEW!

Extremely Nice!Extremely Nice!

late modellate model

£4250Myford Super 7B lathe + inverter

£325 £160

£375

£425

eacheach
£20

nice selectionnice selection

£425
EachEach

Back by Demand!

Home and Workshop Machinery are opening for two 
special days over the Christmas Season with special offers 
tea and biscuits!
December Monday 30th and Tuesday 31st December 2019
10am - 4pm

Happy Chris tmas  to 

all from Home and 

Workshop Machinery!

very nicevery nice
 condition! condition!

very nice condition!very nice condition!

o 
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