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Manchester Exhibition on for 2019
The Manchester Model Engineering Exhibition, MMEX, is a biennial event next scheduled 
for February 23rd and 24th 2019. MMEX is sponsored by NAME, the Northern Association 
of Model Engineers and is a non-commercial undertaking run by model engineers for model 
engineers. A booking has been made to run MMEX 2019 at the Queen Elizabeth Hall Oldham, 
the same venue as used in 2017. Detailed planning has started, and an augmented organising 
group is being recruited. As before the exhibition will feature a mix of clubs and traders 
representing the best in model engineering.

It is also unusual in being run by an organising group, no committee there! The group 
is currently looking for a few more people to join the group and take on activities at the 
exhibition. This is not onerous at the moment but does mean being at the exhibition for free 
from setup on the Friday to pull down on the Sunday. Potential volunteers should contact 
Bob Hayter, the organising group chairman hayterbob@googlemail.com.

For further details of the exhibition visit www.mmex.co.uk.

Griptru Chuck Servicing
I’ve just had a call from a new subscriber who was complimentary about Pete Barker’s article 
on three-jaw chuck servicing in issue 269. He has a Burnerd Grip-Tru chuck, which is rather 
more complex than an ordinary 3-jaw as it has an additional mechanism, for adjusting its 
runout.

He asks if there is a reader who would be able to write up an article on the servicing and 
correct adjustment of a Grip-Tru? If you think you could do this, please get in touch.
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THIS MONTH’S BONUS CONTENT
Log on to the website for extra content

Where are you? Come and join one of the busiest and 
friendliest model engineering forums on the web at 
www.model-engineer.co.uk?

Body Filler on Brass
■  How can you make sure body fi ller sticks to brass – or a 

should you consider using coachmakers’ lead?

All Things Beaver Mill
■  Do you have one of these machines? Come and tell the other 

Beaver fans about your experiences of using it.

Home Made Anvil
■  Have you made your own workshop anvil? Share your 

design!

PLUS: Model and tool builds, problem solving and engineering chat!

Why not follow us on Twitter:
twitter.com/ModelEngineers hashtag #MEW 

Coming up…
in our next issue

Regulars
3 On the Editor’s Bench
News from the Manchester Exhibition.

32 Readers’ Tips
A use for worn or broken endmills.

42 Scribe A Line
Readers come up trumps with information about Abrafi le saw 
blades.

45 On the Wire
What’s special about the Sparmax Zeta airbrush compressor?

71 Readers’ Classifi eds
A bumper selection of reader classifi ed this month.

ON THE COVER        ›››
This month’s cover shows an 
aluminium tube, threaded onto 
a temporary mandrel and being 
turned at high speed. For more 
information on diff erent approaches 
to workholding, see Neil Wyatt’s 
Lathework for Beginners on page 27.

Coming up in our next issue, MEW 271 
another great read.

This month you can download Chris 
Gill’s two great workshop apps 
Geometry and MetalBender for your 
phone from www.model-engineer/
apps. See page 58 for details of how 
to install and use the two programs.

Any questions? If you are a beginner and you have any 
questions about our Lathework 
for Beginners or Milling for 
Beginners series, or you would 
like to suggest ideas or topics for 
future instalments, head over to 
www.model-engineer.co.uk where 
there are Forum Topics specially to 
support the series.
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Metric Overlays

Metric Thread 
Overlays for a Myford 
Imperial Quick Change 
Gearbox.

This article presents some graphics 
for paper overlay nameplate labels 
for the Myford Imperial QC gearbox 

for cutting metric threads, photo 1, as 
well as some helpful tables. I would like 
to acknowledge many helpful comments 
about the subject from Brian Wood, the late 
John Stevenson and others made on the 
various forum threads.

Murphy’s Law prevails! I was about to try 
screw-cutting on my old imperial Myford 
Super 7 fi tted with an imperial Quick 
Change Gearbox and found that the fi rst 
requirement was for a metric thread!

There are long and convoluted threads 
(pun intended) on the subject on the 
forum at www.model-engineer.co.uk. In an 
eff ort understand those comments I went 
through what must be a well- trodden, but 
maybe not so well documented process.

Firstly, however I needed a new chart for 
my imperial gearbox to establish a clear 
starting point. Mine has been used as a tool 
tray by previous owners, it is scratched, 
almost illegible and needs replacing! See 
photo 2.

As a mean and miserly person, I looked 
at what could be done coughing up for a 
replacement plate.

The large tabulated numbers on the black 
background are for screw-cutting in threads 
per inch (TPI). The 19T/57T “Gear A” on the 
quadrant is reversed for normal turning to 
obtain the fi ne feed rates per revolution 
shown on the table on a red background.

Gear A is held in place by a little gate, 
so tools are not needed to reverse it, see 
photo 3.

The replacement chart was reproduced in 
a spreadsheet, coloured as per the original, 
and cut and paste as an image to a graphics 
soft ware package. See photo 4 and 
compare with photo 2.

This chart can be printed and laminated if 
a replacement imperial thread cutting chart 

/ label is needed.
The chart could be glued to a piece of 

aluminium and coated in polyurethane for a 
more durable solution.

The metric chart is derived from the 
imperial one in the same spreadsheet, and 
also cut and pasted as an image, photo5.

Similar to the imperial chart, the 
tabulated numbers on the black 
background, outlined in red, are for cutting 
threads with a metric pitch in millimetres. 
The non-relevant pitches have been 
blacked out on the spreadsheet.

The 19T/57T “Gear A” on the quadrant 
/ banjo is reversed for normal turning to 
obtain the fi ne feed rates shown on the 
table on the green background.

The chart can be printed and laminated 
and used as an overlay when the imperial 
gearbox is used for cutting metric threads 
by changing the mandrel or “tumbler” 
gear from the standard 24 Teeth to the 
appropriate numbered tooth gear. In this 
case we have 34 Teeth.

The 28mm hole in the label is big enough 
to slip over the 1.00” diameter of the ball 

Mike Philpotts follows up discussion on the Model Engineer Forum regarding 
cutting metric threads using an imperial gearbox.

1

Metric overlay in place

The tatty old plate

2



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

end range changing lever. Without an 
overlay, it may be best to standardise the 
thread cutting set-up nomenclature like 
this and read from a table:

1.00mm pitch = 34T 2C.

Which reads as 34 tooth mandrel gear, 
slider lever set to position 2, and the range 
selection lever set to position “C”. Note: the 
numbers were derived by calculation from 
the imperial fi gures on the Myford label 
similar to the images of John Stevenson’s 
much talked-about spreadsheet. However, 
if there are errors and approximations on 
the Myford chart they will be compounded 
and exaggerated by this method.

For complete accuracy the whole gear 
train needs calculating. The errors on the 
33T label for 3.5mm (3.49) [33T 4A] and 
2.5mm (2.49) [33T 8A] pitches may be too 
great for some applications.

Arithmetic
The general calculation for deriving metric 
pitches (Pmm) is as shown below where
Ts   = Number of teeth on mandrel gear 

(usually 24).
Tn   = Number of teeth on new gear on 

mandrel (most commonly 20, 33, 24)
TPI  = threads per inch
Pin   = pitch in inches = 1 / TPI (eg 8TPI = 1/8 

= 0.125”)
Pmm = pitch in millimetres
Cf   = conversion factor inches to millimetres 

(25.4)
Pmm  = (Tn / Ts) * (Cf / TPI)

Example Calculations
Example 1:  34 tooth mandrel gear with 
levers at position 2C (36 TPI on original 
label) we get
Pmm  = (34 / 24) * (25.4 / 36) = 0.9995 
millimetres (call it 1.00mm)
1.00mm pitch = 34T 2C - using our proposed 
nomenclature

Example 2:  33 tooth mandrel gear with 
levers at position 4A (10 TPI on original 
label) we get
Pmm = (33 /24) * (25.4 / 10) = 3.4925 
millimetres
 (call it 3.50mm with a .0075mm (0.2%) pitch 
error?)
3.50mm pitch = 33T 4A

Overlays are given for the 33 and 34 
tooth metric setups as well as for various 
BA threads.

The overlays can be printed and used as 
temporary labels, hooked over the lever. 
Alternatively, they can be used on a semi-
permanent basis by either lamination or by 
sticking them to some stiff  sheet material 
such as aluminium.

The money saved on the replacement 
label can now be put towards the 33T and 
34T gears needed for cutting those metric 
threads. Other overlays and tables are 
shown on the next few pages.

Conclusion
As an introduction to thread-cutting this 
has been a worthwhile exercise for me. 
I hope others found my documented 
deliberations helpful. The Metric 
Pitches chart inside the gearbox cover is 
inaccessible and the same chart in the Quick 
Change gearbox manual is also virtually 
unreadable! Presentation graphics and 
service manual standards have moved 
on since the fi ft ies and sixties. Therefore, 
the chart is produced as a full page back 
to back with the charts for the simpler 
method described previously, tables 1, 2 
and 3. Hopefully, it will improve the clarity 
of these methods making things a little less 
mysterious for beginners in home or model 
engineering.

To quote LBSC, “Inspector Meticulous” 
may not be happy with the precision of the 
threads cut by these methods, however, it 
must be remembered that most of us are 
probably not sending rockets to the moon. 
That said, any suggestions for improving 
what is presented here would be most 
welcome. A complementary article on 
CNC, engraving or silk screening would be 
interesting.

Other reference materials
Gearing of Lathes for Screwcutting 
(Crowood Metalworking Guides) – Brian 
Wood ISBN-10: 1785002503
Instructions for Installation and Operation - 
Myford Quick Change GearBox
Gear Calculation soft ware for lathes without 
gearbox can be found at Duncan’s Metal 
Pages metal.duncanamps.com/soft ware.
php photo 12

Gearbox change wheels

Imperial overlay

3

4
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5

6

7

Dimensions for 
overlays

Metric overlay for 
34 tooth gear

Metric overlay for 
33 tooth gear
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8

9

10

BA overlay for 20 tooth gear

BA overlay for 21 tooth gear

BA overlay for 24 tooth gear
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Metric Overlays

Table 1

Table 2

Metric Threads – 
setting references

BA Threads – setting 
references
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Table 3 Metric Threads with gear diagram



In addition to these new DRO versions, we will continue with our 
standard machines. All prices quoted include VAT and UK mainland 
delivery, excluding Highlands and Islands.

Our next Open Day is on Saturday, 21st July 2018, 9am to 1pm, at Warco House.

Now fi tted with metal 
leadscrew handwheel and calibrated dial at no extra
cost. An accurate sensitive longitudinal feed.
Additional features:
• 100mm 3 jaw self centering chuck
• Steel gears fi tted to headstock  • Steel change gears
• Brushless 450w motor  • Steel and aluminium handwheels
SPECIFICATION:
Centre height:  90mm
Distance between centres:  350mm
Speed range:   50-1100/120-2500 rpm with back gear for maximum 
torque.  Hardened and ground slideways  Weight:  39 kg
Wide range of accessories available including fi xed and travelling 
steadies, 4 jaw chuck, vertical slide, quick change toolpost.  Huge range 
of cutting tools.

ALL NEW SUPER MINI LATHE

WM12 
VARIABLE 
SPEED MILL

• Compact, versatile milling machine
• Infi nitely variable speed control
• Dovetail column ensures positive head location
• Available in metric and imperial versions
SPECIFICATION:
Head tilts. Calibrated 45° - 45°. Very powerful 600w motor. Back gear for 
maximum torque in low range. All steel gears. Longitudunal traverse 
250mm. Cross traverse 165mm. Digital rev counter. Weight 54kg

NEW DRO WM14 MILLING MACHINE

Same features as our established WM14 milling machine, with 3 axis 
DRO fi tted as standard.
• Magnetic scales  • X Y and Z traverses  • Switchable between metric and 
imperial  • Compact illuminated digital counter
SPECIFICATION:
Table size:  500 x 140mm
Longitudinal traverse:  330mm  Distance spindle to table: 280mm
Speed range:  50 – 2,250rpm infi nitely variable, with back gear for 
maximum torque  Motor:  500w.

NEW DRO WM180 LATHE

• Fitted with 2 axis DRO  
• Magnetic scales
• Supplied 3 and 4 jaw chucks, fi xed and travelling steadies, face plate.
SPECIFICATION:
Centre height 90mm
Distance between centres:  300mm
Speed range 50 – 2,500rpm infi nitely variable
Weight 70kg

£599.00
£685.00

£1,095.00

Our next exhibition is the Midlands Model Engineering 
Exhibition, Leamington Spa, 18th to 21st October 2018.

£1,095.00
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Making the Ratchet 
Click Spring of 
A Mechanical Clock

A classical mechanical clock is wound 
up by turning a shaft  called arbor. 
This arbor is maintained in position 

by a ratchet mechanism, composed by 
a ratchet wheel and a click. The click is 
pressed against the ratchet wheel by a 
spring, photo 1.

Traditionally, the spring is made by 
bending a long straight piece of brass, 
(“hammer hardened” brass).

My fi rst click spring was functional but 
had an unpleasant irregular shape aft er 
bending by hand on a round object. Trying 
to correct this made it worse. A more 
sophisticated bending tool was desirable.

Background
My interest is in horology. I consider making 
a clock a wonderful hobby. Spending hours 
to make elegant, traditionally-shaped and 
polished small pieces of brass, put them 
together and bring them to life by a tick 
on a pendulum is a fascinating occupation 
when you are retired. A clock is also a scale 
1 odourless family heirloom. My creations 
are accepted in house, and maybe later, 
I can expose a master piece in a modest 
place of the living room... Needless to say 
that a 2-metre-long model boat or a dirty 

steam engine are out of the question 
for me. I don’t speak about “bigger than 
usual” projects, for example Rebuilding the 
Medway Queen MEW 227, April 2015.

In the 1970s, I saw some issues of the 
British Horological Journal, and Mr. John 

Wilding was describing his weight driven 
8-day wall clock in several articles, later 
published in a book, ref. 1. I was very 
enthusiastic, but I had to postpone this for 
later. Thanks to the internet, I bought the 
old book few years ago, and it was a special 

Bernard Zaegel, in the Netherlands, explains a tricky task faced by clockmakers.

1

2

3

The click spring in place

The simple clock My depthing tool
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Click Spring

feeling to recognise many photos aft er so 
many years, and so I installed a workshop.

I understood quickly that I needed to 
read much more, and bought many other 
books from John Wilding, available today 
from RiteTime Publishing Ltd, advertising 
regularly in the magazine, ref. 2.

Reading the books, I understood also 
that I could never achieve his skills in 
marking out nor fi ling. But today things 
are diff erent, it is possible to compensate 
those shortcomings with modern machines. 
I have a lathe, a milling machine with 
digital read outs, a rotary table, precision 
micrometers, commercial horological 
cutters... For example, with the rotary table 
placed horizontally in the mill, I was able to 
make the anchor of my fi rst escapement 
without any marking out. But there are 
many more parts to make.

Actually, my fi rst clock is not from Mr. 
John Wilding, but from Mr. Benjamin 
Franklin, yes the American politician 
playing with kites in thunderstorms, today 
politicians are more cautious. Besides 
his numerous other activities, Benjamin 
Franklin designed a clock, in the year 1756. 
The clock is described in a book by Colin 
Thorne, ref. 3. A perfect beginner’s project 
because this clock has only 3 wheels. 
Despite, or thanks to, its simplicity, it is 
disconcerting, photo 2. I refer to the book 
if you want to know how simple it is – and 
thus attractive. It works surprisingly well, 
despite my questionable polish of pivots 
and pinions.

My First Click Spring
The clock is simple, but numerous, small 
parts must be made, including a click 
spring. Traditionally, the spring is made by 
sawing a tapered straight piece in a brass 
plate, usually 2 mm thick. The piece is then 
fi led, polished, hammer hardened, polished, 
bent to form, and repolished. Although a 

beginner in the hobby, I obtained a decent 
“spring” before bending. But the bending, 
normally made with the fi ngers around 
a cylindrical object, caused unexpected 
problems. The piece is long and thin, i.e. 
fragile, and I obtained a functional, but 
irregular and ugly spring. I was also unable 
to bend the spring in a plane. John Wilding 
wrote “Round nose pliers are helpful in 
obtaining the shape of the spring”. Well, 
each tentative try with pliers made it worse, 
nothing to do with “eye pleasant shapes” as 
he says. I have no photo of this spring, and 
magnifi er glasses are taboo here. Nobody 
noticed, however, because my spring is 
cleverly hidden behind the dial, see photo 2.

Problem
The second clock I want to make is the 
“Brass Alarm Clock” of John Wilding, a 

nicely formed, simple skeleton clock, 
working with a “Foliot”, oscillating 
bar) typical of the 16th century, ref. 4. 
“Skeleton” means that the spring is much 
more visible and must be better made. 
In this book, photo 76 shows the spring 
perfectly fi tted on the main wheel. I don’t 
understand how the master was able to 
make this photography if he bent the 
spring by hand. Also, according to the 
book, the “spoon” of the spring is fi led 
before bending. But for me, it is then 
impossible to have a nice curvature of the 
spring blended smoothly with that of the 
spoon, I have always a break between 2 
curves at this place, no photo available!

Jigs or guides to bend are well known, 
and MEW has published numerous articles 
on bending tubes. I was happy with ref. 
5. I found that my spring was something 
like a tube with a square section, and 
the fi gure 3, single wheel bender, of this 
article inspired me. There are diff erences 
however, the formers must be adapted to 
the square section, and the section of my 
spring is not constant, due to the taper. 
This means that the distance between 
inside and outside formers should ideally 
be adjustable to meet this tapered form. 
I imagined a screw to adjust this distance 
during the bending, something like the 
adjusting screw of my depthing tool. 
This screw could also allow to make click 
springs of diff erent sizes.

My depthing tool
If you seriously consider making a clock, 
you know what a depthing tool is. It is 
used to determine the precise distance of 
two arbors and to mark this distance on 
the plates, (the frame). By modifying the 
distance between the arbors (runners) on 
the tool, you feel by hand the resistance 
of the meshing pinion – wheel pair when 
turning the wheel, and when this resistance 
is minimal, “smooth running”, you transfer 
this distance to the plates. You do this for 

The runner with a fl at

Horology has something magic...

4

5
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each pinion – wheel pair, and you bore the 
holes according the markings, to “plant the 
train”. This is the theory. One can notice 
that some errors can be added...

An official depthing tool is a specialized 
precision instrument. Obviously 
expensive, unless you make it yourself, 
like Mr Glenn Bunt, ref. 6. I was so 
impressed by his depthing tool that I 
concluded that, as a beginner, I would not 
build it, at least yet.

A less sophisticated one is the “John 
Wilding depthing tool”, described earlier 
in 1970, ref. 1. It was designed with 
adjusting the anchor escapement in mind 
but can also be used to “depth” wheel 
and pinions – if the pinion is not mounted 
on an arbor. It consists of a plate with 2 
runners, one being movable, by hand). 
The runners have a hardened taper, to 
scribe on the plates of the clock.

W.R. Smith improved this simple design, 
ref. 7, page 50, by adding a screw to move 
one of the runners with precision. This is 
what I wanted, with an M3 metric screw, 
to give a pitch of 0.5 mm.

I made the depthing tool of Mr. Smith, 
photo 3, but my moving runner has a 
fl at to allow fastening it with one hand. 
If you turn the nut, the runner does not 
turn, photo 4. My runners have also no 
hardened point, and I compensate this by 
measuring the distance with a micrometer, 
the distance at the outside of the silver 
steel runners, minus the average diameter 
of the 2 runners is the distance between 
the axes. I know that you add the errors by 
making such an indirect measure, but the 
precision of my micrometer is 0.001 mm, a 
micro – meter! The idea is to plant the train 
into the plates in one go: all the holes bored 
with the milling machine controlled by the 
digital read outs, avoiding reported errors.

Actually, with a wheel-pinion pair in 
place in my depthing tool, I feel no change 
in resistance when turning my wheel if 
I modify the distance of the axes for an 
amount of say plus / minus 0.1 mm, photo 

5. I suspect that, in contrary of the official 
depthing tool, the resistance due to the 
bearings is bigger than the resistance of 
the pinion-wheel pair, and I think that this 
imprecision is undesirable if you want to 
plant the train.

Some theoretical knowledge of gears is 
desirable, and I found what I wanted in ref 
8. Using commercial – and thus perfect 
- horological cutters, ref 9, the blanks of 
the wheels and pinions having precisely 
the theoretical diameter, measured with 
a micrometer, the best distance between 
arbors must be the theoretical one, and 
that can be computed with any precision 
and transferred to the plates with the 
precision of the digital readouts. This is  
0,01 mm in my case, much better than 
what I could achieve by marking out. 
Horological cutters can be made at home, 
refs 10 and 11, but, if I am ambitious, I 
want also to avoid overestimating myself!

This worked very well, because my 
first clock is now running for more than 
one year, better than one minute a 
week, with a healthy action. With the 
specified driving weight, but since I added 
a double fall with a pulley that is not 
described in the original design, the force 
applied to the train is precisely the half 
of the specified one. So, was it useless, 
my depthing tool? No, because it was 
essential to build the anchor escapement.

One could argue that the Brass 
Alarm Clock I am building has a “strob” 
escapement, described by Richard of 
Wallingford, who died in 1336, more than 
680 years ago), that does not need a 
depthing tool to build.

My solution:
At this stage, I realised that I was 
considering making a second depthing 
tool to make my bending tool, including 
the M3 adjusting screw. But making the 
same thing twice was not necessary, 
the depthing tool could be used directly 
without any modification. An inside 
former was turned in a brass sheet of 
the same thickness as the spring (2 mm 
in my case) and to the diameter of the 
bent spring (52 mm). A small indentation 
was made in the mill, with a rotary table 
– it can also be filed! – to accommodate 
the spoon, photo 6. It was mounted on 
a base comprising a pin to fasten the 
spring, and a clamping bar was screwed 
under the base to fix the whole in the 
vice. The depthing tool is mounted upside 
down on the inside former. A roller was 
turned to be used as outside former and 
adapted to turn on the moving runner of 
the depthing tool, the one controlled by 
the adjusting screw. This roller is made 
from 2 parts, to avoid any chamfer within 
the square opening obtained between 
the 2 formers, photo 7. Traditionally, 
horological parts have sharp edges, and 

6

The inside former, the pin for the click spring, and the outer roller

7

With the depthing tool upside down, we can bend click springs



August 2018 19

Click Spring

the click spring is no exception.
An embryo spring was made, with an 

unformed spoon, photo 8. I was unable 
to obtain a pleasant curve between the 
spoon and the spring, photo 9, but 
using the depthing tool as a handle, 
while turning the adjusting screw to 
compensate for the taper of the click 
spring and squeezing it gently between 
the 2 formers, I bent the spring in a nice 
curve, photo 10)

I had a disappointment, however, 
because the spring being springy, and 
substantially thinner at the end than 
close to the spoon, the thin part was not 
remaining close to the inside former, the 
correct curve and had a radius that was 
too big. A second inside former was made, 
with a smaller diameter (47 mm), and only 
the end of the spring was formed again; 
this was enough to obtain a satisfactory 
spring. Only then the spoon was correctly 
marked out, and filed flush with the 
curvature of the spring, and the spring 
mounted in place, photo 1.

Conclusion
I am pleased with the result in photo 1, 
the same as to be found in the book of J. 
Wilding, ref 4, but now in colour. Without a 
simple guide, I would have been unable to 
obtain this result. ■

References:
Ref 1: A weight driven 8-day wall clock, by 
John Wilding, Brant Wright Associates Ltd.

Ref 2: www.ritetimepublishing.com, 
promotes the books written by John 
Wilding and sells horological materials, it 
advertises regularly in the magazine but the 
site itself is here:
www.clockmaking-brass.co.uk
www.iantcobb.co.uk

Ref 3: Clockmaking for the Model Engineer, 
by Colin Thorne, Camden

Ref 4: The construction of a weight driven 
brass alarm clock, John Wilding, Rite Time 
publishing Ltd

Ref 5: A review of pipe bending options, 
Stuart Walker, MEW 237, January 2016, 
page 27

Ref 6: Making a Clock Depthing Tool, Glenn 
Bunt, MEW 227, April 2015, page 42 and 
MEW 228, May 2015, page 58

Ref 7: Clockmaking & Model-making Tools 
and Techniques, by W.R. Smith, supplied by 
Rite Time publishing Ltd

Ref 8: Wheel and pinion cutting in 
Horology, by Malcolm Wild , The Crowood 
Press Ltd

Ref 9: P.P Thornton, (successors) 
epicycloidal cutters, 
http://www.ppthornton.com

Ref 10: Adventures in clock wheel cutting, 
Glenn Bunt, MEW 235, November 2017, 
page 26

Ref 11: Simple cutters for clock pinions and 
wheels, Ted Knight, MEW 262, December 
2017, page 13

8

The embryo click spring

The embryo click spring in the bending tool

The tool ready to bend the click spring

9

10
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High Speed Engraving Attachment

Note all drawings 10x full size for clarity

Tip width 5.9

43.19°
43.19°

Tool for 1.5mm line width 0.3mm deep

Depth of
cut 3.0

Half line width Half line width 7.5
Angle width

Tip width
Angle width 1.6
Tip width 5.9

15°

Cutter ground
concentric

Grind tip
width

Tool And Tip Width

Tool and Tip Width - fi g. 10 
Line width 12/8 = 1.5 divide by 2 for half line 
width = 0.75
Half line width 0.75 minus 0.16 = 0.59
Tip Width 0.59 is Required
To Check - angle width 0.16 + 0.59 tip width 
+ 0.59 tip width + 0.16 angle width = 1.5mm 
fi nished line width. 

A typical set of numbers to true type 
engrave the same 12mm high at 0.30 deep 
as above example. 
Line width 12/8 = 1.5 divide by 2 for half line 

width = 0.75 divide by 2 again = 0.375
Half line width 0.375 minus 0.16 = 0.215
Tip Width 0.215 is Required

To Check - angle width 0.16 + 0.215 tip 
width + 0.215 tip width + 0.16 angle width = 
0.75mm fi nished line width. 

Always check engraving, fi gures, spelling 
etc. as this operation once committed 
to metal is fi nal and permanent. This is 
defi nitely a case for the old expression 
measure twice, cut once. 

Tool Grinding fi g. 11
All my tool and cutter grinding is done 
using a look alike Quorn type machine I 
made about 30 years ago, all machined and 
fabricated from steel without using any 
castings. 

To grind an engraving cutter the 3mm 
diameter HSS blank is held in an ER25 collet 
work spindle, this spindle is free to rotate 
within the machine workhead, a 12 hole 
index plate and pin, control the division 
points. The spindle is clamped in the 

Fig.10

A High Speed 
Engraving 
Attachment
Keith Johnson made this device to fi t his CNC Wabeco 1210 Vertical Milling 
Machine, but it would suit most other CNC mills of similar capacity. Part 4
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First grind all 3 flats
to concentric point

Front face of cup
grinding wheel8.55 3.11

28.19° 28.19°

15°

Tool Grinding

15°

5.90
Tip width

2.15
Tip width

Finish tool by grinding
1 flat only to this
8.55mm size

Finish tool by grinding
1 flat only to this
3.11mm size

Drawn tool 10x full size to
establish grinding distance

Front face of cup
grinding wheel

Quorn - Set rotating base to chosen angle
Quorn - Apply cut with front bar micrometer adjustment screw
Quorn - Read grinding distance off micrometer thimble

Line width 1.5mm x 0.3mm deep Line width 0.75mm x 0.3mm deep

workhead during grinding. The machine is 
fi tted with a cup or fl ared cup wheel, with 
all grinding being done on its front face. 

Grinding Distance - Fig11
The rotating base is set to the desired tool 
angle, (15 degrees in the above example). 

However due to this tool angle, the tip 
width dimension we have fi gured out as 
above needs to be expressed as a “grinding 
distance” that can be directly read from the 
front bar micrometer thimble. 

The quickest way is to draw the tool at 
10 x full size for clarity and measure directly 
the grinding distance, in this example the 
drawing dimension is 8.55mm. Dividing by 
10 the distance soon becomes 0.855mm. 

We have now fi gured the triangular 
tool tip will have two faces ground to the 
same dimension, lets call this Zero and 
the remaining face will have a further 
0.59mm removed to create the tip width. 
However as already described the “grinding 
distance” to produce this last fl at is 0.855. 
At this stage I convert this dimension of to 
Imperial measurement = 0.034”, this suits 
my machine construction and calibration. 
Incidentally when planning and making 
this grinder I never intended stamping 
numbers onto the scales, but to neatly do 
all the engraving at a later date. However, 

all the calibration lines were fully completed 
during manufacture of the parts, the 
machine was assembled and tested using 
felt tip marks applied before grinding. Yes, 
you have guessed, not yet stripped it down 
to engrave any numbers. I have never 
missed them.

So back to the job in hand try my 
method - with a felt tip pen put a total 

of 3 dot marks on the plain periphery of 
the graduated thimble. First put 2 dots to 
indicate zero, a space of (0.855mm = 0.034”) 
put 1 dot. 

A further 5 dots in total are put on the 
plain periphery of the Index plate, this 
quickly identifi es the 3 positions used 
spaced at 120 degree intervals. 

Put 2 dots at each of 2 positions and 1 dot 

23

Setting Z Height

Fig.11
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High Speed Engraving Attachment

on the fi nal index position. It is now quick 
and easy to grind and index glancing at 
either set of dots. 

I have used this method of felt tip dots 
for years on all types of machines with or 
without numbers, it is just a case of thinking 
once to mark up the scales correctly before 
starting production. Once you get into 
the routine just follow the dots, no more 
numbers on the fl y, its almost like working 
to stops. Only put dots where they can be 
easily cleaned off , with a rub from a grubby 
thumb, never into line graduations. 

Safety 
Before fi tting this attachment to any 
machine for any purpose remove the power 
supply to the machine spindle motor by 
either pulling out the mains plug or click 
out the emergency stop switch. Doing 
both gives total peace of mind, its a bit like 
wearing belt and braces, being double safe 
so your pants don’t fall down. 

Fitting Attachment to the 
Wabeco Mill 
The Wabeco mill is designed with 
a threaded drawbar/cutter extract 
mechanism integral with the workspindle. 
This system requires toolholders to be 
screwed up into engagement with the draw 
bar. I therefore use the following sequence 
to fi t my attachment to the machine. 
1 - Fit attachment spindle holder, into 
Wabeco spindle secure using machine 
draw bar. 
2 - Fit remainder of attachment to 
mounting collar using 4 x M6 cap screws. 
3 - Fit Anti - Rotation mount screw with 
large washer - M5 cap screw with washer 
through 6mm wide slot in mounting plate 
and into 12mm diameter bar, clamped in the 

original guard mounting bracket.
4 - Fit engraving machine spindle into 
holder and clamp with jubilee clip to secure. 
5 - Fit drive belt for chosen speed and 
adjust for tension. 
6 - Plug motor fl ying lead into power supply 
noting polarity, safely routing lead clear of 
any rotating items. My power supply sits on 
a shelf near to the mill, requiring a 1metre 
long fi gure of eight supply lead. Importantly 
this location also allows easy access to 
the power supplies on/off  switches when 
operating the machine. 
7 - Switch on the power supply AC switch 
fi rst
8 - Use DC switch on power supply to 
control motor, throughout engraving 
sequence. 
9 - Switch off  AC at shutdown. 

New Front Panel for Power 
Supply 
Having described the attachment in detail 
its now time to produce an engraved item 
with it. I required a new front cover panel 
for the already constructed power supply, 

so decided to use a piece of aluminium 
sheet from the stock box. 

The size required is 200 x 160 x 1.5mm, I 
was lucky to fi nd a piece that only needed 
one edge milling off  to complete and bring 
to size. 

Because the engraving attachment was 
already fi tted to the Wabeco machine I did 
the engraving fi rst, then milled to fi nished 
size and drilled all the holes. 

The panel was drawn to size and all 
lettering details positioned as required 
using V - Carve Desktop from Vectric the 
chosen font was Railway, single line, setting 
the character height at 12mm. 

Incidentally the 12mm refers to the 
toolpath dimension, or put another way, it 
is the centre line of any engraved character. 
In this example and as previously illustrated 
the line is to be 1.5mm wide x 0.3mm deep. 
When engraved to the correct depth overall 
character height will be 13.5mm. 

This overall height dimension together 
with line width, is another easy check to 
make with a digital caliper gauge, thus 
ensuring the engraving is at the correct 
designed depth. Working to numbers is 
one way of total repeatability of character 
size, very important in the event of a tool 
needing to be changed or reground, as 
sometimes unfortunately happens.

The piece of aluminium selected to use, 
was of unknown machinability together 
with an engraving line width of 1.5mm, so I 
treated it with respect for feeds and speeds. 
Before opening the soft ware a few input 
details needed to be decided. 
Engraving Spindle Speed 9,000 RPM (Low 
Range on Pulleys)
9,000 RPM x 0.003142 x 1.5mm Diameter = 
42.42 M /Minute
Table Traverse Rate, X and Y - 50mm / 

Working to numbers 
is one way of total 

repeatability of character 
size, very important in the 
event of a tool needing to 
be changed or reground

24

Engraving Completed
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High Speed Engraving Attachment

Minute
9,000 RPM x 1-Tooth Cutter x 0.0055mm 
Chip Load/Rev = 49.5mm/Minute
Plunge Rate, Z - 25mm/Minute
9,000 RPM x 0.0027mm Chip Load/Rev = 
24. 3mm/Minute

Returning to the soft ware and the 
completed drawing of the panel layout, 
the engraving details were contained in 
three separate lines. I like to split work into 
sections so created three individual G Code 
fi les to complete this panel. 

A few clicks on the mouse soon selected 
all the characters in the fi rst line, a few more 
clicks to selected various program options, 
at this point
I programmed for:
Z Axis to start at + 25. 00mm
Z Axis safe height moves at + 3. 00mm
Only one cutting pass, with the Z Axis at 0 
cutting depth

When toolpath had been calculated, a 
few more clicks created a “G Code” ready 
for Mach 3 to save to a fi le, with name of 
choice. 

I called this, FP First Line. 
Move to Second line and repeat all the 

various clicks etc. I called this, FP Second 
Line. Move to Third line and repeat ditto 
etc.

At the machine, I clamped the panel 
blank against sub table guide bar and in line 
with left  hand edge this is the origin X0 Y0 
position. To set the Z Axis starting height I 
use an aluminium spacer with a piece of fl at 
plastic that slides on the top, used as a thick 
feeler gauge, photo 23. The accurately 
measured height of these two items = 
25.20mm.

I positioned the engraving tool over the 
height gauge and jogged down, until sliding 
the plastic feeler under the point of the 
engraving tool produced a very fi ne scratch 
on the shiny surface of the plastic. 

I then positioned the tool above starting 
point at X0 Y0, zero all axis of Machine 
Digital Readout. Now I set Mach 3 Screen to 
read X0000 Y0000 Z +25. 0000 and loaded 
the fi rst fi le FP First Line.
The actual test cutting process was:

  Switch on power supply and switch on DC 

Motor to drive spindle.
  A wipe with a turpentine covered brush 
across the panel in engraving position. 
  A click of the mouse in Mach 3 sets it all 
in motion. 
  When the machine has completed this 1 
pass and returned to Origin X0 Y0 Z25
  Switch off  spindle motor, check the panel 
may be entirely blank, or just traces 
of letters, or maybe full letters, it all 
depends on set up accuracy etc. 

  Vacuum off  any swarf Close this fi le 
  Repeat for second and third fi les.
Now I brought out the Mach 3 Jog Panel. 

I set jog distance to 0.1000 mm and jog Z 
Axis down by 0.1000 (or less). Then I reset 
Z Axis Only on Mach 3 Screen to read Z 
+25.0000.

Finally, I switched on spindle motor 
and reran G Codes again for all 3 lines, 
continuing until all engraving is at the 
correct size, photo 24. Measuring line 
width and character height with a digital 
caliper gauge, maybe using a magnifying 
glass, is always easier with good lighting. 

Any Panel, Dial or Component that 
requires engraving, will be closely looked at 
for a long time to come so, I always aim for 
perfection. 

Comparing Line Widths
Having completed my new front panel 
and while the machine was still set up 
for engraving. I clamped another piece of 
aluminium sheet to the sub table. Using the 
1.5mm line width tool and fi rst line G Code 
fi le, I engraved as before. This is the top 
line in photo 25. A new cutter was ground 
to produce a line width of 0.25mm then 
engraved as before, this is the bottom line 
in the photo.

Finishing Panels 
All engraving shown here has been fi lled 
with black acrylic paint. 

Start by scrubbing the panel thoroughly 
with a nailbrush in a bowl of hot water plus 
a few drops of washing up liquid. Rinse 
under the hot tap and allow to air dry. With 
a small soft  art brush paint in all letters 
overlapping the outer edges edges, wash 
brush under running cold water. Every hour, 
keep applying further coats until paint 
builds up to fully fi ll engraving. Leave in a 
warm room to totally harden for a several 
days. 

Now its back to a bowl of cold / just warm 
water with a few drops of washing up liquid. 
With a piece of 240 grade wet and dry fi xed 
to a waterproof fl atting block ,carefully fl at 
down panel to remove raised paint, leaving 
the engraving fully fi lled. Rinse under the 
cold tap and allow to air dry. 

All lettering should be matt fi nish from 
fl atting down, any shiny bits on the paint 
indicate it needs another few coats to fi ll. 
Repeat as above until you are satisfi ed with 
panel appearance. 

My completed attachment now has a 
long list of jobs i wish to accurately engrave 
dials / keytop / case parts etc. the list goes 
on, but top of it is completing the Congreve 
Clock, photo 26. ■

Specialist Supplies 
12 Volt DC Motor Pt No 457RE850 - MFA/
Como drills Ltd - mfacomodrills.co.uk
Green 4mm Round Belting - Stationary 
Engine Parts Ltd - stationaryengineparts.
com
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Line Width Comparision

26

Congreve Clock
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Lathework for Beginners

Last time we looked at various types 
of chuck, including the self centring 
three-jaw and independent four-jaw 

chucks that are the staples of most lathe 
work. This month I will look at some other 
approaches, and also delve into the subject 
of steadies.

Given this month’s content, it might be 
worth starting with a safety reminder – 
always do your setting up work with the lathe 
switched off  at the wall and turn the lathe 
by hand before switching on to ensure that 
everything is safely secured and there are 
no clashes. Start the lathe slowly and gently 
increase speed, and if dealing with work that 
is irregular and out of balance, keep the speed 
slow enough not to cause vibration.

Turning Between Centres
Turning between centres is one of the 
oldest turning techniques, in fact the 
earliest lathes did not a have a rotating 
spindle in the headstock and just had two 
‘dead centres’ between which the work 
was mounted. The watchmaker’s turns and 
the bodger’s pole lathe both work on this 
principle, using a cord around the work to 
spin it back and forth. Well adjusted, a pair 
of dead centres will give you as accurately 
round work as you may want (although 
they don’t guarantee the work won’t be 
tapered!)

On our more sophisticated metal lathes, 
the usual approach is to mount the work 
between Morse taper centres fi tted in the 
headstock and tailstock and drive the work 
with a ‘lathe dog’, photo 1. On older lathes 

it was typical for them to be supplied only 
with the centres and a ‘drive plate’, photo 2, 
with chucks being expensive accessories.

To use such a setup, it is best to start 
by using a three-jaw chuck to face and 
centre each end of the work, photo 3. The 
use of a centre drill, provides a 60-degree 
cone to match the centres, together with 
a central hole that ensures the centre fully 
engages, photo 4, this hole also acts as an 
oil reservoir if you are using dead centres. 
You can also use the technique of using a 

centre square to fi nd the centre of the bar, 
photo 5, and drilling a centre hole by hand 
or in a drill press.

As our metal lathes have a rotating 
spindle, a ‘live centre’ is fi tted in the 
headstock taper. Make sure the bore is 
scrupulously clean fi rst – pushing a few 
sheets kitchen roll right through from the 
front to the rear is the most reliable way. 
These days such centres should be more 
than accurate enough, but if ultimate 
accuracy is needed or an old lathe is suspect, 

1

Lathework for 
Beginners
Part 6 - workholding

This ongoing series will build into a complete guide to using an engineering lathe. 
This month Neil Wyatt returns to the subject of workholding.

1 Improvised setup for turning between centres. The zip tie is not under any load, it is just to 
stop rattles.

The catchplate from an old Super Adept 
lathe.

2 3 4

Preparing a bar by facing and centring. The centre, note the central hole inside the 
cone.
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a ‘soft  centre’ can be used and turned in 
place, just a light skim being all that is 
needed. If you have no suitable centre, a 
bar held in a 3-jaw chuck and turned to a 
60-degree point can be used.

In the tailstock it would be traditional 
to use a ‘dead’ centre which needs regular 
lubrication and constant adjustment for 
dimensional changes caused by heating. It 
is best to use a ‘rolling’ or ‘rotating’ centre, 
photo 6, unless you need to work very close 
to the end of a small bar, when it can be 
useful to use a half-centre, photo 7.

The work is mounted between these two 
centres, simply by advancing the tailstock 
to hold it fi rmly, without shake. Before 
doing this, it is necessary to fi t a driving 
dog, photo 8. Ideally if there is a fl at on the 
work, use that, but otherwise it is a good 
idea to use a slip of soft  metal to protect 
any existing turned fi nish. With a backplate 
lathe like the SC4, you will probably fi nd the 
easiest way to drive the dog is with a bolt 
fi tted to the backplate, although a notched 
driving plate also works well. If you don’t 
have a driving dog, it is possible to use a 
toolmaker’s clamp.

Whatever you use to drive the work, be 
aware that it introduces a signifi cant hazard 
should your clothing, hair, fi ngers or anything 
else be caught by it. Keep your concentration 
on the job in hand and as always when using 

the lathe, make sure there are no distractions. 
Turn off  your phone!

You will note that the presence of the dog 
means it is impossible to turn along the full 
length of the work, the usual solution is the 
remove the work and reverse it end for end. 
Unlike most approaches to turning, this 
should not lead to any loss of accuracy.

This retained accuracy is the typical 
reason for turning between centres, it is 
oft en advised for turning crankshaft s, and 
was used for turning the test bar in photo 
9. As it was reversed to turn the raised 

portion at each end, its accuracy was not 
aff ected by any small error in tailstock 
adjustment. This fi nished bar is used with 
a dial indicator for accurately setting the 
tailstock for other turning methods.

Faceplate
The other ‘classic’ way of mounting work 
from the days before chucks is the faceplate, 
and when you need to securely fi x some 
irregular object with great accuracy the 
faceplate will earn its keep, even if it 
otherwise goes unused for long periods.

5 6

7 8

9

Using a centre square, a blue sharpie works as well as marking out blue. Rolling centre in the tail of the work.

A half centre allows you better access. A set of lathe dogs.

This test bar was turned between centres and is used to align the lathe tailstock.
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The faceplate is a simple device, photo 
10, just a large, round disc, fi tted just like 
a chuck, and with slots, t-slots or even 
threaded holes to provide fl exibility in 
mounting diff erent workpieces. It may 
show the additional sophistication of 
concentric circles to aid alignment, but in 
practice fi nal alignment is always a matter 
of careful tapping and adjustment. 

The principle of the faceplate is simple, 
the practice is less so. There are several 
areas to think about:

  Security of the work, it must be held so 
that the forces applied during turning 
cannot shift  it.

  Keeping clear of the bed. It’s easy for 
work or clamps to end up outside the rim 
of the faceplate. Take care doing this as 
if anything strikes the bed the damage 
could be woeful.

  Faceplates are much larger than chucks, 
and it is not unusual to need to remove 
the chuck guard to fi t them. Do this with 
care, as in a confl ict between you and 
faceplate mounted work, you will lose. 
Restore the guard as soon as faceplate 
work is complete.
  Access to the work – it is equally 
important to make sure your tool can 
reach the work to carry out necessary 
work without fouling anything.
  Balancing the load, faceplate work is rarely 

perfectly balanced, this means using extra 
weights clamped in place to achieve better 
balance and keeping speeds low. On the 
SC4 the large silver knob on the headstock 
can be turned to disengage the spindle, 
which makes balancing a little easier.
Almost inevitably the use the use of 

clamps, while allowing the secure fi xing of 
the most peculiarly-shaped workpieces, 

can take up a lot of space, photo 11. While 
the dedicated clamp set in photo 12 is 
ideal for securing very heavy work, it is 
worth gathering together various diff erent 
sizes and styles of clamp. For SC3 and SC4 
faceplates a set of milling clamps for 12mm 
t-slots also works well, for example. Bear 
in mind that any set of clamps is likely to 
have multiple uses, for example I have used 
clamp pieces as makeshift  parallels and as 
counterweights for unbalanced work.

Be prepared to use your ingenuity, 
photo 13 shows a large slab of cast iron 
mounted on the faceplate of a mini-lathe. 
The ‘invisible’ fi xings are a pair of M6 bolts 
through stout plates on the inside of the 
faceplate. Needless to say, this setup 
required the lathe to be run quite slowly, 
despite the balance being quite good.

To sum up, the faceplate is remarkably 
fl exible for workholding, but will stretch 
your ingenuity to the limit. Patience and 
attention to detail is needed to work safely 
and eff ectively with faceplate mounted 
work, please take extra care.

Fixed Steady
Us hobbyists are notorious for wanting to 
work beyond the capacity of our machinery, 
but the requirement to carry out turning 
operations on overhanging work that can 
only be held by one end is not unique to 

10 11

Every Good Lathe Deserves Faceplates. Care is needed to ensure balance and avoid clashes with the lathe bed.

12 13

One of four clamps in the standard SC4 set, these should always be 
set up so they are angled down to the ‘toe’ that grips the work. This setup pushed my mini-lathe to its limit.

14

A typical use of a fi xed steady.
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our workshops. In fact, the need to this was 
identifi ed in the early days of turning and the 
fi xed steady was invented to fi ll the need.

The typical pattern of a fi xed steady is 
a frame that fi ts securely to the lathe bed, 
carrying three ‘fi ngers’ that are adjusted 
to constrain the work, photo 14. Typically, 
these fi ngers are of phosphor bronze for 
hardness and low wear when running 
on steel work, but they may be made of 
hardened steel or even have ball races 
fi tted to their ends.

The best way to use a fi xed steady is to 
mount the work as accurately as possible 
in the chuck, then move the steady as close 
to the (stationary) chuck as you can get. 
Adjust the fi ngers of the steady so they 
bear lightly on the work. Those supplied 
with the SC3 and SC4 type lathes have fi ne 
adjusters, instead of solely relying on the 
fi xing bolts. If you have a Myford or similar 
pattern steady without fi ne adjustment, 
hold the fi ngers in place by hand while 
nipping them up.

Now move the steady along the lathe 
bed to where it needs to be, and lock it to 
the lathe bed. Add some lubrication to the 
fi ngers – cutting oil is fi ne – and you are 
ready to go but do keep the speed down 
and keep the cuts in proportion to the 
rigidity of the setup.

The rather demanding job shown in 
photo 15 was the result of a poorly thought 
out machining sequence. I had fi nish turned 
the outside of the tube by fi tting it with a 
3D printed plug, supported on a rotating 
centre, but forgotten to counterbore the 

tube. I did not want to spoil the fi nish by 
running a steady on it, so I was forced to 
use the steady much closer to the chuck 
than was ideal. Eventually, with light cuts 
and a little patience the job was carried out 
without any mishaps.

Travelling Steady
The machining challenge in photo 16 is 
perhaps a little contrived, but I wanted to 
demonstrate just how useful a travelling 
steady can be if you need to turn along the 
length of long, thin workpieces. The bar 
in the photo is 11mm in diameter (actually 
7/16”) with the section at right turned down 
to 7mm and the centre necked section 
is 5mm, and the total overhang is about 
250mm. One way to do this would be to 
take several cuts, slowly extending the work 
from the chuck. This would be likely to leave 
a poor fi nish at the ‘overlaps’ leaving the 
challenge of putting a decent fi nal fi nish. In 

fact, the pictured bar was turned in one cut, 
and the fi nish is suitable for fi nishing to a 
polish with a piece emery paper glued to a 
board (the HSE approved method).

A fi xed steady could be used to do 
this, however, you would be stopping 
and starting continually, moving it along 
the bed to provide support where it was 
needed. The ability to take uninterrupted 
deep cuts in such a long bar is provided 
by the travelling steady as it can be set to 
support the work very close to the point of 
the cut. As the distance remains constant 
the fi nish can be very good.

The fi rst step is to fi x the steady in place, 
on the Arc SC4-500 (and most lathes) this 
means removing a couple of set screws (that 
stop the fi xing holes fi lling with swarf), photo 
17, and simply screwing the steady fi rmly 
in place. The phosphor bronze ‘fi ngers’ can 
then be retracted, and the work fi tted in the 
chuck. As with the fi xed steady the fi nal 

15 16

The overhang in this example was more than ideal. A machining challenge, with huge overhang.

17 18 19

Fixing points for the SC4 fi xed steady. Setting the steady close to the chuck. The steady allows a 3mmm deep cut on an 
overhung, thin bar.

20 21

This 3D printed device was a solution to a 
one-off  job too big for a standard steady.

Running down a TIG welding stick with an 
improvised steady.
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adjustment is best carried out close to the 
chuck, photo 18. 

Run the saddle to the tailstock end of the 
work, and set the tool to take a cut near, 
but not too near, the steady. The reason for 
leaving some space is to allow enough room 
for a couple of trial cuts to get the exact 
depth of cut needed but still allowing the 
steady to run on the work.

Lubricate the length of the work with 
cutting oil, to reduce the likelihood of 
overheating. This shouldn’t cause issues 
with carbide tooling as the fl ow of coolant 
reaching the tip will be constant, if small. I 
used Maxsyn SLF chlorine free which has 
an advantage of not being too unpleasant 
if it starts to smoke! Of course, if you have 
pumped coolant, it pays to use it.

In the example in photo 19, a roughing/
chamfering tool with a 90-degree point was 
used with depths of cut of 2mm and 3mm 
and a speed of 520rpm. It is wise not to run 
too fast when using a steady as hotter work 
can lead to inaccuracies, and more smoke 
when the oil hits the tool.

For more details on the use of steadies, 
John Stephenson wrote a detailed ‘Treatise on 
Steadies’ that appeared in MEW issue 259.

Custom steadies
If you are stuck with a job that doesn’t suit 
the equipment you have to hand, there 
is along tradition of making makeshift  
steadies to suit the job in hand. A wooden 
bracket with a bored hole has got may a 
hobbyist with an oversize workpiece out of 
diffi  culty, although it is essential to work 

slowly and with light cuts. A more modern 
alternative is the 3D printed steady, with 
three ball races in photo 20. Obviously, 
this isn’t as rigid as a metal steady, or even 
a wooden one, but in the example shown 
it was suffi  cient to enable the lightly-held 
tube to be bored out without it ‘walking’ 
out of the chuck.

At the other extreme are steadies for 
very small diameter work. That shown in 
photo 21 was bored in place using a drill 
in the 3-jaw, and by carefully clamping it 
alongside a tool, it was possible to turn 
down quite soft , fl exible TIG welding rod to 
a diameter suitable for threading 10BA!

Specialist Mandrels
A mandrel is a tool that is designed to fi t 
inside a workpiece to hold it accurately 
for turning. Most oft en encountered 
is the ‘stub mandrel’, typically a short, 
slightly tapered, cylinder turned in place 
for accuracy. The workpiece, which should 
be a force fi t on the mandrel is then fi tted 
(perhaps tapping it on with a nylon-faced 
hammer), and gently pressed off . A typical 
use of a stub mandrel is to true up the outer 
diameter of a fl ywheel or locomotive wheel. 
Cuts are best kept light, as if the work spins 
on the mandrel its accuracy and fi t will be 
lost, and the bore may be spoilt.

An alternative to a force fi t is to drill and 
tap the mandrel, but only with the ‘nose’ of 
a second tap. If it is then slit with a hacksaw 
a screw fi tted into the end can be used to 
expand the mandrel to fi t the work. Other 
alternatives are threaded holes or screwed 

extensions for screw or nuts that hold the 
work in place. I have a small collection of 
such mandrels, many from hex stock, all 
with a centre pop mark to help align them 
with ‘jaw one’ for a reasonable level of 
accuracy, photo 22.

It is possible to buy expanding mandrels, 
these work rather like an ER collet in 
reverse, expanding to cover a modest 
range, typically 1mm for the screw adjusted 
MT fi t ones in photo 23, or 0.5mm for 
‘quick release’ ones.

If the work to be turned has an internal 
thread, it can be run onto a mandrel in the 
lathe, photo 24. This month’s cover photo 
shows an unusual example, a telescope 
drawtube which needed to be turned 
accurately all over and was internally 
threaded at one end. To ensue concentricity 
with the thread it was mounted on a large 
diameter threaded mandrel for fi nal fi nishing.

The options for workholding are 
uncountable, as the example in photo 25 
shows, if you use your ingenuity you can 
fi nd a safe, secure and accurate answer to 
almost any workholding challenge. ■

22 23

24 25

Two of my large collection of stub mandrels. More sophisticated expanding mandrels.

This large cylinder is screwed on to an arbour fi tted to the lathe. This simple jig is for turning elliptical glands.

Arc Euro Trade
The various accessories featured in 
this series including dogs, faceplates, 
steadies and expanding mandrels, 
as well as the featured Arc SC4-500 
lathe are available from Arc Euro Trade, 
together with Morse taper and ER 
collet systems as well as backplates 
and faceplates.
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Readers’ Tips

Readers’ Tips

We have £30 in gift  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 gift  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.

A Use for Old Endmills

Clive Richens wins this month’s Chester Vouchers with an idea 
for the use of old endmills.
I have received all issues of Model Engineers’ Workshop, and I 
haven’t seen this system mentioned before so I thought I would 
submit the idea. During machining in my workshop, I occasionally 
either break or blunt endmills of various sizes, as of course do 
others. However, I don’t throw them away, I use them as internal 
boring bars in my lathe toolpost, as you only need one cutting point 
for this purpose, so missing broken off  points are not needed.

An advantage of using an endmill in this way allows you to rotate 
it in the toolholder on the lathe for adjusting the cutting angle 

relative to the work.
If an endmill gets blunt and I don’t own a cutter grinding machine, 

I can also just touch one point up on a grindstone by hand. 
Also, the plastic lid from a can of spray paint can be used to 

hold cutting fluid on the cross slide or machine bed and a magnet 
inside it will prevent it from being knocked off. 

This idea was one of your readers tips very recently using a 
tee bolt to attach it to the lathe, and therefore can only be fixed 
where there is a slot, and not able to be used on any machine in 
the workshop.

TIP OF THE MONTHH
WINWINNER!
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Main block
A 3D rendering of this component is shown 
in photo 29. This started life as another 
of the colossal lumps of XC38 steel, band-
sawed to close dimensions including a big 
step out of the cone end of the block. A 
swift  cleaning up on the sides was followed 
the setup shown in photo 30 where the 
fi rst few millimetres have been taken off  
the 4 corners of the block in preparation for 
another mighty swarf generating exercise. 
Note the entirely necessary live centre to 
stop 8kgs of steel embedding itself in the 
wall – or me.

Thanks to this support plus some 
support of a diff erent nature from the 
Model Engineer website forum, I eventually 
plucked up the courage to run the block far 
faster than I had envisaged. This resulted in 
the blue and straw swarf travelling further, 
comments from the household about the 
vibrations coming through the fl oor, but a 
better surface fi nish and a much increased 
removal rate as can be seen in photo 31.

The topslide had not been disturbed 
since the cone was cut on the toolholder 
but the size of the objects and the diff erent 
cone faces meant that I eventually ran the 
lathe in the normal direction of rotation but 
with a tool held upside-down machining 
from the rear as seen in photos 32 and 33 
to cut the corresponding cone. The centre 
hole was then drilled and part bored as seen 
in photo 34, which also shows the fi nished 
cone. The bored-out part of the cone is 
only clearance for the shaft  to toolholder 

so neither the dimensions nor fi nish were 
required to be perfect. My 25mm drill 
was next inline for assaulting the block, 
photo 35, driving a hole through prior to 
a boring bar fi nishing the job to suit two 
Oilite bushes, photo 36.These were chosen 
to allow the shaft  on which the toolholder 
sits to move axially as necessary whilst still 
ensuring that the cones of the block and 
toolholder remained in alignment. I could 
have also machined my own bushes but 
this in combination with 25mm Silver Steel 
allowed a simple and off -the-shelf solution 
and allowed me to focus on the more 
complex parts.

At about this point I realised that the 
chuck jaws lacked suffi  cient depth to allow 
me to grip the cone face of the block to 
fi nish machine the rear side. As a result, 
I machined up a tapered bar and held it 
between centres as seen in photos 37 and 
38, truly a wild ride but fortunately only a 
cleaning cut was required.

An Oilite bush and the aluminium 
insertion device made especially for the 
purpose are seen in photo 39 and the 
result aft er fi tting in photo 40. At this 
point, the lathe operations on the main 
block were complete and it was over to the 
mill for the next phases.

One of the key parameters is the height 
of the tool and I proceeded to measure 
this by a method that I have not heard of 
before although doubtless it has been used 

29

A Stepper Motor 
Driven Toolchanger 
for a Small CNC Lathe
In this new series, 
Simon Davies describes 
the development and 
construction of a CNC 
toolchanger for his Emco 
lathe. Part 2

3D view of the block showing the cut away 
access to the hold down bolt heads

Starting to machine down the block ready for cutting the cone surface

30 31

Lots of hot swarf later, the block is ready for the cone
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CNC Toolchanger

Topslide still in the same position as for the plate cone, note the 
inverted tool cutting on the far side of the block

many times in the past. A tool was set to 
centre height and checked for accuracy by 
making facing cuts. A comparator gauge 
was then run across the (fl at) top and the 
value noted photo 41. I then removed the 
comparator across to the surface table 
and built a set of gauge blocks until the 
indicator setting was the same photo 42. 

The comparator was returned to the lathe 
to ensure that the setting was the same and 
had not been moved. The gauge blocks now 
give the centre height above the saddle 
for use when machining the block base to 
size. Of course, there are other methods 
and I probably did not need to go to such 
lengths – but having recently acquired a 

set of gauge blocks, I could not resist an 
opportunity to use them!

The result was then used to defi ne the 
cut depth for the bottom of the block – 
some complicated calculations linked the 
centre line of the bush to the bottom of the 
block and this was then fl ycut to size as seen 
in photo 43.

32 33

Viewed from a diff erent angle, the very limited clearances are obvious

34

Boring the centre (clearance) portion of the block Start the process with a 25mm drill

35

36 37

Biggest home brew boring tool in action Scary stuff  to clean the face - taper bar supported between centres
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Mounting holes for the stepper motor 
supports were drilled and tapped resulting 
in another breakage and a brand-new set of 
HSS taps being purchased. The situation in 
photo 44 was not easy to cure!

The next stage was to cut the slots in the 

sides to allow the block to be bolted down 
onto the saddle. This can be seen during 
operations in photo 45, where the hold down 
bolt holes can also be seen. Slots to allow M6 
Socket head screws to be inserted into the 
holes were then cut, photo 46, followed by 

rather crudely tilting the block at an angle 
for hex key access slots to be cut as seen 
in photos 47 and 48. Note the use of Mr. 
Stevenson’s blocks! Photograph 49 shows 
the fi nished result, cut with a ball end mill.

The next stage was to test fi t onto the 

38 39

40 41

Eventually a good fi nish - even if the 4-jaw has marked another face Oilite bush and press tool

Measuring the tool tip height above the saddle with a fl at tool
Bush in place with press tool inserted. Several attempts were needed 
to get the fi t right

42

Comparing against a set of Gauge blocks Fly cutting with a boring tool works surprisingly well

43
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CNC Toolchanger

saddle and to ensure access was suffi  cient – 
although I am uncertain what I would have 
done if it was not, photo 50 shows the 
result. Although a few further holes were 
cut, the block was eff ectively fi nished at 
this point.

Locking bolt assembly
The locking bolt and nut lies at the heart of 
the toolchanger and is the key component 
that pulls the toolchanger cone onto the 
matching cone on the block. Unsurprisingly 
it went through several iterations before 
arriving at the current version illustrated here.

The bolt passes through the centre of 
the toolchanger shaft , held in place by a 
pair of caged needle roller bearings. At the 
toolchanger end there is a removable cap 

44 45

46

Not a good place to break a tap The block gets some slots to access the hold 
down bolts

Test fi t of a 6mm SCHS

47

Rather Heath-Robinson arrangement to set 
an angled cut. Maybe I should buy a tilting 
machine vice

48

Actually looks better from this angle. Note the parallels acting as a stop in the foreground
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bearing allowing the shaft  to be removed 
from the rear side of the block. Also, at 
the rear end there is a large fi ne LH thread 
permanently attached to the shaft .

Mated to this thread is a matching bronze 
nut surrounded by a toothed belt gear wheel.

Tightening the nut has the eff ect of 
pulling the cap at the one end towards the 
nut trapping the block and thus locking the 
cones together.

To minimise the friction in the tightening 
process, a thrust ball race and matching cup 
are also trapped between the block and nut.

The nut is driven by the larger of two 
stepper motors through a T5 toothed belt 
and a 15:68 set of toothed gears.

The original design had a direct drive 
stepper and a RH thread. The stepper 
motor was initially increased in size 
before I realised that it was never going to 
provide enough torque to lock everything 
tightly enough to work. As part of the 
improvements and in an eff ort to extract 
the maximum torque possible from the 
system, the thread was converted to LH 

and thus self locking as force was applied to 
the tool tip and the thread pitch decreased 
from 1mm to 0.7mm. The combination is 
now that well known metric thread 21.4 x 
0.7mm, a perfect example of why “measure 
twice, cut once” should be rigorously 
applied, although even the intended 22 x 
0.7mm is hardly standard.

The cap end now has a loosely locking 

system with the toolholder. Originally, I 
intended that a simple friction lock would 
suffi  ce to allow the nut to tighten on the 
thread without spinning, whilst allowing 
the toolholder to then rotate without 
tightening the nut back up. I was sadly 
mistaken here and the positive locking 
method was chosen to fi x that problem 
whilst loosening the nut several extra 
turns to ensure that there was no danger 
that it might self lock while selecting a new 
tool position. All part of the development 
process and not by a long way the only 
changes from the original design.

The nut started life as a piece of cored 
phosphor bronze, ‘collected’ some thirty 
years ago waiting for the right moment to 
be used. This was bored, threaded to the 
dimensions above, the outer dimension 
trued and then parted off  as shown in the 
sequence photos 51 to 53. 

  To be continued

49 50

51 52

53

The fi nished access chanels for ball head hex 
keys

First installation of the block and good to see it fi ts!

Cored bronze rod for the locking nut Cleaned and bored to size

Parting off  - 0.7mm pitch thread visible
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Vice Review

Axminster 
Engineer Series 
Drill Vices

Vices are essential tools in any 
workshop for obvious reasons, and 
there are many different types. The 

type that causes the greatest confusion 
(and debate) is the drill vice. While a 
milling vice needs to be both accurate and 
rigid, may people’s requirements of a drill 
vice are simply that it grips the work well 
enough to stop it spinning when a hole 
is drilled. To this end there are a plethora 
of cheap, but not always cheerful, drill 
vices available. I must admit that for many 
years I have used one of these, with a 
sloppy jaw, poor support for the work 
near the fixed jaw (due to a deep groove). 
Working with greater accuracy or small 
parts has either involved borrowing a 
milling vice, clamping a small milling vice 
in the drill vice or simply resorting to 
drilling with the vertical mill.

While this approach was possibly OK 
with my small bench press, moving up to 
a hefty 16-speed bench press highlighted 
the weakness of this approach. For 
productivity and accuracy with the drill 
press, you really need a robust and 
accurate vice with many of the features of 
a milling vice but with a faster jaw action.

The new Engineer Drill Vices from 
Axminster Tools and Machinery are 

intended to meet this need. Available 
in four sizes -  60, 100, 120 and 150mm 
I have been ‘road testing’ the 100mm 
version for a couple of weeks.

The vice arrived well packed in a very 
large, very heavy box, which contained 

a large box and on finally reaching the 
vice in its sealed bag my initial reaction 
was concern that it could be too big and 
heavy for my drill press. The vice itself is a 
SOBA product, an Indian brand that has a 
generally good reputation

Stub Mandrel reviews a 
vice from this new range.

1

2 3

The 100mm version of the Engineer Series Drill Vice

The robust keep plate The moving jaw
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Although the vice completely dwarfs 
my old drill vice, it sits well on the 30cm 
table of my drill press, photo 1. The drill 
press is also solidly made so the table 
shows no sign of ‘drooping’ under the 
load, however, I could not recommend the 
100mm version for anyone with a ‘budget’ 
benchtop drill press. The 60mm version 
is much lighter and would be more 
appropriate to these machines. The 120 
and 150mm versions of these vices are 
very large and heavy and will suit those 
whose workshops are proportioned for 
seriously big work.

Axminster claim the vice has CNC 
machined slideways and a ground base 
to provide smooth travel of the moving 
jaw, keeping it accurately aligned and 
parallel too the base. This certainly seems 
to be the case, with the jaws moving 
smoothly through their full travel without 
noticeable shake or lift and meeting 
accurately when closed. The U-shaped 
moving jaw with it’s roughly 1:1 width 
to length ratio meets the ‘narrow guide’ 
principle, unlike basic vices with shorter 
slides that need to have some play to 
avoid jamming. It also has a robust keep 
plate with four adjustment screws, photo 2.

Importantly, the dimensions of the 
100mm vice and its ample fixing points 
allow it to be placed on my bench press 
with the spindle anywhere from the fixed 
jaw to the full opening, photo 3, allowing 
full use of the vice’s capacity.

The best size of fixing bolt for the vice 
is M14, which is probably overkill for any 
drilling I do, but matches my drill table’s 
slots. I had to make do with M12 and a 
washer which was OK for light work, but 
I will make up some M14 bolts for heavier 
duty work.

Looking at the vice in detail, it has 
some nice features. The jaws are finely 
ground and have horizontal and vertical 
v-grooves that allow the easy alignment 

of round stock, photo 4. I found that it 
could hold light alloy workpieces securely 
without marking them.

There is also a recess at the top of 
the jaws to facilitate holding thin work, 
a particularly useful feature that takes 
advantage of the lack of jaw lift. The 
ground ways continue right under these 
removable jaw plates, this allows narrow 
work to be held accurately upright – a 
bugbear with my old vice.

There is also a tapped hole on the left  side 
of the fi xed jaw which may mystify some 
users, photo 5. This is for attaching a stop, 
to allow easy positioning of repeat jobs.

The leadscrew on the vice is a well-
sized ACME thread and works freely with 
little backlash. The handle has two ball 

ends which are little roughly finished but 
nonetheless comfortable to use. Most 
importantly, the handle’s proportions 
allow work to be clamped securely 
without undue effort.

In use I found the vice very pleasant 
to use, the extra weight paradoxically 
making it easier to position accurately 
than a smaller vice.

Very oft en well-built drill vices are sold as 
‘suitable for milling’. Axminster do not make 
that claim for this vice, all I will say is that 
this vice appears more robust and better 
made than some vices I have seen for which 
this claim is made. They certainly have the 
accuracy need for co-ordinate drilling with a 
vertical mill.

Probably the least important feature 
of any piece of engineering equipment is 
the colour, but that said this vice brings 
a cheerful splash of sky blue into the 
workshop.

All in all, I am very satisfi ed with the 
quality of the vice, and I am sure it will prove 
very popular. The 100mm version reviewed 
costs £105.06, and the 60mm which will 
suit those with smaller bench drills is 
£46.69. All four versions are obtainable 
from axminster.co.uk or visit one of their 
eight stores across Wales and England. ■

…the jaws moving 
smoothly through 

their full travel without 
noticeable shake or lift …

4

5

Three grooves allow easy holding of round work, and recesses hold thin work

The fi xed jaw and mounting hole for an end stop (not supplied)





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

Eclipse Round Hacksaw Blades

 

Scribe a line
YOUR CHANCE TO TALK TO US!

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

In issue 269, Australian reader Richard Cains wrote enquiring for a source of Eclipse round hacksaw blades. My understanding was that these 
have not been produced for some years, but it seems I was very wrong as there has been a tidal wave of letters and emails from readers 
off ering help to Richard. I can’t print every response for obvious reasons, but here are a few:

Abrafi le Blades - 1
Dear Neil, r.e. Issue No269 “Eclipse Round Hacksaw Blades” as well call them “Abrafi le blades”. I have been using these since 1958, and over 
the years I have quite a stock of them in my workshop, s I use them for my model boats projects etc; the problem we have is if you mislay the 
end clips.

I have my model engineer’s workshop, where I complete all my parts etc. and projects for my boats and engineering bits.
If I could have Richard’s full name and address I will post him a handful of all grades etc. of these blades.

Steady Eddie, Dorset.

Abrafi le Blades - 2
Dear Neil, Richard Cains in Australia, writes in Scribe a Line MEW 269 in hope of fi nding a source to replace his dwindling stock of these 
useful items. I think the attached picture tells him all he needs to know, they will send 5x 12 inch blades plus 3 coping saw blades by air mail 
for 30$ US.

I found them some years ago, the quality is good and they get a lot of use. For convenience, I keep a second hacksaw frame to hand with 
one of these permanently fi tted for immediate use.

Brian Wood
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Readers’ Letters

Project Videos

Abrafi le Blades and Rotary Tables

Hello Neil, I am a retired electronics engineer who is branching out into mechanics. Now have my own lathe. I like your articles for beginners 
greatly.

In model engineers workshop I see lots of projects which I struggle to understand how they work. The Author assumes a prior knowledge 
in the description which is understandable.

An example is the CNC Tool changer, I have seen video of large industrial machines with tools it picks up and uses.
I cannot see anything in the photos that resemble this action.
Would it be possible to get the authors to post a small YouTube video of the machines working or in use to bridge this gap for me and others?

Roger Kirby, by email

Hello Roger, the toolchanger current being described in MEW is loaded manually, but rotates between four stops to bring diff erent 
tools into play. It’s not practical to insist that authors provide videos, but it is very easy to embed YouTube videos into posts on the 
forum at www.model-engineer.co.uk and I would encourage any authors who are able to post videos of their devices. – Neil

Dear Neil, I’ve just read the No.269 Scribe a Line and I have the 
following answers and comments to make.

Eclipse round hacksaw blades.
I inherited such a hacksaw from my father’s workshop many years 

ago and in those days it was supplied by “Abrafi le”.
I required some new “blades” about three years ago and found 

some on eBay. They are by Abrafi le and are called “Tension Files 
(sawing wires)”.

The ones I obtained are TF 20 200mm/8in Fine, I cannot 
remember the price. See attached photo.

Rotary Table Indexing.
I have nearly completed a pair of John Wilding Elegant Scroll 

Frame Skeleton clocks. I used my Geo. Thomas dividing head lathe 
attachment which I made about sixteen years ago to cut the wheel 
teeth using the Hemingway kit for the Geo. Thomas Versatile 
Dividing Head. I used his book “Dividing and Graduating” to make 
the equipment and the charts supplied in the book. All this is also 
included in his book “Workshop Techniques” and the charts obviate 
the necessity of making your own calculations for the diff erent 
divisions. I have used this equipment extensively since I made it and 
it is invaluable.

However, here’s the point of the story. The Third Wheel in the 
clocks have 84 teeth and from the chart a plate containing a 43 
hole circle is required and the fi ngers set to encompass 30 spaces. 
I thought there was an error on my part as the teeth looked rather 
thin and aft er a lot of checking and head scratching discovered from 
the chart that if I had wanted to cut 86 teeth I should also use a 43 
hole circle and 30 spaces. ERROR. It should be a 42 hole circle for 84 
teeth, not 43.!!

I contacted Kurt Burwell who supplies Hemingway kits and 
mentioned this to him. He said that when he took over the business 
he personally did all the maths and found this anomaly. Anyone 
buying a kit from him will have the correct charts supplied. I bought 
my kit in the late nineties together with the aforementioned books 
containing the charts.

I have informed Tee Publishing the book publishers and Camden 
Books for which they were very thankful and have amendment 
labels attached to their stock.

Andy Johnston, Corsley, Wiltshire.

Alan Wood and Geoff rey Thomas got in touch with a link to a 
‘blog posting’ about an alternative to abrafi le blades. In turn this 
linked to a product from Axminster UK, a ‘Japanese free-way 
coping saw’.
www.axminster.co.uk/japanese-free-way-coping-saw-502229

This saw takes spiral coping saw blades (also available from Axminster) and diamond coated blades for cutting ceramics. Mr 
J. E. Kirby also wrote with details of this saw and mentioned that Chronos used to stock Abrafiles, however it seems they no 
longer list them.

Thanks also to Michael Gilligan who couldn’t track down a supplier but did fi nd the Abrafi le patent.
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All dimension metric unless otherwise statedThread Cleaner

R2

2.
7

Ø
8

A Simple 
Thread Cleaner
What is more frustrating than, aft er 

having tapped a hole, fi nding 
that odd scraps of swarf are 

obstructing the free passage of the screw?
Running the tap through again may 

help, a blast from the airline may work. 
Expletives always fail!  One yearns for 
something that works fi rst time, every 
time – even in blind holes.

Well, here it is! Run it through aft er the 
tap. Job done!

Not my idea, but given to me many 
years ago by a model engineer, since 
deceased, of lifelong experience.

I pass it on in deference to his memory.
Figure 1, in this case for an M8 thread, 

shows the details.
Some of my collection, made as and 

when required, are shown in photo 1. ■

Shelly Curtis makes a set of simple tools that are wll worth having handy.

1

Fig.1

A set of cleaners for various metric threads
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Hobby Engineering News

Sparmax Zeta Airbrush Compressor from the Airbrush Company

Wire
On the

NEWS
Hobby Engineering

from the World of

The Sparmax Zeta is a top-spec compressor with some really nice 
features that make it very easy to use.

The 1/8 horsepower compressor achieves a maximum airfl ow of 
14-18 litres per minute, so while it isn’t suited to spraying full size 
cars, it’s ideal for any reader who uses airbrushes or small spray 
guns to paint their models. Weighing in at 4.6kg, it’s a robust piece 
of kit. The outer casing is largely decorative, although it provides 
a useful handle and protects the compressor and its factory set 
pressure adjustment (60psi) while allowing excellent airfl ow for 
cooling. It is also nice and quiet in operation.

The compressor itself is nice, but what really sets it apart is the 
combined moisture trap, regulator and smart-stop switch. This 
assembly combines several functions. The use of a proper regulator, 
rather than an air bleed valve, stops the annoying hiss of escaping air. 
The regulator incorporates a pressure gauge and I was easily able to 
adjust the pressure between the maximum of 60 psi down to allow of 
less than 10psi, I found 20 psi worked well with my Sparmax airbrush. 
The regulator’s adjustor knob has a great feature – you press it down 

and it clicks into place stopping accidental changes to the air pressure, 
pull it up and you can change the setting.

Beneath the regulator is a built-in moisture trap, with a sight glass 
and bleed valve. I haven’t yet run the compressor enough to need to 
drain the sight glass, but I noted that it is fi tted with a union to allow a 
length of pipe to be used to lead the water to a suitable container.

This assembly has a clamp which can be fi tted to the compressor 
or to the workbench, on top of this you can fi t the ‘Smart Stop’ 
hanger switch, this incorporates a nice padded stand that takes a 
standard size airbrush. A lead from the Smart Switch goes to the 
compressor. Placing an airbrush in the hanger stops the compressor, 
lift  it and the compressor starts instantly. I found it very convenient 
to use, and it certainly suits my style which seems to involve lots of 
fi ddling with the subject and preparing colours, and relatively little 
actual spraying!

The Sparmax Zeta with Smart Stop Hanger costs £199 including 
VAT and it is available from the Airbrush Company at 
www.airbrushes.com.
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An Indexing Head for 
the Unimat SL1000

Should the description of this 
accessory for my Unimat lathe be 
dividing or indexing head? The terms 

are oft en used interchangeably’, Harold 
Hall in his book ‘Dividing’ terms both 
simple and advanced indexing devices 
as dividing heads. My marine modelling 
needs for indexing on the Unimat will be 
limited to simple radial and circumferential 
dividing and the title ‘Indexing Head’ 
seems appropriate for the relatively simple 
attachment described here.

The indexing and dividing attachment, 
marketed by Unimat, shown in photo 1 and 
described as ‘simple and serviceable’, is now 
only available second-hand but merited 
attention. A spindle with integral v-notched 
index plate rotates within the die-cast 
body of the attachment and is held in place 
by a snap ring. The spindle is lockable for 
machining and the front of the spindle is 
drilled and tapped for direct attachment 
of Unimat clutches with their mounting 
plates removed. A 48 notched spindle and 
plate was fi tted as standard, giving a useful 
range of divisions, but alternative notched 
plates and spindles were available.

Aft er consideration I felt a homemade 
version of this index head would adequately 
suit my needs, but not possessing a suitable 
cutter for milling the v-grooves, and to 
simplify construction, why not replace 
v-grooving with holes drilled around the 
periphery of a detachable index plate? 
Admittedly a tapered detent engaging 
v-grooves (or gear teeth) is a little more 
forgiving than a circular indent smoothly 

Terry Gorin has devised a neat accessory that may inspire devices for other types 
of machine.

1

engaging a drilled hole with minimal 
perceptible play. The only way of ensuring 
smooth engagement of the detent was, of 
course, to drill the holes in the blank index 
plate at exactly the same horizontal and 
vertical axis of the detent, and I decided 
that this drilling would be carried out on 
the Unimat with its headstock at raised 
level. The following prototype design notes 
and drawings are for a simple, ‘basic’ head, 

using drilled plates for indexing, but with 
attachments added, in ‘extended’ form, to 
enable the head to drill its own index plates.

Construction of Basic Head
The components of the ‘basic’ head are 
detailed in fi gs 1 and 2, shown assembled 
in fi g. 4 and in photos 4 and 5. In this 
form the head can be mounted vertically as 
shown, with head and lathe spindles at the 

2

3

The Unimat indexing head which inspired this accessory Body of the indexing head

Head and components including an undrilled index plate
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same height, or horizontally with the head 
spindle perpendicular to the lathe spindle.

Whilst not complicated to fabricate the 
body is quite ‘busy’ with plain and tapped 
holes, in addition to being bored. To help in 
interpreting the drawing front and right faces 
of the completed block are shown in photo 2 
and rear and left  included with photo 3. The 
orientation of these views is also indicated in 
fi g.4, with the front facing the spindle and 
left  the operator, and the details of most main 
components have been drawn to the same 
orientation. The prototype was fabricated in 
the following sequence.

Body (fi g. 1)
A block of aluminium was fi rst square 
turned to overall size. The 6mm diameter 
plain vertical holes were drilled full depth, 
from above, and counter-bored 22mm 
deep. The plain horizontal 6mm diameter 
holes, crossing the vertical, were drilled and 
counter-bored from the front, the two sets 

of holes enabling the block to be clamped 
to the Unimat cross-slide vertically and 
horizontally. The vertical drillings are close to 
the centre boring and accurate setting out 
will be repaid. A prototype witness mark to 
be seen in photo 3 is proof of this!

Next to be considered was the stepped 
boring for the spindle and the 9mm diameter 
front and rear holes for locating the detent. 
Accurate location of these is essential if 
the head is to perform as intended. Centre 
of both holes and boring need to be at the 
same vertical height above the cross-slide 
and the centre of both holes to be the same 
horizontal 7.25mm distance from the rear of 
the block. To achieve this, setting out and 
initial drilling was carried out on the Unimat.

With the block clamped vertically to the 
Unimat cross slide, using cap bolts and 
t-nuts, with the front face perpendicular 
to and facing the lathe spindle and the 
left  facing the operator, cross-slide travel 
was suffi  cient to locate the centre point 

of the boring from the right face which 
was centred, establishing the #32.5mm 
dimension shown in fi g.1, and drilled 6.5mm 
diameter This being the largest the drill 
chuck will hold. The block was next rotated 
90 degrees anti-clockwise and clamped 
with front face facing the operator and 
right face perpendicular to the spindle. The 
centre point of the 9mm diameter hole 
was then located from the rear and centred 
and drilled 6.5mm diameter for the full 
width of the body to establish the position 
of the opposite 9mm diameter hole. It is 
not possible with the limited travel of the 
Unimat’s single slotted cross-slide to rotate 
the block 180 degrees to separately locate 
this second hole, but centralising both holes 
by through drilling proved satisfactory for 
the prototype.

The block was then transferred to the 
Myford, centralised in the 4 jaw chuck 
around the central pre-drilled hole, and 
then drilled, bored and counter-bored to the 

Fig.1 4

5

Front and detent side of the tool

Rear view of the indexing head
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3. Index Plates
Mat’l: BMS, 3 off

4. Detent Body
Mat’l: BMS

5. Detent Spindle
Mat’l: BMS

6. Detent Spring
Mat’l: Compression spring

8. Chuck Backplate
Mat’l: BMS

Index Plates, Index Plate Detent And Chuck Backplate

7. Detent Knob
Mat’l: Brass

Fig.2

dimensions shown. Moving to the drill press 
the 9mm diameter opposing holes were 
then opened out, the front to rear holes 
connecting with both drilled and tapped M5 
and the 5mm diameter horizontal pilot hole 
for the M6 clamping bolt, positioned at the 
top of the fi nished body, was through drilled.

At this stage the tapered, stepped 

shoulders of the block were formed by 
sawing, milling, using the Myford vertical 
slide, and fi nished by fi ling. The angle and 
dimensions shown are not critical but 
suffi  cient to enable the cap heads of the 
vertical and horizontal clamping bolts to 
clear each other. The top of the block was 
then slit sawed as shown. The top pilot 

hole to the left  face was opened to 6mm 
diameter and counter-bored as shown 
and pilot hole to the right face tapped M6. 
The positions of the M4 tappings, above 
and below both 9mm diameter holes, were 
determined later, by the detent body, when 
this had been fabricated.
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11. Spindle Adaptor
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12. Drilling Jig
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Index Head Attachments
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10. Locking Nut
Mat’l: BMS

Fig.3
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DON'T MISS THIS GREAT ISSUE - SEE PAGE 52 FOR OUR LATEST SUBSCRIPTION OFFER

The September issue, number 271, of Model Engineers’ Workshop 
brings you some more fascinating articles:

Morgans Kilde gives a step by step 
description of making his neat wire 
straightener.

Coming up in issue 271
On Sale 10th August 2018

        
Next Issue

In our

Content may be subject to change

Christopher Robinson describes a 
screwcutting dial for lathes that lack this 
accessory.

Barry Chamberlain fi ts a variable 
frequency drive to his lathe.

Spindle (fi g. 1)
Fabrication of this component is relatively 
straight forward turning, drilling and 
tapping. The only critical dimensions were 
the 30(-)mm diameter centre of the spindle 
which is fractionally smaller than the 
corresponding boring in the body, suffi  cient 
only for the spindle to rotate freely but 
lockable within the body without undue 
tightening of the clamping bolt, and the 
18(+)mm length of this central diameter 
is fractionally longer than the length of 
the boring in the body, ensuring that the 
spindle will still rotate freely, with barely 
perceptible axial play, when an index plate 
is bolted to the spindle. The M4 drilled and 
countersunk tappings were located by a 
primitive single gear indexer earlier made 
for the Myford. An index plate was used 
as a jig to machine the partial sinkings 
indicated at the end of the rear spigot. 

Index Plates (fi g. 2)
An index plate, turned and drilled as fi g. 2 
but not yet countersunk, was located on the 
spigot, bolted to the spindle with a temporary 
cap screw and both index plate and spigot at 
each vacant hole countersunk together. With 
the cap screw moved to one of the latter the 
remaining hole could then be countersunk.

Only three index plates were originally 
made. If opting for individual plates for 
specifi c divisions, as previously mentioned, 
it is sensible to produce several plates at 
the same time. The detent is conventional 
in design apart from the end of the detent 
spindle which is circular and chamfered to 
assist in engaging the drilled holes in the 
index plates. The 4mm diameter holes of 
the detent body were used to spot drill 
the positions of the M4 tappings above 
and below the 9mm diameter drilled holes 
in the index head body and enabled that 
component to be completed.

With mounting plates removed Unimat 
clutches can be bolted direct to the front of 
the index head spindle with no risk of chucks 
‘unscrewing’ and the index head having a 
12.7mm through diameter. If ‘unscrewing’ 
is not thought to be a problem with some 
machining operations, the chuck backplate, 
shown in fi g.2, can be bolted to the spindle for 
screwing chucks direct. The M12 thread and 
shoulder are Unimat standard and the 17mm 
diameter bored recess to the rear is a close 
running fi t to the spindle spigot. The ‘through’ 
diameter of the head, however, is restricted 
by the 7mm diameter central drilling. The 
separate, completed components of the 
‘basic’ indexing head are shown in photo 3.

Construction of Attachments 
(fi g. 3)
All of the index head attachments are 
detailed in fi g.3 and shown separately when 
completed in photo 6. Again, none of these 
components were diffi  cult to fabricate but 
the following points are worth noting.

The spigot at the front of the spindle 
extension is a close running fi t to the 
12.7mm diameter bore of the index head 
spindle. The 12mm diameter shoulder to the 
rear is a close running fi t to the bore of my 
Unimat change gears. The 7mm diameter 
central through drilling was not essential 
and only included with no obvious reason 
not to! Similar to the chuck backplate, it will 
restrict the through diameter of the index 
head in the unlikely event of indexing direct 
by gear in ‘extended’ mode.

  To be continued

6

Various accessories
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Repairing a 
Lathe Motor

The motor on my Warco BH600 lathe 
decided not to start but to sit there 
twitching slightly and making a 

humming noise. The safety switches were 
all in the ‘go’ position, the power light was 
on and the start relay audibly activated on 
command from the power selection lever. 
This indicated that the motor centrifugal 
switch was the most likely cause of the 
problem.

Safety
It should go without saying that if 
you have any doubts about working 
on mains-powered equipment you 
should seek the assistance of someone 
competent to do so. The machine must 
be isolated from the mains supply before 
commencing any work on the electrical 
system or any mechanical disassembly. 
It is essential that both line and neutral 
are isolated: if it is plugged in with a 13A 
plug then withdraw the plug, if it is wired 
in via an isolator the turn off the isolator. 
If the machine is in a shared workspace 
then provide mechanical protection by, 
for example, putting the 13A plug into 
a plastic bag with a label or locking the 
isolator in the off position, photo 1.

Capacitor Start Induction 
Motors
Single phase AC induction motors have 

a starter winding formed by 
a capacitor in series with an 
auxiliary winding to provide 
phase shift and a high starting 
torque. This auxiliary winding 
is switched out of circuit as 
the motor approaches its 
rated speed by the use of 
a centrifugal switch. The 
centrifugal switch consists of 
weights attached to and held 
close to the rotor by fairly 
strong spring. Levers attached 
to the weights rest against a 
non-conductive plate which 

can slide along the rotor shaft and, when 
at rest, hold contacts together against a 
small spring force. As the motor speeds 
up the weights overcome the main strong 
spring force, moving the non-conductive 
plate away from the contacts and allowing 
the small spring to open the contacts, 
thus breaking the circuit. If any part 
of this mechanism fails, such that the 
contacts do not make good contact when 
the rotor is stationary, then the motor will 
not start.

The direction of rotation of the motor 
is determined by the phase shift  in the 
auxiliary windings compared to the main 

Paul Murray breathes 
life back into a 
recalcitrant lathe.

1

2

Isolator locked in the Off  positioned

Motor connections
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windings. What this means is that the 
direction of rotation can be reversed 
by changing the connections of line 
and neutral to either the main winding 
or the auxiliary winding. The direction 
of rotation has no eff ect on the 
centrifugal switch operation.

Wiring
It is essential to record the motor 
wiring connections prior to removal. 
The motor is, of course, positioned 
behind the headstock under the 
countershaft box and is further 
protected by a splash shield running 
the full length of the lathe. As is usual in 
a small home workshop the lathe is sited 
quite close to the workshop wall and 
is far too heavy to move to gain access 
to the rear. Removal of the splash back 
revealed the motor and motor connection 
box. After removing the connection box 
cover a small camera was used to record 
the connections to the motor, photo 
2. These connections should also be 

compared with the circuit diagram, if 
available, photo 3. In this case the bottom 
half of the diagram shows the safety 
interlocks. The top half shows the mains 
connections to the motor M1. Relay K4 
is the ‘No Volt’ relay and just passes the 
connections through when energised. 
The neutral, N, is permanently connected 
to U1. Operation of relay K3 connects the 

neutral, N, to V1, and the line, L, to 
U2 and V2. Operation of relay K2 
connects the neutral, N, to V2 and 
the line, L, to U2 and V1. Operation 
of relays 3 and 2 are mutually 
exclusive.

Or, in tabular form:

Relay L N
K3 U2 & V2 U1 & V1
K2 U2 & V1 U1 & V2

This satisfies the conditions for 
direction reversal. This information 

is necessary for testing after repair and 
will be referred to later.

The motor information plate contains 
similar information, but the terminology is 
slightly different, photo 4.

The Motor
The motor, as extracted from the 
machine, is shown in photo 5. All that 
can be said about the centrifugal switch 
at this stage is that it will be at one end. 
The fan cover was removed to show a 
totally enclosed motor. The pulley was 
removed, and the motor ends carefully 
removed, photo 6, In this case the switch 
contacts were attached to the inside of 
the motor cover at the pulley end and 
the rotor had to be partially extracted 
through the fan end to allow access to the 
screws retaining the contact plate in the 
end casing. The contacts are underneath 
the contact plate and can be accessed 
by removing the contact plate from the 

It is essential to record 
the motor wiring 

connections prior to 
removal…

3 4

5

6

Circuit diagram Motor information plate

The motor

The motor dismantled to show the centrifugal switch
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casing. Photograph 7 shows some of 
the soot where the contacts have been 
arcing. The contacts were dressed using a 
diamond needle fi le and are shown in their 
normally open state, i.e. when the motor 
is running at its design speed, photo 8. 
The contacts can be pressed together by 
hand and tested for continuity using a test 
meter.

The centrifugal switch can be tested 
for freedom to operate by pressing on 
the non-conducting plate to override the 
strong spring.

It is then just a matter of carefully re-
assembling the motor.

Testing
The motor should be tested for operation 
before re-mounting on the lathe. If the 
motor is reversible connect the wires to 
pairs of terminals either horizontally, 
photo 9, or vertically as shown on the 
motor information plate, photo 4, and 
replace the terminal cover plate to make 
sure all live contacts are inaccessible. 
Place the motor on the floor, photo 10, 
so it cannot ‘walk’ off the bench top, plug 
in and turn on the socket switch. The 
motor should run and the operation of 
the centrifugal switch should be indicated 
by a click.

The motor is now ready to re-install, 
taking care to replicate the original wiring 
so as to maintain the correct direction of 
rotation according to the selector switch. ■

The centrifugal switch 
can be tested by pressing 

on the non-conducting 
plate to override the 

strong spring.

7 8

9

10

Contacts showing soot on the contact board Contacts showing the normally open state

Test wiring

On the fl oor ready for testing
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Two Useful Workshop 
Phone Applications

The apps are designed to run on the 
main phone operating systems 
(Android, Windows and Apple) or 

in a standard desktop browser. The apps 
are Geometry, which handles several 
calculations in plane geometry and 
MetalBender, which makes calculations for 
using a bending brake.

As explained below, these apps are not 
available through app stores but source 
code and debug versions of the Android 
and Windows Phone installers are available 
from www.model-engineer.co.uk/apps. 
This note also explains how to build the 
apps or derivatives that might be based on 
the code.

I am making the code available under the 
MIT license choosealicense.com/licenses/
mit/. In brief, the code can be copied, 
modifi ed or reused as long as the license 
and copyright are preserved. There is no 
implied warranty but if problems are found, 
please report them through the forum.

User Interface
When opened, each app presents itself 
as a simple form with buttons to perform 
the main operations – Calculate, Reset 
and Help. The apps have been designed 
to run best in landscape mode and in 
most cases, do not require any scrolling 
(other than on the help pages). To 
achieve this, the buttons are at the top.

Fields with a grey background are 
not user editable and only fields with 
a non-zero value are treated as inputs. 
Fields containing zero are calculated if 
appropriate. For example, if the radius of 
a circle is entered but the diameter is left 
as zero, it will be calculated and vice versa.

Pressing Reset clears the visible fields 
on the current tab, but other tabs are 

unaffected.
Both apps are self-documenting – 

pressing the Help button displays a page 
describing the usage of the app. As far 
as possible, accessibility guidelines have 
been followed although this may not be 
evident on a phone or tablet.

Geometry App
The Geometry app performs a collection of 
geometrical calculations oft en encountered 
in a workshop. The calculations and their 
required fi elds are described in the help text 
and are summarised below. Each type of 
calculation has its own tab:

  Circles – basic properties as well as chords 
and segments. For example, fi nding the 
depth of cut when machining a fl at of a 
particular width on a round bar
  Regular Polygons with at least 3 sides. 
This relates side length, inscribed and 
superscribed circles, internal angles, 
overall height and area. Circular, square 
and hexagonal stock materials are oft en 
encountered and their relationships are 
important
  Right-angled Triangles relates side 
lengths, angles and area
  Rectangles relates side lengths, diagonals 
and area

  PCD calculates the angles, distance across 
centres and distance across holes for a 
Pitch Circle Diameter situation. It can also 
calculate the list of coordinates based on 
the centre or one corner
  Sine Bar is a simple version of the right-
triangle tab and relates the bar length, 
the height above the datum and the 
elevation angle
  mm-inch conversion includes fractional 
inches 
The circles tab is shown in photo 1.
By default, all results are calculated to 

3 decimals. This can only be changed by 
altering the code – look for the line “var dps 
= 3;” in geometry.js (see notes on source 
code below).

MetalBender App
The Metal Bending app calculates the 
position of the clamp plate and hinge for 
using a bending brake that might be found 
in the home workshop. This is not suitable 
for industrial bending machines. 

The calculation requires a “K factor” that 
depends on the metal being used. However, 
this factor isn’t well defi ned and, in industry, 
can vary from one workshop to another. 
The app uses a table of commonly used 
defaults, but these can be updated by the 

Chris Gill describes two phone apps he has created to help in the home workshop.

1

When opened, each 
app presents itself as a 

simple form with buttons 
to perform the main 

operations…

Geometry app screenshot
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user. The help page explains the calculation 
in more detail.

The main screen is shown in photo 2.
By default, all results are calculated to 1 

decimal place. This can be changed through 
the user interface (on the settings page).

The app stores the number of decimals 
and the table of K values in local storage 
and should not need any special 
permissions. Data is stored in JSON format.

Supported Platforms
As described below, I have built debug 
versions of Android and Windows apps but 
I have only tested the Android version. For 
anyone with a suitable developer accounts 
or build environment it should be possible 
to build full release versions and the iPhone 
version as well.

Since the code doesn’t rely on any 
phone-specifi c features, it should also 
run without modifi cation on all modern 
browsers. I have tested it on Firefox, 
Chrome and Internet Explorer although you 
may have to allow scripts to run.

The Source Code
The apps are written using HTML, CSS 
and JavaScript. They use JQuery but not 
JQueryMobile, which placed too many 
restrictions on the UI design. They do not 
rely on any platform-specifi c libraries.

Each app has a similar structure, 
consisting of the following fi les:

  License – describes the MIT license under 
which this code is made available

  Readme.md – a very brief description of 
the app

  Confi g.xml – required by PhoneGap Build, 
which is described below

  Icon.png – the image that appears in app 
lists and on the home screen

  Index.html – all of the app user interface 
is defi ned in this fi le

  \res folder – contains a 96 x 96 icon and 
any other images needed in the help text

  \js folder – JavaScript fi les:
  Bending.js or Geometry.js – the code 
required to perform calculations, manage 
the screen, etc.

  Jquery-3.2.1-min.js – a minifi ed copy of 
the JQuery library. This has to be included 
explicitly rather than use an online 
reference because the phone can’t be 
guaranteed to have network access

  css folder – contains appstyle.css, which 
defi nes the styles for various elements. 
The source code can be maintained in 

any development environment and several 
of them allow apps to be built for specifi c 
phone operating systems. Examples 
include Visual Studio with Xamarin, Eclipse 
or Mono. However, it can also be edited in a 
simple text editor such as Notepad++, which 
provides a degree of syntax checking.

Building the Apps
A disadvantage of using a locally installed 
development environment is that the 
target platform SDKs must also be loaded, 
and these can be onerous, particularly if 
multiple targets are to be supported.

An alternative is to use an online 
build environment and the attached 
apps were built with PhoneGap Build 
(build.phonegap.com). This builds 
apps for Android, Windows Phone and 
Apple iPhone without needing to install 
anything on the host system. An Adobe 
logon is required but there is no fee for 
non-commercial users.

PhoneGap Build allows the user to 
build one project if uploading a zip file 
or several projects if they are linked to 
open-source GitHub repositories. The zip 
files associated with this article are in the 
correct format for uploading to PhoneGap 
Build. PhoneGap rebuilds the app 
whenever the source code is uploaded 
and, once built, the installable files can be 
downloaded.

If you have a developer account 
on an app store you can up-load the 
associated developer key. Without this 
key, you will only be able to build debug 
versions of Android and Windows Phone 
apps although this should not affect 
their operation and would allow remote 
debugging if developer mode is enabled 
on the phone (on Android, at least).

Installing the Android Apps
Apps that aren’t available from an app 
store have to be installed in a different 
way. On Android, there are two options 
for “side loading” an app:

  Send an email to yourself with the apk 
file as an attachment. Open the email 
on the phone and load the attachment, 
then select the install option.

  Connect the phone to a PC and copy 
the apk file to the Download folder on 
either the internal storage or the SD 
card. On the phone, navigate to the 
folder (eg: Settings > Storage > Internal 
storage > Explore > Download) and 
tap on the file. Note that this may vary 

between Android versions and between 
manufacturers.
You will probably need to enable 

“Unknown sources” in the security 
settings. Both apps have home page 
icons.

Editor’s Footnote:
I have only been able to test the Android 
versions of the apps on my phone. They 
were very easy to install by emailing them 
to my gmail account. The only issue I found 
was that to see the tabs in the Geometry 
App the phone must be in ‘landscape’ 
mode. Thanks to Chris for these useful 
workshop apps. ■

For anyone with suitable 
developer accounts or 
build environment it 
should be possible to 

build full release versions 
and the iPhone version 

as well.

2

Metal Bender app screenshot
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My Unique Discovery 
of The Ajax Benchtop 
Horizontal Milling machine

I was in search of a horizontal bench top 
milling machine, so therefore I set out on 
buy and sell websites such as eBay and 

Gumtree. I had the misfortune of missing 
out on an eBay auction for such a machine 
but my luck took a better turn when I had 
discovered the ajax benchtop horizontal 
mill via Gumtree, photo 1. It was just 
around the corner from my home, and as 
a bonus, came with an abundance of raw 
material and odd tools and cutters.

The machine came with an elaborate 
pulley system which upon further 
inspection was not original. I then 
proceeded to remove the pulleys and 
attach the motor back into its original 
position. The pulleys seem to be in good 
working order, though I may have to 
change one of the pulleys if the speed 
proves to be too fast. The mill has a 
homemade powerfeed, and as you can 
see in photo 2, the wiring was executed 
in a somewhat unique fashion. I will rewire 
this with a new on/off  switch and all 
connections safely tucked away in a new 
plastic casing.

I intend to make a new mild steel arbour 
bearing for the yolk. Having checked the 
brass bearing in the yolk, it is not oval, but 
is slightly worn on the diameter. 

The machine came with the pictured 
milling attachment, see above. I don’t 
know if this was an original optional 
attachment, however the rear pulley has 
3 vee pulleys and 1 pulley to take a round 

Geoff  Adams tracked down this delightful small horizontal mill

belt, photo 3. Unfortunately, it came with 
only one collet (1/4”). Personally, I do not 
think it will be a problem for myself, as I 
already own a very capable vertical mill 
in my workshop so I doubt I will be using 
this very much, but a useful attachment 
anyway. I mainly bought this mill for 
slotting links etc as I have found myself 
slightly frustrated with setting up my 

1

The Ajax horizontal and vertical milling machine is small but made of robust castings.

Headroom in horizontal mode is not huge. The wiring for the 
homemade power feed looks a bit suspect.

Testing belt length for the simple but eff ective vertical attachment. 
Custom collets are needed.

vertical mill to complete such tasks. 
The arbour does not have a standard 

taper for location, as you can see from 
the drawing, fi g. 1, it locates on a 0.750” 
diameter shank and is driven by a dog, So 
a standard milling chuck i.e. Clarkson, R8 
etc will not fi t this mill. I am going to make 
my own to hold 6, 10 and 12 mm diameter 
cutters. 
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I am looking forward to using this mill 
once I have carried out all the desired 
modifi cations. In short, I am happy to 
have obtained such a machine, and would 

recommend it to any engineer, as it takes 
away the hassle having to set up the usual 
vertical mill to complete tasks that the 
horizontal mill can do with ease.

Coincidently, as I was in the process of 
writing this article, the inch and 3/4 mild 
steel bar for the bearing and chucks had 
arrived. More work to do tomorrow. ■



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

Production Runs 
on the Lathe

Model engineers are sometimes 
required to make a large number 
of identical or similar parts. This 

can be tedious and time-consuming, but 
with the right tooling and a little time 
spent on setting up, the lathe can quickly 
be adapted for the purpose. This article 
looks specifi cally at the accessories and 
techniques required for production runs on 
the lathe, although a similar approach can 
be used for the milling machine.

Discussion
In an industrial context, mass production 
can manufacture many thousands 
of identical components, justifying 
dedicated, automated machinery. In the 
home workshop, smaller numbers of 
parts, typically ten or a hundred items, 
such as screws or nuts or other fi ttings, 
photos 1 & 2, may be needed. Although 
it is oft en possible to purchase these 
items, they can be expensive or not to the 
exact specifi cation required. Many model 
engineers may choose to make these parts 
themselves, even if they are commercially 
available, so that a model may be genuinely 
all their own work.

In the home workshop, this sort of work 
is more correctly called repetition work. The 
term ‘production run’ is perhaps not strictly 
correct, but where the boundary between 
repetition and production lies is debatable 
and probably not worth worrying about for 
our purposes.

This article considers manual lathes. 
A CNC lathe or a repetition lathe would 

of course allow some operations to be 
automated, but only a very sophisticated 
machine would be able to cope with all of 
the processes that I will discuss.

Basic Concepts
A one-off  part requires a number of 
machining operations to be carried out 
in a particular sequence, checking the 
dimensions of the part as you go and 
probably using a number of machine set 

ups to complete the part. Normally, much 
more time is spent setting up the machine 
than in the machining itself. This repeated 
measuring, checking and tool changing is 
an extremely ineffi  cient approach if several 
or many parts are required, although it may 
be unavoidable if specifi c lathe accessories 
are not available. For production work, a 
few basic concepts can be applied to make 
life easier.

For those who fi nd themselves facing a lot of repetitive machining tasks 
Alex du Pre describes his approach.

1

A production run of bucket tappets for miniature IC engines.

Engine valves made using production techniques. The parts of a mandrel backstop.

2 3
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Set up once, use many times
Since setting the lathe up for a job is oft en 
time consuming, it makes sense to do it 
only once and to use the same set up for all 
similar operations until they are complete. 
Although the aim is to set the lathe up to 
produce the fi nished component in one 
set up, this is not always possible, in which 
case all components should be fi nished to a 
certain stage before setting up the machine 
tool again for the remaining operations. The 
main aim is to avoid changing the machine 
set up for each component.

Repeatability without the need 
to measure every time
The set up should avoid the need to spend 
time measuring and positioning the work 
and should place cutting tools and blank 
material in exactly the correct position for 
each component. Machine stops are used 
to position both workpiece and tools, whilst 
tools can also be positioned by reference to 
the lathe handle dials. 

Rapid tool changes
Normally, several diff erent cutting tools are 
required to machine the component and 
they must be able to be presented to the 
work in quick succession, minimising time 

wasted in tool changes. All tools required 
should be set up on the lathe, ready for use.

Tolerances
A good production set up should achieve the 
correct machined dimensions on the work, 
although variations can creep in due to tool 
cutting edges wearing and repeatability 
of tool positioning not being spot on each 
time. The dimensions of the work should be 
checked every so oft en to ensure that parts 
remain within tolerance. The key point here 
is that time spent checking the dimensions 
can be reduced if permissible dimensional 
tolerances are greater.

The tooling required to apply the above 
concepts are described in the next section.

Tooling and Accessories
In most cases, a selection of dedicated lathe 
accessories will be required for a successful 
production set up. This section describes 
the most useful accessories which should 
cover most requirements. Most of these can 
easily be made in the home workshop and 
make satisfying and worthwhile projects in 
the own right.

Mandrel backstop
This device fi ts into the outer end of the 

lathe spindle bore and is used to ensure 
repeatable positioning of workpieces held 
in the lathe chuck or collet, photos 3, 4 & 
5. It is normally used for shorter workpieces 
that have already been cut into blanks. A 
sliding rod running through the backstop’s 
bore forms the stop against which each 
workpiece is positioned before tightening 
the chuck. The working end of the sliding 
rod can be fi tted with interchangeable 
pads of varying diameter to suit the work 
in hand. For shorter workpieces, the 
sliding rod is supported by a tapered guide 
which fi ts into the spindle taper, but this 
is not needed for longer workpieces. The 
backstop and the sliding rod are locked in 
place with a collet mechanism.

As an aside, mine is home made and I 
adapted the design so that it doubles as a 
mandrel handle for manual rotation of the 
lathe spindle and can also mount a gear 
wheel for dividing operations using the 
lathe spindle – three for the price of one!

Carriage multi-stop
Various designs of carriage multi-stop are 
available, photo 6. Mine is home made 
and based on the design available in kit 
form from Hemingway Kits. This design fi ts 
to the front of the lathe bed to the right-

The mandrel backstop fi tted to the outer end of the lathe spindle. The inner end of the mandrel backstop with chuck removed.

Carriage multi stop fi tted to the lathe. Lathe cross-slide dial.

4 5

6 7
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hand side of the carriage. It is fi tted with a 
rotating turret which can be indexed into 
six positions, each position being fi tted 
with an adjustable stop that bears against 
a fi xed stop attached to the lathe bed. This 
device allows the carriage to be quickly 
moved to six repeatable positions without 
the need to measure the position each time.

The carriage multi-stop is particularly 
useful for facing cuts or when machining 
up to a shoulder. In fact, it is also useful 
for one-off  jobs of this nature and mine 
remains permanently fi tted to the lathe. 

Cross-slide stop
Somewhat less common and not 

essential, some lathes are fi tted with a 
single cross-slide stop which performs 
a similar job to the carriage stop where 
precise diameters are not important. My 
lathe does not have a cross-slide stop.

Lathe handle dials
Not an accessory as such, rather an integral 
part of any lathe worth its salt, photo 7. 
The lathe handles are normally fi tted with 
adjustable dials allowing the cutting tool 

to be positioned accurately. The dials are 
of course commonly used in lathe work 
more generally, but the cross-slide dial 
in particular is likely to be invaluable for 
production work, allowing the cross-slide 
to be positioned accurately and repeatably 
without recourse to measuring the 
workpiece when machining diameters.

Tailstock turret
This is the tailstock’s equivalent to quick 
change tool post and it allows a succession 
of cutting tools, typically centre drills, drills 
and taps, to be presented to the work in 
quick succession. It eff ectively converts 
the lathe into a capstan lathe and is all 
but essential where repeated tailstock 
tool changing is necessary. Mine is home 
made, photo 8. A construction article for 
this device was recently featured in Model 
Engineer’s Workshop.

Quick change tool post
The quick-change tool post, or QCTP, allows 
lathe cutting tools to be rapidly placed 
and replaced on the tool post in preset 
positions, photo 9. Each tool is held in 
a dedicated holder which is slid onto the 
rails of the tool post and locked in position. 
Diff erent designs are available, some home-
made. The QCTP is a great boon for lathe 
work in general but is really essential for 

production work where time lost to tool 
changes must be minimised. It is vastly 
superior to the single toolpost, which not 
only requires each tool to be shimmed to 
height but has no positional repeatability. 
It is also a better option than the generally-
unsatisfactory four-way tool post, which 
in my opinion is little better than the single 
toolpost in that four tools are not nearly 
enough to cover the normal range of lathe 
operations and will require continuous 
changing and setting up.

Rear toolpost
The rear toolpost is oft en used for parting 
off  and in a production run has the 
advantage of allowing an additional tool to 
be positioned ready for use, photo 10. When 
used with a tailstock turret, it may be found 
that clearance becomes a problem. Mine is 
home made from the Hemingway Kit.

Lever feed tailstock
This allows tailstock tooling to be presented 
more quickly to the work, and with greater 
sensitivity, than is possible with the screw 
feed. It is very useful when the drill bit has 
to be frequently withdrawn from the work 
to clear swarf. Unfortunately, my lathe is 
not so equipped, but it is certainly on the 
list of future projects.

Tailstock depth stop
A tailstock depth stop is used to drill holes 
to a set depth. It is not essential, as when 
used with a tailstock turret it will only be 
usable with one of the tools. An alternative 
is to fi t collars to the drills or cutters held 
in the turret as this will act as an individual 
depth stop for each tool. 

Other accessories
There are other accessories or lathe 
equipment that will help to speed up a 
production run, although in most cases 
these are down to the lathe specifi cation 
and are not easily achievable upgrades. 
A spindle clutch will avoid continually 
stopping and starting the motor and may 
help to bring the spindle to a stop more 
quickly. The ability to vary the spindle 

Fig.1

8 9

10

Tailstock turret fi tted to the lathe. A quick change tool post with a selection of tool holders.

A rear tool post with parting-off  tool.

The component to be produced in example 1.
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speed quickly, either by electronic means 
or through a quick-acting gear box, can 
be a great help when the component’s 
manufacture requires a range of spindle 
speeds, such as when screw cutting is 
required. A screw cutting gear box will 
allow you to change the feed rate rapidly 
for roughing cuts and fi nishing cuts. 
Finally, a quick release collet chuck such 
as the Myford lever operated collet chuck 
allows parts to be gripped and removed 
without having to stop the lathe spindle. 
Equivalent systems for other lathes may be 
available, but this is getting into the realms 
of specialist industrial machinery. Sadly I 
don’t own one of these, but it is a feasible 
workshop project.

Examples
I will now run through three examples of 
repetition work that demonstrate the use 
of some of the principles and accessories 
described earlier. I will start with a very 
simple example of making a number of 
blanks to the same length, then describe 
the common tasks of making machine 
screws and fi nish with a more complex 
component.

Example 1 - Machining Blanks 
to Length
Let’s assume we need to make a hundred 
or so simple blanks as in fi g. 1, perhaps for 
some subsequent machining operation on 
another machine.

The part is a 40mm length of 10mm steel 
rod, with a slight chamfer at each end. For 
illustrative purposes, the length is critical 
and a good fi nish is required on each end. 
We will approach this task in two stages, 
the fi rst being to part off  all the blanks 
slightly oversize, then to machine the ends 
to the required fi nish and cut the chamfers. 
The steps are as follows:
Stage 1 – part off  blanks
1.  We will save a machining operation 

by selecting bar stock of the correct 
diameter. This may not always be possible 
if a non-standard diameter is required or 
the surface fi nish specifi ed is better than 
that of the bar stock.

2.  Fit a three-jaw chuck to the lathe such 
that the bar stock can pass through the 
lathe spindle bore. A collet could be used 
as an alternative if the surface fi nish 
needs to be protected. 

3.  Set up a stop in the tailstock. This a short 
length of steel rod held in the tailstock 
chuck that will allow the bar stock to 
protrude a set distance from the collet. 

4.  Fit the parting off  tool to the tool post or 
rear tool post as preferred.

5.  Adjust the position of the stop and the 
parting tool so that a blank can be parted 
off  about 0.5mm over length. Now 
lock the carriage and tailstock quill and 
don’t touch them again until the job is 
complete.

6.  Part off  all the blanks, checking the 
length occasionally to check they remain 
in tolerance.
This stage prepares the blanks for the 

fi nishing operations and illustrates the use 
of a stop held in the tailstock, photo 11.

Stage 2 – fi nish to length and chamfer
1.  Set up the mandrel backstop so that the 

blank protrudes about 10mm from the 
collet chuck.

2.  Place a facing tool and a 450 chamfering 
tool in separate QCTP tool holders. They 
need to be positioned so that the facing 
cut and the chamfering cut can be taken 
without adjusting the carriage position.

3.  Take a light facing cut, just enough to 
clean up the end of the bar and lock the 
carriage in this position. Check that the 
blank is still slightly over length.

4.  Fit the chamfering tool to the tool post 
and cut the chamfer, noting the cross-
slide dial reading when the required 
depth of cut is achieved.

5.  Machine one end of all the blanks to this 
stage, positioning them against the back 
stop and using the same dial reading for 
all chamfers, photo 12.

6.  Now take one of the blanks and fi t it into 
the collet, up against the back stop. Take 
a light facing cut and check the length 
of the blank. Calculate the depth of cut 
required to fi nish it to length and apply 
this cut using the carriage feed dial or 
top slide, then lock the carriage. Take 
the fi nishing cut and cut the chamfer as 
before. Check the length again and if it 
is within tolerance, all blanks can now be 
completed, photo 13.

11 12

13

Parting off  the blanks slightly over length using a stop set in the tailstock. Facing and chamfering one end of the blank, which has been 
positioned against the mandrel backstop.

The fi nished part.

 To be continued
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Setting Gauge

Saddle Block Carrier
Mat’l: EN8 *Close sliding fit in Saddle Block (drawing 2)
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Sine Bar Angle 
Setting Gauge

In issue 251 of MEW in On the Editor’s 
Bench the Editor challenged readers to 
put their favourite or most successful 

small build down on paper.
My contribution has to be my “sine 

bar angle setting gauge”, from here on in 
called the “setting gauge”, a simple tool, 
that requires precise machining for it to 
function accurately. It is one of many tools 
I produced during the foundation year of 
my apprenticeship back in the early 1960s, 
and as you can see, in photo 1, it’s got a bit 
shop worn during its 55-year history. 

The setting gauge is used as a substitute 
for slip gauges when using a sine bar in a 
marking out set-up and more specifi cally 
in a machining operation set-up, to 
prevent possible damage or contamination 

of your slip gauges.
Due to the design of the saddle block my 

setting gauge does have some limitations, 
when used with my 5-inch sine bar. 
The angular range is limited from 11 to 
71.5 degrees; however, I fi nd this covers 
the majority of machining operations, 
anything outside this range I have to 
resort to using my slip gauges.

Machining the Sine Bar Angle 
Setting Gauge
My setting gauge is made from KE672 tool 
steel, hardened then ground fi nished to 
size, but then I had the full facilities of a 
large toolroom at my disposal during my 
apprenticeship and beyond. Most model 
workshops don’t have such luxuries as heat 

treatment and grinding facilities, so, for any 
reader wishing to make their own setting 
gauge, I would suggest using EN8, which 
is a medium carbon steel, for making the 
saddle block carrier and saddle block.

The most important features of the 
setting gauge are that the two table contact 
faces of the saddle block carrier are at 90 
degrees to each other, the t-slot is a close 
slide fi t to ensure the saddle block has no 
wobble and fi nally the saddle block setting 
faces are square and parallel with the table 
contact faces.

Saddle Block Carrier (fi g. 1)
This was machined on a milling machine 
except for the t-slot for which I used a 
shaper, as this was a requirement of my 

John Ashton describes a small tool that’s a nice exercise in accurate working.

Fig.1
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Saddle Block
Mat’l: EN8

*Close sliding fit in Saddle Block Carrier (drawing 1)

Enlarged view of tongue
clearance slot (2 places)

1 hole drill through Ø5
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apprenticeship training, prior to heat 
treatment and fi nal grinding to size. The 
thought of machining a small t-slot with a 
shaper was a daunting task for a 17-year-
old apprentice still in my foundation 
year. Photograph 2 shows the fi nished 
t-slot. Shapers were generally used for 

heavy stock removal, such as rough 
machining of die bolsters, they were also 
used for machining internal and external 
keyways, irregular die shapes, gear teeth, 
dovetails, cams, splines, etc., a very 
versatile machine tool in its day that has 
largely been superseded by other machine 

tools especially of the CNC variety. If you 
wish to learn more about shapers a brief 
description and history can be found 
on Wikipedia and various engineering 
reference books (or read Bill Morris’ 
articles in recent issues). However, I am 
not suggesting that any reader wishing to 
produce their own Setting Gauge has to use 
a shaper to machine the t-slot so I have 
dimensioned the t-slot to be machined 
with a 12mm diameter, 3mm thick t-slot/

Fig.2

Fig.3

1

The setting gauge



August 2018 69

›

Setting Gauge

T-Bolt Nut
Mat’l: Brass

Ø12

Medium knurl

7

0.5 x 45°
chamfer
(2 places)

2BA thread

Fig.4

Woodruff  cutter or you may want to 
machine the t-slot to suit your own cutter 
size.

Saddle Block (fi g. 2)
This was also machined on a milling 
machine prior to heat treatment and fi nal 
grinding to size. The t-slot tongue corner 
clearance grooves were machined with 
a 1/32” slitting saw. I have modifi ed the 
drawing from the original design to improve 
the angular range at the bottom end from 
11 degrees down to 7 degrees.

T-bolt (fi g. 3)
This was machined from 1/2” square black 
mild steel bar to produce machined 7/16” 
square bar then centred in a 4 jaw chuck on 
the lathe to machine and thread the shank, 
the thread is 2BA, fi nally part off  to length 
to complete the part. Of course, I had to 
maximise the machining as part of my 
apprenticeship training, the machining can 
be reduced by using 7/16” or 10mm square 
bright mild steel bar.

2

3

4

The t-slot, cut using a shaper

How the gauge is used

Use this setup for larger angles
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T-bolt Nut (fi g. 4)
This was machined from 1/2” diameter brass 
bar. The fi rst operation was to machine the 
medium diamond knurl, face and chamfer 
then drill and tap 2BA, fi nally part off  and 
chamfer to length. 

Photographs 3 & 4 show the two 
orientations of the Setting Gauge. 
Photograph 5 shows a typical setup on 
the mill and photo 6 shows the component 
parts of the setting gauge as follows;

 Saddle block carrier.
 Saddle block.
 T-bolt.
 T-bolt nut.
 2BA spring washer.
My Setting Gauge was machined to 

Imperial sizes because that was the main 
system used back in the 1960s. However, 
I have produced the drawings in metric 
as close to the original Imperial sizes as 
practicable. 

Calculating the required angle
The required angle is calculated by the 
application of the Sine Rule. 
Sine (Angle) = Perpendicular / Hypotenuse

Where the Perpendicular is the stack height 
of the slip gauges and the hypotenuse is the 
sine bar.

Example: Find the height required for an 
angle of 25º, using a 5” (127mm) sine bar.
Sine 25º = P/5
Therefore P = 5” x Sine 25º = 5” x 0.423 = 
2.1131” (53.673mm)

To fi nd the sine of an angle you can use 
trigonometric tables, which can be found in 
most engineering reference books, such as 
the Machinery’s Handbook or probably the 
easiest way is to use a scientifi c/engineering 

calculator, which will usually have the 
trigonometric function keys along the top 
row. Enter the required angle then press the 
sine key and ‘hey presto’ the answer is the 
sine of the required angle. You can also use a 
sine bar calculator on line.

My slip gauges are imperial so the stack 
for 2.1131”, in the example, would be made up 
of the following slips; 1.0000” + 0.9000” + 
0.1130” + 0.1001”. 

So, you do not need to remember any 
complicated formula just multiply the sine bar 
size by the sine of the required angle to give 
you the required height.

To set the setting gauge you can use a 
height gauge and set the saddle block directly 

to it, but this does not guarantee that you 
will be spot on. I fi t a dial gauge to my height 
gauge then zero the dial gauge on a stack of 
slip gauges of the required height transfer 
the height gauge + dial gauge to the setting 
gauge then adjust the saddle block until the 
dial gauge reads zero and tighten the t-bolt 
Nut.

The most common sizes of sine bar are 5” 
& 10” imperial and 100mm & 200mm metric 
although there are other sizes available. If you 
have a larger sine bar than 5” (127mm) you 
may need to increase the size of the Setting 
Gauge to obtain a reasonable angular range.

I hope you fi nd the Sine Bar Angle Setting 
Gauge as useful as I have. ■

5

6

Using an additional parallel to transfer an angle to a block in the milling vice

Components of the setting gauge
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Machines and Tools Off ered
■ Warco WM16 mill/drill 27” x 7” table. 
Electronic speed control to 2,000 rpm 
in two stages, 2MT bore, imperial dials 
fi tted with SOBA swivelling 3” milling vice, 
drill chuck, imperial and metric drawbars. 
Excellent condition. £450. Power feed 
supplied by Warco to fi t WM16 mill/drill. 
Bench tested but never used, £175. 
T. 01491 412719. Henley on Thames.

■ Taig lathe, tooling, collets and book. 
Precision. £250 ONO. T. 01443 686111. 
Rhondda, South Wales.

■ Myford Super 7B lathe for sale, 6 chucks, 
imp & metric collets, dividing head & 3 
plates. £2,250. Dore Westbury milling 
machine, long column, electric power feed 
table, Clarkson chuck. 
T. 01776 700611. Stranraer.

■ Dore Westbury MK. 1 Two vices, milling and 
drill chucks. On stand. Ready to use. £450 
ONO. T. 01246 556330. Chesterfi eld.

■ For free – Myford M-type cantilever 
fl atbed lathe in pieces, not complete. 
Suitable for restoration or spares. Treadle 
version with stand. Good home needed. To 
be collected. T. 01322 224955. Dartford.

■ Transwave rotary converter 3hp £350 
plus P&P at cost or collect. Also 6 sets of 
castings wheels for Simplex 5 in loco plus 
six sets laser cut frames, £250 ONO job lot, 
P&P at cost. T. 01271 523786. Barnstaple.

■ RJH Trimtool Lathe Tool Grinder. Single 
phase with worklight, £200. Large bench 
shear, Samson brand, £50. Wilson machine 
vice, swivel jaw, £50. El;ectric motors ¼ and 
1/3 hp, £30 each. 
T. 01617 614556. Bury, Lancs.

■ 5 x 5.6ft  trailer with hand winch & cover 
£ 350. T. 01992412137. Hoddesdon, Herts.

■ M&W 12” combination protractor, boxed, 
VGC. £30. M&W 0-6” depth micrometer, 
boxed, vgc, £25. Set used 0-8BA dies, 

VGC, £15. M&W 0-1” micrometer, VGC, £12, 
boxed. Box telescopic gauges, £15 assorted. 
T. 0121 429 2322. Smethwick. W. Mids.

Models
■ Duchess tender, exhibition standard. 
Professionally made Duchess boiler. 
Duchess engine needs building, all the parts 
are there. Off ers. 
T. 01773 872121. Chesterfi eld.

■ LBSC 3 ½” gauge Molly close to 
prototype version of LMS Jinty. Working 
bottom half, copper boiler with paperwork. 
Drawing, casting to fi nish. £1,000 or very 
near. T. 01162 783549. Leicester.

Parts and Materials
■ Rob Roy jigs including 3 ½” quartering 
jig, £30 + postage. T. 01785 816101. Staff ord.
7 1/4” King George V wheel castings, 6 D&C, 
6 tender. Sensible off ers. 
T. 07570 945 257. Lingfi eld.

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 Duncan Armstrong on 
01689 899212 or email duncan.armstrong@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.
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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

To advertise in Classifi ed please 
contact David on:
07718 64 86 89 or 

david.holden@mytimemedia.com

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

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

www.routoutcnc.com
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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

Conway Model Engineering offers a number of engineering services:
 CNC Machining (milling and turning, 5 axis capability)   3D Printing / Rapid Prototyping   CAD Design
 Lost Wax Casting    Locomotive and Rolling Stock Design and Construction to suit your requirements.

Whilst primarily aiming to offer our services to individual model engineers, we also offer our services to other 
companies aiming to expand their range.

James Conway
Mob: 07999 323170
Email: conwaymodelengineering@gmail.com           www.conwaymodelengineering.co.uk

Bringing Modern Technology  
to Model Engineering

Ride On Railways

Tel: 01708 374468  www.rideonrailways.co.uk

UK manufacturer 
 

gauge railway 
equipment

HORLEY MINIATURE LOCOMOTIVES LLP
Phone: 01293 535959  Email: hml95@btinternet.com

www.horleyminiaturelocomotives.com

7¼” Drawings and Castings
Dock tank
BR STD Class 2 2-6-0
BR STD Class 2 2-6-2T
BR STD Class 4 2-6-4T
BR STD Class 5 4-6-0
BR STD Class 7 4-6-2
BR STD Class 9 2-10-0
L.M.S Coronation Class 8 4-6-2 
(Duchess)

5” Castings Only
Ashford, Stratford, Waverley.

7¼” Castings Only
Dart, Roedeer, Green Queen





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

SHIPPING 
WORLDWIDE

various!various!

Elliot Junior / 
'OO' vertical head

£525>

£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

£345

each
£30Myford

chuck &
nose collets

£425
DP / MOD gears

  Just  arrived!  Just  arrived!

eacheach
£20

12” x 12” x 24”
      Angle plates
           (pair)

NewNew

£845
£10-£49

£2250>

Buffalo turret mill R8 50” x 10”
just arrived!just arrived!

£2950

£950

£3750

>

£345

£345

Nice!Nice!

240V240V

just arrived!

£400

£725
£625

Very nice!Very nice!

£725

£425

£950

MYFORD GENUINE PARTS
Running out fast!

Purchased from Nottingham
Check the web site for full list!

£2250

£3950

Colchester 1800 StudentColchester 1800 Student

£4450

>

£845

>

Clarkson
MK1 tool and 
cutter grinder

Laycock 60 TON 
hydraulic press

Myford 254 taper turning 
attachment fi ts all models

HOME AND WORKSHOP MACHINERY

'Startrite 18-S-10' 10 speed 'Startrite 18-S-10' 10 speed 
steel cutting bandsawsteel cutting bandsaw

£525

>

Various!Various!
Micrometers

0-16"/ 300mm

Myford ML7TB £2250

£3250

£545

Rednal 4HP 12BARRednal 4HP 12BAR
200 Litre tank compressor (2010)200 Litre tank compressor (2010)

Boxford MK111 CUD 5” x 28” 
      long bed

£1725

>

Centec 2B mill

Britan bank of 
grinding wheels

Aluminium!Aluminium!

Blacksmiths anvil 
(tinmans) stakes!

Meddings MBF4 
2MT drill

Clarke 917 vacuum 
forming machine

Loco 5" poss. Washington

Colchester Colt 6.5'' x 40'' centres

RJH vertical
linisher +
 extractor

 240 
volts

£675

Emco FB2 mill Emco FB2 mill 
powered + DROpowered + DRO

£90>

Engineers cabinet 
(eight draw)

RJH 240V linisher

£625 >

Morgan Rushworth 50" x  16g

MKS Standard 
staking tool set

Myford Super 7 Sigma Big Bore lathe + Tesla 
750 inverter, excellent example

£5950
240 volts!240 volts!

NottinghamNottingham

Myford Super 7B Plus Big Bore lathe 
+ Tesla 750 inverter, cabinet stand 
excellent example

£6950
240 volts!240 volts!

NottinghamNottingham

£325

Hofmann 8" 
rotary table

  WD-40  

£1425 >

Burgeon 6200 
bushing tool + 
6200-R bushes

£2450>

Edwards cone rolls

Nice!Nice!

>

£225
EachEach

>

£140

Edgewick 4" vice

Ajax AJPD 
25 drill

Hegner Multicut-1 
+ blades Lorch KD50 latheLorch KD50 lathe

£1400

Waltons jenny

Wickstead 8" hacksaw

Rolsan Reelers 40” powered rolls

£625

Harrison M300 lathe + gapHarrison M300 lathe + gap

£425

Harrison lathe vertical slide

£345

£450

best one yet!best one yet!

Pratt/Burnerd chucks 
various

>

Elliot Progress Elliot Progress 
4E 3MT drill4E 3MT drill

Denford Turn 
270 Pro CNC




