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On the

Editor’

On my Bench

Not unexpectedly, if you look at my
bench this month, you'll see a lathe.

It's a fifteen year old mini-lathe that’s
suffered the indignity of almost continual
‘improvement’. | mention it this month as
| have just completed a major project to
fit a half-horsepower 3-phase motor on
the back. The motor drives the spindle
via a poly-v belt, and has seriously
upped my capacity for producing swarf,
if nothing else. I'm going to put the
details of the conversion, including
programming the inverter, which may be
useful to owners of other machine tools,
on the website soon.

The Frame Man

| know a number of readers of MEW
customise and even build their own
bikes from scratch. | was recently talking
to a reader who broke a generous

fistful of UK national motorcycle speed
records on bikes ‘cobbled together’ in his
shed. Custom bikes will always have a
fascination for hobby engineers, whether
we make them or just spectate. So, in
this issue I'm delighted to bring you an
article by Ken Sprayson on the design of
motorcycle frames. His autobiography,
The Frame Man, tells how he made
‘specials” for the likes of Mike Hailwood
and Geoff Duke. He went on to work
with John Ackroyd and built the frame
for Thrust 2, in which Richard Noble
broke and held the land speed record
for fourteen years. It’s particularly good
to be able to include some of Ken's
historic photos of classic frames such as
the Norton ‘featherbed’, and a pleasure
to read someone acknowledged as a
‘master of the art’ offering advice to the
‘kitchen table designer’.

Bike fans can look forward to our next
issue, which will feature a contrasting
article by Shaun Wainford on the very
different approach he takes to producing
his custom bikes, such as the Barbarian,
largely using a CNC approach.

After | highlighted the Sno Cat as my
personal favourite at the Harrogate

s Bench

Taking a Break

Readers will see that Terry Gorin's
Unimat series has taken a short break
and Marcus Bowman'’s beginner’s CNC
series will be doing the same. This is to
allow me to print some excellent articles
by authors whose work has been waiting
in the wings, but don’t worry — Terry will
return next month and Marcus is already
working on a more advanced project
{again with a motorcycling flavour) for
those who have been following his series.

Stepperhead

Some of the content that has been on
hold includes the concluding parts of
Alan Jackson's acclaimed Stepperhead
lathe. The series broke off in issue 210
having just introduced the lever locking
topslide. Over the next two issues we
will complete this description, and later
Alan will return to describe the milling
head and review his overall experience
in using Stepperhead. | also plan to
upload some further technical and setup
information on the lathe to the model
engineer website.

Bristel 2014

The next major exhibition of the year,
is Bristol Model Engineering and
Hobbies Exhibition which is to be held
at Thornbury Leisure Centre near Bristol
on 15th to 17th August. Expect to see a
wide range of models as well as a trade
exhibitors.

As 2014 marks 150 years from the
opening of the Clifton Suspension
Bridge, it's been arranged to have a
16-foot model of Brunel’s famous bridge.
There is also the promise of a Ffestiniog
Railway Hunslet and an Aveling and
Porter steam roller in steamn, as well as
the usual range of radio control and
other demonstrations. For more
information and advance tickets, visit the
website at www.bristolmodelengineers.
co.uk/Exhibition/exhib.htm
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exhibition, | was contacted by the builder,
Alan Spencer. He told me that Peter Fuchs,
the son of the explorer and leader of the
Trans-Antarctic Expedition, Sir Vivian Fuchs,
had stayed in touch with him throughout
the project. As well as information from the
family archive, the Tucker Corporation in
Oregon and the BP archives gave him great
assistance. The picture shows Alan on the
right and Peter on the Left, with the model in
the year it won a 2nd certificate at Harrogate.
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AT WAR

Trains at War SPECIAL ANNIVERSARY EDITION looks
at the various ways in which the railways helped to
win the war including taking care of the wounded,
getting troops and supplies to and from the front and
protecting civilians when the bombs started to fall.

| SPECIAL ANNIVERSARY EDITION

TRAINS

wiww.model-angnesr.co.uk AT w AR

HOW THE ALLIED RAILWAY NETWORK HELPED WIN THE WAR

THE LONG ROAD
TO RECOVERY

RETURNING THE RAILWAYS
TO FULL WORKING ORDER

ImBOLINGER
REDUCING THE . * .

HUMAN COST OF
WAR WHILE ON  §
THE MOVE

B i “
T N > “MODELLING wnanmt_
| .. RAILWAY

RECREATING THE
TRAINS. IN MINIATURE

Wﬂn TI ME FEATURING:
l“ﬂ“M“TI"Es = Narrow gauge in WWI
" m Ambulance trains

BUILDING NEW ENGINES TO SERVE THE FRONT LNE, | mWW2 Locomotives

REMARKABLE SURVIVORS WHERE TO SEE WARTIME ENGINES FOR YOURSELF i Railways on the Home Front

WAR DEPARTMENT LIGHT RAILWAYS moviNG SUPPLIES THROUGH THE MUD | i i i
RAILWAYS ON THE HOME FRONT COPING WITH LIFE AT HOME IN Wi lJl“'JIH M'NE :nhgolgﬁgw?n‘g; rtime Railways

Available at selected WHS High Street, Tesco and local newsagents, or order online at
www.myhobbystore.co.uk/trainsatwar
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Super X2P Mill Bundle d ol

Buy a SIEG Super X2P Mill for £585.00
and we will throw in ALL these accessories,
worth over £130.00

FREE!!!

HiTorque

Powerful, 500w Brushless DC Motor - Direct Belt Drive. Belt Drive
The combination of brushless DC motor, advanced electronic Brushless Motor
speed controller and direct belt drive from motor to spindle,
provide far better torque over a wider speed range (even at
low speeds) thus enabling the elimination of the gearbox and
resulting in a quieter machine. Eme“iﬁ-m Quill Feed
Drilling Capacity 13mm )
End Milling Capacity 16mm I Exclusive to Arc Euro Trade
Face Milling Capacity 30mm | The Super X2 PLUS was designed
Throat 168mm by ARC and engineered by SIEG. - -
Spindle Taper Choice of MT3 or R8 : Bigger Section
Spindie to Table Distance |15mm - 285mm :\'n’:;" wainh ;
Spindle Speed (Variable) |100-2500 rpm +10% Larger Worktable than standard X2 Mill e mmm
Table Cross Travel 145mm X2 worktable has always been smaller than e 'rigbdily T
Table Longitudinal Travel |330mm our X1L so we have used the SX1L table! had a new stronger
Table Size 400x145mm casting made that
Effective Table Size 400x145mm fixes directly to the
T-Slot Size amm (M6 T-Nuts) base.
Motor Output 500w DC (Brushless Motor) =

Width 515mm
Overall Depth 560mm
Dimensions Height Top of Column: 595mm

Head Fully Extended: 750mm

Weight (Net/Gross) 60kg/71kg

' 080-030-00300 Super X2P HiTorque Mill - R8 Metric | £585.00 |+ £40.00 \

| 080-030-00305 | Super X2P HiTorque Mill - MT3 Metric | £585.00 | Carriage
_ 7

[ Super X2P Mill Accessory Bundle *
130-010-00100 | 24pc Clamping Set *FREE | £29-77
 130-040-00900 | Radial Milling Vice 80mm * FREE | £66-8t

Standard Equipment:
13mm Drill Chuck and Arbor, Drawbar

All Prices
Include VAT

| Either MT3

050-040-01701 | R8 Collet Starter Set (Metric) OR *"FREE | 4645
050-020-03101 | MT3 Collet Starter Set (Metric) *FREE | L2266
' 060-280-x00tx | 4 Flute End Mills - 6, 10 & 12mm *FREE | £43-28

MAXCUT No. 5 Chlorine Free Tapping &

Cutting Fluid 500ml FREE | -£8-47

‘ 170-150-00100

Bundle Saving at least | £137.38

' Offer valid until 20th July 2014.
Subject to availability.

Or R8 Collets

Rock Oil MAXCUT No.5 is a heavy duty, low viscosity neat Cutting & Tapping
Fluid which offers outstanding wetting and flushing properties to promote
extended tool life and excellent surface finish.

The product's CHLORINE FREE formulation allows the fluid to be used on all
types of Steel, as well as Aluminium, Copper and Bronze alloys without the usual
problems of staining and stickiness associated with Tapping Liquids, PLUS the
extra benefit of satisfying the latest environmental and health and safety needs.

Arc Euro Tradse Ltd. Handling and carriage rates to most UK mainland destinations are based on order value:

10 Archdale Street, Syston, Leicester, LE7 INA. £0-210 = £2.30, R10-225 = £3.05, £25-200 = £4.85, Over £00 = Free (unless otherwise stated)
Web: www.arceurcotrade.co.uk Phone: 0110 2005003. ALL PRICES INCLUDE VAT E.&0.E.
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in the September issue

AIMING HIGH

Darren Conway challenges us to work to tight
tolerances with his high-precision live centre.

m Albert Bishop discusses the use and care of
measuring instruments, Terry Gorin describes
the gear train addition to his Unimat SL,

Tony Weale uses toothed belts to slow down an
Asian 9x20 lathe and lots more to interest every
hobby machinist.
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This Reynolds Velocette frame was
made for Geoff Duke in 1958 by
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Rotary Table
A simple Rotary Table by T. Daish. This
straightforward design is notable for its low profile.

Rear Toolpost

A retracting rear toolpost by Stan Bray. A useful
accessory to extend the cross slide of most
lathes and carry parting or other tools for second
operations.

Passenger Comfort
and Safety

Bill Perrett of Southampton
DMES wrote a history of
25 years of model railway
passenger car development. It
appeared in Model Engineer
between December 1987
and July 1988. The series
includes detailed drawings
for the construction of

a5 inch gauge driving/
passenger car with brakes
and other refinements.

Join the Conversation

Be part of one of the liveliest and friendliest hobby
engineering discussion boards on the internet.
Hot topics on the forum at the moment include:

Y Starting out with a milling machine

> Homebrew rotary table software

> Building the James Coombes (with chips)
> Using riffler files

And let us know what you are up to in your workshop
through the ‘What did you do today?’ thread!

CLASSIFIEDS EXTRA SUBSCRIBE ARCHIVE SUPPLIERS SHOP




Designing

Motorcycle Frames

Known as 'The Frame Man', Ken Sprayson is a legend among motorcyle frame builders.

It would appear from the odd
mention in past issues of MEW
(and on our web forum, Ed.) that
there are among us a number of
motorcycle enthusiasts, some of
whom would have an interest in
making their own frames to create
a'special’.

riginally, frames were constructed
Owith traditional bicycle methods

of tubes hearth brazed into cast
or forged lugs that provided the steering
head, bottom bracket etc., that is the joints.
With the advent of all welded frames in the
1950s and the availability of home welding
kits, frame building became something that
could undertaken in the home workshop.
(An article by the author on tube bending
appeared in MEW issue 146). For the
amateur in the home workshop, his
‘design’ is usually arrived at by propping
up the wheels and balancing the engine
on a box between them, before shaping
the tubes around them. In a way, this is
how the professional designer begins,

A

it DAL TR RN
A 1958 Reynolds Duke Velocette frame of duplex design with

A U

except that while the ‘one off” man works
with actual components, the professional
works with pencil and paper. While this
may seem too academic, a properly made
drawing will show the true relationship and
the correct layout for the important items
such as head angle, trail, wheelbase and so
on, which will be explained later. It is also

Flg 1 Head angle )

P
/

Limit of
front suspension

.-’f /
1

o K
S i Frame steerin,
;o /_ head tube -

;- Limit of
/| rear suspension

/ Note suspension
/ unit fixing not
on wheel centre

Rolling
radius

~ Ground line

\ Note tyre

deflection

Diagrammatic Layout
Not to scale

Wheelbase
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ﬁbe,

much easier to erase a line on a drawing
than have to cut out a tube that has been
located incorrectly. Furthermore, one has
a permanent record of the work done,
and if after trial of the finished project,
modifications are required, these can be
worked out before carving up the original.

We must, therefore, start our project, not
in the workshop but on the kitchen table,
with a clean sheet of paper. For the
enthusiast the object of such an exercise is
usually to build something that he
considers better than the standard
machine as supplied by the manufacturer,
often for a sporting activity. Such things as
being lower, lighter and better handling,
hopefully being achieved.

First step is to establish the scale that will
be used. This can be half, quarter or
whatever suits the size of the paper,
providing it can be measured off to full size
for your project. To the engineer, scaling
from a drawing may be contrary to his
teaching, but in this case it is the way
things are done. To start the design, wheel
size is determined and the wheels,
complete with tyres, drawn in their
respective positions, setting the wheelbase.
This would range from 52ins to 56ins,
depending on what activity the finished
project will be used for. A trials bike will
normally have a shorter wheelbase than a
racing machine, to enable it to manoeuvre
on a trials section more easily. Other
considerations on wheelbase, would be the

Model Engineers’ Workshop



Motorcycle Frame Design and Construction ”

Fig. 2

Theoretically if the wheel is turned through 90° as in 2A, the rise of the tyre contact
patch equals the fall in the wheel centre.In 2B the difference between ‘A’ & ‘B’ must

be taken up by the frame lowering, resulting in the weight of the bike & rider tending

to turn the wheel to reach its lowest point, which will affect steering stability.

In 2C the opposite effect results in the steering tending to straighten up when cornering.

machine’s size (125¢cc, 500 etc.) and also
weight distribution. The latter is often only
determined after riding the finished project,
though 50/50 front and rear, with the rider
seated in a riding position is usually the
aim, with any bias being towards the front.
In practice, even with the engine as far
forward in the frame as possible, it is
difficult to get too much weight forward.

With the wheels drawn in, what we next
need to know are the limits of travel of the
front and rear suspension, from full
extension to full compression. As a datum,
from which all measurements are taken, a
‘static’ position is established. This is with
the machine stationary and the rider seated.
Motorcycle suspension is predominantly
working on the first two-thirds of
compression, ‘full bump’ only occurring
when hitting such as potholes, or in this day
and age, ‘sleeping policemen’. The static
position is therefore determined as being 1
of the suspension unit's or the front fork’s
full travel. From the static position drawing
in % to full compression will give the
maximum height to which the wheels will
travel. Allowing % inch clearance for tyre
fling at speed will determine the lowest
position for the mudguard and rear frame
tubes and at the front, the fork yokes. When
using a propriety front fork, the height of the
bottom yoke on the finished layout would
have to be arrived at by first measuring the
fork length and its travel. It is often found
with a telescopic fork that there is no
preload on the springs and to allow for this,
static is usually determined as half of the
forks travel instead of the Yz for the propriety
units used on the rear. As rear wheel travel
is determined from the position of the rear
swinging arm pivot, this can only be
finalised after positioning the engine/
gearbox, (fig. 1).

The next thing to look at is steering
geometry, which for the frame design will
be set by the angle of the head tube.
Steering geometry is determined by three
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basic dimensions: the head angle, the trail
and the rolling radius of the wheel. Head
angle and trail provide the castor action that
is necessary to keep the wheel pointing in a
forward direction. The amount of trail will
determine the sensitivity of the steering,
more trail gives heavier steering, reducing
the trail will make the steering lighter. Other
factors will also affect the handling qualities
of the bike when ridden, factors which are
best illustrated by fig. 2. Head angles vary
on a range of manufacturer’s machines, but
for our "special’, 27 degrees is a good
compromise.

Having drawn in the basic geometry,
attention can now be turned to the engine
position. For this, a rough outline of the
engine needs to be drawn to the same
scale as the basic layout. This will
determine the major pickup points and

also the general outline round which the
frame tubes will be positioned. Don't
forget the carburettor and the exhaust
pipes! Also needed is a front view of the
engine sufficient to determine its width,
usually just the crankcase outline. This will
show the lowest point at which the engine
can be positioned, determined by the
angle of lean to which the bike will be
subjected. Lean angle can be extreme as
seen in the motorcycle racing on
television, but for general riding an angle
of 565 degrees would be quite adequate.
This is shown in fig. 3. For the lateral
position, as said, the engine should be as
far forward as possible, taking into
consideration the clearance of the front
wheel on full compression and the
aforementioned exhaust pipe(s). Engines
can be unit construction, where the
gearbox is incorporated into the
crankcase, or the gearbox can be a
separate item. In either case, the rear
swinging arm pivot should be as near to
the final drive sprocket as possible. This
pivot should be on a straight line between
the final drive and the rear wheel spindle,
the pivot of course being part of the frame
construction. In determining the engine
position, the chain line must also be taken
into consideration, as the final drive must
line up with the rear wheel sprocket. The
chain line must also be clear of any frame
tubes. The rear swinging arm can be a
simply designed ‘fork’, but must be of
adequate size to resist torsional loads
imposed by the rear wheel. Tube in the
region of 1% inches diameter by 14swg is
usual for this component. This should
complete the basic layout of the major
components of the motorcycle which have
to be held together by the frame.

Frame design will be to a certain degree,
a matter of choice, so, what are the basic
requirements? A frame’s basic function is
to hold together the motorcycles working
parts, but this must achieve the optimum
amount of rigidity and torsional stiffness
in the final machine. From the earliest
days of the motoreycle, the engine was
often used as an integral frame member.
As far back as 1918, an Institute of
Mechanical Engineering member wrote a
paper describing the lack of rigidity in this

Fig. 3
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A frame’s basic function
is to hold together the
motorcycles working parts,
but this must achieve the
optimum amount of rigidity
and torsional stiffness in
the final machine.

type of construction, where any rigidity
relied on the mechanical joints retaining
the engine. Therefore, however the engine
is held, whether in a cradle or under-slung,
the frame should still have the
aforementioned properties without relying
on the engine as a member.

Although aluminium ‘chassis’ are the
most common for today'’s larger
motorcycles, steel tube is still favoured for
the ‘special’. For duplex tube frames such
as the Norton ‘featherbed’, diameters
range from 1% inch O/D for the heavier
machines to1 inch for lightweights. Where

- A 1960 Geoff
Duke frame
the large
' frame tube

| was used
as an oil
| reservoir.

a single top or down tube is used, these
would be of larger diameter, from 1) inch
upwards depending on the design. Rear
frame/seat tubes can be % inch o/d. Gauge
thickness is dependent on the material's
specification and the welding medium.
16swg (0.064 inch) would be satisfactory
for material of tensile strength in the 40

- 45 tons per square inch range. For mild
steel (<26 tons per square inch) the gauge
should be increased to 14swg. (0.080
inch). Referring back to the drawing, the
tubes should be drawn in to join up the
positions already laid out, head tube,

Fig. 4
Angle plates or blocks positioned

to locate frame tubes, must be at
90° & square to base centreline

2 _—Frame head tube
-~

—Bar to hold head tube
% securely clamped to
angle plate at correct

angle

0

Basic Set-up

- lin wide st rip on centre datum

"~ Flat base with lin wide

strip secured on centreline
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.x-Fea‘t;‘aerbed Frame .195 1.

The first all-welded quantity production frame.

engine pickup locations and rear
suspension mountings. If a cradle type
frame, make sure there is clearance for
engine removal.

Design, materials and welding medium
will all have an effect on the fatigue life of
the finished structure, Fatigue failure
results from constant stress reversals at
changes of section in the structure’s
design. This can be best illustrated by a
saw cut or notch in a length of material.
When a bending load is applied at the
ends, the stress that would normally be
evenly distributed along its length is
concentrated at the notch or cut.
Constantly reversing this stress will result
in eventual failure at that point, the
severity of the ‘notch’ and the number of
reversals (millions, for a motorcycle
frame!) determining fatigue life.

Taking this into consideration, it can be
seen that where the lighter gauges are
used, irrespective of tensile strength, the
welding medium needs to be conducive to
making the change of section, (the welded
joint), as compatible to the material
thickness as possible. This is especially
important with the light gauge higher
tensile materials. For this bronze welding,
where the ductility of the weld fillet is an
asset, is recommended. Arc welding, both
stick and MIG/C02, will produce a much
harder fillet often with a pronounced notch
at the edge. This would only be used for
welds on mild steel, where the thicker
material reduces the change in the cross
sectional area from the parent material to
the weld fillet.

Having completed the design, chosen the
material specification and produced any
tube bends, a means of holding the
component parts in position for welding is
needed. Unless a quantity of frames is to
be built, a simple fixture is all that is
required. Essentially, a flat and level base,
on which a centre line is marked is the first
requirement. From this base, a means of
positioning and holding the head tube is
required. This must be held vertically
square to the base, on the centre line and
at the correct angle. A simple method of
achieving this is shown in fig. 4. To hold
the main frame tubes and to control the
width, simple ‘angle plates’ are required,
which for one offs could even be wood,

Model Engineers’ Workshop
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~__—Retaining Allen screws —___

to clamp cones on bar

Head Tube Bar

Dimensions to suit

S . .,--"---
~— Cones to suit —
head tube

(

;

Incorrect /\.
i

1

—lin dia. tube or bar

|
T
|
'
|
I

1

Head tube bar —
not clamped

A1/ -
/

s

il
“—'V' blocks at
90° to centreline

View on

Checking For Alignment

but must be positioned from the centre
line. All these positions would be scaled
from the drawing as previously
mentioned, the most important thing
being to maintain the alignment of the
steering head, through the frame and
square to the swinging arm pivot. Having
located all the frame tubes and tack
welded all the joints, the frame can be
taken from the fixture and fully welded.

Included in the fixture there should be at

least one of the engine mounting

positions. After welding all the frame
joints, the remaining engine mountings
can be located using the engine itself as a
jig. This is done last as natural
contractions and distortions during
welding can be expected.

The final requirement is to check the
finished frame for alignment. The
essential for this is the squareness and
centring of the steering head with the
swinging arm pivot. This can be checked
by mounting the frame on a bar through
the swinging arm pivot, resting on
v-blocks, positioned on your base relative

to, and at 90 degrees to, the centre line.
With the pointer bar that has been used to
initially locate the head tube replaced, the
vertical accuracy of the steering head can

August 2014

be accessed. Jacking the frame up to the
head height measurement from the
drawing, the head angle can also be
checked, though this need only be to
within about ¥ degree, (fig. 5).
Any reader undertaking this project will
soon find that this article will only give

him the basics for setting up, the actual
frame design being left to his own ideas.
Should he require further information or
have queries, it is suggested that these
could be answered through the medium of

Scribe a Line, where | will endeavour to
give answers.

Norton Villiers Trials Serambling frame from March 1968, with a large single top tube.

"
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A from the World of
Hobby Engineering

Workshop Opportunity for

Yorkshire Model Engineers

Scarborough and District Model
Engineering Group, are based

at Yorkshire Coast College. Ted
Fletcher tells me they have
concluded yet another successful
year. Apparently they hire the
workshop for a series of two hour
evening sessions, ten before
Christmas and ten in the New Year
and share the total cost. During the
last season 2013/14 members have
been busy making special parts for
off road cars, locomotives, traction
engines, and tools and equipment
for their home workshops. Ted
says they are a mixed bunch of
like-minded people with a notably
wide age-range from 19 to 80, all
busy doing their own thing. The
college has a dozen industrial
lathes (some brand new) and three
milling machines as well as surface
and cylindrical grinders, a bending
machine and power guillotine, up
to 6mm. They also have welding
equipment available to use at no
extra cost. Most years they have
one or two members deciding

to have a rest year, due to other
commitments, so should any reader
be interested in joining the group
please contact Ted at g4egb@yahoo.
com or 01723 362537.

;umﬂying Quality Mo
roducts sinee 1981

LCatalog
alogue Firee K

Expo B L 20 Purchgsy III‘\

I've been looking through % & e = ;

the pages of the latest Expo . : w% m - um
catalogue. As always there's : TS 'a'j'mf‘; ! e i
a great range of small @ sssiow B

precision hand tools and EXPO 201 4 CATA LOG UF

airbrushes. They've greatly
extended their range for the
railway modeller and it's
great to see the Superquick
card building kits — there's
one my dad made for me
when | was a boy that |
must get! Although most
of the content is at the
‘light’ end of engineering,
some of the products like
telescoping brass and
aluminium tube could be
just what is needed for
workshop projects. The

big appeal, though, are the
huge number of ‘pocket
money price’ items that
will tempt any maker of
models.

1000's of Model Kits

- Accessorio
and hlnf_\ avail sSOries

able Ingjde!

100 of New Products!

New Telephone Number for Toolco

Machinery supplier Toolco have been in touch to let us know they have a new
contact telephone number, it is now 01453 767584 with immediate effect.

Direct Indexing

Des Bromilow offers another way to use the
junk box to solve an engineering problem.

the restoration of veteran motorcycles,

a certain amount of motorcycle parts
{neither vintage or veteran) will find its
way into the pile of ‘useful junk’ - some of
these are used to provide a solution for
indexing the spindle of a lathe.

The sprockets used in many machines,
not only motorcycles, are all labelled and
drilled to match a mandrel which is made
to be inserted into the back of the
headstock spindle. A simple taper/plug

I n a workshop primarily designed for

12 www.model-engineer.co.uk

- 38 and 54 tooth
: ‘ sprockets ease awkward
division problems.

arrangement is used to grip the spindle,
and a spring loaded detent is attached to
the headstock to lock the sprocket once it
has been turned to the desired position.

As seen in the photo, the typical sprockets
tend to be multiples of unusual numbers,
(19 for example) which would be impossible
to directly index off a 60 tooth bullwheel.

This system is used regularly for
indexing the spoke holes in a wheel hub,
or vent patterns on veteran exhaust
systems. B

Model Engineers’ Workshop



Inverter drives are extremely reliable e vibration free
e remarkably low noise level e virtually silent

"\
WM250V

» Centre height 125mm
« Distance between centres 610mm

* Motor 1.1kw £1'£?5

WM280V

» Centre height 140mm

« Distance between centres 700mm

=« Motor 1.5kw E1 .850

WM290V

lllustrated with optional milling attachment,

which is also available for WM250V o Low 30rpm speed
ARV laihes ideally suited to
£2,685 thread cutting

* Supplied with digital
readout and stand

* Distance between
centres 700mm

* Centre height 150mm

« Motor 1.5kw

w iy

All these lathes are fitted with power cross feed and are supplied with 3

\fnd 4 jaw chucks, fixed and travelling steadies, face plate and swarf tray/

= £ 01 428 682929 Warco House. Fisher Lane, Chiddingfold, Surrey GU8 41D
E sales@ warco. co.uk W WWW.Warco. co.uk

ANY SPECIAL OFFERS ARE ONLY AVAILABLE WHILE STOCKS LAST AND ARE NOT ONGOING

WM18 VARIABLE
SPEED MILLING
MACHINE

* Speed infinitely variable
from 50- 2,250 rpm

» Table size 840 x 210mm

* Motor 1100w

Without digital readout fitted:

£1 250

| With digital readout fitted:
Glass linear scales

£1, ?50

WM16 VARIABLE
SPEED MILLING
MACHINE

* Speed 50 - 2,250rpm

» Table size 700 x 180mm
* Distance spindle to table 370mm -
* Motor 750w

With digital readout fitted:
Glass linear scales

7 £1,350

BENCH GUILLOTINE _
ITEM NO.7010 —

* Squaring facility
* Safe blade protection
* Front measuring scale
* Compact versatile guillotine
* Fabricated for maximum strength
* Supplied with adjustable rear depth stop
* Reversible blades, ground on both edges
Shearing capacity 300mm
Thickness 1.5mm £150

OPEN DAY

Saturday July 19th 9 am to 2 pm

Bargains to include used/ex demo and shop
soiled machines. Huge selection of used
and shop soiled tooling.

R

|J: |
il

Prices include VAT and UK mainland delivery




Turning Small ltems on a

Unimat SL Lathe

Most of my workshop time these days is taken up by REMAP projects
(making or adapting equipment for people with disabilities), but | am a ship
modeller at heart. Having run out of space around the house for large glass
cases, | decided that my next project would be a miniature. So it was that |
found myself faced with the problem of turning a number of 18th century

gun barrels, of different calibres, at 1144 scale. This article explains how
| modified my Unimat SL lathe to ease the task. Most of the dimensions that

| quote are either illustrative or non-critical; anyone intending to carry out
similar modifications should check the dimensions of their own lathe and

adapt the ideas accordingly.

glance at fig. 1 illustrates the nature
Aof the modelling problem - and this

wasn't the smallest of the guns!
Turning the diameters on the Unimat
wasn't too difficult, once the headstock
had been set over to the correct taper, but
trying to keep track of distances along
the barrel was a different matter. A few
trials convinced me that | needed a more
idiot-proof system than doing mental
arithmetic of increments while watching
the calibrations on the rather small scale

engraved on the hub of the leadscrew
handwheel. This hub is 17.2 mm diameter,
with 20 divisions but only the ‘0.5" and
‘1.0° positions actually marked - in 2 mm
high digits (photo 1).

As a first step, | decided to make larger,
more readable dials for the leadscrew,
cross-slide and tailstock and while | was at
it to make them friction dials that could be
zeroed easily. These are no more than thick
aluminium discs that fit over the hubs of
the existing handwheels. They could be

One of the original handwheels.
given a further degree of sophistication by
putting a thin band of knurling along one
edge, but that would reduce the space for
the numbers. In practice, knurling has not
proved necessary.

All this work could be done on the
Unimat itself, but it was easier to use my
Myford ML7. The discs were turned to an
outside diameter slightly smaller than that
of the handwheels, and bored to give a
clearance of about 0.05 mm over the
handwheel hubs. It is interesting to note

Fig. 1
" 13.9 -
127
10.1 s
. 73 |
e i 6.5 -
, 1.6
+ m i
[}
o _“'-!_ __‘t____ ___""! ______________________ I A «©
) 8 8 8 ®
1 a— R U
¥ T
12 Pounder All dimensions in millimetres
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Two modified handwheels.

0.010" brass shim

The lathe with a DRO fitted to re rear.

As a first step, | decided to make larger, more

readable dials for the leadscrew, cross-slide and
tailstock and while | was at it to make them
friction dials that could be zeroed easily.

that the diameters of the three handwheel
hubs differed by about 0.2 mm, so each
new dial was purpose-made for its own
handwheel. All three screws on the
Unimat have a 1Tmm pitch, so the three
new dials were engraved with 10 long and
10 short divisions, giving a precision of
0.05 mm. For the leadscrew dial, the
divisions were also repeated radially
across the dial face, making it easier to
align the readings with the fiducial mark
on the lathe casting. Finally, the dials were
number-stamped. For ease of reading, the
numbers on the leadscrew dial have their
bases towards the leadscrew, while those
on the cross-slide have the numbers
facing the operator and therefore
increasing from right to left (photo 2).

To give the dials a friction-set capability,
each was tapped radially for a M5 grub-
screw, with a Tmm thick pad of polythene at
the tip of the screw. | happen to have some
5mm dia polythene rod, but a suitable disc
could easily be cut from a suitable plastic
bottle. This provides an appropriate degree
of friction without darmaging the original
scales on the handwheels.

This improved the situation, in that the
leadscrew dial could be re-zeroed after each
section of the gun barrel had been turmed to
size, butit meant that any errors along the
length would be cumulative. Given that the
differences between different sizes of barrel
at this scale are only fractions of a
millimetre, it was decided that a further step
would be necessary —a mechanism for
giving an absolute reading of position along
the workpiece.

August 2014

The obvious solution was a 200mm linear
digital scale; the problem was where to fit
it so that it could be read easily without
obstructing any of the moving parts of the
lathe. Eventually, | settled on a pair of
aluminium brackets clamped to the rear
bar of the lathe bed and supporting the
scale behind and about 8 cm above the
lathe bed. The sliding indicator unit was
then coupled to the cross-slide by a 38 mm
wide strip of 0.010 inch brass shim bolted
to a removable aluminium plate, attached
to the cross-slide by drilling and tapping
(M4) the ends of the two cross-slide rails.
The arrangement is shown in photo 3. Note
the cut-out in the aluminium plate to allow
access to the carriage clamping screw.

Turning one of the small cannon barrels.

Turning Small Items ||

Aluminium plate

with cutout

The brass shim provides complete
stability in the direction of slider travel
while providing a small amount of
flexibility in the lateral and vertical
directions to accommodate any slight
misalignment in the mountings.

So far, | have not come across any
situations where the measuring device
impedes the operation of the lathe. If one
such arises, however, the device can
easily be removed by removing the M4
screws holding the plate to the cross-
slide clamp, slackening the brackets on
the linear scale and lifting away the
complete unit.

After all that, did the modifications do
their job? The answer is a definite “yes”.
One result can be seen in photo 4, but the
real success was the ease with which this
could be replicated in the desired quantity.

Even if you don't have quite so obscure a
problem, | suggest that improvements
along these lines are worthwhile for
anyone using a Unimat — especially if your
eyesight is beyond the first flush of youth!.
Although this particular model of the
Unimat has long been superseded, it
should not be difficult to adapt the ideas to
the newer models. B
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Readers' Tips

This month’s winning tip comes from George Conway.
He found a tweak to improve repeatability of his collet chuck:

Here is a quick and easy solution to improve
the operation of an ER25 collet chuck. | have
been trying to perform multi-tool programs
on my cnc mill. To achieve this | need to
have several milling chucks so each cutter
used could be pre-set and offsets measured.
To keep the cost to a minimum | decided to
try the less expensive ER25 collet chucks.
This worked to a point but | noticed that
occasionally the cutter would slip slightly
during the plunge part of the cycle causing
an error in the depth produced. My collets
are metric and go up in Tmm intervals.
There wasn’t a problem if | was using a
nominal metric size cutter, the slippage
generally occurred when using imperial
tools slightly larger than nominal size
forcing the collet to be compressed to just
under its Tmm maximum.

When | looked closely at the design of
my collet chuck | noticed the bore was

tapped with two different threads. The top
end was obvious and tapped M10 to
engage in a drawbar. However | realised
the other end of the bore was actually
tapped M12 x 30mm deep. This | suspect
was used to hold the part during the
manufacturing processes.

My simple tip which | hope will prove
useful to other MEW readers is to make a
depth stop from a M12x30mm grub screw
with a small flat machined on the end. The
operation of which should be self-
explanatory. The depth stop on my
expensive milling chuck tapers to a point
to locate in the dimple in the end of some
cutters, however, the grub screw could not
be guaranteed to run true so | felt that this
may actually do more harm than good.

George Conway,
County Durham

..;_ 4
Ao\ CHESTER MACHINE TOOLS

No more than one prize with a value of £30 will be given each month. By entering you agree your
entry can be freely published and republished MyTimeMedia on paper or electronically and may
be edited before appearing. Unpublished tips may be carried forward to future months. You will

be acknowledged as the author of the tip. There is no
and if no publishable tips are received a prize will not
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uarantee that any entry will be published
e awarded. The decision of the editor is final.

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. Every month we
will 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!

A short and sweet tip from this
month’s runner-up, lan Priest,
who receives a book from the
Workshop Practice series.

Having read Peter Shaw's article on
through-bore boring prompted me to
remember the following tip which you
might feel like passing on.

When manufacturing multiple
components with matching bores, such as
for instance locomotive cylinders, instead of
using one through boring bar, prepare two.
The first is used to rough the bore out to say
finished size plus 0.010 inch, the second is
set to finished size. The result is two bores
exactly the same size. Another advantage of
through-bore boring done in the way
described is that the bores will be parallel.

lan Priest

Model Engineers’ Workshop
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A Centrifuge

Marcos Diniz makes a simple but effective piece of equipment
that could have a number of workshop applications.

Why in the world would | need a centrifuge? Well, when
you think about it, they may have lots of interesting
uses. Mine came about because | have a condition in
my eyelids (no, | don't have to thank old age for this
one) and if| don't apply an ointment they itch like the
dickens. In the tubes, the ointment is lavishly mixed
with air bubbles, and if | don't get rid of the air, the tiniest
squeeze will bring out half the ointment. A centrifuge will
send the ointment to the bottom and the air towards the
nozzle, where they belong. I'm already considering a bigger
model to get the water drops out of the salad (don't you think SWMBO
might like that?) My wife, who is a virologist, is very excited about its The miotor and cradfe

possible uses for lab work in poor countries. All you need are a few changes araund which the
centrifuge was made.

to accommodate more test-tubes or whatever.

ow to business. A few years ago | Also, | found a ball-bearing with an 8mm chuck, another item made by my founder
Nmade a peristaltic pump, but the ID and an incredibly battered piece of friend (alas, he passed away some years
volume was too small, it didn't aluminium that made a nice housing for ago and the breed seems to have become
do the job intended. However, it was the bearing. The brass bushing isn't meant  extinct). | know keys left in chucks are a
interesting to make. From this project | as a bearing; it is there to cover a central never-never thing (to me as well, of
kept a small synchronous motor (1/35 HP) hole which is too large and unsightly course), but | just wanted to mention how
in a cradle made of aluminium extrusions (photos 2 and 3). | intended to use one of easy it is to make one from a wooden
araldited and riveted as needed (photo 1). the blank mountings | ordered years ago mould and help from a foundry. All it
All | had to do was come up with a way from a friendly foundry (photo 4) but needs is a bit of cleaning up and a hole
to hold two spinning tubes. Sorting couldn’t find them until they were no for a silver steel dowel. Sorry, | couldn’t
through odds and ends (not an easy task longer needed (good old Murphy! Never resist the opportunity to make some
as | moved house recently and the sleeps on the job!). mouths water; now and then | tend to
workshop is still “a work in progress’ and To turn itinto a cylinder | used my boast about something, normally
it'll remain that way for a while), | found ‘master and slave chuck’ (photo 5) - thank something someone else made...
some aluminium 50 x 50 x 2mm square you Tubal Cain!. The bearing housing Boring two 31 mm holes for the plastic
tubing. This looked about right, so | cut a was screwed to the cradle with two M4 tubes on opposite sides of the 'cube’ was
56mm long piece (to stay on the safe side; screws. | threaded the holes but added easy, as | have a 4-jaw self centring chuck
my hand-sawing is not very precise at locknuts, just for luck (photos 6 and 9). (photo 7). This is a posed photo, taken
times) and turned it into a 50mm cube. You'll notice | left the C-spanner in the after the job was done. | apologise for the

The battered The unused
bearing blank mount. :
housing...

Tidying things up in a master
and slave chuck.

...from
both sides
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The housing in place.

Cube with
. spindle in place.

bad lighting and for leaving the allen key
in one of the screws; better conditions are
on the ‘to-do list’. Actually, most of the
photos were taken on my kitchen counter
marble top. You may also notice I'm a fan
of the 3-way turret, (my gratitude to Dave
Lammas). One of the remaining sides was
centrally drilled 8 mm for the spindle.
This was made from a 53 mm length of 8
mm silver steel, threaded M8 at one end for
about 12 mm (enough for two nuts, two
washers and the 'cube’ wall). Without
removing it from the chuck | assembled
everything and, as expected, | had to
remove the cube and second nut and true
up the face of the first nut. After reassembly
it ran without any noticeable eccentricity.
Photograph 8 shows the rotating assembly.

Borf;'ig the cube.

A Simple Centrifuge "

My wife, who is a virologist, is very excited about its

possible uses for lab work in poor countries.

As | wasn't too confident of my ability to
get the two spindles perfectly aligned, |
made a link from a piece of very thick
walled rubber tube. | used a dowel to fix it
to the motor spindle and intended to do the
same on the other end but on assembly |
found there was enough friction to spin the
centrifuge. Of course, in a scaled-up
version, with a heavier spinning part, |
don't believe | could get away with this
(photo 9). Sorry about the excess Araldite,
still from that past job; | decided a lot of
scratches wouldn't look better.

| assembled the whole thing, placed two
ointment tubes (never try to run it
unbalanced, but you may use some kind of
counterweight) in the plastic tubes. They
are a kind of plastic test tube, easy to get
from a lab. | made a temporary connection
with two crocodile clips (photo 10). You'll
notice | hadn’t cleaned up the bearing
housing yet) and gave it a try. It went like a
dream. There was no noise, no vibration
and no explosion! After 5 minutes | found |
could squeeze out the air from the tubes
without wasting any ointment.

All that remained was making a box
from some wood off-cuts and wiring it

properly. There was a choice: | could run
it horizontally or vertically. | opted for the
former, which means | have to place it
near the edge of a counter top to give the
tubes enough room to spin without
hitting anything. The result can be seen
in photo 11.

I think it took me longer to find the right
materials than to make the centrifuge and
I'm very glad | made it; and everything
used was already in the workshop, even
the plastic feet for the box. B

The finished
centrifuge in
its box.

A simple flexible coupling was used. The simple working parts of the centrifuge.
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Subscribers, see these adverts five days early!

MODEL
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Models Offered

B 7% inch 0-4-0 Sweet William
loco and riding car. Very good
condition and excellent runner.
Steel boiler, cast iron wheels.
Colour Ford Galaxy Blue. Comes
complete with everything
needed to run including 500lb
2-wheel trailer, £8,000.

T. 01793 783781.

Swindon.

M 3% inch gauge locos Maisie,
Juliet with tender. All good
runners with expired tickets.
Also Miss Ten to Eight almost
complete - fittings and plumbing
needed. All made by Fred
Whitmore. Offers.

T. 0208 8573797.

Bromley.

M Scale model Rolls Royyce
Phantom |l sedanca coupe 27

x 9 inch fully detailed, spoked
wheels, leaf springs, suspension
with gaiters, engine block with
magneto drive and all electrics.
£400 ONO. T.01708 720355.
Romford, Essex.

SEE MORE [TEMS FOF

Machines & tools offered
B Compact 5 3-jaw chuck, good
condition, £40. Good 4-jaw
chuck, £45. Six turning tools,
new, £25. Double tool holder,
£20. New quick change tool
holder £20. Quick change tool
holder with 5 holders for ML7,
£45.T. 01624 813434.

Isle of Man.

M 4-jaw chuck for Adept lathe,
2% inch, £15 0.N.O. set of Model
Engineers to build Minnie
traction engine by L.C. Mason,
1969, £20 O.N.O. All plus post
and packing. Ring after 6 o'clock.
T. 01793 435377.

Swindon.

® E.W. convertible lathe. Full set
of gears, boring table, vertical
top slide, chucks, face plate,
catch plate, centres, drill chucks,
motor, lay shaft, belts, rev.
switch, 6 speeds + back gear.
Any sensible offer. Suds pump in
tank, new. Offers.

T. 0208 4911173.

E. London.

B Myford Super 7, gearbox,
power crossfeed on Myford
stand. Chuck, faceplate,
catchplate etc. in good condition
only been used for model
engineering. £1500 ONO.

T. 01472 276910. Grimsby.

H Myford ML7 long bed, Myford
stand, extra chucks, single phase,
Imperial, change gears, various
cutting tools, travelling steady,
faceplates, various reamers,
drills micrometers, etc. £1700.

T. 01959 522227. Sevenoaks.

B Bandsaw, believed Burgess but
cloned Black and Decker. New
wood blade. GW.0. but needs
TLC, £25 or near offer. Buyer
must collect. T. 01643 702750.
Minehead, Somerset.

Drawings Offered

H Full drawings plus 172 page
illustrated book for 5 inch gauge
‘Sweet Pea’ (Hackworth valves),
£13. T. 01253 725447.

St. Anne’s on Sea.

BSITE www.model-engineer.

H All Model Engineers to build
3.5 gauge Britannia, also all
the English Mechanics to build
3.5 gauge Roedean and wheel
castings for 3.6 gauge Maisie.
T. 0116 2783549. Leicester.

Books & Magazines Offered
B Back to the Drawing Board
Hardback 357 pages by Don Ainley.
Nostalgic tales from Asquith's
apprenticeship and Pratt Chucks.
£15 P&P included.

T. 01253 725447, St. Anne’s on Sea.

B Model Engineers for sale.
Volume 194 to Volume 211
inclusive. 244 magazines, read
once. New condition. Best offers.
T. 01233 627 281. Ashford, Kent.

B Model Engineer bound
magazines 1948 (no. 2474)
complete to 1952 (No. 2692).
Unique opportunity, long out of
print editions, hard back bound.
Sensible offers excluding any

post and packing charges. 218
sequenced copies. T. 0191 2700498.
Newcastle-upon-Tyne.
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| AMADEAL Lid.&

r,*  www.amadeal.co.uk

aﬁi See our vast range of mini-lathes, ﬁg_li )
w2 bench lathes, milling, grinding and boring =4
' machines, both manual and CNC. __

For professional or hobby purposes

= We stock all kinds of spare parts for all of the

=& machines that we carry. If you require parts and
23| they're ol listed on the website, drop us a line
Howers dantum) - L email s and we might be able ta felp you. Bebween Hitond

Tel: (+44) 0208 558 4615 or 07887 945717 or (+44) 0208 558 9055

BRISTOL MODEL 2
ENGINEERING AND ‘,’
HOBBIES EXHIBITION 4

AUGUST 15™, 16™ & 17™

No jack of all trades,
not us.

It's what we do. It’s all we do. Isn't it time you
chose a specialist? Free shipping on UK orders, 25
years experience and based in Bristol.

Call: 01454 324546 www.avontapdie.co.uk
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Repairing G-Clamps

Neil Greenaway brings a selection of well-used
g-clamps back into good order.

Over the past few years | have found my collection of rough looking G-Clamps -
has grown somewhat as a result of my magpie nature! The general fault found
is that the swivel foot on the end of the screw has been lost, leaving a ball-end
to bear on any workpiece. My normal use for the G-Clamps is for holding parts
during welding, however, with just a ball-end bearing on materials itis ~_—*
difficult to maintain alignment all of the time.

| decided to rectify matters with replacement swivel feet.

The BMS 'slugs’.

A sug held fn rheoh‘et

Facing off a slug.

Available Options

A little research revealed that ‘McMaster
Carr’ sell a series of replacement

clamp pads of various sizes. These cost
between $3 and $5 each. They consist

of a pad fitted with a ring of ‘teeth’,

much like the grab ring on a push fit
plumbing fitting. When the ball end of

a clamp is pushed through this ring of
teeth it will not permit the ball end to

be removed. Having quite a collection

of clamps needing attention the costs
would escalate quite quickly, so [ then
considered machining replacements from
mild steel, similar to those fitted at the
time of manufacture - the clamps were all
made by Record tools. Having been from
a reputable manufacturer | considered
them worthwhile repairing.

Centering the embryo foot.

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



Fitting the foot o a clamp.

Tool Repair G-Clamps "

Fig. 1

1875 |
ﬁ

-

Step |
As-machined foot

Foot And Peening Stages

17
|
|
1 T . 77
=
! |
Step 2 Step 3
Part-peened foot Peened foot

New swivel feet

The project for replacement swivel feet
started with sawing off to length many
‘slugs’ of 26mm diameter BMS bar at
20mm long (photo 1). To hold these in the
lathe, a temporary collet was made from
a redundant back-nut from a plumbing
tank fitting. This was chucked on the flats
of the hexagon and faced off true and
then bored to 26mm for a depth of 9mm.
In order to permit the collet to close on
the slugs | placed a saw-cut through the
diameter (photo 2).

The slugs were gripped in the collet
{photo 3) and faced off each end (photo 4)
to a length of 18.75mm. The end of the
foot was then centre drilled (photo 5) and
drilled to a depth of 8.75mm with a 10mm
drill. Finally the shoulder was turned,
leaving a ‘neck” with 2mm wall thickness
(photo 6) which would subsequently be
peened over around the ball end on the
clamp screw.

August 2014

To complete the project the as-machined
foot was set onto the ball end of a clamp,
and the clamp tightened onto a piece of
heavy steel plate (photo 7) in a bench vice
(to act as an anvil). A 40z hammer was
used to strike a drift against the side of the
thin wall neck and peen it over against the
ball end on the screw (photo 8). The
peening was rotated around the foot until
the foot was fully enclosing the ball-end
(fig 1 and photo 9). The drift used was the
side of a cold chisel, and it was struck on
an area along the shank above the
hardened cutting edge. Some surface
bruising did occur to the upper face of the
foot, however, this was not considered
significant to the operation of the tools.

The screws were also cleaned up of any
surface rust and given a coating of light
hydraulic oil, and the result was a set of
serviceable clamps ready for use when
welding. B

=

A selection of clamps with their new 'feet".
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CNC In the

(Model Er

This series of articles starts
with the fundamentals and

covers many aspects of CNC
programming and machining.
The series is not specific to one
make or model of machine tool,
but it does feature Mach3
software throughout.

There is a support website

for the series at:
www.cncintheworkshop.com

The nose is angled at 45 degrees to the
vertical and matches the angle on a typical
countersink, so the easiest way to machine
the slope is to take a couple of cuts using

a countersink as a milling cutter. The
challenge is in knowing where to position
the cutter.

You really need to know the dimensions of
your countersink quite accurately, and to do
that you will need to make some trial cuts.

First, check that your countersink has a
90 degree included angle, as some
countersinks deliberately have an 82
degree angle. If the angle is stated as 90
degrees, assume that it is, unless the
countersink has been resharpened.

Fig. 82
Body diameter

Height

J LTip diameter
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Part 16

Marcus Bowman completes the etched metal folder.

Depending on how the flutes are
arranged, you may be able to measure the
diameter of the plain section above the
angled nose (fig 82). Or it may be stated
on the cutter (as mine is). The missing
dimensions are the height of the angled
portion and the diameter of the tip on the
bottomn end.

The height can be measured by taking a
trial cut. Move to the side, away from the
fixture, then use a twist drill to produce a
sizeable hole in a scrap block of material.
Make the diameter just a couple of
millimetres smaller than the full diameter
of the plain section above the countersink.
Mount the countersink, set Z0 at the top
face of the work, then take a series of trial

cuts down into the hole, until the
countersink just produces a plain section
at the top of the cut (fig 83). The height of
the tapered section of the countersink will
be halfway between the current and the
previous depth of cut. An alternative
approach is to cut deeper, to produce a
pronounced plain section at the top of the
hole, then measure the depth of that,
perhaps using the protruding tail of a
digital calliper. The height of the tapered
section of the countersink will be the
depth of cut minus the depth of the plain
section.

Once you have the height of the tapered
section, you can calculate the width of the
flat tip on the end of the countersink:

Fig. 83

Model Engineers’ Workshop



A professional touch for the folder...

tip diameter = diameter of the full

body - 2 x height of the tapered section
For example:

diameter of full body = 13.4mm

height of tapered section = 5.7

tip diameter = 13.4-2x5.7=13.4-11.4
=2mm

The nose geometry and the placement of
the cutter is shown in fig 83, and the CP
should be placed 1.2mm away from the
face of the nose, at Y46.2. Because the
cutter will take a relatively broad cut, take it
clear of the face, at 48.2 and take a series of
smaller cuts along the face, say 9 cuts at
0.2mm, followed by a final climb cut of
0.2mm. The program will have a very
simple structure, and might use just one
subroutine. It will look a lot like the
program to face the nose at the start of this
section on machining the clamp plate,
except that it is the Y cut which is varying
and not Z. Start with Y at 48.2, and subtract
0.2 each time you call a subroutine to cut
the face. There is a completed program on
the support website.

Embellishing the reinforcing bar
The reinforcing bar is mechanically fine,
but lacks a certain aesthetic appeal. Before
removing the fixture, put the bar back in
place. Then set the WO to the centre of the
bar. If your WO is currently as set for the
front left edge of the finished clamp bar,
move to X75 Y12.5 and set X0 Y0 at that
point. We can now add a logo to the bar.

There are two approaches to this. The
logo creates relief lettering, meaning that
the tops of the letters are at the same level
as the top surface of the bar, but the
surrounding section of the bar is
machined away, so that the letters
effectively stand proud of their
surroundings (photo 98).

A plate-mounted chuck spigot...

August 2014

Method 1 uses an engraving cutter to
remove all of the surrounding material.

Method 2 recognises that there are some
largish sections to be removed and uses a
2mm diameter end mill to remove the
larger areas first, then uses an engraving
cutter to remove the smaller areas to
finish the detail which is too small for the
2mm end mill. Method 2 uses two
programs; one for each cutter.

Both methods use an engraving cutter
with 15 degree half-angle (30 degree total
included angle) and a 0.2mm tip. This is a
common and readily available shape of
cutter.

The support website contains a single
program to use for method 1, and two
separate programs to use for method 2.
Method 2 is quicker, but requires a tool
change between programs. You choose. |
used method 2, but the logo is small, so
either method will do just fine. If you use a
standard end mill, keep it lubricated.

If you are able to use a 2mm single flute
cutter designed to machine aluminium
you won't need to bother.

Once the logo has been machined,
remove the bar. Choose an attractive
colour and either paint the surround or fill
it with cold enamel {(which, despite its
name, requires the work to be heated to
150C, which perhaps raises a trades
description issue?). | used cold enamel
because | had it to hand; and | put the
work in the oven along with a small steak
pie. Happiness all around.

Machining the knobs

The knobs require a different kind of
work holding arrangement. They could
be machined at the end of a square or
rectangular section bar, held vertically in
the vice, but | chose to use 1inch round
bar, held vertically in a chuck.

100/

...and a chuck fitted, but see the caveat in the text.

Computer Aided Manufacture | |

A bed mounted chuck is a very handy
accessory, but there are some safety
issues you should bear in mind. | began
with a chuck adapter (photo 99) designed
to be bolted to a piece of material. The
adapter has the same thread as my lathe
chucks, because it is handy to be able to
transfer from lathe to mill and back again.
However; despite the apparent benefits, |
should tell you this will not work
satisfactorily. First, the adapter as supplied
did not have a flat back, so that required
attention. Second, the adapter had only
two small holes for securing bolts, and
they are on peculiar pitch centres. That's
not a major problem, but the arrangement
is not sufficiently secure, as the two bolts
form a single axis across which rocking
can take place. Again, that’s something
which can be altered by adding two
additional bolt holes.

But the final straw is that the chuck will
not screw onto the adapter sufficiently far
to bottom against the end of the thread or
against a flat flange. The result is that it is
virtually impossible to guarantee that the
chuck will not unscrew as cutting forces
attempt to turn it and slacken it. The
practical result is that work is spoiled and
cutters endangered as the chuck moves
violently during a typical cut.

My advice is not to use an adapter like
this with lathe chucks which simply screw
onto the lathe nose. Instead, remove the
backplate from a chuck and mount it
directly onto a sturdy plate, inserting
countersunk screws through the plate
from the underside. You now have a really
useful accessory which you will use time
and time again. If you are feeling flush,
dedicate a chuck to this task, leaving it on
the plate.

Photograph 100 shows a 4 jaw self-
centring chuck mounted on a 16mm plate
which has holes arranged to match the
mill table tee slot centres, just like a vice
plate. Do remember to orient the chuck so
that you can reach the key hole and turn
the key!

Figure 84 shows the dimensions of the
knobs which are machined upside down
by creating a circular outer diameter; a
smaller diameter short boss; and 6 holes
whose centres are outside the periphery of
the knob.

Begin by chucking a piece of bar
sufficiently long for two knobs, two
parting off allowances and an extra length
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Table 4: Multiply the values in the table
by the PCD to find the X and Y co-
ordinates of the centres of the 6 equally
spaced circles. The centre of the PCD is
assumed to be at X0, YO.

Circle X Y

no.

1 0 0.5

2 0.43301 0.25

3 0.43301 -0.25

4 (4] -1

5 -0.43301 -0.25

é -0.43301 0.25

for gripping while the second knob is
being cut. Drill a 4.2mm hole down the
centre, deep enough for both knobs and a
parting off allowance (roughly 3mm). Tap
it M5 now, or wait until later. Use hand
tapping, perhaps assisted by a manual
chuck-held hand tapping guide. The outer
diameter is created using a series of
circular cuts, descending as each cut
progresses, so these are spirals, of the
kind you have used before (MEW 212).
The boss uses similar cuts, but of a
smaller diameter. Each scallop is formed
from a series of similar circular cuts which,
because their centres are outside the
periphery of the knob, only cut where they
overlap the main body of the knob. Begin
by trimming the top of the bar level and
flat. The bar should have been cut
squarely within 0.5mm. Set the Z height
by lowering the cutter to almost touch the
end surface, and set Z0.5 at that point.
Surfacing will take place at Z0, to avoid
the complication of having to reset the Z
height within the program after surfacing.
It is possible to do that, but we need to use
some additional techniques which would
complicate things at this stage, A simple
approach works best, for now.
Set the X0 YO at the centre of the bar.
Surface by using parallel passes, or
circular passes as shown below:

(Trim top edge)
M98 P160

and the subroutine

0160 (Trim top edge)
(Assumes CP is at X0 Y0 Z10)
(Exits with CP at X0 Y0 Z10)
GO0 X-10Y-17

G0 Z0

G1X-10Y0

G2 X-10Y0110J0
G1X-5Y0

G2 X-5¥Y0I15J0

G1X-2Y0

G2 X-2Y0l12Jo

G0 Z20

GO X0 Y0

Mag

The periphery of the knob can be
trimmed by roughing oversize then climb
milling to finished size, using:

(Trim periphery of knob)

#41=0 (Initialise depth of cut)
GO X-15.2 YO (Initial positioning
move clear of the surface)
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GO0 Z0.1 (Positioning just above

the top surface)

M98 P170 L11

(Spiral cuts down below depth of knob)
G3 X-15.2 YO Z#41 115.2 JO

(Level cut around periphery)

GO Y-17 (Move clear)

GO X-15 (Go to new radius)

G1 X-15 YO (Start cut)

G2 X-15 Y0 115 JO (Climb mill periphery)
G1 X-15 Y17 (Move clear)

G0 Z20 (Safe Z)

GO0 X0 YO

and the subroutine

0170 (Trim periphery of knob: one pass
anti-clockwise)

#41=[#41 - 1] (Make depth of cut 1 lower}
G3 X-15.2Y0115.2 JO Z#41

(Spiral down to depth)

Ma9

The boss is cut using the same technique:

(Trim periphery of boss)

#41=0 (Initialise depth of cut)

GO X-11.2 YO (Initial positioning move
clear of the surface)

GO0 Z0.1 (Positioning just above

the top surface)

M98 P180 L4 (Spiral cuts down to the
depth of the boss)

G3 X-11.2Y0111.2 JO (Level cut)

G1 X-11.2 Y-17 (Move clear)

GO X-11 (Go to new radius)

G1 X-11 YO0 (Start cut)

G2 X-11Y0 111 J0 (Climb mill periphery)
G1 X-11 Y17 (Move clear)

G0 Z20 (Safe Z)

GO X0 YO

and the subroutine

0180 (Trim periphery of boss: one pass
anti-clockwise)

#41=[#41 - 0.5] (Smaller cut because end
cutting as well as side cutting)

G3 X-11.2Y0111.2 JO Z#41

Mag

The scallops are more of a challenge,
because we need to find the centres
before they can be machined. The knobs

not given. That also allows you to
experiment with the size and positions of
the scallops, to improve the look and feel
of the knobs.

There are at least three techniques we
can use, but one simple method is to use
machinists’ tables which show how to
work out the X and Y co-ordinates of sets
of circles where the pitch circle diameter is
known, fig 85 shows values used to
calculate the co-ordinates of the centres of
each circle in a regular pattern of 6 circles
of diameter 1unit, and table 4 shows how
this relates to each hole.

Multiply each factor by the PCD of the
pattern (30mm in this case) to find X and
Y. Instead of doing the calculation
manually, let Mach3 do it for us. For
convenience, put the PCD into a
parameter (#43 in the following program
segment) and multiply each of the factors
from table 4 by the contents of #43 to find
the X and Y co-ordinates of the centres of
the holes. Then use those co-ordinates to
position the CP ready to machine each
hole in turn. This approach allows the
PCD to be altered easily, and Mach3 will
then automatically adjust the centres of
the 6 circles.

The machining sequence is similar for
each hole, so once the CP is in position for
a hole, use G92 to temporarily make that
position X0, YO so that we can use the
same subroutine for each hole. Remove
the temporary offset using G92.1 at the
end of the subroutine, to restore to
original co-ordinates before moving to the
next hole position.

(Create scallops)

F100

GO X0 Y[0.500*#43]

M98 P190

GO X[0.43301*#43] Y[0.250*#43]
M98 P190

GO X[0.43301*#43] Y[-0.250*#43]
M98 P190

GO X0 Y[-1*#43/2]

Ma8 P190

GO X[-0.43301*#43] Y[-0.250*#43]
M98 P190

GO X[-0.43301*#43] Y[0.250*#43]

were designed in a CAD program, so | M98 P190
could have shown the co-ordinates of the F100
centres on the drawing, but it is worth G0 Z20
knowing how to find them when they are GO X0 Y0
Fig. 84 Fig. 85

6 off arcs of circles

\ on @30 PCD

I

\ ' @24

%
PCD = | unit

0.25000—=
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and the two subroutines
(one of which calls the other)

0190 (Cut one scallop)

(On entry assumes CP is at centre

of scallop, and Z#41)

(On exit X and Y are the same as at entry,
and Z20)

(Uses G92 to temporarily shift the origin)
(to make the centre of the scallop 0,0)
(Offsets are removed before exit back to
the main program)

G92 X0 YO (Apply an offset to make

the current point 0,0)

#41=-2 (First 2mm removed when
cutting boss)

GO Z[#41 + 0.01]

G2 X-1.9Y0 1-0.95 JO (Entry curve
within circle)

M98 P192 L18

G2 X-1.9 Y0 11.9 JO (Flat bottom)

F50

G3 X-2 Y0 1-0.05 JO (Small semi-circular
entry curve out to periphery of finish cut)
G3X-2Y0l12Jo

GO X0 Yo

G92.1 (Remove offset, restoring original
co-ordinates)

F100

GO0 Z20

M99

0192 (Scallop: spiral cut down)

(On entry assumes X-1.9 Y0)

(Exits with X-1.9 YO0)

#41 = [#41 - 0.5]
G2 X-1.9Y011.9 JO Z#41
M99

Note the entry curve within subroutine
0190:

G2 X-1.9Y01-0.95 JO
(Entry curve within circle}

That is an entry curve inside the circular
cut out, taking the CP from the centre of
the circle to the periphery.

Then, later in 0190, there is a tiny
transition curve as the CP is put into

position for the finishing cut. The cutter is
already at X-1.9 Y0 and needs to go to X-2
Y0, so there is a small entry curve there:

G3 X-2 Y0 1-0.05 JO (Small semi-circular
entry curve out to periphery of finish cut)

In both cases, the direction of the entry
curve is the same as the movements
which follow, so one is a G2 and the other
a G3 command. This is all to give a
smooth transition as Mach3 interpolates
positions by looking ahead. These small
refinements to basic coding make all the
difference to the finished job.

There is a completed program on the
support website which you can run to
machine a knob. Once machined, remove
the bar and part the knob from the bar
using the lathe (which is a good example
of how handy it would be to be able to
take the chuck from the mill to the lathe).

Return the bar to the mill and machine
another knob.

Completing the folder

Turn two studs with M5 threaded ends
(fig 86) to fit the knobs, and trim them
to length so that each stud is just long
enough to leave a couple of threads
protruding above the tops of the knobs.

Polish the plates and the bar until they
gleam. Use 600 grit wet and dry, followed
by 800, then 1000 and 1200 grit. Use a full
sheet of each grade, spread on a flat
surface, and move the plates back and
forth across each sheet with even
pressure. Keep them flat to the sheet, to
avoid rounding the faces or edges.

As you change from one grade of sheetto
another, carefully clean the work so that no
grains of the previous grade remain on the
surfaces. Don't touch the edges; they should
already have a nice finish from the cutter.

Make the plates sparkle with a final
polish using Brasso or Solvol Autosol.
Loctite the plain ends of the studs into the

Computer Aided Manufacture "

Fig. 86

27mm approx.
Plain portion ends
just below top of
reinforcing bar—

-—M5

‘f

/
/

/ - - @5
Height to suit

Leave | -

threads protruding
above tops of
knobs

base. When the Loctite is dry, clean any
excess then assemble the folder.

Put your sunglasses on, and admire
another impressive job.

Pride of place on the front shelf, | think,
angled to catch the sunbeams.

Mareus Bowman's series will be taking
a short break, but will continue after
the summer locking at techniques
involved in the making of

a Motoreycle
Steering
Yoke.

(,’
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MIDELFAIRE | WWW.MODELFAIR.COM

Extensive range of Model Railway Items Accessories - Mail Order with Confidence

Tel: 0844 343 8034 /01332 912948 Emall: Info@modeifair.com

Postal Address: Modeifalr, PO Box 856, Alfrincham, WA15 5JU

fantastic range of items and accessories available rewards points for all customers!

r the Bachmann and Hornby 2013/2014 ranges on our site now! www.modelfair.com
Freepost on all Bachmann pre-orders for Uk customers

Horay Star s T —— —————

R3GE HGMGWRS‘A!’ Class Knight of U475 RI207 tNERQZ_t:‘;ttof the North £00595 R3160X5 Homby BRWC Braunton Sound £224 50 R3191 Homby BR Duke of Gloucester £105.50
DUE 1*" QTR 2014 DUE JAN DUE JAN

Hornby R3191 BR Duke of Gloucester

R3ET Hor ERSWE{A&SGEWH Mme! EL475
‘“"I‘ i DUE DEC/JAN

Bachmann pre-order now - (Freepost for UK customers)

Bachmann Ji1's Bachmann Class 40 Bachmann € Class Bachmann Earl Class

3438 Robinson il % pa ﬂ gasg | 3H463 271 SECR Plain Green 736 3qes e ———

360ER Green 902 £11199
339 Robinson il Bﬁ Baac EfC 32-4750C 40141 BREBlue £9350 3ra64 593 Southern Rly. Black £7736 3-086 9017 BR Black Presvd, £104.99
313200 Robinson 111 BR Black L/C £9250 32-48005 D211 BR Gregn Sound £192.99 31465 31579 BR Hlack Late Crest £7736 3U-0B7DC 2003 GWR 11799

DUE DEC/JAN DUE DEC/JAN DUE APRIL DUE DEC/JAN

For all your Railwa\r Modelllng needsin 00, N and O gauges
Model Ranges including [HORNBY: < m FEanial dapol W
Accessory ranges including PEC() om L :__:

Prices are valid for this issue and corred: at time of publﬁmrg Please note that Modelfair reserves the right to change product codes

%._/_]_l
]u.st a smaﬂ selection from our current stock

We NOW have a Brand New BUY ONLINE Website!
Check it out at: WWW.gandmtools.co.uk

’Wﬂ(‘ f))ﬂ

Myford 254S Lathe, 3ph
= §5” centre height, 21" between centres
= 3 jaw chuck, 4 jaw chuck, quick
change toolpost. ® 2000rpm top speed.
= Very good condition.
* | athe is mounted on cabinet stand.

Chipmaster Lathe

» Fitted 3 phase motor.

* Comes with 3 and 4 jaw chucks,
drill chuck, faceplate, catchplate
rear toolpost, taper turning
attachment, quick change toolpost,
3 point steady, rear tool post.

* Fitted with coolant unit, chuck
and splash guards.

= Telephone enquiries welcome on any item of stock. - We hold thousands of items not listed above.
« All items are subject to availability. . All &wes are subject to carriage and VAT @ 20%. - We can deliver to all parts of
the UK and deliver worldwide. er 1,000 square feet of tools, machines and workshop equipment.

B4 Opening times: 9am -1pm & 2pm - 5pm Monday to Friday. Closed Saturdays, except by appointment.
tel: 01903 892510 « fax: 01903 892221 + www.gandmtools.co.uk ¢ e-mail: sales@gandmtools.co.uk

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




Avoiding

Material Wastage

Harold Hall keeps a big bar out of the scrap box just a little bit longer.

Given the need to make a 40mm diameter washer, 3mm
thick, how would you go about it? Probably, like | would
have done in my early metalworking days. That would be to
cut a shortish length from from a 40mm diameter bar and
place it in the lathe's chuck, from where the material would

be drilled and parted off.

ith the washer finished we would
Wthen be left with a very short
length of 40mm steel which
may never find a use. Even worse, if you
needed to make a largish quantity you
could end up with a number of short
pieces.

If now faced with the situation, |would
add the available length of 40mm bar to
the four jaw, setting it to run true adjacent
to its jaws. With that done, the fixed
steady would be added adjacent to the
chuck and set to the material’s diameter,
then moved towards the end of the bar
with sufficient material projecting to make
the required washer.

Even at a distance from the chuck parting
off is no more difficult than adjacent to it,
in fact, it may be minutely easier.
Photograph 1 shows the setup at the
parting off stage. The washer would then
be faced on the parted off face whilst held
in the three jaw chuck using soft jaws,
(photo 2).

If more than a single washer is to be
made, sufficient material for, say, three
can be set projecting from the steady and
then if even more are required the steady

== I ¥ Rl ' i z
Facing a washer with soft jaws.

A

L

can just be slid back a little
and more washers made.

If you do not have a four jaw chuck then
at 40mm diameter a three jaw can be used
providing it is within say 0.05mm TIR
(total indicator reading) and the piece of
material is around 250mm long, or longer.
For a piece of material much shorter then
a four jaw is all but essential. Of course,
this is dependant on the diameter of the
bar being machined the smaller the
diameter the less critical the situation.

The method is not limited to larger
diameters but it is at these diameters
where the real savings in cost and
materials will be had.

If you are not conversant with using the
lathe steadies then an article was
published in the magazine (ref.1). B

1. Using a lathe's Steady, MEW

issue 174 page 10 or Harold Hall’s
website at http://www.homews.co.uk/
page83a.himl

Parting off a washer.

1 | |
British Association Threads - ; :
R i - - Stock size Clearance _ Hex Size
Size | Top Diameter Pitch (approx) Drill Size Tapping Drill Size Hex Size AIF Alcorners
mm | TPl mm inch mm No. mm No. mm Inch | Inch mm Tnch mm
0 6] 25.4 1.00 8l B 6 6] 5.20 0.413| 10.49| 0.477| 12.11
1 5.3] 28.2  0.90 4 53 15|  4.60 D.365 9.27| 0.421| 10.71
2 47| 31.4 0.81] 3116 i3 4.7 21| 4.10 D.324 8.23| 0.374 9.50
3 41| 34.8 0.7 3 20 4.1 29| 3.50 D.282 7.16] 0.33 8.27
4 3.6] 38.5 0.66 27 3.6 31| 3.10 6.30] 0.286]| 7.27
5 3.2] 431 0.59 1/8 30 3.2 36| 2.75 5.50| 0.254 5. 45
6 2.8] 4a7.9 0.53 34 2.8 42| 2.37| 3i32 4.90] 0.223 5.66
7 2.5 52.9 D.48| 3/32 25| 39 2.5 45| 2.10 4.37| 0.20 5.04
8 2.2| 59.1__ 0.43 43 2.2 50| 1.85 3.86] 0.176| 4.46
9 1.9]  65.1 D.3¢ 48 1.9 2] 1.60 3.33] 0.151| 3.84
10 1.7] 72.6 _ 0.3f 51 1.7 4 .45 2.00| 0.132| 3.34
11 1.5| 81.9 0.3 1.5] 53 15 6 25 2.62 0.12| 3.02
12 1.3] 90.7 o0.28 55 13 58| 1.10 2.29| 0.104| 2.64
14 1 110 0.23 1| 60 2 66| 0.82 2.11] 0.09¢ 2.43
16 0.79 134  0.19 67 0.7¢ 71 0.65 .75| 0.08 2.02
18 0.62 169 0.15 & 0.62 76| 0.50 57| 0.0 1.82
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The Beauty of Acrylic

Glenn Bunt gives us an appreciation of this useful material.

| was fed up with getting covered
in swarf and coolant flying in my
face, even when wearing safety
goggles the debris from turning
always managed to get behind
my safety glasses. So what I'm
describing here is how to make a
clear acrylic shield which will be
positioned between the machinist
and the lathe or mill.

‘ ’ou can buy a chuck guard for the
Myford, available for later models
and something that can be retro-

fitted to earlier models. It may have been

the result of a Health and Safety audit at

Myford or perhaps the fact that they were

supplying schools and rotating parts had

to be guarded.

The guard, as expensive as it is, doesn't
address the major issues of turning i.e.
that swarf and coolant will fly up and land
down the front of your shirt!

Have you noticed how really hot swarf
always manages to have a homing
instinct for your exposed skin! Just ready
to find that ideal position where an
emergency extract from under the shirt is
nigh on impossible.

The Acrylic Guard /Shield

Now it won’t stop a chuck from flying off
and causing a great deal of damage but
then | don't know of anything other than a
fully enclosed steel guard that will. It will
protect the operator from flying debris
and coolant and make everyday turning

a drier and more pleasurable experience
and certainly reduce the swarf collection
building up under the t-shirt.

Acrylic benefits

The great thing about acrylic is that it can
be gently heated to achieve a desired and
permanent shape.

Photographs 1, 2 and 2 show the shield/
guard fitted to my Myford. Photographs 4
and 5 shows an acrylic guard fitted to my
Tom Senior Mill. Both are held in position
by adjustable arms that | found in a scrap
bin, but these can be made in the
workshop by a model engineer. Shield
arms can also be made by adapting
equipment that is designed for other uses.
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An example of this is using one of the legs
of a ‘gorrilla pod’ tripod (available on
eBay) and fitting a magnet to its base.

Photographs 6 and 7 shows another
application for acrylic - which is a guard
around belt drives, protecting the belt
from ingress of oil and swarf. That in
photo 7 is fitted to my Tom Senior CNC
conversion and is protecting the z-axis belt
and pulley.

Cutting Acrylic
Cutting acrylic is not particularly easy as it
tends to weld back together when it gets
hot. | find using a jigsaw fitted with a coarse
cutter (around 6 tpi} and cutting at a rapid
rate works best. An example of the type of
jig saw blade | use is shown in photo 8.

A piece of acrylic that has just been cut
is pictured in photo 9, and typically there
are bits of acrylic adhering to the edge.

Model Engineers’ Workshop
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Stepper motor belt guard.

This requires finishing with Aluminium
Oxide paper (coarse 60 grit) to remove the
welded acrylic and achieve a good straight
edge. Photograph 10 shows the much
better finished edge after working with
abrasive paper.

Heating and Bending acrylic

Acrylic is not cheap so make your
mistakes with cardboard. Having cut
out some cardboard and defined the
shape of your guard, mark on the acrylic
the positions where the bends will be
required - | use a black marker pen to do
this. To clamp the acrylic whilst working it
| generally use a work mate. The acrylic is
clamped between to pieces of metal bar at
the point where the bend is to be formed.
Note! Wear a pair of thick gloves to
protect your hands - the acrylic gets very
hot and can burn. Heat is applied to the
bend joint by a hot air gun - the type used
for stripping paint etc will do fine.

A poor finish after cutting acrylic.

August 2014

Workshop Materials Acrylic Sheet | |

Guard for Z-axis drive.

Photograph 11 shows the type of hot air
gun | use. Gently heat the joint whilst
moving the hot air gun side to side - do
not dwell in one place for too long as this
will deform the acrylic and create little
bubbles inside its surface. Not only will
this look unsightly but it may also induce
a weakness in the acrylic structure.

Without warning the acrylic will start to
bend and become quite soft. At this point
it's important to hold the sheet at the
angle you require and also to make sure
the bend radius is constant along the
bend. This can be facilitated by placing a
plate of metal material against sheet
where bend is located and using it to help
form the bend.

It is also important to make sure the
acrylic does not become too soft or floppy
which may create some unwanted bends
and shapes. After hot forming the acrylic it
should be left to cool down naturally - any
acceleration of this process will introduce
a weakness in the acrylic.

The cut after finishing.

¥ =
il j. Acrylic guard fitted to milling machine.
4 g _ =1 L

Jigsaw blade for cutting acrylic.

Drilling Holes

Holes can be drilled in the acrylic either
before or after forming the bends. | find
that a centre drill works best with acrylic -
using it to drill right through the material.

Supporting Acrylic

On my guards I've used aluminium angle
bolted to the side of the acrylic shield to
help support the structure and secure it to
the adjustable arm.

Summary

I've found the acrylic home made guards
described in this article very useful. They
allow me to move around the workshop
when milling components, especially
when my machine is in CNC mode. It
also makes turning on the lathe more
comfortable - | still wear glasses but these
now are reading glasses and not required
for protection.

My wife also reports a dramatic
reduction in rust spot stains from swarf
stuck in my shirts and jumpers! B

acylic guards.
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Quick Change
Tool Post Stand

Malcolm High has an
elegant solution to storing
quick-change toolholders.

tool post stand by David Haythornthwaite

in Model Engineer issue 4404 was a
very good idea and certainly gave food for
thought, The result of my efforts is shown
in photo 1 and looks very similar to the
prototype, except that it is all laser cut and
slots together in a few minutes. | must admit
| enjoy the challenge of creating a design
that ensures the final article is easy to build,
accurate and does the job required. In this
case it was a relatively simple design; some
of the cut parts are shown in photo 2.

To build the holder the two stand parts
are first bent through 90 degrees. This is

Ithought the article on the quick change

made easier by putting a weakening slot in
the material. These are then slotted
through the base, along with the other 8
tool post holders giving a capacity of 10
holders. | TIG welded my stand together
but you could use MIG or even stick if you
were careful. Since the holders slot
through the base they could be held in with
adhesive, the strength comes from the fact
they slot through the base. Finally a coat of
paint, | will get round to it one day and
screw it to the wall.
| have found mine so useful that | made a

larger version for my Chester tool posts,
same idea only bigger. Drawings of the

parts are shown in fig. 1. These are really
useful pieces of kit that only take 20 minutes
to assemble but save hours looking for the
one tool post you need which is of course
under your nose. Every workshop should
have one! B

Malcolm High's holders in different
sizes can be purchased as a kit of parts
from Model Engineer's Laser, hitp://
www.modelengineerslaser.co.uk/

Fig. 1 ~
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PRO
MACHINE

TOOLS LIMITED . m EMCO

Tel: +44(0)1780 740956 Maschl.nenbau ﬁ
Fax: +44(0)1780 740957 [PROXXON sﬁif‘fgc

Waheco CNC Mill Wabeco Lathe - centres - 600mm
CC F1410E D6000E « Centre Height - 135mm
. 1]

s Speed - 30-2300 rpm
» Power - 1.4 KW

*Table - 500 x 200mm
»Z axis - 280mm = Speed - 140-
3000 rpm = Power - 1.4 KW

*Table - 450 x 160mm -

= 7 axis - 320mm .

= Speed - 365-1800 rpm
= Power - 250 W

Ceriani .
Mill
David

1 2m

Wabeco 1 ® « Table - 500
Mill St x 150mm

F1210F [

s 7 axis -

280mm = Centres - 500mm = Centre Height - 200mm 403

* Speed - = Speed - 100-1800 rpm = Power - 0.75 HP = Table -

& Jwarranty 140-3000 rpm 420 x 160mm

» Power - 1.4 KW ACCESSORIES -Zaxis—gOOrgm

' ; : * Speed -

Lathe Chtfcks, Drill Chucks, Tipped 100-3 03’0 b
Tools, Boring Bars, QCTP, HSS Tools,

End Mills, Slot Drills, Machine Vices, (ARSIt

Clamping Sets, Slitting Saws, Arbors,
Boring Heads, Radius Mills, DROs,

CNC lathe cc DG“OOE Rotary Table, CNC fits, Collet Chucks,

o Contte Dittance - €00mm Collet Sets, Flanges, Face Mills,

« Centre Height - 135mm Shell Mills and Much More... TECO Lathe MD 200

= Speed - 30-2300 rpm * Centres - 300mm
= NCCAD = Power - 1.4 KW * Centre Height - 52mm
* Speed - 250-2000 rpm
= Power - 250 W

.
XN

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

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

PRO Machine Toolis Ltd.

17 Station Road Business Park, Barnack,

All of our prices can be found on our web site: Stamford, Lincolnshire PE9 3DW
01780 740956 = 01780 740957 I

WWW. BI'I'I GOI'I'I a Ch i I'IBtOO IS- CO = u k sales@emcomachinetools.co.uk



Two Easy Cabinets
for the Workshop

Ed Corley describes a useful woodworking project for metalworkers.

The cabinets described in this article
can be made with a minimum of
woodworking tools and no special
woodworking skills. Because they
are made to fulfil specific needs,
their value is in the job they perform
and | sought no bonus points for
style. The construction is ‘glue and
screw’ for simplicity and, provided
care is taken in spacing the shelves
and arranging the storage inside
the doors, they are a quick project
that has real benefits in a busy
workshop.

ools for the job are minimal. Some
I kind of square for marking out is

needed, and although | used a very
basic sawtable for the cutting, a circular
saw would have been just as effective.
| will describe how | did it on the saw
table and it should be easy to see how
your equipment can be used to get the
same results. Assembly requires only a
hand-held drill, a screwdriver and glue. |
used plywood already in my possession:
one cabinet from 12mm shuttering ply,
cheap and rough, the other from 12mm
interior ply which has far better aesthetic
qualities. The dimensions were chosen
to suit the material available and the
intended location. If you are starting from
scratch, the estimated cost to produce
both cabinets using interior ply will be
around £30 to £40 including hinges and
screws; add something for gloss paint and
undercoat if you decide to go that route.
So, you can treat this as a description
of the processes used and ignore my
dimensions except where choosing
thickness of material for the carcase and
shelves and choice of screws.

First things first: why go to the trouble of
building cabinets at all? | confess, in my
workshop, the clutter was winning. Like
many others, | stored tools and other stuff
on the workshop wall behind the lathe. Like
others, | ignored the dangers of this
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Milling machine tools in cabinet
with storage in doors.

arrangement until something worked loose
while the lathe was running and there was
a brief but spectacular moment as the
spanner-turned-missile missed me (twice,
it bounced off the wall behind and attacked
me from the rear). No harm was done, but
the lesson was learned. | looked at my
shelves and hooks and realised | had
outgrown them: It was time to stop
tinkering with “finding room’ and start over.

MNow, the two cabinets for the workshop,
one for holding bits used at the lathe and
the other for the milling station, have
helped greatly in keeping the work area
tidy and orderly. Equally important, by
having a dedicated space for DTls,
callipers and other pricey tools, they are
safer and last longer.

You will see from the pictures that there
are two cabinets (photos 1 & 2). The lathe
and milling machine have different spindle
tapers, so each has its own tooling. We are
starting with the larger of the two, which is
for the milling machine tooling. Dedicating
storage space to items at the place where
they are most needed can only be good
so, for the mill, the brick wall behind was
the obvious place. | measured up how
much room was available behind the mill,
while leaving access to the motor, and
what was left was a 19 inch wide area.

| apologise in advance to any skilled
woodworkers who take exception to my

Lathe tooling in cabinet with drop-down shelf.

chosen techniques. They are appropriate
for making a utilitarian basic structure
without rebates, dovetails, tongue-and-
groove or mitred joints, and are meant to
be easily copied by anyone. Also, they
work which is, in the end, what counts.
Making the cabinets is a simple job in
two parts: firstly, building the carcase, or
the body of the cabinet, and secondly
fitting out the storage inside. The first
carcase is made as a ‘solid’ box, that is to
say with all six sides glued and screwed
together. See fig. 1. After this is done, the
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12mm ply marked ready for cutting.

front is cut off to make the doors.

Ready? Start by deciding what you want
to put in your cabinet which will tell you
how to lay out the shelves to avoid
frustration later. This could take several
cups of tea to get right. It may seem
obvious, but bear with me and sketch it
out as you go along. The boxes holding
my R8 taper tooling were close in height
to each other so it was easy to see thata
gap between shelves of 3 inch was needed
for them. The slip gauges and collets
needed a slightly greater height so one
shelf with 3.5 inch clearance was drawn.
Don’t forget to allow for the thickness of
the shelf, typically 12mm. | ended up with
five shelves, counting the bottom. Five x
18 inch = 72 inch total shelf space and four
shelves spaced at 3 inch and one at 3.5
inch. See fig. 2. This approach may seem
pedantic, but | once built a cabinet that
had plenty of space but would have been
much more useful if at least one of the
shelves had had another Yasinch clearance.
It was simply bad planning, and | learned
from the mistake.

As will be seen later, clearance for the
items stored in the doors is important so
before rushing to the saw, decide how
deep the shelves and the storage area in
the doors must be to do the job. It is
necessary to decide beforehand what
depth your shelves will have, to determine
where to make the cut that will remove the
front of the box. | made three of the
shelves four inches deep and one at four
and three quarters (the fifth shelf is the
bottom piece of the cabinet).

After all that preparation, it's time to start
work. Look at fig. 1 and fig. 2 to see how
my pieces fit together and make your own
sketch, including all dimensions. Mark out
the main pieces on 12mm ply: top,
bottom, sides, front and back and write
names on each. You may be able to get all
your shelves out of the same piece: they
are exactly the same width as the back
piece of the carcase. Try to group your
pieces so that all the parts of the same
width are laid out together, i.e. if your
sides, top and bottom are all 6 inch width,
you lay out a long 6 inch line first and then
scribe across this to make the individual
components (photo 3). This gives
consistency in dimensions and lends itself
to good fitting. If using a circular saw with
an adjustable fence, set it to width. A very
simple and accurate substitute for a fence
is to clamp a straightedge {anything
straight will do, such as a piece of flooring
or an old shelf) to the workpiece and run
the circular saw along it. The trick is to
clamp it in the right place. Measure from
the edge of the blade (saw unplugged, of
course) to the edge of the saw’s baseplate.
Make a note of the distance, it will be the
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Fig. 1

Near door omitted for clarity
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guards removed for photos.

Shelf lines marked on the boards.

same every time. Subtract this figure from
whatever width you want to cut to know
where to place the improvised fence. It
would be a good idea to make a practice
cut on some scrap.

If using a saw table as | have, get the
same result by clamping something
straight across the table surface {visible at
the top of photo 4). You will run one side
of the workpiece along this improvised
guide to make your cut. Put the workpiece
on the table {(saw unplugged) and line up
the cut-line you marked earlier with the
blade. Bring the straightedge up to the
side of the workpiece, take as long as you
need to get it parallel, clamp it and leave it
in place until all cuts of that dimension are
done. Good straight cuts are your target
here. Get cutting and be careful.

Once all the pieces are cut (photo 5) offer
them up to each other for a trial fit. Trim to
length if needed and, when satisfied, lay
out the back and sides beside each other.
Now, all that time you spent planning is
going to pay off. With the pieces butted
together, edge to edge and corners in line,
lay your straightedge across them
widthways and mark where the shelves
will go (photo 6). Use a square to get them
level. | know it is obvious but remember to
allow for the thickness of the shelf; make
two lines 12mm apart if you are using
12mm material for the shelves. Draw an
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Improvised fence for cutting panels to size, safety

Attaching first side piece.

arrow pointing to the top of each piece. By
doing all marking in this way at this stage
you will have straight, level, correctly
spaced shelves without hassle in a few
minutes when the parts are assembled.

Its time to put it together. Lay the back
flat on the bench with the drawn shelf
lines facing up. Offer up the bottom piece
on edge, butting up against the back-piece
as it will be when finished. Make sure it is
centred. Run a generous bead of wood
glue along the mating surfaces of the joint
and, before it has time to set, drive
woodscrews, size 4x25 or 4x30 through
the bottom piece into the edge of the back
(photo 6 again). Size 3.5 will do instead of
4 if you prefer, but don’t go any smaller.
This type of joint works well with plywood.
Space the screws about three inches apart,
it is not critical. A word about doing this
the easy way. Use good screws, such as
Screwfix Gold or Wickes Ultragold, which
do not need pre-drilling, and take care to
drive the screw straight so it doesn’t break
out of the side of the piece you are
screwing into. If one does break out,
continue with the other screws (you have
glue drying) and then back out the
offending screw, move along a little bit
and re-screw: do not try to drive the screw
back into the hole that broke out, it will
never work). You should end up with the
bottom piece tightly drawn into the back

piece. Beads of glue probably oozed out of
the joint when it was screwed down, so
wipe these off with a damp tissue.

Keep working, don’t wait for the glue to
dry. Dry-fit one of the sidepieces in
position and ensure the shelf lines you
drew earlier line up. Turn it over and,
starting with the long edge, glue and
screw it down tight (photo 7) and don't be
surprised if it looks like the previously
attached bottom piece isn't square. Use a
bit of force if needed to align the bottom
piece where it meets the lower edge of the
side piece, and put your first screw near
the front edge. The others will then be in
line with no further effort. Do the other
side in the same way, then the top.

There is just one thing more to do before
we attach the front. Once the front piece is
secured in place, we are going to saw off
the front section of the box to make the
doors so double-check the position of that
intended saw-cut to ensure it will clear the
shelves. Dry-fit one of the shelves and take
the measurement straight off the front
edge (photo 8). Subtract a bit for clearance
and put a matching line or mark on the
outside surface of the box at each corner.
This line is where you will cut the front off
the assembled carcase so it must be clear
of the shelves and any edging trim you
may add. Once you are happy with
everything, go ahead and glue and screw

Model Engineers’ Workshop



Checking shelf clearance before securing
the front piece.

the front piece solidly in place (photo 9).
Visualise where the doors will be cut apart
and don’t put any screws on that line. That
is as far as you can go now until the glued
joints have cured. Leave it for a day. You're
nearly there.

About to make the first cut to remove the front.
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After a decent interval, once the glue has
dried thoroughly, cut the doors off the
front of the carcase. How to do it? One
side at a time, starting with one of the long
sides. If using a circular saw, set the fence
or clamp another straightedge and adapt
the following description to suit. If using a
saw table, set a fence as in photo 10. The
wood in the photo is acting as the fence
and will be clamped solidly after the next
step. When handling the bulky box you
have built on the saw table, be careful; get
the saw-cutting lines straight in your mind,
ensure the fence is absolutely secure and
use caution around the blade. This whole
process can be done with a handsaw, but
I'm hooked on power tools.

You should have a clearly visible line at
each corner of the box where you want the
cut. Unplug the saw. Set the box down on
the table and line up the blade on the
cutting line (photo 11). Set the blade
cutting depth to a bit more than the
thickness of the wood, say 18 to 20mm for
cutting 12mm ply. Bring the straightedge
fence up to the box and loosely clamp itin
place. Make sure it is parallel by picking up
the box and repeating the process on the
far side of the blade. This is why the line is
drawn on all corners around the box:
wherever you start, you can check the
alignment of your cut before turning on
the saw.

Cabinets for the Workshop |

When satisfied that the fence is set
correctly, tighten it down fully, double
check, place the box against the fence a
little way from the blade and start the
saw. Keeping your hands well clear, snug
the box up against the fence and feed the
box into the blade. Use a ‘push stick’ to
urge the workpiece along to keep your
hands away from the blade. Keep it
moving all the way across till the blade
appears. ‘Kill' the saw. What you have
should look like photo 12. Turn the box
90 degrees onto one of the short sides
and the cut you just made should line up
perfectly with the blade. Repeat the
process on this short side. Note that the
saw cut misses the screws used to secure
the top in place. Kill the saw and place
the remaining long side face down on the
table against the guide, ready for the last
cut but don’t make it yet. When this last
cut is made, the part you have cut off will
be free and can move in any direction:
not a good idea when in contact with the
moving saw blade!

All that is needed to make the box stable
during this last cut is to put something in
the cuts you have already made to keep
the pieces from closing together. The cut
made by my saw blade produced a gap
(called the ‘kerf’) about 3.5mm wide so |
put a few small screws wedged (not
screwed) in the gaps on the three cut sides
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Lid face down, cutting ha;‘f way through.

and clamped it tight (photo 13). If you
don't have a wide clamp like the one in the
photos, then a couple of lengths of
masking tape pulled tightly around the
assembly to bind it together will do the
job. You are ready to carefully make the
last cut.

Pass it across the blade like before and
kill the saw. You should have something
like photo 14. Put the main body of the
cabinet to one side and concentrate on the
‘lid" you just cut off. This is about to
become the doors of your cabinet.
Measure and mark the line where you
want to divide them, which doesn’t have
to be in the middle. My cabinet for the mill
tooling has the left door an inch and a
quarter wider than the other, to
accommodate the micrometers and other
items | had decided to mount inside it. If
you are the type of person who has more
than one saw, choose the one with the
thinnest blade for this cut (or make it with
a handsaw). Mark a line where you are
going to cut and set the fence. Set the
blade for just over half the height of the lid
assembly, for reasons that will be clear in
a moment. Place the lid face down on the
table. Using a push-stick and keeping all
your favourite fingers out of the way,
make the cut along the length of the door.
Supporting the lid carefully, turn it over
end for end to ensure that the second cut
is in line with the first, remembering that
the lid is now held together only by what
remains of the two pieces at each end,
(photo 15). Make the last cut through
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Fixit bfor,:!:'s flush with the shelf edge.

It's starting to look | 7-‘-_

like a cabinet. |

those two joining sections exactly as you
made the others, using the fence and a
push stick (or cut it apart with a handsaw).
You now have your doors. Put the pieces
to one side and return to the main body;
it's time for the shelves.

The shelves are the same exact width as
the back so offcuts from the piece of ply
used for the case provided all my shelves.
Use at least 12mm material if the shelves
are going to carry a load of metal. You
may have other material for your shelves,
but do not rely on chipboard or MDF. Try
to get a snug fit inside the case as this
gives a lot of strength to the finished
assembly. One of my shelves was the
maximum depth to just clear the closed
doors and the others were set back a bit,
so0 set up a cutting fence, as you did
before, for whatever depth (front to back)
you have settled on. If you intend to face
the exposed edges of the shelves with
hardwood trim, which | recommend, allow
for the thickness of the edging material.
Once cut, test fit them and sort out if one
or another is a better fit in a particular
position.

Because of the 18 inch length of the
shelves on mine and the weight of the
tooling, they need a lot of support. | chose
the simplest, quickest way to fix the
shelves. ‘Fixit Blocks’, the plastic blocks
that hold together kitchen base units, are
available from most DIY shops and are
deceptively strong. A typical fixit block has
three countersunk holes for screws in two
directions: two holes for the surface

against the case and one hole to screw
into the bottom of the shelf. Mine came
from Wickes and were very good value,
available in packs of 25 or 100. Use three
per shelf: one at each end and one in the
middle (photo 16). If your shelves are
short you can skip the one in the middls, if
they are longer, use two. Lay the shelf
upside down on the workbench, line the
block up flush with an edge and screw
them in place on each shelf. Starting from
the top, offer the shelf up to the case using
the lines you drew earlier and drive screws
though the holes in the blocks into the
case. Carry on and attach the others,
working down. Stand back and admire

your work (photo 17).
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Updating the

Universal P

David Graves brings
George Thomas’
classic design into
the 21st Century.

My modern update of the Universal Pillar Tool (UPT)
includes better bearings and a variable-speed DC motor
drive. This was largely a design-as-you-build project, and |
have detailed all the things | did wrong as well asthe good |
decisions. There are some useful lessons for the beginner
here and perhaps even some for the old pros.

complete the disc. As mentioned in

the last part, a driving tooth engages
the slot in the shaft to transmit power
from the pulley to the shaft. | originally
considered simply filing out a non-circular
opening in the center of the disc, but
eventually decided to bore the hole (as
described above) and silver solder in the
tooth (as Thomas did). | used a%: inch
milling cutter to cut a slot out from this
center hole for a distance of Yainch. The
depth was 0.100 inch rather than going
through the entire 0.125 inch depth of the
disc. This provided both a shelf to set the
tooth on and additional surface area for
the silver solder (added strength). The
tooth blank was cut from a piece of ¥
inch gauge plate after rounding the edge
to fit the rear of the milled slot. | made no
attempt to cut the exact tooth shape at this
time. Instead, the height was about 0.110
inches and the width %z inch for the whole
(longer than needed) length.

There was one more step necessary to

The disc after silver soldering the tooth.
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After | applied flux and a flattened piece
of silver solder (it doesn't roll around as
the flame hits it when flattened) the blank
was soldered in place. Photograph 9
shows what it looked like after a bit of
work with some abrasive paper to clean
off the flame oxidation. Photograph 10
shows the tooth after additional work
with a needle file to fit it to the shaft slot.
(Obviously the shaft has to have been
finished in the mean time to give a slot to
fit it to.) | was pleasantly surprised to find
how easy this whole operation was. | was
expecting difficulty with the soldering
and/or filing, but all went well. | trust that
this tooth will have adequate strength. If
necessary, | could easily have made it
higher (say 0.2 inch} and just had the
excess sticking up from the surface. As it
is, there is a bit of excess height as seen

illar Tool

The tidied up tooth engaged in its slot.

in this last photo. Although it would
have looked smoother if | had ground
it flush, it would not have been as
strong. Practicality won out over
aesthetics this time.

Model Engineers’ Workshop
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Grinding the shaft to size.

The Drive Shaft

| was also pretty worried about working
with the casehardened shaft. Clearly

the case would have to be removed by
grinding rather than by using lathe tools.
It was easy to center-drill the end after
using a grinding wheel in the Quorn to

cut the shaft to length. | then made a
slotted aluminum bushing to adapt my %
inch collet to the 10 mm shaft material. |
had decided to use my Foredom flexible
shaft tool in the lathe to do the grinding.
Something like a Dremel tool with flexible
shaft would probably work, but would have
a lot less power than the Foredom. If you
do any such grinding, be sure to protect
everything, especially the lathe ways, from
the grinding dust if you don’t want to bring
your lathe to an early death. Also, clean
everything thoroughly after doing any
grinding. First, | used a stubby grinding
tool to reduce the end of the shaft to fit
the top ball bearing unit. This is shown in
photo 11. The lathe was rotating counter
to the grinding tool (backwards). Next, |
mounted a 1.5 inch diameter Dremel flex-
lock cutting disc and used a pair of large
wooden hand screw clamps on the collet
chuck. These clamps are the Jorgensen
type, one in front and one behind bearing
against the ways. They are familiar to
woodworkers and look like machinist’s
clamps on a large scale. This prevented
the lathe from rotating the slightest bit
while the grinding disc mounted on the
lathe carriage was traversed back and
forth along the shaft to cut the groove.
Photograph 12 shows the setup. | decided
that a 1%z inch slot {Thomas design) looked
too short, so | made mine 2% inch long.
The shaft itself was 6% inch long, by the
way, also longer than Thomas specifies.
This | hoped would provide more drilling
depth than the original design (it didn't, as |
will explain later).

It was interesting to hear the wheel
cutting. The first fraction of a second
produced a particular ‘zing’ that differed
from that heard during the remainder of
the cut at a given manual incremental
advance of the lathe carriage. | am fairly
sure this represented the case being cut
through and the remainder of the sound
the cut through the underlying metal. | cut
the slot approximately 0.062 inch wide (by
moving the cross-slide for two parallel
cuts) and about 0.090 inch deep. This
approximates what Thomas used (0.080
inch deep). However, the flexibility of the
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wheel resulted in a trapezoidal slot that
was slightly narrower at the bottom than
at the top. This may be seen in the
matching tooth profile shown in photo 10.
An alternative worth considering is to
stack two abrasive discs on the shaft to cut
the entire slot width at once. This might
stiffen the discs enough that the
trapezoidal slot shape (due to flexing of
the cutting disc) could be avoided.

Be sure to feel the temperature of the
shaft during the slot cutting process. You
do not want to reduce the surface
hardness by letting it get too hot! Cutting
the slot was somewhat tedious (especially
because of frequent stops to permit
cooling), but the result was almost as
good as | had hoped. The tedium was
almost enough to convince me to use
coolant. The top edge of the slot was

Usiﬁg a curo-ff disc to groove the shaft.

Universal Pillar Tool Updated |

would have. This time | used a thin disc
grinding stone with better control than the
stubby wheel | used previously (sorry, no
photo shown). | prepared the shaft for a
Rohm chuck with Jacobs #1 taper, again
different to Thomas' specified #0 taper.
The half-angle for mine (compound slide
setting) was about 2.2 degrees and the
length of the taper was about% inch,

While the shaft was still in the lathe, |
used 300 grit abrasive in oil to lap the
shaft and chuck together. After lapping, |
noted a small bright band on the shaft and
there was a barely perceptible wobble in
the chuck upon assembly (I did this while
the shaft was still in the lathe and ran it at
low speed to look for a wobble). Looking
carefully in the chuck, | could see a small
bright spot in the taper that stood out
against the darker abrasive layer.

Be sure to feel the temperature of the shaft during
the slot cutting process. You do not want to reduce the
surface hardness by letting it get too hot!

stoned to remove the burr produced
during the cut. As expected, the needle
bearing rotated smoothly on the shaft with
no evidence of any catching of needles on
the slot. There is a cage supporting the
needles, of course; they are not loose as in
some automotive uses. If one thinks about
how a D cutter works when it is only
slightly more than a half cylinder in width,
this should be quite understandable. The
shaft cannot move off centre for the slot
edge to dig into a needle.

The bottom end of the shaft was
prepared as follows. First, after centre
drilling and supporting the end, about
0.020 inch was taken off the diameter in
the lathe (by grinding, of course) for a total
length of about 3 inch. This creates a
shoulder for the bottom stop disc and the
hole in this latter piece should be made to
match. My plan was to turn the bottom
taper for the drill chuck with a regular
lathe tool. Howewer, | found that the shaft
was still rather hard in places; apparently
some of the case was still present. So |
went back to the grinding wheel on the
flexible shaft tool. This worked fine and
probably gave a better finish than turning

Apparently a small metal particle was
imbedded along the wall. Whether this
was a left over from manufacturing the
chuck or was a bit of contaminant that |
had introduced | will never know. But |
never would have known about it without
the lapping. In any case, a bit of careful
scraping with a triangular hand tool
removed the particle and gave as good a
rubout for the chuck as could be expected.
The taper is tight enough that | expect
never to need Loctite to hold the chuck in
place. The stop disc (no drawing shown;
see the book) is loctited on the shaft. A
screwdriver or wedge can be used
between chuck and disc to remove the
chuck if necessary. Be sure to puta
shallow taper on the bottom of the stop
disc (look ahead, it is visible in photo 18)
to permit this to be done.

This is a note added after the whole
assembly was completed. | was
disappointed to find that the overall travel
of the shaft was about 1}%inch rather than
the 2% inch | had anticipated. Even though
| had made the shaft and slot about 1 inch
longer than that specified in Thomas's
book, the creep in my dimensions (top
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Roughing the support column.

flange in second spindle piece, height of
pulley, length of bearing spacer, etc.} had
eaten up enough space that the extra inch
of slot could never be accessed. | now
recommend at least 7% inch as the total
length for the shaft rather than the 6% inch
given above if you want more travel. See
fig. 6 for specific dimensions of my
original design. However, | think my idea
of a 22 inch travel was probably too
ambitious for this drill. The linkage from
the operating handle to the top bearing
holder certainly would not allow as much
front-to-back movement as would be
required for this much vertical travel.

The Bearings

Table 1 gives a list of the bearings and
shaft material that | used. If you follow my
design, it may be helpful.

The shaft length given in this table is
almost 15 inches and only about half that
length is actually needed. | was not sure if
| could do the slot grinding successfully on
the first try, which is why the extra length
was ordered. If | get ambitious enough to
do a second longer shaft, the leftover will
be useful. | have not given the source for
these parts because | am not particularly
happy with the supplier. The items cost
about $45, but shipping and handling was
more than 35 of this price! And when |
wrote to complain, they never even
answered my letter. If the supplier fails to
list the shipping cost before you place the
order {as this one did), beware.

Top Bearing Holder

The only thing to be said about this item
(no drawing shown) is that obviously it
has to be larger than the original % inch
design diameter since the OD of my
bearing is almost the same as this. | made
it 1inch OD but cut the groove for the
drive pins in to the same inner diameter
as Thomas specified (% inch). The extra
groove depth will provide some additional
front-to-back movement range if | do ever
make a longer shaft.

Support Column

The support column (the item that
provides the pivot point for the operating
handle) is pretty much the same as that
shown in the book. My stock was 4.5 inch
long, as in the Thomas design, so | used
that. It should have been longer, as will be
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olding a second chuck using a stub shafft.

apparent below. If you deviate, | suggest
that you make it a height such that when
the drill shaft is at the midway travel
point, the handle will be horizontal in this
support. | was off by about ¥ inch (again
due to the dimension creep | mentioned
earlier). This means that the effective
front-to-back movement of the spindle
relative to the operating handle will be
different above horizontal than below
horizontal. And this in turn means that the
circular opening in the operating handle
will need to be larger than it would if the
above and below angles were equalised.
Photograph 13 shows an initial rough cut
making the cylindrical part with the square

end held in a small 4-jaw chuck (originally
from a Unimat). Photograph 14 illustrates
how | hold this chuck with a stub shaft

in a larger collet chuck. | find this trick

of holding one chuck in another useful

at times; in this case, it is much safer to
hold a round file against the transition
area from round to flat than it would be if
my 8 inch 4-jaw were used. After tracing

a rough outline for the curved top of this
piece through some bluing, | shaped it by
hand, holding it against a belt sander and
then smoothing with a self-made filing
machine. The slot for the operating handle
was not completed at this time. It is better
to wait until the handle itself is finished.

M~
6.13 [ & pe
8 (s}
0.28
- (.19 { "
| DO y : If 10
-
8
057+~ =
Make si_c)t 0.062in wide —/
by 0.09in deep #1 Jacobs taper
Spindle Shaft U ;
P Fig. 6
Table 1: bearing and shaft dimensions
Diameter or ID oD Width Description
8mm (0.315 inch) 22mm (0.866 inch) | 7mm Top bearing
(0.2756 inch)
17mm (0.6693 inch) A0mm 12mm Pulley bearings (2)
(1.5848 inch) (0.4724 inch)
10mm (0.3937 inch) 14mm 10mm Needle bearings (2)
(0.5512 inch) (0.3937 inch)
10mm (0.3937 inch) Shaft (375 mm long) | — Case-hardened
Ground Carbon steel
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Now you know what a sex bolt looks like.

| made the ¥ inch diameter end section
at the lower end 13 inch long as per the
book. Since | had made the support arms
thicker than specified, | was surprised (but
should not have been) that it was too short
to pass entirely through the hole in the
arm. Rather than starting over, | decided to
make a ‘Chicago bolt’, sometimes also
called a ‘sex bolt’, to secure the column on
the bottom end. This has a hex head on
the end, a smooth exterior and a threaded
hole inside the bolt section. See photo 15.
| made mine with a %sinch exterior
diameter, which works well for a ¥4 inch
threaded end on the support column. |
seem to keep making problems for myself
with my partial on the fly re-design of the
UPT but then find a way out of them.

| suggest drilling and reaming for the
pivot pin now even though the slot for the
operating handle has not been cut. It is
easier to cut the slot to fit the handle
rather than vice-versa, and a close fit will
avoid any possible side-to-side movement
of the handle during operation.

Operating Handle

This was one of the stranger-shaped
pieces. | started with a piece of steel 134 x
41 x % inch (extra length at the rear end
was adjusted later). This was clamped in

a milling vice and the centre hole drilled
and bored to 1% inch diameter (to clear
my larger top bearing holder or drive ring).
Mote to self: next time, remember that the
rotating drill swarf will scour off bluing
and hide any lines previously made on the
work piece. My outer ring diameter was
1% inch. Thomas left a gap of roughly %
inch between the top bearing holder and
the handle, since as the shaft goes up and
down, the distance from the handle pivot
to the bearing holder will change. The

Slotting the operating handle.
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spindle moves vertically, and the handle
swings radially about a centre pivot. | think
ideally, when the handle is horizontal, the
drive ring should be well forward of the
bearing centre. Then as the handle is either
raised or lowered, the pivot to bearing
distance will be increased and the bearing
will be forward of centre in the drive ring.
If | had made things correctly, the handle
would be horizontal at mid-stroke. In any
case, | laid out the pattern on the bar stock
and after creating the hole, used a % inch
end mill to cut the two long lengthwise
slots to form the handle. Photograph 16
shows this operation with one slot finished
and work on the second one proceeding.
The machinist’s clamp is there to prevent
vibration of the fairly thin handle section.
Yes, there is a goof here. | was watching
the digital readout rather than the cutter
and forgot | was aiming to stop at a
reading of 1.0 inch rather than 0.0 inch on
the first cut. However, this did not matter
because | had planned to thin the whole
handle anyway. | took 0.04 inch off both top
and bottom so that the total thickness in
the ring region was about 0.42 inch
(Thomas had a total thickness of 3% inch).
The advantage of a thinner handle is that
with the handle tilted, there should be less
chance that the bearing holder interferes
with the handle ring. | later found that my
clearance was still a bit too low. Next, the
stock was mounted on a rotary table to cut
the outer radius. | centred the rotary table
on the spindle and zeroed the digital
readout. Then | centred the work piece on
the spindle and clamped it down for work.
Thus, it is automatically centred on the
rotary table. Photograph 17 shows one side
completed. The ring thickness has already
been reduced on one side as can be seen.
However, note that the front end, which
will be threaded to take the front portion of
the handle, temporarily has been left at full
thickness. This permitted clamping without
sagging and added a bit of extra thickness
to this area in case | needed to do some
more thinning of the ring later. Eventually, |
decided to thin the whole thing since it
looked funny with the step in thickness in
the ring area. To avoid extra work, add new
clamps for working on the second side
before removing the first clamps. This
avoids having to re-centre the work piece.
No drawing is given, but the only
differences from the original are the inner
and outer diameters of the ring portion.
The rest of the work was pretty
straightforward. The 2 inch deep hole for

Universal Pillar Tool Updated |

the front handle was drilled, as were the
through holes for the drive pins, and all
were threaded. | chose to use standard
8-32 SHCS (socket head cap screws) for
the drive pins, grinding down the ends to
provide the driving pin sections. A
split-threaded collar was made to secure
them in a collet on the Quorn for this
operation. Purists may wish to use a
slightly larger screw such as 10-32. When |
had taken the diameter down to the
required 0.125 inch, there was still a bit of
thread showing, so | reduced the diameter
to 0.120 inch. This tiny bit of slop in fit
between pin and bearing holder is not
significant. If it had been, | could always
have drilled out and threaded for the
larger diameter cap screws. Incidentally, |
left enough extra length and thread on the
screws that | could include jam-nuts to
lock them in place at the correct depth. |
considered just jamming the screw head
itself against the handle piece and
grinding to the correct length but then did
it this way for a bit of added flexibility.

At this point, with the exact width of the
rear portion of the handle determined, the
slot in the support column to
accommodate the handle can be cut. Here
is what | consider an important step:
assemble everything with the handle
sliding in the support column slot and
move the handle through its full range of
movement. | found that the inner diameter
of the ring portion was not large enough
to permit full motion without altering the
proposed position for the pivot pin during
a stroke. The bearing holder fouled against
the ring with a fixed pivot point. | had to
go back to the milling machine and use
the boring head to change the circular
opening to an oval (long dimension
front-to-back, of course). Instead of 1%s
inch, | made it almost 13t inch long. It
turned out that this was overkill and 1%s
inch would have been adequate, but you
should check clearance between ring and
bearing holder before drilling and boring
that pivot hole in the handle.

With the newly elongated opening, |
assembled again and when | had found the
best apparent pivot point, used a prick
punch through the hole in the support
column to mark the handle. Again, exercise
the handle through its full range, being sure
that you can keep the punch mark centred in
the pivot opening. Now one can drill and
ream that pivot hole in the handle with
confidence that everything will work as
desired. Photograph 18 shows this testing in




Testing the
handle for
clearance.

progress. Next, the handle can be cut to
length, slotted, drilled, and shaped for the
spring-mounting pin and finished off. |
mentioned above how | sometimes use a
chuck mounted in a chuck to advantage.
Photograph 19 shows a similar trick, a vice
held in a vice, to mill longer vertical pieces
that otherwise would require clamping
against aright angle plate.

Out of curiosity, | calculated the handle-
hole to bearing-holder values in Thomas®
design and my own using a bit of trig. His
ring I.D. to holder clearance was 0.2188 inch
and the required movemnent (assuming 0.75
inch elevation above and below horizontal)
was 0.1435, inch which works. My required
clearance for an upward movement of 7%
inch (downward was less because the
support post should have been a bit longer
for a horizontal midpoint) was 0.1981 inch.
With my original 1%s inch L.D., clearance
was 0.1875 inch (not enough). With a 1%e
inch 1.D., clearance would have been 0.3125
inch (plenty). Photographs 20 and 21 show
a top view of the bearing holder with the
handle raised and horizontal respectively.
Note where the pins engage the bearing
holder in the two photos. | should mention
that my simple trig calculations assume a
zero thickness for the operating handle, so
the actual required clearance will be
somewhat larger than given here. I'm sure
my 3-D design program would have done a
better job of finding clearances on an
assembly drawing, but | am happier simply
making things in the shop than clicking a
computer mouse.

There is not much to say about the
handle extension. | made it 6 inch long out
of 1% inch drill rod with a wooden ball

The brass-tipped depth sro.
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A vice in a vice
to avoid using an
angle plate.

Bearing holder with handle raised.

handle. | did not create a larger diameter
collar region where it joins the main handle
piece as Thomas did. If | did it again, |
would try to find a somewhat smaller ball
and would make it only 5 inch long.

Lower Spring Holder
and Depth Stop

These two items slide and lock on the %
inch portion of the support column. The
book also shows a stop ring that locks

on the spindle itself, but this seems
inappropriate and redundant to me. It
would limit the travel of the spindle if left
in place and would require disassembly
to add or remove it. If the support column
has been made an accurate 0.375 inch

in diameter, a spring holder and depth
stop mounted on it should be sufficient
to adjust spring tension and limit

spindle movement. There is no difficult
machining here, so | will not say too
much about them.

o7

The depth stop locking ring.

The holder with the handle horizontal.

My pulley was rather big and bulky, so
some small redesign of the depth stop was
needed to avoid interfering with it. In
addition to making the depth stop shorter
to avoid that large pulley, | did not feel that
the extra split in the depth stop piece and
the lock screw to prevent the main screw
from rotating was necessary. The % inch x
40 tpi thread of the depth stop screw was
slightly larger in diameter than Thomas's
and was slightly longer than one inch. |
added a %. inch brass tip both for elegance
and to fill the centre-drilled hole made for
tailstock centre support, photo 22. The
threads were tight enough that vibration
rotation was not a big concern. However, |
did add a threaded locking ring anyway, as
can be seen in photo 23. What is not
apparent in this photo is that the locking
ring is largely hollow so that the depth
adjustment screw knob can telescope
inside it. | did this so that there would be
enough of a ring to grip without difficulty.
With its additional length and proximity to
the support column, the
depth stop screw can
cover the full range of
possible spindle travel
distances without
relocating the depth stop
along the column. The
photos give a good
visual representation of
the design. It is simple
enough that no formal
drawing has been given.
It would probably be
better to use still longer
a screw to avoid having
the telescoping
adjustment knob and
locking ring.

To be continued...
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Stepperhead
Lathe Construct

Alan Jackson continues his description of the Lever Locking

Topslide commenced in MEW issue 210, December 2013.

This series details construction of

my Stepperhead lathe although
many aspects of the design could
be incorporated into other lathes
if so desired. The whole design

is a series of modules or building
blocks that can be adapted and
used on other lathes.

Lower Slide (Drawing 45)

(Machine all faces of the rectangular block,
for the lower slide, square and slightly
oversize, say 30 thou, althouTgh the
length can be the finished size. The excess
material each side of the v-slide should
also be removed, leaving a raised square
sided centre section.)

Pack it to the correct height on the cross
slide with the feed screw nut end facing
the chuck. Bore the hole for the feedscrew
through the block ensuring that the hole
does not break through the front face. Drill
through and bore the nut recess to size
and depth. The tapped holes that retain
the nut should be made with the nutin
position and the slits in the nut orientated
vertically so that the retaining screws can
compress the slits. To do this you will
need the nut before making these holes.
The hole for the locking spindle should be
bored next. Rotate the block so that the
counterbore faces the headstock; pack it to
the correct height. Drill then ream the bore
to size and finally machine the
counterbore for the retaining screw. The
holes for the stirrup lever pivots should
also be drilled slightly undersize at this
stage because it will be difficult to do this
into the sloped v-slide surface.

Stirrup Lever (Drawing 49)

Partially make the stirrup lever, just the
top section, making the vertical arms
(undrilled) to the overall largest section
and parallel and the lower contact face
area oversize to allow for machining. The
radius ends and reduced arm section will
be completed later. The plan is to machine
the annulus recess with the stirrup leverin
situ. This will ensure that the contact face
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The finished Stepperhead CNC lathe.

of the stirrup lever is correctly shaped. End
mill a rectangular recess in the lower slide
contact face so that the stirrup lever can
be fitted tightly into its position. Drill and
file the vertical rectangular section holes
to a close fit for the stirrup arms. Fit the
stirrup lever fully in position and drill and
ream the holes for the stirrup lever pivots
using the lower slide body as a drilling
jig. Remove the stirrup lever for the next
operation, which is to mill the raised
V-slide on a vertical mill parallel to the
feed screw hole.

The next operation is to machine the
recess for the annulus so it would be
handy to have the annulus available as a
gauge. It does not need to be completely
finished, just the outer diameter, chamfer
and thickness. Refit the stirrup lever and
retain it with its pivots. This assembly can
now be mounted in the lathe using a
faceplate or 4 jaw chuck with the annulus
recess on centre. Skim the contact face
fully. Before completing the 45 degree
undercut to the recess a piece of scrap
packing should be placed between the
chuck jaw and the body face that will be
machined through the surface where the
annulus will project outside the body of
the lower slide. The machining process
will cut into this packing when making the
undercut. Machine the annulus recess to
the final dimensions with a smooth finish
to the annulus contact face. The location
recess for the centre pad should also be
completed at this stage.

Remove the stirrup lever carefully so as
not to disturb the mounted position of the
block in the chuck. The next operation is to
remove half of the recess to allow the
annulus to be inserted in position. This can
be done in many ways. While it is in the

lathe chuck you could use a topslide
milling spindle if you have one. Carefully
manually rotating the lathe mandrel
against the cutter for the required rotation.
It can also be done by rotating the chuck
180 degrees by hand taking small cuts with
the top slide. It would be good if stops can
be arranged against the chuck jaws to
prevent rotating overshoot. This is slightly
more difficult with the annulus offset
because there is no aperture available for
the cutting tool to finish in. The removed
area does not have to be accurate it only
has to provide sufficient clearance so that
the annulus can be inserted. Alternatively
and much easier; this operation can be
carried out on a vertical mill and a rotary
table if you have one.

Annvulus (Drawing 47)

A disc cut from a bar or plate of mild steel
should be adequate. Bore the centre first
and skim the top face then mount via the
bore and machine the other face, O/D and
chamfered periphery.

Two tee bars, one should be an easy
sliding fit in say the tee slot closest to the
chuck, the other should fit a bit freer to
avoid jamming. The tee bars can be made
separately and attached to the annulus by
cap screws or the annulus can be made
with milled raised guide bars. A flat strip
can be attached with countersunk screws
to form the tee bar. This second method
provides longer screw thread and integral
guide bars. An identifying punch dot
should be made on the upper surface at
the end of the locating tee bar. This is so
that the top slide can be replaced with the
tee bars in their correct slots after it has
been removed. The starting point for the
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graduations can be a bit tricky. | positioned
the disc by locating from the tee bar and
using a square to line up the zero point.
Graduate the periphery every degree and
stamp Vs inch numbers every 10 degrees. |
used 0 to 90 four times. The portion of tee
bar that protrudes outside of the annulus
must be reduced to be below the surface
of the cross slide when it is in its
uppermost position by say .020 inch.) If
this is not done the top of the tee bars will
contact the underside of the top slide and
prevent the top slide from locking to the
cross slide when the top slide is set at an
angle. This will only apply if you make tee
bars rather than integral bars and a flat
strip on the annulus.

Annulus centre pad (Drawing 47)
This component is secured in position

after fitting the annulus. It is also used to
slightly lift the annulus above the cross
slide surface. The advantage of this is that
the underside of the annulus will not rub
over the cross slide surface when the top
slide is re-positioned; this avoids scuffing
the cross slide surface. So a stepped recess
is made in the annulus and a collar added
to the centre pad that holds the underside
of the annulus about 0.010 to 0.020 inch
above the cross slide when assembled. The
diameters of the recess and collar should
have sufficient clearance so that it does not
impede the locking movement of the top
slide. The holes in the centre pad should be
first drilled to the tapping size. It can then
be used as a drill jig for the lower slide.
Open up the holes afterwards.

The surface of this pad should make
contact with the cross slide surface. The
assembly of the pad and body should be
blued and scraped flat (or surface ground)
to fit the cross slide surface in the locked
position. This is to avoid distortion of the
top slide when locked.

Stirrup lever and e«entric
(Detail Drawings. No.047 & 048)

The rear face of the stirrup lever and the
contour of the eccentric need careful
fitting to ensure good operation. | suggest
finishing the stirrup lever first. Profile the
vertical arms to the final shape so that it
has sufficient movement when installed
and can contact and clear the annulus.
The underside foot of the stirrup lever
should be filed away so that it is above
the contact face of the lower slide by say
.010 inch. The eccentric contact face of
the stirrup lever is carefully filed or milled
away so that the eccentric can move the
stirrup lever to lock and unlock the lower
section of the top slide to the cross slide.
In order to install the eccentric spindle, the
stirrup lever pivots have to be removed
and the stirrup lever lowered so that it

can be moved towards the annulus to
give sufficient clearance to clear the full
diameter of the eccentric spindle. For the
fitting process it is simpler to use a longer
piece of 0.125 inch dia rod pushed through
both pivot bores without the feedscrew
nut in position. This is a trial and no error
process of fitting, the top slide lower body
assembly to the cross slide, so that it locks
and unlocks and operates smoothly. The

hole for the locking arm is best positioned
when the eccentric is finished.

The largest diameter of the eccentric
spindle should be left oversize; it can then
be gripped by pliers to rotate the eccentric
during fitting. The bruised area can be
turned off after drilling the hole for the
locking lever. Position the locking lever so
that it is free in the vertical and locks at
about 45 degrees from vertical. To install
the feedscrew nut it is best to use the
feedscrew inserted fully into the nut to
push the nut into position, this avoids
compressing the slits cut into the nut. If the
nut is to be removed it is also best to insert
the feedscrew fully into the nut in order to
pull the nut out. This will prevent the nut
being broken through one of the nut slits.
The stirrup lever pivots should be adjusted
for length so that they just touch the nut on
the inner ends and just below the dovetails
faces on the outer ends. When the
feedscrew nut is fitted fully into its bare,
ensure that the slits in the nut are
positioned so that the retaining screws can
compress the slits, then a 0.250 inch
reamer will be required to remove a small
part of the nut obscuring the eccentric
spindle bore. Drill and tap for the M4
screws that retain the feedscrew nut with
the nut in position and a 0.250 inch piece of
rod inserted into the eccentric pivot bore to
prevent the nut from rotating while the
counter bored notches are cut into the nut
so that the screw heads are flush with the
top surface of the nut. (Using a suitably
sized endmill?). Then remove the rod in the
eccentric spindle bore, remove the nut
using the feedscrew as describe above.
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The M4 counter bores can then be made
about 0.030 inch deep into the lower slide
s0 that the M4 screw heads will retain the
nut and can be also used to slightly
compress the nut to reduce the backlash
between the nut and feedscrew to a
minimum. Before the nut is finally inserted

back in its bore the small radiused notch in
its outer diameter created by the reamer
should be filed a bit larger to allow the nut
slits to be compressed by the M4 retaining
screws. If the stirrup lever is to be
removed for any reason (this will not
normally be required) the pivots can only

Multi-purpose Lathe |

be removed by removing the nut first
(using the feedscrew fully inserted to pull
the nut out) then a suitably sized Allen key

can be inserted into the nut bore to push
out the pivots.
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A Siege Machine

Martin Berry takes an unusual approach to completing a workshop refurb.

After many years of collecting (hoarding) machine tools and other useful
objects which will ‘come in handy one day’, the realisation that my existing
workshop was too small became obvious when there was no way any work
was going to get done as there was nowhere to stand. Furthermore, my
expectation of collecting for my retirement was starting to be overtaken by the
realisation that retirement was, in relative terms, not that many years away
and I'd better get on with my hobby instead of dreaming about it.

garden by modern standards and, after

protracted negotiations with domestic
management, an agreement was reached
to build a new workshop at the bottom of
it in exchange for a kitchen extension. The
workshop would be about 50% bigger than
my existing garage from which 90% of the
content would be relocated.

Various options were considered
including; timber, sectional concrete and
brick. It was clear that a proper brick
building, much as | would have loved one,
was going to stretch funds well beyond my
budget and a cheaper timber building
might result in a noise issue with the
neighbours. Therefore concrete was
selected as the best solution. Being fairly
tall, | chose a building with a 2.6m eaves
height giving me plenty of head-room and
extra space for storage. Unfortunately, the
company concerned went bust and took
some of my money with it. After recovering
from the shock, | selected an alternative
supplier who could offer 2.1m eaves height
and, by adding a 300mm skirt, increase the
height to 2.4m. Unlike other suppliers who
wanted all their money up-front before
delivery, this supplier was happy to take
20% deposit with payment of the balance
on completion.

Prior to delivery the base was laid with
50mm of Celotex insulation beneath to

Fortunately, | have a reasonable size

Plaster board raised ready to fix.
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reduce heat loss through the floor. The
building was to be internally insulated
with 150mm of mineral wool loft
insulation in the ceiling and 100 mm of
cavity mineral wool insulation in the walls.

The whole was lined with plasterboard
and two layers were used on both walls
and ceiling to give maximum sound
attenuation. One of these layers was an
acoustic board, which is more dense than
standard plasterboard and weighed in at
30kg/sheet whereas a standard
plasterboard sheet weighs around 18kg.

Here came the problem, how to get 30kg
plasterboard sheets placed on the ceiling.
Being short on volunteers (none), and
myself not having the physique of Arnold
Schwatzenegger, this was going to be very
difficult. So after a few days of pondering,
the cancept of my siege machine was
born (photo 1).

The base was made from an old bench
table frame with a couple of uprights
G-cramped on. Onto these a simple table
frame, narrower than the plasterboard,
was hinged using 12mm bolts. The table
is held in the horizontal position by a
hinged support and some supports, nailed
to the end, hold the bottom of the board in
position when loading. | had some table
roller balls which were screwed to the
table and made moving the board on the
table significantly easier. The unitis

Boarding all finished.

Siege machine ready for action.

moved around and elevated using a pallet
truck. | bought the pallet truck for another
project and it seemed the obvious choice
for this. Large castor wheels fitted with
brakes and screw jacks on the table were
considered as an alternative option.

In use, a plasterboard sheet is lifted onto
the table while in the inclined position.
The table is lifted into the horizontal and
the support pulled up. The whole unit is
then rolled into position and lifted to
within 10-20 mm of the ceiling. Final
positional adjustment is made by sliding
the board before the final lift into place
(photo 2). Then a few plasterboard screws
are put in to hold the board and the unit
dropped and pulled away before installing
the remaining screws.

With all ceiling boards up (photo 3), the
campaign was a success. Next, the attack
on the walls! My siege machine is no
more, with all bits recycled to other duties
or back into the stock box. The only cost
was a few nails which, | can honestly say, |
had no desire to reclaim. B
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A beginners’ guide to
Home Metalworking

Part 8

David Clark completes his survey of milling tools and starts on some practical exercises.

A 90 degree engraving cutter.

This is a very

good face
mill...
...that uses 8 This selection of cutters from Warco
sided tips. comes in a wooden box.

This useful cutter rack is from Machine DRO.
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As well as working in
engineering, David Clark has
set up and operated several
home workshops. This regular
series offers much sage advice
for the beginner.

nother useful tool in the milling
Amachine, is an engraving cutter

(photos 25 and 26), these are readily
available on eBay. You can get these in quite
small sizes such as 3mm shanks and they
are often made in tungsten carbide for long
life. These engraving cutters are very useful
as an alternative to the centre drill especially
when a centre is required to be drilled on an
angle. | have used these engraving cutters in
production where they were very effective
in centring holes at a 30 degree angle.

These engraving cutters are available in
various sizes and various angles from very
acute angles right up to where the cutter is
parallel and can be used like an ordinary
milling cutter on its side.

If you have a larger milling machine you
can use one of the large face mills that
take inserted tips (photo 27). There are
various types and makes of face mill and
also various shapes of tip. Some tips only
give you 2 cutting edges while others will
give you 8 cutting edges which make the
cost of a tip quite economical (photo 28).
You can even get round tips that you can
rotate just enough so that the wear does
not become a problem.

When you first start out with your nice
shiny new milling machine it would pay
you to buy a box of cutters of various sizes
{photo 29). You will find this is more
economical than buying individual sizes
and the wooden box is useful for keeping
the cutters safe and protected. As you
wear the cutters out all you have to do is
replace the cutter you that is worn out to
keep the set complete.

Cutters should either be stored in their
original plastic boxes or you can buy little
trays to store your cutters on to stop their
sharp edges knocking together (photo 30).

Now we have sorted all our cutters out,
we need to be able to clamp the vice or
other fixture onto the milling machine. For
this we use clamps (photo 31). Clamps are
available in various sizes and thicknesses
and you can also make your own clamps if
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you wish. There are various types of
clamps, the basic plain flat clamp, and a
swan necked clamp {(photo 32) which has
one end directly onto the table or a bit of
packing and the other end on the vice or
fixture. These clamps are very useful
because you don’t have to mess around
with packing to get the height correct.
You need to use proper Tee nuts for the
milling machine (photo 33). If you try to use
say a standard hexagon head bolt or similar A selection of clamps should be available.
you may ruin the Tee slot and even the :
table. Tee nuts are readily available from
your engineering supplier but they are also
very easy to make and you should make
several to get you going. To go with the Tee
nuts you should have some nuts, preferably
top hat nuts with shoulders on to spread the
load and you should also use washers
under the nuts. For studs you can buy what
is called studding or it is also known as all
thread. You buy this by the meter and you
cut it to the length to suit the job in hand. A
few weeks using your milling machine and
you will probably have all the different
lengths of studding that you will ever need.
Another type of clamp that is very useful
is a clamp with a milled angular profile on
it. By the use of these angles you can set
the height of the clamp to suit the job by
simply maving the clamp up a step in small
increments. You can buy sets of these
clamps from your engineering supplier;
they are very useful and will do most of the
things that you require a clamp to do. A
bonus is that the blocks can be interlocked
with each other to increase the height of Tee nuts, top hat nuts and washers are This is a stepped block from a
packing in fine adjustments (photo 34). required to clamp work and vices down. clamping set.

N ow we know the basics of milling
cutters and clamps etc. it is time to
look at how we machine various
components. | will start with a common
itern in many model engineers’ workshops,
a Stuart stationary steam engine. Many
model engineers over the years have
started out in this hobby by building a
Stuart No 10 vertical engine (photo 1).

For many years Stuart Models (ref 1) has
been selling kits to make steam engines.
Recently the engine kits have been
supplied from the foundry in Bridport in
Dorset after many years from being
supplied from Jersey.

I won't go into how to build the complete
kit but rather give some advice on how to
machine individual items. Photos may
show the horizontal engine (10H) or the
vertical engine (10V) components.

The first iterm we will look at is the box
bed (photo 2). This is a rectangular box
shaped casting with thin walls. The casting
needs cleaning up all over to leave a good
surface for the paint to adhere to. This can
be done with files and emery cloth. The top
and bottom of the casting needs to be flat
and parallel to each other. You can either
machine the bottom surface on the lathe
(hold in the four-jaw chuck) or on the
milling machine (photo 3). Note the
packing to stop the casting from rocking.
Take off the minimum amount of material
to clean up the surface. If turning, the lathe
tool should ideally have a tungsten carbide
tipped cutting edge. Use a diamond lap
{(photo 4) to put a 45 degree x Tmm
chamfer on the comer of the tool to help to

| , - get under the casting’s skin. If milling the
Machining under the box bed. surface, a standard end mill will do but if >

The box bed casting.
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A diamond lap. fitted with a handle.

Box bed clamped to the mill.

you have an old one, you can also put a 45
degree x Tmm chamfer on the corners.

Put a sheet of wet and dry paper onto a
flat surface (a granite chopping board
should be flat enough) and rub the
machined surface on the wet and dry
paper. You should have an even finish
right across the machined surface and the
component should not rock. Photograph 5
shows the finished undersurfaces of a
horizontal and vertical box bed.

Now you can clamp the casting onto the
lathe's faceplate or flat down onto the mill’s
bed using the casting’s mounting lugs
(photo 6) and take a very light cut across the
top. Again, rub the machined top surface
onto the wet and dry paper. Aim for a
smooth finish with no hollows and no rock.

Next we will tackle the bedplate (photo
7). The bedplate casting will have a lump
on the underside where the molten metal
entered the mould (photo 8). You should
file this lump off before machining the

Ny
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A lathe can be used to machine flat surfaces.

The vertical baseplate casting.

underside. Again, you can do this in the
lathe (photo 9) or by clamping it down to
the mill's bed.

Clamp the casting onto the mill’s table to
machine the top surface with a clamp at
each side (photo 10). Mille the top of the
column mounting faces flat. The size is not

critical, just make sure the surface cleans up.

Turn the bedplate 90 degrees and clamp
down using the clamps on the surface we
hawve just machined (photo 11). Machine
the tops of the bearing mounts to the
same height as the column mounting
faces. You are only taking a minimum
amount of material off so you should not
need to alter the cutter's height. Finally
rub the finished surfaces on a bit of wet
and dry paper to ensure they are flat and
parallel.

We now have a pair of flat and parallel
castings that just need drilling. The box
bed needs two mounting holes in it. The
drawing does not give the size or position

o el

Milling the standard mounts.

—

o

Underside of the baseplate.

of the mounting holes but the casting has
two dimples where the holes need to be
drilled. However, these two holes need to
be either spot faced or countersunk to take
a screw or bolt head.

We will use a commercial counterbore to
do the spot-facing. A counterbore is the
same as a spot-face but the counterbore
will normally be taken deeper so the screw
is sunk below the top of the component.
Most commercial counterbores have a
pilot hole far too big for the diameter of
the bolt so drill the casting for the pilot of
the counterbore that will give the best size
for the bolt head. When you have
spot-faced the two holes, you can open up
the holes to a nice snug fit on the bolts.

Alternatively you can countersink the
holes to take a standard woodworking
screw if you wish.

Now we need to drill the tapping and
clearance holes in the box bed and
bedplate. Clamp the two components

Model Engineers’ Workshop



down making sure the bedplate is square
to the box bed and is set equally in the
centre (photo 12).

Pitching out holes

using co-ordinate drilling

Figure 1 shows all of the dimensions for
the hole positions for a bedplate casting.
They are in the same positions as given in
the Stuart drawing but are redrawn from
the datum point at the top left. It is always
advisable to redraw any co-ordinates using
the top left corner of the component as a
datum point when pitching out holes. It is
still useful if you have a digital readout.

The datum for the machining is the top
left theoretical intersection of the two
datum lines where all the dimensions are
taken from. | have added letters to all of
the hole centres to show the drilling
sequence | used.

First wobble off the back face of the top
casting and then the left-hand end of the
casting in turn. Find the edge of the back
face first, move the table towards the edge
finder until the edge finder rolls off or along
the edge of the casting. Raise the quill and
move the table away from you by half the
diameter of the edge finder. Zero the dial if it
is zeroable (or write down the reading if
not). The centre of the edge finder should be
directly over the edge of the component.

Move the table another turn or two so
that the wobbler is right over the job, the
amount of movement is not important.
Now you need to use the edge finder on
the left-hand edge, zero and move the table
half the wobbler diameter. Zero the dial for
the axis you have just wobbled from. Wind
back in the first axis you just set so the
wobbler is a turn or two away from the job.
Wind back to zero so the centre of the
spindle is over the datum point again. This
is the theoretical intersection at the top
left-hand corner of the component.

Right, let’s pitch out the holes. Move the
table along the x axis to 0.225in, Now we
are in line with the row of four holes at the
left-hand side of the job. Move overin the y
direction by 0.2 inches and centre drill the
first hole. This hole may wander slightly as
it has already got a dimple from the casting
process. If you can, use a CNC 90 degree
centre drill. Move in the y axis to 0.5 inches
and centre drill the next hole. Move to the 1

'.;-‘J = T8

Milling the top of the bearing h ousfngs;
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1.3

1.375

1.350

inch position and again centre drill the hole.
Move to the 1.3 inches position and centre
the last hole in this row. Move to the 1.375
inches position and then move to the 1.037
inches position in the x direction and centre
drill the hole. Finally move to the 1.633
inches position and drill this hole. We now
have holes A, B, C, D, E and F centre drilled.
Mow we go back to the datum point at the
top left of the component.

Move overto the 0.125 inches position
and move along to the 1.037 inches
position. Centre drill the hole then move
along to the 1.633 inches hole and centre
drill again. Now you can move over to the
0.2 inch in the y axis and to 2.475 in the x
axis. Centre drill the | hole and maove over in
the y axis to centre drill holes J, K and L.
You now have 12 drilled holes in the correct
position and without any errors from
backlash in the feed screws.

If you did wind past the required hole
position accidentally, just wind back a turn
or two and then move up to the hole again.

By going back a couple of turns, and
then moving forward again, you are taking
the backlash out of the equation.

| hope this is clear; if not read it through
again doing the moves in your mind using
the drawing. The principle will work for

any component you care to machine. Yes,
you might have to sketch it out differently
or re dimension it but it will save you time
and save you scrapping work. Do double
check your dimensions carefully if re
drawing though. This method is not only
relevant to machines without a digital
readout. | have used the same principle on
a worn out CNC machine to reduce errors
to within drawing limits.

Now you can change the centre drill for a
tapping drill and drill all the holes in both
castings. Do not be tempted to drill
clearance size holes in the top component
while the bottom component is still in
place. You may drill one or more of the
box bed holes clearance size right
through. Now how do | know that?

To be continued...

1. STUART MODELS, Grove Works,
West Road, Bridport, Dorset DTé 5JT
Tel: 01308 456859

Fax: 01308 458295

Email: sales@stuartmodels.com
www.stuartmodels.com
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Remap helps people
with disabilities to
achieve greater
independence and
enjoyment of life’s
opportunities.

Our volunteers provide
a free service making
special one-off pieces
of equipment.




Stub Mandrel’s Short End
A Depth Gauge

Stub Mandrel’s aim is to never let anything long enough to hold in the chuck go to waste.

small depth gauge that can reliably

A:old its setting is an invaluable
sset. My original small depth gauge

followed some advice given in ME, and was
a rod of silver steel inside a plastic ‘spring
toggle’. To be honest, | found the round
toggle an awkward shape, so | salvaged the
spring and the depth rod, and remade the
toggle in brass and steel. If ever there was a
good use for a few pieces of scrap, this is it.

The construction is simple, as shown in
the drawing. The dimensions can be
adjusted to suit whatever is at hand, but
one or two operations need a modicum of
care. The hole for the rod needs to be truly
perpendicular, and to go through the
centre of the body and the plunger.
Accurate marking out should be sufficient
for this job. Start by drilling the body, then
pop in a short piece of brass bar, followed

]

The Depth Gauge.

by the plunger, and clamp it firmly in the
body. Now drill the central hole through

@3/8

Body
Mat'l: Mild steel

| 27116

both parts either in the lathe or a mill, for
maximum accuracy. Drill the hole to
nominal size, the slight oversize of a
normal twist drill is just sufficient to give a
good sliding fit. | like the slop-free fit that
this gives for the rod in the plunger. The

second item needing care is facing the
end of the plunger very neatly, so itis a

true, flat face. The brass button on the

Probe
Mat'l: Silver steel

[ ]

————————————— e ]
HEERL e e
v REITECRE v g
YRR ERLY
RS SRk
I H

Depth Gauge

General Arrangement

other end of the plunger may be held on
by a retainer such as loctite. If you would
like pressing the plunger to give a greater
degree of freedom for the rod to move,
enlarge the hole in the plunger by Ve inch.

Two easy ways of putting a nice finish on
the body of the tool are oil blacking and
bluing. | blued mine, simply by papering it
to a good finish and heating it slowly with
a small torch. The knack is to stop heating
at just the right moment. Some steels
don't seem to blue as well as others and
for these oil blacking is a more robust

1l ow

Button
Mat'l: Brass

August 2014

. 7/8 932, 2 finish. For a small component like this |
‘ ‘ 8 would heat it to a dull red heat, and drop it
‘ J into a golden syrup can half full of old
o ro cooking oil. | have never managed to
EE v ignite the oil doing this, but it does make a
Q v lot of smoke, so please do such work out
-I |—— _T_ of doors! B
— @1/8
Plunger
Mat'l: Brass
o ¥ - i ey 1]
The components of the depth gauge. B R L
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Four sizes from 0.4KW/0.5hp to 2.2kKW/3hp.

5-YEAR WARRANTY/MONEY-BACK GUARANTEE

240-volt 1-phase Input, 240-volt 3-phase output (Le. dual

voltage motor required). SOFT START-STOP, SPEED CONTROL,

BRAKING, MOTOR PROTECTION and JOG FUNCTIONS.
Advanced vector control giving optimum

ccmenmarysii i 1V 10)

(§
0 REMOTE CONTROL STATION £67 inc VAT
= & 2-YEAR WARRANTY/MONEY-BACK GUARANTEE
i_ .. Suitable for all IMO inverters, this remote pendant allows you to
R access the software of the Inverter remotely, bypassing the
; buttons on the inverter Itself. START, STOP, FORWARD, REVERSE,

é RUN, JOG, SPEED POTENTIOMETER. NO-VOLT RELEASE
(f e '1 “-x-w.._ ,,, safety feature and two mefre

length of 7-core flex as standard.
CONVERTERS MADE IN BRITAIN SINCE 1984; 3-YEAR WARRANTY ON ALL
CONVERTER PRODUCTS; BS EN 9001:2008 QUALITY ASSURED MANUFACTURING
ENVIRONMENT; CE MARKED PRODUCTS COMPLIANT WITH EMC REGULATIONS,
THE LOW VOLTAGE DIRECTIVE and BS EN IS0 61000-3-2:2006.

» Imperial Packages from £298 inc VAT

Ideal Tor
MyTord

A[:TUHIN i

NO SURCHARGE FOR DEBIT & CREDIT CARD PAYMENTS

FREEPHONE 0800 035 2027 or 0121 708 4522
transwave@powercapacitors.co.uk * www.transwaveconverters.co.uk




Scribe a line

YOUR CHANCE TO TALK TO US!

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

HAMMER TO FALL

Dear Neil, The cover
photograph of issue
217 shows, | believe,
a Blacker hammer.
Just to let you know
there is one working
at Wortley Top Forge
at Thurgoland, to
the Northwest of
Sheffield. Good luck
to your excellent mag.

Ken Preston

UNIVERSAL PILLAR TOOL BEARINGS

Dear Neil, | think David Graves is referring
to a Drawn Cup Needle Roller Bearing
(D.C.N.R.B) HK1010 - which is a metric
bearing - 10mm x 14mm x 10mm. if

s0, many people make the mistake of
measuring the OD of such bearings and
opening up the housing to accommodate.

1) A D.C.N.R.B. gets its support from
the housing in which it sits. As is,
before fitting, the outside diameter is
likely to be greater than 14mm. This
type of bearing has to be press fit
into a housing, using an appropriate
mandrel. The housing diameter has
to be between half a thou to a thou
smaller than the outside diameter of the
D.C.N.R.B., depending on how hard or
soft the housing material is.

2) To prove point 1, take the bearing and
put it onto a 10mm shaft, and you will
see/feel it rattle. You make a 10mm
diameter mandrel T shapeftop hat to
suit hole diameter, for the purpose of
press fitting. When you press fit the
bearing into the housing, the needles
will ‘compress' onto the shaft of the
mandrel, to get correct fit. After the
D.C.N.R.bearing is fitted correctly into
the housing, you will find that a 10mm
shaft will go through it with a perfect fit.

3) One should not open up the housing to
the outside diameter of a D.C.N.R type
bearing or use loctite for fitting these
specific type of bearings - unlessitis a
'‘bodge".

4) All good D.C.N.R.bearings and one way
clutch D.C.N.R.bearings are stamped
with a bearing number. When inserting
such bearings into a housing, the
‘pressing' should be done on the side
which has the bearing number marked,
as this 'end' of the drawn cup 'plate’ is
hardened, specifically for the purpose of
‘press' fitting.

| have often come across this problem,
especially with lubricators where one way
D.C.N.R.clutch bearings are used, and the
user complains of 'slippage’ over time.
Hope the above information helps.

Ketan Swali, ARC. Euro Trade, Leicester

David Graves replies:

Being an engineer of the chemical rather
than mechanical variety and only self-
taught in machining, | was unaware

of this information and appreciate the
advice. | hope readers will heed the
recommendations of an expert in
bearing use.

With that said, | would like to offer a
couple of empirical observations. When
I first bored out the spindle to the specified
{correct) diameter, | found that about ¥ to
5 of each end of the bearing could be
inserted into the housing without pressing
it in. This suggests that the bearing cup
was cylindrical with a slightly barrel-
shaped center portion, and | assumed that
this was to accommodate any axial
misalignment. There was never any
discernible play between shaft and
bearing before or after installation and
certainly no 'rattle’ in my case even after
I enlarged the bore a bit.

Qut of curiosity, | placed a DTl against
the drill chuck and manually applied a
substantial positive and negative radial
load. The maximum deflection produced
was 0.001 inch and the deflection was
directly proportional to pressure (no
detectable sudden jumps). To me, this
indicates bending of the shaft rather than
slop in the bearing-to-shaft fit. Probably
my method worked because the needles
are supported well at each end by the
bearing cup itself. How long the bearings
will last with my modest side loading only
time will tell. | wonder how many import
drill presses would show as good a result?

If were doing this again, | would adopt
the following procedure: Bore at least
three holes in a scrap of %in. thick steel,
e.g. 13.98, 14.00 and 14.02mm in diameter.
Press the bearing in largest hole and check
shaft fit. If any play is detected, continue to
press in same direction to remove bearing
and try the next smaller hole. Continue
until a size is found that will not
accommodate the shaft and then back up
one size when making the spindle. If]
were being picky, | would use a separate
test bearing for fitting rather than one |
intended to use in the spindle.

David Graves, Devon, Pennsylvania

MYFORD ANTI-RUST

Dear Neil, | really did find the rust article
very useful and will, eventually, get round
to trying the electrolytic method. The
photo No. & on p30 of issue 216 shows
products that Myford once sold: Rust Ban
393 from Exxon Mobil and Calpreve 91
from Calder Qils. The article states that
these products are no longer available
from Myford Ltd but doesn't mention

the anti - rust products that Myford do
sell - and use in house in connection with
their own business for spare parts and
new machines: Mobil Arma LT ref 1771
for Long Term use and Mobil Arma MT
ref 1772, a lighter oil for Medium Term
protection.

Both come in 1 litre packs costing £19
plus VAT per litre and are available in UK
only including on line

| bought my first Myford on HP in the
1950's - a Super Seven after seeing the
first one in Leeds at Smiths in the
Headrow. Cost for the basic lathe was £57
- 17s - 6d, serial number 47. The chucks
and many extras came to nearly as much
again. The swivelling milling slide was £5.
By the time the HP was cleared everything
had gone up in price substantially and
there were waiting lists.

My S7 has been updated as
improvements came along and is still a
favourite in regular use. It's good to know
that Myford has been rejuvenated and will
continue to serve us well.

Colin Murdoch, Leeds

We would love to hear your comments, questions and feedback about MEW
Write to The Editor, Neil Wyait, Model Engineers’ Workshop, MyTimeMedia Ltd., 9 High Street,
Green Street Green, Orpington, Kent, BR6 6BG. Alternatively, email: neil.wyatt@mytimemedia.com
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Spade Drills

Anyone who has tried to drill sheet
brass will know that this is an
exercise fraught with danger. As
soon as the drill starts to cut the
brass sheet tries to run up the drill
flutes causing all sorts of mayhem.
Even if the sheet is clamped to the
drilling table this 'run-up' effect
still gives trouble. The standard
way of dealing with this is to grind
a small flat on each cutting lip so
that the drill scrapes rather than
cuts. This method certainly works,
but it means damaging a drill to
cut brass and then re-grinding to
cut steel afterwards. | am not keen
on either of these operations. In
order to bypass this difficulty |
decided to use spade drills, which
have no flutes and which can be
used on brass sheet directly.

[ (Y i

Tapering the end of a sifver steel rod.

y first thoughts were to find a
M supplier of these drills, and in

this quest | spent some time on
searching the web for answers. Finding
spade drills for cutting wood is no
problem. Similarly drill bits of 1inch and
over are fairly common. Finding such
drills as small as % or less was much more
difficult. | did find a supplier of such drills
made from solid carbide, starting price
about £12 each, which is not excessive
for solid carbide, but still expensive. A set
of 10 costs about £100. There must be an
easier way. Also note that carbide behaves
like glass —the drill will shatter if it is
misused in any way whatsoever. When

Henry Hicks revisits
an old technology
with a contemporary
application.

drilling brass sheet the most difficult time
is at breakthrough, when the smallest rag
can cause just such a breakage.

In the end | decided | could make my own
from silver steel and trade workshop time
against cash. | have now made several such
drills, adding one to the set as needed.

It turns out that spade drills are not
difficult to make, but they do take up a
little time. Since | am firmly wedded to
the Imperial system of units | normally
start with a silver steel rod of the
diameter wanted, such material being
readily available.

| start by turning a taper on the end of
the rod (photo 1) and then mill flats on

Shaping the tip of the drill.

The c;‘fviding head at the back of the lathe madrel.

62 www.model-engineer.co.uk
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Grinding the cutting edges.
opposite sides. The included angle of the
taper is not critical, | have used anything
from 60 to 90 degrees. In the case of the 12
inch cutter, illustrated here, | cut slots with
a slitting saw and then sawed off the
‘wings'. The dividing head is used
attached to the rear of the mandrel (photo
2) in order to ensure that the slots cut
were exactly parallel to each other. After
attaching the dividing head | advance it a
couple of turns to take up any slack before
any machining is done. Then take a cut
one side, advance the spade drill by 180
degrees and take a cut on the other side
(photo 3). Continue until both cuts are
deep enough. When happy with the result
advance the spade drill by 902 plus one
turn to leave it horizontal instead of
vertical. (See later).

Now the milling attachment is equipped
with a cup shaped grindstone, as in photo
4, with its centre coincident with the lathe
centre, and the narrow faces of the cutter
are ground flat. Note that the embryonic

Technique Making Dirills "

i |

A selection of spade drills made by the author.

drill was advanced an extra turn of the
dividing head before being ground in
order to create some relief behind the
cutting edge. Now both sides can be
ground, one after the other, with the
top-slide at the same angle as before, until
the cutting edges are fully formed. This
technique should result in two cutting
surfaces linked by a third edge in the
middle. This third edge will cut, albeit
slowly, but | have found it better in use to
drill a pilot hole of diameter equal to the
length of this edge. The pilot hole will be
so small in diameter compared with that
of the drill just made that there should be
no trouble with 'run-up' effects.

The shank of the spade drill is then
tapered, only 1 or 2 degrees, so that there
is clearance behind the cutting edges.

The resultant drill is then hardened and
tempered. Heat the cutting edges to cherry
red and quench, then polish one face with
emery so that the silver colour shows
through, then heat to light straw and

quench. | suggest you test the drill with a
file to make sure it is hard before trying to
temper it. If the file cuts, then the drill was
not properly hardened. The file should
skate off the surface like trying to file
glass. When heating to temper do not heat
the drill point, but the shank so that the
colours can be seen running up the drill to
the tip. Quench when you reach the
desired colour at the point, normally light
straw for a cutting tool. This should leave
the drill shank soft so the drill chuck can
get a good grip.

Photograph 5 shows a selection of drills,
all slightly different in style, which | made
that way in order to try out various
settings. You can see that some of them
might be a little soft, the final colour being
nearer blue than straw. In spite of this they
all cut more or less the same. About the
only common feature is that they are
mostly made out of % inch silver steel.
What you can't see is that they have their
cutting size stamped on the bottom. B

In our

Next

Issue

Coming up in issue 219
On Sale 1st August 2014

« Terry Gorin describes
the gear train addition
to his Unimat SL

A~ Albert Bishop discusses

the use and care of
measuring instruments

A~ Tony Weale uses toothed

belts to slow down an
Asian 9x20 lathe

DON'T MISS THIS GREAT ISSUE - SEE PAGE 58 FOR OUR LATEST SUBSCRIPTION OFFER

August 2014
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Al advertisements will be inserted in the first avalable issue.
There are no reimbursament for cancellations. Al adverisernert must be pre-paid.
The Business Advertisements (Disclosure) Order 1977 - Requies all advertissments
by pecple who sell goods in the course of busihess fo make that fact clear
Corsequently all trade ads in Mode' Engineers’ Workshop carry this 'T' symbol

MODEL ENGINEERS’

NEW ADDITION TO PRODUCT RANGE

» 1130GV Variable Speed Lathe
* 2 Axiz DRO available

VISIT QUR WEBSITE FOR FULL
PRODUCT RANGE

41130 GV Lathe

Table
power feed
* Now with 38mm spindle bore Braikbig

- + 280mm swing ,{ VM30 x 2MT Westward Road, Stroud, Glos GLS 45P
o ;ODmru be e . ’E ) ?:;:v-r:b;ﬂ {Just 4 miles from Junct 13 M5 Motorway)
* Fower cross iee
+ Spindle bore 38mm 700rmm Table Tel: 01453 767584
* Fully equipped Vi AMT Email: sales@toolco.co.uk

qn{, www.toolco.co.uk

VARIABLE SPEED MILLS Unit 4, Ebley Industrial Park,

&40mm Table

ine Optional 2 Axis DRO
% available

View our full range of machines and
equipment at our Stroud Showroom
Phone for opening times before travelling

§ TAPS & DIES

L Excelenl Quamy manufaciured-supgfied

iR [olulf ofuft 3muszOCHC | .

all Model Eng 32+40tpi BA, BSB, MTP etc
THE TAP & DIE CO

= |
- ENE . ;
| =TS -;\ ﬁ ﬁ? I i, emfn"x“m“‘"
e | R 1
s o i e
ﬂnhsh hax HQS taps dies cuts stainless , wmn e
MES5(33pcs) ME4 (30pcs) BA3(35pcs) has l o et ach 3
i

From Only £7420.00 tncvar ;
Tal: (01269) 844744 of
0 On

445 West Green Rd, London N15 3PL

Tel: 0208898 1865 Fax; 020 8888 4613 !

www.tapdie.com & www.tap-die.com _ www.routoutcnccom | _ |

NEIL GRIFFIN
- St.Albans, Hertfordshire
Engineering Services

Machining for Model Engineers

M-MACHINE

~—Unit§ F:wge Wéy .Cbevefand Trading Estale
fre= Daﬁlng'lnr Ca. ITuthm DLt IRd

% Metalsﬁ'for Model Makers

Cnntaﬂ:t us fur»Capper Brass, Aluminium,
=—#5ieel, P%snhor Bronze, etc.
PHONE &'FAX 01325 381300

‘e-mail: sales@m-machine.co.uk
Wikw.m-machine-metals.co.uk

From drawing, sketch, pattern atc
Friendly personal service.
Telephone / Fax: 01727 752865
Mobile: 07966 195910

Macc

Model
Engineers
Supplies LTD
01614 082938

www.maccmodels.co.uk
Check out the NEW look website.

We stock copper, brass, steel
and all tube. Also stock a wide
renage of flat, round, hex and
4 square, In steel, stainless steel
sliver steel, bronze, brass, copper
and many more

New Steam Engine Kits,
ready made engines and
raady to run englnes

u FuII range of Steam
‘ ﬁ: § fittings and some new
[T.]e

marine boilers.
| Wide range of BA bolts and nuts

THINKING OF SELLING YOUR LATHE

MILL OR COMPLETE WORKSHOP?

andwant it handled in a quick,
protessional no fuss manner? Contact
David Anchell, Quilistar (Nottingham)

- 01159206123 mszm

A TEE Publishing Ltd

Specialist Publishers of Technical & Modelling
Books and Engineering in Miniature magazine

FOR THE WIDEST RANGE OF BOOKS AND
MAGAZINES CALL FOR OUR CATALOGUE ON
01926 614101 OR SEE OUR WEBSITE

www.teepublishing.co.uk

Seeking back issues of your favourite magazines?
We can supply a wide range of publications: Model Engineer,
Model Engineer Workshop, Engineering in Miniature, Railway
Magazine, Railway World/Railways, Heritage Railways, Old Glory,
Vintage Spirit, Clockmaker etc, from the 1920’s to the present day.
A ——————

For more than 25 years | have been serving model engineers, offering services
including the supply of top quality ‘sed' machines and accessories, valuations,
pre purchase inspection of third party machines plus general advice and information,
For an online stocklist plus details of services available please

go to my website or contact David Anchell direct,

www.quillstar.co.uk
Teiephene: 0115 9206123 *  Mobile: 07779432060

THE TOOL BOX

Quality used hand & light machine tools for all crafts.

We provide a comprehensive back-issue service for MODEL ENGINEER,
Engineering in Miniature and MODEL ENGINEER'S WORKSHOP,
We don' pubifsh lists, but if there’s something you need, get in touch
or visit our web site. We are always keen io purchase good equipment and
craft-related books.
www.thetoolbox.org.uk  info@thetoolbox.org.uk
Open 9-1, 2-5 Mon-Fri, 9-5 Saturdays throughout the year
Colyton, East Devon EX24 6LU  Tel/fax 01297 552868

Model Engineers’ Workshop



Al advertisements  wil be Inserhad in the first available issue.
There are no for Al must be pre-paid.
The Business Advertisements (Disclosure) Order 1977 - Requires all advertisements
by people who ssll goods in the course of business fo make that fact clear
Consequently all trade ads in Model Engineers’ Wowkshop carry this ‘T symbal

MODEL ENGINEERS’

: I» i r
' LYNX MODEL WORKS LTD.
Units 54, 6C & 60 Golf Road Industrial Estate,
| Enterprise Road, Mablethorpe, Lincs. LN12 1NB
Tel / Fax : 01507-479666
Website: www. lynxmodelworks.co.uk
www.livesteamkits.com
Email: info@lynxmodelworks.co.uk

WORKING SCALE MODELS AND
SPECIALIST SERVICES

Lynx Model Works Ltd — 11 Soecialist Engineers building Live Steam
Models with 2 of us having over 70 years experience. We not only build
beautiful Working Live Steam Locomotives from gauge 0 to 10 %",
Traction Engines from %" to 6” Scale, Stationary Steam and Steam
Launch Engines but will also complete your unfinished project for you
or renovate the one you've just bought, inherited or simply wish to
rejuvenate in our Lynx Model Restorations Ltd division.

Lynx Model Painting and Machining Services Ltd will help you by
manufacturing Spacialist parts to assist you complete your current or
planned project, We also will give your cherished mode! that professional
painted and lined finisn to truly complete your project.

Lynx Model Boilers Lid sells a range of Fully Certificated and EC Compliant
all silver soldered Copper Boilers, even for up to 10 %™ gauge locormatives.

We are also Agents for Stuart Madels and build the oneg that Stuart don't !

Live Steam Kits Ltd manufactures 4 range of fully machined locomotive
Self Assembly Kits in 6" and ¥ 14" Gauges.

Visit our Websites: :
www.lynxmodelworks.co.uk www.livesteamkits.com
or contact us today with your requirements for a no-obligation quote

or discussion.

TEL: 01507-479666

ALL MAJOR CREDIT AND DEBIT CARDS ACCEFTED

R

Whoter you are building your own CHC Machina!
‘canvarting an exisfing machise or you have simply
hmgnle kit, we can nslp!mkoumul CNC soliware
arid Siepper Molor Drivers will enable you o conirol your
new addition i the workshop from your PC with ease.

% Theee 2.5 Amp Mizrostepping
Steppet Molor Drive Boards
% Easy LPT Breakout Board
¥ Free Routoul - Linux EMC CD
(O acd mach 3CNG for £111.55)
o :
Only £91 inc VAT oo Siepess Mol Do

Tel: (01260) 844744 or Bllhnnd!iénmniﬂkﬁ
Ordler Online www. ot

STATIC CONVERTERS,
ROTARY CONVERTERS, DIGITAL
INVERTERS, MOTORS, INVERTER-
MOTOR PACKAGES, CAPACITORS.
INVERTER PRICES FROM £99 + VAT
Call: 0800 035 2027

transwave@powearcapacitors.co.uk

www.transwaveconverters.co.uk

CONVERTERS MADE IN BRITAIN SINCE 1984;
3-YEAR WARRANTY OM ALL CONVERTER
PRODUCTS; BS EN 90612008 QUALITY

ASSURED MANUFACTURING ENVIRONMENT;

CE MARKED PRODLICTS COMPLIANT WITH
EMC REGULATICNS, THE LOW VOLTAGE

DIRECTIVE and BS EN IS0 61000-3-2:2008.

MPC

Metal Procurement Company
Stockists of Carbon, Alloy, Tool, Duplex
and Stainless Steels, Metals & Plastics
Dia, 8q, Hex, Flats, Sestions, Sheet & Blocks.

From 1mm - 250 mm Section, cut to size.
We also buy unwanted too's & machinery
Unit1. 4, Lyme Street, Rotherham S60 1EH

www.metalsprocurement.co.uk
Tel: 01709 306127 Fax: 01709 306128

Wiw.model-engineer.co.uk

Cowells Small Machine Tool Ltd,

Cavenls Srall Mackin Took Lid,
Twding ioad, Litthe Bartley, Colche st CO7 56 franx Englesdd
TliFax o4 01206 231 792wl solesdcowels.con

www.cowells.com
Manufactures of high precision screweutting lathes,
Bmm horological collet lathes and
milling mochines, plus comprehensive ecessory range.
Talk directly to the manufociurer

ALL STEAM LOCOS WANTED

Anvy age, size or condition - any distance, any time.

FREE VALUATIONS - with no obligation

s VALUATIONS FOR INSURANCE

VALUATIONS FOR PROBATE - including
advice for executors on family division,
delivering models to beneficiaries, ctc.

CASH PAYMENT - on collection.
WORKSHOPS BOUGHT AND CLEARED

With 50 years steam experience from driving BR Full Size locos down to
miniature locos, 1 guarantee to offer a professional, reliable and friendly
service, please don’t hesitate (o telephone me-

Graham Jones M.Sc. 0121 358 4320
www.antiquesteam.com

Model Engineers’ Workshop

To advertise on these pages contact Duncan Armstrong on 0844 848 5238 or duncan.armstrong@mytimemedia.com




= ULTIMATE 1/6th SCALE ALL METAL KITS

ARMORTEK &

THE TANK MUSEUM

Model to feature in new exhibition 'Warhorse to Horsepower’

Tllustration and graphic design by www.studiomitchell .co.uk

Pl‘ice £3 ,995- 0 0+p&p (incl. VAT)

(Motors/Electronics and special effects are optional extras)

— Mark IV Tank

Commemorating the centenary
of WW1, we are pleased to
present the British Mark IV Tank,
available to build as an all

metal kit.

Featuring:

= Pressed steel track and roller
chain assembly

=  Option of either ‘Male’ or
‘Female’ Mark IV, with parts
for both versions supplied as
standard

= Complete rivet detailing

All models will be engraved with
the Armortek name and a unique
serial number guaranteeing the
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authenticity of your model.
Visit our web site for more details : —
www.armortek.co.uk | e-mail: sales@armortek.co.uk | Telephone: +44 (0) 1404 892956 B

22 Flightway Business Park, Dunkeswell, Devon. EX14 4RD




. _;I-IO [EE AND WORKSHOP MACI-II
.9 Genuine Used Machines & Tooling B

144 Maidstone Road, Foots Cray, Sidcup, Kent DA14 SHS t:-' B S

§ Telephone: 0208 300 9070 - Evenings: 01959 532199 - Facsimile: 0208 309 6311 h”',.TI . .
www.homeandworkshop.co.uk * sales@homeandworkshop.co.uk “ULEITKITITES

@ Opening Times: Monday-Friday 9am-5.30pm - Sarmdm’ Morning 9am-1pm
audble {umuce 10 mmures Jrom M25 - Junction 3 and South C :rcrdar -A205

Fﬁ MYFORD GENUINE PAR'I'S
. Running out fast!!

Purchased from Nottingham || i
3 check the web site for fufl fis... |
Y |
Cominglin!]
® Aciera F1 mill 5
© Deckel DF12 die sinker
. Weiler lathe
== .
| © CVA 1A Series 111 lathe
o Taylor Model K engraver |||
"{ @ Bantam 2000 +inverter |®
© Tom Senior M1 mill

e i i —~ (ol. Bantam 2000
eaver mil ) v = + Siemens inv.

2 Cloyton steam lon

. (parl made) I'l)(hln.'nl?.'er'

Myford Super 78

%’3‘& xﬂl" . -

- WKT\Grirg
L includes 3
heud Eighs
one' Draw bench + 11 Joliof
drow plutes
_Horrison M250 + inverter
¥E% remote switch 240 volts

* Warco
#1327 GHA
foolroom lathe

£575 Mnrlmbrn
: pressTw.w

* 312" RobRoy chassis
cushngs plans etc. E4?S'

© 5"Pansey chassis
casfings, pluns efc. E?S’ﬂ

sier Student 500! + gap | Tripus {German) A

on/off switch &

£725

gl ! ¥ ! oo el (Pt « th
\ W 2 o) B gl W zﬂgﬁi Saw
\Various? ML7/5u er?feils ) - ¢ . == : ;
Anﬂle plates + i B V&) :
uce plates . a @ \;:ugw 7 [NoW[oniy,
] utfer i (€245 o] Cloar,

= £325
CRORNT = IUHhJHe: J]g.Sgrl:Jl:rpms
- K roat
DISTANCE NO PROBLEM! - DEFINITELY WORTH A VISIT ﬂllmleSHﬂUSWEOF var Pv:.e;“ ') ] L o { &5‘1‘ Hrqhmlld&lw! henﬂngsleelﬂd”

WORLDWIDE




Tel: 01244 531631

 CHESTER S
Email: Sales@chesterhobbystore.com

Machine Tools

DB7VS LATHE

Between Centres: 300mm

Swing: 180mm

Spindle: MT3

Motor: 700w

Includes : Lathe Tools & 3 + 4 Jaw Chucks
Shown with Optional Stand

was: esss NOW: £718

DOB10 SUPER LATHE

Between Centres: 550mm
Swing over bed: 250mm
Swing Over Cross Slide:
140mm

Powered Crossfeed
Digital Speed Readout
Offset Tailstock

Variable Spindle Speeds

£1225.00

COBRA LATHE - IMPERIAL ONLY

ELECTRONIC VARIABLE SPEED
Between Centres: 250mm
Swing: 140mm

80mm 3 Jaw Chuck

2 Way Toolpost

WAS: £522.00
NOW: £299

H80 BANDSAW

Max Cutting Capacity: 90 Degrees
Round: 900mm

Square: 85 x 85mm

Max Cutting Capacity: 45 Degrees
Round: 40mm

Square: 38 x 38mm

Blade Speed: 20,29,50 m/min
WAS: £198

NOW: £159

Online: www.chesterhobbystore.com
Clwyd Close, Hawarden Industrial Park, Hawarden, Nr Chester. CH5 3PZ

COBRA 3IN1

ELECTRONIC VARIABLE SPEED
Between Centres: 250mm
Swing: 140mm

80mm 3 Jaw Chuck

2 Way Toolpost

Change gears

1-10mm Drill Chuck & Arbor
10mm Draw Bar

WAS: £804

NOW: £599

SUPER LUX MILLING

MACHINE

Drilling Capacity: 45mm
Table Size: 240 x 820mm
Speed Range: 95-1600rpm
Spindle: R8

WAS: £2616
NOW: £1899

CONQUEST LATHE

Built in variable speed
Between Centres: 325mm
Swing: 180mm
Includes: Lathe Tools
Quick Change
Toolpost

3 Jaw Chuck

MT2 Steel Centre
Change Gears
WAS: ES82

NOW: £399

Visit our website for
more special offers,
Ex Demonstration
Machines and for
further information on

HOMGE PRECISION ANGLE

LOCK MACHINE VICE all our machines,
4" WAS £ 212 tooling and
NOW: £127 accessories.

Visit our NEW dedicated Model Engineer Website
WWW.CHESTERHOBBYSTORE.COM

Certain Exclusions & Restrictions apply to our Ex Demonstration Machines.
Please speak to one of our sales team on 01244 531631 for more information E&OE



