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We regularly ship worldwide
Please contact us for stock levels and more technical detail 

MORE MACHINES AND ACCESSORIES ON LINE

PRO Machine Tools Ltd.
17 Station Road Business Park,  Barnack, 

Stamford,  Lincolnshire  PE9 3DW

tel: 01780 740956  •  fax: 01780 740957
email: sales@emcomachinetools.co.uk

Our machines suit the discerning hobbyist as well as blue chip industry

Wabeco produce quality
rather than eastern quantity

CNC machines are offered with a variety 
of CNC control and software systems, 
and still be used as manual machines. 

Wabeco produce precision
made machines by rigorous quality 

control and accuracy testing.

Wabeco Lathe 
D4000E

•Centre Distance – 350mm
•Centre Height – 100mm
•Speed – 30 to 2300rpm
•Power – 1.4 KW
•Size – 860 x 400 x 380mm
•Weight – 71kg

All of our prices can be found on our web site:
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              Wabeco
CNC Lathe CC-D6000E

•Centre Distance –
   600mm
•Centre Height – 135mm
•Speed – 30 to 2300rpm
•Power – 1.4 KW

•Size – 1215 x 
   500 x 605mm
•Weight – 150Kg
•NCCAD/
   NCCAD Pro

Wabeco Lathe D6000E
•Centre Distance – 600 mm
•Centre Height – 135mm
•Speed – 30 to 2300rpm
•Power – 1.4 KW
•Size – 1230 x 500 x 470mm
•Weight – 150kg

On ALL WABECO Machines warranty warra5year

 warrantywarra5year

 warrantywarra5year

 warrantywarra5year
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Precision machines made in Germany for the discerning engineer!

y 

eengineer!

Wabeco 
Mill 

F1210E

                     •Table –
                          700 x 180mm
•Z axis – 280 mm
•Speed – 140 to 3000rpm
•Power – 1.4 KW
•Size – 900 x 610 x 960mm
•Weight – 101Kg

 warrantywarra5year

PRO Machine Tools LtdPRO Machhhhhhine Tools Ltd

    •Table – 700 x 180mm
      •Z axis – 280mm   •Speed –
                                      140 to 3000rpm
                         •Power – 1.4 KW

•Size – 950
x 600 x 950mm

•Weight – 122Kg
•NCCAD/NCCAD Pro

Wabeco
CNC Mill

CC-F1410E

 warrantywarra5year

All lathes and mills are backed by an 
extensive range of tools and accessories
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A New Series
Regular readers of Model Engineers’ Workshop will know that, for various reasons, I have 
shied away from running any long series in the magazine. I have always stated, however, 
that this is not an absolute rule, and form time to time I may well present a longer series.

This issue sees the start of GearCutter by Alan Aldridge, a series which I expect to take 
about six parts describing the construction of a ‘Jacobs’ style machine for cutting and 
hobbing various types of gear. There are several reasons why I feel GearCutter will be of 
interest to readers. Chiefl y, of course, this appears to be a well designed machine and many 
people enjoy the challenge of making their own gears. But there are two other reasons: the 
fi rst is that the machine comprises a variety of components such as slides, ratchets and 
universal joints as well as diff erent machining challenges all of which are interesting in their 
own right. Secondly, the series will conclude with a description of the Eureka device for 
relieving cutters, as originally designed aft er an illustration in an old catalogue by Professor 
Dennis Chaddock and Ivan Law. We will be presenting Alan Adridge’s metric re-draft ing 
of the drawings for Eureka with Ivan’s blessing, and I am sure this will be welcomed by a 
generation that does fi nally seem to be moving away from working in imperial units.

As currently prepared, the series covers the construction of the various parts of the 
machine and its use for basic cutting for gears. If reader reaction is positive, we will consider 
following the series up with further information on using spiral hobs and more complex 
gear types. These techniques have been covered by articles in Model Engineer and MEW in 
the past, but possibly not in the detail they deserve. Do share your thought on this series 
through the online forum.

On My Bench
This month most of my workshop time has been getting my stepper motor powered 
telescope GOTO drive up and working. It hasn’t been lost on me that although the 
‘soft ware’ would change, what I have made is pretty much a 3D printer controller with 
stepper motors and heaters! Perhaps that will be a future project?

I have also been trying out a new Clarke pillar drill from Machine Mart. Much larger than 
my old machine from the same source, it ahs been an interesting experience. More to come 
in the next issue!

So far my progress with Kittiwake has been limited to some cleaning up of the castings. 
Those I have tackled so far have turned out to be in good condition. I’m experimenting with 
a few diff erent approaches to cleaning them and I will report back via the ME forum. 

Hardness Tester
I’m afraid that due to unexpected circumstances, Rod Jenkins’ hardness tester article has 
been held over to issue 245, I’m sorry for any disappointment.
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Face Mill and a Fly Cutter?
Not just the diff erence but a discussion of their 
pros and cons and the best ways of using these 
milling cutters.

■ Repairing Cracks in Cast Iron
A fascinating discussion including the tricky repair 
of a Village Cross.
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■ Restoring Drawing Pens
How to resurrect gummed up Rotring and similar 
draughting pens.

PLUS:
Visit http://www.modelengineershow.co.uk/ 
for the latest news about the 2016 Model Engineer 
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Coming up…
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3  ON THE EDITOR’S BENCH
 The Editor introduces our new constructional series.
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  This month’s update on what’s happening in the 

world of Model Engineering.
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62  READERS’ TIPS
  This month a way to speed up using milling vices.
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Small but capable of useful work, 
this compact dividing head is 
based on components for a light 
dividing attachment designed by 
Edgar T. Westbury

Once you have enjoyed this issue, look 
out for the next, packed full of more tools 
and techniques!



E: sales@warco.co.uk  W: www.warco.co.uk
T: 01428 682929 Warco House, Fisher Lane, Chiddingfold, Surrey GU8 4TD

SSPECIAL OFFER
WHILE STOCKS LAST

13th August 9 am to 1 pm
OPEN DAY
SUMMER

Good selection of used and ex demo machines
and used tooling at bargain prices.

Special offers on new machines and take away
prices for new tooling.  On site catering. 

Free admission and plenty of free parking

Brackets supplied need
to be modified by the
customer.  Generic fitting
instructions included.   

BSO dividing head £285 HV6 rotary table £129

3 jaw chuck for the HV6 £95

Coolant system £160

Clamping kit £40

2 axis with scales and
brackets:  £275

Digital readout for
customer fitting:

3 axis with scales and
brackets: £394

Come and visit us at our

VMC TURRET
MILLING
MACHINE

Table size:  660x152mm
Longitudinal traverse:  370mm
Cross traverse:  152mm
Distance spindle to table:  345mm
Motor 1125w
Stand included
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Special offer price when purchased with VMC £300

OPTIONAL ACCESSORIES FOR THE VMC:

OPEN DAY
SUMMER



August 2016 9

›

Modifying a Tap Wrench

Examples of tap wrenches

1

2

Modifi cations to the Tap wrench 
Screw
As the adjusting screw starts to bite on the 
edge of the tap the latter starts to chew 
into the screw. The tap will be hard but I 
suspect that the end of the screw is not. 
The tighter the screw is hardened down 
the more it is chewed as the tap is fi xed 

Modifying a 
Tap Wrench

There are many styles of tap 
wrench, some designed for 
specifi c duties others just supplied 
as part of a ‘tap and die kit’. A 
couple of examples are shown in 
photo 1. The one shown in photo 
2 was made by me at Derby Tech 
when I was a Student Apprentice. 
Note the relatively fi ne thread 
on the adjusting screw and the 
knurled locking ring to stop the 
screw undoing in use thus holding 
the tap fi rmly. The one shown in 
photo 3 was home made to drive 
a No2 Morse taper refurbishing 
reamer – rather a large one. 
Photo 4 shows a wrench, gripping 
a tap, supplied as part of a kit 
but the adjusting thread is rather 
coarse, the screw thread is 
sloppy and rather a lot of force is 
required to grip the tap and stop 
it slipping. This has resulted in bad 
wear on the end of the adjusting 
screw, photos 5 & 6. This article 
describes the modifi cation made 
to overcome this problem.

but the screw end is rotating. If the end of 
the adjusting screw could rotate relative 
to the main threaded portion, then once in 
contact with the tap it should then remain 
stationary thus eliminating the problem. 

The end of the damaged adjusting screw 
was faced off , photo 7, (note the damage 
on the screw thread probably caused by 

over tightening). This was achieved with 
a carbide insert tool but the operation 
did not show any sign of the screw being 
hardened. The thread was identifi ed and 
tables consulted to fi nd the core diameter 
so a hole could be drilled to accommodate 
the spindle of a freely rotating end. Sketch 
1 relates to the modifi cation of my wrench 

Tap wrench made on a workshop course

Laurie Leonard
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“χ”

“γ”
“ζ”

5/16 UNF

16
3.5

Dimensions in mm
unless shown

Ø
4 Ø
6

Wrench Modification

3 4

5

Sketch Notes
The length of the freely rotating spindle to be larger than space in the wrench, ‘x’, so 
that it will not fall out when the adjusting screw is retracted far enough to admit the 
largest possible tap that the wrench can take.

The adjusting screw had a thread of 5/16 inch UNF. Reference to tables gives a core 
diameter of about 6.6mm. The freely rotating spindle diameter was chosen as 4mm to 
give adequate wall thickness in the adjusting screw. The blind bore in the spindle was 
reamed to 4mm.

The ball diameter, ‘y’ was similarly selected at 4mm and was found to be just under 
when measured with a micrometer. It entered the bore without force.

The length of the blind bore, ‘z’, was set to give a slight clearance between the back of 
the enlarged face of the freely rotating spindle and the end of the adjusting screw. This 
provides clearance but does not cause the adjusting spindle to be unduly unscrewed 
reducing the number of engaged threads in the wrench when accommodating large 
taps.

The enlarged face of the freely rotating end was chosen at 6mm, just smaller than the 
tapping size of the 5/16 UNF thread so that it would pass down the tapped hole in the 
wrench body.

and gives an idea of dimensions that can be 
used and how they were arrived at. 

A hole was drilled and reamed in the 
old screw to take the free rotating end. As 
the adjusting screw tightens, the thrust 
will force the free end onto the screw 
and inhibit free rotation so some method 
must be introduced to take this thrust. 
The simple introduction of a suitably sized 
ball bearing into the blind bore before the 
free end was inserted was found to ably 
accommodate the thrust.

Photograph 9 shows the modifi ed tap 
wrench assembled.

Design Thoughts
The set works well in practice. I had 
intended cutting a small ‘vee’ in the free 
end to register on the edge of the tap to 
prevent it rotating when being tightened 
up, and thus going back to the original 
problem, but this has so far not been found 
necessary.

Mention has been made of the need to 
size the free end spindle in relation to the 
adjusting screw core diameter to ensure 
suffi  cient strength remains. The length 
of the free end spindle also needs to be 
considered. It needs to be long enough to 
remain parallel within the adjusting screw 
and that when unscrewed to permit entry 
of the largest tap the wrench will accept it 
does not fall out and thus permit the ball to 
fall out, photo9.

As an aside refer to photos 10 & 11. 
Mention has made of the use of a fi ne 
thread on adjusting screws to provide 
better locking. The wrench here has in 
fact achieved the opposite by combining a 
right and left  hand thread. It provides more 
jaw travel per turn of the screw but at the 
expense of locking torque. ■

Tap wrench made to turn a Morse 2 taper tap

Wrench from kit gripping a tap

Wear on the end of tap wrench screw
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Modifying a Tap Wrench

6

7

8

9

10 11

Fixed jaw removed to show double adjusting screwJaw arrangement of another design of tap wrench

Relationship between free end length and wrench capacity

Assembled wrench aft er modifi cation

Facing the end

The damaged end
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A Swing Out 
Magnifi er
Howard Jennings improves the viewing in his workshop

Presbyopia is the condition that aff ects 
our sight as we get older. My optician 
announced I needed reading glasses 

and so the inevitable took its course. I 
have been lucky that my sight has been 
extremely good, not needing any real 
magnifi cation aids right into my late forties. 
Reading glasses, I rapidly found, are a ‘right 
nuisance’ never on when you need them. 

The constant ‘on off ’ wrecked pair aft er 
pair, even titanium frames! Then high 
technology stepped in. On a suggestion 
from the assistants at the opticians I 
tried a single contact lens correction for 
reading in one eye? Yes, you did read that 
correctly, one eye! Your brain, or in this 
case, my brain, corrects and allows me to 
see distance with one eye and read with the 
other. Clever things brains, that’s where the 
real high tech is. The full adjustment takes 
two or three days but essentially it works 
the minute you are fi tted and walk away 
from the opticians. I could drive, read and 
see fi ne detail immediately- NO GLASSES! 
(Except safety glasses.) Not a solution for 
everyone, especially with taking the lens 
in and out. However, my soft  lens is worn 
continuously day and night for a month 
before being disposed of and replaced.

Workshop
In the workshop it was back to normal or 
so I thought. Not quite so fast, one eye 
(although you don’t notice it) cannot be 
as good as two. So my sight is a bit short 
of how it was. I needed something ‘hands 
free’ and instantly ready to go on a job. 
I had an ‘anglepoise’ type illuminated 
magnifi er that I had bought at a show 
some years ago. I had tried clamping it to 
the bench using the clamp socket bracket 
supplied with it. I found it was always in 
the way or not at the right height. I wanted 
something that could swing out and reach 
well across my bench and be able to view 
things in my vice (more later). 

TV inspiration
Inspired by television brackets, I chose the 
twin arm articulated bracket design as seen 
in photo 1. Before going further, this is 
not designed to be ‘pretty’, it is fabricated 
from bits of rusty steel from the ‘semi scrap’ 
box. I painted it only because I hate seeing 
rust on working equipment. The joints are 

simple turned pegs made to fi t tubes made 
from bar drilled to the same diameter as the 
socket diameter of the magnifi er, ½ inch 
photo 2. I chose this dimension so that one 
arm could be removed and the magnifi er 
sited on one arm, or another arm can be 
added. In practise, I have found the two arm 
articulation very fl exible but the option is 
always there...

The inner hinge you will notice is a bit 
diff erent in construction. It is made out of 
an abandoned project where I had drilled 
through some steel bar. I just made a 
couple of short bushes to ‘top and tail’ it 
then welded the plates on to form the hinge 
using the hinge pin to jig it together, waste 
not want not!

All parts are welded together as you 
can probably see in the photos. I can 
do a reasonably strong weld, not to the 
standard of some professionals I have met, 
but passable. If welding is not one of your 
skills, then I would suggest brazing or silver 
solder joints, and then mill ‘socket slots’ into 
the tubes and plugs to give the joints a bit 
more strength over a butt joint.

A small fabrication point worth 
considering. I have ‘canted’ over the socket 
tube at the wall bracket about 3º from 
the vertical as shown in photo 3. This 
‘encourages’ the arm to stay back when 
out of use. On the job I have found that 
the ‘stiction’ in the joints tends to keep 
the bracket in position. It helps to have 

The arms of the swing out magnifi er

Arm showing male and female joints

1

2
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Swing out Magnifi er

full engagement of the plugs in the tubes. 
I also use a bit of copper base grease on 
mechanisms like this. Many of you will be 
familiar with this type of grease as it is used 
in car braking systems, for slow moving 
joints which have to stay free. In this case it 
keeps things moving without being ‘too free’.

Mounting
The photos show that my bracket uses a 
piece of angle steel for mounting. I have 
wooden uprights at the back of my bench 
which support a piece of 9mm plywood. 
My hand tools needed at the bench are 
mounted onto the plywood which is 
clamped to the wall. This makes it easier to 
re-site the workshop in the future. Photo 4 
shows the magnifi er folded out of the way. 
Such a bracket to can be connected to the 
wall in your workshop in a variety of ways, 
such as a straightforward fl ange.

Uses
This swing out magnifi er has become a 
‘regular’ in use at the bench as it is ready at 
a moments notice. It gets involved with tool 
inspections and sharpening, marking out, 
looking inside machines and even looking 
for metal splinters in my skin!

One day I was using a wood saw I have 
had for years and it became obvious that it 
was blunt. I had a number of thick timbers 
to saw up that day. I was just closing up 
the workshop and looking to head off  and 
buy a new saw. Then I thought, how about 
sharpening it? So I set to work with the saw 
clamped in the vice and sharpened it with 
a diamond fi le using the magnifi er over the 
vice. The magnifi er helped me enormously 
by enabling me to guide the fi le and get 

The arm joint is angled slightly Magnifi er in folded position Bracket for anglepoise lamp

the alternate teeth angles correct. It took 
me fi ft een minutes and I was back on the 
original job and fi nished it that day. This is 
instead of what would have been an hour 
round trip to buy a new saw, leaving aside 
the fuel cost. Yes, this is nothing new, wood 
saws were, in my lifetime, so expensive 
that re-sharpening was the norm. But I 
was amazed at the real time saving I had 

achieved here by just having the magnifi er 
to hand.

Got the bug
Fresh from my success with the swing out 
magnifi er, I made a couple of other brackets 
for lights as you can see in the photos. 
Photo 5 shows a simple socket bracket to 
carry a lamp that I can position over my 

Lamp and magnifi er can work together Bracket for shaper lamp

3 4 5

6 7
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bench vice and the immediate area. It is 
mounted in a similar way to the magnifi er 
bracket which you can see positioned over 
the vice see photo 6. 

I also had an old table lamp I picked up 
at a jumble sale. I have needed a lamp over 
my shaper for years. So I fabricated this 
single articulated lamp bracket, photo 7, 
angled to clear the shaper ram. The whole 
thing, photo 8, is bolted to existing screws 
which hold down the machine table raising 
screw cap, photo 9. The tricky bit with this 

bracket was the angled arm made of (semi 
scrap) square section tube. To produce the 
cut-outs for the plug and socket I set up 
the square tube at the angle I wanted in 
the milling machine vice. I set up an end 
mill similar in diameter to the section of the 
plugs and sockets to be welded, centred 
on the square section of the bar. With care 
I found I could machine both ends of the 
bar in one setting. This needs a machine 
with a good throat depth. An alternative 
I considered was to mount the bar on the 
centre line of the lathe using an angle plate 
or maybe the tool mount. Again, feeding in 
an endmill or slot drill in the chuck to form 
the cut-out. It should be straightforward to 
turn over the bar to produce the cut-out on 
the other end. Of course, you could turn the 
sockets and plugs from solid square bar and 
cut plain angles on the tube. The only limit 
is your ingenuity to make the materials you 
have to hand work for you.

Safety
My lamps are fi tted with fl uorescent low 
wattage bulbs. They don’t run as hot as their 
old incandescent counterparts. But if you 
break one there is a shower of glass together 
with the compounds used to enhance the 
fl uorescent eff ect. LED replacements are 
now getting such that they can match the 
light output of the fl uorescents. Some of 
you may remember how the early versions 
of fl uorescent bulbs struggled to match 
incandescents. Now, LED replacements are 
steadily reaching the point where they can 
match any existing bulb. I will gradually 
replace the fl uorescents with LED which are 
much more resistant to accidental damage.

Finally 
Well here we are. Really useful brackets for 
your lights that can be made in a few hours 
but will last for years. I hope by writing this 
short article there is inspiration for your 
workshop. ■

Illuminating the shaper

Looking down at the attachment point

8 9
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In our

John Ashton details his kit build of the 
Acute Tool Sharpening System.

Marcus Bowman explore producing 
irregular shapes using CNC.

Jacques Maurel explores the challenging 
world of drill sharpening.
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Wire
On the

NEWS
Hobby Engineering

from the World of

The Model Engineer 
Exhibition at 
Brooklands
A quick reminder that the 2016 Model 
Engineer Exhibition will take place on 
16, 17 and 18 September at Brooklands 
Museum, Weybridge, Surrey.

The event will feature the World 
Class Competition, individual loan 
models, fantatsic displays by Clubs 
and Societies, a cross section of 
traders and suppliers and all this 
against the backdrop of one of the 
best museums of historic transport 
and engineering in the country. The 
exhibition promises to be something 
completely new, refreshing and 
invigorating as well as thought-
provoking and inspiring.

Early Bird tickets are available to 
purchase at http://tinyurl.com/
MEXBrooklands where you will also 
fi nd all the information you need 
about the venue.

Iwata Workstation Range
The Airbrush Company are pleased to announce new products 
from the Iwata Workstation Range. The specialized Professional 
Maintenance Tools make assembling and reassembling airbrush 
nozzles, caps, needle packings, O-rings and air valves quick 
and easy. The kit comes with a two-sided Iwata Air Valve Guide 
Wrench, Soft  Jaw Pliers, Needle Packing Screwdrivers (for 1.2mm 
and 1.4mm diameter needles), Nozzle Wrench, a protective 
Needle Tube and easy-to-follow instructions with diagrams. All of 
the items fi t securely within a soft -sided zippered case, with room 
to carry up to three airbrushes. The tools and case retail at £76.75 
from airbrushes.com

Maid of the Loch: 
Volunteers Needed
A call for volunteers to help with the restoration of the 
paddle steamer the Maid of the Loch between now and 
August has been sent out. Some of teh tasks include the 
following work:

Main engine and paddles: Uncouple paddle wheels and 
support. Allow for easier engine turning. Open up crosshead 
bearings and big ends. Open, Examine, measure and record 
the bearings, looking for any indication of misalignment. 
Open up valve straps and check as above and record. 
Replicate the reversing engine valve and testˎoperation of R 
engine on hydraulics and air.

Cylinders: Remove covers and measure cylinders as far 
as possible to identify wear, ovality etc. if possible, drop out 
pistons to release rings for measuring. Dismantle and assess 
mechanical packing.

Paddles: Sample test the bronze bushes for the feathering 
gear. Once recoupled, open up the paddle bearings for 
evaluation. Check for run out on the paddle shaft .

Please spread the word and, if you are interested in being 
involved, contact Jim Mitchell on 
jimscottmitchell@gmail.com



Just a small selection from our current stock

• Telephone enquiries welcome on any item of stock. •  We hold thousands of items not listed above.   
•  All items are subject to availability.  •  All prices are subject to carriage and VAT @ 20%.  •  We can deliver to all parts of 

the UK and deliver worldwide.  •  Over 7,000 square feet of tools, machines and workshop equipment.

telephone: 01903 892 510   •   www.gandmtools.co.uk   •   e-mail: sales@gandmtools.co.uk
Opening times:  9am -1pm  &  2pm – 5pm Monday to Friday.  Closed Saturdays, except by appointment. 

G and M  Tools,  The Mill, Mill Lane Ashington, West Sussex  RH20 3BX

Buy online now at: www.gandmtools.co.uk

Induma
Vertical
Turret mill.
3ph,
Requires 
Restoration,
£650.00
plus vat.

Sweeney
& Blocksidge 
No.1 Bench 
Flypress,
VGC,
Choice of 20,
£110.00
plus vat. 

Myford ML7 Centre Lathe,
    1ph, Tooling, £975.00 plus vat.

Choice of 20!
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Single Phase 
Fractional Horse 
Power Motor Connections
Ted Fletcher gives some guidance on what’s inside your motors – together with 
advice on the regular query about reversing the direction of rotation of a motor.

The following details are applicable to 
almost all run of the mill single phase 
AC motors which maybe be found in a 

Model Engineer’s workshop here in the UK. 
These motors are usually 4 pole (1425 rpm), 
or 2 pole (2850 rpm), 4 pole being the most 
common. No electrical theory is needed 
to sort out the connections of a single 
phase motor. There are fi ve basic types 
single phase motors which we, as model 
engineers, might come across.

Split phase induction (two windings and 
centrifugal switch) these motors have a 
poor starting torque, and were fi tted to 
many washing machines prior to front 
loaders. Fig. A. 

Capacitors start (two windings, a 
capacitor and centrifugal switch) these 
motor have good starting torque, and were 
fi tted to most Myford lathes. fi g. C/1.

Capacitor start and run (two windings 
two capacitors and centrifugal switch) these 
motors have good starting torque and are 
oft en fi tted to DIY compressors. fi g. D/1. 

Permanent capacitor, two windings, a 
capacitor in the start winding circuit, no 
centrifugal switch. These motors are noted 
for constant speed and their quiet running. 
Fans and oil burners, etc. fi g. B

Swing connection, these motors are 
oft en found on cheaper bench grinders, 
DIY tile cutters, wired for a single direction 
of rotation only. Once dismantled and for 
those in the know, these motors can be 
reconnected to be used for cross slide lathe 
grinders etc. fi g. E.

All the motors listed above have TWO 
winding within the motor stator. First, 
relating to items 1, 2, 3 and four, there is the 
start winding, which is short time rated. 
It has a centrifugal switch in series with 
it and oft en a capacitor as well. The start 
winding was the last to be installed when 
the motor was being manufactured and so 
it’s easy to see and locate when the motor is 
dismantled. Note, also when looking inside 
the motor, the start winding is usually 
displaced about 90˚ out of alignment with 
the run winding, yet another clue. Also, the 
start winding wire is usually much thinner 
than the run winding and consequently has 
a much higher resistance when compared 
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with the run winding resistance. Not 
always though, as some times there are 
less turns on the start winding, therefore 
two windings can almost have the same 
resistance, which can be confusing. But, as 
you now already know the location of the 
start winding, that should not be much of 
a problem.

The second winding is the run, which 
is continuously rated. It has much thicker 
wire and so usually it has a lower resistance 
when compared with the start winding. At 
stand still both windings are connected in 
parallel one to the other and the centrifugal 
switch, which as previously stated, is in 
series with start winding, it will be closed. 
Then, when both windings are connected 
in parallel to the electric supply the motor 
starts up and accelerates away, at about 
75% of full speed, the centrifugal switch 
opens, therefore the start winding is now 
open circuit and the motor continues to run 
on the run winding only. If you are about 
to buy a second hand motor use your nose 
and have a good sniff  around the motor, if 
it has that special burnt varnish/insulation 
smell, best leave it with the seller. It could 
be electrically OK, but maybe not.

Assuming that your motor has recently 
been acquired and you haven’t tested it 
in anyway, fi rst of all you should carry 
out an insulation test using a 500 volt DC 
insulation tester, oft en referred to as a 
Megger. This test is the electrical equivalent 
to a boiler pressure test, in eff ect you are 
looking for electrical leakage as opposed 
to steam/water leakage. There quite a few 
diff erent makes of insulation testers on the 
market, but the name Megger is like Hoover 
is to vacuum cleaners, photo 1. 

Link together ALL the terminals 
including the capacitor, connect the 
insulation tester set on the 500 volt range, 
one lead to the frame (the Earth) the 
other to the linked terminals. Under test, 

the meter should read infi nity or there 
about, indicating very very low electrical 
leakage, safe to use in other words. Next, 
with the Megger now on the low OHMS 
range check each winding for continuity. 
A multimeter analogue or digital type 
or a battery and bell set will also be OK 
for continuity testing the two windings, 
defi antly not for insulation testing. 

Now for a short explanation about 
ohmmeters. First and foremost always read 
the instructions, on the back of some older 
meters, photo 2, before use. 

All ohmmeters require an internal 
battery, so when a DC current from the 
ohmmeter itself, via the OHMS range 
circuitry, is applied to a circuit under test a 
small current fl ows. It is this current which 
causes the meter needle to defl ect.

Before attempting any testing, it is 

important to zero the meter on the OHMS 
range. If you have diffi  culties zeroing your 
meter check the internal battery, especially 
if the meter doesn’t get a lot of use. Some 
make of batteries, even when new, have 
high internal resistance and so are not 
powerful enough to drive the meter on 
the high resistance range. Worth knowing 
as you may be looking for a fault on your 
meter, when it was the battery aft er all. Try 
a second battery before scrapping your 
multimeter. Note also, on most ohmmeters 
the zero ohms position is to the right side 
of the scale. To zero the meter, connect the 
leads together and adjust as necessary, and 
then take a reading on the motor winding.

Analogue types, those with a dial and 
needle, which are usually found on multi-
function test meters. The cheap ones 
usually just have AC and DC volts, ohms 
and DC milliamp ranges, but not amps. AVO 
meters and many other similar meters have, 
what to some may think a peculiar terminal 
arrangement. On the OHMS ranges only, A Megger insulation tester

Instructions for an Avo Meter

1

2
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the RED terminal is actually the negative 
terminal of the internal battery and the 
BLACK terminal is the positive of the same 
battery. Beware, as that can be confusing if 
you get around to testing other electronic 
components such as diodes, but not here 
on single phase motors testing. Photo 3.

Low resistance large needle defl ection to 
the right of the meter scale, high resistance 
small defl ection. But for simple continuity 
a battery and bell is all you need. Digital 
multimeters are now cheap and rugged 
with no moving coil to damage. Aldi has had 
some of their WORKZONE ones for 7 or 8 
pounds, which are suitable for continuity 
testing and, as bonus, should you need it, 
amps range as well, photo 4. 

Generally, the thin start winding wire 
will have a high resistance (that is for type 
a motors) in the range of 20 to 40 ohms, 
these wires are easily broken, photo 5. I’m 
sure you all already know that copper, work 
hardens, so be very careful not to wriggle 
the leads around more than necessary. The 
run winding could be up to 10Ω but more 
likely 4 or 5Ω , these value are dependent 
on the size/rating of the motor (KW or 
HP). That is why I mentioned as an aid 
to winding identifi cation the location 
and diff erence in ohmic value of the two 
windings. If either test is unsatisfactory 
insulation or continuity, then if you 
dismantle the motor, it might enable you 
to locate and rectify the fault. I suggest 
you follow my instructions and if you 
haven’t previously dismantled a motor, I 
recommend you have a digital camera or 
phone with a camera, a pencil and paper 
handy and take plenty of photos and notes.

Dismantling.
Again proceed with care. Using a scriber 
and 6 inch rule, scratch marks on both end 
shield ends straight across onto the stator. 
Two scriber marks across on the drive shaft  
end and one scriber mark across on the 
no drive end. Don’t centre punch the end 
shields or stator, scratch marks are enough. 
You might crack or chip the castings when 
using a hammer and centre punch. These 
alignment marks are for easy reassembly. 

The selection switches for an Avo

Get them right and the motor rotor 
will revolve freely, with a simple 
fl ick of the wrist once the motor 
is reassembled. Next remove the 
through bolts and, using a hide face 
mallet, give a sharp rap on the end 
shields, defi nitely not on the motor 
shaft  as that is sure way of breaking 
the centrifugal switch, the motor 
will almost fall apart. If the motor 
is stubborn then carefully use a 
hammer and brass drift , not too 
vigorously though.

Once dismantled do not attempt 
to clean out any fl uff  or any other 
debris between the winding with 
compressed air, but use a small, 
clean paint brush and vacuum 
cleaner to suck it out. Compressed 
air usually contains particles of 
water unless you have water trap, 
which is what we don’t want inside 
any electrical devices. Also the 
pressure of the compressed air will 
force any debris further in between 
the coils, possibly causing the motor 
to overheat and burn out. On some 
makes of motor the windings extend A digital multimeter

3

4
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beyond the end of the motor carcass. I 
have been asked in the past to attempt 
resuscitate a damaged motor, when it’s 
all too obvious that someone has been 
working on the motor with the windings 
rubbing on the bench top, a sure way to 
ruining a good motor. Use four pieces of 
wood to form an open top box to mount 
the stator on, so that the windings are 
dangling down inside the box. If your motor 
is old and the lead out from the winding 
is perished rubber, you can carefully slide 
on some heat resistant glass fi bre sleeve 
in place over the perished rubber. When 
withdrawing the rotor be careful not to 
scratch or damage the windings.

On older motors the natural resin based 
winding insulation varnish is not as fl exible 
or tough as that on modern motors with 
synthetic type and it can easily be damaged 
(scratched away). If you have been a bit 
careless don’t despair, small quantities of 
air drying varnishes are available on the 
web or from your local rewind shop, which 
can be applied in the workshop and left  to 
dry. Give them several coats as necessary. 
Store the rotor carefully on the bench, 
don’t let it roll off  onto the fl oor, bending 
the shaft  or damage the centrifugal switch 
mechanism, photo 6. Have a good look at 
the centrifugal switch mechanism which 
is attached to the motor shaft . The spring 
loaded bob weights or whichever type 
of switch is used on your motor, should 
move freely with a snap action aft er being 
operated by hand, it mustn’t dither, don’t oil 
it/them, photo 7.

Remember, I said the start winding is short 
time rated so it is important the centrifugal 
switch opens quickly. Also, should the switch 
dither it’s not unknown for the capacitor 
to fail, the reason being, if the switch is 
fl uttering it may leave the capacitor fully 
charged at peak mains voltage, then the 
switch closes at the opposite half cycle, 
impressing double mains voltage on the 
capacitor insulation.

Next check the centrifugal switch contacts 
to see if they are clean and are not just 
blobs of weld due to arching taking place 
over the years of use. The contacts can be 

cleaned up a bit using a piece the fi nest 
grade of wet and dry folded back to back. 
The contacts themselves are attached to 
insulating board material, paxolin or fi bre 
board within the non-drive end shield, on 
British made motors. Some makes of motor 
use a plastic type material to form a heel 
with which to actuate the centrifugal switch, 
this slowly wears away. If the heel is badly 
worn, the contacts will fail to open, the 
start the winding will be in continuous use, 
consequently it will quickly over heat and 
burn out. I have in the past built up the heel 
with Araldite, prolonging the life of a good 
motor.

If your motor is a capacitor start, that’s the 
type with a cylindrical device mounted on 
the side of the motor with two leads, which 
connects into the motor terminal block, 
unfortunately there’s not an easy way for 
the average person to check a capacitor 
other than to change it, like for like 
(substitution) and it might not be a faulty 
aft er all. Motor start capacitors are special 
AC electrolytic type and oft en the tolerance 

is + - 20%. Capacitors are pretty reliable 
and in capacitor start motors they are only 
in use for a very short period in time, every 
start up in fact. Should you be so interested 
there was an article on capacitors in MEW 
123 page 52 onwards.

In former times, the two motor windings 
were generally marked as Z1/Z2 for the start 
winding and A1/A2 for the run winding. 
Whilst there was a British Standard for the 
colour code of the wire and for the terminals 
markings it was largely ignored by most 
manufacturers, they used colours which was 
available to them, fi g. F. The new current 
nomenclature for the run winding is U1/U2 
and the start remains as before Z1/Z2.

Until relatively recently capacitor start 
capacitor run motors were not common on 
hobby machines fi g. D1. In these motors 
one capacitor, the smallest value one 
remains connect in circuit whenever the 
motor is running, it is therefore known as 
a continuously rated capacitor. Whereas 
the larger μF value one which is special AC 
electrolytic, is short time rated and is only 

The windings of a typical motor Rotor removed from case

A centrifugal switch

5 6

7



August 2016 21

Single phase Connections

in use on start-up ( two in parallel initially, 
then when the centrifugal switch opens one 
on its own)

By now hopefully you have located and 
fi xed the fault, and being very careful 
when reassembling the motor, it’s very 
easy to damage or trap a lead to the 
windings creating an earth fault or short 
circuit. When reassembling the motor 
slide in the rotor into the stator, look out 
for those scratch marks you made earlier. 
Next, push in the through bolts in one at a 
time. Partially tighten diagonally opposite 
bolts a bit at a time, check again for those 
alignment marks which you made earlier 
on the stator and ensure the rotor turns 
freely as you assemble the motor. Once all 
4 bolts are in place, give their nut a fi nal 
twist tight. Finally, prior to connecting the 
motor to the electric supply once again, 
carry out another insulation resistance test 
using a 500 volt DC Megger. The insulation 
resistance test is most important, it will 
tell you how good or bad the electrical 
leakage is, hopefully its zero, and the 
insulation resistance reading will be infi nity. 
Photograph 8 shows the motor no load 
running current aft er the insulation test 
had been carried out.

Having now got your motor up and 
running but unfortunately it rotates in 
the wrong direction. To reverse direction 
of rotation of a single phase motor, you 
have to change the relationship between 
the TWO windings one to the other, simply 
altering the electric supply connections is 
counterproductive. To reverse direction of 
rotation ONE of the windings either start or 
run but NOT both, need exchanging. I think 
most of us will be working on older motors, 
so change either A1-A2 or Z1-Z2 whichever 
is most convenient. For example suppose 
the motor is initially connected supply live 
to A1/Z1, neutral to A2/Z2, to reverse D.O.R. 
connect supply live to A1/Z2, neutral A2/
Z1. Some motors have terminals marked 
AZ and T, AZ and A are the run winding 
whereas terminals T and Z are connected 
to the start winding, this can be confusing, 
be cautious. Photographs 9 & 10 show a 
selection of terminal boards.

Now referring to fi g. C2 it shows how 
the capacitor start motor in C1above can 
be reversed. Also fi g. D2 it shows how the 

capacitor start and run motor in D1 above 
can be reversed. Next look at fi gs G and 
H again capacitor starts and fi nally fi gs I 
and J to see the more modern terminal 
connection arrangement, which 
is much easier to work on and 
understand.

As previously mentioned 
some cheap motors as used 
on bench grinders and tile 
cutters have what is known 
as a swing start winding fi g. 
E. The run winding is centre 
tapped (120 volts each way) 
and one side of the start 
winding is connected to 
the centre tap, the other 
side to a continuously 
rated capacitor. As the 
start winding is connected 
to the centre point of the 
run winding it can be rated 
for 120 volt as can the capacitor 
which is a cost reduction for the 
manufacturer. Looking at fi g. E you will 
see by disconnecting the start winding to 
the capacitor the are two circuits one from 
L to the previously disconnect wire and the 
second from N again to the disconnected 
wire, both should have the same ohmic 
value. Using a single pole change over 
switch (two way) the motor can be easily 
reversed fi g. F. Always ensure that the 
motor is stationary before operating the 
switch toggle from forward to reverse. I 
used a tile cutter swing start motor on my 
tool and cutter grinder, and used a 4 pole 
with centre OFF switch to give forward 
and reverse. Some single phase motors 
were not intended to be reversed Fobco 
and Meddings drilling machine motors are 
a couple of examples. It’s not realistically 
possible to change the direction of rotation 
of these motors as the fourth connection 
is oft en buried within one of the coils. Not 
saying it is impossible but not easy, and it’s 
very easy to break a wire very close to one of 
the coils, such that it is almost impossible to 
solder a wire in its place.

A few years ago a friend bought very 

nicely made Chinese capacitor start, 
capacitor run motor which rotated in the 
wrong direction. To gain access to the 
connections I had to take it apart and noted 
that the centrifugal switch was mounted at 
the drive end which made it easy to work 
on and to reverse direction of rotation 
as well. Apparently the latest version of 
the motor has all the connection readily 
accessible in the terminal box, so it is now 
easy to reverse direction of rotation. Also, I 
see that many of the imported motors have 
a terminal box layout as shown in fi g. G,H,I, 
& J which have similar in appearance to that 
of a three phase motor fi gs K & L. This has 
caused a bit of confusion to my friends, 
as they thought that a three phase motor 
can easily be reconnected to run on single 
phase, and vice versa, not so as yet, but 
who knows what the future holds. ■

Measuring no-load current 

Another variation of terminal board

A pair of motor terminal 
boards, showing their 
markings

8

9

10
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Angle Gauge in Action

Machining Squares 
with an Angle Gauge
Richard T. Smith makes good use of his free subscription gift .

As part of a latch mechanism I 
needed to make the component 
shown in photo 1. There are square 

sections at each end and a pair of holes in 
line with a fl at plus two tapped holes at 
90 degrees. I don’t have a rotary table so 
I needed another way to index the work. 
If a shaft  is rotated 90 degrees at a time 
under the same fi nal cutter position a true 
and centred square results. If the centre 
of rotation is off set from the centre of the 
shaft  the result is no longer true to the 
shaft . So even with a rotary table the shaft  
has to be accurately centred. The collet 
block jigs you can buy solve this by locating 
the shaft  in a collet and sitting the block on 
each accurately machined face in turn. The 
accuracy is determined by the jig. However, 
you have to buy the block and buy a collet 
so while cheaper than a rotary table plus a 
chuck it is still not a cheap solution. A truly 
round shaft  can be accurately rotated in a V 
block – or in my case slightly less accurately 
in a slot in the table - which is free.

The next problem was how to achieve 
the 90 degree at a time rotation. I have 
the digital angle gauge which was a free 
gift  with a Model Engineer’s Workshop 
subscription but it needs to sit on 
something. I had available a 50 mm square 
by 24 thick machined block of aluminium 
which I had made up as an exercise on the 
lathe. I thought if I attached it to the end of 

the component on a sacrifi cial extension 
I could sit the gauge on each face in turn 
and set them level with the bed. The block 
serving as an indicator and not as a physical 
locator. A quick check showed that the 
block could sit in the end of the table recess 
while the component sat in a table slot. 

At fi rst I was concerned about how I could 
drill an exactly centred hole in the block 
but eventually realised that as the block 
is simply an indicator it doesn’t matter if 
the block is off -centre. The shaft  rotates 
accurately in its location and you simply 
have to use the gauge to set each face of 

The shaft  with a square at each end

Setting up with the angle gauge

1

2
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the block parallel to the bed in turn.
The block was drilled centrally 10 mm 

dia. and cross drilled and tapped M5 for a 
grubscrew. The component was turned with 
reduced diameters for the two squares plus 
a sacrifi cial 10mm dia. extension for the 
block to clamp on. Photograph 2 shows 
the setup on the mill. The triangular scrap 
clamped to the bed gave a stop which 
the component located against, the block 
was located where it was free to rotate, 
and the clamp held the component fi rmly. 
The gauge was zeroed each time on the 
bed then transferred to the block face and 
the component rotated to a zero reading 
and the clamp tightened and the reading 
checked again. Incidentally tightening the 
clamp sometimes changed the reading by 
0.1 degrees. Photograph 3 shows the fi rst 
fl at cut at 0.5mm below the initial cutter 
contact. The cutter setting was locked and 
each fl at cut in turn. I measured across the 
resulting fl ats and found a diff erence of 0.1 
mm which was fi ne for the intended use. 
If the locating diameter of the component 
had been machined true rather than left  as 
found I expect this error could have been 
reduced. The cutter was then lowered using 
a clock gauge to measure the movement 
and the four fl ats remachined. Resetting 
every time was a little tedious, however, 
the setup had cost me nothing so I’m not 
complaining. Photograph 4 shows the 
second square being machined. This was 

an occasion when having a round column 
proved useful as I could swing the head 
around to get a better reach. To drill the 
holes required I held the component in the 
vice seating the reduced diameters each side 
of the centre section on small MS blocks. 

I have some MS hexagon and I will use 
this to make an alternative block so that I 

can machine hexagons easily. The gauge 
could be used to set the block faces at 
measured angles to the bed so for example, 
at 45 degrees with the square block you 
could get 8 divisions, or with the hexagon 
block you could get 12. With a little thought 
and calculation all sorts of things are 
possible! ■

Machining the fi rst square…

… and the second

3

4
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Component list

ID

1

2

3

4

5

6

7

8

1

1

1

1

1

1

1

1

Locking spring

Tool inner body

Lock ball Ø5.5mm

Lifting Spring

Tool outer body

Loupe

Punch

Adhesive friction pad grit=800

1025-01

1025-02

-

1025-04

1025-05

1025-06

1025-07

1025-08

Qty Name Part no.

7

4

6

2

5

8

3

1

Click ‘n’ Punch

Assembled Tool

Build the 
Twist n’ Punch
Mogens Kilde takes beginners step by step through 
the making of a useful optical centre punch.

In this little weekend, or two weekend, 
project I will describe how to make a new 
version of the well-known optical centre 

punch tool. The idea of this tool, compared 
to previous versions, is that you do not 
have to remove the optical lens and replace 
it with the punch, when using the tool. The 
design of my tool can be seen in the general 
arrangement, fi g. 1, and all description of 
the making of the tool should be made with 
reference to this drawing.

The fi rst part to make is the inner body of 

Fig. 1

the tool, fi g 2.
This part is made from Ø40 mm mild 

steel. Aft er cutting a lump a little over size, 
compared to the drawing.

1. The part is faced off  in the lathe and the 
diameter Ø30 mm is turned according to 
measurements in the drawing.

2. The part is turned round in the chuck and 
work piece cut to fi nal length in the lathe, 
also the 2x45° chamfers are turned.

1

2
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Tool Inner Body
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Ø40
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r6

Knurl
surface

Fig. 2

3 & 4. To ensure a good grip on the inner 
part of the tool, as you will be turning 
this part when the tool is in use, I made a 
knurled grip on the outer diameter.

5. Next the work piece is placed in the 
milling machine, locating the exact position 
of the work piece by means of a centring 
bar and bright torch light.

6. I made two Ø8.0 mm holes 10 mm one 
each side of the centre line. 

7. The holes are supposed to guide 
respectively the punch and the optical 
lens, and are reamed to ensure precise 
diameters.

8. Aft er placing 2 lengths of Ø8.0mm 
cold drawn bars in the reamed holes, I 
can mount the part in the wise accurately 
square to the Ø8.0 mm holes, and can now 
make the Ø5.5 mm hole for the locking ball.

9. The position of this hole and the size of 
the hole must be absolutely precise, by this 
I mean that the hole must be absolutely 
square to the Ø8,0 mm holes and placed 
exactly on the centre line of the work piece. 
Also the size of the hole must be with no 
play for the locking ball, so before you drill, 
do check the size of the steel ball.

3

4

10. In this setup, the locking spring and the 
ball are checked for good function, fi g 3.

11. Please note that the ball and the spring 
were found in the ‘good to have stock’, so 
you can use what you have available of 
similar size.

The next job is to drill the Ø12 mm and 15 
mm deep hole, this hole will accommodate 
the lift ing spring for the centre punch.

12. The work was done in the bench drill 
using a twist drill. The fi nal job is to make 
the light port for the optical lens. Again 
the part is placed in the milling vice and 
positioned with parallel Ø8,0 mm bars.

13. The light port is milled with a Ø12 mm 
end mill. Aft er removing all sharp edges and 
burrs the part is fi nished.

5 6

7 8 9
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Locking Spring

Wire
Ø0.6mm

Pitch = 1.8mm
Length = 16mm

Tool Outer Body

Ø8.5

Ø3

Ø30

Ø36

To be marked
& drilled after
assembled to
inner tool body

10

r6

8

8 2
5

2
4

Knurl

Fig. 3

Next part to make is the outer body of the 
tool, fi g 4.

14. This part is also made from a length of 
Ø40 mm mild steel.

15. As part of the outer diameter is to be 
turned to Ø36 mm, I cut a piece approximately 
30 mm longer than the fi nal length.

16 & 17. Here the dimension is critical as the 
outer part must fi t to the inner part with no 
play, that is, free movement but no play.

Next the part is faced off . Here I made a 
small error, the outer body will also have a 
knurled grip I should have cut fi rst. Despite 
my error I was able to do the knurling on the 
cut off  part, but it is best to do the knurling 
before the part is cut to fi nal length.

10 11

12 13

14

15 16 17

Fig. 4

18. Aft er facing off  to exact length the part 
is centre drilled…

19. …and a large drill is used to start the 
boring operation.

20. The Ø30 x 24 mm boring job is done 
with a boring bar in the lathe

21. The work piece is set up in the milling 
vice and just as the previous job in the mill 
was the light port in the inner tool body, the 
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Punch

Ø12

4
6

3
6

1.5 x 45˚

53˚

Ø8

next operation is to mill the light port in the 
outer tool part.

22 & 23. Without removing the workpiece, 
the centre line of the part is zeroed in and 
the Ø3,0 mm hole is made.

24. Aft er removing sharp edges and burrs, 
next the locking spring and locking ball can 
be mounted into the inner tool body, the 
whole thing is mounted into the outer part, 
if things has gone well the two parts shall 
lock in a position where the light ports are 
corresponding.

18 19 20

23

21

Fig. 5

24 25

22
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Fig. 6

Now is a good time for a coff ee break!
Next part to make is the punch, fi g 5.

The punch fi ts in the hole with its lift ing 
spring, fi g. 6.

The punch is made from some Ø16 mm 
hardenable steel (UHB ARNE) that’s in my 
stock.

25. First job is to turn the end point of the 
punch, this is done in the lathe with the 
compound slide adjusted in appropriate 
angle.

26. The outer Ø8,0 mm diameter is turned, 
and again this dimension must be meet a 
running fi t to the holes in the inner part of 
the tool

27. The work piece is cut off  a little over size 
in length and the outer Ø12 mm diameter 
is turned, fi nally the total fi nal length 
according to the drawing is turned.

28. Next the tip of the punch is heated to 
cherry red and drop into some old engine 
oil, hereby pointed end of the punch is 
hardened.

29. When only the tipped end is heated, the 
other end, where you will be hammering is 
still soft . To end the job on the punch, the 
part is polish to nice fi nish

30. In fi gure 4 of the outer tool body is 
shown a Ø8,0 mm hole in the bottom of the 

Fig. 7

29 30
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Friction Pads

Ø8

Ø
3
6

1
0

Cut from P700 grit
dry/wet sanding paper
with adhesive backing

part, as it can be hard to fi nd the correct 
position of this hole, I’ve waited until now 
to drill this.

At this stage of the project and with the 
tool assembled, I can make an exact punch 
where the hole is to be drilled

30 & 31. Aft er making the punch mark the 
hole is centre drilled and fi nally drilled with 
a Ø8,0 mm drill in the bench drill.

33. The next and fi nal part to make is the 
optical lens or loupe, fi g. 7.

This part is made from some Ø10 mm 
PMMA also known as acrylic or perspex.

Firstly, one end of the lens is faced off  
and polished with very fi ne grit (P1200] 
polishing paper, next a Ø1,0 mm circle was 
marked with the cutting tool in the lathe 

34. Next the outer diameter is turned 
according to the drawing, once more make 
sure the measures end up with a nice fi t to 
the Ø8,0 mm hole in the inner body of the 
tool.

35. To fi nish the optical lens, the Ø10mm 
end must be turned with a radius of 
approximately 13 mm. The sphere, which 
will provide an enlarged image of the 
centre, is polished and the lens is ready to 
be inserted into the tool.

36. When starting to use my new optical 
centre punch, I found that the tool tended 
to slip on the surface of a metal plate, and I 
decided to apply a P700 grit grinding paper 
with adhesive backing to the tool, fi g. 8. 
This way I obtained a very good friction 
between the tool and a hard surface like a 
metal plate.

37. Here are two punch marks, placed spot 
on to the intersecting point of two scribed 
lines using the tool.

38. Here’s the view when the tool is placed 
over a work piece. ■

31

32

33

34

35

36

37 38

Fig. 8



 Tangential tool holder design.
 Extremely versatile and easy to use.
 Simple resharpening with supplied jig.
 Roughing and finishing cuts.
Square shoulder facing.
 Round nose work(using round HSS).
 Variable tool point radius.
 Takes easily available 1/4” or 5/16”-

   square or round tool bits.
 55° & 60° thread cutting.
 Right and Left hand versions.
 Easy height adjustments
 Available in six sizes from 

   8mm to 25mm tool height.
 Round and square Crobalt® cast alloy             

   tool bits also available.

AUSTRALIAN MADE
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Square shoulder f
 Round nose work(
 Variable tool point
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The Diamond Tool Holder

Distributors in the UK and USA
For more information please visit our website at

eccentricengineering.com.au
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 Inverted blade design to help reduce jam ups and  blade 
   breakage 

 Simple to resharpen
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 Each holder can take five different width blades
 Parts off steel, aluminium, plastics, brass, bronze and many 

   other materials.
 “T” type blades available in 1mm, 1.6mm, 2mm,  2.5mm, and       

   3.2mm widths.
 Narrow blades can also be used for cutting circlip and “O” ring      

   grooves and also engine cooling fins etc.
Five holder sizes available, from 8mm to 20mm.
 Cutting edge can be shaped to suit special  purpose work.

 Alternative version available for use on    
   small lathes with screw on chucks.
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Gear Cutter General Arrangement

When I decided to make miniature 
petrol engines in my workshop 
I looked hard at my facilities to 

see whether I had suffi  cient machines and 
machine attachments for the job. Out of 
that survey came several requirements, 
machines for cutting and fi nishing cams, a 
sturdy vertical slide and divider, some other 
smaller equipment, like a port cutter, and a 
gear cutting machine. The gear cutter was 

Gear Cutter
Alan James Aldridge describes a fl exible machine for the production of gears in 
the home workshop

thought to be necessary as I was following 
the work of both Edgar T. Westbury and Len 
Mason almost without question in the early 
stages of building petrol engines and they 
employed gears for the timing and oil pump 
drives. Ultimately, gearing was not employed 
in the fi rst petrol engine, but the gear cutter 
has earned its original cost and more, in 
doing odd jobs and some commercial work 
for one off  small gears and gear trains over 

some years and has paid handsomely for 
equipping my workshop. 

The gear cutter was modelled to a 
limited degree on the early work of Eley 
who described a machine in the late 1940s 
(ref. 1) reference text: A Gear Cutting 
Machine, J. S. Eley, Model Engineer, Vol 
100, issues 2499-2505 inclusive> and 
more so on the later work of Jacobs in the 
latter half of the 1970s (ref. 2) <reference 
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text: A Gear-Cutting Machine, T. D. Jacobs, 
Model Engineer, Vol. 142, issues 3529-3533, 
also see 5641 & 4642>, who made a light 
machine with a lot of additional equipment 
which permitted the machine to tackle just 
about any gear type one could name. The 
work of Duplex, which was a pen-name of 

Norman Hallows and Ian Bradley, as well 
as that of Martin Cleeve and Dave Lammas 
also proved to be immensely useful as well, 
especially with regard to the mathematics 
of gear cutting, change wheel selection 
and indexing devices. There is little doubt 
for those new to gear cutting that it is a 
step up in terms of knowledge required 
to sort out the immense amount of 
new terminology, mathematics and the 
fi ddly add on parts that will complete the 
machine, which is really not a mystery 
as long as one has guidance. The main 
gear cutter is a relatively a simple piece of 
equipment to make and use.

The basic GearCutter to be described 
is not a massively complicated machine 
in any way (photos 1, 2). All the basic 
parts which make up the machine are 
well within the capacity of most of us and 
our workshops with much of the work 
having repeats for tables, slides and the 
feeding systems. The machine diff ers 
from those that preceded it as it is more 
substantial in its construction, larger in 

size, and mounted on its own stand. In its 
basic form with only the vertical slide and 
rotating table sat on the lathe cross slide it 
is capable of cutting spur and bevel gears 
up to 200 mm in diameter.

The real advantages of the machine 
come with building of the special slides, 
rotating table and the stand, when 
the number of gear types which can 
be machined multiplies and to some 
extent automatic feeding can be applied, 
which replaces hand feeding, with all the 
problems associated with patient, regular 
incremental feeding over a long span of 
time to gain fi ne fi nishes. The actual time 
to make a gear wheel, once one has all the 
necessary machinery and cutters to hand, 
is comparatively quick. A 60-tooth spur 
can be made from raw steel in less than 90 
minutes.

It requires additional equipment for 
other gear forms to be cut, and still more 
equipment to produce hobbed gearing, 
but this is the right way to go as this type 
of cutting and gearing will permit high 

A general view of the gear cutting machine

1

2 3

A view of the machine from the far side
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speed trains with little trouble, whereas 
single tooth cutting will be found wanting 
over time. The defi nition of high speed is 
open to interpretation, but a petrol engine 
turning over at 2500 rpm is high speed.

The real diffi  culties in gear cutting 
have little to do with the construction of 
the actual machinery but more with the 
additional equipment required. As the 
wheel size grows the shape of the fl anks 
of each tooth change from, in the smaller 
sizes, well rounded fl anks to the biggest 
sizes where the teeth resemble more a 
straight sided triangle and at the ultimate 
size the wheel turns into a straight line 
rack. In each gear train, to be able to 
cover the full range of tooth profi les from 
smallest diameter to the biggest, the rack, 
requires 4 to 5 cutters. Changing from one 
diametric pitch to another requires another 
set of cutters. Hobbing will reduce the 
cutter numbers to one for all gears sharing 
a common diametric pitch or module. In 
short, hobbing fulfi ls two functions; it 
provides smoother running gears and 
drastically cuts down on machining time. 
However, a hob is not a get out of gaol 
free card; the making of the one hob, 
will require some alteration to the gear 
cutter. Essentially this means cutting one’s 
own gear and arranging them on an arm 
stretching from the original cutter head to 
the back of the worm drive with a universal 
joint in between to get the synchronous 
drive between cutter and gear being cut. 
One should also make a second arm and 
set of gears to join the gear drive feed 
into the hob. But we will have the basic 
machine to make all these gears. 

As described, the machine is capable 
of being set up to make gears with spiral 
hobs, and if the builder is willing to buy 
such hobs and make suitable holders for 
them, then they will be able to use the 
machine this way, guided by the articles 
mentioned above. As far as this series 
goes, we will conclude by describing the 
production of gear cutters using the two-
button methods using either the Eureka 
or Duplex backing off  devices, and using 
these cutters with GearCutter.

Even making a single tooth cutter in the 
workshop requires another cutter and in 
most cases there has to be yet another 
attachment for backing off  the fi rst 
cutter’s teeth for much the same reasons 
one would sharpen a standard lathe tool 
for clearances and rake. Making cutters 
for cutters for cutters is a lengthy, detailed 
process but not diffi  cult, just a lot of work. 
The cutters have to be in a hardenable 
tool steel and the heat treatment can be 
given to a professional, but it is possible 
in the home workshop for smaller cutters. 
Backing off  requires a special lathe 
attachment, but for aluminium, bronze, 
brass and, to a lesser extent, cast iron gear 
wheels, backing off  can be ignored under 
some circumstances. The other diffi  culties 
associated with gear cutting are fi nding 
the information required and being able 
to understand and apply the mathematics 
of gear cutting. This is where the work of 
Duplex, Cleeve, Unwin and Lammas comes 
in very handy. The mathematics, by and 
large, can be reduced to running a fi nger 
down lists. 

Much of the work in producing the 
machine is routine. In my own design, 
my workshop facilities have dictated 
how I have gone about making specifi c 
components so the slides are all square 
not dovetail vees, which I would have 
preferred, but the necessary take up 
of clearances works well so guidance is 
square and well controlled. It does require 
some hand work but model engineers 
should be good at that. Although based 
on the Jacobs design the materials do 
not include much aluminium, which 
predominated in the original machine. A 
larger machine demands everything is in 
steel. Fabrication employing nuts and cap 
screws with bright steel sections is the 
general rule for the construction, which 
reduces machining though there will have 
to be some on relatively long length. My 
large milling machine vice is completely 
built up in a similar fashion to the gear 
cutter and is used, and abused, almost on 
a daily basis. The vice has never been taken 
to pieces or serviced in any way and apart 

from some machining scars is as good as 
when it went in use 25 years ago. 

The main parts of the gear cutter are 
described in groups as the building of 
a slide or a table is much the same in 
manufacture though the lengths and 
widths of the item may diff er. Once the 
groups are complete one can proceed to 
a building up of assemblies for putting 
down on the lathe. A three week burst of 
energy saw all the necessary gears made 
for the gear cutter so the lathe’s wheels 
are no longer used at all on the gear cutter. 
One will note that the photographs show 
aluminium wheels which does quite well in 
the low power service of driving the worm 
and the feed of the workhead into the gear 
being cut.

Stand and Machine Base
There are three main baseplates for the 
machine. The fi rst is the big 5 or 6 mm plate 
that forms the top of the stand. On this 
stand two separate thicker plates of smaller 
dimensions, shown in green and red on the 
drawing (fi g. 1). Both these plates should 
be selected on the basis that they are fl at 
all over, particularly the smaller one. These 
plates can be guillotined, which was not 
the case some years ago but suppliers have 
better machinery for cutting, one could go 
as far as a laser cutting, if preferred, but 
the guillotine will do. Steel makers produce 
a better quality all round product as well. 
A commercial machine would be surface 
ground but I am not prepared to pay the 
price for this work. By careful selection 
and understanding the limitations fl at 
undressed steel plate will do.

The stand is made from steel sections, 
angles and square tube. I think once one 
has fi nished the gear cutter its overall 
size will demand a separate stand, as 
not only is the machine fairly big, as is 
the Jacobs equivalent, but there will be a 
considerable amount of gear which will 
steadily accumulate over time as more and 
more gears are made. With respect to the 
top plate the plate should have a guttering 
as a plentiful supply of cooling oil will also 
be a part of the machinery. In fact, instead 

4 5

Set up for milling a long fl at in the lathe Setting the parts of the angle square
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of a built in suds pump I made a trolley 
to service a lathe, a milling machine the 
gear cutter and a cam cutter. The pump 
comes from a washing machine, which is 
more than adequate for squirting a healthy 
stream of cooling liquid to where it is most 
needed. The gutters around the top plate 
are fabricated from light angle with welded 
corners and stitched connections to the 
big plate. The sealing of the gutters is with 
epoxy resins. There has to be return line to 
the trolley pump tank.

The drawing only shows one but there 
are two possible machine layouts, the 
normal for spur gears and most others, 
but there is a special situation for cutting 
reamers and other long helical teeth cutters 
where the green table is swung around 90 
degrees to the slides. To accommodate the 
switch around there will be four holes in the 

green base and the underlying main base 
plate, in red, positioned to be clear of the 
machinery. Two will be plain through bolt 
holes the other two will be for two buttons 
or dowels. For the present the four holes 
are only required for the standard set out 
for spur gears. The bolt and buttons and 
their holes are leakage paths. A commercial 
household sealant is applied to them, 
which can be cleaned out easily when a 
move takes place and re-applied as and 
when required. For plotting the positions 
of the holes the accompanying drawing 
shows convenient formulae. Note when the 
turnabout happens the motor and cutter 
head turn through 90 degrees which needs 
space behind the machine stand. I think 
over several years I have moved the base 
around only some four times.

Getting to the best operating position of 

the gear cutter with two positions available 
possibly means the machine should have 
wheels so it can be wheeled out and 
turned about to the most convenient 
position, but that does not usually fi t well 
with rotating workshop machinery, as 
the machinery sets up vibration and the 
stand “walks” around. Initially, I had two 
legs with wheels, and in practice, it was 
stable enough for most gear cutting. It is 
now quite heavy due to the large amount 
of accessories and equipment for the 
gear cutter, which made manoeuvring the 
stand tiresome and the stand now has 
four wheels, which have brakes, to rid the 
stand of moving problems during cutting 
operations. The drawing just shows the 
basic stand as we all have our own ideas as 
to the best ways of storing stuff . 

In the Jacobs machine the use of 
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Gear Cutter

cooling oil was simply through having a 
trough that sat under the cutter, which 
continuously picked up a small amount. I 
wanted more than a small amount to wash 
out the shavings and to cool the cutting 
edges. The suds pump and tank was 
originally made for the lathe and sat close 
to it on small stand. The unit is absolutely 
utilitarian in construction. The tank is an 
old oil can, to which has been attached 
with four lugs for the fi xing screws that 
hold it to the trolley base. The pump can 
be bought at any household spares store. 
The type is immaterial, though it appears 
that there is a single design that fi ts all. 
The pump is attached to the can on one 
side in an aluminium ‘casing’ which off ers 
a support and some protection from 
external knocks. The original had a top 
tank with the suds falling under gravity 
and a ball operated valve that shuts off  
fl ow, but the trolley mounted unit delivers 
directly to the machinery these days. The 
complete installation is a closed circuit so a 
continuous stream of fl uid from tank to the 
jetting arrangement, on to the work, into 
the trough around the stand top edge and 
back to the bottom tank, cannot overfl ow. 
One will quickly fi nd out when the tank has 
run dry. The tank has a drain plug. Filling 
of the tank is simply by dumping fresh oil/ 
water emulsion into the top of the trolley 
or into the machine tray. A standard on/ 
off  switch is sited under the top plate of 
the trolley to switch off  the pump when 
not required. The usual pump comes with a 
fi lter section and has large pipe connection 
in plastic, which has to be reduced from 
25 mm to something smaller for the direct 
connection into the tank which has a steel 
fi tting brazed in place. In the interests 
of space saving the pump unit can be 
screwed on to the tank connection rather 
than having an intermediate coupling. 
The delivery side is simpler with a steel 
screwed barrel fi tting and a 13 x 8 mm 
reinforced plastic tubing delivery pipe. 
There should be a steel connection at the 
trough around the machine tray, welded 
in, so the piping does not come outside 
the stand outer dimensions. The fi nal 
connection to the work area is with fl exible 

piping. Photograph 3 shows the motor 
and pump and the connection to the tank. 
The aluminium cover runs around two 
sides and over the pump and motor.

Tables
There are three combinations of tables and 
slides. The fi rst is the long table (fi g. 2) 
which carries the slide on which the rotating 
table sits, and on which is another slide 
that supports the vertical slide, to which 
the workhead is fastened and in turn 
the gear blank. This moves lengthwise 
on the table below it to align the cutter 
to the gear wheel blank. The three slides 
and tables allow the gear blank, to be 
cut, to move in three planes and rotate 
to meet any combination of gear cutting 
requirements. All the tables are built to 
a similar plan, with bright steel sections 
bolted together and machined only where 
necessary. There is also the relief on the 
underside of slides. One can argue that this 
is not a necessity when using bright steel 
sections but it is used by me on all slides as 
a matter of course. I have the machinery to 
make the job quick and easy, but one can 

cut the slotting with a milling cutter in the 
lathe and the work on a vertical slide. The 
value of this relief is that the slide bears on 
the outer edges of the backing table and 
not the centre where it might wobble.

There are plenty of fi xing bolts and 
holes, which tend to get in the way of each 
other so measuring has to be quite exact. 
All slides are built to the same construction 
plan but diff er in detail here and there. For 
instance, the bottom slide for the rotating 
base has a long tail which enables long 
travel of the workhead. Rather than use 
a very long plate to incorporate the slide 
proper and the tail, the pair are split with 
the tail made from plain black steel. Some 
eff ort is needed to get the tail and slide to 
have a fl ush fi t at their joint. All screws are 
cap heads so the countersinking of heads 
is simple and neat. 

The underside of a slide has two 
guideways made from key steel 12 mm 
square. These pieces are milled or used as 
bought if the size is correct but without 
a milling machine the lathe has to do the 
job where their size has to be reduced. 
Photograph 4 shows, not a gib strip, but 

Checking alignment aft er initial weld

6 7

8

Bracing piece tacked in place

Facing off  the bracket.



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

Long Table Slide

1
4
0

1
0

1
0

1.
5

5

M
5

11
2

3
0

1
0

0

1
5

1
0

100

10 thick

10 thick

38

Ø91

Ø24

M6

42

10

12

5
3

3 gib
66

Between guides 80.5

70

56

4.3/M5/5.2
Csk. Ø8 x 5.5

a long shaft  being milled for a keyway, but 
the process is exactly the same for the fl at 
strip. The work is lift ed to the centre height 
by spacers, generally bright steel sections, 

but I have ground bars as well. Homemade 
strong backs are pulled down to clamp 
the assembly. Alignment is critical in this 
work and here the usual dial indicator can 

only reach into the gaps between clamps, 
therefore, a long ground bar, bright steel 
will do but is second best, is part of the 
assembly held separately from all the 
other bits and pieces and properly set out 
with the dial indicator before the rest of 
the assembly is put down. It would be a 
good idea to machine all these gibs, one 
aft er the other, to avoid having to do the 
preliminary setting out of the setting bar 
several times, which takes a long time. 
Each gib strip sits against the ground 
setting bar and is strapped to it with 
toolmakers clamps and similar tooling. 
Lightness of touch is essential so the 
setting bar is not accidentally moved. An 
alternative is to employ a vice and vertical 
slide for the same work aligning the slide 
and then adjusting heights with the slide 
to bring the work on line. One can check 
the best setting with a dial indicator as 
well. ■

9

The rotating table
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We would love to hear your comments, questions and feedback about MEW
Write to The Editor, Neil Wyatt, Model Engineers’ Workshop, MyTimeMedia Ltd., Suite 25, Eden House, 

Enterprise Way, Edenbridge, Kent TN8 6HF. Alternatively, email: neil.wyatt@mytimemedia.com

TIG Welded Boilers
Dear Neil, I enjoyed your MEW No.243 Doncaster 
review almost as much as I did the actual show which I 
attended on the Friday. A couple of points if I may, you 
extol the TIG welding from Steam Technology and refer 
to the absence of expensive silver solder. On the basis 
of my own 7 1/4” gauge Black 5 boiler there is approx. 
£1K of solder used. Although Steam Tech do use Silver 
Solder for the bushes etc. they are certainly not cheaper, 
in fact I know of at least one case where they were more 
expensive than another commercial conventional model 
boiler maker. I did not look at their sectioned samples 
( I will next time), the rear one in your photo is welded 
both sides but the front tube section certainly appears 
to be a “buttered” joint, I would have thought, from 
past experience, to have seen at least some weld on 
the “inside” corner but it is remarkably square with no 
penetration spill.

Finally, do you know of a source of “glue” for acrylic, I 
deliberately say glue, because a simple solvent approach 
will not solve a problem, want some bulk in the material 
used. I could dissolve acrylic shavings in solvent I 
suppose, but tedious.

Ken Willson, by email

 

Scribe a line
YOUR CHANCE TO TALK TO US!

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

Leadscrew Techniques
Dear Neil, I have been reading with interest, John Pace’s excellent 
article on ACME lead-screw milling (MEW #241 et seq). John has 
provided a very graphic description of his encounter with the 
‘dig-in’ problem. My advice would be that the correct way to have 
approached this was to have anticipated the problem by using an 
easy to fabricate accessory.

I am referring to a 2-part drive-end coupling (i.e. the left  half is 
clamped and centred in the chuck while the right half is socket-
coupled (use a spot of superglue - heat to break the bond when 
fi nished) to the head-end of the proto-lead-screw. The two coupling 
halves are joined by a soft , mild-steel shear-pin appropriately 
dimensioned according to the likely maximum normal cutting forces 
and refi ned with a few off -lathe shock-torque experiments (the 
trigger-point can be fi ne-tuned by machining a circumferential 
groove around the shear-plane, the depth of which being 
determined by experimentation) .... in other words, I have described 
a ‘mechanical fuse’ that, if triggered will, in the fi rst instance, protect 
the lathe and its drive-train from mechanical damage (an easy No. 
1 piority qualifi er!) and secondly, either avoid entirely or else limit 
spoiling the workpiece. An essential accessory adaptor for ‘high-
stakes’ machining projects!

His next - and related - issue concerns pick-up from and gouging 
of the brass follower fi ngers. The correct steady rest to have used is 

one equipped with hardened roller-tipped support fi ngers. Over the 
years there have been several such projects published all utilising 
roller bearings of suffi  cient width to bridge over at least two thread 
crests. However, for this particular application the roller design can 
be ‘gazumped’ by a spring-loaded single ball arrangement sized 
such that its periphery will smoothly roll and ride in the developing 
thread-form. It almost goes without mention but that the steady 
should have attached to it a drip-feed lubricator to keep the 
contact-point well lubricated.

Finally, he was remiss in not commencing machining operations 
with a roughing cut using a V-form threading tool with a 90° 
included angle. This would have substantially reduced the extreme 
loading on the ACME form tool for the fi nishing cuts, in turn, 
reducing - if not entirely avoiding - the micro-fl exing of the ACME 
tool-tip which I suspect is primarily the culprit of the ‘dig-in’ 
phenomenon.

Together, these three measures could have avoided the need to 
resort to milling the thread (albeit that a portable milling head is 
extremely useful in other machining operations).

John is to be applauded for candidly disclosing these problems 
and I hope that he is not dissuaded from future articles by my 
criticisms as they were intended to be constructive.

 Andre Rousseau, France.

Clogged Up!
Dear Neil, I was only joking, 
but was sure that my shop 
would be considered the 
‘Most Congested’ (Reader’s 
Workshops, MEW 243). 
All that stuff  is contained 
in a shop 10’ 9” by 6’ 9” 
external, with 19mm 
external cladding, on a 
50mm frame with 12mm 
ply lining, and the photo 
does not show all that is in 
the foreground.
At least, when moving, I no 
longer kidney punch myself 
on the handwheels of the 
ML7 as in the previous 
smaller shop! What a 
diff erence an extra 10” in 
the aisle makes!

Howard Lewis, by email
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Fixed Column Mill
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The Leadscrew

I have had my Sieg Super X1L (SX1L) 
mill for several years. It has served me 
very well during that time. It is a small 

machine, photo 1, with only a 150 watt 
motor so big cuts are not possible but 
this can usually be overcome by taking a 
succession of smaller cuts. I have made a 
number of modifi cations to the machine 
to improve its capabilities, such as adding 
stops, converting it to belt drive and adding 
a power feed on the x axis.

The one feature of the mill that I have 
never used is the tilting column. One reason 
for this is because it took me so long to get 
the mill to tram correctly when I fi rst had it 
that I have been reluctant to do anything 
that might upset the tram. The other reason 
is that it is usually relatively easy to mount 
the work piece at an angle and this negates 
the requirement to tilt the column.

There are other disadvantages to a tilting 
column. Any tilting mechanism introduces 
some places where unwanted movement 
can occur and this can reduce the rigidity. 
In the case of the SX1L tilting mechanism 
it is actually fairly robust and I do not think 
this is a big problem. The other downside of 
the SX1L tilting mechanism is that it limits 
the downward movement of the headstock. 
This is not a problem in normal use but 
it becomes a problem if the height of the 
column is extended using riser blocks.

The mill was mounted in a small tray that 
was barely the size of the base of the mill. 
This did not catch any oil that dripped off  
the end of the mill table. The base casting 
was also quite rough in places and the 
roughness collected oil and dirt.

The project described here was instigated 
to get rid of the tilting mechanism and 

Fixed Column 
for an X1 Mill
Mike Cox undertakes a fi xed column modifi cation to his Sieg Super X1L mill

General view of the mill aft er modifi cation.

1
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Mill Riser Blocks
Mat’l: 50 x 50 x 3mm steel box section, 2 off
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to increase the range of height of the 
headstock above the mill table. 

A secondary objective was to mount the 
mill in a much larger tray on raising blocks 
so that any oil and swarf were contained 
rather than messing up the bench. I also 
wanted to remove some of the rough spots 
from the base casting and repaint it in order 
to improve the appearance and make it 
easier to keep clean.

Project planning
The fi rst task was to source the fi xed 
column. I purchased the mill (product code 
080-030-00215) from ArcEuroTrade (ARC). 
They did not list the fi xed column as a 
standard option or as a replacement part. 
However, I left  an enquiry on their website 
asking whether it was possible to get one. 
The following day I had a telephone call 
from ARC and aft er some discussion about 

what I was proposing to do they agreed to 
supply the fi xed column as a special order. 
This had to be ordered from Sieg in China 
so there would be a bit of a wait. The fi xed 
column is a spare part to the original X1 mill 
not the SX1L. I understand that ARC have 
now added it to their spares section for the 
X1 mill on their website. 

Whilst waiting for the column I searched 
eBay to fi nd a suitable tray. I found a good 
sized plastic tray from a supplier of garden 
products that was 790 x 400 x 50 mm. It was 
described as ‘Garland Maxi Garden Tray Black’. 
This was intended for standing plant pots on 
but was actually the perfect size for the mill. I 
already had some 50 x 50 x 3 mm square box 
section steel that I could use to raise the mill 
to the height of the tray.

I also ordered some 20 x 75 mm bright 
mild steel bar to make a mounting plate 
for the column and some 25 x 50 mm steel 
for the column raising blocks. When this 
arrived I carefully checked it for dimensional 
uniformity and straightness. There was not 
more than 0.06 mm variation in thickness 
or width of the bars along the length. 
Straightness was checked against a steel rule.

The z axis leadscrew is threaded M10 

The end of the extended leadscrew aft er machining.

2
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with a left  hand thread. I planned to 
increase the length of the leadscrew so 
I needed to source some M10 left  hand 
threaded rod. This was not straightforward. 
I eventually discovered a company called 
GWR Fasteners that supply M10 left  hand 
threaded A2 stainless steel in 500 mm 
lengths as a standard item. This was duly 
ordered and it arrived very quickly.

The last item I needed to acquire was 
some paint to roughly match the colour of 
the mill castings. I had some parts of the 
mill that I had removed when I did the belt 
drive conversion. I went to a few stores with 
the top of the gearbox cover to try to fi nd 
a colour match. It turned out that the local 
Wilko store had gloss exterior paint in the 
colour Signal Red which was a good match.

The fi nal part of the planning was to think 
carefully about whether any parts would 
need to be milled to do the conversion, 
since these would have to be made before 
dismantling the machine. At fi rst I thought 
I would need to mill the steel for the fi xed 
column mounting plate and riser blocks. 
However, since the steel supplied was of 
uniform dimensions and straightness I 
decided that milling was not necessary. The 
only part that would require milling was a 
keyway in the z-axis leadscrew.

Photo 1 shows the fi nished fi xed column 
modifi ed mill. The new fi xed column is 
clearly visible. Also visible in the photo are 
the belt drive at the top of the headstock, 
the power feed on the x axis on the left  
hand side and the x axis stops along the 
front of the milling table.

The leadscrew
The leadscrew, fi g 1, was a simple turning 

job that was carried out on the stainless 
steel M10 left  hand threaded rod. One end 
was turned down to 8 mm for a distance of 
45.5 mm. The end of this was then turned 
down to 6 mm for a length of 9 mm and 
then threaded M6 using the tailstock die 
holder. The rod was then cut to length on 
the bandsaw and the other end faced and 
chamfered in the lathe.

The bar was gripped by the 8 mm section 
in a small vice mounted on the milling 
machine table and the key slot was cut 
using a 3 mm slot drill. This operation must 
be carried out before starting to dismantle 
the milling machine.

The end of the fi nished leadscrew is 
shown in photo 2.

Having made the new longer leadscrew 
the mill could now be dismantled. 
ArcEuroTrade publish an excellent guide 
to dismantling and reassembly of the SX1L 
mill available as a free download on their 
website.

The tray and mill riser blocks
The tray required little preparation. It had 
some shallow ribs, about 1.5 mm deep 
moulded into the back. It was placed in 
position on the bench.

Two mill riser blocks were made from 
50 x 50 x 3 mm box section steel, fi g 2. 
They were cut to length on the bandsaw 
and then drilled as shown. Photograph 3 
shows the fi nished mill riser blocks.

The base of the mill was then attached 
to the risers using M8 bolts. The base was 
positioned in the tray and holes drilled 
through the tray and bench at the outer 
hole positions of the risers. Before bolting 
the risers down a 1.5 mm thick penny 
washer was positioned between the tray 
and the bench at each hole position so that 
the tray did not distort at the ribs.

The adaptor plate
The base of the fi xed column is smaller than 
the base of the tilting column so an adaptor 
plate is required, fi g 3. This was made from 

The fi nished mill riser blocks.

The base of the mill with the riser blocks and support plate. The base aft er cleaning up and painting.

3
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The Adaptor Plate
Mat’l: 20 x 70 bright MS

20x 70 mm bright mild steel. This was cut 
to length, marked out and drilled as shown. 
The centre holes, for the fi xed column were 
drilled out 6.8 mm and then tapped M8. 
The outside holes were drilled out 9 mm. 
All the holes were carefully de-burred aft er 
drilling and the plate was gently rubbed in a 
fi gure of eight motion on wet silicon carbide 
paper supported on a fl at granite slab to 
remove any high spots. Note: All critical 
dimensions should be checked against 
actual machine measurements before 
marking out and drilling since ARC advise 
they may vary a little.

The column riser blocks.
The two column riser blocks were made 
from 25 x 50 mm bright mild steel bar, fi g 
4. These were cut to length and drilled as 

shown in the drawing. They were carefully de-
burred and rubbed on silicon carbide paper as 
described above.

Photograph 4 shows the base of the mill 
with the two column riser blocks and the 
adaptor plate in position.

The base was carefully cleaned up using 
a small grindstone in a Dremel type tool 
to remove the rough spots on the casting 

so that it could be painted. The base was 
detached from the mill riser blocks and plastic 
strips placed under the base to prevent the 
paint going on the riser blocks, photo 5. At 
the same time the column riser blocks were 
painted with the same red paint and the 
adaptor plate was painted matt black.
Assembly
The adaptor plate and riser blocks are 

The new column fi xed to the support plate 
and riser blocks.

The set up for tramming the mill.
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Fixed Column Mill
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attached to the base using M8 studs. The 
new column was then attached to the 
support plate using M8 screws, photo 6.

The rest of the mill was then reassembled 
with the new longer leadscrew replacing the 
old one. The fi nished conversion was shown 
in photo 1.

Tramming the mill
Photograph 7 shows the set up for 
tramming the mill. This consists of a brake 
disc which is lying on the mill table and a 
dial gauge that is held in the drill chuck on 
some extender rods that can sweep round 
the disc. Brake discs are manufactured to 
extremely high dimensional tolerance so 
they provide a very good test surface. The 
disc shown is a Ford Fiesta disc that was 
purchased on ebay.

In principle tramming the mill should 
be straightforward. If the column leans 
forward, then some shim is placed under 
the front of the raising blocks. If it leans 
back, then the shims are place under the 
back of the raising blocks. If it leans to the 
right, then shims are placed under the right 
hand block and if it leans left  then the shims 
naturally go under the left  hand block.

When I started this procedure it was 
impossible to get consistent results. The 
column would tilt one way, correcting shims 
would be inserted but instead of improving 
the tram sometimes the opposite was 
observed. I remembered that when I fi rst 
had the mill it was very frustrating trying to 
adjust the tram for the same reason.

I dismantled the mill to investigate why 
tramming was so diffi  cult. I had checked 
the steel that I used for the adaptor plate 
and riser blocks so I was fairly sure that 
these were not the cause. On removing 
the column and the riser blocks from the 
base of the mill and making a few checks 
the reason for the diffi  culty in tramming 
was obvious. Photograph 8 shows the left  
hand pad that the column is fi xed to. It can 
be seen that the surface of the pad appears 
diff erent on the left  hand side of the 
photo to that on the right hand side of the 
photo. Close examination shows that the 
machining marks go in diff erent directions 

on the two halves. Placing a straight edge 
on the right hand side of the pad it was 
possible to slip a 0.3 mm feeler gauge 
under the left  hand end of the pad. The 
right hand pad was similar but the lack of 
uniformity was not so marked. On reading 
the ArcEuroTrade guide to dismantling and 
reassembly of the SX1L mill I noticed that 
they do indeed recommend fi lling or milling 
away the centres of the two mounting pads 
presumably to eliminate any column rock 
and diffi  culties in tramming.

Since I had the column off  the machine I 
decided to make some short adaptor bars 
that would allow me to mount the column 
on the milling table, photo 9. Note the 
new extended leadscrew in the photo. This 
enabled the mill headstock to be lowered 
right down to close to the bottom of the 
column and with a 12 mm milling cutter in 
the spindle it was possible to sweep the 
tool, using the milling table handwheels, 
over the two pads on the mill base to 
true them up. A total cut of 0.35 mm was 
necessary to bring both pads to the same 
level all over although this was made with 
light cuts in three passes. It should be 
noted that machining the pads in this way 
ensures that the pads are exactly parallel 
to the movement of the milling table. 

Photograph 10 shows the appearance 
of the left  hand pad aft er the machining 
operation. This operation would have been 
impossible with the old tilting column 
because it would not have been possible 
to bring the headstock down low enough 
because of the pivot casting.

The mill was then dismantled again and 
reassembled with the column mounted 
on the base pads. The mill was then re-
trammed. This was a very straightforward 
operation and only a small piece of 
aluminium foil was required under the 
front of left  hand riser block to bring the 
mill into perfect tram.

The left  hand base pad. The mill column mounted on the milling table for truing up the base pads.

The left  hand base pad aft er milling.

8 9
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Coming up in Issue 4538…

Conclusions
Apart from the problems tramming the 
mill the whole project was very straight 
forward. Even the tramming problem 
was very easily solved once I realised the 
possibility of mounting the column on the 
mill table and using the mill itself to true 
up the mounting pads.

The much larger tray that the mill is 
mounted in should prevent oil from being 
sprayed over the bench and catch the 
drips from the milling table. The current 
arrangement of the tray with the mill riser 
blocks also solves an annoying problem 

that I had because the y axis handwheel 
used to rub on the edge of the old tray. 
Now the tray does not restrict the y axis 
movement.

The clean up of the base casting and 
repainting it has made the surface much 
smoother and it should be easier to clean.

The standard SX1L mill from ArcEuroTrade 
has a spindle to table range quoted as 45-
265 mm. Aft er the modifi cations described 
here the spindle to table range is from 17 
mm to 350 mm, photos 11 & 12, which is a 
really useful increase.

The ease of tramming is much improved 

now that the pads on the base casting have 
been machined. I have to thank the staff  at 
ArcEuroTrade for their help and technical 
support thoughout this project.

Suppliers
Column and advice. ArcEuroTrade Ltd. 
Website: www.arceurotrade.co.uk

M10 LH threaded rod. GWR Fasteners Ltd. 
Website: www.gwr-fasteners.co.uk

Steel. M-Machine. 
Website: www.m-machine-metals.co.uk  ■

The headstock at its lowest height. The headstock at its maximum height.

11 12

l  Southam: the construction of a battery electric 
locomotive is described in a new series by Neil Wyatt

l An Undertype Hot Air Engine

l Combustion in Small Engines

l An LNER P1 Mineral Locomotive

l Quick Change Rear Toolpost

l Allan Brothers Semi-Diesel Engine

l Harry Powell; Model Engineer



www.emcomachinetools.co.uk

                          We regularly ship worldwide
                                               Please contact us for stock levels and more technical detail 

 All of our prices can be found on our web site:

GOL®matic
M a s c h i n e n b a u

•Table – 500
   x 150mm

•Z axis –
  280mm
•Speed –
  140-3000 rpm
•Power – 1.4 KW

•Table – 500 x 200mm 
•Z axis – 280mm  •Speed – 140-
   3000 rpm  •Power – 1.4 KW

•Table – 450 x 160mm
•Z axis – 320mm

•Speed – 365-1800 rpm
•Power – 250 W

•Centres – 500mm •Centre Height – 200mm
•Speed – 100-1800 rpm  •Power – 0.75 HP •Table –

 420 x 160mm
•Z axis – 300mm

•Speed –
 100-3000 rpm

•Power – 1.5 KW

•Centres – 600mm
•Centre Height – 135mm
•Speed – 30-2300 rpm
•Power – 1.4 KW

Precision European made machine tools for the discerning engineer!

MORE MACHINES AND ACCESSORIES ON LINE

PRO Machine Tools Ltd.
17 Station Road Business Park,  Barnack, 

Stamford,  Lincolnshire  PE9 3DW

tel: 01780 740956 •  fax: 01780 740957
email: sales@emcomachinetools.co.uk

•Centres – 300mm
        •Centre Height – 52mm
               •Speed – 250-2000 rpm
                        •Power – 250 W

TECO 
Mill 

VF400

Ceriani 
Mill 

David 
403

TECO Lathe MD 200

Wabeco CNC Mill            
CC F1410E

Wabeco
Mill 
F1210E

r
ct

E 

                         We 
               Please contac

MORE

•Centre Distance – 600mm
•Centre Height – 135mm
•Speed – 30–2300 rpm

•NCCAD  •Power – 1.4 KW

                    Wabeco
CNC Lathe CC D6000E

  Our machines suit the discerning hobbyist as well as blue chip industry

Wabeco Lathe 
D6000E

Ceriani Lathe David 203

ACCESSORIES
Lathe Chucks, Drill Chucks, Tipped 
Tools, Boring Bars, QCTP, HSS Tools, 
End Mills, Slot Drills, Machine Vices, 
Clamping Sets, Slitting Saws, Arbors, 

Boring Heads, Radius Mills, DROs, 
Rotary Table, CNC fi ts, Collet Chucks, 

Collet Sets, Flanges, Face Mills, 
Shell Mills and Much More...

 warrantywarra5year

RO Machine Tools Ltd

L

PR

•Speedd 25500 200000 rpm

hihi

LINE

RO M hi T l Ltd

            •Speedd –– 250-0-20000 rpmp
             •Poowewer – 252500 WW

ip industryi i d t

 warrantywarra5year

 warrantywarra5year

All

  
   warrantywarra5year



For more information about this machine, visit one 
of our stores, call 0800 371822 or search axminster.co.uk 

Axminster Basingstoke Cardiff High Wycombe North Shields Nuneaton Sittingbourne Warrington

All prices include VAT and are correct at time of publication but may be subject to change without notice.

This quality, precision fl oor standing lathe is a reliable, 
high performing machine that is ideally suited to 
maintenance workshops, small production facilities, the 
educational environment and the keen home engineer.

Built to an exceptional standard, with a deeply webbed cast iron 
bed, it has a two-axis DRO display system, large taper roller spindle 
bearings for accurate running and a 3mm pitch leadscrew with a 
choice of 32 ratios in metric graduations. Depending on the model, 
the lathe has either 8 speeds (230V) or 16 speeds (415V). Both 
models come with a comprehensive range of accessories.

£6,359.95 Inc.vat   508478 230V

£6,199.96 Inc.vat   508479 415V

Axminster Engineer Series

“ Such is the precision, performance 
and longevity of this machine, that 
we have no hesitation in giving it a 
free 3 Year Guarantee.”  

 Keith Thompson 
 Senior Innovation & Product Manager



August 2016 53

›

Tale of Two Lathes

Anthony Reid tells a Tale of Two Lathes, South Bend and Boxford.

For many years I have had a South 
Bend 9-inch lathe model B, 
manufactured in1942. Although it still 

produced good work the motor was playing 
up, oft en sticking and needing a nudge to 
start it. Recently I was off ered a Boxford 4½ 
inch CUD at a knock down price. I conceived 
the idea of using parts from the South Bend 
to convert the Boxford to a BUD. It did not 
quite work out like that but the story may 
be of interest.

As most engineers will know the Boxford 
4½ inch lathe is, like several other brands, 
a close copy of the American South Bend 
but with several worth while improvements. 
My workshop is very small, a divided off  bit 
of the garage. The South Bend is rear drive 
by three speed fl at belt, plus the back gear 
ratios. The countershaft  carrier sits behind 
the lathe on the same wooden bench and 
also mounts the motor driving to a ten-inch 
fl at pulley so it takes up quite a bit of space, 
photo 1. One of the main advantages of the 
CUD arrangement for me was that it was 
much narrower and would give me more 
room, also it was fi ve speed by pulleys plus 
several other small advantages, but I wasn’t 
prepared to give up my auto traverse on 
both axes.

The lathe was delivered to my workshop 
by three strong men, photo 2. On its stand 

it is very heavy. All the main dimensions and 
arrangement of both lathes are the same 
so it appeared that I could swap the apron 
and lead-screw and the Boxford would 
become a BUD and the American machine 
a model C which I would then sell, but not 

without regret aft er all this time. I would 
probably need a new cross slide screw as 
well if that on the Boxford didn’t already 
have the auto drive gear. Naturally I had 
sought advice on the project and it seemed 
to be straight forward. Photo 3 shows the 
diff erence in the two aprons. The lead-
screw has to go with the apron as it has the 
auto drive key-way unlike the Boxford one. 
I discovered when I removed the SB apron 
that the top of the cast in bearing that 
retained the worm for the auto traverse 
was broken, the crack can be seen in the 
photo. Surprisingly this doesn’t make much 
diff erence once the lathe is assembled since 
the worm is retained by the lead-screw and 
the remaining bit of the cast bearing locates 
it laterally. I made a new cover for the worm 
wheel sump with an extension that goes up 
over the top of the broken bit and holds it 
more or less in place.

The South Bend apron fi tted the 
Boxford no problem until I tried to move 
the carriage with the hand wheel when it 
became obvious that there was something 
wrong. Removed it and compared the two 
more closely. The Boxford drive pinion has 
two more teeth than the South Bend! The 
fact that the American lathe has a slightly 
coarser pitch rack and pinion is noted just in 
passing in lathes.co.uk’s website but I had 
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The  South Bend

The Boxford as delivered
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missed it.
My fi rst thought was to change the 

pinions. This proved not possible as the 
South Bend pinion was longer than that on 
the CUD due to the diff erences in the apron 
castings, the bosses for carrying the pinion 
shaft  being raised on the outside of the A/B 
apron and the inside of the C apron. OK I 
thought, what about changing the rack. The 
rack on the SB is secured by countersunk 
screws through the bed, that on the CUD by 
recessed socket screws of a slightly larger 
diameter. So I could conceivably drill and 
tap the SB rack to fi t the Boxford but not 
vice versa. I wanted to end up with two 
good lathes and I wasn’t keen on modifying 
the SB bed.

Before going any further I thought I 
had better try the Boxford apron on the 
SB saddle anyway. It didn’t fi t. The top of 
the apron was too wide for the rebate in 
the saddle. It seems the two lathes are not 
siblings but cousins. With the diffi  culties 
mounting I decided to abandon the project 
and instead spend a bit on the SB to gain at 
least some of the advantages I had sought.

First thing was a new motor. I had always 
been put of going to three phase because 
of the cost of the inverter but with cheaper 
Chinese items available I decided to give it 
a go. The 1.5 kW inverter was £75 delivered, 
on Ebay, photo 4. The fi rst one arrived 
with the case broken in transit but the 
seller changed it with no cost to me. Next 
a new 1/2 HP three phase TEC motor, again 
on Ebay for £58 delivered. The motor was 
quite a bit smaller and lighter than the 1/3 
HP single phase I had been using allowing 
the countershaft  arrangement to be moved 
nearer to the lathe bed.

Before fi tting that the job was to replace 
the original drive arrangement of a wedge 
belt from a V pulley on the motor to a ten 
inch countershaft  fl at pulley, with poly V 
multi rib pulleys and belt, the advantage 
being that much smaller pulleys could be 
used. There is a fund of design information 
for these belts on the web and I decided that 
an eight rib J section belt would do the job.

I chose to make the pulleys from 

aluminium. The motor pulley was easy 
enough from 1¼” bar, the V ribs cut as 
for the larger pulley below. For the driven 
pulley to minimise expense and machining 
I decided to make it from 22mm aluminium 
plate with a separately made hub both 
to take a grub screw to lock it to the 
countershaft  and also to provide a means 
of holding it in the lathe while the rim of 
the pulley was machined. The hub was 
made fi rst from 2-inch bar stepped down 
to 1½” for the thickness of the plate and 
drilled and tapped for the locking screw. 
The 22mm plate was bored and faced to be 
a snug fi t on it, photo 5. Skimmed face to 
the hub shoulder it was secured to the hub 
with a high strength anaerobic adhesive. 
To be on the safe side, though probably 
unnecessarily, I drilled and tapped the 
adhered junction for three grub screws 
parallel to the axis to mechanically lock it.

With the hub fi tted I could grip it in 
the chuck to enable machining the large 
diameter. The other side of the blank and 

hub assembly was faced, (this and the 
previous operation is where I bless my 
powered cross travel) and the the periphery 
machined. To machine the V grooves I 
ground a tool to as near 40° as possible, 
set the top slide to 20° and mounted a 
dti parallel to the bed and touching the 
carriage. With the tool just touching at the 
right hand edge of the fi rst grove and the 
carriage locked I wound the top slide in 85 
thou. Then wound it out moved the carriage 
the 2.34 mm of the belt rib pitch, locked it 
again and cut the second grove and so on. 
Photo 6 shows the arrangement. (Sorry 
about the mixed dimensions but the belts 
are specifi ed in metric and my imperial clock 
gauge had just broken.)

Now I could mount the new motor and 
pulleys, ascertain the length of the poly rib 
belts required and order them. I would need 
a new one for the three step fl at pulleys as 
well. A slight digression, following a tip on 
a SB forum I had long been using a poly rib 
belt as a fl at belt to drive the lathe. A ten 

The two aprons The inverter

Facing the pulley blank
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rib J belt is just less than an inch. They are 
much cheaper than made for the job jointed 
fl at belts. It worked well for a while but the 
rubber started to get polished and was 
slipping more and more. Thinking about 
this I remembered that as an apprentice 
many years ago one of my jobs was to paint 
belt dressing onto belts from an overhead 
shaft . Nowadays it is sold in aerosol cans, 
mainly for automotive use. One application 
two or three years ago and belt slipping 
problems were completely eliminated.

The downside of using an endless belt of 
course is that the spindle and back gear has 
to be removed, as well as the countershaft , 
to fi t it. Photo 7 shows the South Bend 
spindle removed. Aft er more than seventy 
years running I could detect absolutely no 
wear on it, confi rming the legend that the 
SB bed will wear out before the bearings. 
With the new shorter belt fi tted the belt 
tensioning arm was far too long. A new 
adjustable single threaded rod was made 
fi tted into cylindrical stubs at each end 
instead of the original left /right adjuster on 
bars with bent ends which had served up till 
now. Photo 8 shows the new drive system. 
I shall probably add a tensioning roller to 
the motor belt as they do stretch slightly 
over time, and it will improve the small 
pulley wrap around.

The bench and lathe could now be 
moved back against the wall both making it 
more rigid and gaining me seven inches of 
valuable workshop space and incidentally 
stopping tools and swarf falling into the 
hard to reach void behind the bench.

A few words about the Chinese inverter, 
it’s early days but up till now it’s been doing 
what I ask of it without trouble. There are 
well over a hundred diff erent parameters 
that can be set but in practice about ten 
will suffi  ce for most users. The manual is 
very comprehensive but does take some 
wading through. The only item in it I have 
found misleading is that PD013 must be 
set to 1 initially or there may be no output. 
The numbers on the display are altered 
using the up/down arrows but what is not 
immediately obvious is that the active 
digit which fl ashes can be moved along 
the display using the double arrow key. As 
delivered the voltage was set to 220, the 
base frequency 50 Hz and the run up and 
run down time were set to 18 seconds. I 
set mine to 3 sec. run up (PD014) and coast 
stop, i.e. the power is removed (PD026). 
Should you wish for some reason to have 
a controlled run down (PD015) then there 
is provision for an emergency stop button 
and even DC braking. Setting PD001 to 
1 gives external control so I can use the 
original South Bend switch to start and 
stop. I wont go through other setting but 
to say that the voltage output should be 
set to the motor name plate value, 230 v 
in my case, the minimum and maximum 
frequency can be set, I am using 20 and 
75 Hz for these initially until I see how 
the motor likes it. I haven’t tried external 
potentiometer control of the speed yet, I’ll 
see if I need it.

The inverter does have one serious fault 
though in that there are no proper cable 
restraints. I made up some cable grips out 
of plastic. The whine from the fan is slightly 
annoying, I will probably try disabling this 
or at least slowing it down once I have more 
experience with the inverter as I am operating 
it well below its stated rating of 2 HP.

Some may think it was a lot of work to 
gain a few inches but it is valuable space 
to me, and I needed a new motor anyway 
and now have a lovely smooth run up and 
variable speed as well, and I keep my well 
loved South Bend. Now I just need those 
large diameter cross and top slide dials. And 
I have a Boxford to sell. ■

Machining the v-grooves

The South Bend spindle

The new drive
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A Drill Chuck for a 
budget mini drill
Unable to buy a proper chuck to fi t a budget mini drill, Alan Wain resorted to 
modifying an alternative type to suit.

A few years ago, on a whim, I bought 
a mains-powered budget mini drill 
on ‘special off er’ from my local Aldi 

supermarket; it must have been cheap, 
otherwise I wouldn’t have bought it. The 
drill has speed control and has been very 
useful for intricate grinding and cut-off  
jobs, as well as proving its worth under 
my ageing car on more than a couple of 
occasions. In my opinion, the tool is let 
down by the poor collet chuck system 
widely used with these mini drills. Usually 
made from brass, the collets don’t grip very 
tightly and soon wear out if the tool spins. 
Also, to use a reasonable range of drills, 
special types are required on a common size 
shank.

Although not diffi  cult to make, 
replacement collets purchased commercially 
seem outrageously priced for what they 
are and I have resorted to making some 
when I ran out. I browsed the internet for a 
proper chuck to fi t mini drills but could not 
fi nd one suitable for the 8 x 0.75mm thread 
on the spindle of my example. What I did 
spot during my search, were small chucks 
with a ¼-inch hexagonal drive, sometimes 
referred to as ‘screwdriver chucks’ because 
they fi t battery-powered screwdrivers. 
This jogged my memory that I actually 
owned such a chuck that had languished, 
unused, in a drawer for so long that I can’t 
remember how or why I had acquired it. The 
unmodifi ed drill and hexagonal drive chuck 
are shown in photo 1.

Duly resurrected from idleness, the 
chuck was taken apart to see how it 
could be modifi ed for use on the mini 
drill. The fi rst thought was to simply drill 
out the backplate and re-thread to fi t 
the 8mm spindle. However, aft er careful 
measurement I realised that this wouldn’t 
work because the mini drill spindle is too 
short, and 4mm of the available 14mm of 
thread are shrouded by the nose of the 
drill body. The disc that pushes the jaws 
to close them would have to be extended 
to meet the tip of the mini drill spindle. 
The measurements also revealed that axial 
travel of the jaws is 8.25mm from open 
to closed, leaving only 5.75mm of thread 
engagement with the spindle when fully 
open. Drills larger than 4mm are unlikely 
to be used with my mini drill, so I settled 
on this as an approximate maximum 

capacity, thereby reducing the required 
axial travel to 6mm. This would give a 
minimum thread engagement of 8mm. An 
essential requirement would be to use the 
thread shrouded by the mini drill body. This 
could be achieved in three ways: reducing 
the unthreaded portion of the backplate; 
adding a threaded spigot to enter the mini 
drill body and removing the overhang 
from the nose ring. This combination 
addressed the thread/travel requirements 
but the shaft  is still too short to push the 
chuck jaws closed, hence the extended 
‘jaw pusher’. Fig.1 shows the general 
arrangement and components designed 
according to the measurements made. The 
4.95mm spigot on the jaw pusher keeps 
it co-axial with the end of the spindle and 
shares the closing force to prevent possible 
distortion of the spindle tip.

Not having the 8 x 0.75mm metric fi ne 
tap needed, the job had to wait a couple of 
days until my order arrived from Chronos.

Now, to the workshop. I made the jaw 
pusher fi rst and this is a very simple job of 
turning the diameters and lengths in one 
session to maintain concentricity. I had 

previously measured the bore and depth 
of the mini drill spindle with the help of 
drills. Even so, I still resorted to trial and 
error to achieve an easy but slop-free fi t 
for the smallest diameter. The length of 
the small diameter was also fi nalised by 
trial and error, turning small amounts off  
the end, trial fi tting and checking with a 
loupe for zero gap between the 7.5mm 
diameter and the tip of the spindle. With no 
gap, both diameters should be bearing on 
their respective parts of the spindle. Aft er 
parting off  (I hack-sawed mine off  in the 
vice) I reversed in the chuck to face off .

My fi rst attempt at the backplate ended 
in disaster whilst turning the spigot aft er 
reversing in the chuck. Being cautious of 
damaging the threads, although protected, 
I clearly didn’t tighten the chuck suffi  ciently 
and the work twisted and was ruined. For 
the second try, I machined the part the 
opposite way around so as to turn the 
spigot fi rst. The only problem with this is 
that the chuck body could not be ‘tried’ 
for a good fi t; therefore the threading 
operation had to be done carefully to 
ensure the correct depth of thread. From 

The original drill and cheap chuck
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Drill chuck for mini drill

thread data charts for standard metric 
threads of 1mm pitch, I established the 
diff erence between maximum and core 
diameters to calculate the required in-feed 
of 0.615mm. By keeping cuts very small 
and making three or four passes at the fi nal 
in-feed, I achieved as near perfect a fi t as I 
have ever managed. Cutting threads on a 
Hobbymat lathe is tedious because there is 
no clasp nut on the lead-screw. This means 
the cutter must be wound out and the 
spindle reversed to return the tool to the 
start of the thread each time before putting 
on the next in-feed. For that reason, I 

was exceptionally pleased with myself for 
successfully cutting my fi rst thread by 
dial only. Although parted off  in the lathe, 
instead of re-chucking to fi nish the face, I 
fi led the inside end whilst holding in soft  
vice jaws. I didn’t want to risk a repeat of 
the previous attempt.

Aft er assembly the chuck worked well, 
closing fully whilst using the full length of 
spindle thread, photo 2. The last part of the 
modifi cation was to reduce the length of 
the plastic nose ring. The thread moulded 
into the original is limited to two opposing 
sections. This and the curvy outside shape 

infl uenced the decision to make a new ring 
instead of shortening the original. The nose 
ring thread measures 18.5 x 2.0mm and, 
being a through thread rather than blind, 
I thought it would be a good exercise for 
my fi rst foray into internal threading in the 
lathe. I also thought that nylon would be a 
forgiving material and a good substitute for 
the moulded plastic original.

I had two unsuccessful tries at this. 
Despite putting in plenty of time grinding 
a threading tool and mounting it to allow 
for the helix angle, the resulting parts just 
wouldn’t screw onto the nose of the mini 
drill. In fact I bruised the fi rst turn of the 
male thread whilst trying to screw on a ring 
that I was convinced should fi t. I have since 
read on forums that nylon is not the easiest 
of materials to work with.

I settled for making the part from 
aluminium, leaving the outside diameter 
parallel in case there is a future need to 
mount the mini drill. Photograph 3 shows 
the manufactured chuck components 
and replacement nose ring, along with 
the redundant original chuck parts in the 
background.

What does it work like? Quite well as it 
happens. I have no idea how concentric 
the chuck itself is but Swiss watch 
accuracy can hardly be expected of an item 
available new on eBay for as little as £4. 
Consequently, I see little value in trying to 
measure run-out, especially for a tool that 
will almost always be hand-held. It does 
seem to run smoothly with no noticeable 
wobble at drill points.

All in all this has been a successful and 
satisfying project. At least now I don’t have 
to make new collets for my mini drill before 
I can use it. ■

The new chuck fi tted to the drill

The new and old components 
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Front And End Elevations Of The ‘Westbury’ Dividing Attachment

Front elevation

End elevation

A Small 
Dividing Head.

This is the story of how I came to make 
a small dividing head, entirely from 
odds and ends, aside from its chuck, 

photo 1. Even the smallest rotary tables can 
be awkward to use on smaller lathes, and if 
your lathe does not take screw-on chucks 
the George Thomas type dividing head 

can be diffi  cult to adapt for them without 
making excessive overhang or a custom 
backplate. If you have these problems, then 
perhaps this article will show a way to make 
use of a small, inexpensive lever scroll chuck 
to provide a device for precision division 
work on small lathes.

Inspired by an undimensioned plan in a 
mid-1940’s issue of Model Engineer, I made 
a small dividing attachment. The drawing 
was a reprint from an article by Edgar T. 
Westbury from the inter-war period. This 
fi ne drawing deserves another airing, fi g 1. 
I followed the design reasonably closely, a 
simple head and tailstock mounted on a bar 
held in a toolpost mounted body. The whole 
device rather resembles a watchmaker’s 
turns, and could serve as such, though 
the provision of a geared spindle in the 
headstock makes it far more versatile.

The body and endstocks were made from 
a 5/8 by 7/8-inch mild steel bar that was 
once the foot of a display board. The critical 
operation was making the bores of the two 
endstocks truly parallel and equally spaced. 
This was achieved by soft  soldering the two 
pieces together, and relying on holding the 
pair fi rmly against the body of the four-jaw 
chuck. In the end I produced a rather simpler 
shape than Westbury’s elegant stocks, that 
were presumably made from castings.

The main bar was a length of 3/8-inch 
stainless steel of ‘boot sale’ provenance and 
the (fi rst and second) spindles were made 
from a large high-tensile bolt. The most 
involved tasks were making the internal 
taper on the nose, and milling the keyway. 
The latter job was done with the spindle 
locked in the device’s headstock, itself 
clamped in the toolpost. 

Instead of boring the spindle for 
(presumably) 8mm collets, I decided to bore 
a simple self holding taper and provide a 
small drawbar. The taper was made with a 
simple silver-steel reamer, turned to size 
and ground halfway. This was run into a 
pilot hole with plenty of oil without any 
problems with chatter. I turned up a handful 
of matching blank tapers in mild steel at the 
same time, which proved to be a wise deed. 
The drawbar was from 1/16-inch steel, and 
can be seen fi tted to a hardened 60° centre 

Stub Mandrel tells the story of 
how recreating a 1930s Edgar 
Westbury design led to making a 
unique light dividing head.
On many 3 ½ inch centre lathes 
there is little space for even 
the smallest of rotary tables 
on the cross slide, particularly 
with a chuck attached. The ML7 
can benefi t from an extra long 
cross-slide, but this option is not 
available for many other lathes.

The fi nished dividing head, without a chuck 
fi tted

20 TPI gear hob

1

3
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Compact Dividing Head

alongside two spindles, photo 2.
The dividing part gave me the 

opportunity to use the attachment to cut 
its own worm wheel by free hobbing. I 
later used it to produce a larger wheel for a 
rotary table. Both feats were accomplished 
in the same way, following a simple 
technique outlined in M.E. by Geometer 
(Ian Bradley, one half of Duplex) in his 
Workshop Tips during the 1960s. The 
fi rst step was to turn a fl at-topped worm 
thread on silver steel bar. The pitch for 
the worm was 20 tpi. This was chosen as 
I had a length of 1 by ¼ inch brass fl at for 
the wheel, and 20 tpi was both easy to 
set up and gave as near a 1-inch diameter 
60-tooth wheel as possible. One portion 
of the thread was left  a few thou ‘full’ and 
this was separated, fl uted with an end mill, 
hardened and tempered for use as a hob, 
photo 3. The other portion was further 
machined to form a suitable spindle on the 
end of the worm. Before leaving the lathe, 
I also turned up the blank for the gashing 
tool, which was fi nished by fi ling. Both hob 
and gashing tool were crudely relieved 
using a grindstone in a mini-tool on the 
outer edges only.

Turning up a blank was no problem, 
starting with an inch square of brass, 
bored and keyed to a special spindle for 
the dividing head, but held in the three jaw 
chuck for turning to a circle. This was then 
transferred to the headstock of the dividing 
attachment. A 60-tooth changewheel was 
fi xed to a short mandrel held in the taper at 
the opposite end of the spindle, as shown 
in photo 4. To provide indexing a simple 
detent of spring steel was improvised, 
allowing the changewheel to be indexed 
around one tooth at a time. Each tooth-
space was carefully gashed out with the 
above-mentioned tool, held in the three-
jaw chuck. The attachment showed its 
worth at this stage, as it made angling the 
blank to get the correct gash angle very 
easy, a job that was done by eye. I needed 
to take two attempts at gashing – the fi rst 
blank failed as slight movement of the main 
shaft  meant cut 61 wasn’t in exactly the 
same place as cut 1. The second time I took 
care to clamp everything fi rmly in place, 
but diffi  culties in clamping the bar would 
continue to be a problem.

The next stage was remarkably easy – 

the spindle was set up so the blank was 
horizontal and at centre height, and the hob 
mounted in the three-jaw chuck. With more 
experience I would have used the four-jaw, 
but the chuck was as inexperienced as I was, 
and the hob ran true enough. Helped by the 
soft  nature of the brass, spinning the hob 
at about 200 rpm and gently advancing the 
cross-slide, the wheel cut itself. Every so 
oft en I gently moved the saddle from side 
to side a little, so that more than one part of 
the hob did the cutting. I fi nished up the job 
by running the wheel along the full length 
of the hob. To cut the rest of this part of the 
story short, the next task was to fabricate 
the worm-cage from brass fl at, relying on 
hand fi tting to get a good mesh with the 
worm wheel, photo 5. In short I was very 
pleased with the quality of mesh.

I mentioned that I used the same 
technique to make the worm and wheel 
for a rotary table. This was to be 2 inches in 
diameter, to match a 10 tpi worm. My initial 
attempts were a fi asco, until I realised that 
I had wasted my time on a sheet of CZ108, 
a hard grade of brass. While I’m sure this 
would make excellent pinions if cut by a 
proper tool, my crudely relieved hob, photo 
6, just bounced off  it unless I used so much 
force the set-up distorted! I ordered a piece 
of leaded CZ120 ‘engraving’ brass, and got 
a decent result fi rst time. The remnant of 
‘hard stuff ’ eventually became a gib strip.

The next issue was how to index the 
worm? I had left  the end of its spindle 

rather short. Once I had made a mounting 
bracket for the index plates, I only has a 
short stub on which to mount a simple 
handle and detent, without any space for 
attaching index arms. The original detent, 
shown alongside an index plate simply 
screwed in and out. This was replaced with 
a sprung detent.

Making the index plates was therapeutic 
– though a few hundred holes is not in the 
same league as several thousand tender 
rivets! I wish I had taken care to space the 
rows more neatly - they were meant as an 
experiment and ended up good enough to 
use, photo 7. The plates are just 16-gauge 
aluminium, so I don’t expect them to last 
forever, but I won’t replace them until 
they start to wear, then I will make new 
plates from brass or steel. The design of 
the blanks allows them to fi t directly to 
the end of the spindle in place of the worm 
and wheel for direct dividing. By using 
changewheels on the other end of the 
spindle in the same way as for gashing the 
worm wheel indexing the index plates was 
easy. Each hole was centre drilled to the 
same depth in the lathe, a high speed being 
needed, but giving neat conical holes.

The handle itself was made up as it went 
along. While the detent is a bit clumsy-
looking, the free-turning brass handle is 
pleasant to use, photo 8.

Despite the success in making the head 
and tailstocks, I was frustrated by the 
diffi  culty of gripping the 3/8-inch rod at the 

Spindles, drawbar and centre for the original light dividing device

2

How a changewheel could be fi tted to the 
original spindle

The worm and hobbed worm-wheel The original 20 tpi hob compared with a 10 
tpi version

4 5 6
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heart of the device. It appears that the central 
spindle in Westbury’s design was split, so that 
it gripped the rod as it was drawn in. Despite 
many tweaks, I could not get adequate grip 
for even the lightest operations, and I wonder 
how the Westbury got the arrangement to 
work. A pin, running in a slot in the bar was 
tried, but it lacked accuracy and weakened 
the clamp, which then broke. In the end I 
made a new clamp rod, with a diff erent taper 
– steeper than the socket -  which allowed a 
much stronger grip. In contrast Westbury’s 
cotter pin arrangement for the endstocks 
worked perfectly.

No parts of the original light dividing 
head have been scrapped, but the worm 
and wheel arrangement was ‘half-
inched’ for the new dividing head. I have 
reassembled enough of the parts to give 
an indication of how it looked, photo 9. 
The photograph also shows various items 
including index plates, a spare spindle, taper 
reamer, some taper mandrels (all but one 
are unused blanks) and the original index.

Even with the improved grip, the 
device was suitable only for light tasks. 
Workholding was not simple either, 
essentially limited to small mandrels made 
to fi t the custom taper socket or holding 
work between centres and using a driving 
dog, photo 10. Although a simple faceplate 
could have easily been made to fi t the 
device a small chuck would have been an 

ideal solution.
At the other end of the scale, the rotary 

table I had made in the meantime was 
too big for some jobs with its solid 4-inch 
square base. It was fi ne when I fi nally got 
a milling machine, but you could see the 
worktable droop when it was mounted on 
the drill press. With a chuck attached there 
was hardly any space left  to use it on the 
lathe or with large drills.

Some sort of compromise, a smaller 
device but still with reasonable workholding 
capacity and good rigidity was needed. 
Around this time my father bought an old 
Unimat, from a friend who wanted to give 
it a good home, for £20! Impressed by this 
piece of precision engineering that was 
now mass-producing foot- long warship 
gun barrels, I realised that its small scroll 
chuck could be attached to the dividing 
mechanism from the Westbury device. 
For some reason Dad didn’t want to art 
with his chuck but at a Model Engineering 
exhibition I found some 63mm scroll chucks 
at a knock-down price, plain or with a 14mm 
Unimat mounting. I bought a plain back 
chuck, meant to be mounted on a spigot 
and secured with three screws.

To give a reasonably solid base a slice 
was cut from 2 inch diameter mild steel, 
and trued up in the lathe. A slot was milled 
to take a section of 7/8 by 5/8 inch bar as 
an upright. Four recessed mounting holes 

to take 6mm mounting bolts were milled in 
the base to allow t-slot mounting along and 
across the axis of the lathe, photo 11. The 
front recess is to ensure its bolt does not 
interfere with the chuck, the others are just 
so that all the bolts can be the same length. 
Two counterbored 5mm capscrews hold 
the upright in place on the base. Careful 
hand fi tting was needed to get the upright 
vertical. 

With the two parts fi rmly joined, the 
base was mounted on the lathe, and a dial 
indicator in the chuck used to check it was 
square when saddle was traversed. With a 
centre in the headstock the base was lined 
up crosswise, and the saddle locked by 
tightening all three gib-screws. A ½ inch 
hole was then bored and reamed to size.

The remaining components of my ‘Westbury’ dividing attachment The original tailstock, showing the driving plate

9 10

Attachment points allow mounting across or 
along the lathe axis

11

One of the index plates with the original, unsprung, detent The new, sprung, detent and handle

7 8
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Compact Dividing Head

Simple Dividing Head General Arrangement

A previously made brass bush was fi tted 
in the hole, and itself bored just less than 
3/8” at the same setting. One end of this 
bush had a 1/8 by 0.550 inch diameter 
fl ange, to mount the dividing apparatus, 
and a 7/16 inch ring made to fi t the other 
end. These parts were well fl uxed and 
assembled together with the upright, and 
silver soldered in place.

Cleaning these parts was an opportunity 
to try out a sulphamic acid based limescale 
remover as a pickle. Used while the work 
was warm, not hot, it removed the easyfl o 
fl ux in a few seconds, leaving the surface 
very clean. A dural bar was gently wrung 
into the bore as a mandrel, and skimming 
cuts taken to clean up the two bushes. 
Finally, a 3/8” reamer was put through the 
bush by hand to bring it to size.

The chuck needed a backplate 36mm in 
diameter, photo 12, but the spindle would 
be only 3/8 inch in diameter. I did not want 
to chew the entire thing out of a single 
chunk of steel and, as luck would have it, 
that day I found an M16 bolt big enough to 
make the spigot, but not the fl ange out of. 
Holding the head of the bolt in the three-
jaw chuck I carefully faced and centred the 
other end. Supporting the small end with 
a half-centre, I roughed it down to just 
over 3/8 inch. I also turned a true face on 

the inside of the bolthead. I then reversed 
the bolt and turned the head down to just 
larger than the chuck’s 22mm register. I 
drilled a blind ¼ inch hole and, using the 
home made reamer, opened this into a 
taper to take the stock of little mandrels 
made for the original dividing head.

I then drilled a 3/8 inch hole in the middle 
of a piece of ¼ inch steel plate. This was 
opened up with a fi le until it was an easy fi t 
on the spindle, and silver soldered to the 
back of the bolthead. Rather than fi nish 
turning the spindle between centres, I 
continued to use the three-jaw chuck for 
work holding. With the narrow end of the 
spindle in the three-jaw chuck I found I 

could get concentricity of no worse than 
a thou, and I went ahead and turned the 
backplate and the register to diameter (but 
left  this over-length at about 9mm). I then 
reversed the spindle, gripping the register, 
but for I could not get it to run true.

For a long shot, I cleaned the taper 
socket and popped in a little taper mandrel 
with a ¾ inch long stub on the end. I had 
produced a collection of these at the same 
setting as I used to make the taper reamer. 
To my surprise and relief the rest of the 
spindle now ran true, so I supported it with 
the tailstock centre and started work. Aside 
from the section that has to be a good 
sliding fi t in the upright, I copied all the 

The dividing device attached to the lathe

This view shows the chuck backplate

12 13

Looking down on the simple ‘working parts’

14
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Drilling an inlet port for a small IC engine Fluting an aluminium knob

15 16

dimensions of the rest of the spindle from 
the shorter spindle of the light dividing 
attachment. This meant I could use the 
original spacer, worm wheel and fi xing 
nut, photo d. One day I will make a nice 
knurled brass nut to replace the ugly M8 
nut! Finally, I drilled through 3/32 inch and 
carefully tidied up the end of the spindle 
without the tailstock centre in place. The 
trusty little mandrel was removed with due 
reverence! I then reversed the spindle a last 
time, reduced the length of the register 
to a shade under 6mm, and re-bored the 
taper to its fi nal depth. Remarkably, all 
this ill-advised reversing and resetting did 
not seem to cause any problems with the 
fi nal accuracy of the spindle, the muse of 
engineering must have been watching over 
my workshop that day.

The three M4 holes for the chuck 
retaining screws were positioned by 
spotting through from the chuck itself. I 
hand fi led a fl at for the spacer grubscrew 
and milled a 1/16 inch slot for the 
wormwheel key. The latter operation was 
performed with the new spindle locked in 
the body of the original light dividing head!

Provision for locking the spindle was 
added with a simple M6 tapped hole in 
the top of the pillar. A concave brass pad 
shaped to a good fi t on a 3/8 inch bar was 
prepared to drop in the hole and put to one 
side with a bright plated screw.

The device was then reassembled to 
ensure everything lined up. It was then 
broken down, the two parts of the base 
separated and degreased. They were 
warmed over the workshop heater and re-

assembled with a little two-pack epoxy in 
the joint. Small fi llets of epoxy were made 
around the join to help create the illusion 
of a casting, see photo 11 again. The base 
was given two coats of matt textured 
Hammerite before fi nal assembly.

The fi nal result was a small but versatile 
device, photos 13 &14. On the lathe it 
gives an excellent set-up for delicate 
rotary milling operations, such as milling 
ports in the cylinder barrel of a small 
compression ignition engine, photo 15. This 
was a delicate operation that would have 
been clumsy to do on even a small milling 
machine, but it was easy on the lathe. 
Despite the relatively small size it is rigid 
enough for any work that can be held in its 
little lever scroll chuck, photo 16. ■ 

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. Other prizes are at the 
discretion of the Editor.

Watching the  Wheels Go Round
Our winning tip from Phil Robinson 
will be welcomed by anyone who hate 
winding vice jaws in and out.

I always fi nd initially setting the milling 
vice a bit tedious, especially if moving from 
a thin piece to a thick one or vice versa.ˎˎ My 
vice has 24 turns from open to closed, and 
the big handle is too clumsy and can’t do a 
full turn without fouling some part of the 
machine. The gibs are set too tight to turn 
the screw by hand.

So I thought the handwheel shown in 
the pic would be a good idea, and so it has 
proved to be, it doesn’t foul the vice and is 
so easy to use. This one is made from an 
old Myford ML7 tailstock handwheel, which 
was in terrible condition.ˎ The outside rim 
was turned down to get rid of deep pits and 
remnants of chrome and the inside only 
needed a short fi ling session for a piece of 
square tube to fi t into it and be brazed in 
place.ˎ A quick coat of paint and ready to go.
Phil Robinson

P OFTTIP OF P OFP OF
THHE MONTHHH

WWINNER!W
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We regularly ship worldwide
Please contact us for stock levels and more technical detail 

MORE MACHINES AND ACCESSORIES ON LINE

Our machines suit the discerning hobbyist as well as blue chip industry

All of our prices can be found on our web site:

Precision machines made in Italy for the discerning engineer!gineer!

PRO Machine Tools Ltd.
17 Station Road Business Park,  Barnack, 

Stamford,  Lincolnshire  PE9 3DW

tel: 01780 740956  •  fax: 01780 740957
email: sales@emcomachinetools.co.uk

ACCESSORIES
Lathe Chucks, Drill Chucks, Tipped 
Tools, Boring Bars, QCTP, HSS Tools, 
End Mills, Slot Drills, Machine Vices, 
Clamping Sets, Slitting Saws, Arbors, 

Boring Heads, Radius Mills, DROs, 
Rotary Table, CNC fi ts, Collet Chucks, 

Collet Sets, Flanges, Face Mills, 
Shell Mills and Much More...

All lathes and mills are backed by an
extensive range of tools and accessoriesextensive range of tools and accessoriesgg
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Ceriani 400 
Series Mill

Ceriani 203 Lathe
        •Centre height - 100mm  •Centre distance - 500mm
         •Swing over gap - 260mm  •Spindle bore - 20 or 30mm
                                       •Motor - 1 HP  •Weight - 80 Kgs

•Optional splash- 
   back and 
   safety 
   guard

•Semi Norton gearbox   •Four selectable feed rates
                                       plus screw
    cutting
•Vari-speed option

•ISO30 Spindle
•Table size -
   580 x 150mm
•Travel - 420 x
   160 x 300mm
   (XYZ)
•1.5 KW Motor
•100-3000 rpm
   vari-speed
•Weight - 150 Kgs
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FREE PRIVATE ADVERTS
Machines and Tools Off ered
■ Amolco milling attachment. 2MT. Suitable 
for Myford lathes. Good working order. 
Good condition. No collets or draw bar. 
240V. Collection from near Sandwich or can 
deliver locally. £420 ono. T. 01304 617838. 
Deal.

■ Myford Super Seven lathe. 3 + 4 jaw 
chucks and points. Lots of extras including 
threading attachments. Manual. £2,000. T. 
01323 898 037. Seaford.

■ ML7-R with 3 jaw chuck, large size chuck 
on the tail stock, some cutting tools and a 
micrometer. £450. It has hardly been used 
over the years so is in very good condition. 
The bottom of the base support is rusty 
Pick up only. T. 01889 881377. Staff ord.

■ Electra Beckum wood bandsaw on stand, 
17in throat 9-10in cut approximately. 
Spare blades 230v. £110 ono. Coronet 
Major wood working lathe, 2 centre poles, 
saw bench, planer, thicknesser, sanding 
& faceplates, Moulding tools and lots 
of accessories, including wood working 
chisels. £275 ono. T. 01635 30379. West 
Berkshire.

■ 3 ½” gauge Maisie 80% complete, 
running bottom half, copper boiler, no cert. 
Tender complete except for water tank, 
all to very high standard, with drawings 

and LBSC’s construction book “words and 
music”. £750. T. 01277 624903. Billericay.

■ Edwards 24” guillotine, £100. Arbor press 
6 ½” throat 17 x 10” footprint, £90. Sealey 
MIG welder, £40. Small leg vice, £15. 12 x 12” 
compound table, £100. Colchester Student 
lathe, £550. Vertical mill, £300. Dividing 
head, £200. T. 01440 705594. Haverhill.

■ Myford vertical slide and Rodney 
vice, £100. 6 11/16” Rotary table, £100. 
Eclipse magnetic chuck and backplate to 
suit Myford, £100. T. 09114 2492849. 
Sheffi  eld.

Models Off ered
■ 5” gauge L&Y 0-6-0. Part built. Rolling 
chassis, castings and laser cut parts 
and drawings. Excluding boiler. Photos 
available. Viewing recommended. See 
more details on Model Engineer website 
classifi eds. £800 ono. T. 01273 410202. 
Brighton.

■ Martin Evans Highlander loco and tender 
chassis. Very good condition, no rust plus 
many other parts including part-built 
bogie, not rolling chassis. Off ers. Three 
fi ve inch gauge passenger truck bogies, 
two with compensated brake gear. One 
plain plus extra two pair wheel and axles, 
all new unused, off ers. T. 01902 791802. 
Wolverhampton.

WANTED
■ Magazine by Tubal Cain from 1970s about 
setting up a model engineers workshop, 
original or photocopy, all expenses paid. T. 
01332 260322. Derby.

Castings, Materials and Fixings
■ Stuart No. 1 set of castings, pistons 
rings, materials and fi xings plus plans ^ 
instruction book C. 1983 still in packing 
box, £500 ONO. Buyer collects. T. 01908 
321020. Milton Keynes.

Books, Plans and Periodicals
■ MEW Issues 51 - 62 inclusive, post-free 
to UK address £20.  MEW issues 159 - 233 
inclusive, post-free to UK address £50.  T. 
01787 227404.  Nr Sudbury, Suff olk.

■ Going free, Model Engineers January 
2004 to December 2010, to be collected. T. 
02083631214. North London.
Complete set of ‘Doris’ drawings unused, 
plus jigs to make transition cleading piece 
from fi rebox to boiler. Also a top feed jig, 
£40. T. 01785 816101. Staff ord.

■ Model Engineer Magazines 1941-1966. 
Nos 3743-3799. Early Mechanics 1927 – a 
few Engineering in Miniature 1967-1995 
some. 1996-2013. Virtually complete. Buyer 
collects, te n boxes full of magazines, off ers 
over £50. T. 01276 475902. Camberley.
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Fixing a Fixed Steady
Howard Lewis caries out a little remedial work

Fitting the fi xed steady (not the best 
example of precision engineering) to 
my lathe, photo 1, involved placing a 

hand between the clamp block for the steady 
and the bed of the lathe, to hold up the loose 
clamp bolt, whilst fi tting the nut and washer 
to the other end, above the foot of the steady. 
Positioning the steady above one of the 
apertures in the lathe bed risks dropping the 
bolt into the swarf in the chip tray beneath, 
whilst providing no greater access.

Finally, I grew tired of such frustrating 
activity, and made up a means of making 
the bolt captive. It was easy to hold the 
clamp block in the milling vice by the 

ThTThThhThThThhhhThThhhhe e eee e ee eeeeeee fi fi fi fifififififififififififififi fixexexexexexexexeexexexex ddddddddddd d ddddddddd ststsststststststtstsstsss eaeaeaeaeaeaeaeaeaeaaeadydydydydydydyddydyddyddydy

machined recess along two of the sides. An 
end mill was used to produce a recess, on the 
underside of the clamp block, very slightly 
wider than the across fl ats size of the bolt 
head, and longer than the cast in slot.

The recess was made deep enough to 
accept the bolt head, aft er the underside 
of the head had been faced, and the shank 
turned, to remove the rather large radius 
under the head, photo 2.

This solved the problem of the bolt 
turning whilst the nut was being tightened, 
but it was still not captive, and so could fall 
before the nut had been fi tted. At one end 
of the slot a hole was drilled and tapped 

M5. A small piece of, otherwise scrap, sheet 
metal was cut to be 12mm longer than the 
length of the milled slot, and roughly the 
width of it.

A 5mm clearance hole was drilled, on the 
centerline, 6mm from one end.

Once the clamp bolt had been put 
through the slot, and the sheet metal 
secured in place with the m5 setscrew, the 
bolt was retained, photo 3.

With the clamp bolt now captive, the 
days of groveling between the steady and 
the lathe bed are over and fi tting the fi xed 
steady is so much easier. ■

Recess for the bolt head Retainer for the bolt

1

2 3
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An improved 
guard for the 
Worden
David Thomas addresses safety and reduces dust spread with this accessory for 
the popular tool and cutter grinder.

The Worden tool and cutter grinder is 
justifi ably popular for its versatility 
and eff ectiveness and the one I built 

has proved its worth in the workshop. 
However, the lack of eff ective dust control 
on the Worden is a problem particularly in a 
small workshop where separating grinding 
tasks from everything else is diffi  cult. 
Fortunately, the design of the motor 
now supplied with the kit off ers a way to 

improve on the existing wheel guard and 
add a way for collecting the grinding dust.

Introduction 
The design of the Worden, photo 1, 
has evolved over time from the original 
work of George Thomas and the latest 
contributions from Jim Whetren, Refs 
2-5, make the machine very versatile and 
an excellent choice for a small workshop. 

Having decided on the Worden as the next 
project I bought the full kit and kits for all 
the attachments from Hemingway then 
looked up all the MEW articles that referred 
to building or modifying the Worden. It 
was clear from these that development was 
mostly complete but at least two possible 
limitations remained:

The lack of vertical height adjustment, 
tackled by Jim Whetren in Ref 4,

1

The Worden with the original wheel guard





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

The problem of grinding grit and 
debris being blown forward and into the 
mechanism by the draft  from the motor 
cooling fan, Jim Whetren also off ered a 
solution to this, Ref 5.

The solution to problem two that I am 
going to describe, fi g. 1, photo 2, does 
not require any permanent modifi cation 
to the basic machine and has proved 
eff ective in reducing the grit problem 
and adding some very useful air-cooling 
as a bonus. The new design of grit guard 
should also simplify the later addition of 
a vertical height adjustment feature. My 
thinking was triggered when I received 
the kits and it was clear that the motor 
was to one that had both foot and face 
mountings, photo 3. This gave me an idea 
for a simple solution, so simple in fact that 
when I shared the idea with Kirk Burwell 
of Hemingway Kits his response was ‘Why 
didn’t we think of that?’.

Materials and construction
The largest item is attached to the motor 
is the linishing disc, which is 150 mm in 
diameter. With this in mind 150 mm PVC 
sewer pipe and fittings were chosen as 
the material. These are easily worked 
and need a minimum of modification. 
Two pipe caps, a short length of 150 mm 
pipe and a stub of 40 mm waste pipe 

are needed, hopefully UK sizes are close 
to those available here in Australia. The 
smallest length of 150 mm pipe I could 
buy was one metre - when this was 

standing on end outside the workshop 
the dog thought this looked just like his 
own personal lamppost...

2

3

In use on the bench with the replacement guard.

The motor fl ange that makes it possible.
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then clean it up to size with a boring bar. 
The 57 mm hole saw I used just cleared the 
chuck jaws as it emerged from the back 
of the work but you need to check the 
clearance here. Keep the scrap from the 
hole-saw for later. While the cap is still on 
the chuck mark in the 75 mm pitch circle 
for the fi xing screws and scribe two lines 
at right angles across the diameter to give 
the hole centres. Drill 5.2 mm to clear the 
screws. The drawing shows an M8 hole at 
the top of the rear cover that is intended 
for a short screw to clamp the front cover in 
position. The clamping function has proved 
to be unnecessary but the hole is needed 
for access to the screws that secure the 
grinding wheels to the motor shaft . 

The vacuum hose attachment points 
to the right at 25° below the horizontal 
but this can be varied as necessary. To 
help with marking this out you can make 
a suffi  ciently accurate false centre in the 
60 mm hole using two pieces of duct tape 
at right angles with their edges passing 
through the fi xing hole centres. Again, 
the hole for this was roughed out using 
a hole-saw intended for woodworking, 
photo 6, and then cleaned up by hand. If I 
had thought ahead, I would have removed 
the pilot drill from the hole-saw as soon 
as the cut was established and this would 
have avoided the need to fi ll the hole that 
it left . The duct itself is a stub of 40 mm 
PVC waste pipe chosen as the closest I 
could fi nd to a fi t for the nozzle of the 
Karcher workshop vacuum cleaner. This 
can be machined or shaped by hand to a 
good fi t on the outside of the rear cover. 
The part-circular hole remaining in the 
end can be fi lled with a piece of the scrap 
from the central hole turned or fi led to fi t. 
Anyone with the gear and materials for 
PVC welding can use this for assembly; 
I used cyanoacrylate adhesive to hold 

6 7

8

A hole-saw again, this time roughing out the 
duct exit.

Turning the body of the front cover.

Boring the access hole in the front cover.
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Worden Guard

things in place and then backed this up 
with generous fi llets of epoxy.

Front cover
The front cover is made from a pipe-cap 
and 65 mm of pipe, fi g. 1. photo 7 shows 
the pipe being held on the outside of 
the jaws of a 5 inch three-jaw chuck for 
cleaning up to length. Even on a 5 inch 
centre-height lathe, Hercus 260 ATMH, 
this required a bit of creative juggling 
of the tool holder. The grip of the chuck 
isn’t very secure and shallow cuts and a 
sharp tool are necessary, however, this 
operation could almost as well be done by 
hand. The pipe-cap is turned to depth and 
the moulding riser removed as described 
above then the two parts are glued 
together. Cyanoacrylate is not a good 
choice here as it is likely to grab before 
the two parts are fully engaged, ordinary 
PVC plumbing cement is the best choice 

Acknowledgments
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because it sets very quickly but epoxy will 
certainly do the job. This joint needs to be 
strong, as it will carry all the loads involve 
in fi tting, removal and rotation of the front 
cover in use. 

With the two parts fi rmly glued together 
the front face can be cut away to give 
access to the face of the grinding wheel. 
The part can be clamped to the table of 
a drilling machine and the hole started 
with a hole-saw then fi nished by hand. 
Alternatively, the work can be done on a 
mill, photo 8. roughing out with the hole 
saw and fi nishing by boring and milling. In 
use, the cover can be rotated so that the 
work can approach the wheel from either 
left  or right and therefore two cutouts are 
needed in the edge of the cover in the way 
of the outlet duct. These can be formed 
using a 20 mm end mill with the cover 
clamped to an angle plate, photo 9. This is 
the only task where I have been able to use 
such a big cutter in the X3 mill.

In use
Setting up involves adjusting the front 
cover to expose the part of the grinding 
wheel needed for the task in hand, photo 
10, then the workshop vacuum cleaner 
is attached to the exit duct. Aft er that all 
you have to do is turn on the suction and 
carry on as usual with the Worden, the only 
diff erence being the possible need to wear 
ear protection as the vacuum motor and the 

high airfl ow create a lot more noise than 
the Worden itself. The front cover cannot 
be used with the linishing disc, photo 
11, or with the plane blade sharpening 
attachment. In the fi rst case the cover 
pushes the work table too far from the disc 
front for safe use and in the second the 
blade being sharpened has to traverse too 
far and fouls the cover. Without the front 
cover most of the debris is not collected 
however the air fl ow still provides some 
useful cooling of the disc or grinding wheel 
and the work.

With the rear cover in place, changing 
grinding wheels requires a long hex key and 
screwdriver to reach the grub screws in the 
wheel hub. This is only a problem with the 
linishing disc where you are working blind; 
marking the edge of the disc to show the 
position and type of each screw helps.

Developments
The current design works well with the 
standard wheel, diamond wheel and the 
linishing disc. For other wheel types, it will 
be necessary to make new front covers 
using similar materials; perhaps the rest 
of the one metre of 150 mm pipe will 
eventually get used. 

As mentioned earlier, using this design 
should simplify the addition of a height 
adjustment feature to the basic Worden 
and that project has been added to the list 
of things to do. ■

9

10 11

Milling the duct clearance in the front cover.

In use with the Worden slitting saw sharpening attachment. In use with the linishing disc.
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A5 Template.indd   1

SOCKET SCREWS
Cap. Csk. Button. Grub. Shoulder
METRIC. BA. BSF. BSW. UNF. UNC

Hexagonal & Slotted Screws Nuts & Washers.
Dowel & Spring Pins. HSS Taps & Drills. Draper Tools.
NO MINIMUM ORDER • PROMPT SERVICE

Special Offer *** Workshop Discount Pack ***
30 different packets of socket, hex, and slotted screws

Pack 1. BA.................2BA to 8BA
Pack 2. Metric ...........M6 to M2

Catalogue value of pack is over £50.00
Each pack on offer for only £24.95 + £2.95 p&p 
   Order today and benefit from a very  
   useful stock of screws in your workshop!
You will not be disappointed • Refund Guaranteed

www.emkaysupplies.co.uk
Email: emkaysupplies@talktalk.net 

• Tel: 01634 717256   •

, and slotted screws

A

p&p 

op!
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co.uk
talktalk net
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making things possible

Remap is a charity
that helps children
and adults with
disabilities to achieve
greater independence
and enjoyment of 
life’s opportunities.

Our volunteers make
special one-off pieces
of equipment and
everything we do 
is given free to our
clients.

Join us 
and use your
skills to help
children and
adults

Find out more at 
www.remap.org.uk 
email: 
volunteer@remap.org.uk 
or telephone 
01732 760209

Registered Charity Number 113766



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

MYFORD Super 7B
Beautiful!Beautiful!

DP / MOD gears Just  arrived!Just  arrived!

£3950

BRL mower grinding machine

J & S 540P
surface
grinder

fromfrom
£75

Faceplates variousvarious

Tom
Senior
ELT 36” x 8”
          table

              144 Maidstone Road, Foots Cray, Sidcup, Kent DA14 5HS
 Telephone: 0208 300 9070 - Evenings: 01959 532199 - Facsimile: 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

£5250

Myford Super 7B + stand 
(hard bed)

'as new''as new'

Boxford 280 (long bed) 
                          lathe

Colchester Triumph lathe

£5750>

£345

>

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

eacheach
£7 >

Steel EN3B
   (mild steel)

HOME AND WORKSHOP MACHINERY

BCA MK111
+ lots of tooling

£3450

eacheach
£15>

various!various!

Angle plates
+surface plates

£2950

LLots of aluminium - just in !ots of aluminium - just in !

Eagle Model 3
             surface grinder

  Clarke 50T          (50 ton)
                             garage
                              press

choice
£750/£1150

Q and S
      6“ hacksaw

£40

eacheach
£65 >

Micrometers 0-16"/ 300mm
Various!Various!

Various!Various!

Granite / cast
surface plates

Colchester Bantam (long bed) lathe

Ferranti
Inspection 

bench

£2250

>

              NewNew 18” x 6”
        ground compound table

Baileigh
AP5; 
5Ton 
press

             Trolley wheels
         (heavy duty)
     sets of four

>

Trolleys
Various!Various!

Just
£345>

£375>

  J & S
arbor press

8" x 15½"  height

Elliot
  Progress
    No.1 drill

Taylor 
Hobson 

Model D 
engraver

£2950>

£875>

Prince 6075 
grinder

£12000

£425

>Colchester
Triumph Fixed Steady

Special
5 for £20
Myford ML7/ 
Super 7 Rifl e/ 

Bridge bed felts £3450
lovely!Weiler lathe + collets...

£825

>

Speedex 
(metal 

cutting) 
bandsaw

          WD-40  
£20

     each

>

   To   To
 CLEAR CLEAR
    on our     on our 
     Web Site !     Web Site !

Tripus (German)
on/off switch 

£90

>

SHIPPING 
WORLDWIDE

new!  new!  

Boxford Little
Giant toolpost grinder

£475 >

£3250>

New even easier to use Web site!New even easier to use Web site!

£1850£425>

£3950
           Myford Super 7B
                 + Sino DRO & Tesla

>

Bench vices

fromfrom
£75

Quorn
  tool and
   cutter grinders

£450/
£725

New 
Minor

4” 
linisher

£375>

Myford 
undrilled 

capstan unit£1250

Flypress 
(small) £145

MYFORD 
GENUINE PARTS

Running out fast!
Purchased from Nottingham
Check the web site for full list!

£425

>

Tap/Die holders

fromfrom
£10

£4950

>

£170

>

Elliot 2GS ped. drill
   back geared

Wadkin
10" AGS

saw bench
 240 volts

Precision Stanier 55mm
machine vice from New Zealand               

240 volts Colchester 
                     Student

Set of rolls geared 5 to1

Bench 
milling 

machine 
+ stand                                   
tooled

£1425>

£525

£1250>

£375

>

£1475

>

£125

>



Hawarden Industrial Park
Hawarden
Nr Chester

CH5 3PZ

W: www.chesterhobbystore.com
E: sales@chestermachinetools.com

www.chesterhobbystore.com
sales@chesterhobbystore.com

Hawarden Industrial Park
Hawarden
Nr Chester

CH5 3PZCH5 3PZ

W: www.chesterhobbystore.com
E: sales@chestermachinetools.com

“... most competitive prices in the UK!”

DB7VS Lathe
300mm Between Centres

180mm Swing Over Bed
£699

Century Mill
22mm Millling Capacity
600x180mm Table Size

MT3 Spindle Taper
£999

Craftsman Lathe
570mm Between Centres

300mm Swing Over Bed
£2,145

D13 Drilling Machine
13mm Drilling Capacity

0.25kW Motor
600-2500rpm Spindle Speed

£90
H80 Band Saw

Horizontal Band Saw
85x85mm Rectangle Capacity @ 90o

90mm Round Capacity @ 90o

0.4kW Motor
£158

y
eee
rrr
9

626 Turret Mill
20mm Millling Capacity
660x152mm Table Size

R8 or MT3 
Spindle Taper

£1,533

Stand Included

Stand Not Included

Milling Collet Set
                            
Model             Stock Code        
MT2 Metric        003-101
MT3 Metric        003-102
MT2 Imperial    003-104
MT3 Imperial    003-105

£90

4 Jaw Independant Chucks
 

 Stock 
Size Code          Price
80mm 011-101      £60
100mm 011-102      £75
125mm 011-103      £84
160mm 011-104      £127

5pc Indexable Lathe Tool Sets

 Stock 
Shank Code          Price
8mm 031-521      £43
10mm 031-522      £45
12mm 031-523      £58
1/2” 031-503      £58

Boring Tool Sets

              Stock 
Taper   Code        Conn.             Tapping     Diameter   Tool Size
MT2      001-400   1 1/2”x18TPI  M10     50mm         1/2”
MT3      001-401   1 1/2”x18TPI  M12        50mm  1/2”
R8         001-402   1 1/2”x18TPI  7/16”     50mm  1/2”

£70

10pc Angle Set
                 

Stock Code 
081-742 

£39

4” Hobby Tilting Vice

Stock Code 
062-127

£45

Chester Machine Tools, Clwyd Close
Hawarden Industrial Park, Hawarden

Chester, CH5 3PZ

Visit us at the Model Engineer 
Exhibition 2016

16, 17 and 18 September at Brooklands 
Museum, Weybridge, Surrey.


